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PREFACE

Under the 1992 Freedom Support Act the United States Congress initiated a program to provide various forms of
assistance to new independent states (NIS) of the former Soviet Umon Cooperative Agreements were signed between
representatives of the U § government and each country in which assistance was to be undertaken The U S Agency for
International Development (USAID) was given the responsibility to coordinate all U S government assistance to the NIS
under the Act

Through competitive bidding USAID awarded a multt year contract to a team managed by CHZM HILL International
Services Inc (CH2M HILL) to support implementation of an environmental assistance program to republics of the former
Soviet Umon  Under thus contract termed the Environmental Policy & Technology (EPT) Project CH2M HILL is to as
sist USAID s mussions in Moscow Kyiv and Almaty undertake a program to promote environmental improvements n the
NIS The USAID mission in Kyiv supports environmental and other assistance programs to Ukrame Belarus and
Moldova CH2M HILL established an office in Kyiv from which to perform services in these countries 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 1n cooperation with the assisted governments and USAID the findings and
recommendations are those of the CH2M HILL team They do not necessarily represent official positions of the
governments of the assisted countries nor of the United States of America

The CH2M HILL team includes the followng orgamzations

Center for International Environmental Law

. Clark Atlanta Umiversity/ HBCUMI Environmental Consortium
. Consortium for International Development
Ecojuris
. Environmental Comphance Inc
. Harvard Institute for International Development
. Hughes Technical Services Company

International Programs Consortium

International Resources Group Ltd

Interfax Newsagency

K&M Engineering

Ogden Environmental and Energy Services Company
Price Waterhouse

World Wildlife Fund (US)

For additional information regarding the EPT Project contact the following
Umited States of America

Environmental Policy & Technology Project
Head Office

1819 H Street NW  Suite 700

Washington DC 20006 USA

Telephone (202) 835 1450
Facsimile (202) 835 1463
Contact Dr James Westfield
Ukraine

Environmental Policy & Technology Project
Ukramne Belarus & Moldova Regional Office
4 Bohomoltsia Street Suite 301

252024 Kytv Ukramne

Telephone +(380-44) 247 5633 247 5634
Facsimile +(380-44) 247 5637

Contact Mr Ties van Kempen
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Environmental Policy & Technology Project
Lviv Project Office

64 Zelena Street

290017 Lviv  Ukraine

Telephone +(380-322) 76-7389 76 8413
Facsimile +(380-322) 27-1152
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NOTE ON TRANSLITERATION

Ukraiman personal, institutional, and place names used in EPT documents
are transliterated into English from Ukraiman (not Russian), according to the
modified U S Library of Congress standard for Ukrainian-to-English
transliteration that has been adopted by many Western organizations and
publications, mcluding the Encyclopedia of Ukraine (Umversity of Toronto
Press, 5 vols, 1984-1993) and O Subtelny's authoritative Ukraine A History
(Untversity of Toronto Press, 1988, 2nd edition 1994), as well as by the
Ukramian Commussion on Legal Terminology (Resolution No 9 dated 19
April, 1996)
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atmosphere

Booz, Allen and Hamilton

CH2M HILL International Services, Inc A U S -based international
environmental engineering consulting firm under contract to USAID
to implement a large component of the EPT Project

COWI Consultants (Denmark)

District Heating 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 Union

hours a day

hours

mch

karbovanets (Ukramnian 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

hiters per hour

liters per second

Lviv Vodokanal (municipal 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

minute

no data

New Independent States (of the former Soviet Union)

number

numbers

A government territorial-administrative umt in the former Soviet
Union that 1s still 1n use followmng Ukrame's independence A U S
analogue would be something between a state and a county
Planning & Development Collaborative, Inc A U S -based consulting
firm under contract to USAID to implement part of the U S
government's assistance program to Ukramne's housing and communal
Services sector

per day

Pump Station

pounds per square inch
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USD/h
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revolutions per minute

Total Dynamic Head

United States dollar

dollars per hour

dollars per day

U S Agency for International Development

A quasi-government agency responsible for municipal water supply
and wastewater collection and treatment A U S analogue would be a
water utility

World Bank (International Bank for Reconstruction & Development)
A municipal entity responsible for operation and maintenance of
houses and multi-apartment buildings owned by city administrations,
as well as water, sewerage, gas, electricity, and heating systems
within them
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Section 1

INTRODUCTION

As part of a United States government bilateral assistance program, the U S Agency for
International Development (USAID) 1s supporting environmental management in Ukraine
Under direction from USAID, a consortium led by CH2M HILL International Services,
Inc (CH2M HILL) 1s implementing part of USAID’s Environmental Policy & Technology
(EPT) Project by undertaking various tasks that have been agreed to by representatives of
the governments of both countries

USAID authorized CH2M HILL to perform a series of tasks i Ukraine as part of Delivery
Order (DO) No 9 Under Task U-2 (Urban Water Management Demonstration Lviv) of
DO #9, CH2M HILL 1s to assist the local water utility, Lviv Vodokanal (LVK), strengthen
its operations and mmprove service to its customers Task U-2 mcludes 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 outline of the basic data that should be collected on
a utthity system in order to begin to analyze operations and prepare a strategic plan
Jor system improvement This will include the source of water, treatment system,
storage, distribution, pressure zones, metering, billing as well as facilities for
repair, maintenance, engineering and construction, water quality and financing

Using this guideline and existing, readily available data from the Lviv Vodokanal,
the Contractor will characterize (quantity, size, location) the general components of
the Lviv water system

Devise a methodology to collect and present data on the critical aspects of the
physical facilities, operation, water quality, repair and maintenance of a
Vodokanal

Use this methodology to collect and present data for the Lviv system

The methodology shall include an evaluation of the existing operation strategy,
capabilities to implement repairs, identify existing constraints to making repairs and
present recommendations for improving current repair and maintenance capacity to
the level required by the condition of the Vodokanal’s facilities

Present the data as contract deliverables 1n a series of reports

. Summary of imitial data on the current system
. Summary of intervm data on the current system
. Summary of final data on the current system

westms\reports\lviviinidata\ext 1 22aug97



Thus 1s the first (tmtial) report 1n response to USAID’s requirement It was prepared using
readily available information from Lviv Vodokanal and the Lviv Institute for the Design of
Communal Services, as well as field observations

westms\reports\lvivimdata\text 2 22aug97



Section 2
INITIAL OVERVIEW OF LVIV WATER SUPPLY

The following 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 1s presented
in Figure 2-1

21 LVIV URBAN WATER SYSTEM

The water supply i Lviv serves about 800,000 people Many parts of the service area
recerve water for only about six hours a day The water system suffers from an
infrastructure which needs substantial replacement, and revenues which do not match
expenses associated with system operation and mamtenance

The City of Lviv 1s over 700 years old and its present public water supply and distribution
system was started about 100 years ago The city obtams 1ts water from about 20 well
fields located outside the city perimeter In order to obtain sufficient suitable water, the
more recent well fields have been established as far away as 100 km from the city center

Water 1s pumped 1n from the well fields 1n transmission mains  Usually these terminate at
large pump stations at the city boundary, where additional pressure 1s added to facilitate
water distribution within the city The city 1tself 1s built on a sertes of low hills and there 1s
an elevation difference within the city of about 150 m In 1995, an average of about
335,000 m*/d was pumped 1nto the city distribution system The system has been divided
into six distribution areas These are generally associated with individual well field
transmussion lines and/or pump stations on the edge of the city Much of the water
distribution system for the city and outlining areas was built in the period 1970-1985 while
the city was expanding to serve industrial facilities

Due to an overall shortage of water (relative to usage demands within the system's
distribution areas), the LVK 1s unable to maintain pressure throughout the system and the
resulting service to the consumers 1s dependent on the location, elevation, and demand n
any area A portion of this usage 18 leakage within the distribution system This is
assumed to be at least 20 percent, and may be as high as 40 to 50 percent in some areas
Portions of the nstalled distribution system have proved to be very susceptible to failure
The reasons for this appear to be partly due to the linking of cast iron pipe with mortar-
filled joints, and the use of thin-walled uncoated, rolled-steel pipe that was supplied to the
city during part of the post-war expansion This steel pipe suffers from localized surface
(interior and exterior) corrosion, which creates numerous holes or weep-spots along the
pipe This problem may be aggravated by the electric trams that operate 1n the city with
resultant stray currents being grounded on the steel pipe (water mains) below the streets

During winter there 1s an additional problem with freezing water which can burst the
piping The 1995-1996 winter was particularly harsh, and the frost hine migrated down to
the depth of the water mains 1n parts of the city This situation 1s further aggravated by
stagnant flow i 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 determine 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 ‘98', developed a list of projects to improve 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 mullion These projects were associated with building a new well field about
80 km east of Lviv

2.2 MAJOR SYSTEM DEFICIENCIES

A number of water system deficiencies are apparent in Lviv

. measurement (metermg) of water produced, transported, and consumed
. water supply

. dehvery of water

. energy usage

. revenues and financing

These deficiencies are outlined below

2 2.1 Measurement (Metering) of Water

The lack of water meters 1n the system, and potential inaccuracies m stalled equipment
and previously recorded measurements of water, means that there 1s only a general
understanding of how much water 1s produced and used Hence there 1s no precise data on
which to prepare umit costs of water production and delivery, or set water-use fees based on
production and delivery costs

2211 Metering 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
distribution system 1s not known In an effort to upgrade metering at pumping stations, the
LVK placed an order 1n late 1995 for extending their remote sensors, thereby anming to
mcrease the number of such stations that are electronically momtored

2212 Metering of Water Consumed

On the consumption side, less than 10 percent of the water-use connections are installed
with a meter Meters that have been nstalled are mostly on enterprises which consume
large volumes of water The remaining water consumption 1s estimated, from nation wide
water use standards (norms) For customer billing, water consumption 1s determined by
norms that are either based on the expected average water use for the particular category of

"Water 98 was published 1n Ukramian in October 1995 by a special task force which investigated the
water supply situation in Lviv and presented certain 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 connecting the user to the distribution system

2213 Water Balance

Due to the lack of meters, there 1s no rehable water balance for the system A reasonable
water balance 1s important in order to have a basis for making decisions on future
mvestments At present there are two ways by which Lviv water production and
consumption 1s estimated One 1s to determine the total volume consumed from data
presented in water billings Most of this 1s based on norms and thus 1s maccurate -
especially when water 1s turned off in many areas for 18 or more hours per day The
second 1s to estimate the amount of water produced by measuring the water pumped 1nto the
city from the well fields Only some of these pumps have measuring devices, and their
accuracy 1s questionable

t

In addition, the actual productivity of each well 1s unknown, as no reliable metering of
water production occurs The estimated production could be at considerable variance from
actual production

The reason why this information 1s important 1s that there 1s currently only speculation as to
the actual overall water usage and leakage n the system Without a reasonably sound 1dea
of how much water 1s being produced, all subsequent evaluations of water leakage, water
consumption, and energy usage cannot be made with any certanty

2.2.2 Supply of Water

The earliest well field serving the city was constructed around 1900 The City of Lviv 1s
located on a hydrological divide between streams flowing 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 1s sigmficant that no matter which nation was governing
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 main treatment that 1t receives 1s disinfection by chlormation

There are 173 wells 1n the Lviv system Many of these are reported to have reduced
capacity due to sand entering the well casings, broken pumps etc It appears that many
existing wells were constructed using a small rotary rig  The filtration of water into the
well casing 1s done by a screen made from a piece of steel casing that has been drilled or
punched with 40 mm diameter holes, so that the open surface area amounts to about 25
percent of the total area A stamnless steel wire of about 0 5 mm 1n diameter 1s wrapped and
welded around the outside the casing, leaving gaps of about 0 3 mm The spaces between
the wires over the open holes allow water to pass from the formation into the well casing
How effective this 1s 1n preventing fine sand from entering each casing during pumping is
not known, and will depend on how the area around the well screen 1s packed and then how
the whole assembly 1s 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 in the system (both consumption and leakage)
1s about 335,000 m®/d, and the Category 1 projects (total cost of US$ 75 mullion as
estimated by the Water ‘98 study) would add about 35,000 m*/d to the water supply

The Water ‘98 project plan envisioned expanding the Pluhuv well field east of the city

This area 1s reputed to have an abundant supply of groundwater Previous plans to further
develop this well field has upset people living 1n the vicimty Their concern 1s that an
expanded well field will impair their ability to obtain groundwater for their own use Part
of the proposed Water ‘98 plan would build water facilities to serve many of the villages in
the area and so improve community support for well field expansion

In addition, since the existing distribution system 1n Lviv 1s designed to service areas that
were adjacent to the termination of incoming transmission lines, 1t appears that it will be
very difficult to move surplus water (which might be produced by the Pluhiv well field)
from the east side of the city to other parts without additional transmission maimns being
built within the interior area of Lviv

2.2 3 Delivery of Water

The water distribution nfrastructure i 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 infrastructure were designed in order to serve new
developments which were almost independent of the rest of the water infrastructure

In general, this was done by establishing and/or expanding well fields outside the city on
the side of the city where the development was being supplied This avoided the necessity
of transferring water through the center of the city, which became more difficult as the city
expanded The overall supply system now resembles a spider, with the city being the body
and the legs the supply lines bringing in the water The result 1s that most of the sources
can supply and deliver water 1nto the old city, which 1s generally at a lower elevation, but
due to the capacity of pipes 1n the center and the relative elevations of the various
distribution areas, 1t 18 very difficult to move significant quantities of water from one side
of the city to the other

There exist a limited number of large diameter pipelines that have been built 1n an attempt
to move the water around the city’s perimeter, but more must be constructed m future 1f
this objective 1s to be achieved This mability to readily transfer large quantities of water
across the city makes 1t impossible to deliver any surplus water from one side of the city to
make-up for shortages in other parts of the city

2231 Construction Materials
During the expansion of the water distribution system, a variety of materials was used

Some were much better than others, and the age of the materials, especially pipes, 1s not
necessary reflected in their service life  In many cases, cast iron pipes nstalled before
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1940 are now m much better shape than those nstalled after 1950 Materials used for
distribution and transmission mains included cast 1ron, steel and concrete  The quality of
pipes has varied considerably, largely depending on suppliers, which 1n most cases have not
been controlled by the city since 1940 Of these maternals, the thin-walled, rolled-steel pipe
appears to have the poorest service life In many cases such pipes were not lined or coated,
and corrosion has caused them to develop weak ponts resulting in slow leaks and, when a
rupture occurs, fast leaks requiring urgent repair

The problems with buried pipelines are aggravated by the fact that water 1s only supplied
during certain parts of the day Thus the pressure in the pipes can change rapidly 1n a short
period of time, thereby placing additional stress on the pipes

2232 Leakage

The extent of leakage 1s not known, and without universal metering of the system (it 1s
reported that only 17 percent of the water 1s now metered), 1t 1s difficult to accurately gauge
the extent of leakage Even in a system that 1s umiversally metered the amount of
unaccounted-for water 1s usually 1n the range of 10-20 percent The leakage estimated by
LVK 1s about 30 percent, which includes wastage by consumers In fact, the amount of
water lost from the system due to leakage 1s probably more, and would vary depending on
the operating conditions of the system

In most urban areas around the world, the cost of water lost from leakage 1s less than the
short and often long-term costs of replacing the pipes 1n the ground Therefore, general
leakage 1s allowed to continue, with only major breaks being repaired This has been the
practice n Lviv. However, the amount of water available from 1ts sources 1s now
mnsufficient to meet the demand created by both consumers and leakage Whether 1t 1s more
cost-effective to increase the supply of water or decrease the amount lost though leakage 1s
an 1ssue yet to be resolved Therefore, no approprate decision has been made by LVK as
to where 1t should invest resources 1n order to improve water delivery to 1ts consumers

2233 Repairs

Due to poor quality of materials and operational constraints, the water distribution system
1s constantly under repair One of the LVK engineers who went on a USAID-sponsored
water utility study tour to the USA 1n 1995 stated, that the rate of line breaks per kilometer
in Lviv was 10 to 100 times more than that of the utilities he had visited mthe U S (see
EPT Project 1995a, b)

LVK has great difficulty in conducting repairs to its water system Repair crews lack the
required tools, materials, and traiming Therefore they take much longer to complete work
than repair crews mn western countries In addition, the pipes, valves etc that they are
trying to reparr are often rather fragile Cut-off valves needed to 1solate the system for
repairs are nstalled less frequently than in many other water utiliies This means that
water supply 1 larger sections of the city must be turned off for longer periods of time
while repairs are being made Consequently people and businesses who, under normal
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circumstances only have a few hours of water each day, mught be without water for several
days to several weeks while 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 increasing as the cost for electricity rises in accordance with national
government policies and regulations This proportion, although simular to other vodokanals
in Ukraine, 1s very high relative to most water utilities 1n other countries, and reducing
energy 1s an obvious area on which to focus efforts and investment At present, LVK has
difficulty 1n meeting its payment obligations to the electric company, and during periods 1n
1995 1t owed upward of US$ 3 5 mullion to the electric utility This represents a major
portion of revenues collected from water customers The continually rising energy costs
have been a major reason for the LVK’s increase i rates to 1ts customers

Investment aimed at reducing energy consumption 1s critical to the long term viability of
LVK If additional water 1s produced at the well fields and pumped nto the system 1t could
increase energy consumption without substantially increasing revenues This 1s because
satisfying increased demand from consumers paying a flat rate for water would use more
water without a commensurate boost 1n revenue This could make the financial position of
LVK very difficult

The main usage of energy 1s for pumping and this 1s where energy reductions must be
implemenied This would be done by making wells and pump stations more efficient, or by
modifying the overall operation of the system

2 2.5 Revenues and Financing

Ukrame's economic difficulties have severely undermined the financial viability of the
couantry's water and wastewater utiities  Lviv-Vodokanal, like most m the country, suffers
from madequate finances which make appropriate maintenance and operation, and much-
needed asset rehabilitation and replacement, impossible

Improved financial status of LVK 1s critical for its survival and future development To
umprove service 1t must mnvest in repairs and upgrade the system, and to do that it must
become a financially sustainable unit based on user charges Although subsidies for
vodokanal operations and expansion were normal m Ukraine 1n the past, this will be very
difficult, 1f not impossible, 1n future since the central, oblast, and city governments do not
have the required funds

In order to obtain investment funds from international financing institutions, 1t will be
necessary to demonstrate that LVK 1s moving towards becomng a financially self-
sustainable operation This means that every project loan sought from a financial nstitution
should be examined 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 1s to improve revenues and reduce
costs Revenues can be improved by imposing adequate taniffs and improving collections
Customer resistance to the payment of tariffs may be reduced as service improves and as
the economy 1n Lviv improves

2.3 WATER CONSUMPTION

One of the major, current problems of the Lviv water system 1s that the rate at which water
1s pumped 1nto the distribution system 1s greater than the rate at which it can be extracted
from the well fields Two approaches to overcome this situation would be either to produce
more water or to reduce usage in the distribution system

The city's Water ‘98 plan calls for producing more water This imphes substantial capital
mvestment plus incurring additional energy costs with no real promuse of a commensurate
increase 1n revenues to pay for these costs A reduction i water use in the distribution
system 1s the alternate approach This would have the effect of reducing the need to
increase water production while reducing energy costs to LVK

Water conservation needs to be practiced on the macro and micro levels On the macro
level, LVK needs to conserve water by munimizing the amount of water lost by leakage
The effects of this could be very significant in reducing overall unnecessary energy costs
and wastage of water On the micro level, conservation of water by the residential,
communal, and enterprise user groups needs to be encouraged This applies particularly to
those categories of consumers from whom revenues from water sales are below water
delivery costs, namely the residential and communal consumers

Using data provided by the USAID-funded contractor, PADCO, m their October 1995
report (PADCO, 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 1s only 7 m*/d as compared with 38
m’/d for communal users, and 8 m*/d for enterprises This indicates that communal
accounts have much greater potential (per connection) for both water conservation and
possible future revenue than either the residential or enterprise users

Data on water consumption during 1995, by consumer group, 1s presented in Table 2-3
Table 2-4 lists the amount of water supplied and billed-for by LVK 1n 1995

2.3 1 Residential Water Users

Currently LVK supplies water to about 800,000 people Using data from Table 2-2, the
number of people served by each residential connection 1s about 30 Using the same data,
the average water usage 1s about 6 6 m*/person/month, which 1s within the norms expected
of between 3 3 to 9 1 m*/person/month

Although the amount of water supplied to residential users 1s large, constituting over half

the total amount of water distributed by the vodokanal, the amount used per connection 1s
low, each connection represents a number of family or apartment units 1n a connected
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building In the short term, the effort mnvolved n reducing residential usage by
conventional means, such as moving to a volume based charge (requiring extensive
metering), internal plumbing repairs by outside parties etc , would be very expensive
relative to the expected overall reductions 1n usage or increase in revenues (probably
muinimal and possibly negative)

2 3.2 Communal Water Users

Based on data i Table 2-2, this 1s the category of users with the largest estimated usage per
connection It 1s also the category with the lowest percentage (only 14 %) of accounts
which pay their bills and the highest potential revenue to be gamed Thas 1s therefore the
class where the most effort should be made 1n reducing water usage and increasing overall
revenue to the system

Since almost all communal connections are owned and funded by the city or oblast
administrations, a commitment 1s required by these entities to budget and pay the bills
rendered for water usage, mcluding projected increases 1n tariffs due to mflation and
increases 1n electric costs  Once there 1s 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 tariff-setting, enterprises subsidize the water system By
national legislation, this user category 1s asked to pay all the remammng calculated costs of
water production after projected revenues from the other two major categories are
calculated This formula defimitely favors urban areas, where there 1s a large mdustrial
base In Lviv the majority of the calculated total costs of production are spread over eight
percent of the water sold Consequently 1n Lviv, enterprises are charged about 30 times
more than domestic users for each unit of water

Although this places a great burden on enterprises, in the short term, from a financial
standpomt, this tanff system must continue as the LVK needs the revenue In the long
term, tanffs for enterprises should be reduced i conjunction with raising taniffs for
domestic and communal users

Currently about half of the enterprises are metered, and the collection of water charges 1s
almost 80 percent, if payment mn kind 1s included It 1s doubtful that, 1 the short term, the
rate of collection of water charges can be mcreased sigmficantly, although the list of
debtors should be examined to determune 1f this 1s so

2 3.4 Conservation Through Charging on a Volumetric Basis

The vast majority of users mn Lviv are charged using an estimated rate of water usage based
on either the characteristics 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 1s employed 1n other countries, such as the USA, to assess water demand 1 a
system These norms are presently being utilized 1 Lviv to invoice most LVK customers
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for their water use This method allows users to pay a flat fee for unlimited water
consumption

The method of billing using norms simplifies invoicing but does not encourage individual
water conservation This practice 1s not much different from that of cities ike London and
New York In London, especially under the newly privatized water companies, there has
been discussion of moving to an individually metered system, but the reason given for
retaining the current practice, at least for now, 1s that the cost associated with metering
individual connections or famulies exceeds the potential benefits in reduced usage

Although umversal individual metering of water consumers 1s a national objective m
Ukraine, 1t 1s critical to the prioritizing of financial mvestments that LVK deterrune
whether any foreseeable reduction 1 usage and mcrease m revenues will offset the
investment 1n metering One method of imposing the conservation of water 1n the short run
1s to continue the practice of lowering the pressure in the water system to reduce usage

A possible first step towards the goal of umiversal metering for non-enterprise and budget
organization connections would be to have a single meter for each connection Most of
these connections would be for multi-family buildings For this to function 1t would require
that the responsibility for paying for the water passing through the meter be assigned to a
ZhEK, community association, or some type of condomimum operation Then the ZhEK
or other management structure would need to collect the momes from the users Built mto
this would need to be some mcentive for the use of a meter, either for the ZhEK or the
management association This could be by allowing the ZhEK to charge tenants a flat fee
and then keep any profits resulting from lower usage (less losses from leaky appliances), or
perhaps by structuring the rates so that 1t 1s more advantageous to pay the metered cost than
the flat rate

Without some incentive, there will be Iittle reason for building groups to want a meter
installed or to protect it once 1t 1s installed A large meter set up (meter, strainers, valves
etc ) purchased in the Ukramne for a large building can cost m the range of $US 200-400
In Lviv a meter 1s easily removed since the water 1s turned off much of the time, and 1t 1s
also easily tampered with since it almost must always be located in the basement of the
buildings to protect it from frost
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Table 2-1
Lviv Water Consumption - 1900 to 1995
Year Population, Water Supply, |Water Consumption,
thou m’/d led
1900 160,000 N/A N/A
1910 206 000 18,000 874
1920 210 000 18,000 857
1926 240 000 24 000 100 1
1931 312,000 28,000 90 3
1939 318,000 33 000 104 1
1945 165,000 21,000 1245
1950 332,000 39,000 1175
1955 380,000 55,000 144 6
1960 421,000 67,000 159 8
1965 496,000 105,000 2110
1970 564,000 177,000 3139
1975 629 000 254,000 403 9
1980 688 000 331,000 480 4
1985 735,000 397,000 540 3
1990 780,000 387,000 495 7
1995 806,000 295,000 3656
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Table 2-2
Lviv Water Use and Revenue Collections
Parameter Units Residential| Communal| Enterprise{ Total [Notes
No of each 25 338 3315 1,982 30,635 | a
Connections
No of meters each 312 590 1053 1955 a
Comecuons percent 2% 20% 50% 6%
Estimated usage m’/d 174,000 127,000 25,000 326000 | a,b
Percent of total percent 53% 39% 8% 100%
usage
Average usage m’/d/connection 69 383 75 102 ab
Average rate US$/m’ $0 04 $0 08 $1 00 ¢, d
Average billing | US$/mo/connection $6 $92 $225 a,be
Raie of Percent 57% 14% 78% a, f
collections
Amount
collected US$ nullions/yr $2 $1 $7 $9 g
Amount
loutstandin US$ mulhons/yr $22 $84 $2 $14 g
Notes
a- From PADCO report Vol 1 and Vol 2, July 1995
b- The amount of usage by category 1s only an estimate as the number of meters 1s too imuted These

data are based on the norms (predicted use) that have been used in planning 1 the NIS for many
years Less than 2% of the residential connections are metered

c- New rates adapted by the Vodokanal m January 1996 with US$ 1 00 = 190,000 Karbovanets (kbv)
The average cost of production from PADCO data (PADCO 1995) 1s $0 08/m*

e Includes payments in kind for industries

f- Based on total collections that month not the number of accounts

Provided by LVK Includes payment in kind

Table 2-3

Water Consumption by Consumer Group - 1995

Consumer Group

Water Consumption

m’/d %
Residential 164 300 558
Industrial 21 00 71
Communal 87,500 297
Budget (City, Oblast and/or State) 21 900 74
Total 294,700 100
westnistreports\lvivitmdataitext 14 22aug97



Table 2-4

Water Supphed and Billed - 1995

westms\reports\Mvivimidatatext

Consumer Reported Amount of Amount of Water
Location Water Supphed (m®) Billed (m®)
per year per day per year per day
Lviv 141 053 000 386,000 107,554,000 295,000
Viilages 3256 000 9,000 2,397,000 7,000
Vynayky 1 659 000 5 000 1,029,000 3 000
Other 4,571,000 12,000 3,737,000 10,000
Total 150,539,000 412,000 114,717,000 314,000
15 22aug97
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Appendix A

INFORMATION ON LVIV WATER SOURCES -- WELL FIELDS

The ground water of the Volyn-Podilsk basin 1s the source of drinking water for the Lviv
water supply system The general location of Lviv well fields 1s shown m Figure A-1 A
typical geological profile and well design are presented i 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-1 The term "Safe Yield" in this table means an
allowable yield based on operative and trial pumping, while "Added Yield" means an
estimated possible incremental yield based on trial pumping

Currently, there 1s no 1ron removal process at the Budzen, Bibrka and Remezivts: well
fields The Pluhiv well field has special degassing units that remove carbon dioxide and
hydrogen sulfide

Table A-2 presents mformation provided by LVK on well field water production in Lviv
for 1995 In addition, the characteristics and working conditions of each well field are
presented m Figures A-3 through A-22 The types of pumps used at the well fields are
transliterations of Cyrillic  Their capacity 1s given m m® and TDH (Total Dynamic Head)
in meters The main reasons for well stoppages are as follows

1 Electricity supply problems - frequent interruption of electrical energy supply, large
fluctuations of power (from 6,000 V down to 5,600 V), acts of nature, such as
nmugration of birds

2 Poor well design - bad quality of filter, water aggressiveness, resulting m rapid
corrosion of pipes, theft and destruction of property, acts of nature such as, freezing
temperatures

3 Pump-operating 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 unit costs for the well fields 1s presented 1n Table A-3 The mformation
1n the table 1s 1 accordance with the 1995 LVK reported production costs The total
energy cost 1s 64 % which makes up most of the total production cost A separate
production cost calculation was made for each well field, which ncludes 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 1n proportions to the quantity of water
withdrawn
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Table A-1
Lviv Well Field Charactenstics
Dist | Static Capacity Average Daily Number
Well Freld {Year [No Of| to | Water Safe Added Total Production Problem of
No Name Built | Wells {Lviv | Level Yield Yield 1987 1995 Constituents Operating Remarks
km m m’/d m’/d m’/d m’/d m’/d Personal
North
1 } Rava Ruska 1972 8 48 0 33 17 000 17 000 17 000 16 932 Strontium 8
2 { Maheriv 1971 4 405 38 17 200 9 800 27 000 8 800 8 466 Strontium 3
3 | Shostaky 1972 3 395 38 3400 3 400 3400 6 350 2
4 | Krekhiy 1970 5 295 48 15 600 15 600 13 500 13 611 Strontium 5
5 ] Kunin 1970 2 305 48 5 700 5 700 5 400 5444 2
6 | Mokrotyn 1966 7 1938 40 16 100 8 000 24 100 18 000 16 222 Strontium 7
7 | Zarudtst 1965 16 125 38 19 700 8 000 27 700 24 200 20 927 Strontium 16
Group total 45 94,700 25,800 120,500 90,300 87,952
West
8 | Voha 1901 5 266 150 18 500 3500 22 000 16 800 7 026 13
Daobrostanska
9 | Velykopole 1926 5 239 56 8 000 S 000 13 000 13 200 7015 13
10 | Kamianobrody 1952 4 200 36 23 000 10 000 33 000 16 100 15 289 13
11 } Maichyts: 1967 9 116 70 15 700 5 600 21 300 10 300 15 868 6
12 | Budzen 1956 pr) 205 65 45 200 9 000 54 200 32 200 31 568 Iron Strontium 12 No removal
13 | Kernytsia 1969 8 205 65 9 000 6 400 15 400 12 000 11 479 4
Group total 53 119,400 39,500 158,900 100,600 88,245
South
14 ] Sty 1982 34 750 40 140 000 140 000 122 200 126 578 16
15 | Hlynna Navaria 1971 12 145 12 14 700 4 300 19 000 10 000 14 238 13
16 | Bibrka 1973 12 159 45 13 300 6 700 20 000 17 600 24 192 Iron 14 No removal
17 | Malechkovychi 1932 1 70 12 5 000 5 000 5000 4910 5
Group total 59 173,000 11,000 184,000 154,800 169,918
East
18 | Remezivtsi 1986 4 720 26 34 500 24 300 59 300 7 000 7377 Iron Purchased No removal
water
19 | Plulav 1989 8 740 20 70 000 20 000 90 000 30200 505721 Carbon dioxide 14 Aur stripping to
hydrogen sulfide reduce hydrogen
sulfide (H,S)
20 | Vilshanytsia 1989 4 400 30 16 400 10 500 26 900 8577 10
Group total J_g 120,900 55,300 176,200 37,200 66,526
Total 173 508,000 131,600 639,600 382,900 412,641
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Table A-2
Production of Well Fields m 1995
Well Field Name | No of Average Dailly Water Quantity, m*/d Average Daily,
Wells | jap l Feb [ Mar l Apr ] May;L Jun L Jul i Aug rSep ’ Oct Nov | Dec m’/d
North
Rava Ruska 8 170061 489341 15438] 17 096 16 011 16 580 16 580 17 067 17 653 16 5391 17 643 16 552 16 932
Maheniv 4 8 548 9 467 7719 8 548 8 006 8290 8 290 8533 8 827 8270 8 822 8276 8 466
Shostaky 3 6 411 7 100 5789 6411 6 004 6218 6217 6 400 6 620 6 202 6 616 6 207 6 350
Krekhiv 5 13606 15071 12 281 14 055 13 156 14 057 13 146 13 574 14 062 13 145 14030 13 151 13611
Kunin 2 5443 6 029 4 913 5 622 5 263 5623 5 258 5429 5 625 5 258 5612 5260 5 444
Mokrotyn 7 16017} 17174 14 462 14 496 | 20 354 16 556 15 485 16 002 16 579 15 495 16 537 15 507 16 222
Zarudtsi 16 22441 ] 24413 19 883 18 676 14 530 21737 21293 22002] 22750] 21311 21707 | 20 384 20 927
Group total 89562) 98187 80485| 84904) 83324] 89061 86269 89007] 92115{ 86219| 90967 85337
Average 87,953
West
Volia Dobrostanska 5 7 035 7 775 6 348 7 233 6 848 7 257 6 781 7 001 7 241 6 809 7 240 6 778 7 026
Velykopole 5 7022 7762 6 337 7233 6 781 7 246 6 775 7 000 7 236 6 776 7 236 6777 7 015
Kamianobrody 4 16 024 | 17 745 13569 15507 14 538 15 517 15 486 15 001 15 503 14 530 15505 14 545 15 289
Malchytsi 9 160411 1665671 144591 15516 14 5281 15534 15490 17 001 17 589 15 516 16 546§ 15 537 15 868
Budzen 22 34076 | 34724) 31158] 34858] 31975| 34091 288781 32869 29935] 28968] 29932 27347 31 568
Kernytsia 8 12391] 12627] 11330] 12676 11 627 12 397 10 501 11 953 10 886 10534 10884 9 944 11 479
Group total 92590] 97290 83201 93023] 86267| 92041 83 911 90 826 { 88 391 83 133| 87343| 80929
Average 88,245
South
Stry 34 120845 | 147 392 114642} 138 186 ] 129 719 | 1430731 119920] 130597 131 528 120990 | 105 1397 116 905 126 578
Hiynna-Navaria 12 144061 15573 12967 15 530 14 1981 14 787 14240} 14802} 14719 13 465 142641 11 906 14 238
Bibrka 12 25680 26943 22937 26208] 22427 25441 21 733 22823] 26152} 22198] 23471 24 277 24 192
Malechkovych 1 4 000 5537 4 516 5 167 4 839 5 000 4 839 5 000 5167 4 839 5167 4 846 4 910
Group total 164940 | 195444 | 155062 | 185091 | 171 183 1883011 160732 ] 173223 177567 | 161 492 148 042 | 157 933
Average 169,917,
East
Remezivisi 4 7 585 6 909 9 497 10 094 9 583 10 263 3 159 6 200 6 025 6 000 7211 6 000 7 377
Pluhiv 8 51774 58993| 44973| 54776 49242 517971 47554( 49 148( 51 185| 483621 507441 48321 50 572
Vilshanytsia 4 9 027 8 886 7 466 8 358 8 150 8 505 7743 8 012 9 324 8753 8,990 9 706 8577
Group total 68386 74788] 61936| 73229 66975] 70566 58455] 63360} 66533] 631i15] 66945 64028
Average 66,526
Total 412,642
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Table A-3
Well Field Unit Costs m 1995
Well Field Name | Water Production Energy Unit Cost per m’
No Consumption
1,000 m3 kWh/m? 1,000 kbv 1,000 USD
North
1 | Rava-Ruska 6173 0 0290 4 061 0026
2 | Mahenv 3086 5 0290 4 061 0 026
3 | Shostaky 23152 0290 4 061 0 026
4 | Krekhiv 4968 0 0 519 6 235 0 041
5 | Kunm 1978 7 0519 6 235 0 041
6 | Mokrotyn 5918 8 0 256 3727 0024
7 | Zarudist 7626 8 1597 4 585 0030
Group total 32067 O 0 644 4 595 0 030
West
8 | Volia Dobrostanska 25615 1472 9 702 0 060
9 | Velykopole 2557 4 0914 6 058 0040
10 | Kamiapobrody 55723 0 582 4 099 0027
11 | Malchytst 5787 6 0313 2 183 0014
12 | Budzen 115102 1300 7 549 0 049
13 | Kernytsia 4185 5 0724 4 361 0029
Group total 32174 6 0 906 5624 0 037
South
14 | Sty 46127 0 0232 1 627 0010
15 | Hlynna-Navaria 5190 6 1041 6 682 0044
16 | Bibrka | 8817 2 0 663 4271 0028
17 | Malechkovychi 1789 3 0 686 4 646 0026
Group total 61924 0 0374 2 515 0 016
East
18 | Remezivtsi 2690 O 0 663 4 975 0032
19 | Pluluv 18427 5 0 359 2 336 0015
20 | Vilshanytsia 31287 0 665 5429 0035
Group total 21556 2 0432 3028 0 019
Total 147721 8 0 555 3 706 0024

Note Offictal Exchange Rate, National Bank of Ukrame (as of December 25, 1995) -179,400 kbv for US $1
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Typical Well Design at Stry1 Well Field
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North Well Field Analysis Rava-Ruska

YIELD 1000 m¥day
Total Safe Yield Added Yield
Rava Ruska 17 17 0

AQUIFER
Descnption Upper Cretaceous Deposits Fractured
Siltstones and Chalks

Thickness of aquifer m 30

Static water level m (+)25 48
Pumping rate m’/day 4294 8856
Specific capacity m/day 1010 2573
Transmissivity m?/day 820
Thickness of covenrig layer m 10 80

Thickness of clay within the covenng layer m 0

WELL FIELD (technical characteristics)

Number of wells 8
Depth of wells m 70
Diameter of wells mm 426
Type of pumps (and capacity kW)

wells 7910 21{B12 160-100 (65)
wells B8 8a 9a DI11B10-63-110 (32)
wells 1112 21IB12 160-140 (90)

Cntenon of operating effectiveness of well field 0978
Probablility of non stop work of well fieid 0698

Percent of stoppages % 240

Number of Working Days of Wells
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North Well Field Analysis - Mahenv

YIELD 1000 m*/day
Total Safe Yield Added Yield
Mahenv 27 172 98

AQUIFER
Descniptton  Upper Cretaceous Deposits Fractured
Siltstones and Chalks

Thickness of aguifer m 30

Static water level m (+)25 48
Pumping rate m>/day 1395 6006
Spectfic capacily m?/day 276 1456
Transmisswity mYday 300 1300
Thickness of covenng layer m 10 20

Thickness of clay within the covenng layer m 0 3

WELL FIELD (technical charactenstics}

Number of wells 4
Depth of wells m 70
Diameter of wells mm 426
Type of pumps {and capacity kW)

welis 4 5 211B12 160-100 (65)
wells 4a JUB10-63-110 32)
well 6 DUB8-25-70 (17)

Cntenon of operating effectiveness of well fisld 0974
Probability of non stop work of well field 0816

Percent of stoppages % 253
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North Well Field Analysis Shostaky

YIELD 1000 m*/day
Total Safe Yield  Added Yield
Shostaky 34 34 0

AQUIFER
Descniption  Upper Cretaceous Deposits Fractured
Siltstones and Chalks

Thickness of aquifer m 30

Static water level m (+)25 48
Pumping rate m/day 1395 6006
Specific capacity m*/day 276 1456
Trensmissvity m2/day 300 1300
Thickness of covenng fayer m 10 20

Thickness of clay within the covenng layer m 0 3

WELL FIELD (technical characteristics)

Number of wells 3
Depth of wells m 70
Diameter of wells mm 428
Type of pumps (and capacity kW)

wells 123 3IIB12 160-100 (65)

Cntenon of operating effectiveness of well field 0864

-
(=3
=]

Number of Working Days of Wells

OPERATION AND STOPPAGE OF WELL
FIELD

r 2 ] © > % 5 §F § &
EEfREES 2288
& 2 = £ 8 s
g g 3

[ B Operating Time OStoppage |

Number of Stoppages

STOPPAGES IN OPERATING OF WELL FIELD

march
aprit
may
june
Juty
august B

~ e e s w
[ mNumber of Stoppages _J

Probability of non stop work of well field 0072
Percent of stoppages % 1196
STOPPAGES DURING 1995
IN PERCENT

164

[aExecmaty mWell Construction DPumpj

Number of Stoppages

REASONS FOR STOPPAGES

september

B Electnoity @Well Construchion

Figure A-5
North Well Field Analysis - Shostaky

ENVIRONMENTAL poLICY AnD ERE

TECHNOLOGY PROJECT @
CH2M HILL International Services Inc ?i.?-’}

ept vivi394\tgundatelwf A xis/19Auq97

24



North Well Field Analysis Krekhiv

YIELD 1 000 m*/day
Krekhiy 156 156
AQUIFER

Siltstones and Chalks

Thickness of clay within the covenng layer m 0

WELL FIELD (technical characteristics)

Total Safe Yield Added Yield

0

Descnption  Upper Cretaceous Deposis Fractured

Thickness of aguifer m 30

Static water level m {(+)25 48
Pumping rate m‘/day 2500 4570
Specific capacity m*fday 282 794
Transmussivity m%day 635 1317
Thickness of covenng layer m 10 80

Number of wells 5

Depth of wells m 60
Diameter of wells mm 426
Type of pumps (and capacity kW)

wells 135 3lB12 160-100 (65)
welis 4 211B8-16-100 (17}
well 2 3UB10-63-110 (32)

Cntenon of operating effecuveness of well field 0 977
Probabliity of non stop work of well field 0724

Percent of stoppages % 225

Number of Working Days of Wells
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North Well Field Analysis - Krekhiv
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North Well Field Analysis - Kumin

YIELD 1000 m*day
Total Safe Yield Added Yield
Kunin 57 57 0

AQUIFER
Descnption Upper Cretaceous Deposits Fractured
Siltstones and Chalks

Thickness of aquifer m 30

Static water level m ("25 48
Pumping rate m*/day 2500 4570
Specific capacity m*/day 282 794
Transmissivity m*day 635 1317
Thickness of covenng layer m 10 80

Thickness of clay within the covering layer m 2 20

WELL FIELD (technical characteristics)

Number of wells 2
Depth of wells m 60
Diameter of wells mm 426
Type of pumps (and capacity kW)

wells 6 7 311B12 160-100 (65)

Cntenon of operating effectiveness of well field 0975
Probabllity of non stop work of well field 0928

Percent of stoppages % 246

Number of Working Days of Wells
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Figure A-7
North Well Field Analysis Kunin
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North Well Field Analysis Mokrotyn

YIELD 1000 m’iday
Total SafeYield Added Yield
Mokrotyn 241 161 8

AQUIFER

Descnption  Upper Cretaceous Deposits Fractured
Siltstones and Chalks

Thickness of aguifer m 30

Static water level m ()25 48
Pumping rate m*/day 1028 4320
Specific capacity m?day 106 554
Transmissiity m2iday 870
Thickness of covenng layer m 10 20

Thickness of clay within the covenng layer m 10 20

WELL FIELD (technical characteristics)

Number of wells 7
Depth of wells m 75
Diameter of wells mm 426

Type of pumps (and capacity kW)

wells 123 46 5a DILB10-120-65 (32)
wells 5 211B8-25-70 7
Cntenon of operating effectiveness of well field 0977

Probabillity of non stop work of well fieid 0658

Percent of stoppages % 233

Number of Working Days of Weils
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Figure A 8
North Well Field Analysis Mokrotyn
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North Well Field Analysis Zarudts:

YIELD 1 000 m*/day
Total Safe Yield Added Yield
Zarudtsi 277 197 8

AQUIFER
Descnption  Upper Cretaceous Deposits  Fractured
Siltstones and Chalks

Thickness of aquifer m 30

Static water level m {(+)25 48
Pumping rate m’/day 2250 7831
Speaific capacity m*/day 171 257
Transmissiaty m2fday 700
Thickness of covenng layer m 10 15

Thickness of clay within the covenng layer m 10 15

WELL FIELD (technical charactenistics)

Number of wells 16

Depth of wells m 70

Drameter of wells mm 377

Type of pumps (and capacity kW)

Zarudtsy

wells 135a78 J1iB10-120-65 32)
wells 222456 S11B8-25-70 (17)
Zavadov

well 11a22a3 BIB10-120-65 (32)
welis 1b J11B8-25-70 “7n

Cntenon of operating effectiveness of well field 0 979
Probablhty of non stop work of well field 0696

Percent of stoppages % 229
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Figure A 9
North Well Field Analysis - Zarudtsi
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East Well Field Analysis Remezivtsi

YIELD 1000 m*day
Total Safe Yield Added Yield
Remezivts 593 345 248

AQUIFER
Descnption  Upper Cretaceous Deposits
Fractured Siltstones and Chalks

Thickness of aguifer m 50

Static water level m +07 26
Pumping rate m*/day 3603 4320
Specific capacity m>/day 406 458
Transmissivity m2/day 2500
Thickness of covenng tayer m 10 15

Thickness of clay within the covenng tayer m 10 15

WELL FIELD (technical characteristics)

Number of wells 4
Depth of wells m 70
Diameter of wells mm 4286
Type of pumps (and capacity kW)

wells 1 2 31B10-120-60 (45)
wells 3 291 3HUB12 210-60 (22)

Cntenon of operating effectiveness of well field 0 953
Probability of non stop work of well field 0792

Percent of stoppages % 466
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Figure A 10

East Well Field Analysis - Remezivts:
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East Well Field Analysis Pluhiv

YIELD 1 000 m*/day
Total SafeYield Added Yield
Pluhiv 90 70 20

AQUIFER
Desenption  Middle Devomian Deposits
Fractured Limestones with layers of sand

Thickness of aquifer m 100 350
Static water level m (+)228
Pumping rate m/day 406 3600
Specific capacity m*/day 458 4320
Transmissivity m%/day 2070
Thickness of covenng layer m 10 15

Thickness of clay within the covenng layer m 10 15

WELL FIELD (technical charactenistics)

Number of wells 8
Depth of wells m 200
Diameter of wells mm 428

Type of pumps (and capacity kW)
wells 12345678 3lB1225530 (32)

Crtenon of operating effectiveness of well field 0989
Probability of non stop work of well field 0908

Percent of stoppages % 110

Number of Working Days of Wells
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Figure A-11
East Well Field Analysis Pluhiv
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East Well Field Analysis Vilshanytsia

YIELD 1000 m*/day
Total Safe Yield Added Yield
Vilshanytsia 269 164 105

AQUIFER
Descnption Upper Cretaceous Deposits
Fractured Siitstones and Chalks

Thickness of aquifer m 50

Static water level m ()30 50
Pumping rate m’/day 3603 4320
Spectiic capacity mzlday 406 458
Transmissivity m2/day 2500
Thickness of covening layer m 10 15

Thickness of clay within the covenng layer m 10 15

WELL FIELD (technical characterstics)

Number of wells 4
Depth of wells m 70
Diameter of wells mm 426
Type of pumps (capacity kW)

wells 12 3liB12 160-140 (90)
welis 3 Bl1B12 160-100 (65)
well 4 21B10-63-110 (32)

Cntenon of operating effectiveness of well field 091
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East Well Field Analysis - Vilshanytsia

ENVIRONMENTAL POLICY AND
TECHNOLOGY PROJECT ===

CH2M HILL International Services Inc oot
‘..'l-'




South Well Field Analysis Stry

YIELD 1000 m*/day
Total SafeYield Added Yield
Stryt 140 140 0

AQUIFER

Descnption  Middle and Upper Quanemary
Alluvium Complex

Sand Gravel Boulder In different proportions

Thickness of aquifer m 10 12
Static water level m ()15 40
Pumping rate m*/day 1494
Specific capacity m*/day 1530
Transmussimity m/day 1200
Thickness of covenng layer m 35

Thickness of clay within the covenng layer m 0

WELL FIELD (technical characteristics)

Number of wells 34
Depth of wells m 30
Diameter of wells mm 426
Type of pumps (and capacity kW)

wells 1 68 11 31B12 160-65 (45)
wells 7 31B10-63-65 (22)
well 12 26 28 34 31IB12 255-30 (32)
wells 27 21iB12 160-25 (45)

Cntenon of operating effectiveness of well field 0974
Probabllity of non stop work of well field 0343

Percent of stoppages % 255

Number of Working Days of Wells
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Figure A-13
South Well Field Analysis - Stryi
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South Well Field Analysis Hlynna Navara

YIELD 1000 m¥/day
Total Safe Yield Added Yield
Hiynna Navana 19 147 43

AQUIFER
Descnption  Upper Cretaceous Deposits
Fractured Siitstones and Chalks

Thickness of aqurfer m 40

Static water level m (+)10 12
*’ Pumping rate m /day 1140 6333

Specific capacity m*/day 53 1330

Transmissivity m=/day 500

Thickness of covenng layer m 15 20

Thickness of clay within the covenng layer m 10 15

WELL FIELD (technical charactenstics)

Number of wells 12
Depth of wells m 70
Drameter of wells mm 426

Type of pumps (and capacity kW)
wells 1 ta2a4577a

SLB10-63-110 (32)
well 23 SI1B8-16-100 n
welis € 6a B 211B12 160-100 (65)

Catenon of operating effectiveness of well field 0941
Probability of non stop work of well field 0118

Percent of stoppages % 594

Number of Working Days of Wells
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Figure A-14

South Well Field Analysis - Hlynna Navaria
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South Well Field Analysis Bibrka

YIELD 1000 m*/day

Total  Safe Yield
Bibrka 20 133
AQUIFER

sometimes weathered and washed to
Sand and Grave}

Probablltty of non stop work of well field

Percent of stoppages %

Added Yield

87

Descnption  Miocene Complex mostly Sandstones

Thickness of aquifer m 40
Static water level m (H)17 45
Pumping rate m>day 1780 5885
Specific capacity m*/day 88 720
Transnussiity m¥day” 1070
Thickness of covenng layer m 15 20
Thickness of clay within the covering layer m 15 20
WELL FIELD (technical charactenstics)
Number of wells 12
Depth of wells m 75
Diameter of wells mm 426
Type of pumps (and capacily kW)
wells 13 4 4a 6 21iB12 160-65 (45)
wells 1a 2a 6a 7 8 8a

311B10-120-65 (32)
wells 2 31iB8-25-70 7

Cnitenon of operating effectiveness of well field 0943

0091
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Figure A-15
South Well Field Analysis - Bibrka
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South Well Field Analysis - Malechkovych:

YIELD 1 000 m*/day
Total Safe Yield Added Yield
Malechkovychi 5 5 0

AQUIFER

Description  Miocene Complex mostly Sandstones
sometimes weathered and washed to

Sand and Gravel

Upper Cretaceous Deposits

Fractured Siltstones and Chalks

Thickness of aquifer m 40

Static water level m (H10 12
Pumping rate m°/day 3603 4320
Specific capacty m?/day 53 1330
Transmsswity m*/day 500
Thickness of covenng layer m 15 20

Thickness of clay within the covening layer m 3 5

WELL FIELD {technical characteristics)

Number of wells 1
Depth of wells m 70
Diameter of wells mm 426
Type of pumps (and capacity kW)

wells 1 DIiB12 160-65 (45)

Cntenon of operating effectiveness of well field 0892
Probabliity of non stop work of well field 0992

Percent of stoppages % 082
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Figure A-16
South Well Field Analysis - Malechkovychi
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West Well Freld Analysis - Volia Dobrostanska

YIELD 1000 m%/day

Total Safe Yield Added
Yield
Voha Dobrostanska 22 i85 35

AQUIFER

Descnipion  Miocene Complex mostly Sandstones
sometimes weathered and washed to

Sand and Gravel

Thickness of aginfer m 35

Statrc water level m ()35 150
Pumping rate m¥day 2073 6912
Specific capacity m¥day 458 1918

Transmissivity m%/day 690 2890

Thickness of covenng layer m 5 15

Thickness of clay within the covenng layer m 0 2

WELL FIELD (technical characteristics)

Number of wells 5
Depth of wells m 70
Diameter of wells mm 426
Type of pumps (and capacity kW)

wells 1567 o1B12 160-65 (45)
wells 11 31B10-63-65 (22)

Cntenon of operating effectiveness of well field 0 996
Probabllity of non stop work of well field 0986

Percent of stoppages % 038
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Figure A-17

West Well Field Analysis - Volia Dobrostanska
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West Well Field Analysis Velykopole

s OPERATION AND STOPPAGE OF WELL
YIELD 1000 m“/day FIELD
Total  Safe Yield  Added Yield . 155
Velykopole 13 B8 5 §,
s 150
AQUIFER "3
Descnption  Miocene Complex mostly Sandstones 8 s
sometmes weathered and washed to g
Sand and Gravel z 140
Thickness of aquifer m 35 §
Static water level m ()38 58 5 135
£
Pumping rate m>/day 2073 6912 E
Specific capacity m%/day 458 1918 2 0 ELEE =H=R—R—
= >»x &8 > § 5 5 & &
Transmissivity m /day 690 2890 § g E & 8 5 3 3 é 2 é .é
Thickness of covenng layer m 10 15 i g E € £ 3 g 3
Thickness of clay within the covenng layer m 0 8 € 0
HOperating Time O Stoppage _!
WELL FIELD (technical charactenstics)
Number of wells 5
Depth of wells m 70
Diameter of wells mm 426 STOPPAGES IN OPERATING OF WELL FIELD
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welis 1 5 3IB10-120-65 (32) 14
wells 2 4 31B12 160-65 (45)
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West Well Field Analysis Velykopole
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West Well Field Analysis Kamanobrody

YIELD 1 000 m’/day
Total Safe Yield Added Yield
Kamanobrody 33 23 0

AQUIFER

Description Miocene Complex mostly Sandstones
sometimes weathered and washed to

Sand and Gravel

Thickness of aquifer m 25

Static water level m ()22 38
Pumping rate m*/day 1132 2402
Speatfic capacity m?/day 353 600
Transmisswity m%/day 1380
Thickness of covenng layer m 10 15

Thickness of clay within the covenng layer m 5 10

WELL FIELD (technical characteristics)

Number of wells 4
Depth of wells m 45
Diameter of wells mm 426
Type of pumps (and capacity kW)

wells 1234 a1B12 265-30 (32)

Cntenion of operating effeciveness of well field 0 891
Probabliity of non stop work of well field 0254

Percent of stoppages % 979

140 OPERATION AND STOPPAGE OF WELL FIELD
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Figure A-19
West Well Field Analysts - Kamianobrody
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West Well Field Analysis - Malchytsi

YIELD 1000 m*tday
Total SafeYield Added Yield
Malchyts: 213 157 58

AQUIFER

Descnption Miocene Complex mostly Sandstones
sometimes weathered and washed to

Sand and Gravel

Thickness of aqurfer m 35

Static water level m ()50 70
Pumping rate m°/day 2436 5450
Specific capacity mfday 251 601
Transmussivity m¥day 650
Thickness of covening layer m 30 40

Thickness of clay within the covenng layer m § 10

WELL FIELD (technical characteristics)

Number of wells 9
Depth of wells m 70
Diameter of welis mm 426
Type of pumps (and capacity kW)

wells 1 2a 311B8-25-70 (17)
wells 2 3 3a 4a 21IB10-63-110 (32)
well 456 J1iB12 160-65 (45)

Cntenon of operating efiectiveness of well field 0969
Probablhity of non stop work of well field 0366

Percent of stoppages % 304

Number of Working Days of Wells

OPERATION AND STOPPAGE OF WELL FIELD

Db :.Oz.ﬁl-l.l-l.
SRRREREERER
%2 =gk 23

s £ T
[ & Operatng Time CStoppage j

Number of Stoppages

il

P E L3514 04

E £ & s £ 3 H

s 5 2 i
e

[— WNumber of Stoppages |

STOPPEGES DURING 1995
IN PERCENT

14%

EElectnoity @Weli Construction OPump

Number of Stoppagea

REASONS FOR STOPPAGES

:

june
oclobar

august
september

decembar

[ @Electnaity mWell Construction OPump

Figure A-20
West Well Field Analysts - Malchytsi
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West Well Field Analysis Budzen

OPERATION AND STOPPAGE OF WELL

3
YIELD 1000 m'/day FIELD
Total Safe Yield Added Yield 700
Budzen 542 452 9
600
AQUIFER 500
400

Descnption Miocene Complex mostly Sandstones
sometimes weathered and washed to

Sand and Gravel 300

Number of Warking Days of Wells

Thickness of aquifer m 30 200
Static water level m ()14 65 100
Pumping rate m°/day 720 3456
2 0 R = = S S e
Speclﬁccapacutyzm Iday 124 1839 rr s T % § '5. % _'é i E E
Transmissivity m?/day 2050 2 g g *® E 3 B E 8 E E
Thickness of covenng layer m 15 S0 2 = " ‘:i; 8 %,’ §
Thickness of clay within the covenng layer m 5 15 hd =z
I BOperating Time DOStoppage J
WELL FIELD (technical characteristics)
Number of wells 22
Depth of wells m 70
Diameter of wells mm 426 STOPPAGES IN OPERATING OF WELL FIELD
Type of pumps (and capacity kW)
wells 12627 7289 9 10 10a 11 11a 77
12 13 13a 15a  3I(B10-120-65 (32) 6
wells § 5a 14a 31B10-63-110 {32) a
well 6 12a 31112 160-65 (45) g5
wells 17 D1IB8-25-70 un § 4l
Critenon of operating effectiveness of well field 0 929 g 3
£ 24
Probability of non stop work of well field 0024 e 1
Percent of stoppages % 666 e
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West Well Field Analysis - Budzen
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West Well Field Analysis Kernytsia

YIELD 1000 m’/day
Total Safe Yield Added Yield
Kemytsia 154 9 64

AQUIFER

Descniption  Miocene Complex mostly Sandstones
sometimes weathered and washed to

Sand and Grave|

Thickness of aquifer m 35

Static water level m (+)20
Pumping rate m*/day 720 3456
Specific capacity m*/day 124 1839
Transmissivty m?/day 2050
Thickness of covenng layer m 15 50

Thickness of clay within the covenng layer m 5 15

WELL FIELD {technical characteristics)

Number of wells B
Depth of wells m 85
Diameter of wells mm 377

Type of pumps (and capacity kW)
wells 1 1a3 32456

31B10-120-65 (45)
wells 2 3HB12 160-65 (45)
Cntenon of operating effectiveness of well field 0 961
Probabliity of non stop work of well field 0485

Percent of stoppages % 394

Number of Working Days of Wells
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Figure A 22
West Well Field Analysis - Kernytsia
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UKRALI RUSSIAN FEDERATION

KAZAKHSTAN

New Independent States (NIS)
% EPT Regional Offices

The Environmental Policy and Technology (EPT) Project Environmental degradation and natural resource mis
management threaten public health biodiversity and economic vitality in the New Independent States (NIS) To assist the
NIS 1 alleviating these problems the U S Agency tor International Development (USAID) began the EPT Project 1n 1993
EPT provides technical 1ssistance and policy advice in the environmental sector and promotes environmentallv sound economic
development through public and private U S and NIS partnerships The EPT Project 15 managed by USAID with support
trom the U S Envuionmental Protection Agency (USEPA) For assistance m project design management ind irplementation
USAID has agreements with CH2M HILL International Harvard Institute for International Development ind ISAR As the
primarv EPT contractor CH2M HILL International has the led role 1 delivering technical assistance logistical support ind
policy support for selected projects EPT Regional Offices are located in Washington D C Moscow Russia kiev Ukramne
and Almaty Kazakhstan

CH2M HILL International Consortium of Subcontractors Ccnter for International Envuonmental Law  Clark
Atlanta University/Historicilly Black Colleges Universities and Minornity Institutions Technology Consoittum Consor
tium for International Development Ecojurts Enviionmental Comphance Inc Hary ud Institute tor Internional Develop
ment Hughes Technical Services Company International Programs Consortium International Resources Group Interfax
K&M Engineering Ogden Enmvironmental and Eneigy Services Price Witerhouse the World Wildlife Fund and numerous
local subcontractors and cooperators throughout the NIS

Environmental Policy and Technology Project
A USAID Project Consortium led by CH2M HILL

CH2M HILL International Services Inc
PO Box 24548 Denver Colorado 80224 US A
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