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PREFACE 

Under the 1992 Freedom Support Act the UOlted 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 S government and each country In which assistance was to be undertaken The U S Agency for 
InternatIonal Development (USAID) was given the responslblhty to coordmate all U S government assIstance to the NIS 
under the Act 

Through competltlve blddmg USAID awarded a multl year contract to a team managed by CH2M HILL InternatIOnal 
ServIces Inc (CH2M HILL) to support Implementatlon of an envIronmental assIstance program to repubhcs 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 estabhshed 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 In cooperation WIth the aSSIsted governments and USAID the findmgs 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 UOlted States of Amenca 

The CH2M HILL team mcludes the followmg orgamzatlons 

Center for international EnVironmental Law 
Clark Atlanta Umverslty/HBCUMI EnVironmental ConsortIUm 
ConsortIUm for internatIOnal Development 
EcojurIS 
EnVIronmental ComplIance Inc 
Harvard InstItute for InternatIonal Development 
Hughes TechnIcal ServIces Company 
International Programs Consortium 
InternatIOnal Resources Group Ltd 
Interfax Newsagency 
K&M Engmeermg 
Ogden EnVIronmental and Energy Services Company 
Pnce Waterhouse 
World Wtldhfe Fund (US) 

For addItional Information regardmg the EPT Project contact the followmg 

Umted States of Amenca 

EnVironmental Pohcy & Technology Project 
Head Office 
1819 H Street NW SUIte 700 
Washmgton DC 20006 USA 
Telephone (202) 835-1450 
FaCSImIle (202) 835 1463 
Contact Dr James Westfield 

Ukrame 

EnVironmental Pohcy & Technology Project 
Ukrame Belarus & Moldova RegIOnal Office 
4 Bohomoltsla Street SUIte 301 
252024 KYlv Ukrame 
Telephone +(380-44) 2475633 2475634 
FaCSImIle + (380 44) 247 5637 
Contact Mr TIes van Kempen 
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EnVironmental Pohcy & Technology Project 
LVlv Project Office 
64 Zelena Street 
290017 LVlv Ukra me 
Telephone +(380322) 76-7389 768413 
Facslmtle +(380-322) 27-1152 



• 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

NOTE ON TRANSLITERATION 

Ukralman personal, mstltutIOnal, and place names used m EPT documents 
are transhterated mto Enghsh from Ukralman (not RUSSIan), accordmg to the 
modIfied U S LIbrary of Congress standard for Ukralman-to-Enghsh 
translIteratIOn that has been adopted by many Western orgaruzatIOns and 
publIcatIOns mcludmg the Encyclopedza of Ukrame (UmversIty of Toronto 
Press, 5 vols, 1984-1993) and 0 Subtelny's authOrItatIve Ukrame A HIstOry 
(UmversIty of Toronto Press 1988, 2nd edmon 1994), as well as by the 
Ukrruman CommIssIOn on Legal Termmology (ResolutIOn No 9 dated 19 
AprIl, 1996) 
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SectIOn 1 

INTRODUCTION 

As part of a Urnted States government bIlateral assIstance program, the U S Agency for 
InternatIOnal Development (USAID) IS supportmg envIronmental management m Ukra me 
Under dIrectIOn from USAID, a consortIUm led by CH2M HILL InternatIOnal ServIces, 
Inc (CH2M HILL) IS Implementmg part of USAID's EnVIronmental PolIcy & Technology 
(EPT) Project by undertakmg vanous tasks that have been agreed to by representatIves of 
the governments of both countnes 

USAID authonzed CH2M HILL to perform a senes of tasks m Ukrame as part of DelIvery 
Order (DO) No 9 Under Task U-2 (Urban Water Management DemonstratIon LvlV) 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 mcludes a reqUirement 
(Subtask 2 1 - Collect Data on Current System) and (Subtask 2 2 - Evaluate Data on 
OperatIOns, RepaIrs and Mamtenance) for CH2M HILL to collect data on the eXIstmg 
status, operatIOn, and management of the water system operated by L VK 

The Contractor Will produce an outlme of the baSIC data that should be collected on 
a utlluy system m order to begm to analyze operatIOns and prepare a strateglc plan 
for system Improvement This WIll mclude the source of water, treatment system, 
storage, dlsmbutzon, pressure zones, metermg, blllmg as well as facllmes for 
repalr, mamtenance, engmeermg and constructIOn, water quabty and financmg 

Usmg thiS gUldelme and eXlstmg, readily aVailable data from the LVlV Vodokanal, 
the Contractor WIll characterzze (quantity, Size, locatIOn) the general components of 
the L VIV water system 

DeVIse a methodology to collect and present data on the crztzcal aspects of the 
physicalfacilmes, operatIOn, water qualzty, repair and mamtenance of a 
Vodokanal 

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

The methodology shall mclude an evaluatIOn of the eXlstzng operatIOn strategy, 
capabllltleS to Implement repaIrs, Identify eXlstzng constramts to makmg repaIrs and 
present recommendatIOns for lmprovmg current repair and mamtenance capacity to 
the level reqUIred by the condltzon of the Vodokanal's facllmes 

Present the data as contract dehverables m a senes of reports 

• Summary of mUlal data on the current system 
• Summary of mterzm data on the current system 
• Summary of final data on the current system 
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Tlus IS the tlurd (final) report In response to USAID's reqUirement It was prepared USIng 
readIly avaIlable InfOrmatIOn from LVlv Vodokanal and the LVIV InstItute for the DeSign of 
Communal SerVIces, as well as field observatIOns ThIS final data report presents 
InformatIon from the Initial and Intenm reports, as well as further detaIls 

An overview of the entire LVlv water system IS presented In the report Ukraine General 
Schematic of LVI V Water System prepared for USAID by CH2M HILL InternatIOnal 
SerVIces as part of the EPT Project, dated August 1997 

westmslreponsl!Vlvlfinaldatltext 
26aug97 2 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

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 MAIN COMPONENTS OF LVIV WATER SUPPLY 

The CIty's dnnkmg water source IS groundwater pumped from a senes of grouped wells 
(called "wellfields") outsIde the CIty penmeter Water from the wellfields IS conveyed to 
the CIty m transmISSIon pipelmes These pIpelInes generally termmate at large pump 
statIOns at the CIty boundary, where addltlonal pressure IS added m order to dIstnbute water 
wIthIn the CIty Booster pumps and storage tanks wIthIn the CIty further assIst the deb very 
of water to reSIdents and other users The entIre water system can be charactenzed by the 
followmg major components 

• 

• 

Water source, consIstmg of 

a serIes of wells, grouped mto wellfields 
well pumps 

Water tranSmISSIOn, consIstmg of 

transmISSIOn pipelmes, conveymg water from the wellfields to the CIty 
penmeter 
transmISSIOn pumps, m pump statIons along the tranSmISSIOn lmes 

• Water dIstnbutIOn, consIstmg of 

dIStrIbutIOn pumps, m pump statIOns at the end of the tranSmISSIOn pipeimes 
reservOIrs, at dIstnbution pump statIOns 
chlonnatIOn, WhIch IS conducted at the dIstnbutIOn pump statIOns 
dIstnbutIOn pipehnes (water mams), to delIver water to end-users 
water tanks, to store water wIthIn the CIty for use durmg penods of peak 
water demand 
booster pumps, to mcrease water pressure withm the dIstnbutIOn system 1D 

order to delIver water to customers at lugher elevatIOns or remote from the 
dIStrIbutIon pumps 

2.2 L VIV 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 
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The City of LVIV IS over 700 years old and ItS present publIc water supply and dIstrIbutIOn 
system was started about 100 years ago The CIty obtams ItS water from about 20 well 
fields located outsIde the CIty perImeter In order to obtam sufficIent sUItable water, the 
more recent well fields have been establIshed as far away as 100 km 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 wIthm the CIty of about 150 m In 1995, an average of about 
335,000 m3/d was pumped mto the CIty dIStrIbutIOn system The system has been dIVIded 
mto SIX dIstrIbutIOn areas These are generally aSSOCiated WIth mdividual well field 
tranSmISSIOn lInes andlor pump statIOns on the edge of the CIty Much of the water 
dIstnbutIon system for the CIty and outlmmg areas was bUllt m the penod 1970-1985 whIle 
the CIty was expandmg to serve mdustrIal facIlItIes 

Due to an overall shortage of water (relatIve to usage demands WIthm the system'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 dIstrIbutIOn 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 lInkmg of cast Iron pIpe WIth mortar
filled Jomts, and the use of thm-walled, uncoated, rolled-steel pIpe that was supplIed to the 
CIty durmg 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 

DUrIng wmter there IS an addItIOnal problem WIth freezmg water whIch can burst the 
pIpmg The 1995-1996 wmter was partIcularly harsh, and the frost lme 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 

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, enutled Water '981

, developed a lIst of projects to Improve the system The 
estImated cost of constructmg 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 bUlldmg a new well field about 
80 km east of LVIV 

I Water 98 was published In UkralOlan In October 1995 by a speCIal task force whIch InvestIgated the 
water supply SItuatIOn m LVIV and presented certam solutIOns 
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2 3 MAJOR SYSTEM DEFICIENCIES 

A number of water system deficiencies are apparent m LVIV 

• 
• 
• 
• 
• 

measurement (metenng) of water produced, transported, and consumed 
water supply 
dehvery of water 
energy usage 
revenues and financIng 

These deficIencIes are outlIned below 

23.1 Measurement (Metermg) of Water 

The lack of water meters m the system, and potential maccuraCIes m Installed eqUIpment 
and prevIOusly recorded measurements of water, means that there IS only a general 
understandmg of how much water IS produced and used Hence there IS no preCIse data on 
which to prepare umt costs of water productIOn and delIvery, or set water-use fees based on 
productIOn and delIvery costs 

2311 Metermg of Water Produced and Transported 

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

2312 Metering 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 remaImng water consumptIOn IS estnnated, 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 
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 

2313 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 which LVlV water productIOn and 
consumptIOn IS estImated One IS to determIne the total volume consumed from data 
presented m water bIlhngs Most of thIS 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 estImate the amount of water produced by measunng the water pumped mto the 
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CIty from the well fields Only some of these pumps have measunng 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 vanance from 
actual productIOn 

The reason why tlus mformatIOn IS Important IS that there IS currently only speculatIOn as to 
the actual overall water usage and leakage III 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 

23.2 Supply of Water 

The earlIest 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 sIgmficant 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 dlsmfectIOn by chlormatIOn 

There are 173 wells m the LVIV system Many of these are reported to have reduced 
capaCIty due to sand entenng the well casmgs, broken pumps etc It appears that many 
eXlstmg 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 03 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 

The Water '98 plan emphaSIzed development of additIOnal groundwater supplIes as a key 
solutIOn to LVlv'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 1 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 enVISIoned expandmg the PluhIv well field east of the CIty 
This area IS reputed to have an abundant supply of groundwater PrevIOUS plans to further 
develop thIs well field has upset people hvmg 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 facilItles to serve many of the Villages m 
the area and so Improve commumty support for well field expanSIOn 
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In addItIOn, smce the eXIstIng dlstnbution system In LVIV IS desIgned to serVIce areas that 
were adjacent to the termmatlon of IncomIng transmISSIOn hnes, It appears that It WIll be 
very dIfficult to move surplus water (WhICh mIght be produced by the Pluluv well field) 
from the east SIde of the CIty to other parts WIthout addItIOnal tranSmISSIOn mams bemg 
bUllt wltlun the mtenor area of LVIV 

2.3.3 DelIvery of Water 

The water dlstnbutIOn Infrastructure 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 wluch were almost Independent of the rest of the water mfrastructure 

In general, tlus was done by establIshmg and/or expandmg well fields outSIde the CIty on 
the SIde of the CIty where the development was bemg supplIed Tlus aVOlded the necessIty 
of transfernng water through the center of the CIty, wluch 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 hnes bnngmg m the water The result IS that most of the sources 
can supply and delIver water mto the old CIty, whIch IS generally at a lower elevatIOn, but 
due to the capaCIty of pIpes m the center and the relatIve elevatIOns of the varIOUS 
dlstnbutIOn areas, It IS very dIfficult to move sIgmficant quantItIes of water from one SIde 
of the CIty to the other 

There eXIst a lImIted number of large dIameter pIpelInes that have been budt m an attempt 
to move the water around the CIty'S penmeter, but more must be constructed ill future If 
tlus ObjectIve IS to be aclueved Tlus mabIlIty to readIly transfer large quantItIes of water 
across the CIty makes It ImpOSSIble to delIver any surplus water from one SIde of the CIty to 
make-up for shortages m other parts of the CIty 

2331 ConstructIOn MaterIals 

Dunng the expanSIOn of the water dlstnbutIOn 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 lIfe In many cases, cast Iron pIpes Installed before 
1940 are now In much better shape than those mstalled after 1950 Matenals used for 
dlstnbutIOn and tranSmISSIOn mams mcluded cast Iron, steel and concrete The quabty of 
pIpes has vaned consIderably, largely dependmg on supplIers, wluch m most cases have not 
been controlled by the CIty smce 1940 Of these materIals, the thIll-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 POInts resultmg m slow leaks and, when a 
rupture occurs, fast leaks requmng urgent repaIr 

The problems WIth buned pIpehnes are aggravated by the fact that water IS only suppbed 
dunng certam parts of the day Thus the pressure m the pIpes can change rapIdly m a short 
penod of tIme, thereby plaCIng addItIOnal stress on the pIpes 

wesmlslreportsl!VlvlfinaJdatltext 
26aug97 7 



2332 Leakage 

The extent of leakage IS not known, and wIthout urnversal metenng of the system (It IS 
reported that only 17 percent of the water IS now metered), It IS dIfficult to accurately gauge 
the extent of leakage Even m a system that IS uliversally metered the amount of 
unaccounted-for water IS usually m the range of 10-20 percent The leakage estimated by 
L VK 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 Tills has been the 
practIce m LVIV However, the amount of water avaIlable from Its sources IS now 
msufficlent 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 approprIate declSlon has been made by LVK as 
to where It should mvest resources m order to Improve water delIvery to ItS consumers 

2333 RepaIrs 

Due to poor qualIty of materIals and operatIOnal constramts, the water dIstrIbutIOn system 
IS constantly under repaIr One of the L VK engmeers who went on a USAID-sponsored 
water utIlIty study tour to the USA m 1995 stated, that the rate of lme breaks per kilometer 
m LVlv was 10 to 100 times more than that of the utIlItIes he had VIsIted m the U S (see 
EPT Project 1995a, b) 

L VK has great dIfficulty m conductmg repaIrs to ItS water system RepaIr crews lack the 
reqUIred tools, materIals, and traIling Therefore they take much longer to complete work 
than repaIr crews m western countrIes 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 utIlIties Tills means that 
water supply m larger sectIOns of the CIty must be turned off for longer perIOds of tIme 
willIe repaIrs are bemg made Consequently people and bus messes who, under normal 
CIrcumstances only have a few hours of water each day, mIght be WIthOut water for several 
days to several weeks whIle repaIrs are bemg made 

2 3 4 Energy Usage 

The cost of energy for L VK constItutes 60-70 percent of the total cost of water productIOn 
The proportIOn keeps mcreasmg as the cost for eleCtrICIty nses m accordance WIth natIOnal 
government polICIes and regulatIOns This proportIOn, although SImIlar to other vodokanals 
m Ukrame, IS very high relatIve to most water utIlItIes m other countrIes, and reducmg 
energy IS an ObVIOUS area on which to focus efforts and mvestment At present, L VK has 
dIfficulty m meetmg ItS payment oblIgatIOns to the electrIC company, and durmg penods m 
1995 It owed upward of US$ 3 5 mIlhon to the electnc utIlIty ThIS represents a major 
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portlOn of revenues collected from water customers The contInually nSIng energy costs 
have been a major reason for the LVK's Increase In rates to Its customers 

Investment aImed at reducIng energy consumptlOn IS cntIcal to the long term viabIlIty of 
L VK If additlOnal water IS produced at the well fields and pumped Into the system It could 
mcrease energy consumptlOn WIthOUt substantIally mcreasmg revenues Tills IS because 
satIsfymg Increased demand from consumers paymg a flat rate for water would use more 
water WIthOUt a commensurate boost In revenue Tills could make the financial positlOn of 
L VK very dIfficult 

The mam usage of energy IS for pumpmg and thIS IS where energy reductlOns must be 
Implemented ThIs would be done by makIng wells and pump statlOns more efficIent, or by 
modIfyIng the overall operatlOn of the system 

2.3.5 Revenues and Fmancmg 

UkraIne's econOlTIlC dIfficultIes have severely undeflTIlned the fInanCial VIabIlIty of the 
country's water and wastewater utIlItIes LVIV Vodokanal, lIke most In the country, suffers 
from madequate finances WhICh make appropnate mamtenance and operatIOn, and much
needed asset rehabIhtatlOn and replacement, ImpOSSIble 

Improved finanCIal status of L VK IS cntlcal for ItS survIval and future development To 
Improve serVIce It must Invest In repaIrs and upgrade the system, and to do that It must 
become a finanCIally sustamable umt based on user charges Although SubSIdIes for 
vodokanal operatIOns and expanslOn were normal In Ukrame In the past, tills WIll be very 
dIfficult, If not tmpossIble, In future SInce the central, oblast, and CIty governments do not 
have the reqUIred funds 

In order to obtam Investment funds from InternatIonal finanCIng InstitutIOns, It WIll be 
necessary to demonstrate that L VK IS movIng towards becolTIlng a finanCIally self
sustamable operatlOn 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 

The way to Improve the finanCIal health of the system IS to Improve revenues and reduce 
costs Revenues can be tmproved by ImpOSIng adequate tanffs and tmprovIng collectIOns 
Customer reSIstance to the payment of tanffs may be reduced as serVIce tmproves and as 
the economy m LVIV Improves 

2.4 WATER CONSUMPTION 

One of the major, current problems of the LVIV water system IS that the rate at whIch water 
IS pumped mto the dIstnbutlOn system IS greater than the rate at willch 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 dIstnbutlOn system 
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The CIty'S Water {98 plan calls for producmg more water Tills lIDphes substantIal capItal 
mvestment plus mcurnng addItional energy costs WIth no real promIse 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 productlOn whIle reducmg energy costs to L VK 

Water conservatIOn needs to be practiced on the macro and mIcro levels On the macro 
level, L VK needs to conserve water by mmimIZmg 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 mIcro level, conservatIOn of water by the reSIdential, 
communal, and enterpnse user groups needs to be encouraged Tills 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 (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 IS only 7 m3/d as compared With 38 
m3/d for communal users, and 8 m3/d for enterpnses ThIs mdlcates 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 dunng 1995, by consumer group, IS presented m Table 2-3 
Table 2-4 lIsts the amount of water supphed and bIlled-for by L VK m 1995 

2 4 1 ReSIdential Water Users 

Currently LVK supphes 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 6 6 m3/personlmonth, whIch IS Wlthm the norms expected 
of between 3 3 to 9 1 m3/personlmonth 

Although the amount of water supplIed to reSIdentIal users IS large, constitutmg over half 
the total amount of water dIstnbuted by the vodokanal, the amount used per connectIOn IS 
low, each connectIOn represents a number of famIly or apartment umts m a connected 
buIldmg In the short term, the effort mvolved m reducmg reSidentIal usage by 
conventIOnal means, such as movmg to a volume based charge (requrrmg extensIve 
metermg), mternal 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) 

2.42 Communal Water Users 

Based on data III 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 
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class where the most effort should be made m reducmg water usage and mcreasmg overall 
revenue to the system 

Smce almost all communal connectlOns are owned and funded by the CIty or oblast 
admmIstratIons, a comnutment IS reqUIred by these entitles to budget and pay the bIlls 
rendered for water usage, mcludmg projected mcreases m tanffs due to mflatIOn and 
mcreases m electnc costs Once there IS the commItment to pay for water used, there may 
eXIst an mcentIve for managers of vanous communal orgaruzatIOns to conserve water 

2.43 EnterprIse Water Users 

Under present regulatIOns for tanff-settmg, enterpnses SUbsIdIze the water system By 
natlOnal legislatlOn, this user category IS asked to pay all the remammg calculated costs of 
water productIOn after projected revenues from the other two major categones are 
calculated Tills 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 tills places a great burden on enterpnses, m the short term, from a fmanclal 
standpomt, tills tanff system must contmue as the L VK needs the revenue In the long 
term, tanffs for enterpnses should be reduced m conjUnctIon WIth ralsmg 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 kmd IS mcluded It IS doubtful that, m the short term, the 
rate of collectIOn of water charges can be mcreased sIgmficantly, although the lIst of 
debtors should be exammed to determme If tills IS so 

2.4.4 ConservatIOn Through Chargmg on a VolumetrIC BaSIS 

The vast maJonty of users m LVIV are charged usmg 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 estlmatmg the probable amount of average water use by user 
category IS employed mother countnes, such as the USA, to assess water demand m a 
system These norms are presently bemg utIlIZed m LVlv to mVOlce most L VK customers 
for theIr water use Tills method allows users to pay a flat fee for unIlffilted water 
consumptlOn 

The method of blllmg usmg norms sImplIfies mVOlCmg but does not encourage mdIvidual 
water conservatIOn ThIS practIce IS not much dIfferent from that of CItIes lIke London and 
New York In London, especIally under the newly pnvatIzed water compames, there has 
been diSCUSSIon of movmg to an mdlvldually metered system, but the reason gIven for 
retaImng the current practIce, at least for now, IS that the cost assOCIated WIth metenng 
mdlvldual connectIOns or famIlIes exceeds the potentIal benefits m reduced usage 
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Although umversal mdlvldual metermg of water consumers IS a natIOnal objective m 
Ukrame, It IS cntical to the pnontIzmg of financial mvestments that L VK determme 
whether any foreseeable reductIOn m usage and mcrease m revenues WIll offset the 
mvestment In metenng One method of ImpOSIng the conservatIOn of water m the short run 
IS to contmue the practice of lowenng the pressure III the water system to reduce usage 

A possIble first step towards the goal of uruversal metenng for non-enterpnse and budget 
orgamzatIOn connectIOns would be to have a smgle meter for each connectIOn Most of 
these connectIons would be for multI-famIly bUIldIngs For thIs to functIOn It would reqUIre 
that the responsIbIlIty for paymg for the water passmg through the meter be assIgned to a 
ZhEK, commuruty aSSOCIatIOn, or some type of condommlUm 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 allowmg the ZhEK to charge tenants a flat fee 
and then keep any profits resultmg from lower usage (less losses from leaky apphances), or 
perhaps by structunng the rates so that It IS more advantageous to pay the metered cost than 
the flat rate 

WIthOut some mcentlve, 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 bUlldmg can cost m the range of $US 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 SInce It almost must always be located m the basement of the 
bUIldmgs to protect It from frost 
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Year 

1900 

1910 

1920 

1926 

1931 

1939 

1945 

1950 

1955 

1960 

1965 

1970 

1975 

1980 

1985 

1990 

1995 
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Table 2-1 
LVlv Water ConsumptIOn - 1900 to 1995 

PopulatIOn, Water Supply, lWater ConsumptIOn, 
thou m3/d led 
160000 N/A N/A 

206,000 18000 874 

210,000 18,000 857 

240 000 24,000 100 1 

312,000 28,000 903 

318000 33000 1041 

165000 21,000 1245 

332,000 39000 1175 

380,000 55,000 1446 

421,000 67,000 1598 

496000 105,000 211 ° 
564,000 177,000 313 9 

629,000 254,000 4039 

688000 331,000 4804 

735000 397000 5403 

780,000 387,000 4957 

806,000 295000 3656 
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Table 2-2 
LVIV Water Use and Revenue CollectIOns 

Parameter Umts ResIdential Communal EnterprIse Total Notes 
No of 

each 25,338 3315 1 982 30,635 
Connections 

a 

No of meters each 312 590 1,053 1,955 a 

Connecuons 
percent 2% 20% 50% 6% 

metered 

EstImated usage m3/d 174,000 127000 25,000 326,000 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 bIllmg 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$ mIlhons/yr $22 $84 $2 $14 

outstandme: 
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 lnmted These 

data are based on the norms (predIcted use) that have been used m plannmg m 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) 
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 

Resldenllal 

Industnal 
Communal 
Budget (CIty, Oblast and/or State) 

Total 
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Water ConsumptIOn 

m3/d 
164,300 

21,000 
87500 
21 900 

294,700 

14 

% 
55 8 

7 1 
297 
74 

100 
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Consumer 
LocatIon 

LVIV 
VIllages 

Vynnyky 

Other 

Total 
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Table 2-4 
Water Supphed and Billed - 1995 

Reported Amount of Amount of Water 
Water SupplIed (m3

) Billed (m3
) 

per year per day per year per day 
141 053 000 386,000 107,554000 295,000 

3,256,000 9,000 2,397,000 7,000 

1,659000 5,000 1,029,000 3,000 

4571,000 12000 3,737,000 10,000 

150,539,000 412,000 114,717,000 314,000 
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SectIOn 3 

HISTORICAL REVIEW OF LVIV WATER SUPPLY SYSTEM 

The followmg presents a reVIew of the development of LVIV'S water supply system durmg 
this century, based upon readIly avaIlable data 

3 1 1900 TO 1945 

The first centralized water supply system m LVIV was put mto operatIOn m 1901 About 29 
kIn from LVIV, not far from the VIllage ofVoha Dobrostanska, some 16 wells were dnlled 
on a stnp of land 2 2 kIn long The wells obtaIned groundwater from tertIary depOSIts of 
IIthosphenc hmestone Pipehnes WIth dIameters rangmg from 300 rum to 1000 rum 
transferred the water to a storage tank, from where steam-powered pumps lIfted It from an 
elevatIOn of 280 m Via 600-rum dIameter Iron water mams 34 7 kIn long, to a reservOIr m 
the lower zone of LVIV Tills 7,000 m3 reserVOIr IS sItuated on Zelena Street at an elevatIOn 
of 329 m 

Due to differences m elevatIOn WIthin the CIty (272 m to 375 m), the water dlstnbutIOn 
system was dIVIded mto zones A 3,000 m3 reservOIr was bUllt for the illghest zone 
(average elevatIOn 357 m) where water was pumped dIrectly from the 600-rum water mams 
by the MIska Smuha pump statIOn (PS) The steam-powered pumps operated untIl 1926, 
when they were replaced by electrIcal centrIfugal pumps 

UntIl 1935 the Voha Dobrostanska PS used three steam pumps They pumped 18,000 
m3/d In 1925, m the VIllage of Shklo, a second well field was buIlt collectIng waters under 
the Shklo RIver bed by means of a tunnel The Shklo PS pumped water VIa two 300-rum 
and 350-mm water mams 7 3 kIn from an elevatIOn of 264 m to the Volla Dobrostanska PS 
tank 

A 30 m graVIty dIfference m elevatIon, at the halfway pomt of the two supply IIlles, was 
used to advantage to drIve a water turbme at the local electrIC statIOn 

The Shklo well field, mcludmg an arteSIan well drIlled In 1929, produced about 10,000 
m3/d 

In 1928 the third LVIV well field was bUllt near the VIllage of Velykopole, willch IS sItuated 
26 kIn from Volla Dobrostanska USIng screw pumps powered by locomotIve engmes, 
6,500 m3 /d of water was pumped from ItS wells (elevatIOn 278 m) to the transIDlSSIOn Imes 
that started m Voha Dobrostanska 

To pump 34,500 m3 /d m the 600-mm supply hnes It was necessary to create a pressure of 
more than 10 atmospheres (atm), willch resulted In breakdown of pIpe Jomts To alleVIate 
thIs problem, the Karachymv PS was buIlt about 20 kIn from Volla Dobrostanska On the 
Site of the pump statIOn an Intermeruate 500-m3 tank was establIshed whIch receIved water 
from the well fields and then transIDltted It to LVIV 
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Dunng 1931-1935 all pump statIOns m the LVIV well fields were electnfied and the steam 
engmes phased-out At that time, rapId development of the CIty reqUIred that the dIstncts 
of Novy LVIV, Verkhru Lychalav and PasIka, as wel1 as the upper part of Yarnvska St and 
Bohdanlvka St , were supphed WIth water too Thus m 1932 several constructIOn projects 
were begun, mcludmg the followmg 

• A water tower m Novy LVIV dIstnct (l20-m3 tank, the bottom elevatIOn 373 m), the 
MIska Smuha PS (mstallatIOn of the second group of pumps WIth hIgher pressure 
WIth a servomotor for regulatmg pressure m the water mams system) and a new 2 6 
km long 200-mm mam Al1 these were put mto operatIOn m 1933 

• A water tower m Pasika dIstnct (l20-m3 tank, the bottom elevatton 397 m), an 
automatIc pump statIOn m Lychalavska St , and a 3 75 km long 150-mm mam from 
the pump statIon to the water tower The water was pumped by the pump statIOn 
straIght from the elevated zone mto the water tower 

• A new booster statIon m Yarnvska St , and a 1 45 km long 350-mm water mam 
along Plratska St (Zahznychna St , Stepana Bandery St) The pump statIon took 
water from the 600-mm prmclpal mam and pumped It mto the elevated zone, both to 
provIde hIgh pressure there and also to reduce pressure on the pnnclpal water 
mams 

ThIs rapId development of the LVIV water supply system was firnshed m 1936 wIth the 
constructIOn m the lower zone of another 12,000-m3 reservOIr whIch IS SItuated on Zelena 
St near the MIska Smuha PS In 1939 the total length of the water mams withm the LVIV 
CIty lImtts was 2025 km The average water consumptIon was 23,780 m3/d and the 
maXImum water consumptIOn reached 33, 100 m3

/ d 

The populatIOn of LVIV at that tIme was 318,090, thus the average water consumptlon was 
74 8 lIters per capIta per day (lcd) 

3 2 1945 TO THE PRESENT 

Dunng the Second World War the Karachyrnv, Yamv and Lychalav pump statIOns were 
completely destroyed and the water supply was based on small sources WIthIn the CIty IImtts 
(Spartak, Pohuhanka, Zahzna Voda, Marunk), the productIVIty of whIch was 5,500 m3/d 
The CIty found Itself m a very dIfficult situatlon because of the poor water system In 1945 
the pump statlon were reconstructed and the water supply was resumed at the rate of 33,100 
m3 /d for a populatIOn of 165,000 people The average dally water use was 201 led 

In 1952 a new well field was bUIlt III KamIanobrody There, 15,000 m3 /d of water was 
pumped from four wells and transmItted to the KamIanobrody PS From there It was 
pumped dIrectly to the Volta Dobrostanska PS Via a 4 5-km long 600-mm dIameter cast 
Iron mam At the same time, another 600-mm cast Iron water mam was bUIlt whIch 
delIvered water 22 km to the Yarnv booster statIOn m LVIV In 1956 Budzen well field was 
bUIlt and a new 500-mm dIameter mam delIvered 10,000 m3/d to the KamIanobrody PS In 
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1960 a thIrd 600-mm cast Iron water mam was constructed from the Kamlanobrody PS to 
the Karachymv PS 

At that tIme It became eVIdent that the water supply sources were laggmg behmd the growth 
of housmg and mdustnal constructIOn Between 1950 to 1960 the shortage of water 
worsened despIte the fact that the water supply was mcreasmg In 1958 the water shortage 
was so senous that the eXIstmg 24-hour water supply was reduced to a scheduled water 
supply m dIfferent CIty dIstncts All operatmg well fields m 1960 supplIed water only mto 
the Karachymv PS reserVOIr Smce these well fields were SItuated west of LVIV, thIs group 
of fields became known as the western well field group The total quantity of water 
delIvered mto the CIty water supply dIstnbutIOn network was 67,000 m3 /d for a populatIOn 
421,000 people, thus the average water consumptIOn was 160 led 

Dunng the next five years, reconstructIOn of the western well field group (Karruanobrody 
and Budzen) was carned out As a result, 40,000 m3 /d of water was dIverted from the 
Kanuanobrody well field to the new Budzen II PS A steel 700-800-900-mm transrrussIOn 
maIn 18 km long delIvered water from the pump statIOn to the western part of the CIty In 
1965 the total CIty water supply was 105,000 m3 /d for a populatIOn of 496,000 people, thus 
the average water supply was 211 led 

In 1965 a master plan was developed for LVIV that forecast a sIgmficant growth of 
populatIOn and Industry The plan antIcIpated bUlldmg a chermcal plant and a sulphur 
quarry near the town of Y avonv, SItuated In the area of the functIOnIng western well field 
group ExplOItatIOn of the quarry was lIkely to reduce productIVIty of the western well 
fields Therefore It was proposed to start developmg the northern well field group as an 
alternatIve Also, mtenslve housmg constructIOn was commenced m the southern CIty area 
(Strylska, Volodymyra Velykoho, Kmahym Olhy, Gasheka Sts) As a result, the 
populatIOn m thIs dIStrICt mcreased to such an extent that m 1968-1971 water had to be 
transported In by truck Sources of water supply for thIs area had not been taken mto 
account 

At the same tune, constructIOn of large enterpnses such as the LVIV Bus Plant, an automatIc 
fork lIft truck plant, the enterpnses Electron, }(meskop, Progres, SVItanok, and others was 
bemg carned out at a rapId rate CapItal mvestments mto mdustry were three tunes hIgher 
than m housmg constructIOn All the mdustnal sector took ItS water from the CIty water 
supply dIstrIbutIOn system Therefore, begmmng m 1965, well fields aImed at developmg 
the northern and southern sources of water were bUllt Due to the need to develop sources 
outSIde the CIty 11ll11ts, the general water supply system conSIsts of a well field, transrmSSIOn 
mams, tank at a pump statIOn, and dlstnbutIOn network WIthIn the CIty 

Development detaIls of the northern well field group are presented m Table 3-1 All of thIs 
water IS delIvered to the ZbOlSk PS III the northern part of the CIty 
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Table 3-1 
Development of the Northern Well FIeld Group 

Name of Well FIeld DesIgn CapacIty III m3 /d Year of ConstructIOn 
ZarudtSl 19,700 1965 
Mokrotyn 16,100 1966 
Krekhtv 21300 1970 
Mahenv 27,000 1971 
Rava-Ruska 17,000 1972 

Total water supply 101,000 

InformatIOn regardIng development of the southern well field group IS presented ill Table 3-
2 Water from these well fields IS dIstnbuted In the folloWIng way Hlynna-Navana and 
BIbrka well fields convey water to the SykhIv III PS In the south-eastern part of the CIty, 
the StrYI well field conveys water to the SokIlnyky PS In the southern part of the CIty 

Table 3-2 
Development of the Southern Well FIeld Group 

Name of Well FIeld DesIgn CapacIty III m3 /d Year of ConstructIOn 
Hlynna-Navana 19,000 1971 

Blbrka 20,000 1973 

Stryl 140000 (100,000 ill 1978) 1982 

Total water supply 179,000 

Development of the western well field group IS presented ill Table 3-3 Water from these 
well fields IS delIvered to the Karachyruv PS and Budzen II PS ill the western part of the 
CIty They proVIde water to those parts of the CIty that were recently developed In 1973, 
the Shklo well field (10,000 m3/d) began supplYillg water to the town of NovOiavonvsk 
(center of the chemIcal mdustry) 

Table 3-3 
Development of the Western Well Field Group 

Name of Well Field Design CapacIty III m3 /d Year of ConstructIOn 
MaIchytSl 21 300 1967 

Kernytsla 15400 1969 

In 1975, the total CIty water supply was 254,000 m3/d For the populatIOn of 629,000 
people the average dally water use mcreased to 404 led 
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Development of the eastern well field group from 1976 to 1989 IS lIsted m Table 3-4 
Water from these wells IS delIvered to Vynnyky PS and then pumped to the KrYVChytSI PS 
and Dovha PS m the eastern part of the City 

Table 3-4 
Development of the Eastern Well Field Group 

Name of Well field Design Capacity III m3 /d Year of Construction 
Plulnv 34,000 1982 
RemeZlvtsl 16,000 1989 
V llshanytsla 13,400 1989 

Total water supply 63400 

From 1976 to 1989 there were 200 Ian of water mams bUilt, 33 9 Ian WIthin the CIty 
network, and outside the City lImIts the constructIon of the Budzen III, Vynnyky and 
KrYVChytSI pump statIons and one of the reserVOIrs at the Dovha site was fimshed 

Meanwhile housmg constructIon was carned out at a fast pace, and development of water 
works fell behInd schedule Consequently the city water supply worsened even though 
large well fields such as Stryl and PluhIV were put mto operatIOn 

In the penod between 1989 and 1994 constructIOn of ten new water supply facIlIties began 
Verkhmobusky well field (90,000 m3/d), PluhIv well field (50,000 - 90,000 m3/d), 
reconstructIOn of the Vynnyky, Budzen II, ZbOISk, Dovha, and Kryvchytsl pump StatIOns, 
and constructIOn of the Dovha-MIska Smuha and ZbOIsk-Hrmchenka suburb pump statIOns 
water mams Due to a shortage of funds, constructIOn of some of the works was stopped 

Currently the LVIV water supply system conSIsts of a complex of water faCIhtIes consIstmg 
of 20 ground well fields SItuated 10-80 km from LVIV CIty lImIts, 20 pump statIOns, tanks 
WIth a total capaCIty of 145,000 m3

, about 900 Ian of water dIstnbutIOn network pipeimes 
and about 600 Ian of water mams 

The water system m the CIty center was developed between 1901-1936 and conSIsts mamly 
of 300 to 600-mm dIameter plpelmes made of cast Iron, and 700 to 1400-mm plpelmes 
made of steel There IS an acute shortage of water m the City and It IS supphed accordmg to 
a schedule (three hours m the morrung and three hours m the everung) In 1995, accordmg 
to LVIV Vodokanal current finanCIal mdices, the average dally water supply from LVIV well 
fields was 405,070 m3/d The average water consumptIOn was 294,669 m3/d In 1995 the 
CIty populatIOn was 805,900 people (366lcd) 

Histoncal development of the LVIV water system IS presented m FIgure 3-1 
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SectIon 4 

LVIV URBAN WATER SUPPLY SOURCE 

InformatIon regardmg the source of LVIV'S water IS presented m thIS sectIon 

4 1 GENERAL DESCRIPTION 

The LVIV water supply system IS a SophIstIcated engmeenng complex Its development 
started about 100 years ago Water productIon from the well fields has grown from 18,000 
m3/d to 412,000 m3/d 

The LVIV water supply IS based on groundwater, whIch IS abstracted from well fields 
located all around LVIV The oldest well field for the centralIzed water supply was 
constructed m 1901, about 29 kIn to the west of the CIty The latest well fields were 
constructed to the east of LVIV m 1989 The locatIOns of the well fields are mdIcated on the 
map m FIgure 2-1 

The CIty of LVIV draws water from some 173 wells m 20 dIfferent well fields The well 
fields are located at distances of 10 to 80 kIlometers from LVIV Based on these locatIOns 
and the connectIOn they have to the water dIstnbutIOn system, they have been diVIded mto 
four groups (North, West, South, East) Each group mcludes the followmg number of well 
fields and wells 

Group Well FIelds Wells 

North 7 45 

West 6 53 

South 4 59 

East 3 16 

Total 20 173 

In addItIon to the City of LVIV, the system supphes water to 90 vIllages and four towns, 
located m the zone of mfluence of the L VIV well fields 

Water from 17 of the well fields IS wIthm qualIty norms set by the State DnnkIng Water 
Standards (1984) AggreSSIve carbomc aCId and hydrogen sulfide IS present m small 
quantities at the Plumy well field Iron IS present m the well fields at Remezlvtsl and 
Budzen Total hardness of water m all well fields vanes from 8 to 9 mg/l expressed as 
CaC03 Some water qualIty data IS presented m AppendIX E 

The total potentIal YIeld of LVIV underground water resources IS estImated at 730,000 m3/d 
Present desIgn capacIty IS based on the assumptIOn that water IS abstracted from 173 wells 
and IS estImated to be 538,000 m3/d Accordmg to LVK data, the water productIOn m 1995 
was 412,000 m3/d InformatIOn on each well field IS gIven m AppendIX A 
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4.2 WELLS 

Well deSIgn and aqUIfer charactenstIcs can be dIVIded mto the followmg types, accordmg to 
the general geologIcal and hydrogeologIcal locatIon of the well fields, the depth of water
beanng strata and water-beanng rock lIthology More detaIled data covenng tlus 
mformatlon for each well field IS presented m AppendIx A In general 

• all seven northern and two of the eastern well fields draw from upper Cretaceous 
sIltstone and chalk depOSIts 

• all SIX western and two of the southern well fields draw from MIOcene sandstone 

• the southernmost field (StryI) draws from shallow quaternary allUVIal complex 

• one eastern field (PluhIV) draws from the mIddle Devoman lImestone mterspersed 
WIth sand 

The summary of depth and the casmg used IS as follows 

Group Depth (m) Screen DIameter (mm) 

North 60-75 377-426 

West 45-85 377-426 

South 30-75 426 

East 70-200 426 

Most wells were constructed usmg a rotary-wash techmque, whIch tends to negatlvely 
affect theIr operatmg lIfespan Wells of the Stryl southern well field were constructed 
usmg a percussIOn dnillng technIque 

More-detaIled data on the deSIgn of selected wells and the dIameter, total depth and depth 
to the StatIC and dynamIc water surface, are gIven m AppendIX B 

4.3 PUMPING EQUIPMENT 

All wells have Moldovan-made (MoldavhIdromash and KIshImov) and UkraInlan-made 
(Electroremontny plant, Sevastopil and Hydromash, BerdIansk) submerSIble well pumps 
mstalled InformatIOn on pumps m the LVIV well fields IS gIven m AppendIX B 

The relIabIlIty of the well pumps depends on the manufacturer Accordmg to L VK data, 
MoldavhIdromash and Berdlansk pumps are of satIsfactory qualIty SevastopIl pumps, as a 
rule, are less relIable 

The tIme between repalfs of pumps vanes from one week to two years, WIth an average of 
seven to eIght months Pumps are repaIred by L VK m theIr workshops, whIch are 
supervIsed by the chIef mechanIC When purchasmg pumps, L VK tnes to obtam the 
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recommended mechamcal and electrIcal spare parts from the manufacturers The tIme 
needed for a typIcal submersIble pump repaIr IS about five weeks ThIs mcludes a week for 
dIsmantlIng and shIppmg to the workshop, and up to four weeks for actual repaIr 

4 4 WELL FIELD OPERATION 

All well pumps are operated 24 hours a day (when servlcable), and dehver water to the 
tranSmISSIOn pump statIOns Most of transmISSIOn pump statIOns have water storage tanks, 
except for Voha Dobrostanska, Velykopole, and KamIanobrody 

Well field operatIOn IS controlled accordIng to the level of water m tranSmISSIOn pump 
statIOn storage tanks Well pumps are controlled manually, by partIal clOSIng or openmg of 
the valves or SWItChIng the pumps on and off, based on the LVK dIspatcher's orders Pump 
throttlmg causes mcreased power consumptIOn 

Well pumps are controlled by pump statIOn staff, based on ammeter readmgs Usually 
there are no functIOmng water meters or pressure gauges at the well fields CalculatIOn of 
the amount of water produced IS based on power consumptIOn 

Pump power supphes are 'second' and 'thIrd' category A second category supply means 
power IS supphed from two mdependent power sources (StrYI and Pluhlv) A thIrd 
category supply means power IS supphed from one power source 

LVK has a team of 176 workers for the operatIOn and maIntenance of well fields The 
number of workers servmg each well field group IS as follows 

Group Well FIelds Workers 

North 7 43 

West 6 61 

South 4 48 

East 3 24 

Total 20 176 

HydrogeologIcal InVestIgatIOns for Improvement of well operatIOn are not routmely 
undertaken because L VK has neIther a hydrogeologIcal servIce team nor momtorIng wells 
Lack of mamtenance causes frequent stoppages due to vanous breakdowns at well fields, 
such as power cuts, pump faIlures, and the cloggmg of well screens 

Wells are rehabIlItated by the LVK when theIr YIeld drops The most recently rehabIlItated 
well fields are at Stryl and Hlynna-Navana, WhICh were rehabIlItated m 1996 
HydrodynamIC rehabIhtatIOn usmg the pnnciple of electrIC dIscharge IS reported to Improve 
the YIeld by 25 to 30 percent for a penod of up to one year, dependmg on the type of 
aqUIfer Thls Job reqUIres five workers and takes about three days for a well 30 meters 
deep 
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A lIst of reasons for pump fallures over the penod from 1993 to 1995 IS gIVen m AppendIx 
A AppendIx B herem presents data on wells and pumpmg eqUIpment at well fields 
AppendIx C presents mformatIOn based upon mtervlews wIth well field managers 
concerrung the mam problems of well field operatIon 

4 5 MAJOR PROBLEMS 

Based on dIScussIons WIth well field managers, and an analysIs of well field condItIOns, 
theIr operatIOn and measurements, the followmg major well field problems have been 
Identified 

1 

2 

3 

4 

5 

Low well field productIon The present productIOn of the northern and western 
well fields (Karachyruv subsystem) IS 50% lower than theIr desIgn capacIty, the safe 
YIeld 

Flow meters do not eXist at well fields Measurements of water produced are based 
on power consumptIOn ThIS method may not be correct smce well productIon 
reduces WIth tIme, whIle power consumptIOn remams at the same level Throttlmg 
pumps WIth valves dIstorts the relatIOnshIp between power and productIOn 

Not enough money IS spent on well field mamtenance InsufficIent means are 
avaIlable for well field mamtenance, rehabIlItatIOn and repaIr, whIch leads to 
frequent down tIme and low water productIOn 

Well fields are not effiCient as a result of poor design and/or reconstruction 
Pump charactenstIcs at some well fields do not achIeve the most effiCIent mode of 
work Well screens are of low qualIty The range of pumps avaIlable IS not Wide 
enough to provIde effiCIent operatIOn of well fields 

Water qualIty factors The qualIty of water IS generally acceptable Iron IS a 
problem m the well fields at Budzen, BIbrka and RemezlvtsI, and there IS some 
treatment at the latter two locatIOns only AggreSSIve water IS a problem m PluhIv 
To aVOId corroSIOn the water IS aIr stnpped Just after reachmg the surface, but 
nevertheless causes a number of mamtenance problems due to corrOSIon of the pipes 
and well casmgs Ammoruum IS hIgher m some wells than the European standards, 
thIs IS partIcularly observed m Budzen, and It could be an mdlcator of 
contammatIOn Traces of StrontIUm (Sr) can be found m some well fields, but It 
does not exceed the norms 
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SectIOn 5 

L VIV WATER TRANSMISSION SYSTEM 

InformatIon regardmg the transmISSIon of water from the well fields to LVIV, and the 
dIstrIbutIOn of water wlthm LVIV, IS provIded m thIs sectIOn 

s.t- GENERAL LAYOUT 

In keepmg WIth the locatIOn of the well fields, the transmISSIOn system IS dIVIded mto four 
major subsystems (north, east, south, west), whIch comprIse pIpelmes, tanks, and 
tranSmISSIOn pump statIons Water IS tranSmItted to the LVIV CIty dIStrIbutIon system usmg 
conventIOnal means well - transmISSIOn lme - tank - tranSmISSIOn pump statIOn -
transmISSIOn lme - tank - CIty pump statIOn The locatIOn of the major water tranSmISSIOn 
hnes IS presented m FIgure 5-1 

When desIgmng tranSmISSIOn mams It was assumed by L VK that the capaCIty of all well 
fields IS equal to the safe YIeld plus 50 percent of the added YIeld, and that all thIs water IS 
pumped further by transmISSIOn pump statIOns The standard velOCIty for tranSmISSIOn 
mams IS 0 8 to 1 8 mis, and optImum velOCIty for the majorIty of pIpes IS 1 2 to 1 3 mls 
In actualIty, most of the well fields actually produce less water than theIr deSIgn capaCIty 
YIeld Under such condItIOns velocity In the transmISSIOn mams IS generally less than 1 
mls 

TranSmISSIOn pIpes are made of steel, cast Iron and reInforced concrete WIth dIameters of 
between 500 and 1400 mm The dIameter and the materIal often vary even on the same 
tranSmISSIOn mam, SInce supply shortages dUrIng constructIOn resulted m usmg whatever 
dIameter and materIal could be obtaIned at the tIme 

ApproXImately 90 VIllages and towns WIth a total populatIOn of about 67,000 mhabItants are 
supphed dIrectly from the LVIV transmISSIOn hnes LocatIOns of the largest VIllages 
supplIed m thIs way are shown at FIgure 5-2 

The CIty of LVIV receIves water from the tranSmISSIOn system through seven major CIty 
pump statIOns located around the CIty perImeter These pump statIOns add pressure to 
ensure water dIstrIbutIOn around the CIty network The total volume of water tanks located 
at the CIty and booster pump statIOn SItes, plus the volume of graVIty tanks, IS 141,000 m3 

Tlus volume constItutes over 40 percent of average dally consumptIOn 

5 2 TRANSMISSION MAINS 

Table 5-1 presents a claSSIficatIOn of transmISSIOn mams accordmg to pIpe matenal, pIpe 
dIameter and constructIOn penod 

westms\repons\lvlv\finaldat\text 
26aug97 27 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

5 2.1 TransmIssIOn Systems 

The four major water transnussIOn systems are outlmed below 

5 2 lIThe Northern System 

ThIs system mcludes transmISSIon mams that were constructed dunng the perIod 1965-
1973, totalIng approXImately 102 km PIpe dIameters vary m the range of 200 to 400 mm 
for the feeder pipehnes and 500 to 1000 mm for the transIruSSIOn mams TransIrussion 
pIpes are made of steel, cast Iron and remforced concrete Tees for the VIllage supply 
utIlIze cast Iron pIpes of 100 to 200 mm m dIameter that are connected dIrectly to the 
transnussIOn mams wIthout flow meters or reducmg valves 

5 2 1 2 The Western System 

ThIs system mcludes two major tranSIruSSIOn mams Karachymv and Budzen 

5 2 1 2 1 The Karachymv System 

These transIruSSIOn mams were constructed dunng the penod 1901-1935 wlth addItIOnal 
work m 1965, totalIng approxImately 83 km, pIpe dIameters are 350 and 600 mm The 
transnussIOn mams constructed dunng thIs penod utIlIze BntIsh- and Pohsh-made cast Iron 
pIpes that have lead caulked socket ends The tranSIruSSIOn mams constructed m 1965 
utIlIze SOVIet made steel pIpes of 600 mm dIameter Tees for the VIllage supply utIlIze cast 
Iron pIpes of 100 to 150 mm m dIameter that are connected dIrectly to the transIrussion 
mams WIthout flow meters or throttlmg valves 

52 122 The Budzen System 

These transIruSSIOn mams were constructed m 1964, totalmg approXImately 18 km, pIpe 
dIameters vary m the range of 700 to 900 mm TransIrussIOn pIpes are made of steel and 
cast Iron Tees for the VIllage supply utIlIze cast Iron and steel pIpes of 100 to 150 mm 
dIameter that are connected dIrectly to the transmISSIon maIllS, WIthout flow meters or 
throttlmg valves Tees to the towns of Horodok, Rudky, and Lmben Velyky utIlIze steel 
pIpes of 200 to 400 mm m dIameter 

5 2 1 3 The Southern System 

ThIs system mcludes four major transmISSIon mams MalechkovychI, Hlynna-Navana, 
SokIlnyky, and Stare Selo 

5 2 1 3 1 The MaZechkovychl System 

These transIrussIOn mams were constructed m 1932, totalmg approXImately 14 km, pIpe 
dIameter IS 225 mm The transmISSIOn mams utIlIze PolIsh-made steel pIpes Tees for the 
VIllage supply utIlIze steel pIpes of 100 mm m dIameter that are connected to the 
transIrussIOn mams, WIthout flow meters or throttlmg valves 
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5 2 1 3 2 The mynna-Navana System 

Tlus transmISSIon mam was constructed m 1971, totalmg approxImately 145 lan, pIpe 
dIameters vary m the range of 600 to 700 mm TransmIssIOn pIpes are made of steel Tees 
for the vIllage supply utIlIze steel pIpes of 100 mm m dIameter that are connected dIrectly 
to the Hlynna-Navana pump statIOn WIthout flow meters 

5 2 1 3 3 The Sokzlnyky System 

ThIS transmISSIOn mam was constructed m 1989, totalmg approXImately 75 lan, pIpe 
dIameter IS 1200 mm TransmIssIOn pIpes are made of steel VIllages are suppbed dIrectly 
from the two wells at the Stryl well field and cast Iron pIpelInes of 100 to 150 mm m 
dIameter transfer water to the rural water dIStrIbutIOn network 

5 2 1 3 4 The Stare Selo System 

Tlus tranSmISSIOn mam was constructed m 1973, totalmg approxImately 15 9 lan, pIpe 
dIameter IS 600 mm TransmISSIon pIpes are made of steel Tees for the VIllage supply 
utIlIze steel pIpes of 100 mm m dIameter that are connected dIrectly to the Stare Selo pump 
statIon wIthout flow meters 

5 2 1 4 The Eastern System 

These tranSmISSIOn mams were constructed durmg the peflod 1982-1990, totalmg 
approxImately 109 lan, pIpe dIameters vary m the range of 700 to 1200 mm TranSmISSIOn 
pIpes are made of steel and remforced concrete Tees for the VIllage supply are connected 
dIrectly to the pump statIOn and utilIze steel pIpes of 100 to 200 mm m diameter WIthout 
flow meters or throttlmg valves 

5.2.2 Breakdown Frequency 

Based on assessments made by LVK, the condItIOn of the 458 lan of tranSmISSIOn mams can 
be claSSIfied as follows 

• bad condItIOn, needmg frequent repair 117 lan or 26 %, constructed maInly durmg 
the perIod 1945-1975 

• acceptable condItIon 128 7 kIn or 28% 

• good condItIOn 212 3 kIn or 46% 

The remforced concrete transmISSIon mams are m the most urgent need of rehabIlItatIOn or 
replacement, wIth the followmg lInes needmg hIghest prIOrIty 

• Northern system the tranSmISSIOn mams from the Rava-Ruska well field to the 
Zarudtsl pump statIOn, totalmg approxImately 34 kIn of eXIstmg pIpelInes 
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• 

• 

Western system the sectIOn from the Budzen II pump statIOn to the Budzen III 
pump statIon, approxImately 18 Ian long 

Southern system the transmISSIon mam from the Stare Selo pump statIOn to the 
Sykhlv III pump statIOn, approxImately 16 Ian long 

None of the pIpes of the LVIV water supply system have any lmmg at all, and most have no 
outsIde coatmg ProtectIve coatmg on the few pIpes that have It IS a thm, uneven and 
perforated layer of bItumen mastIc 

FIgure 5-3 mdlcates the locatIOn of breakages along the tranSmISSIOn mams durmg the past 
three years The consequence of a breakage IS that the tranSmISSIOn lme IS put out of 
operatIOn for repaIr, for a penod of one to three days In the past three years the number 
of breakdowns and the calculated breakdowns frequency, distnbuted among the four major 
tranSffilSSIOn systems, have been as follows 

• Northern system - 11 breakdowns, correspondmg to 0 0421km1py 
• Western system - 13 breakdowns, correspondmg to 0 0611km1py 
• Southern system - 12 breakdowns, correspondmg to 0 0391km1py 
• Eastern system - 13 breakdowns, correspondmg to 0 040lkmlpy 

For transffilSSIOn systems, the above annual, breakage frequencIes are rugh 

The bell and SpIgot connectIOns at the socket ends are the weak pomt of the remforced 
concrete pIpes, caused by constructIOn techrnques and by the fragIlIty of the reInforced 
concrete pressure pIpes However, frequent breakdowns are also observed at connectIOns 
between reInforced concrete pIpes and steel pIpes Breakdowns are usually repaIred by 
replacmg several pIpe segments 

5.2 3 VIllage Supply 

ApproxImately 90 VIllages, WIth a total populatIOn of about 67,000 mhabltants, are supplIed 
dIrectly from the LVIV water supply system The figures mclude vIllages WIth less than 50 
mhabitants and towns WIth populatIOns of over 5,000 

Some of these VIllages are connected dIrectly to feeder pIpes from smgle wells These 
vIllages often have very hIgh water pressure, WhICh can exceed what IS necessary for a 
satIsfactory supply Other VIllages are supplIed dIrectly from the tranSmISSIOn mams, 
where the pressure IS normally m the range of 1 to 5 atm, wruch IS a satIsfactory range 
According to L VK reported data, the number of VIllages supplIed from the four major 
water tranSmISSIOn systems, and the amount of water supply, are as follows 

• Northern system - 53 VIllages (about 3,285 m3/d) 
• Western system - 19 VIllages and towns (about 7,604 m3/d) 
• Southern system - 10 VIllages, (about 2,450 m3/d) 
• Eastern system - 11 VIllages and towns (about 5,931 m3/d) 
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The total supphed IS about 19,270 m3/d 

Rural water dIstnbutlOn pIpes are made of cast Iron, chameters vary m the range of 100 to 
200mm 

5.3 PUMP STATIONS 

The vanous pump statIOns that move water through the LVIV water supply system can be 
categonzed mto tranSlll1SSI0n, City, and City-booster, statIOns The general conchtIon of 
pump statIOn SItes can be classified as acceptable, and IS presented m Table 5-2 Most 
pump statlOns have assocIated water tanks, with volumes rangmg from 100 to 10 000 m3 

(see Table 5-3) 

The pump statlOns are power supphed accordmg to standard Category I, II, or III 
Category I power supply ensures supply from two mdependent sources, With mandatory 
automatic emergency reserve sWItchmg eqUIpment on the sectlOnahzmg CIrCUIt breaker 
Category II power supply ensures supply from two mdependent sources Category III 
power supply ensures supply from one source 

5.3.1 TransmissIOn Pump StatIons 

All tranSlll1SSlOn pump statlOns, when serviceable, are operated 24 hours a day and tranSlll1t 
water from the well fields to the city pump statIOns Data on the tranSlll1SSlOn pump 
statIOns IS presented m Table 5-4 and m AppendiX D 

5.3.2 City Pump StatIons 

The water dIstnbutlOn network for LVlv IS pressunzed by seven pump statIons located 
around the City penmeter These statIons feed water dIrectly to the City chstnbutIon 
network, or they tranSlll1t water to booster pump statIOns or tanks located chrectly wIthIn 
the distrIbution system, that subsequently delIver water mto the chstnbutlOn system, or they 
operate both ways 

The average total dally supply from these seven pump statiOns for 1995 was 363,000 m3 /d 
DetaIled data on the CIty pump StatlOns IS given m Table 5-5 and m Appenchx D 

5.3.3 City Booster Pump StatIons 

There are four booster pump statlOns located wIthln the CIty boundanes Yaruvska, 
KryVChytSI, Dovha, and MIska Smuha Data on these four statIOns IS presented m Table 5-
6 and m AppendIX D 

5.4 PUMP STATION OPERATION 

All servIceable well pumps are operated 24 hours a day They delIver water to the 
transffilSSlOn pump statlOns Some of the statIons have water tanks, others do not 
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The steady, 24-hour pumpmg from the transmISSIon pump statIOns IS manually adjusted to 
the supply from the well fields thus the statIOns have to be contmuously staffed Pumpmg 
from the transmISSIOn pump statIOns IS adjusted by throttlIng or opernng of valves, not by 
sWItch-onishut-off InstructIOns from the dIspatcher's office TransmIssIOn pump statIOns 
WIth no tanks are operated on a 'nOIse level' basIs ThIS means that If there IS msuffiCIent 
feed water that the pump starts to caVItate creatmg a nOIse m the pump casmg The 
operator than throttles the pump untIl caVItatIOn stops TransmIssIOn pump stations WIth 
water tanks are operated by observation of the water level m the tank Tllis operatIon of 
pumps by throttlmg of valves results m Increased urnt power consumptIOn 

TransmIssIOn pump statIOns tranSmIt water to tanks of the CIty pump statIons The latter 
pump statIOns supply the CIty dIstnbutIOn network, mcludmg tanks and booster pump 
statIOns, pnmanly accordmg to a SIx-hour schedule of two perIods lastmg three hours each 

• 600t0900am 
• 6 00 to 9 00 pm 

Durmg these pumpIng penods, tanks of the CIty pump statIOns are emptIed down to the 
mIrnmal water level, and the Intenm penod IS used to refill the water tanks OperatIOn of 
the Vynnyky CIty pump statIOn IS an exceptIOn to the rule, It IS operated contmuously for 24 
hours a day and It pumps water to the tanks of the KrYVChytSI and Dovha booster pump 
statIOns 

OperatIOn of pump statIOns accordmg to the SIx-hour schedule negatIvely affects the 
functIOrung of the huge pump urnts whIch have lligh-voltage motors Frequent turnmg off 
and then restartmg the hIgh-voltage (6 and 10 kV) motor pump sets mstalled at pump 
statIOns (for example, at the SokIlnyky pump statIOn) results m eqUIpment faIlures The 
lligh-voltage breakers used are not deSIgned for frequent on/off operatIOn Consequently, a 
common practIce IS to control pump dIscharge by throttlIng Tllis results m unnecessanly 
hIgh energy consumptIOn, especIally between the two dally penods of mtensive pumpmg 

SokIlnyky pump statIOn proVIdes approxImately one thIrd of the total daIly water supply to 
the CIty -- 115,000 m3/d Not all pump stations are operated lIke SokIlnyky At Budzen 
III, SykhIv III, ZbOISk, and Karachyrnv pump statIOns, pumps are SWItched off durmg the 
peflods of low supply However, even at these stations some occasIOnal throttlIng of 
pumps IS also practIced 

On the whole, the SIze of pumps In operation does not correspond to the amount of water 
suppbed from the well field An extreme example IS the Volla Dobrostanska pump statIOn, 
where the deSIgn capacIty of each of the two workmg pumps exceeds the supply from the 
well field by four tImes ThIs means that the pumps have to be constantly throttled dunng 
operatIOn, whIch results m hIgh energy consumptIon 

The small water tank of 500 m3 at the Budzen II pump statIOn empties after less than half an 
hour's operatIOn If the pump dIscharge IS not throttled In tills case usmg smaller pumps 
could result m energy savmgs 
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A vallablhty of relIable data on the amount of water pumped mto the system IS Important 
analYSIS of general water supply, transmIssIon, and consumptIon as well as for makmg 
correct techrucal declSlons for Improvmg the system performance Presently L VK 
measures the amount of water transmItted to the CIty pump statIOns USIng statIOnary 
ultrasoruc flow meters manufactured at the Samara (RussIa) Instrument-manufactunng 
plant These meters were Installed durmg the penod 1989-1993 All statIonary ultrasoruc 
flow meters are placed In man-holes 

Meters at the four pump statIOns (Karachyruv, Budzen III, SokIlnyky, and Vynnyky) are 
Installed at the dIscharge pIpelInes that connect the pump statIOn to the CIty dIstnbutIOn 
network Meters at the ZbOlSk pump statIOn are Installed on the Intake at tranSmISSIOn 
mams where they enter the pump statIOn's tanks Two pump statIOns (SykhIv III and 
MalechkovychI) have no meters Installed All water tanks are eqUIpped WIth water level 
measurmg devIces 

Staff at the pump statIOns record data on pump statIOn performance dally The follOWIng 
data are recorded hourly m the log book and tranSmItted VIa telephone to the L VK 
dIspatcher 

• 
• 
• 
• 
• 

water flow meter readIngs 
pressure gauge readIngs 
water level In the tank 
amperage for each functIOmng motor 
Inlet voltage 

Morutonng of the water supply IS based on these records 

The L VK chemIcal and bactenologlcal laboratory penodically analyzes water qualIty at the 
pump statIons The analYSIS results for some of the pump statIOns are presented m the 
AppendIX E 

5.5 SYSTEM OF REMOTE MONITORING 

5 5.1 System Concept 

In 1989 the LVIV InstItute for the DeSIgn of Communal SerVIces "LVIvdIprocommunbud" 
deSIgned a project of establIshment of AutomatIC Control System for Water Supply (ACS 
Water) for LVIV Accordmg to tills deSIgn, the data collectIOn and processmg system 
should prOVIde mformatIOn on performance and the status of the water supply system (flow, 
pressure, pump motor current, water levelm tanks, POSItIon of valves) on a real tIme baSIS 
Such a system Will enable LVK staff to make techmcally sound deCISIOns when controllIng 
the water supply system that could conSIderably Improve ItS operatIOn and decrease energy 
consumptIOn 

The data collectIOn system was to conSIst of autonomous mIcroprocessor controller sets and 
a baSIC personal computer uruted mto a network by commumcatIOn lInes or system The 
sets were to conSIst of measurIng deVIces (IrutIal converters), penpheral controller, 
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commumcatIOn and data accumulatIOn controller, and a devIce for matcrung commurucatIOn 
controllers WIth the computer RadIotelemetry channels are to be used for the mstallatIOns 
WIth dIfficult telecommumcatIOn condItIOns 

Accordmg to the project, the remote morutormg system should begm wIth the followmg 
water pump statIOns ZarudtsI, ZbOlSk, Vynnyky, SokIlnyky, Sykluv III, Budzen III, 
Karachyruv, KryVChytSI, and MIska Smuha (see Figure 5-4) The system should proVIde 
the possIbIlIty of expanSIon and mcrease m the process of operatIOn m order to ensure 
flexIble cooperatlon between the dIspatch center and the pump statIOns and other 
operatIOnal centers Usmg appropnate software m the computers, the data IS to be shown 
as a grapruc dIsplay m the form of mImIC control panels and charts More thorough 
mformatIOn processmg can be done usmg spreadsheets lIke Excel or slmtlar applIcatIOns, 
WIth the mput data bemg prepared by the appropnate complIers 

In 1996 thIS system was undergomg engmeenng development phase and the phase of 
ImplementatIOn The remote morutormg system IS bemg developed by Information 
Technology Morutonng Ltd The LVIV CIty AdmtrustratIOn ordered the system and 
proVIded fundmg IrutIaI deVIces are Installed at the major pump statIOns and theIr readmgs 
are currently transmItted verbally or automatIcally to the dIspatcher over telephone or 
radIO Table 5-7 contams types of data transmItted to the L VK dIspatcher Flows at the 
pump statIOns are measured WIth RUSSIan made (Samara plant) statIOnary ultrasoruc flow 
meters 

5.5.2 Schedule for System CompletIon 

The AutomatIc Control System for the LVIV water supply system was to be completed m 
four phases 

1 InstallatIOn of the mformatIOn collectmg system at the CIty pump statIOns and 
tranSmISSIOn of the mformatIOn by telephone commurucatIOn hne 

2 TranSmISSIOn of the mformatlon by radIO lInk 

3 InstallatIOn of pressure pICkups at 72 pnnclpal pomts m the CIty water dtstnbutlon 
network 

4 InstallatIOn of dIstnbutIng zonal valves WIth the electnc dnve In the CIty dIstrIbutIon 
system 

Due to lack of funds only the first two phases were partIally Implemented, the other two 
need to be reVIsed and Improved The date of the project completIOn IS not defIned 

In order to complete the remote morutonng system at the above mentIOned pump statIons, It 
WIll be necessary to 

• mstall the system penpheral deVIces at the Vynnyky pump statIon 
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• mstall and connect pIckups (accordmg to the above table) 

• carry out mtegrated testmg and mamtenance check-up of the mstalled pIckups 

• ensure relIable commumcatIOn 

• carry out the staff trammg and orgamzatIOnal procedures to provIde cooperatIOn of 
the dIspatcher serVIce WIth the repaIr crews 

The cost of completmg the remote momtormg, data collectIOn and processmg system for 
the LVIV water supply system IS estImated to be about US$ 200,000 

5.6 MAJOR PROBLEMS 

AnalYSIS of the LVIV water transmISSIOn system performance for 1995 revealed the 
followmg major problems of the tranSmISSIOn system 

• age of the eqUIpment 
• energy effectIveness 
• tranSmISSIOn lme pIpe materIal 
• system hydraulIcs 
• VIllage supply (pressure and wastage) 
• rural water dIstrIbutIon systems 
• tank volume 
• 
• 

mstrumentatIOn 
water leakage 

The age of pumps m operatIOn at many pump statIOns exceeds 20 to 25 years, some pumps 
have been operated for over 50 years 

The actual capaCIty of many pumps m operatIOn at the pump statIons does not correspond to 
the supply from connected well fields 

Some booster pump StatIOns are not proVIded wIth water tanks At other statIons, the tanks 
are too small to ensure smooth operatIon of the booster pumps Several pump statIOns are 
operated WIthout water tanks, thus operatIon of pumps at these pump statIOns depends on 
alteratIOns m operatIOn of the related well fields It means that the pumps need to be 
constantly throttled The result IS lugher umt energy consumptIOn 

The frequency of faIlure by breakage for the transmISSIon hnes IS lugh, and IS lughest for 
the western tranSmISSIOn system The weak pomt of the transmISSIOn system IS remforced 
concrete pIpes - bell and SpIgot connectIOns at the socket ends However, frequent 

_______ breakage_s ~re also observed at connectIOnsMween remforced concrete and steel pIpes 

The dlrect pumpmg from wells and well fields to the tranSmISSIOn mams presents a 
potentIal problem Many of the well pumps have not been adjusted for changes that have 
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taken place In the system's hydraulIc condItIOns SInce Its InstallatIOn e g , new wells 
connected to the system or changes m the transmISSIOn mams 

In addItIOn, the well pumps that are worn-out or broken down are replaced by avaIlable 
pumps rather than by pumps desIgned to SUIt the hydraulIc condItIOn of the actual 
tranSIUlSSIOn system ThIS results In operatIOn of a sIgruficant number of pumps outsIde 
theIr optlmal ranges resultmg In 111gh timt eTlergy use for mater abstf3£tIOn An example IS 
the northern system where seven well fields wIth 44 wells, pump water dIrectly to the 
transIUlSSIOn mams over a dIstance of 39 km 

westms\repons\]vlv\finaJdat\text 
26aug97 36 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Table 5-1 
PIpe DIameters, Lengths, and ConstructIon PerIods 

DIameter (mm) 

200 
250 
300 
350 
400 
500 
600 
700 
800 
900 

1,000 
1,100 
~1200 

Total 
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1900-1945 
15 0 

06 

353 

509 

Length (km) 

1945-1975 1975-1995 
200 
1 3 140 
35 

49 45 
70 125 
460 12 0 
470 
22 150 
190 70 
41 2 110 

1390 
192 1 2150 

37 

Total 
350 
15 3 
35 
06 
94 
195 
933 
470 
172 
260 
522 

0 
1390 
4580 
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Pump Station 
Name 

North 

ZarudtSI 

ZbOlSk 

West 
Volta Dobrostanska 

Velykopole 

Katmanobrody 

Karachymv 

Yanivska 

Budzen II 

Budzen III 

South 
Malechkovychl 

Mykolatv 

Soktlnyky 

Hlynna-Navana 

Stare Selo 

Sykhtv III 

East 

Pluhlv 

Vynnyky 

KrYVChytSI 

Dovha 

Center 
Miska Smuha 
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Year 
Budt Rehabilitated 

1965 -
1965 -

1901 1936 
1928 1936 
1952 -
1928 1976 
1932 1965 
1964 -

1989 -

1932 1963 
1978 -

1978 -
1971 -
1973 -
1971 1989 

1982 -
1980 1990 
1965 1966 
1995 -

1933 1978 

Table 5-2 
CondItIon of LVIV Pum~ StatIOns 

General Condition 
Site Mechamcal Elect & IC 

Good Poor Good 

Fatr Poor Good 

Good Poor FaIr 

Good Poor Fair 

Good Poor Fatr 

Good Poor FaIr 

Poor Poor Poor 

Poor Poor Poor 

Good Good Good 

Fatr FaIr Fatr 

Good Good Good 

Good Very Poor FaIr 

Fatr 
I 

Poor FaIr 

Fair Poor FaIr 

Good FaIr Good 

Poor Poor Poor 

Good Good Good 

Good Good Good 

Good - -

Poor Poor Poor 

38 
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Overall Site Remarks 
ConditIOn 

FaIr Very old pumps 

FaIr Very old pumps 

FaIr Very old 

FaIr Very old 

FaIr Very old pumps 

FaIr Very old 

Poor Very old 

Very Poor Very old 

Good Noproblem observed 

FaIr Very old 

Good No problem observed 

Fatr No regulatmg drIves 

FaIr Very old pumps 

Fatr Very old pumps 

Good Control problems 

Poor Incomplete constructIon 

Good Incomplete constructIOn 

Good Incomplete construction 

Good Incomplete constructIon 

Poor Very old 
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Tank and 

Pump StatIOn 
Name 

North 

Zarudtsl 

ZbOlSk 

Subtotal 

West 

Volla Dobrostanska 

Karachymv 

Budzen II 

Budzen III 

Subtotal 

South 

Mykolalv 

Sokllnyky 

Hlynna-Navana 

Stare Selo 

Sykluv III 

Subtotal 

East 

Vynnyky 

KryvChytSI 

Dovha 

Subtotal 

Center 

MIska Smuha 

Subtotal 

Total 

westmslreportsllvlvlfinaldatltext 
26aug97 

Year 
Budt 

1982 

1965 

1965 

1901 
1928 

1980 

1964 

1989 

1978 

1978 

1971 

1973 

1971 

1980 

1989 

1980 

1965 

1995 

1933 

1933 

1933 

Table 5-3 

I LVIV Pump StatIOn Tanks 

CharacterIStics Shape Remarks 

Number Volume, Total, and SIze, 

of Tanks m3/ea m3 m 

2 1,000 2,000 square 18 (w) x 18 (1) x 3 6 (h) 

2 1000 2000 cIrcular 18 dtameter x3 6(h) 

2 10,000 20,000 square 48(w)x48(l)x4 8(h) IpartJally 
constructed 

24,000 

1 100 100 cIrcular 6 dtameter x4(h) 

1 500 500 rectangular 14(w)x16(l)x3(h) Not used 

1 6000 6000 square 36(w)x36(l)x4 8(h) 

1 500 500 CIrcular 12 dIameter x4 8(h) 

2 6000 12,000 square 36(w) x 36(l) x4 8(h) 

19,100 

2 3,000 6,000 square 24(w) x 24(l) x4 8(h) 

5 _10,000 '50000 square 48(w) ')( .18(1}X4-8(h) 

2 500 1,000 square 12(w)x 12(l)x3 6(h) 

2 3,000 6000 square 24(w) x 24(1) x4 8(h) 

2 6000 12000 square 36(w) x 36(l) x4 8(h) 

75,000 

1 2000 2000 rectangular 36(w)x60(l)x4 8(h) 

2 10000 20000 rectangular 18(w)x24(I)x3 6(h) 

1 3 000 3,000 square 24(w) x24(l) x4 8(h) 1 partIally 

1 6000 6000 s~uare 36(w)x36(l)x4 8(h) constructed 

1 10 000 10 000 rectangular 2parbally 
36(w) X60(l) x4 8(h) constructed 

41,000 

1 7000 7000 rectangular 32(w)x75(1)x3 5(h) 

1 12000 12000 rectangular 60(w)x75(l)x3 5(h) 

1 3,000 3000 square 32(w) x 32(1) x3 5(h) 

22,000 

181,100 

39 
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Transmission 
Pump StatIOn 

North 

Zarudtsl 

West 

Volla Dobrostanska 

Ve1ykopole 

Kamlanobrody 

Budzen II 

South 

Mykolalv 

Hlynna-Navana 

Stare Sel0 

East 

PluhIv 

Total 
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Table 5-4 

LVlV Water TransmIssIon Pump StatIons 

Pump Pump Design Average 
Number of Pumps Characteristics Shaft Year Dally Dally 

Elev Capacity Flow 1995 

Workmg Stand-by m3/h atm kW m BUilt Rebuilt m3/d m3/d 

2 2 2300 65 800 2747 1965 - 110,400 87,953 

2 2 1200 68 500 2829 1901 1936 22000 7,026 

2 1 360 9 190 282 1 1928 1936 13000 7015 

2 - 540 7 250 2744 1952 - 23,000 15,289 

1 720 7 190 

2 2 1250 125 630 277 1964 45,000 43047 

2 2 3,000 197 1600 2650 1978 - 140,000 117,655 

1 1 720 89 250 3270 1971 - 19,000 14238 

2 1 560 7 160 302 1 1973 - 24,192 

2 - 1250 65 250 285 1 1982 - 37,000 50,572 

409,400 366,987 

40 

I 

Annual Power c: 
!2 

Flow Supply Power Usage 10 1995 ..... 
1;,1 

~ 1995 Category :: 
1000 m3 kWh kWh/m3 22 

Q 

32,103 II 13 689,900 0426 yes 

2,564 II 3769900 1 470 no 

2560 II 2,337400 0913 no 

5,580 II 3241 400 0581 no 

15,712 II 17,988,900 1 145 yes 

42,944 I 24087800 0561 no 

5 197 III 5405 100 1 040 yes 

8,830 III 5,846500 0662 yes 

18459 II 6581 800 0357 no 

133,950 82,948,700 0619 
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City Pump StatIOn 
Name 

North 
ZbOlSk 

West 
Karachymv 

Budzen III 
South 

Malechkovycht 

Soktlnyky 

Sykhlv III 

East 
Vynnyky 
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Total 

Number of Pumps 

Workmg Stand by 

1 1 
1 1 
by gravity 

- 1 
1 -
1 -
- 1 

2 2 

1 1 

2 1 
1 1 

3 -
2 1 
1 1 
1 1 

1 1 
3 -

Pump 
CharacteristIcs 

m3/h atm kW 

1 260 32 250 
1,080 3 2 160 

640 55 250 
2,200 55 600 
2200 5 5 630 
2300 89 800 

1 250 65 320 

200 7 100 

3,200 75 800 
4,000 95 800 

540 94 250 
540 74 160 
300 38 75 
90 3 15 

1,250 13 630 
1,250 65 250 

Table 5-5 
LVIV City Pump StatIOns 

Pump Year Design Average Annual Power Power Usage m 1995 DIS 
Shaft Dally Dally Flow Supply m-
Elev Capacity Flow 1995 1995 Category fee 

m BUIlt RebUIlt m3/d m3/d 1000 m3 kWh kWh/m3 bOll 

321 9 1965 - 105,600 31,670 11,560 I 1,100,691 0095 yes 

3240 47300 17265 

3077 1928 1976 79800 38592 14086 II 6411,579 0455 yes 

3143 1989 - 66800 30786 11 237 II 2 383763 0212 yes 

298 1932 1963 5000 4924 1 797 III 1,226,750 0683 yes 

3385 1978 - 140000 115216 42054 I 12928300 0307 yes 

3452 1971 1989 39,000 31,723 11 579 II 3,477,500 0300 no 

2843 1980 1990 65,000 62,460 22,798 I 9,088,000 0399 yes 

501,200 362,671 132,375 36,616,583 0277 
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City Booster 
Pump Station 

Name 

East 

KryvChytSl 

Dovha 

Center 

MISka Smuha 

West 

Yamvska 
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Number of Pumps 

Workmg Stand by 

5 2 

1 -
- -

1 

1 -
1 1 

1 -
- 1 

Table 5-6 
LVIV City Booster Pump StatIOns 

Pump Pump Year Design 
Characteristics Shaft Capacity 

Elev 

m3/h atm kW m Budt RebUilt m3/d 

400 125 250 2995 1965 1988 65,000 

200 10 100 

- - - 3795 1995 - 10 000 

1600 7 135 329 1933 1978 38400 

900 3 100 

120 7 55 

120 4 160 3284 1932 1965 15,000 

300 6 320 

42 

Average Annual Power 
Dally Flow Flow Supply Power Usage m 1995 

1995 1995 Category 

m3/d 1000 m3 kWh kWh/m3 

46834 17094 II 9,979,847 1 

10,000 3,650 - - -

5610 2,048 III 392400 o 192 

14,048 5 128 III 487514 0095 
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Pump StatIOn 
Name 

ZarudtSI 

ZbOlSk 
Vynnyky 

Sokllnyky 
SykhIv III 

Budzen III 
Karachyruv 

KryvChytSI 

MIska Smuha 
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Table 5-7 
Types of Data TransmItted to the L VK DIspatcher 

Indices 

Flows Pressures Currents Valves Levels 

• • • 
• • • • 
• • • • 
• • • • • 

• • • • 
• • • • 
• • • • 

• • • • 
• • • • 
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SectIOn 6 

LVIV WATER DISTRIBUTION SYSTEM 

An outhne of how water m LVIV IS dIstnbuted to end-users IS presented m tills sectIOn 

6.1 OVERVIEW 

LVIV'S water dIstnbution system was desIgned on the baSIS of future water demands of new 
developmg resIdential and mdustnal areas PIpe SIzes were determmed on the baSIS of 
hydrauhc and techrucal-economic calculatIOns based on the maXImum normatIve water flow 
rates m pIpes, and the flow rate reqUIred to meet fire fightmg needs 

The nearest pump statIon would supply new areas WIth water, If the pump statIOn's 
productIOn and pressure were suffiCIent OtherwIse, a new well field was deSIgned WIth a 
pump statIOn If the pressure of the eXlstmg pump statIOn was not suffiCIent, local dIStrICt 
heatmg faCIlItIes WIth booster pump umts would create the necessary pressure 

Cast Iron pIpes were generally used for the dIstnbutIOn network pipelmes Begmmng m 
1980, steel pIpes have also been used, pIpes were laId at 1 6-1 8 m below ground to aVOId 
freezmg of water 

The first schematlc layout of the dIstnbutIOn system was only developed m 1973, It 
projected the development of the system as one entIty untIl 1985 Takmg mto account the 
150 m dIfference m elevatIOn withm the CIty boundanes, and the locatIOn of the eXIstmg 
pump statIOns, the schematIC layout suggested divIdmg the water dIstrIbutIOn network mto 
SIX zones each zone was to be supplIed WIth water from a pump statIOn or by graVIty from 
a water storage tank Each pump statIOn was to have storage tanks WIth suffiCIent water for 
fire-fightmg purposes m a gIven area ImplementatIon of the schematIC layout was fimshed 
m 1982 

Presently the eXIstmg CIty dIstnbutIOn system conSIsts of 

• 

• 

• 

ten pump statIOns, located eIther WItlln the CIty hffiltS or at the CIty boundanes, 
-whIch serve-to---estabhsh the necessary pressure In the network-

water storage tanks located close to the pump statIOns, used for stormg and 
regulatmg water, and for fire fightmg needs, the Yarnvska pump statlon IS an 
exceptIon because It takes water dIrectly from a pipelme and does not have any 
tanks 

water chlormatIOn umts are located at four of the major pump statIons 

In 1995, accordmg to LVK data, water delIvered to consumers was 386,000 m3/d 

The total length of the dIstnbutIOn system IS about 900 km Of tills, 182 km conSIsts of 
pIpes willch are 200 mm or larger m dIameter Due to a great number of valves willch do 
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not operate, pressure zorung IS hypothetIcal and zones are Just associated wIth the pump 
statIOns The scheme of pump statIOns and dIstnbution zones are presented In FIgure 6-1, 
wlule the layout of the water dIstnbutIOn system IS presented In FIgure 6-2 

At present, only about 20-30% of the reSIdentIal sector receIves water 24 hours per day, 
some 70% have a SIx-hour scheduled water supply three hours In the morrung and three 
hours m the everung 

In VIew of groWIng housmg and Industnal constructIOn m the 1980s, a new schematIC 
layout had to be developed The revIsed Schematlc Layout of the Water DlstrzbutlOn System 
Development of LVlV was accomphshed by the LVIV InstItute for the DesIgn of Communal 
SerVIces "LvIvdIprokomunbud" In 1987 Tlus outlmed the pnncipal dIrectIOn of water 
dIstnbutIon system development through to the year 2005 

6 2 PRESSURE ZONES 

The CIty of LVIV IS sItuated on rollIng lulls WIth a vanance In local elevatIOn of about 150 m 
(230 m to 380 m) In the old part of the CIty, residentlal bUIldmgs generally have 3 or 4 
floors In the new reSIdentIal areas, most bUIldmgs have 5-9 stones and some have 14 
stones 

As the dIstnbutIOn system pressure zones do not adequately functIOn, there are areas of the 
CIty where water IS delIvered less than 6 hours a day Some reSIdents m these areas (hvmg 
lugher than the 4th floor) do not receIve any water for several days a week In accordance 
WIth the Schematlc Layout of the Water DlsmbutlOn System Development of LVIV, It was 
suggested that the dIstnbutIOn system should be dIVIded mto tlurteen pressure zones It was 
planned that each zone would have a pump statIon or a group of pumps at the eXIstIng pump 
statIOn to proVIde the reqUIred pressure m the gIven zone 

Pressure zonmg of the water dIstnbutlon system was to be accomplIshed WIth pressure
regulatmg valves The schematIC layout of the deSIgn pressure zones IS presented 
m FIgure 6-3, whIle hydraulIc data regardIng these deSIgn zones IS presented m Table 6-1 
In planrung the pressure zones, the followmg parameters were taken Into account 

• dIfference In elevatIOn of the pressure zone terntory 
• project deSIgn of the reSIdentIal areas and Industnal zones 
• grouped locatIOn of multI-stoned bUIldIngs 
• dIstance from the pressure zones to water sources 

Accordmg to the plan, the total volume of water supphed to the CIty was to be 500,000 
m3/d To Implement the plan It would be necessary to 

• rehabIhtate the productIOn of the eXIstmg well fields up to theIr safe YIeld 

• mcrease water productIOn from the eastern well field group from 66,400 m3/d to 
171,400 m3/d by addIng the Verkhmobusky and Khmehovsky well fields 

westms\reports\IVlv\finaldat\text 
26aug97 49 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
• 

• mstall 172 kIn of addItIOnal water mams and distrIbutIOn pipelmes 

• mstall 26 chambers WIth shut off valves 

• mstall 53 chambers for pressure regulatIOn m each zone 

• bulld five new pump statIOns 

• rehabilItate all eXIstmg pump stations withm the CIty boundarIes 

The total estImated cost of Implementmg the Schematic Layout of the Water DlsmbutlOn 
System of LVlv by 2005 was US$ 405 mIllIon 

6 3 MAJOR WATER CONSUMERS 

Major water consumers wIthm the LVIV water dIstrIbutIOn system are 

• resIdentIal sector of LVIV (whIch consumes about one-half of water delIvenes) 
• mdustry 
• communal enterprIses and budget mstItutIOns 
• populated area of Vynnyky 
• VIllages and towns SItuated m the protectIOn zone or depreSSIOn cone of the LVlV 

well fields 

The populatIOn of the City (805,900 reSIdents not mcludmg Vynny ky, Rudno, and 
BrIukhovychI) generally lIve m multI-story apartment bUIldmgs 

The CIty of LVIV has 327 mdustnal enterprIses whIch m 1987 consumed 129,100 m3/d 
(84,000 m3/d of thIs amount was consumed through the water dIStrIbutIOn system) 
Presently most enterprIses are not functIOrnng, whIch has caused a reductIOn m water 
consumptIOn 

The communal consumer group mcludes both communal services and budget mstItutIons 

• budget InStItutIOns Include educatIOnal InstItutIOns (hIgher and secondary) and theIr 
dOrmItones, kmdergartens and hospItals 

• entItIes such as restaurants, cafetenas, hotels, baths, cleaners, sport halls, 
adnurustratIve centers, CIty motor vehIcles and electrIC transport enterpnses, tounst 
facIlItIes, factory dormitones etc belong to the communal servIces group 

The estImated (or metered) consumptIOn of major customers In each consumer group, as 
well as a lIst of the major water consumers m the system, are presented In AppendIces F, 
G, H, I and J The locatIOn of many of the major water consumers IS presented In FIgure 
6-4 
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Data III Table 6-2 IndIcates that the resIdentIal sector IS the largest water consumer 
However, water demand wIthin thIS group vanes for dIfferent consumers In areas WIth 
resIdentIal bUIldIngs that have SIX and more floors, pressure IS estabhshed by pumping 
eqUIpment Installed In the bUIldings because the pressure In the dlstnbutIOn system IS not 
suffiCIent to provIde all the floors WIth water ThIS pumping eqUIpment usually conSIsts of 
2 or 3 pumps Installed In the local heatIng dlstnct facIlIty (DHF) The pumps draw water 
straight from the water dIstnbutIOn system to tranSmIt to the reSIdentlal bUIldings Usually 
one local pump In a DHF serves 1 to 40 reSIdentIal bUIldings (100-30,000 reSIdents) As 
the dlstnct heatIng faCIlItIes take water from the CIty dIstnbutIOn system, the L VK regards 
them as major water consumers of the reSIdentIal sector group The other consumers of 
thIS group are grouped by reSIdentIal bUIldings 

The LVIV CIty dIstnbutIOn system has 26,166 pnmary users (kontos) Only 10% of these 
have workIng meters Installed AppendIx L containS infOrmatIOn on the workIng and faIled 
flow meters Installed In vanous consumer groups 

Due to lack of flow meters, the amount of water consumed IS estImated on the baSIS of 
norms Norms of water demand by vanous water consumers have been developed and 
approved by the State CommIttee for ConstructIOn, ArchItecture and Communal ServIces of 
Ukrame (formerly the State CommIttee for HOUSing and Communal ServIces) Under state 
regulatIOns, the LVIV ExecutIve COmmIttee has approved the Water Demand Norms for 
Resldentzal and Publzc Buzldmgs and InstttutlOns, whIch IS the baSIS for calculatIOns 
regarding water demand A summary of these norms IS presented In AppendIx K 

Many pump statIOns (that delIver water Into the dIstnbutIOn system) do not have flow 
meters Installed Water flow IS therefore estimated on the baSIS of power consumptIOn or 
capaCIty of the pumps Installed and the length of theIr workIng tIme L VK IS has recently 
embarked upon a program of installIng meters at theIr pnncIpal pump statIOns 

The dIfference between the amount of water transmItted Into the dIstnbutIOn system by 
pump statIOns, and that reported by LVK as receIved by consumers, IS reported as water 
losses (see Table 6-3) Water unaccounted for IS about 36 mIllIon m3/y (of 24% of water 
tranSmItted) These are theoretIcal losses, Since delIvery and consumption IS not fully 
measured, only estImated The losses are due to pIpe leakage, hardware wastage, and 
measurement errors 

6 4 PIPE MATERIAL 

The LVIV water dIstrIbutIon network conSIsts of cast Iron and steel pIpes DIstnbutIOn 
pIpes laId before 1945 are generally Bnush- and PolIsh-made cast Iron pIpes PIpes laId 
between 1945 and 1975 are maInly SovIet-made cast Iron and steel pIpes DIstnbutIon 
pIpes laId after 1975 are mostly steel and partly cast Iron pIpes of SovIet-manufacture The 
length of pIpes In the dIstnbution and transmISSIon system In the past 60 years are presented 
In Table 6-4 

None of the dlstnbutIOn pIpes have lining, although some steel pIpes have bItumInOUS 
coating The dIameter and age of the dIstnbutIOn system pIpes are presented In Table 6-5 
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The 900 km of water dIstnbutIOn pIpes have been classIfied by L VK mto three groups 
accordmg, to condItIOn 

• pIpes laId before 1945 the condItIOn IS reported as some poor and some acceptable 
• pIpes laId between 1945 and 1975 the condItIOn IS reported as almost entIrely poor 
• pIpes laId after 1975 the condItIOn IS reported as poor to acceptable 

The overall pIcture IS as follows 

• 
• 
• 

Bad condItIOn needmg frequent repaIr 
Acceptable condItIOn 
Good condItIOn 

680 km or 76% of total 
220 km or 24 % of total 
none 

An analysIs of the 6,486 breakdowns that occurred m 1995 m the water dIstnbutIOn system 
gave the followmg results 

• 
• 
• 
• 

faIlures m pIpes 
faIlures m fittmgs 
faIlures m servIce connectIons 
other 

57% 
28% 
13% 
2% 

The total number of breakages ill 1995 amounted to 6 1 per kIlometer 

Table 6-6 gIves an mventory of steel and cast-lron pIpes of 200-rnm dIameter and larger m 
the dIstnbutIOn system 

6.5 MAJOR PROBLEMS 

Based upon evaluatmg the water dlstnbutIOn system m LVIV, several major problems are 
eVIdent, as outlmed below 

6 5 1 Network Losses 

Consldermg the number of breakdowns m the dlstnbutIOn network, It becomes clear that 
the major cause of water losses IS the poor condItIon of the network Samples of damaged 
cast Iron and steel pIpes have been collected and exammed The samples show cracked cast 
Iron pIpes and badly corroded steel pIpes WIth holes of up to 40 rnm m dIameter There IS 
no trace of eIther mternal or external coatmg Some of the steel pIpes were less than ten 
years old 

When a breakage occurs, repaIrs are often conducted usmg methods that do not have a long 
serVIce lIfe RepaIrs are often made by pluggmg the holes WIth a wooden peg and weldIng 
a steel plate over It Bell and SpIgot Jomts are bemg repaIred by caulkIng WIth hemp and 
fillmg WIth cement or pegs Cracked cast lfon pIpes are replaced 
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6 5.2 Water Wastage 

As result of poor control over housmg mstallatIOns and delays m repaIrmg by ZhEKs 
(housmg management assocIatIOns), a consIderable amount of water IS wasted through 
dnppmg taps and runmng tOIlet cIsterns ThIS problem was documented by contmuous 
measurements over a 24-hour penod m several reSIdentIal buIldmgs (totalmg 564 
mhabItants) whIch have a 24-hour water supply The steady rught consumptIOn dunng the 
rught hours was recorded to be from 6 to 13 lch WIth an average of about 10 lch 

Based on these sample households, those whIch have a 24-hour water supply could lose up 
to 20% of the water supplIed to them 

6.5 3 Measurements 

Only some 10% of all connectIOns have functIOnmg water meters, whIch means that LVK 
cannot obtam a relIable VIew of water consumptIOn and system losses An mterview WIth a 
LVK meter-repaIr team revealed that meters were of poor qualIty and theIr operatIOn penod 
shorter than specIfied by the manufacturer More details of thIS mterview are presented m 
AppendIx L 
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Table 6-1 
HydraulIc CharacteristIcs of Pressure Zones 

Zone ElevatIOn, Estimated Zone Served by Pump StatIOn 
Number m 

Demand, m 3/d Pressure, m EXlStlOg DesIgned 

I 275-310 42,000 26 MISka Smuha 

II 310-345 115,000 42 Sololnyky, MaJechkovyclu 

III 36538 17,000 42 Dovha 

IV 295330 100000 26/42 Karachymv, Budzen III 

V 250300 82000 22/42 ZbOlSk (Tank) ZbOlSk 

VI 300-340 10,000 42 ZbOlSk 

VII 250-300 8,000 42 KryvChytSl 

VIII 315-350 66,000 42 Sykluv III 

IX 300-350 24,000 26/42 KryvChytSl 

X 230300 27,000 42 Vynnyky 

XI 300-350 3000 22 ZbOlSk 

XII 230350 3,000 26 KryvChytSl (Tank) 

XIII 315-340 3,000 26 Yamvska 

Table 6-2 
Estnnated Water Usage by Consumer Group 

Consumer Group m3/d Percent of Total 

ResldentIal Sector 164,300 56 

Industry 21,000 7 

Communal Servlces 87500 3 

Budget InstItutIons 21,900 7 

Total 294,700 100% 

Table 6-3 
Water DelIvered and Consumed III 1995 (as reported by LVK) 

Consumers 

City of LVlV 

Villages 

Vynnyky 

Others 

Total 
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Dehvered 

m 3/y 

141053,000 

3,256,000 

1 659000 

4571000 

150,539,000 

54 

Consumed DIfference (Losses) 

m3/y m3/y 

107554000 33,4999000 

2,397,000 859,000 

1,029,000 630,000 

3,737,000 834,000 

114,717,000 35,822,000 
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Year 

1939 

1945 

1970 

1985 

1995 

Diameter, mm 

< 100 

150 

200 

250 

300 

350 

400 

500 

600 

700 

800 

1,000 

1,100 

~1 200 

Total 
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Table 6-4 
Development of LVlv Water DIstribution System 

PopulatIOn of LVlv Total Length of Pipes, km 

318 100 202 

165000 202 

563600 700 

734800 1,300 

831 200 1,500 

Table 6-5 
DIstributIon PIpmg Accordmg to Age 

< 1945 1945-75 1975-96 Total 

1390 510 890 279 

770 1300 2070 

890 942 1832 

25 635 664 

192 220 412 

143 143 

1 9 25 0 137 406 

42 170 212 

75 226 72 373 

40 20 60 

43 43 

1513 3063 4429 900 5 

55 



-------------------

Diameter, 
mm 

200 

250 

300 

350 

400 

500 

600 

700 

900 

1,200 

1,400 

Total 
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Total 
Length, m 

8 160 

6,350 

41,148 

14,300 

40,513 

21045 

37,343 

5895 

2780 

750 

3500 

181,784 

Table 6-6 
CharacteristIcs of Water DIstributIOn PIpmg of 200 mm and Larger DIameter 

Steel Cast Iron 

Length, m by 1945 by 1970 by 1995 Length, m by 1945 by 1970 by 1995 

850 - 850 - 7,310 3 130 4 180 

- - - - 6,350 2,850 - 3,500, 

3,318 - 980 2,338 37,830 18235 19595 

12930 - 12930 - 1370 1 370 -

19478 1 870 14,228 3380 21,035 - I07IO IO 325 I 

20845 - 3,945 16,900 200 200 -

9,960 - 2780 7,180 27,383 7,540 19843 -
5,895 - 3,945 1 950 - - -
2780 - - 2780 - - -

750 - - 750 - - - -

3500 - - 3,500 - - - -

80,306 1,870 39,658 38,778 101,478 10,390 53,488 37,600 

56 
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SectIOn 7 

LVIV VODOKANAL OPERATIONS, 
MAINTENANCE AND REPAIRS 

An overVIew of the operatlOns LVIV Vokokanal IS presented herem 

7.1 ORGANIZATION OF LVIV VODOKANAL 

LVIV Vodokanails organIzed as a state communal enterprIse whIch provIdes water and 
wastewater servIces for the CIty The enterprIse IS, m theory a self supportmg legal entIty 
The vodokanalis responsIble for servicIng ItS water supply lInes, wastewater sewer 
network, well fields, pump statlOns, and wastewater treatment plants 

In 1995 LVK employed 1300 people, 80 percent In operatlOns and 20 percent m 
management These are organIzed Into five dtvlSlons 

• water supply 
• utIlIty engmeenng 
• mechanIC 
• dIspatch 
• maIntenance 

7.1.1 Water Supply DIVISIOn 

The Water Supply DivislOn proVIdes for contmuous operatIOn of well fields, tranSmISSIOn 
mams, pumpmg statIons, and chlonnators accordmg to set water supply rates and 
schedules, as well as controlmg complIance WIth the SanItary norms and rules at pumpIng 
statlOns and well fields Further responsIbIlItIes mclude water qualIty momtormg, and 
measurements of water commg from the well fields and pump operatlOn It carrIes out 
system mamtenance and repaIr work, and places orders for spare parts, eqUIpment, 
matenals, and safety kits for chlonne handlIng 

7.1 2 UtIlity EngIneerIng DIVISIOn 

The UtIlIty Engmeer DIvlSlon IS responsIble for operatlOn, mamtenance and repaIr of 
power eqUIpment, power systems and contmuous power supply It IS also responsIble for 
appropnate power consumptIOn 

7 1 3 MechanIC DIVISIon 

The MechanIC DivIslOn IS responSIble for the contmuous operatlOn of eqUIpment, Its 
InSpectIOn, testmg and mamtenance, wrItmg cost estImates for repaIr works, and placmg 
orders for spare parts and materIals for the eqUIpment 
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7.1.4 DIspatch DIvIsIon 

The DIspatch DIVIsIOn gathers InfOrmatIOn from the system, and coordInates operatIOn of 
well fields, pumpIng statIons, and dIstnct mamtenance teams for provIdmg scheduled water 
supply to the consumers It also coordmates work of repaIr teams, transportatIOn and 
eqUIpment 

7.1 5 DIStrict Mamtenance DIVISIOn 

The DIstnct Mamtenance DIVISIon mamtams the CIty water dIstnbutIOn system, mcludmg 
Its bUIldmgs and eqUIpment, repaIrs breakdowns and leakages, and mamtams requIred 
pressure at serVIce entrances and dIstnbutIOn of water to all water consumers withm LVIV 

ThIs dIVISIOn has five distrIct mamtenance teams (DMT) Mamtenance IS carned out m 
accordance WIth the mamtenance rules for water and wastewater systems m resIdentIal 
areas In Ukrame Based on thIs, each dIstnct must not contam more than 500 km of pIpes 
and must be WIthm 10 km of the maIntenance team locatIOn The LVIV dIstrIbutIOn system 
IS dIVIded mto SIX zones The dIVISIOn of zones IS based on the locatIOn of water supply 
sources, and IS not strIctly defined smce the zones withm the CIty are not separated by 
valves Zone locatIOn, as they are servIced by the DMT, IS gIven m FIgure 7-1 
ResponSIbIlItIes of the DMT mclude 

• mamtammg good workmg condItIOn of the system, ItS bUIldmgs and eqUIpment, 
keepmg the system clean and protectIOn agamst freezmg 

• enSUrIng effiCIent operatIOns 

• ensurmg reqUIred pressure and water dIstrIbutIOn wlthm the system 

• provIdmg samtary mamtenance of the system, cleanmg and dlsmfectIOn 

• provIdmg on-gomg and capItal mamtenance for breakdowns and leakages 

• keepmg techrncal documentatIOn and techmcal reports 

• constructIon control, mstallatIOn of new hnes and connectIOns 

The dIstnbutIOn system IS checked by walkmg along the pIpelIne routes and VIsual 
mspectlOn of bUIldIngs and eqUIpment InspectIons are made once every two months 
InspectIOns mclude checkmg well appearance, avaIlabIlIty, condItIon and securmg of well 
lIds, condItIon of well walls, ladders, presence of water, gases, leakages, ground saggmg 
along the route and near wells, and operatIOn of street hydrants 

Mamtenance works are not done on a regular baSIS DMTs together WIth consumer 
departments mspect the techrncal condItIon of consumer connectIOns and meters RepaIrs 
are carned out accordmg to the results of the mspectIOn reports 
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All repaIrs are done by DMTs and allocated accordmg to the extent of breakdowns and the 
type of work Every day each team receIves (from the dIspatcher servIce) mformatIOn on 
locatIon of breakdowns, transportatIOn and eqUIpment, tools and pumps for drammg 
breakdown areas 

The most common breakdowns mclude damage to pIpe walls, Jomts, valves, check valves 
and fittmgs DMTs are responsIble for carrymg out repaIr and rehabIlItatIon works The 
organIZatIOn of repaIr works IS shown m FIgure 7-2 

7.2 MAINTENANCE AND REPAIRS 

7 2 1 Breakdowns In the Water System 

Accordmg to the mformatIOn receIved from the dIspatch dIvISIon, the annual number of 
breakdowns IS about 4100 AnalysIs of dIspatch center data showed that 6486 breakdowns 
occurred m the dIstnbutIOn system dunng 1995, 6268 of these happened m the dIstnbutIOn 
mams, and 218 at the serVIce connectIOns InformatIon regardmg these 1995 breakdowns IS 
shown m FIgure 7-3 

On average, some 540 leakage breaks occurred every month durmg 1995 Most 
breakdowns happen m summer (June) and wmter (December) ThIs rmght be explamed by 
seasonal vanatIOns m water consumptIon, ground freezmg m wmter and some mcorrectness 
m reglstermg the tIme of breakdowns The dlstnbutIOn of breakdowns m the CIty'S 
dlstnbutIOn system from 1985 to 1995 IS shown m the FIgure 7-4 The areas where 
breakdowns occur most often are located around the followmg streets Naukova, V 
Velykoho, Medova Pechera, Paslchna, Zamarstyruvska, Zelena, LychakIvska, Varshavska 
and several others (see FIgure 7-5) 

7.2 2 TYPIcal RepaIr Works 

A typIcal day of repaIrs to broken water dlstnbutIOn hnes m LVIV IS outlmed below, for 5 
Apnl1996 

RepaIr No 1 
LocatIon Water leakIng from pIpelIne at 75 Kryvchytska Doroha St 
DescriptIon of breakdown servIce entrance, age of pIpe 25 to 30 years 
RepaIr work done by dIstnct mamtenance team (DMT 5) 

Description of work the head of DMT 5 learned about the breakdown from L VK ChIef 
Engmeer at a bnefing at 8 50 am A repaIr crew of four people departed to the locatIon at 
10 20 am It was establIshed that water was leakIng from the servIce connectIons to prIvate 
houses Nos 73 and 75 Witlun 30 rmnutes the supply mam was shut off At 11 30 am an 
excavator arrIved at the SIte The damaged pIpe was uncovered m 20 mmutes The service 
entrance was 12m below the ground surface The pIpe matenal was unprotected steel 57 
mm III dIameter WIth wall thIckness of 4 mm, ItS surface was corroded and as a result 
developed a hole 20 mm m dIameter m the lower part of the pIpe The hole was fixed WIth 
ametal saddle sealed WIth rubber (the tYPIcal way of fixmg SImIlar breakages) 
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RepaIr No 2 
LocatIon water leakIng from a pipelme at Zubnvska St 
DescrIptIon of breakdown steel pipelme, 114 nun m dIameter, age of pIpe 25 to 30 years 
Repair work done by dIstnct mamtenance team (DMT 5) 
DeSCrIptIOn of work the head of DMT 5 learned about the breakdown from the LVK 
ChIef Engmeer at a bnefing at 8 50 am A repaIr team departed to the locatIOn at 10 20 
am It was establIshed that water was leakmg from the pipeime laId on the ground surface 
The supply maIn was shut off to enable repaIr work The pIpe matenal was unprotected 
steel, 114 nun m dIameter WIth wall thIckness of 4 nun, Its surface was corroded and as a 
result had developed three holes of 20 nun In diameter The hole was fixed WIth a metal 
saddle sealed WIth rubber (the tYPIcal way of fixmg SImIlar breakages) 

RepaIr No 3 
LocatIOn water leakIng from a pipeime at N aukova St , 116 
DeSCrIptIOn of breakdown cast Iron mam, 500 nun m dIameter, age of pIpe 15-20 years 
RepaIr work done by dIstnct mamtenance team (DMT 2) 
DeSCrIptIOn of work the head of DMT 2 learned about the breakdown from the LVK 
Chief Engmeer at a bnefing at 9 00 am A repaIr team of five workers departed to the 
locatIOn at 10 20 am It was establIshed that water was leakIng from the dIstnbutIOn mam 
In one hour the mam was shut off to enable repaIr work At 12 00 an excavatIng machine 
arnved at the site The damaged pIpe was revealed In 50 mInutes It took two hours to 
pump water out of the pIt The dIstnbutIOn pIpe was 20m below ground surface The 
pIpe had developed a crack 25m long A 5 O-m pIece of pIpe was removed and replaced 
WIth a sectIOn of steel pIpe 500 mm In dIameter The gaps m the bell and SpIgot jomts were 
sealed WIth a tarred rope and filled WIth cement 

7.2.3 Repair Work AnalysIs 

Based on observatIOns, a schedule of repaIr works m the dIstnbutIOn system was compIled 
(see Table 7-1) The average tIme reqUIred for fixmg one breakdown IS 35 days or 171 5 
man-hours, out of which 96 3 man-hours IS productIve tIme and 75 5 man-hours IS 
unproductive time (44%) UnproductIve tIme IS that time taken by travel, waItmg for 
eqUIpment, lunch, etc 

The most typIcal repaIr work mvolves caulkIng bell and SpIgot jomts on cast Iron pIpes, 
saddle mstallatIOn on steel pIpes, valve hydrants, repaIrs and well repaIrs and mamtenance 
work Table 7-2 gIves a claSSIficatIOn of repaIr works to the dIstnbutIOn system 

An-analysls-was eonducted (Table 7-3) of a two-month peflod 1ll 1993 of the tune spent on 
repaIr works, by type of breakdowns and type of work The man-hour eqUIvalent IS based 
on observatIOns and the schedule of a workmg day for a breakdown repaIr Over that 
peflod, some 847 breakdowns occurred, 57 percent were pIpe-related, 28 percent were 
caused by broken valves, and 13 percent occurred at servIce entrances Out of the total 
number of pIpe-related repaIrs, breakdowns m the dIstrIbutIOn system are caused by faults 
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at bell and SpIgot Jomt of cast Iron pIpes (61 percent), holes m steel pIpes (33 percent), and 
cracks In cast Iron pIpes Most of the breakdowns happen because of the followmg 
reasons 

• 
• 
• 
• 
• 
• 
• 
• 

lack of pressure zone dIVIsIOn 
IInuted water supply m the dIstrIbutIOn system (2 perIods of 3 hours each) 
bIg pressure VarIatIOn m the system 
water hammer caused by air m system 
111gh corrosIOn rate of steel pIpes 
low qualIty of repaIr work 
low qualIty of new InstallatIOns 
poor qualIty materIals for new InstallatIOns and repaIr works 

Based on the repaIr analYSIS, It IS almost ImpOSSIble for the current DMTs to keep up WIth 
the reqUired repaIrs 

7 3 ELECTRICITY CONSUMPTION 

Some 60-70 percent of L VK' S operatIng expenses are due to electrICIty consumptIOn In an 
effort to reduce these costs, an analysIs was conducted of electrICIty consumptIon by L VK 
durmg 19951996 Results of tills analYSIS are presented In AppendIx N Tills mformatIOn 
WIll subsequently be used to IdentIfy opporturutIes for reductIOns m electrICIty use, and 
thereby a reductIOn m L VK operatmg costs 
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Table 7-1 
TYPIcal Dally Schedule for a Breakdown RepaIr Team 

Tune Type of Work Number of Workers 

Workmg Total 

850-930 Recelvmg mformatlon on reparrs 3 6 

930-10 30 Preparmg the team for work 6 6 

10 30-11 00 Gettmg to the breakdown locatlOn 6 6 

11001130 Shuttmg off of a dIstnbutlOn mam valve 3 6 

11 30-1230 DIggmg With an excavatmg machIne 1 6 

12 30-13 00 Dlggmg by hand and mspectlOn 2 6 

13 00-14 00 Lunch time 

1400 1600 Repair work on the damaged part 3 6 

1600-1700 Backfillmg the pIt 1 6 
1700-1800 Gettmg back from the breakdown locatlOn 6 6 

Workmg tune, manhour 28 49 

Table 7-2 
Type of RepaIr Work 

No Type of Damage Type of Reprur 

Type of Repair Work on PIpes 

1 Damaged bell and spigot Jomt Caulkmg of bell and spigot Jomts 

2 Hole of 10-40 mm dIameter m steel pipe Install welded saddle 

3 Hole m cast Iron pipe Install mechamcal clamp 

4 Several holes m steel pipe Replacement of pipe, usually by steel one 

Type of RepaIr Work on Flttmgs 

5 Gate valve damaged Repair of damage or replacement of valve 

6 Damaged hydrant Repair of damage or replacement of hydrant 

7 Damaged water meter Replacement of water meter 

8 ServIce connection valve damaged Repair of damage or replacement of valves 

9 PublIc tap damaged RepaIr of damage or mstallmg a bImd flange 

Type of RepaIr Work at Techmcal InspectIOns and Mamtenance 

10 InspectlOn of fittmgs PreventIve works 

11 InspectIOn of water meter group Preventive works 

12 FlushIng of water mams PreventIve works 

Type of RepaIr Work on ServIce ConnectIOns 

13 Damaged bell and SpIgot Jomt 

14 Hole of 10-40 mm dIameter m steel pIpe 

15 Hole m cast Iron pipe 

16 Several holes m steel pipe 
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Table 7-3 
Estimate of TIme for RepaIr Work - Two Months m 1993 

Type of Damage Type of Repair 

Type of Repair Works on Pipes 

Damage between bell and spigot Jomt Caulkmg of bell and spigot Jomts 

Hole m 10-40 mm diameter steel pipe InstallatIOn of welded saddle 

Hole m cast Iron pipe InstallatIOn of mechanical clamp 

Several holes m steel pipe Replacement of pipe usually with steel one 

Subtotal 

Type of Repall Works on Flttmgs 

Gate valve damage Repan of damage or replacement of valve 

Damaged hydrant Repair of damage or replacement of hydrant 

Damaged water meter Replacement of water meter 

Service connection valve damage Repair of damage or replacement of valves 

Pubhc tap damage Repair of damage or mstalhng a blInd flange 

Subtotal 

Type of Works for Techmcal InspectIons and Breakdown Preventions 

Inspection of fittmgs Preventive work 

Inspection of water meter group Preventive work 

Flushmg of water mams Preventive work 

Subtotal 

Type of Repair Works on Service ConnectIOns 

Damaged bell and spigot Jomt 

Hole m 10-40 mm diameter steel pIpe 

Hole m cast Iron pIpe 

Several holes m steel pIpe 

Subtotal 

Total 
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Number of Breakdowns 

295 

130 

34 

28 

487 

143 

37 

5 

23 

25 

233 

10 

2 

1 

13 

16 

51 

4 

43 

114 

847 

• 

----- -----

Man Hours per Repair 

171 5 

1225 

171 5 

122 5 

49 

245 

245 

245 

49 

245 

245 

171 5 

1225 

98 

1225 

98 
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SI Mal~atcher Center 

Distribution of Repair Work Between District Mamtenance Teams 
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DMT1 
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(27 labors) 
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Fegure 7-2 
Flowchart for Repair Work m the Distribution System 
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Breakdowns of Water Supply Pipelines In 1995 
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AppendIx A 

INFORMATION ON LVIV WATER SOURCES -- WELL FIELDS 

The ground water of the Volyn-Podllsk basm IS the source of drmkmg water for the LVIV 
water supply system The generallocatlOn 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 locanon and rated capaCIty of each well field and assOCIated 
charactenstics are presented m Table A-I The term "Safe YIeld" m thIs table means an 
allowable YIeld based on operatIve and tnal pumpmg, whIle "Added YIeld" means an 
estImated pOSSIble mcremental YIeld based on tnal 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 mformatlOn proVIded by LVK on well field water productIOn m LVIV 
for 1995 In addItIOn, the charactenstIcs and workmg condItIons of each well field are 
presented m FIgures A-3 through A-22 The types of pumps used at the well fields are 
transhteratlOns of CynllIc TheIr capacIty IS gIven m m3 and TDH (Total DynamIC Head) 
m meters The mam reasons for well stoppages are as follows 

1 

2 

3 

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

Poor well deSIgn - bad quahty of filter, water aggreSSIveness, resultmg m rapId 
corroSIOn of pIpes, theft and destructIOn of property, acts of nature such as, freezmg 
temperatures 

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 mformanon 
m the table IS m accordance WIth the 1995 L VK reported productIOn costs The total 
energy cost IS 64 % whIch makes up most of the total productIon cost A separate 
productIOn cost calculation was made for each well field, whIch mcludes 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 m proportIons to the quantIty of water 
WIthdrawn 
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Well Field 
No Name 

North 
1 Rava Ruska 
2 Mahenv 
3 Shostaky 
4 KrekhlV 
5 Kunm 
6 Mokrotyn 
7 Zarudtsl 

Group total 
West 

8 Voila 
Dobrostanska 

9 Velykopole 
10 Kamlanobrody 
II Malchytsl 
12 Budzen 
13 Kemytsla 

Group total 
South 

14 StrYI 
15 Hlynna Navana 
16 Blbrka 
17 Malechkovychl 

Group total 
East 

18 Remezlvtsl 

19 PluhlV 

20 Vllshanytsla 
Group total 

Total 

~ wesmls\reports\lvlv\finaldat\app 
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Dlst Static 
Year No Of to Water Safe 
BUilt Wells LVIV Level Yield 

kIn m m3/d 

1972 8 480 33 17 000 
1971 4 405 38 17200 
1972 3 395 38 3400 
1970 5 295 48 15600 
1970 2 305 48 5700 
1966 7 198 40 16100 
1965 16 125 38 19700 

45 94,700 

1901 5 266 150 18500 

1926 5 239 56 8000 
1952 4 200 36 23000 
1967 9 116 70 15700 
1956 22 205 65 45200 
1969 8 205 65 9000 

53 119,400 

1982 34 750 40 140000 
1971 12 145 1 2 14700 
1973 12 159 45 13300 
1932 1 70 12 5000 

59 173,000 

1986 4 720 26 34500 

1989 8 740 20 70000 

1989 4 400 30 16400 
16 120,900 
173 508,000 

- - - - - - - - - - -
- ------

Table A-1 
LVlv Well Field Characteristics 

Capacity Average Dally Number 
Added 

Total 
ProductIOn Problem of 

Yield 1987 1995 ConstItuents Operatmg Remarks 
m3/d m3/d m3/d m3/d Personal 

17 000 17000 16932 StrontIUm 8 
9800 27000 8800 8466 StrontIum 3 

3400 3400 6350 2 
15600 13500 13 611 StrontIum 5 
5700 5400 5444 2 

8000 24100 18000 16222 StrontIum 7 
8000 27700 24200 20927 StrontIum 16 

25,800 120,500 90,300 87,952 

3500 22000 16800 7026 13 

5000 13 000 13 200 7015 13 
10 000 33000 16 100 15289 13 
5600 21300 10300 15868 6 
9000 54200 32200 31568 Iron StrontIUm 12 No removal 
6400 15400 12000 11 479 4 

39,500 158,900 100,600 88,245 

140000 122200 126578 16 
4300 19000 10 000 14238 13 
6700 20000 17600 24192 Iron 14 No removal 

5000 5000 4910 5 
11,000 184,000 154,800 169,918 I 

: 

24800 59300 7000 7377 Iron Purchased No removal 
water 

20000 90000 30200 50572 Carbon dIOxide 14 Au stnppmg to 
hydrogen sulfide reduce hydrogen 

sulfide (HzS) 
10500 26900 8577 10 
55,300 176,200 37,200 66,526 I 

131,600 639,600 382,900 412,641 

A2 
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I 
Well FIeld 

I 

Name 
North 

Rava Ruska 
Mahenv 
Shostaky 
Krekhlv 
Kumn 
Mokrotyn 

I Zarudtsl 
Group total 

West 
Valla Dobrostanska 

I Velykopole 
Kamlanobrody 
Malchytsl 
Budzen 
KernYl~la 
Group total 

I S"y, 
South 

Hlynna-Navana 
Blbrka 
Malechkovychl 
Group total 

East 
Remezlvtsl 
PluhlV 
V tlshanytsla 
Group total 

Total 
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No of 
Wells 

8 
4 
3 
5 
2 
7 
16 

5 
5 
4 
9 

22 
8 

34 
12 
12 
1 

4 
8 
4 

• 

I 

Jan Feb Mar 

17 (1)96 48934 15438 
8 ';48 9467 7719 
6411 7 100 5789 

13606 15 071 12281 
5443 6029 4913 

16017 17 174 14462 
22441 24413 19883 
89 '162 98187 80485 

7035 7775 6348 
7022 7762 6337 

16024 17 745 13569 
16041 16656 14459 
34076 34724 31 158 
12 191 12627 I I 330 
92 ',90 97290 83201 

120845 147392 114 642 
14406 15573 12967 
25689 26943 22937 
4000 5537 4516 

164940 195444 155062 

7 ',85 6909 9497 
51 774 58993 44973 
9027 8886 7466 

68 386 74788 61936 

Table A-2 
ProductIOn of Well Fields III 1995 

Average DaIly Water Quantity, m3/d Average 

Apr May Jun Jul Aug Sep Oct Nov Dec Dally, m3/d 

17096 16011 16580 16580 17067 17653 16539 17643 16552 16932 
8548 8006 8290 8290 8533 8827 8270 8822 8276 8466 
6411 6004 6218 6217 6400 6620 6202 6616 6207 6350 

14055 13 156 14057 13 146 13574 14062 13 145 14030 13 151 13611 
5622 5263 5623 5258 5429 5625 5258 5612 5260 5444 

14496 20354 16556 15485 16002 16579 15495 16537 15507 16222 
18676 14530 21 737 21293 22002 22750 21 31 I 21707 20384 20927 
84904 83324 89061 86269 89007 92 115 86219 90967 85337 

Average 87,953 

7233 6848 7257 6781 7001 7241 6809 7240 6778 7026 
7233 6781 7246 6775 7000 7236 6776 7236 6777 7015 

15507 14538 15517 15486 15001 15503 14530 15505 14545 15289 
15516 14528 15534 15490 17001 17589 15516 16546 15537 15868 
34858 31 975 34091 28878 32869 29935 28968 29932 27347 31 568 
12676 11 627 12397 10 501 11 953 10 886 10 534 10 884 9944 11 479 
93023 86267 92041 83911 90826 88391 83133 87343 80929 

Average 88,245 

138 186 129719 143073 119920 130597 131 528 120990 105 139 116 905 126578i 
15530 14198 14787 14240 14802 14719 13465 14264 11 906 14238 
26208 22427 25441 21733 22823 26 152 22198 23471 24277 24 192' 
5167 4839 5000 4,839 5000 5 167 4839 5 167 4846 49W 

185 091 171 183 188301 160732 173223 177567 161 492 148042 157933 
Average 169,917 

i 
10 094 9583 10 263 3 159 6200 6025 6,000 7211 6000 73n 
54776 49242 51 797 47554 49148 51 18'i 48362 50744 48321 50572 
8358 8150 8505 7743 8012 9324 8753 8990 9706 8577 

73229 66975 70566 58455 63360 66533 63115 66945 64028 
Average 66,526 

412,642 

A-3 
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Table A-3 

Well FIeld Urnt Costs m 1995 

Well Field Name Water Production Energy Urnt Cost per m3 

No ConsumptIOn 

1,000 m3 kWh 1m3 1,000 kbv 1,0OOUSD 

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 32067 (] 0644 4595 0030 

West 

8 Volla 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 Kernytsla 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 Malechkovycln 17893 0686 4646 0026 

Group total 619240 0374 2515 0016 

East 

18 Remezlvtsl 26900 0663 4975 0032 
19 PluhlV 184275 0359 2336 0015 
20 V Ilshanytsla 31287 0665 5429 0035 

Group total 215562 0432 3028 0019 

Total 1477218 0555 3706 0024 

Note OffiCIal Exchange Rate, NatIonal Bank of Ukrame (as of December 25, 1995) -
179,400 kbv for US $1 

westms\reports\lV1V\finaldat\app 
26aug97 A-4 
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TYPical Well Design at Stryl Well Field 
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North Well Field AnalysIs Rava Ruska 

YIELD 1 000 m'/day 

Total 

Rava Ruska 17 

AQUIFER 

Safe Yield 

17 

Added Yield 

o 

Descnpbon Upper Cretaceous Deposits Fractured 

Siltstones and Chalks 

Thickness of aqUifer m 30 
Stabc water level m (+) 2 5 4 8 

Pumping rate m3/day 4294 8856 

SpeCific capacity m2/day 1010 2573 

TransmissIVIty m2/day 820 
thiCkness of covenng layer m 10 80 
Thickness of clay Within the covenng layer m 0 

WELL FIELD (technical charactenstlcs) 
Number of wells a 
Depth of wells m 70 
Diameter of wells mm 426 

Type of pumps (and capaCity kW) 

wells 7910 3UB12160-100 (65) 
wells 8 8a 9a 3UR10-63-110 (32) 

wells 1112 3UB12 160-140 (90) 

Cntenon of operabng effecbveness of well field 0 978 

Probability of non stop work of well field 0698 

Percent of stoppages % 240 

STOPPAGES DURING 1995 

EIIElectnClty IIJWell Construcbon [JPump 
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North Well Field AnalysIs Maherlv 

YIELD 1 000 m'/day 
Tolal 

MahenY" 27 
Safe Yield 

172 
Added Yield 

98 

AQUIFER 
Descnpbon Upper Cretaceous Deposlls Fraclured 
Slllslones and Chalks 

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

Pumping rale m3/day 1395 6006 

SpeCific capaCity m2/day 276 1456 

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

WELL FIELD (technical characteristics) 
Number of wells 
Depth of wells m 
Diameter of wells mm 
Type of pumps (and capaCity kW) 
wells 4 5 SUB12160-100 
wells 4a SUB10-63-110 
well 6 SUBB-25-70 

4 
70 
426 

(65) 
(32) 

(17) 

Cnlenon of operabng effecbveness of well field 0 974 

Probability of non slop work of well field 

Percenl of stoppages % 

401 

STOPPAGES DURING 1995 
IN PERCENT 

201 
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North Well Field AnalysIs - Shostaky 

YIELD 1 000 m'/day 

Total 

Shostaky 34 

AQUIFER 

Safe Yield 
34 

Added Yield 
o 

Descnpbon Upper Cretaceous Deposits Fractured 

Siltstones and Chalks 
30 Thickness of aqUifer m 

Stabc water level m 

Pumping rate m3/day 

SpeCific capacity m2/day 

(+) 2 5 48 

1395 6006 

276 1456 

TransmissIvity m2/day 300 1300 
Thickness of covenng layer m 10 20 
Thickness of clay wltt"n the covenng layer m a 3 

WELL FIELD (techmcal characteristics) 
Number of wells 
Depth of wells m 
Diameter of wells mm 
Type of pumps (and capaCity kW) 
wells 1 2 3 3UB12 160-100 

3 
70 
426 

(65) 

Cntenon of operabng effecbveness of well field a 864 

Probability of non stop work of well field a 072 

Percent of stoppages % 1196 

STOPPAGES DURING 1995 
IN PERCENT 
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Figure A 5 
North Well Field AnalYSIS - Shostaky 
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North Well Field AnalysIs Krekh,y 

YIELD 1 000 m'/day 
Total 

Krekhlv 156 
Safe Yield 

156 

Added Yield 

o 

AQUIFER 
Descnptlon Upper Cretaceous DepoSIts Fractured 
Siltstones and Chalks 
l=ruckR-eS$-Qf aqt.. fa ..... 30-
Stabc water level m (+) 2 5 48 

Pumping rate ma/day 2500 4570 

SpeCIfic capaCIty m'Iday 282 794 

TransmissIvity m'/day 635 1317 
Thickness of covenng layer m 10 80 
Thickness of clay wlthm the covenng layer m 0 

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

wells 1 3 5 3UB12160-100 
wells 4 3UB6-16-100 
well 2 3UB10-63-110 

5 
60 
426 

(65) 
(17) 

(32) 

Cntenon of operabng effecbveness of well field 0 977 

Probability of non stop work of well field 

Percent of stoppages % 

551 

STOPPAGES DURING 1995 
IN PERCENT 
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North Well FIeld AnalysIs KUnin 

YIELD 1 000 m'/day 
Total 

KUnin 57 

AQUIFER 

Safe Yield 

57 
Added Yield 

o 

Descnptlon Upper Cretaceous Deposits Fractured 

Siltstones and Chalks 

30 Thickness of aquifer m 

Stabc water level m 

Pumping rate m3/day 

SpeCIfic capacity m2/day 

(+) 2 5 48 

2500 4570 

282 794 

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

WELL FIELD (tech meal charactensllcs) 
Number of wells 2 
Depth of wells m 60 
Diameter of wells mm 426 
Type of pumps (and capaCity kW) 

wells 6 7 aUB12160-100 (65) 

Cntenon of operabng effecbveness of well field 0 975 

Probability of non stop work of well field 0929 

Percent of stoppages % 
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IN PERCENT 
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North Well Field AnalYSIS - KUnin 
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North Well Field AnalysIs Mokrotyn 

YIELD 1 000 m"/day 

Total 
Mokrotyn 24 1 

Safe Yield 
161 

Added Yield 

8 

AQUIFER 
Descnpbon Upper Cretaceous Deposits Fractured 

Siltstones and Chalks 
30 Thickness of aqUIfer m 

Stabc water level m (+) 2 5 48 

Pumping rate m'/day 1028 4320 

SpeCIfic capaCIty m2/day 106 554 

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

WELL FIELD (technical charactenstlcs) 
Number of wells 
Depth of wells m 
Diameter of wells mm 
Type of pumps (and capacity kW) 
wells 1 2 3 4 6 5a 3UB10-120-65 
wells 5 3UBS 25-70 

7 
75 
426 

(32) 
(17) 

Cntenon of operabng effecbveness of well field 0 977 

ProbabIlity of non stop work of well field 0658 

Percent of stoppages % 233 

STOPPAGES DURING 1995 
IN PERCENT 
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North Well Field AnalYSIS Mokrotyn 
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North Well Field AnalysIs Zarudtsl 

YIELD 1 000 m'/day 

Total 

Zarudtsl 27 7 

Safe Yield 

197 

Added Yield 

8 

AQUIFER 
Descnpbon Upper Cretaceous Deposits Fractured 
Siltstones and Chalks 

30 Thickness of aqUifer m 

Stabc water level m (+)25 48 

Pumpmg rate m3/day 2250 7831 

SpeCIfic capaCIty m2/day 171 257 

TransmissIvity m2/day 700 
Thickness of covenng layer m 10 15 
Thlcknessofclaywothln thecovenng layer m 10 15 

WELL FIELD (techmcal charactenstlcs) 
Number of we lis 16 
Depth of wells m 70 
Dlameterofwells mm 377 
Type of pumps (and capaCIty kW) 

Zarudtsy 
wells135a78 

wells22a456 
Zavadov 

well 1 1a 2 2a 3 
wells 1b 

a UB 1 0-12CJ.65 
aUB8-25-70 

3UB10-120-65 
aUB8-25-70 

(32) 

(17) 

(32) 
(17) 

Cntenon of operabng effecbveness of well field 0979 

Probability of non slop wort< of well field 

Percent of stoppages % 

STOPPAGES DURING 1995 
IN PERCENT 
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East Well Field AnalysIs Remezlvtsi 

YIELD 1 000 m'/day 

Total 

RemeZlvisl 59 3 
Safe Yield 

345 
Added Yield 

248 

AQUIFER 

Descnpbon Upper Cretaceous Deposits 

Fractured Siltstones and Chalks 

Thickness of aqUifer m 50 
Slabe waler1evef m (+) 0 7 26 

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 clay Within the covenng layer m 10 15 

WELL FIELD (technical characteristics) 
Number of wells 

Depth of wells m 
Diameter of wells mm 

Type of pumps (and capaCity kW) 

wells 1 2 aUB10-120-60 
wells 3 291 aUB12210-60 

4 
70 
426 

(45) 
(22) 

Cntenon of operating effecbveness of well field 0 953 

Probability of non stop wolle of well field 0 792 

Percent of stoppages % 

STOPPAGES DURING 1995 
IN PERCENT 
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East Well Field AnalysIs - Pluhlv 

YIELD 1 000 m'/day 
Total 

Pluhlv 90 

AQUIFER 

Safe Yield 

70 

Added Yield 

20 

Descnptlon Middle DeVOnian DepOSits 

Fractured umestones With layers of sand 
Thickness of aqUifer m 100 350 
Static water level m (+) 22 8 

Pumping rate m3/day 406 3600 

SpeCific capaCity m2/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 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 8 7 8 3UB12 255-30 (32) 

Cntenon of operabng effectIveness of well field 0 989 

Probability of non stop work of well field 0 906 

Percent of stoppages % 

STOPPAGES DURING 1995 
IN PERCENT 
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East Well Field AnalysIs Vdshanytsla 

YIELD 1 000 m'/day 

Total 
Vilshanytsla 26 9 

Safe Yield 
164 

Added Yield 
105 

AQUIFER 

DescnpllOn Upper Cretaceous Deposits 
Fractured Siltstones and Chalks 
Thickness of aqUifer m 50 
Statcwaterlevel m (~) 3 0 50 

Pumping rate m3/day 3603 4320 

SpeCIfic capacity mt/day 406 458 

TransmiSSIVity m2/day 2500 
Thickness of covenng layer m 1 a 15 
Thickness of clay within the covenng layer m 10 15 

WEll FIELD (technical charactenstlcs) 
Number of weils 
Depth of weils m 
Diameter of weils mm 

Type of pumps (capacity kW) 
wells 1 2 aUB1216()"140 
wells 3 aUB12 16()"100 
well 4 aUB1()"63-110 

4 
70 
426 

(90) 
(65) 
(32) 

Cntenon of operabng effecbveness of weil field 0 91 

Probablhty of non stop work of weil field 

Percent of stoppages % 

STOPPAGES DURING 1995 
IN PERCENT 
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South Well Field AnalysIs Stryl 

YIELD 1 000 m'lday 
Total 

Stryl 140 
Safe Yield 

140 
Added Yield 

o 

AQUIFER 
Descnptlon Middle and Upper Quarternary 
AlluVium Complex 
Sand Gravel Boulder In different proportions 
Thickness of aqUifer m 10 12 
Stabc water level m ( ) 1 5 4 0 

Pumping rate m'/day 1494 

SpeCific capaCity m2/day 1530 

TransmissIvity m2/day 1200 
Thickness of covenng layer m 3 5 
Thickness of clay Within the covenng layer m 0 

WELL FIELD (technical charactenstlcs) 
Number of wells 
Depth of wells m 
Diameter of wells mm 
Type of pumps (and capaCity kW) 
wells 1 6 8 11 SUB12160-65 
wells 7 SUB10-63-65 
well 12 26 28 34 SUB12255-30 
wells 27 SUB12 160-25 

34 
30 
426 

(45) 
(22) 
(32) 

(45) 

Cntenon of operabng effecbveness of well field 0 974 

Probability of non stop work of well field 0 343 

Percent of sloppages % 

STOPPAGES DURING 1995 
IN PERCENT 
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South Well Field AnalysIs Hlynna Navarra 

YIELD 1 000 m'lday 

Total 
Hlynna- Navana 19 

Safe Yield 
147 

Added Yield 
43 

AQUIFER 

Descnpbon Upper Cretaceous Deposlls 

Fractured Siltstones and Chalks 

40 Thickness of aquifer m 
Stabc water level m (+) 1 0 12 

Pumpong rate m'/day 1140 6333 

SpeCIfic capaCIty m2/day 53 1330 

TransmissIVIty m2/day 500 
Thickness of covenng layer m 15 20 
Thickness of clay within the covenng layer m 10 15 

WELL FIELD (technical charactenstlcs) 
Number of wells 12 
Depth of wells m 70 
Dlameterofwells mm 426 

Type of pumps (and capacity kW) 

wells 1 la 2a 4 5 7 7a 

well 23 
wells 6 6a 8 

9UB1D-63-110 
9UBS-I6-100 

9UB1216D-l00 

(32) 

(17) 
(65) 

Cntenon of operating effecbveness of well field 0 941 

Probability of non stop work of well field 0 118 

Percent of stoppages % 5 94 
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South We" Field AnalysIs Blbrka 

YIELD 1 ODD m'/day 
Total 
20 

Safe Yield 
133 

Added Yield 
67 

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

40 Thickness of aquifer m 
Slabc waler level m (+) 17 45 

Pumping rate m3/day 1780 5885 

SpeCIfic capacity m2/day B8 720 

TransmisSIVity m2/day 1070 
Thickness of covenng layer m 15 20 
Thickness of clay Within the covenng layer m 15 20 

WELL FIELD (tech meal charactenstlcs) 
Number of wells 
Depth of wells m 
Diameter of wells mm 
Type of pumps (and capacity kW) 

wells 1 3 4 4a 6 aUB12 16065 
wells la 2a 6a 7 8 8a 

12 
75 
426 

(45) 

wells 2 
aUB10-120-65 

aUBB-25-70 
(32) 

(17) 

Cntenon of operabng effecbveness of well field 0943 

Probability of non stop work of well field 0 091 

Percent of stoppages % 571 

STOPPAGES DURING 1995 
IN PERCENT 
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South Well Field AnalysIs Malechkovychl 

YIELD 1 000 m'/day 
Total 

Malechkovychl 5 
Safe YIeld 

5 
Added Y,eld 

o 

AQUIFER 

Descnptoon MIocene Complex mostly Sandstones 
sometomes weathered and washed to 
Sand and Gravel 
Upper Cretaceous DeposIts 
Fractured Siltstones and Chalks 
ThIckness of aqUIfer m 40 
Stallc water level m (+) 1 0 1 2 

Pumpong rate m'/day 3603 4320 

Specific capaCIty m2/day 53 1330 

TransmIssIvIty m'/day 500 
ThIckness of covenng layer m 15 20 
ThIckness of clay Wlthon the covenng layer m 3 5 

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

Type of pumps (and capaCIty kW) 
wells 1 81lB12 16D-65 

1 
70 
426 

(45) 

Cntenon of operatong effecbveness of well field 0 992 

Probability of non-stop work of well field 

Percent of stoppages % 

STOPPEGES DURING 1995 
IN PERCENT 
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West Well Field AnalysIs Volta Dobrostanska 

YIELD 1 000 m3/day 

Tolal Safe Yield Added 
Yield 
Voila Dobroslanska 22 185 35 

AQUIFER 
Descnpbon Miocene Complex mosHy Sandslones 

sometimes weathered and washed to 

Sand and Gravel 

35 Thickness of aquifer m 
Sialic waler level m ()35 150 

Pumping rale m3lday 2073 6912 

SpeCIfic capaCity m2/day 458 1918 

TransmissIvity m2/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 
Depth of wells m 
Dlamelerofwells mm 
Type of pumps (and capaclly kW) 
wells 1 5 6 7 3UB1216Q-65 
wells 11 3UBi0-6365 

5 
70 
426 

(45) 
(22) 

Cnlenon of operabng effecbveness of well field 0996 

Probability of non stop work of well field 

Percenl of stoppages % 

STOPPEGES DURING 1995 
IN PERCENT 
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West Well Field AnalysIs Velykopole 

YIELD 1 000 m'/day 
Total 

Velykopole 13 

Sare Y,eld 
8 

Added Y,eld 
5 

AQUIFER 
Descnp~on MIocene Complex mostly Sandstones 

some~mes weathered and washed to 

Sand and Gravel 
35 ThIckness of aqUIfer m 

Stabc water level m ()38 56 

Pumping rate m3/day 2073 6912 

SpecIfic capacIty m2/day 458 1918 

TransmIssIvIty m2/day 690 2890 
ThIckness of covenng layer m 10 15 
ThIckness of clay WIthin the covenng layer m 0 

WELL FIELD (technical characterIstics) 
Number of wells 
Depth of wells m 
DIameter of wells mm 
Type of pumps (and capaCity kW) 
wells 1 5 ::lUB10-120 65 
wells 2 4 ::lUB12160-65 
well 3 ::lUB8-25-70 

5 
70 
426 

(32) 
(45) 

(17) 

Cntenon of operating effec~veness of well field 0998 

Probability of non stop wor1< of well field 

Percent of stoppages % 

STOPPEGES DURING 1995 
IN PERCENT 
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West Well Field AnalysIs Kamlanobrody 

YIELD 1 000 m'/day 

Total 
Kamlanobrody 33 

AQUIFER 

Safe Y,eld 

23 

Added Yield 

o 

Descnptlon MIocene Complex mosUy Sandstones 
somebmes weathered and washed to 
Sand and Gravel 

25 ThIckness of aquIfer m 
StatIc water level m ()22 36 

Pumping rate m'/day 1132 2402 

SpeCIfic capaCIty m2/day 353 600 

TransmIssiVIty m2/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 weHs 4 
Depth of wells m 
DIameter of weHs mm 

Type of pumps (and capaCIty kW) 

wells 1 2 3 4 aUB12255-30 

45 
426 

(32) 

Cntenon of operabng effectiveness of weH field 0 891 

Probablhty of non stop wall< of well field 0 254 

Percenl of stoppages % 

11/ 

STOPPEGES DURING 1995 
IN PERCENT 
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West Well Field AnalysIs Malchytsl 

YIELD 1 000 m'/day 

------"fotal 
Malchytsl 21 3 

Safe Yield 
157 

Added Yield 

56 

AQUIFER 
Descnpbon Miocene Complex mosfly Sandstones 
somebmes weathered and washed to 

Sand and Gravel 
Thickness of aquifer m 35 
Stabc water level m ( ) 5 0 7 0 

Pumping rate m3/day 2436 5450 

SpeCific capaCity m2/day 251 601 

TransmissIVity m2/day 650 
Thickness of covenng layer m 30 40 
Thickness of clay Within the covenng layer m 5 10 

WELL FIELD (technical characteristics) 
Number of wells 
Depth of wells m 
Diameter of wells mm 
Type of pumps (and capacity kW) 

wells 1 2a 811B8-25-70 
wells 2 3 3a 4a 811B10-63-110 
well 4 5 6 811B12 160 65 

9 
70 
426 

(17) 

(32) 
(45) 

Cntenon of operabng effecbveness of well field 0969 

Probability of non stop woil< of well field 

Percent of stoppages '/ 

40/ 

STOPPEGES DURING 1995 
IN PERCENT 
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Figure A 20 
West Well Field AnalYSIS Malchytsl 
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West Well Field AnalysIs Budzen 

YIELD 1 000 m'/day 
Total 

Budzen 54 2 
Safe Y,eld 

452 
Added Y,eld 

9 

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

30 ThIckness of aquifer m 
Stabe water level m ()14 65 

Pumping rate m'/day 720 3456 

SpeCIfic 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 

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

22 
70 
426 

wells 1 2 6a 7 7a 8 9 9a 10 10a l111a 
12 13 13a 15a 3UB10-120-65 

wells 5 5a 14a 3UB10-63-110 
well 6 12a 3UB12 160-65 
wells 17 3UB8-25-70 

(32) 
(32) 
(45) 

(17) 

Cntenon of operabng effecbveness of well field 0 929 

Probability of non stop work of well field 

Percent of stoppages % 

47/ 

STOPPAGES DURING 1995 
IN PERCENT 
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Figure A 21 
West Well Field AnalYSIS Budzen 
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West Well Field AnalysIs Kernytsia 

YIELD 1 000 m'/day 

Total 

Kemytsla 15 4 
Sa1e Yield 

9 
Added Yield 

64 

AQUIFER 

Descnpbon Miocene Complex mosUy Sandstones 

somebmes weathered and washed to 

Sand and Grevel 

Thickness of aqUifer m 
Slabc water level m 

35 
(+)20 

Pumping rete m3/day 720 3456 

SpeCIfic capaCity m2/day 124 1839 

TransmissIVity m2fday 2050 
Thickness of covenng layer m 15 50 
Thickness of clay Within the covenng layer m 5 15 

WELL FIELD (technical charactensllcs) 
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 

wells 2 
aUB10-120-65 

aUB12160-65 

8 
85 
377 

(45) 

(45) 

Cntenon of operabng effecnveness of well field 0 961 

Probability of non stop woll< of well field 

Percent of stoppages % 

STOPPAGES DURING 1995 
IN PERCENT 
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Figure A 22 
West Well Field Analysis - Kernytsla 
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AppendIx B 

WATER SUPPLY WELL DESIGN, CONSTRUCTION 
AND EQUIPMENT DATA 

TableRB-l andB-2-PTesentdata on well constructIOn and eqUIpment 

westrus\reports\!vlv\fmaldat\app 
26aug97 B-1 



--------------------
I 
I 
I 

No Well FIeld Name 

North 
1 Rava-Ruska 
2 Mahenv 
3 Shostaky 
4 Krekhlv 
5 KunlIl 
6 MokrotYn 
7 Zarudtsl 

(Zavadlv) 
Group total 

West 
8 VolIa Dobrostanska 
9 Velykopole 
10 Kamlanobrody 
11 Ma1chytsl 
12 Budzen 
13 Kernytsla 

I Group total 
South 

14 Stryl 
15 Hlvnna-Navana 
16 Blbrka 
17 Malechkovychl 

Group total 
East 

r

18 RemeZlvtsl 
19 PluhlV 
20 V 11shanytsla 

I 
Group total 

Total 

westms\reports\IVIv\fmaldat\app 
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Year 
BUIlt 

1972 
1971 
1972 
1970 
1970 
1966 
1965 
1972 

1901 
1926 
1952 
1967 
1956 
1969 

19791982 
1971 
1973 
1932 

19821986 
19821989 

1989 

Table B-1 
ConstructIon Parameters of the Wells at LVIV Well FIelds 

No of DIameter Depth of StatIc Water DynamIc Remark4) 
Wells of Wells Wells Level Watel Level 

I 

mm m m m 

8 426 6070 33 12-17 Size IS based on measurements III September 1996 
4 426 60-71 38 7-15 
3 426 61 2 32 35 
5 426 60 48 13-15 Measurements made III August 1996 
2 426 60 48 18 
7 426 75 4 18-24 
10 377 55-70 38 17 18 
6 426 5570 38 17 18 

45 

<; 426 70 15 
5 426 70 56 
4 426 45 36 
9 426 70 7 

22 426 55-70 65 23-25 Measurements made III August, 1996 
8 377 85 65 I 

53 I 

34 426 2022 2 5-3 0 4562 Measurements made III September November 1996 
12 426 70 15-20 20-23 Measurements made III November 1996 
12 426 75 45 
1 426 70-80 1 2 

59 

4 426 65 26 
8 426 200 2 
4 426 70 3 
16 
173 

B-2 



Table B-2 
Pumpmg EqUIpment of the Wells at LVIV Well Fields 

Well FIeld Name 
No 

North 
I Ra\a Ruska 

2 Mahenv 

3 Shostaky 
4 Kreklnv 

5 Kurun 
6 Mokrotyn 

7 Zarudtsl 

(Zavadlv) 

Group total 
West 

8 Volia Dobrostanska 

9 Velykopole 

10 Karruanobrody 
II Malchytsl 

12 Budzen 

13 KernytsIa 

Group total 
South 

14 StrYl 

15 Hlynna Navana 

16 Blbrka 

17 Malechkovychl 
Group total 
East 

18 Remezlvtsl 

19 Pluluv 
20 VllshanytsIa 

Group total 
Total 

westms\reports\lvlv\fmaldat\app 
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No Of 
Pumps 

3 
2 
3 
I 
I 
2 
3 
3 
1 
1 
2 
6 
I 
5 
5 
5 
1 

45 

4 
I 
2 
2 
I 
4 
2 
4 
3 
16 

3 
2 
1 
7 
I 

53 

10 
22 
I 
I 
7 
2 
3 
5 
6 
1 
I 

59 

2 
2 
8 
2 
I 
1 

16 
173 

Well Numbers Type of Pump CharacterIStIc 
Pumps Q, m3/h H,m N,kW 

8 8a 9a EUBIO 63110 63 110 32 
I I 12 EUBI2 160-140 160 140 90 
7 9 10 EUBI2 160 100 160 100 65 
4a EUBIO 63110 63 110 32 
6 EUB8 25 70 25 70 17 
4 5 EUB12 160 100 160 100 65 
1 2 3 EUB12 160 100 160 100 65 
135 EUBI2 160-100 160 100 65 
2 EUBI0-63 110 63 110 32 
4 EUB8 16 100 16 100 17 
6 7 EUBI2 160 100 160 100 65 
1-4 5a 6 EUB12 160-100 160 100 65 
5 EUB8 25 70 25 70 17 
I 3 5a 7 8 EUBIO 120-60 120 65 32 
2 2a 46 EUB8 25 70 25 70 17 
1 la 2 2a 3 EUBIO 120-60 120 65 32 
Ib EUB8 25 70 25 70 17 

1665 

1 57 EUBI2 160-65 160 65 45 
11 EUBIO 63 65 63 65 22 
I 5 EUBIO 120-60 120 65 32 
2 4 EUBI2 16065 160 65 45 
3 EUB8 2570 25 70 17 
1-4 EUB1225,30 255 30 32 
I 2a EUB8 25 70 25 70 17 
2 3 3a 4a EUBI0-63 110 63 110 32 
46 EUB12 16065 160 65 45 
1 2 6a 7 7a 8 
9 9a 10 lOa 11 l1a 
12 13 13a 15a EUBI0-120 60 120 65 32 
5 5a 14a EUBIO 63110 63 110 32 
6 12a EUB12 160-65 160 65 45 
17 EUB82570 25 70 17 
I la 3 3a 46 EUBI0-120-60 120 65 32 
2 EUBI2 16065 160 65 45 

16 8 I I EUBI2 1606, 160 65 45 
1226 2834 EllB 12 255 30 255 30 32 
7 EllBIO 6365 63 65 22 
27 EllBI2 255 30 255 30 32 
1 la 2a 4 5 7 7a EllBIO 63 110 63 110 32 
2 3 EllB8 16140 16 100 17 
6 6a 8 EllBI2 160 100 160 100 65 
I 3 4 4a 6 EllBI2 16065 160 65 45 
la 2a 6a 7 8 8a EllBIO 120-60 120 65 32 
2 EllB8 2570 25 70 17 
1 EllB12 16065 160 65 45 

I 2 EUBIO 120-60 120 65 32 
3 291 EUBI2 210-60 210 60 22 
I 8 EllB12 255 30 255 30 32 
1 2 EllB12 160-140 160 140 90 
3 EllB12 160 100 160 100 65 
4 EOBIO 63110 63 110 32 

B-3 

Notes 

Rural water 
supply 

Purchased 
water 



AppendIX C 

WATER SUPPLY WELL FIELD OPERATIONAL ISSUES 

A dIScussIon was held wIth L VK well field supervIsors, whIch centered around the 
followmg Issues 

C 1 WELL MALFUNCTIONS 

The major cause of well mulfunctIOns were 

• frequent mterruption of electrIcal energy supply causmg engme problems m the 
pumpmg apparatus - even though the electrICIty supply IS supposed to be on a 
PrIonty 1 basIs 

• large fluctuatIOns m power (5,600 W mstead of 6,000 W) also cause damage to 
engmes 

• acts of nature, such as the IDlgratIOn of bIrds or freezmg temperatures 

• aggressIveness of raw water, leadmg to rapId corrOSIOn of bolted Jomts and pIpes 
(e g , Plumv Well FIeld) 

• maSSIve theft and destructIOn of property 

• forced shutdown of a well when the pump falls to the bottom and cannot be pulled 
out through the small-dIameter well openmg 

C 2 WELL CLEANING 

When the level of water m the well perIOdIcally drops, c1eamng IS carned out m order to 
Improve ItS prodUCtIVIty The hydrodynaIDlc method IS one of the most effectIve c1eamng 
methods, It IS based on electnc dIscharge effect, at a rate of 5 dIscharges per 20 cm LVIV 
Vodokanal does not have ItS own well cleanmg capabIlIty The last work of thIs kmd was 
done m 1987 at the StrYI and Budzen well fields managed by LVIvkomunekoloma (then a 
mumclpal government agency) The Burvod speciahsts only rmse the wells WIth the 
aIrlIft techruque, or rednll them 

C 2.1 Effectiveness of Well-Cleanmg 

The hydrodynaIDlc method of cleamng wells has an average effectIveness rate of 25-30% 
for a penod of SIX months to one year, dependmg on the aqUIfer 

wesnus\reports\IVlv\fmaldat\app 
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C.2.2 Number Well-Cleaning Personnel 

There are five people dedIcated to carrymg out well clearung work For a well 
approxImately 30 meters deep thIs work usually takes three days 

C 2.3 Usmg Crane Mechamsms 

Well-clearung work IS faCIlItated by the use of automatIc cranes weIghIng 10 tons, and 12 8 
m3/mm-capacIty compressors 

C.3 IMPROVED WELL FIELD OPERATION 

For normal operatIon of the 20 well fields (167 wells) It would be helpful to have 

• portable meter for 150-200-mm lInes (6-8 m) 

• depth observatIOn deVIce for wells 

• bonng tool for 600-800-mm wells 

• 30% spare pumps for wells (1 e , 50 pumps, to decrease pressure m rural water 
supply networks the pumps must have pressure-reducrng valves) 

westrus\reports\)vlv\fmaldat\app 
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AppendIX D 

PUMP STATION DETAILS 

InformatIOn regardIng pumpIng statatIOns of the L VK water system IS provIded In this 
appendIx 

D 1 WATER TRANSMISSION PUMP STATIONS 

N we tra1lSITllSSlOn pump statlOns delIver water to the €lt'j water dlstRlrutIon system (Figure 
D-1) 

D 1.1 Northern Pump StatIOns 

The Zarudtsl transIDlSSIOn PS pumps water to the northern part of the CIty Water 
contInuously fills four underground water tanks (1,000 m3 each) located at Zarudtsl pump 
statIon whIch contInuously supply water to ZbOlSk pump statIon Power supply of the 
pump statIOn IS Category II from two mdependent sources Water qualIty complIes WIth the 
state water standard 

D 1 2 Western Pump StatIOns 

Volla Dobrostanska, Velykopole, KamIanobrody, and Budzen pump statIOns dellver water 
to the western part of the CIty 

Water from Volla Dobrostanska well field IS pumped by VoIla Dobrostanska PS Water 
from wells contmuously fills a 100 m3 tank The pumps work contInuously throughout the 
day to supply water to the Karachymv pump statIOn Power supply of the pump statIOn IS 
2nd category, from two Independent sources Water qualIty complIes WIth the state water 
standards 

Water IS pumped from the Velykopole well field by Velykopole PS Velykopole PS 
contmuously pumps water from Velykopole well field dIrectly to the pump's suctIOn 
pipelme Pumpmg eqUIpment works contInuously throughout the day and deltvers water to 
Karachymv PS SIte Power supply of the pump statIon IS 2nd category from two 
Independent sources Water quallty complIes WIth the state water standards 

The Kamlanobrody PS pumps water from Kamlanobrody well field Water from the wells 
flows to the pump's suctIOn plpelme Pumpmg eqUIpment works steadIly 24 hid and pumps 
water to Karachymv PS SIte Power supply of the pump statIon IS 2nd category from two 
mdependent sources Water quabty compbes WIth the state water standards 

The Budzen II PS pumps water from the Budzen and Kernytsia well fields Water from the 
wells fills one underground, 500 m3 tank The pumpIng eqUIpment works 24 hid delIverIng 
water to Budzen III PS Power supply of the pump statIOn IS 2nd category from two 
mdependent sources Water qualIty does not comply WIth the state water standards (Iron 
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content m the water IS about 0 84 mg/l), but wIth the agreement from the RegIOn Sarutary 
InspectIon, water IS not treated to reduce the Iron content 

D.1.3 Southern Pump StatIons 

The Mykolalv, Hlynna Navana, Stare Selo pump statIOns pump water to the southern part 
of the CIty 

The Mykolalv PS pumps water from StrYI well field Water from the wells fills two 
underground 3,000 m3 tanks located next to the pump statIOn The pumpmg eqUIpment 
works 24 hid The pump statIon power supply IS 1st category from two mdependent power 
sources The qualIty of water complIes WIth the state water standard 

The Hlynna Navana PS pumps water from Hlynna Navana well field Water from wells 
fills two 500 m3

, underground tanks located next to the pump statIOn The pumpmg 
eqUIpment works 24 hours a day The power supply of the pump statIOn IS 3rd category 
The qualIty of water complIes WIth the state standard 

The Stare Selo PS pumps water from Blbrka well field Water from the wells fills two 
3,000 m3

, underground tanks located next to the pump statIOn The pumpmg eqUIpment 
works 24 hours a day The power supply of the pump statIOn IS 3rd category Water 
qualIty does not comply WIth the state water standards (Iron content m water IS about 1 
mg/l), but WIth the agreement from the RegIOn Sarutary InspectIon, water IS not treated to 
reduce the Iron content 

D 1 4 Eastern Pump StatIons 

Plumy PS pumps water to the eastern part of the CIty 

The Plumy PS pumps water from Plumy well field Water from the wells flows dlrectly to 
the pump's suctIon pipeime Pumpmg eqUIpment works 24 hours a day Power supply of 
the pump statIOn IS 2nd category, from two mdependent power sources Water qualIty does 
not comply WIth the state water standards (hydrogen sulfite, H2S content IS about 0 6 mg/l, 
and aggressIve free carbon aCId, HC03, IS about 250 mg/I) Degassmg mstallatIOns are 
used for water treatment 

Water from VIlshanytsla well field IS delIvered dIrectly to the tranSmISSIOn pipeime (1,200 
mm In dIameter) between the PluhIv and Vynnyky pump statIons About 7,400 m3/d of 
water purchased from Remezlvtsl well field IS also delIvered to the same tranSmISSIOn 
pIpelme 

The Kurovycm PS has been temporanly removed from operatIOn smce the capacIty of 
Plumv PS IS suffiCIent for transffilttmg water to Vynnyky PS located m the VIClll1ty of LVIV 
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D.2 CITY WATER DISTRIBUTION PUMP STATIONS 

Some mformatIOn on a number of the CIty pump statIOns IS presented m this subsectIOn, 
based on data from records and observatIOns by CH2M HILL's EPT-LviV staff dUrIng the 
perIod AprIl to September, 1996 

D 2 1 Sokilnyky Pump Station 

SIte name SokIlnyky PS SIte 
Year of constructIOn 1978 
Well fields providIng water to the pump statIOn StrYI well field and MykolaIV PS 
SuctIOn pIpelInes 

a) number of pipeimes - 2 pipeimes 
b) pIpelIne type & dIameter - 1020 x 12 mm, steel 

Storage tanks 5 pcs, 10000 m3 each (48 x48 m) 
a) functIOmng - all 
b) not functIOnIng - none 

DelIvery pIpelInes 
a) number of pIpelInes - SIngle-pIped water maIn MykolaIv-SokIlnyky 
b) pIpelIne type & dIameter - 1220 x 12 mm, steel 
c) meter avaIlabIlIty - none 
d) flow - 1330 l/sec 

Pumpmg eqUIpment 
a) number of pumps - 5 pump umts (3 workIng, 2 stand-by) 
b) pump umt IndICeS Q - 3200 m3/h, H- 75 m, N- 800 kW (2 workIng, 1 stand-by), 

Q - 4000 m3/h, H - 95 m, N - 800 kW (1 workIng, 1 stand-by) 
c) workIng hours - 1 pump WIth Q - 3200 m3/h and 1 pump WIth Q - 4000 m3/h 
work WIth throttlIng for 24 hrs, 1 pump wIth Q -3200 m3/h work accordIng to the 
schedule from 5 pm tIll 9 pm 

Pressure pIpelInes 
a) llYHlber of pIpelInes - 2 pipelmes 
b) pIpelIne type & dIameter - towards the CIty dIstrIbutIOn system - two 800 mm 
pressure pIpelInes connect by the surge tank the pump statIOn to the sIngle steel 
1420x 17 mm pIpelIne, towards MIska Smuha pump statIOn - sIngle steel 600 mm 
pIpelIne 
c) meter avaIlabIlIty - meters are Installed m the surge tank at a dIstance of 
50-100 m from the pump statIOn on each water pIpelIne gOIng out of the pump 
statIOn 
f) flow - 1160 l/sec to CIty and 134 l/sec to MIska Smuha PS 

ConnectIon POInts 
to the CIty dIstnbutIOn system - switch chamber at the Naukova-Strylska crossIng to 
MIska Smuha PS - 12000 m3 tank 

Water dIstrIbutIOn by dIrectIOns 
a) towards the CIty dIstrIbutIOn system (zone 2) 
b) towards MISka Smuha PS 

Rural water consumptIOn none 
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Water treatment 
a) chlonnatIOn - 0 6 - 0 8 CI mg/l 
b) flUOrInatIOn - none 

Pump and storage tank. performance momtormg, flow meter registration 
Every hour the folloWIng data IS put Into the regIster book and reported to the L VK 
dIspatcher by the pump statIOn SerVICIng staff readIngs of three flow meters and 
three pressure gauges Installed on each pressure hne, readIngs (IndIcated at the 
pump statIOn) of water level sensors In storage tanks, amperage of each functIOnIng 
engIne, voltage at two Inlets 

Actual flow measurement 
Test measurements on the water maIn StryI-MykolaIv-LvlV were earned out durIng 
the penod 2 07 96 to 12 07 96 USIng US made ultrasomc flow meter PT 868 wIth 
clamp-on transducers Actual productIOn of StrYI well field and water Inflow to 
SokIlnyky PS, as well as water flow In two Intermediate POInts of water maIn were 
measured The measurement results are gIven In the table 

# Pomt on the Measurement Meter Q Q 
Water Mam Start End Duration Readmg m3/h m3/h 

Date & TIme Date & TIme hrs 
1 StrYI well field, 20796 30796 24 123,672 5,153 123,672 

7 km downstream 3 00 PM 300PM 

2 Mykolatv PS, 50796 50796 1 4,932 4,932 118,372 
3 km downstream 11 35 AM 1235 PM 

3 VIllage Derevacm, 50796 50796 1 5,094 5,094 122,258 
20 km off LVIV 255PM 355 PM 

4 Sokllnyky PS. 11 0796 120796 24 115,460 4,810 115,460 
LVIV 945 PM 945 PM 

AccordIng to the measurement results, the Inflow to SokIlnyky PS IS about 115,000 m3/d 
SchematIc dIagram of the SokIlnyky PS IS shown at Figure D-1 Dally flow and pressure 
curves of tIns pump statIOn are presented at Figure D-2 

D.22 Karachymv Pump StatIon 

SIte name Karachymv PS site 
Year of constructIOn 1928, rebuIlt In 1976 
Well fields provldmg water to the pump statIOn 

Western group well fields Volla Dobrostanska, Velykopole, Kannanobrody, 
Malchytsl WIth tranSmISSIOn PS Volla Dobrostanska, Velykopole, KamIanobrody 

SuctIOn pipeimes 
a) number of pIpelInes - 1 
b) pIpelIne type & dIameter - steel, 1220 x 10 and 630 x 7 mm 

Storage tanks 2 pcs, 6000 and 500 m3 

a) In operatIOn - 1 tank 6000 m3 (36 x 36 m) 
b) out of operatIOn - 1 tank 500 m3

, In operatIOn SInce 1928 
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DelIvery pIpelInes 
a) number of pIpelInes - 3 
b) pIpelIne type & dIameter - all cast Iron, 600 mm, m operatIOn smce 1901, 1928, 
1956 respectIvely 
c) meter avaIlabIlity none 

Pumpmg eqUIpment 
a) number of pumps - 4 pump urnts - (2 workIng, 2 stand-by) 
b) pump urnt mdices Q - 2300 m3/h, H - 89 m, N - 800 kW (1 workmg) 

Q - 2200 m3/h, H - 55 m, N - 630 kW 
Q - 2200 m3/h, H - 59 m, N - 600 kW 
Q - 640 m3/h, H - 55 m, N - 250 kW 

c) workmg hours - 1 pump (N-800) 24 hid, 1 pump (can be any) m two penods 
5 30-845 am and 17 30 - 20 00 pm 

Pressure plpelmes 
a) number of pipelmes - 2 
b) pIpelIne type & diameter - cast Iron, 600 mm 
c) flow - 190 l/sec 
d) meter avaIlabIlIty - 2 mterchangeable meters, 1 statIOnary meter at the dIscharge 
pIpelIne to the CIty about 10 m from the SIte wall, 1 clamp-on meter mSIde the pump 
statIOn at the dIscharge 
e) meter type - ultrasornc, mdex m place 
f) meter condItIOn - good 

ConnectIon pomt water dIstnbutIOn system at Shevchenka St 
Water dIstrIbutIOn by directIOns 1 dIrectIon, Shevchenka St 
Rural water consumptIOn RIasna Ruska, Pidnasne, Domazlur 

a) connectIOn pomt pIpeline 600 mm 
b) dIameter at connectIOn 50 - 100 mm 
c) flow RIasna Ruska - 210 m3/d, Pidnasne - 52 m3/d, Domazlur - 13 m3/d (LVK 
data) 
d) meter avaIlabIlIty none 

Water treatment 
chlonnatIOn - 0 5 - 0 6 CI mgll 

Pump and storage tank performance momtormg, flow meter registratIOn 
Every hour the followmg data IS put mto the regIster book and reported to the L VK 
dIspatcher by the pump statIOn servIcmg staff readmgs of two flow meters and one 
pressure gauge at the pipelme, readmgs (mdicated at the pump station) of water 
level storage tanks, amperage of each functIOnmg motor, voltage at two mlets 

Actual flow measurement 33,263 m3/d (measured 09 10 96) 
Measurements of water volume winch flows mto the tank With the shut off tank 
dIscharge pIpe 

The pumps were stopped on May, 11 at 1 15 pm for 15 mmutes DurIng this tIme 
the level In tank mcreased by 38 cm In one hour 1,900 m3 of water would flow mto 
the tank, In one day - 45600 m3 
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D.2 3 Budzen III Pump StatIOn 

Site name Budzen III P5 SIte 
Year of constructIOn 1989 
Well fields provldmg water to the pump statIOn 

Budzen and Kemytsia well fields and Budzen II pump statIOn 
SuctIOn plpelmes 

a) number of pIpelInes - 2 
b) pIpelIne type & dIameter - steel, 1020 x 12 mm 

Tanks 2 pcs, 6000 m3 (36 x 36 m) each 
a) m operatIon all 
b) out of operatIOn none 

DelIvery pIpelInes 
a) number of pIpelInes - 1 
b) pipeime type & dIameter - steel, 820 x 9 mm 
c) flow 375 l/sec (measured at Budzen II SIte) 
d) meter avaIlabIlIty none 

Pumpmg eqwpment 
a) number of pumps 4 (2 m operatIOn, 2 stand-by) 
b) charactenstics of 1 pump Q - 1250 m3/h, H - 65 m, N - 320 kW 
c) hours of operatIO!! 1 pump - 24 hid, 1 pump - on/off 

Discharge plpelme 
a) number of pipeimes 1 
b) dIameter and type 820 x 9 mm, steel 
c) flow 290 l/sec 
d) meter avaIlabIlIty 1 meter 

ConnectIOn pomt to distrIbutIOn system 700 mm dIameter pipeime at Horodotska 5t 
Water distrIbutIOn by dIrectIOn 

DelIvers water only to Zone 1 of the water dIStrIbutIOn system 
Rural water supply 

Horodok, Rudky, Lmben Velyky receIve water from Budzen II P5 
a) connectIOn pomt tranSIll1SSlOn mam Budzen II - Budzen III 

Water treatment 
a) chlonnatlon - 0 6 - 0 8 CI mgll 

Pump and storage tank performance morutormg, flow meter regIstratIOn 
Every hour the followmg data IS put mto the log book and reported to L VK the 
dIspatcher by the pump statIOn servlcmg staff readmgs of 1 flow meter at the 
tranSIDlSSIOn mam, water level m storage tanks, current at each runrnng motor, 
voltage at two mlets All meters are RUSSIan made (KUIbyshev) 

Actual flow measurement 25,135 m3/d (measured 090996 at Budzen III SIte) 

D.2.4 SykhlV III Pump Station 

SIte name Syldnv III PS 
Year of constructIOn 1971, rebUIlt m 1989 
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Well fields provldmg water to the pump statIon 
a) Hlynna-Navana, Hlynna Navana transnussIOn PS 
b) BIbrka, Stare Selo PS 
c) Water from tanks at Dovha flows by 700-mm pIpelIne and connects to 
me CIty dIstnbUtiOn system at ZUbnvsKa St 

SuctIOn pIpelInes 
a) number of pIpelInes - 2, connected In senes from both tanks 
b) pIpelIne dIameter - 600 mm 

Storage tanks 2 pcs, 6000 m3 (36 x 36 m) both 
a) In operatIOn both 
b) out of operatIOn none 

DelIvery pipeimes from Hlynna-Navana PS and Stare Selo PS 
a) number of pIpelInes - 2 
b) pIpelIne dIameter - 600 mm 
c) flow 170 l/sec at Hlynna-Navana and 220 l/sec at Stare Selo 
d) meter avaIlabIlIty not aVaIlable 

Pumpmg eqwpment 
a) number of pumps - 6 for CIty water supply (2 workIng, 2 stand by) 

2 for factory (l + 1) 
2 for hospItal (1 + 1) 

b) pump umt IndICeS 
CIty Q - 540 m3/h, H - 94 m, N - 250 kW (3 workIng) 
CIty Q - 540 m3/h, H - 74 m, N - 160 kW (2 workIng, 1 stand-by) 
factory Q - 300 m3/h, H - 38 m, N -75 kW (l workIng, 1 stand-by) 
hOSPItal Q - 90 m3/h, H - 30 m, N - 15 kW (l workIng, 1 stand-by) 

c) workIng hours - by schedule 
Pressure plpelmes 

a) number of pIpelInes - 4 
b) pIpelIne dIameter - CIty 1 pIpelIne, 500-mm 

factory 2 pIpelInes (1 used), 400-mm 
hospItal 1 pIpelIne, 150-mm 

c) meter avaIlabIlIty - none 
ConnectIon pomt SykhIvska-Zelena St 
Water dIstrIbutIOn by dIrectIOns 

a) Zone 3 of CIty dIstnbutIOn system 
b) Izohatormy factory and KIneskop factory 
c) TB RegIOnal hOSPItal 

Rural water consumptIon from TransmISSIOn pump statIOns 
Water treatment 

a) chlonnatIOn - none, chlonnator out of operatIOn 
Pump and storage tank performance momtonng, flow meter regIstratIOn 

The follOWIng type of data IS regIstered In a log voltage, amperage and head by 
hour for each pump, "\,llatBf--Wvel In tank by hour and passed to the dIspatcher Valve 
on the pIpelIne from Dovha IS operated from pumpIng statIon by schedule on 
dIspatcher's InstructIOns, normally the valve opens 5 30 - 9 10 am and 5 30 - 9 00 
pm 
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Actual flow measurements 
CIty 13,691 m3/d, plant 567 m3/d, hOspItal 175 m3/d 
Total 14,433 m3/d (measured at Sykhlv III PS on 0906 96) 

Measurements of water volume which flows mto the tank With the shut off tank 
dIscharge pIpe 

The pumps were stopped on May, 11 at 3 30 pm for 22 mInutes Dunng tIns tIme 
the level In tank has mcreased by 22 cm In one hour 1,022 m3 of water would flow 
mto the tank, m one day - 24,540 m3 

D.25 Zboisk Pump StatIOn 

SIte name ZbOlSk PS SIte 
Year of constructIOn 1965 
Well fields provIdmg water to the pump statIon 

Northern group Rava-Ruska, Mahenv, Shostaky, Kurun, Krekhtv, 
Mokrotyn, Zarudtsl and Zarudtsl transmISSIon PS 

SuctIOn pIpelmes 
a) number of pIpelInes - 2 
b) plpelme type & dIameter - steel, 630 x 8 mm 

Storage tanks 2 pcs , CUbIC capacIty 10000 m3 (48 x 48 m) each 
a) m operatIon - both 
b) out of operatIOn - none The SIte also has an uncompleted remforced concrete 
tank 10000 m3 (36 x 36 m) ConstructIOn stopped due to the lack of funds 

DelIvery plpelmes 
a) number of plpelmes - 2, tranStnlSSIOn mams Zarudtsl - ZbOlSk 
b) pIpelIne type & dIameter - remforced concrete and steel, 600-1000 mm DIrectly 
by the SIte 2 pIpelmes of 600 and 700-mm 
c) flow 370 l/sec and 220 l/sec 
d) meter avaIlabIlIty meters mstalled at each tranStnlSSIOn mam, about 10 m from 
the chlonnator m wells by the SIte walls 

Pumpmg eqwpment 
a) number of pumps - 4 pump uruts (2 workmg) 
b) pump urnt mdIces Q - 1,260 m3/h, H- 32 m, N- 250 kW 

Q - 1,080 m3/h, H - 32 m, N - 160 kW, (all workmg) 
c) workmg hours - all pumps operate 6 hours a day 600 - 900 am and 600 - 9 00 
pm 
GravIty plpelmes controlled by valve by dIspatcher The valve IS usually 113 open to 
KryvChytSI PS from 6 tIll 11 am, It IS 1110 open for KryVChytSI PS the rest of the 
tIme The valve IS open towards the CIty dIstnbutIon system for two penods a day 
5 30 - 9 00 am and 5 30 - 9 00 pm 

Pressure pIpelInes 
a) number of pIpelmes - 2 pressure, 2 graVIty 
b) pipeime dIameter and type towards Kryvchytsl one 600-rnrn steel pipelme to the 
tank at KrYVChytSI PS, tills pIpelIne branches off tranStnlSSIOn mams 
Zarudtsl-ZbOlSk downstream from meters Towards the CIty dIstnbutIOn system 
pressure pIpelInes from pump statIon and graVIty pIpelIne dIrectly from the clean 
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water tank Two pressure pIpelInes leave the pump statIOn 600 mm, cast lron, 
529 x 7 mm, steel The former supplIes water to the CIty center, the latter 
(ZbOlsk-Yamvska) supplIes water to the newly bUIlt reSIdentIal area and an 
educatIonal complex (sports and trade mstltutes) ZbOlsk-Yamvska pipelme was 
desIgned for water transmISSIon from the eastern group well fields 
c) flow 560, 150, 540 and 430 l/sec respectIvely 
d) meter avaIlabIlIty - 2 meters at pressure pIpes 600 and 527 x 7 mm, no meters at 
graVIty pipeimes 

ConnectIon pornt 
600-mm pressure pipelme IS connected to the dIstnbutIOn system at the crossmg of 
Mazepa and Lmana streets 529 x 7 -mm pressure pipeime IS connected to the 
dIstnbutIOn system at the crossIng of Zamarstymvska and Topolna streets 600-mm 
graVIty pipeime from the tanks IS connected to the dIstnbutIOn system at the crossmg 
of Hrynchenka and Pluhova streets ConnectIOn pomt to KryvChytSI PS tanks at 
KryVChytSI SIte 

Water dIstrIbution by dIrectIOns 
a) KryVChytSI PS 
b) Yamvska PS 
c) Water dIstnbutIOn systems, Zones 5 and 6 

Rural water consumptIOn 
none, except for a number of summer gardemng allotments WhICh use water dIrectly 
from the graVIty pipeime 

Water treatment 
chlonnatIOn - 0 6 - 0 8 Cl mg/l 

Pump and storage tank performance momtorrng, flow meter regIstratIOn 
Every hour the followmg data IS put mto the regIster book and reported to the L VK 
dlspatcher by the servICIng staff of the PS readIngs of 2 flow meters and 2 pressure 
gauges at the pIpelIne, readIngs of water level sensors m storage tanks WIth mdexmg 
m place, amperage of each functIOmng motor, voltage at two mlets, for data 
recordIng from ultrasomc clamp-on meters the servIcmg staff turns on computers 
slmultaneously WIth the pumps 

Actual flow measurement 
50,800 m3/d Flow was measured for 24 hours on 07 1096 and 07 1496 at 
delIvery pipeimes 2 km upstream from ZbOlSk PS Measurements at ZbOlSk PS 
showed the followmg flows 
to KryvchytSl PS 13,100 m31 d 
to the CIty by graVIty 12,100 m3/d 
to the CIty by pressure pipeime 11 ,500 m3/d 
to the CIty by pressure pipelme 9,400 m3/d 

D 26 Vynnyky Pump StatIon 

SIte name Vynnyky PS SIte 
Year of constructIOn 1980, rebUIlt m 1990 
Well fields provldrng water to the pump statIOn 

Eastern group Plumv well field and Plumy tranSmISSIOn PS, Vilshanytsia well field 
RemezIvtsi well field (purchased water) 
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SuctIOn plpelmes 
a) number of pipeimes - 2 
b) pipeime type & dIameter - steel, 1020 x 12 mm 

Storage tanks 3 pcs, CUbIC capaCIty 2000 m3 (18 x24 m) 
10000 m3 (36 x 36 m), 10000 m3 (36 x 36 m) 
a) m operatIOn - all 
b) out of operatIOn - none 

Delnery pipelmes tranSmISSIOn mam Pluhlv-Vynnyky 
a) number of pIpelInes - 1 
b) pipehne type & dIameter - steel, 1220 x 12 mm 
c) Meter avaIlabIlIty none 
d) flow 696 l/sec 

Pumpmg eqUIpment 
a) number of pumps 
to KryvChytSI PS - 3 pumps, all workIng 
to Dovha PS - 2 pumps 1 workIng, 1 stand-by 
b) pump urnt IndICeS 

to KryVChytSI PS - Q - 1250 m3/h, H - 65 m, N - 250 kW 
to Dovha PS - Q - 1250 m3/h, H - 125 m, N - 630 kW 

c) workIng hours - 24 hid 
Pressure pIpelInes 

a) number of pIpelInes - 2 
b) pIpelIne type & dIameter 
to KryVChytSI PS - 1 hne, 900-mm, reInforced concrete, 
2 connectIOns upstream from meter for Tobacco factory 
and slaughter house - 100-mm pIpe, and for SIlbud bOIler house 
to Dovha PS - 1 hne, 1000-mm, steel and reInforced concrete pIpes 
c) meter avaIlabIhty - meters located dIrectly on tranSmISSIOn maIns 
d) flow 210 l/sec to Dovha PS and 290 l/sec to KryvChytSI PS 

ConnectIOn pomt tanks at SItes 
Water dIstributIOn by dIrectIOns 

a) to KryVChytsi PS 
b) to Dovha PS 
c) to Vynnyky regIOn 

Rural water consumptIOn Vynnyky 
a) connectIOn pomt 2 connectIOns at the SIte and 
1 connectIOn 700 m from the SIte 
b) diameter at connectIOn 2 pipehnes of 100 and 150-mm for 
mdustrIal enterpnses, 1 pipelme of 80-mm for Vynnyky 
c) workIng hours 24 hours a day 
d) meter avaIlabIlIty none 

Water treatment 
chlonnatIOn - 0 6 - 0 8 CI mg/l 

Pump and storage tank performance momtormg, flow meter registratIon 
Every hour the followmg data IS put mto the regIster book and reported to the L VK 
dIspatcher by the pump statIon servIcmg staff readmgs of 2 flow meters at 2 
transmISSIOn maInS, readIngs of 2 pressure gauges at 2 tranSmISSIOn maInS, readmgs 
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of water level m tank, voltage and amperage m each workmg motor 
Actual flow measurement 

60,114 m3/d Flow was measured for 24 hours on 080696,8 Ian upstream from 
Vynnyky PS at dehvery pIpehne DIscharge to Dovha tank was 11,540 m3/d 
(measured at Vynnyky PS on 06 29 96) 

D 3 CITY BOOSTER PUMP STATIONS 

There are four CIty pump statIOns withm the CIty boundanes They are Yamvska, 
KrYVChytSI, Dovha, MIska Smuha 

D 3.1 Western 

The Yamvska PS IS located m the western part of the CIty and pumps water to the lugher 
elevatIOn areas of the city supplIed from Karachyruv pump statIOn The water reaches 
Yamvska PS by the suctIOn pIpelIne dIrectly from the 600-mm cast Iron pipelme runrung 
along Shevchenka street The pump statIOn operates m two dally peflods - from 6 to 9 am 
and 6-9 pm The pumps are turned off the rest of the time The pump statIon has a 3rd 
category power supply 

D.3 2 Eastern 

There are two pump statIOns m the eastern part of the CIty - KryVChytSI and Dovha 

The KrYVChytSI PS pumps water dIrectly mto the CIty dIstnbutIOn system and gets water 
from Vynnyky PS through a separate 900-mm remforced concrete pipelme Throughout 
the day water flows contmuously mto the KrYVChytSI PS tanks The SIte mcludes two pump 
statIons - the old pump statIOn operatmg m Mayonvka bUilt-up area, and the new pump 
statIOn SItuated m the bUilt-UP area around Lysenka, Piskova and Muchna streets In 
additIOn, m order to create suffiCIent head around Lysenka street, one pump was mstalled 
on top of the 6,000 m3 water tank The pumps operate contmuously throughout the day, 
apart from the above mentIOned pump wluch operates m two dally peflods - from 6 to 9 am 
and 6 to 9 pm The pump statIOn has a 2nd category power supply from two mdependent 
power sources The SIte contams two water tanks - 6,000 m3 and 3,000 m3 m volume The 
constructIOn of the tlurd tank for 10,000 m3 was begun but then stopped due to the lack of 
funds KryVChytSI PS can be supplIed WIth water from ZbOlSk tank by graVIty through the 
600 nun pipelme It can also pump water to ZbOlSk PS If necessary, prOVIded there IS 
enough water to pump 

SykhIv area, located m the south-eastern part of LVIV, IS supplIed WIth water from the 
10,000 m3 tank at Dovha PS SIte Dovha tank receIves water from Vynnyky PS by a smgle 
1,000 nun pIpelme made of steel and remforced concrete pIpes It was ongmally planned 
to buIld a pump statIOn and 3 tanks of 10,000 m3 each at Dovha SIte for the water supply of 
an area WIth ground elevatIOn pomts from 370 to 380 m Not enough funds were avaIlable 
for the planned constructIon, and only one 10,000 m3 tank was completed 
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D.3 2 Central 

The central part of the CIty (the old part) IS supplIed WIth water from MIska Smuha PS and 
tanks whIch are located along Zelena street Water IS provIded from SokIlnyky PS (a smgle 
steel 500-rrun pIpelIne) and from KryVChytSI PS (through the water dIstnbutIOn system) 
The pump statIOn operates m the followmg way one pump operates In two, dally penods 
from 9 am to 1 pm and from 9 pm to 12 am supplymg water to the 3,000 m3 pressure tank 
located at ground elevatIOn of 360 m, at the same tlme one small pump pumps water 
towards the area around Tarnavskoho and Tolstoho streets Part of the water IS suppbed 
mto the CIty dlstnbutIOn system dIrectly from the two tanks (total volume 19,000 m3

) 

located at ground elevatIOn of 328 m The dIscharge valves on the tanks are open from 6 to 
9 am and 6 to 9 pm The pump statIOn has a 3rd category power supply The SIte mcludes 
two underground water tanks of 7, 000 m3 and 12, 000 m3 The 3, 000 m3 pressure tank 
located 500 m from the pump statIon also operates In the same network 
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Sokllnyky Pump Station Performance 
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Appendix E 

INFORMATION ON WATER QUALITY 

ThIS appendIx contams the results of water qualIty tests carned out by the L VK chell11stry 
and bIOlogIcal laboratory 
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Table E-l 

Chemical Bacteriological Laboratory LVK Water AnalysIs Results, 9 March 1994 

No Water Characteristics 
1 Temperature 

2 Smell 

3 Taste 

4 Color (degrees) 

5 Transparency (mg/dmJ) 

6 Water charactenstlc (pH) 

7 Iron (mg/dml) 

8 General solIdity (mg/ekv) 

9 Alkali (molJdml) 

10 Ammoma (mg/dmJ) 

11 Nltnte (mg/dml) 

12 Nitrates (mg/dm ') 

13 CalcIUm (mg/dmJ mg/ekv) 

14 MagneSIUm (mg/dml 

mg/ekv) 

15 Manganese (mg/dm3
) 

16 Fluonne (mg/dml) 

17 Copper (mg/dmJ) 
18 Molybdenum (mg/dmJ) 

19 Lead (mg/dm3
) 

20 ZmC (mg/dmJ) 

21 Chlondes (mg/dmJ) 
22 Sulphate (mg/dmJ-mg/ekv) 

23 CO2 (mg/dm3-mg/ekv) 

24 Total solid (mg/dm3
) 

25 MmerallzatlOn (mg/I) 

26 K + + N + (mg/l-mg/ekv) 
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002 0012 
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Table E-2 
Chemical Bacteriological Laboratory LVK Water AnalysIs Results, 8 AprIl 1995 

;No Water CharacterIstics 
2 Smell 

3 Taste 

4 Color (degrees) 

5 Transparency (mg/dm3
) 

6 Water charactenstlc (pH) 

7 Iron (mg/dm3
) 

8 General solIdIty (mg/elev) 

9 AlkalI (mol/dm~) 

10 Ammoma (mg/dm3) 

11 Nltnte (mg/dm3) 

12 NItrates (mg/dm3
) 

13 Manganese (mg/dm3) 

14 Fluonne (mg/m3) 

15 Copper (mg/dm3
) 

16 Molybdenum (mg/dm3
) 

17 Arsemc (mg/dm3) 

18 Lead (mg/dm3) 

19 SelenIUm (mg/dm3) 

20 StrontIUm (mg/dm3) 

21 Zmk (mg/dm3) 

22 BeryllIUm (mg/dm3) 

23 Chlondes (mg/dm3) 

24 Sulphate (mg/dm3) 

25 ACIdity (mg/dm3) 

26 Total solId (mg/dm3
) 

I 27 Chlonne resIdual (mg/dIn3
) 
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AppendIx F 

AVERAGE DAILY WATER CONSUMPTION OF DISTRICT HEATING 
FACILITIES 

Tills appendIX proVIdes the addresses of dIstnct heatmg faCIlItIes m LVIV and theIr average 
dally water consumptIOn 

Table F-l 
Water ConsumptIOn by DIstrIct Heatmg FaCIlIties 

No Address 

Halytsky DIStrict 

1 Karmanskoho, 19 

2 Enerhetychna 14-20 

3 Ternopilska, 4 

4 Dunalska, 32 

5 SykhIvska, 10 

6 Sykhlvska, 24 

7 Kavalendze, 17 

8 Dovzhenka 22a 

9 ChervonoYl Kalyny 75a 

10 Zubnvska, 36 

11 Khotkevycha, 14a 

12 Chukanna 1a 

13 ChervonoYl Kalyny, 42a 

14 Antonenka Davydovycha 3 

15 TesllUka 13 

16 Antonenka Davydovycha, 22-30 

17 ChervonoYI Kalyny 107 

18 ChervonoYl Kalyny, 53-a 

19 ChervonoYI Kalyny, 83-a 

20 ChervonoYI Kalyny 

21 Tryhovskoho, 1 

22 Tryhovskoho 33 

23 Kavalendze, 8 

24 Dovzhenka, 7 

25 Teshuka 23 

26 Vuletska, 

27 Khotkevycha 10 

28 Zubnvska 2628 

FrankIvsky DIStrict 

29 Kruahyny Olgy 59-61 

30 Volodymyra Velykoho, 32 

31 Hrablanky, 7-13 
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No Address 

32 Strylska 78 

33 Lazarenka, 7 

34 Skoryny, 32 

35 Bodnarska 16 

36 Rubchaka 12 14 

37 Rubchaka, 17 

38 Volodymyra Velykoho, 5 15 

39 Volodymyra Velykoho, 35 

40 Volodymyra Velykoho 37-42 

41 Volodymyra Velykoho 51 

42 Volodymyra Velykoho 57 

43 Naukova, 12 

44 Naukova, 18 

45 Volodymyra Velykoho 34 46 

46 Volodymyra Velykoho, 61a 

47 Volodymyra Velykoho, 83 

48 Konovaltsla, 97-99 

49 Naukova,58 

50 Naukova, 17-23 

51 Naukova, 55-57 

52 Puhuya, 3 

53 Volodymyra Velykoho, 125 

54 Naukova, 100 

55 Naukova 116-a 

56 StrylSka, 87 

57 Strylska, 101 

58 Ostrohradskykh, 4-4a 

59 Vo1odymyra Velykoho, 61 

60 Naukova,96 

61 VolQdymvra Velvkoho 16 

62 Volodymyra Velykoho 117 

63 Naukova, 16 

64 Puhuya 32 

65 Strylska,71-a 

66 YuvIleyna 4 

67 Khutonvka 34 

68 Broruova 2-a 

Zahznychny DIStrict 

69 Horodotska 210 

70 Horodotska 218 

71 Kulparklvska, 130 a 

72 Bashtanna, 7-a 

73 Karadzhycha, 12-a 

74 Horodotska, 241-a -243 
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No 

75 Horodotska, 289 

76 Vyhovskoho, 3-11 

77 Vltnana, 9-a 

78 Petlmry, 47-53 

79 Roksohany, 21-31 

80 Slrka,21 23 

81 Shevchenka 320 

82 Shevchenka, 362-b 

83 Shevchenka, 396 

84 Shevchenka, 370-a 

85 LlUbrnska, 98-104 

86 Petlmry, 24 30 

87 Petlmry, 2-a -4-a 

88 KulchytskOl, 3 

89 Patona,2 a 

90 Velychka,25-a 

91 Patona, 2/4-a 

92 LlUbrnska, 38 

93 Shyroka,68 

94 Shyroka, 86-a 

95 Povltnana 65 

96 Povltnana, 92-94 

97 Patona,217 

98 Vyhovskoho,41 

99 Pethury,4 

100 LlUbrnska 102 

101 Slayvo 17-a 

102 Vyhody,27 

103 Nyzynna,58 

104 Kulparklvska, 139 

105 Shevchenka 327 

106 Shevchenka, 430 

107 Stnlochna, 36 

108 Patona 25-a 

109 Vyhovskoho 47 

110 Sadova 9-a 

111 Shevchenka 366-a 

112 Shevchenka, 364 

113 Shevchenka 374-a 

114 Vyhody 36 

115 Shyroka 83-a 

116 Roksobany 33 

117 PovItnana 68 

118 Shevchenka, 472 
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491 
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451 
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152 

139 

725 

1,240 

189 
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80 

83 

242 
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777 

1,416 

129 
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1,167 

209 
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65 

455 

197 
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223 

291 

254 
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No Address 

119 Roksohany, 18 

120 Rokshany 4 

121 Shevchenka, 318 

122 Shevchenka, 348 

Shevchenluvsky District 

123 Shchurata 14 

124 ZoIota, 17 

125 Lmkolna.45 

126 Hvyhovoho,54-a 

127 Hvyhovoho 56-a 

128 Mazepy, 15-19 

129 Mazepy, 23-a 

130 MykolaIchuka, 67-a 

131 MykolaIchuka 75 

132 Hnnchenka, 6-10 

133 Masaryka,3 

134 Okunevskoho 1-3 

135 MykolaIchuka, 106-a 

136 Hmelnytskoho 267-269 

137 Lmkolna, 39-a 

138 Hvybovoho, 3 

139 Mazepy 3 

140 Tychyny, ll-a 

141 Mazepy 13-a 

142 Torfiana, 12 

143 Torfiana. 39 

144 Pancha, 18-a 

145 Sorochynska 6-8 

146 MykolaIchuka 9092 

147 Koshytsla 7 

148 Masaryka,8 

149 Tychyny 17 

150 Lmkolna,29 

151 Tatarbunarska 5 

152 Varshavska blChna 3 

LychakIvsky DIStrict 

153 Vashynhtona 5-a 

154 Vashynhtona 13 

155 Shafaryka 16-a 

156 Paslchna, 98-a 

157 Paslchna, 89-a 

158 Lysenytska, 5-a 

159 Kytayska, 12-a 

160 Medova Pechera, 7 
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No 

161 Paslchna, 70 

162 Paslchna, 59 

163 Paslchna, 53 

164 Medova Pechera 69 

165 Paslchna, 42 

166 Hlymansky trakt 163 

167 Sahaydachnoho, 3-a 

168 Pohova, 29 a 

169 Hlyruansky trakt 

Total 
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AppendIx G 

WATER CONSUMPTION OF MAJOR INDUSTRIAL ENTERPRISES 

ThIS appendIx contaInS data on water consumptIOn of major 
IndustrIal enterprIses In LVIV 

Table G-l 
Water ConsumptIon of Major IndustrIal EnterprIses m 1995 

No Name of Enterprise 

1 1 LVIV RaIlway 

12 LVIV RaIlway 

1 3 LVIV Railway 

1 4 LVIV RaIlway 

1 5 LVIV RaIlway 

2 Stock Company' ISKRA' lelectnc supplIes 

3 MIlk Plant 

4 1 PA LVIvKht.mSllgospMash /agnc chemical machIne 

42 PA 'LvlvKht.mSIlgospMash' /agnc chemical machIne 

43 PA LVlvKhunSIlgospMash lagnc chemIcal machIne 

5 1 PA 'KINESKOP lTV tubes 

52 PA "KINESKOP" lTV tubes 

6 LVlV Fat-Products Plant 

7 Leather Treatment Plant "SVIT ANOK ' 

8 1 Meat Plant 

82 Meat Plant 

9 1 House-BU11dmg Complex 2 
92 House-BuIldmg Complex - 2 
10 LVlv Bus Plant 

11 1 State Plant "LANT' Ifork lIft trucks 

112 State Plant' LANT' ffork-hft trucks 

113 State Plant LANT ffork-lIft trucks 

11 4 State Plant "LANT' Ifork 11ft trucks 

115 State Plant LANT Ifork 11ft trucks 

12 Stock Company KOLOS !brewery 

13 PA "MlcroInstrument' 

14 CeramIcs Plant 
15 Gonlla Plant Ivodka 

16 1 SVITOCH FIfln IconfectlOnary 
162 SVITOCH FIrm IconfectlOnary 
163 SVITOCH FIrm IconfectlOnary 

17 1 SPA ELECTRON' lTV 

172 SPA "ELECTRON lTV 

18 PA 'GALICH PHARM lacy 
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No Name of Enterprise 

19 Jomt Venture Coca Cola" 

20 1 Bakery Factory #3 

202 Bakery Factory #3 

203 Bakery Factory #3 

21 Bakery Factory #1 

22 LocomotIve RepaIr Plant 

23 Stock Company "LVIV Insulator Plant 

24 ' LORT A' Plant /radIo-techrucal equIpment 

25 FT A Plant /telegraph eqUIpment 

26 RaIlway Mamtenance 

27 1 BlO Phys Prylad Plant /blOloglcal & phYSICal 
mstruments 

272 "BlO Phys Prylad' Plant /blOloglcal & phYSIcal 
mstruments 

28 Bakery Factory #5 

29 Stock Company "RAIDUHA / glass-works 

30 LVIV Ferro Concrete Plant #1 

31 PA CONVEYOR" 

32 Open Stock Company MechScloZavod /glass 

33 Close Company 'ENZYME /yeast plant 

34 PA 'LvlV Prylad" fmstrument 

35 PA 'Pnkarpat Industnal Flttmgs ' 

36 RaIlway AdmmistratlOn 

37 1 Furniture Firm "KARP A TY 

372 Furrnture Firm KARPATY 

38 RaIlway Cargo StatIon 

39 LVIV AdmmIstratIon of MecharnzatIon GALBUD 

40 LVIV Instrumental Plant 

41 CheIDIcal Plant 

42 Stock Company 'Electron-RIasne leolor TV 

43 MechScloZavod '/tech glass/ for Gahchpharm' 

44 769 Plant of Prefabncated Ferro-Concrete Elem 

45 Jomt Venture "GALKA feoffee factory 

46 MacaroDl Factory 

47 Stock Company PROGRES Ifoot-wear 

48 Close Company LEVTEKS sport uruforms 

49 1 ConstructlOn Matenals Plant AdmnustratlOn 

492 Construction Matenals Plant AdmnustratlOn 

493 Construction Matenals Plant Adrrnrustration 

50 ProsthetIc Appbances Plant 

Total 

wesmls\reports\lvlv\fmaldat\app 
26aug97 G-2 

Average ConsumptIOn, m3/d 

369 

75 

51 

197 

264 

244 

269 

168 

223 

201 

23 

156 

157 

157 

184 

148 

145 

158 

150 

132 

128 

98 

16 

102 

103 

106 

104 

94 

89 

93 

91 

75 

76 
67 
15 

19 

33 

66 

19,917 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
• 

AppendIx H 

WATER CONSUMPTION BY THE LARGEST COMMUNAL 
ENTERPRISES 

Tills appendIx presents water consumptIOn by the largest communal 
enterpnses III LVIV 

Table H-l 
Water ConsumptIOn of the Largest Communal EnterprIses m 1995 

No Consumer Name 

1 LVIV Vodokanal (WWTP), Syhkatna St 11 

2 LVIV Vodokanal (Vynnyky PS) Vynnyky town 

3 Cooperative, Kemytsla vIllage 

4 LVIV Vodokanal Zelena St , 62-64 

5 Collective farm Stare Selo village 

6 Cooperative Vodlane VIllage 

7 Collective farm, Krekhlv village 

8 Kvlty Lvova Agncultural Firm, StrYlska St , 195 

9 Collective Farm Kurun vIllage 

10 Military Complex, Mechmkova St , 16 

11 Collective farm, Tsytulla Village 

12 Research farm Mahenv Village 

l3 Collective farm, ZavereshchytSIa VIllage 

14 Cooperative, Porshna Village 

15 Park and Green Areas Trust Zamarstymvska St , 167a 

16 Fire Flghtmg Headquarters, Vol Velykoho St 56 

17 AgrIcultural Firm Provesm Trakt Hlymansky, 152 

18 Collective farm Pulilssla Village 

Total 
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AppendIX I 

WATER CONSUMPTION BY BUDGET INSTITUTIONS 

Tills appendIx presents water consumptIon by budget InstItutIOns -- medIcal mstItutIOns 
(Table I -1) and educatIOnal InstItutIOns (Table I -2) 

Table 1-1 
Water ConsumptIOn by LVIV MedIcal Institutions m 1995 

No Name 

1 FIrst aId hOspItal 

2 MedIcal mstltute oblast hOspItal 

3 PsychIatnc hOSPItal 

4 Railway polycllOlC 

5 1 Oblast tuberculosIS hospItal 

52 HospItal No 8 
53 PolycllOlc 

6 Oblast nulItary hOSpItal 

7 1 Hospital 

72 PolycllOlC No 1 
73 HospItal No 3 
8 HOSPItal No 5 
9 LVIV oblast chIldren s hospital 

10 Mlhtary hospital 1120 
11 Blood transfuSIOn statlon 

12 Railway hospItal 

13 1 Infectlous dIseases hospital 

132 InfectIOUS dIseases hospItal 

133 Infectlous dIseases hospital 

14 1 Oblast venerologlcal dIspensary 

142 Oblast venerologIcal dIspensary 

15 1 Hospital 

15 2 Hospital 

15 3 HOSpItal No 4 
15 4 Orphanage 

15 5 Cluldren s sanatonUlI1 
15 6 Orphanage No 2 
15 7 Polychrnc No 4 
16 1 Psycho neurologIcal dIspensary 
162 Psycho-narcoiogical dIspensary 

163 Matermty hOSPItal 
164 HOSPItal No 6 
17 1 ChIldren s psycho-neurologIcal dIspensary 

172 Dental polycllOlc 
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34 
15 
37 
41 
19 

12 
32 
33 
105 

51 
12 

190 
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No Name 

18 OncologIcal dIspensary 

19 HOSPItal 

201 Matermty hOSpItal 

202 Polyclmic No 4 

203 DermatologIcal venerological dIspensary 

21 Hospital 

22 Cbrucal and dIagnostIc center 
23 HOSPItal 

24 Oblast cluldren' s specIahzed hospnal 

25 HOSPItal No 5 

26 1 HOSPItal 
262 Polyclmtc 

27 1 DlsmfectIOn station 

272 CIty sarutary epidenuological statIOn 

28 1 FIrst aid statIOn 

282 FlfSt aId statIOn 

29 Polyclmtc 

30 DlsmfectIOn department 

31 MedIcal dIVlSlon of Intenor Mmtstry 

32 City dental hOSPItal No 3 

Total 
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Average ConsumptIOn, m3/d 

196 

191 

31 

118 

7 

154 

147 

132 

100 

91 

76 

13 

28 

47 

18 

18 

33 

17 

16 

11 

9,083 
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Table 1-2 
Water ConsumptIon by LVlv EducatIOnal InstItutIOns In 1995 

No InstitutIOn Name 
1 1 UruversIty LVIV Pohtekhruka ' dorIll1tory 

1 2 UruversIty LVlV Pohtekhruka ' dormItory 

1 3 UruversIty LVIV Pohtekhruka" dOfIllltory 

1 4 UruversIty 'LVIV Pohtekhruka" garages 

1 5 Uruverslty 'LVIV Pohtekhruka butldmg 

1 6 Uruverslty LVIV Pohtekhruka dormItory 

I 7 UruversIty 'LVIV Pohtekhruka' dOfIllltory 

I 8 Uruverslty 'Lvlv Pohtekhruka dOfIllltory 

2 1 I Franko Uruverslty bUlldmg 

22 I Franko UruversIty bUIldmg 

23 I Franko UruversIty garages 

24 I Franko Uruverslty mam bUlldmg 

25 I Franko Uruverslty bUIldmg 

26 I Franko UruverSIty bUIldmg 

27 I Franko UmversIty bUlldmg 

28 I Franko UmversIty bUIldmg 

29 I Franko Umverslty bUIldmg 

2 1 I Franko UmversIty bUlldmg 

211 I Franko Uruverslty bUlldmg 

2 12 I Franko Uruverslty dOrmItory 

213 I Franko Uruverslty dorIll1tory 

2 14 I Franko UmversIty dOrmItory 

3 1 MedIcal InstItute bUlldmg 

32 MedIcal InstItute dOfIllltory 

33 MedIcal Institute dOrmItory 

34 MedIcal InstItute dOrmItory 
35 MedIcal InstItute dOfIllltory 

41 Forestry UmversIty bUlldmg 

42 Forestry UmvefSlty specml chatr 

43 Forestry Uruverslty bUlldmg 

44 Forestry Uruverslty dOfIllltory 

45 Forestry UmversIty dOrmItory 
46 Forestry Uruverslty canteen 
5 1 Vetennary Academy bUIldIng 
52 Vetennary Academy donrutory 
53 Vetennary Academy dormItones 
61 ProfesslOnal techrucal school No 27 bUlldmg 
62 ProfesslOnal techmcal school No 27 buIldIng 

63 ProfesslOnal techrucal school No 27 dormitory 
7 1 CommercIal InstItute bUlldmg 
72 CommercIal InstItute sport complex 
73 CommercIal Institute dOrmItory 
74 CommercIal InstItute dOrmItory 
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'Average ConsumptIOn, m3/d 
138 

1,001 

52 

38 
382 

828 

693 
346 

128 

282 

125 

133 

116 

633 

122 
158 

181 

111 

149 

665 

41 

365 
248 
460 
147 

379 
87 
168 

294 

20 

384 
292 
94 

227 
478 
237 
150 
197 
454 
92 
25 
156 
358 



No InstitutIOn Name 

8 1 PhysIcal Culture InstItute bUlldmg 

82 PhysIcal Culture InstItute dornutory 

83 PhysIcal Culture InstItute dorlllltory 

9 1 TelecommurucatIOns College bUlldmg 

92 TelecommumcatIOns College dornlltones 

101 Land Reclamation College bUIldmg 

102 Land Reclamation College bUIldmg 

11 1 ProfessIOnal techmcal school No 12 bUlldmg 

112 ProfeSSIOnal techmcal school No 12 buddmg 
12 1 ProfessIOnal technIcal school No 52 bUlldmg 

13 1 CooperatIve TechnIcal School bUlldmg 

132 CooperatIve TechnIcal School dormitory 

14 1 ProfeSSIOnal technIcal school No 64 bUIldmg 

14 2 ProfeSSIOnal technIcal school No 64 dornutones 

15 1 Housmg Communal TechnIcal College 

152 Housmg Communal Techmcal College dormItory 

15 3 Housmg Communal TechnIcal College dormItory 

16 1 Food Industry TechnIcal College bUIldmg 

162 Food Industry Techmcal College dormItory 

17 1 Cmema TechnIcal College bmldmg 

172 Cmema Techmcal College dormItory 

18 1 ProfeSSIOnal techmcal school No 17 bUlldmg 

182 ProfeSSIOnal technIcal school No 17 dormItory 

19 1 Water Sports Complex 

20 1 PhYSICal Culture School bUlldmg 

21 1 MIlItary College bUlldmg 

22 1 Prmtmg InstItute bUlldmg 

222 Prmtmg Instltute dornutory 

23 1 ProfeSSIOnal technIcal school No 58 bUlldmg 

232 ProfeSSIOnal techmcal school No 64 dormItones 
24 1 Fmancial Techmcal College bUlldmg 

242 Fmancial TechnIcal College dorlllltory 
25 1 ProfeSSIOnal technIcal school No 32 dormItones 
26 1 ProfeSSIOnal techmcal school No 48 bUlldmg 
262 ProfeSSIOnal technIcal school No 58 dorlllltones 
27 1 LIght Industry College bUlldmg 
272 LIght Industry College dorlllltory 
28 1 ProfeSSIOnal techrucal school No 26 bUlldmg 
282 ProfeSSIOnal technIcal school No 26 dorlllltones 
29 1 Krushelmtska mUSIcal school 
301 TechnIcal College dormItory 

Total 
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114 
231 
201 

62 

333 

173 

175 

281 

34 

312 

46 
215 

155 

85 

122 

214 

93 

141 

95 

93 

134 

152 

71 

212 

208 

199 

101 

98 

44 
134 

54 
115 
164 
146 

17 

31 
119 
77 
70 

145 
126 

17,228 



Appendix J 

THE LARGEST 52 WATER CONSUMERS FROM ALL CATEGORIES 

ThIS appendIX presents the 52 largest water consumers from all 
categones m LVIV The letters In the Category column stand for the followmg 

P - populatIon (Table F-l) 
I - mdustry (Table G-l) 
M - medical mstitutIOns (budget mstitutIOns, Table I-I) 
E - educatIonal mstitutIOns (budget mStItutIOns, Table 1-2) 
C - communal enterpnses (Table H-l) 

Consumer numbers comcide WIth the numbers m the respectlve tables 

Table J-l 
Water ConsumptIOn by Major Customers In LVlv 

Category No Name and Address of Customer Average ConsumptIon, 

P 121 

P 84 

C 1 

P 82 

P 169 

M 1 

I 1 2 

I 2 

P 81 

P 103 

P 94 

I 1 5 

P 106 

P 90 

P 76 

P 51 

I 3 

E 1 2 
p 146 

M 2 
E 1 6 

M 3 

P 96 

P 52 

P 116 

P 102 
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m3!d 

DHF (Shevchenka St , 318) 11,686 

DHF (Shevchenka St , 370) 4,715 

LVIV Vodokanal (WWTP), Sybcatna St , 11 3,567 

DHF (Shevchenka St , 362 b) 2,108 

DHF (Hlyruanskyl Trakt St ) 2,016 

FIrst aId hospItal 1,762 

LVIV RaIlway 1,612 

Stock Company 'ISKRA lelectnc suppbes 1,598 

DHF (Shevchenka St 320) 1,473 

DHF (Nyzynna St , 58) 1,416 

DHF (Shyroka St 86-a) 1,240 

LVIV RaIlway 1,181 

DHF (Shevchenka St 430) 1,167 

DHF (Velychka St , 25-a) 1,129 

DHF (Vyhovskoho St 3-11) 1,094 

DHF (Naukova St , 55 57) 1,081 

MIlk Plant 1,080 

Uruverslty LVIV Pohtekhruka donrutory 1,001 

DHF (MykolaIchuka St 9092) 990 

MedIcal InstItute oblast hOspItal 967 

Uruverslty LVIV Pohtekhruka donrutory 828 
PsychIatnc hOspItal 809 

DHF (Povltnana St , 92-94) 795 

DHF (Puhua St 3) 782 

DHF (Roksobany St 21-31) 778 

DHF (Vyhody St 27) 777 

J-1 



Category No 

P 11 

P 7 

I 6 

I 7 

P 18 

P 93 

P 49 

P 73 

I 43 

E 1 7 

E 2 12 

I 10 

P 101 

E 26 

P 57 

I 12 

P 72 

P 30 

P 10 

I 52 

I 15 

P 17 

I 82 

P 155 

P 159 

P 39 

P 126 
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Name and Address of Customer Average Consumptlon, 
m3/d 

DHF (Khotkevycha St , 14-a) 763 

DHF (Kavalendze St , 17) 759 

LVIV Fat-Products Plant 747 

Leather Treatment Plant SVITANOK" 743 

DHF (ChervonOl Kalyny St 53-a) 730 

DHF (Shyroka St , 68) 725 

DHF (Naukova St ,58) 703 

DHF (Karadzhycha St 12 a) 700 

PA LVlvKhImSllgospMash lagncultural 700 
cheffilcal machmes 

Umverslty " LVIV Pohtekhmka' dortnltory 693 

I Franko Umverslty dortnltory 665 

LVIV Bus Plant 665 

DHF (Slalvo St 17 a) 652 

I Franko Umverslty bUIldmg 633 

DHF (StrYlska St , 101) 626 

Stock Company "KOLOS' !brewery 587 

DHF (Bashtanna St , 7-a) 580 

DHF (Volodymyra Velykoho St 32) 558 

DHF (Zubnvska St , 36) 552 

PA 'KiNESKOP / TV tubes 552 

Gonlka Plant /vodka 551 

DHF (ChervonOl Kalyny St 107) 544 

Meat Plant 521 

DHF (Shafaryka St , 16-a) 519 

DHF (KytalSka St , 12 a) 517 

DHF (Volodymyra Velykoho St , 35) 510 

DHF (Hvylovoho St 54-b) 507 
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AppendIx K 

NORMS OF WATER CONSUMPTION IN RESIDENTIAL AND PUBLIC 
BUILDINGS 

Tlus appendIx contaIns norms of water consumptIOn In resIdentIal and publIc bUlldIngs m 
LVIV InformatIon was taken from Attachment No 3 to the RegulatIons on Usmg Systems 
of Water Supply and Wastewater In CItIes and VIllages of UkraIne, approved by the 
Ukralruan State Housmg and Communal CommIttee on June 6, 1994 No 65 

Table K-l 
Water ConsumptIOn Norms Accordmg to the ConstructIOn Norms and RegulatIOns 

2 04 01-85 "Plumbmg and Sewerage m Bmldmgs" 

No Consumers 

1 ResIdential bUIldIngs With nmnmg water and 
sewerage WithOut bathtub 

2 The same, WIth town gas supply 

3 The same, WIth runnmg water and sewerage bathtubs 
and water heaters on solId fuel 

4 The same With gas water heaters for bathtubs 

5 The same, WIth fast gas heaters for multIpomt supply 

6 ReSIdential bUIldmgs WIth central hot water supply 
WIth hand washer smks latchen smks shower-rooms 

7 The same WIth Sit m bathtubs and showers 

8 The same WIth bathtubs from 1500 mm to 1700 mm 
long WIth showers 

9 The same for bUlldmgs WIth more than 12 floors and 
hIgher reqUIrements for servIces 

10 Hostels WIthout shower-rooms 

11 Hostels With communal shower-rooms 

12 The same, With communal shower-rooms, canteen 
and laundry 

13 Hotels resorts and motels WIth communal bathrooms 
and shower rooms 

14 Hotels WIth shower-rooms per room 
15 Hotels WIth bathtubs-rooms ill some rooms 

a) up to 25 % of all rooms 
b) up to 75% of all rooms 
c) m all rooms 

16 HOSPItals, general-type sanatOrIums and resorts (WIth 
communal bathrooms and shower-rooms) 

17 The same WIth 'mud-bath treatment 

18 SanatorIums and resorts With bathtubs m all rooms 

19 Polychmcs and dIspensarIes 

20 Laundries Imecharnzed 
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Urnt 

1 person 

1 person 

1 person 

1 person 

1 person 

1 person 

1 person 

1 person 

1 person 

I person 

1 person 

1 person 

1 person 

1 person 

1 person 
1 person 
1 person 

1 bed 

1 bed 

1 bed 

1 bed 

1 kg of dry laundry 

Water 
ConsumptIOn 

Norm, lid 

95 

120 

150 

190 

210 

195 

230 

300 

400 

60 

100 

140 

120 

230 

200 
250 
300 

250 

500 

350 

15 

75 
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No Consumers 

21 LaundrIes /non mecharuzed 

22 Admtrustratlve bUlld.mgs 

23 Educational mstltutlOns and general educatIon schools 
WIth showers at sportshalls 

24 Boardmg schools 

25 KIndergartens for day-tIme stay 

26 KIndergartens for 24-hour stay 

27 PIOneer camps 

28 PublIc nutntIon Instltutions 
a) preparatIOn of meals handed to the enterprIses, 
produce and dIsh wasbmg 
b) the same, handed to homes 

29 Food stores 

30 HaIr-dressers 

31 CInemas 

32 Clubs 

33 Theaters 
a) for spectators 
b) for actors 

34 StadIUms and sportshalls 
a) spectators 
b) sportsmen mcludmg takIng shower 

35 SWlllunmg Pools 
a) fresh water addmg 
b) for spectators 
c) sportsmen mcludmg shower takmg 

36 PublIc Bath 
a) soap wasbmg m basms WIth shower nnsmg 
b) soap washIng m basms WIth massage 
c) shower cabm 
d) bathtub cabm 
e) cleanmg of the bath area 
f) masseur's smk 

37 ServIce staff m adnnrustrative bUIldIngs 

38 Showers at enterprIses, clubs, theaters 

39 Motor vehIcle wasbmg 
a) non mecharuca1 car wash m a garage 

trucks, buses trolleys 
cars 

hose-washmg regardless of the parkIng place 
trucks 
busses 
cars 
motorcycles 

40 Flushmg and testmg of plumbmg systems 

41 ReSidentIal buIldmgs With sewerage 
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Water 
Umt ConsumptIon 

Norm, lid 

1 kg of dry laundry 40 
1 employee 15 

1 pupd, 20 
1 teacher/shIft 

1 place 200 
1 chIld 75 

1 chIld 100 
1 place/24 h 200 

1 meal 12 

1 meal 10 

1 employee 400 

1 employee 120 

1 seat 4 

1 seat 10 

1 seat 10 
1 person 40 

1 seat 3 
1 sportsman 50 

% of a pool volume 10 
1 seat 3 

1 sportsman 100 

1 VISItor 180 
1 VISItor 290 
1 VISItor 440 
1 VISItor 540 

m2 6 
1 tap 15 

1 person 25 

1 shower head -

1 velucle 1500 
1 velucle 1000 

1 velucle 500 
1 velucle 500 
1 vehIcle 300 
1 vehIcle 50 

100 m3 ofa 10 000 
bUlldmg 

1 reSIdent 150 
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No Consumers 

42 PublIc taps 
a) mSIde a court yard 
b) on a street 

43 Fountams wIth water rotatIOn 

43 FountalDS WIthout water rotatIOn 

44 Dnnkmg fountams 

45 Preparmg Skatmg Rmks 
a) first fillmg 
b) consecutlve fiIlmgs 

46 Tomc water vendmg machmes excludmg wash stand 
for glasses 
a) WIth water coolmg systems 
b) WlthOut water coolmg systems 

47 Wash-stands for glasses for tomc water 
vendmg machmes, etc) 
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beer, 

K-3 

Water 
Umt Consumption 

Norm, lId 

1 resIdent 150 
1 resIdent 50 

1 % of the volume 100 

Accordmg to the dIameter of a supply 
pIpe at the flow speed of 2 m per second 

1 fountam 72mlb 

m2 50 
m2 10 

1 machme 100 lib 
1 machme 25l1h 

1 wash-stand 50 lib 
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Appendix L 

INTERVIEW WITH LVK FLOW METER REPAIR CREW 

InformatIOn for thIS appendIX was obtamed dUrIng IntervIews WIth 

Mr Roman Pavlyshyn, L VK Metrology Department ChIef 
Mr YUrI Trusevych, L VK RepaIr Crew ChIef 
Mr Valentyn Parkhomenko, LVK Sales Department Cluef 

The mterviews were conducted by Mana Tryhovska (CH2M HILL EPT/LviV Engmeer) on 
May 17, 1996 

L 1 BACKGROUND 

There are currently 26,166 kontos (taps to water mam for prImary user) In LVIV Ten 
percent of the total number of consumers are eqUIpped wIth meters The populatIOn 
consumer group has 13,606 meters mstalled (69 percent of the total number of thIs 
consumer group, 50 percent of WhICh were mstalled In the prewar penod), 13,100 meters 
are not functIOrung There IS no mformatIOn about the number of meters mstalled at the 
other consumer groups Table L-l presents data regardIng functIOnmg meters mstalled at 
varIOUS consumers groups 

Table L-l 

I L VK Meters Reported 
Consumer Group Number of Consumers Meters 

Name (kontos) Installed 

Population 19632 13609 

Budget orgaruzatIOns 987 

Communal sector 2,058 

Industnal sector 3489 

Total 26,166 

L.2 REASONS FOR METER FAILURES 

The major reasons for meter faIlure were reported to be 

• meter propeller damaged - 60 % 
• propeller mecharusm blocked wIth debns or sand - 25 % 
• bearmg faIlure - 10 % 
• meter regIster faIlure - 5 % 

westIlls\reports\IVlv\fmaJdat\app 
26aug97 L-l 

Meters Percent 
OperatIng OperatIng 

509 3 

260 33 

675 26 

1 179 34 

2,619 10 

I 



L 3 FACTORS THAT AFFECT METER SERVICE LIFE 

The major factors that appear to affect servIce lIfe mclude 

• penod of scheduled supply 
• locatIOn relative to pIpes 
• presence of protectIve screen m front of the meters 
• manufacturer 

Meters m a locatIOn wIth a 24-hour water supply last longer than m a locatIOn WIth a SIX 
hour water supply Meters mstalled near pIpe suctIOns tend to fad at a hIgher rate Meters 
WIth protectIve screens tend to last longer 

Prewar meters (AustrIan or Poltsh) have good quabty cases and If a meter goes out of order 
ItS broken parts can be replaced by new parts (e g propeller, meter regIster) It IS belIeved 
that these meters fall maInly because of worn parts smce water flow has doubled smce the 
tIme of theIr mstallatIOn ThIS IS due to the fact that now every apartment has a kItchen 
WIth a gas heater and kItchen smk, and a bathroom WIth a bath tub and a toIlet, at the tIme 
of the ongmal meter mstallatIOn an average flat only had one tOIlet (WIth two lavatory pans) 
for the whole floor, and the maJonty of apartments had only a kItchen smk 

In the old apartment bUIldmgs one famIly hved m a large apartment (4 or 5 rooms) and the 
apartment had a complete set of plumbmg eqUIpment After 1945, these apartments were 
usually dIVIded mto two or three smaller apartments and each fanuly had a complete set of 
plumbmg eqUIpment mstalled Thus where before 1940 about 10-20 people lIved m a 
bUIldmg, now the bUIldmgs usually have 20-30 reSIdents 

In LVIV there are a few prewar compound water meters that can automatIcally sWItch from a 
25-mm dIameter mode to a 80-mm dIameter mode (WIth mcreased flow from a 20-mm 
dIameter to a 50-mm dIameter mode) 

The postwar meters produced by the Dmepropetrovsk mIlItary plant are consIdered by the 
L VK to be of good qualIty, but the L VK has not kept m touch WIth the plant and does not 
know If the plant IS stIll producmg them Another plant that manufactured meters was the 
KIrovabad plant (Central ASIa) TheIr meters are consIdered by the LVK to be less 
deSIrable because theIr cases cannot be repaIred A plant at Lutsk has started producmg 
meters but they are not consIdered to be good qualIty meters by L VK 

Accordmg to the standards that are used for manufactunng meters III Ukrame, a meter's 
servIce lIfe WIthOut repaIrs should be two years, but m the dIstrIcts WIth a scheduled water 
supply they tend to fall sooner 

L4 REPAIRS OF WATER METERS 

The L VK repaIr workshop IS m charge of repaIr and calIbratIOn of all the meters III western 
Ukrame The workshop repaIr and cahbratIOn eqUIpment was made before the war and has 
already been m use for 50-60 years The test rack IS one of few that have remamed m the 
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world (now only to be found m AustrIa, LVIV and Cuba) 

The average length of tIme for repaIrs IS 

• 3 4 man hours - for 40 mm dIameter meters 
• 3 4 man hours - for 50-80 mm dIameter meters 
• 9 man hours - for 100 mm dIameter meters 
• 7 1 man hours - for 150-200 mm dIameter meters 

A meter repaIr cost IS about 2 mIllIon kbv (about US $ 10) CalIbratIOn cost IS 20 percent 
of the repaIr cost At the tIme of the mterview they had 50 meters m theIr shop to be 
repaIred The CIty adffilmstratlOn has reqUIred ZhEKs to remove the meters that have not 
been workIng for 20-25 years and to delIver them for repairs to the LVK Many of the 
meters that were made after the war have become useless and cannot be repaIred any more 
On the other hand, It IS generally possIble to repaIr the prewar meters If theIr non-workmg 
parts are replaced 

At the present tIme, the repaIr workshop IS usmg an eXlstmg old stock of spare parts but 
they are not bemg replemshed There IS a serIous concern that when they run out of spare 
parts, they WIll have a problem WIth the repaIrs The bIggest need IS for replacement meter 
propellers 

L.S METER INSTALLATION AND REPLACEMENT PROCEDURE 

PrImary users must delIver the meters for repaIrs and calIbratIon They remove and 
remstall them on theIr own A deSIgn organIZatIOn IS responsIble for makIng a plan for 
meter mstallation Before the mstallatIon of a new meter, a deSIgn orgarnzatIon makes a 
plan of the meter and agrees It WIth the LVK and the Water Inspectorate 

After the mstallatlOn, the prImary user applIes to the L VK WIth a request to regIster the 
meter Then an mspector comes on SIte, seals any bypass valves, seals the meter 
connectIon to the pIpe and approves the meter regIstratIon The meter must have the seal of 
a state offiCIal, who IS charge of callbratmg 
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Appendix M 

PIPE BREAKDOWN AND REPAIRS 

Tills appendIx presents grapillcal presentatIOns of mformatIOn regardmg breakdown and 
repaIr of water dIstnbutIOn pIpes m LVIV 
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Water Supply PIpeline Breakdowns by Type 
(elaborated In next four figures, M2-MS) 

ClPlpe 

ClFlttm9s 

.Technlcal inspectIon 

IIII ServIce connection to building 

FIgure M-1 
Breakdown Rate In the Water DIstribution S stem 

ept IVlvl390\mslprohlexcel\plpehnelavana1 xls/15Aug97 • 
ENVIRONMENTAL POLICY AND ID1il3lD 

TECHNOLOGY PROJECT ~ 
CH2M HILL International ServIces Iltc a:a:a:EI 

~··II'~ 



27% 

1 Water Supply Pipe Breakdowns 

6% 

o Damage between bell and spigot JOint 

o Hole In 1040 mm diameter steel pipe 

• Hole In cast Iron pipe 

IJID Several holes In steel pipe 

Figure M-2 
Water Suppl Pipe Breakdown 
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2% 

16% 

2 Fittings Breakdowns 

\ 

o Gate valve damage 

o Damaged hydrant 

II Damaged water meter 

rnn Service connectton valve damage 

• Pubhc tap damage 

FIgure M·3 
Fltt'" s Breakdowns 

ENVIRONMENTAL POLICY AND 

TECHNOLOGY PROJECT 
CH2M HILL InternatIonal Se Vtct!s Inc 

ept IVlv\390\ms\proh\excel\plpehnelavana 1 xlsf1SAug97 

I!miD 
~ 
a:u:r:zz::a ... ,,," 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
• ~ 

'" , 

3 Techmcallnspectlon 

8% 

"-

'" \ 

/ 

/77% 
/' 

~~ 
-

o Inspection of fittIngs 

• Inspection of water meter group 

o Flushing of water mains 

FIgure M-4 
Techmcallns ectlon 
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4 Service Connection Breakdowns 

II1II Damage between bell and spigot JOint 

D Hole In 10-40 mm diameter steel pipe 

Ii!! Hole In cast Iron pipe 

D Several holes In steel pipe 

Figure M 5 
Service Connection Breakdowns 
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AppendIx N 

ENERGY CONSUMPTION 

Tills AppendIx contams data on energy consumptIOn at vanous L VK well fields and pump 
statIOns durmg 1995 and 1996 
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Table N-l 
L VK Well Field Power Consumption III 1995 

Well Jan-95 Feb-95 
Field Name kWh m3/mo kWh m3/mo 
Malchytsl 161,568 497,271 145,044 466,364 

Mahenv* 296,500 993,705 280,000 994,015 

Krekhlv* 270,000 590,519 260,000 590,798 

Mokrotyn 

Zarudtsl* 1 129867 1 192,187 1,105,411 1 164,422 

StrYI 896400 3 746 191 878400 4126,966 

Vtlshanytsla 157000 279837 179000 248806 

Total 2,911,335 7299,710 2,847,855 7,591 371 

* Note Mahenv = Mahenv + Rava RU[ka 
Krekhlv = Shostaky + Krekhlv + Kunm 
Zarudtsl = Mokrotyn + Zarudt 1 + PS Zarudtsl 

Well Jul-95 Aug-95 
Field Name kWh m3/mo kWh m3/mo 
Malchytsl 128,520 480,180 167,076 527,034 

Mahenv* 274,500 963,690 310,000 992,096 

Krekhlv* 242,000 570,530 356,000 589,095 

Mokrotyn 480030 496,064 

Zarudtsl* 1,198,344 660,090 1,232582 688,066 

Stryl 828,000 3,717,530 888000 4,048,520 

V tlshanytsla 25,100 240024 201,000 248,372 

Total 2,696,464 7,112,074 3,154,658 7,589,247 

weSDllslreportsllvlvlfmaldatlapp 
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Mar-95 Apr-95 

kWh m3/mo kWh m3/mo 
165840 448,224 154,224 465 465 

272,500 897,344 292,000 961,651 

232000 533,008 360,000 590302 

434868 

919,545 1 064,672 992913 560,294 

860,400 3553,904 986400 4 145,594 

190000 231 448 143000 250750 

2,640285 6,728600 2,928537 7,408,924 

Sep-95 Oct-95 

kWh m3/mo kWh m3/mo 
157,896 527,682 165,240 480,990 

261,000 992,992 250,500 961,350 

262,000 590,612 292000 570,480 

497,364 480,330 

1,120085 682,496 1,198,344 660,630 

925,200 3,945,847 900 000 3750,701 

134,000 279713 229000 271,350 

2,860,181 7,516,706 3,035,084 7 175,831 

N-2 

May-95 Jun-95 

kWh m3/mo kWh m3/mo 
152388 450360 60568 466,023 

275,500 930,660 270,000 932,635 

308000 570,990 278,000 590,395 

450,420 496,682 

997,805 630,960 I 242,365 652,116 

900,000 4021 295 1,008000 4292 179 

161000 252660 145000 255 161 

2,794,693 7,307,345 3003,933 7685,191 

-------_ .. _-------------- ----- --

Nov-95 Dec-95 ! 

kWh m3/mo kWh m3/mo 
165,240 496,372 186,568 481,650 

255,000 992,434 318,720 962,090 

286,000 589,248 457,000 570,750 

496,124 480,720 

1,222,800 651,217 1,329,867 631,900 

792,000 3,154 179 817,200 3,624,051 

159,000 269,700 357,000 300,900 

2,880,040 6649,274 3,466,355 7,052061 



------------
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Table N-2 
LVK Outer Pump Station Power Consumption m 1995 

Pump StatIon Jan-95 Feb-95 
Name kWh rn3/mo kWh m3/mo 

Voila 342,720 218,085 342720 217,713 
Dobrostanska ** 
Velykopole** 192 168 217 682 193,800 217341 
Kammnobrody_** 302 144 496,744 307,958 496868 
Budzen 11** 1 289,966 1,440,505 1,303776 1,325,844 
Malechkovychl ** 99,297 124000 101,102 155,031 
Mykolalv 1 900 800 3,549314 2,222400 3,904,519 
Hlynna-Navana** 506,736 446,586 474912 436043 
Stare Selo** 475,488 793,364 438,912 754402 
PluhlV** 445,720 1,604991 460000 1 651,798 
Subtotal 5,555039 8,891,271 5845,580 9 159,559 

** Note Volla Dobrostanska = well field + pump statIOn 

Pump Station 
Name 

Volla 
Dobrostanska ** 
Velykopole** 
Kanuanobrody** 
Budzen II** 
Malechkovycht** 
Mykolalv 
Hlynna-Navana** 
Stare Selo** 
Pluhtv** 
Subtotal 
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Jul-95 

kWh rn3/mo 
264384 210 210 

190,536 210,030 
245,902 480,060 

1,248343 1,220,770 
96,890 150,000 

1,944,000 3498,232 
450432 441,427 
459,232 673,728 
536,890 1,474,171 

5,436,609 8358,628 

Aug-95 

kWh m3/mo 
313 344 217,035 

194,203 217,014 
242,413 465045 

1,296,021 1,389,482 
100,501 155,000 

2,184,000 3,687,177 
476,234 458,863 
447,040 707,520 
587,540 1,523,590 

5,841 296 8,820,726 

Mar-95 Apr-95 May-95 

kWh m3/mo kWh m3/mo kWh m3/mo 
345,168 196,784 368,424 217000 287640 211 350 

177,286 196448 199,512 217,000 193,188 210,210 
270749 420,644 308,326 465,223 238,864 450690 

1 059,898 1,317,140 1,273,342 1,426000 1 282,601 1 351,680 
83,048 140,000 105917 155000 96890 150,000 

I 766,400 3 398,191 1,819200 3,565716 1 896000 3706027 
359,856 401,992 457,776 465904 440640 440 142 
447040 711,040 479,552 786,227 426720 695235 
440,000 1,394 155 520,000 1 643,292 580000 1 526,511 

4949,445 8,176,394 5,532,049 8,941 362 5,442,543 8,741 845 

-- -------

Sep-95 Oct-95 Nov-95 

kWh m3/mo kWh m3/mo kWh m3/mo 
314,568 217,217 304776 211 080 268056 217 186 

194,820 217,093 180,132 210,066 178,500 217,093 
199,328 465,992 231,581 450420 272 462 465,155 

1,282,636 1,224633 1,260382 1,224,560 1,235,189 1,224,488 
101,102 155000 94,483 150,000 96,288 155,000 

2,170,560 3,584,525 2,102,400 3,415,939 2,049,600 3,587,768 
467,568 441,583 430,848 417,426 435,744 427,929 
455,168 784572 564,896 688,124 528,320 704,140 
567,280 1,535,546 587,540 1,499,212 587,540 1,522328 

5,753,030 8626,161 5,757,038 8,266,827 5,651,699 8,521,087 

N-3 

-

Jun-95 

kWh m3/mo 
290088 217 712 

197880 217372 
252205 465496 
985,325 1 394,628 
115546 155,000 

2 136400 3902,071 
457776 443602 
491 744 763241 
582000 1 553,906 

5,508,964 9,113,0281 

------

Dec-95 

kWh m3/mo 
328032 210 120 

245333 210 090 
369464 450,900 

1,442,058 1,156,034 
135686 150,240 

1,896,000 3,180,605 
446,576 369,071 
632,414 752,576 
717,280 1,497,961 

6,212843 7,977,597 



Pump StatIOn Jan-95 
Name kWh m3/mo 

SokIlnyky 1,094400 3,367029 
Budzen III 262,311 989,832 
Karachyrnv 513 576 1,203722 
ZbOlSk 87928 993,705 
Sykhlv III 290,066 977 605 
Vyrntyky 616,684 1,906,907 
KrYVChyt~l *** 904,682 1,449565 
Yamvska*** 37,838 434,217 
Telecentr*** 900 17296 
Broneva*** 7200 33480 
MISka Smuha*** 40200 164420 
Total 3855785 11 537,778 

*** Note Yamvska booster pump statton 

-

II Pump Station 
! Name 
I SOkIlnyky 
I Budzen III 
; Karachymv 
I ZbOlSk 
Sykhtv III 
Vyrntyky 
KryvChytSI*** 
Yamvska*** 
Telecentr*** 
Broneva*** 

I MISka Smuha*** 
Total 
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Jul-95 
kWh m3/mo 

1 151,900 3,377,849 
131,155 859,966 
518,467 1,169,625 
92252 961,920 
302,318 979,240 
722,868 1,812 115 
850937 1,376,000 
22,222 420420 
1,110 15,980 
4200 32,400 
22,800 171,700 

3,820229 7,799,366 

------
Table N-3 

L VK Inner Pump StatIOn Power ConsumptIOn III 1995 

Feb-95 Mar-95 Apr-95 May-95 Jun-95 
kWh m3/mo kWh mJ/mo kWh m3/mo kWh m 3/mo kWh m3/mo 

1,404,000 4,690,225 1,224000 3248,244 1,188,000 3,749,371 1,149,200 3499218 1,216800 3,546644 
268382 886,608 246523 871 296 224664 1049,239 180,946 954,513 59,506 1,023735 
518467 1 168,400 562408 1,068,941 542924 1 145,853 572,271 1 123,865 596,726 1,154410 
89850 961,930 88,889 897932 98,018 961 961 82,162 936,450 lO5,706 992,992 
273526 930361 251,166 986,178 300,787 986486 296 192 897293 328354 946318 
704490 1 988,805 673,860 1,739,346 763,708 1,900 000 735 120 1,889,378 612600 1 880,312 
898589 1,458,357 606,593 1,304,165 830513 1,320000 837525 1,383000 824356 1 351,6001 
39928 434,062 36,064 392,030 45,646 434713 49,249 428,900 61,862 434,062 
1,080 17,155 995 17 155 1 020 17,860 870 16,920 1,890 17,860 
9,000 33,480 7349 28080 12600 33,480 lO,800 32,400 6,000 33,480 

39,524 164 290 34,318 142403 36,600 172 060 27,600 182,280 26400 195,7lO 
4246,836 12 733 673 3,732 165 lO 695,770 4,044,480 11,771 023 3,941 935 11 344217 3840,200 11 577,12 

3 I 

Aug-95 Sep-95 Oct-95 Nov-95 Dec-95 
kWh m3/mo kWh m3/mo kWh m3/mo kWh m3/mo kWh m3/mo 

1,188 000 3,297,508 1,152,000 3 387,207 1,101 600 3,280222 1,152000 3 137,150 1 123,200 3,315,692 
205,234 944588 183,374 916,941 205,234 867985 205,234 833975 263,734 995,295 
518,467 1,201 434 474,447 1 209,245 518,467 1,220,006 523,359 1,130,604 712,488 1,220,190 
90,811 992961 69,670 993,395 138,859 932,450 65,826 961,186 120,811 961,050 
306,299 920,975 300,787 1,085,700 292,211 969,635 291,597 905,656 299,329 985,732 
767,792 1,962,300 784,128 2,089,271 778,202 1,838,717 824,968 1,907,770 1,103,614 1,799 185 
561,642 1,462 100 976,999 1,437,600 950223 1 575,257 925,978 1 557,988 973,370 1,355450 
41,441 434,000 40,240 434,682 30,039 420,420 38438 434,062 40,841 420,028 
1,470 16,920 1,230 15,980 1 020 15,800 1,040 15,040 1,230 16,928 
3,600 33,480 6,900 33,480 9600 32,400 11,400 33,480 lO,8oo 30,600 

21,000 153,300 25,200 170,580 30000 190620 41,400 172,760 47,400 165,630 
3705,756 11,419566 4,014975 11,774081 4,055455 8063,290 4081,240 11 089,671 4696,817 7950,088 

N-4 
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Table N-4 
Water DistributIOn Supply System Pump StatIOn Power ConsumptIOn, 1995 

Pump Station 
Name 

North 
Mahenv* 
KrekhIv* 
Mokrotyn 
Zarudtsl* 
ZbOlSk 
Subtotal 

West 

Volla Dobrostanska** 
Velykopole** 
Kanuanobrody** 
Malchytsl 
Karachyruv 
Yaruvska*** 
Subtotal 

Budzen 11** 
Budzen III 
Subtotal 

South 

Stryl 
Mykolalv 
Sokllnyky 
Broneva*** 
Subtotal 
Malechkovycht ** 
Subtotal 
Hlynna-Navana** 
Stare Selo** 
Sykl11v!II 
Subtotal 

East 
Pluhtv** 
VIlshanytsla 
Vynnyky 
Kryvchytsl *** 
Telecentr*** 
Subtotal 

Center 

MIska Smuha*** 
Subtotal 

Total 
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kWh 

3356,220 
3603000 

-
13 689,928 
1,130782 

21,779,930 

3,769,920 

2,337,358 
3,241,396 

1,810,172 

6572,067 
483,808 

18,214,721 

14,959,537 

2436,297 

17 395,834 

10,680,000 
24,087,760 
14145,100 

99,449 

49,012,309 

1,226,750 
1,226750 

5405,098 
5846,526 

3,532,632 
14,784,256 

6611 790 
2080100 
9088034 
1 014407 

13,855 
18808,186 

392,442 
392,442 

141,614428 

Total-1995 

m3/yr m3/d kWh/m3 

11,574,662 31,711 029 
6,946727 19,032 052 
4,312,602 11,815 -
9,239,050 25,312 148 
11,547932 31,638 010 

31638 1 89 

2,561,492 7,018 1 47 
2,557,439 7,007 091 
5573,237 15,269 058 
5,787,615 15,856 031 
14,016,295 38401 047 
5,121,596 14,032 009 

38,401 1 30 

15,695,764 43,002 095 

11,193,973 30,668 022 

30,668 155 

46,126,957 126,375 023 
42,980,084 117,754 056 
41,896,359 114,785 034 

390,240 1,069 025 
114,785 1 17 

1,794,271 4,916 068 
4,916 068 

5,190568 14221 104 
8 814 169 24148 066 

--tl571,179 ~2 031 
31,702 128 

18427461 50,486 036 
3 128721 8572 066 

22714 106 62230 040 
17,031 082 46,660 006 

200894 550 007 
62,230 083 

2,045,753 5,605 019 
5,605 019 

314,340 123 

N-5 
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Table N-5 
LVK Well Field Power ConsumptIOn III 1996 

Well Field Jan-96 Feb-96 
Name kWh m3/mo kWh m3/mo 

Malchytsl 159732 497,116 205240 527,434 

Mahenv* 310200 993,736 330,000 961,372 

Krekluv* 260,000 590,302 424,000 589,155 

Mokrotyn 496,651 434093 

Zarudtsl* 997,805 688744 1 308,629 651 124 

Stryl 842,904 3793,439 985,831 4,054,156 

VIIshanytsla 170,000 311,581 185000 310 093 

Total 2,740,641 7371,569 3,438700 7,527,427 

* Note Mahenv = Mahenv + Rava Ruska 
Krekluv = Shostaky + Krelduv + Kumn 
Zarudtsl = Mokrotyn + Zarudtsl + PS ZarudtSl 

Well Field Jul-96 Aug-96 
Name kWh m3/mo kWh m3/mo 

Malchytsl 139,500 480,330 132,192 434,645 

Mahenv* 445,000 841,140 272,000 899,279 

Krekluv* 282,000 541,380 272 000 591,304 

Mokrotyn k 240,060 204600 

Zarudtsl* 1,056,000 600,420 885,310 672 359 

StrYl 1,011,600 3,733432 703 300 3510,306 

VIlshanytsla 60,000 156,900 64000 98,461 

Total 2,994100 6,593,662 2,328,802 6,410,954 
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Mar-96 
kWh m3/mo 

155,668 493,087 

225,000 757,309 

208,000 437200 

203290 

628789 464021 

784267 3,451 228 

193,000 290,000 

2 194724 6096 135 

Sep-96 

kWh m3/mo 
141 370 496,093 

433000 992,651 

228,000 527,124 

248,000 

919546 558,186 

813,600 3,931,412 

2,535,516 6,753,466 

N-6 

Apr-96 May-96 Jun-96 

kWh m3/mo kWh m3/mo kWh m3/mo 
161,568 527,372 128,520 510,690 152,388 496,961 

538,992 1,054434 538992 870,330 538992 868,341 

330000 527,682 292,000 511 080 314000 528302 

263562 240030 248248 

1,178779 682434 1,159214 600 420 1,188562 620992 

934524 3892,905 828,244 4,425,780 927,200 4 158,499 

217,000 310,465 204,000 297,124 147000 170,562 

3360863 7258,854 3 150,970 7455,454 3268,142 7091 905 

Oct-96 Nov-96 Dec-96 
, 

kWh m3/mo kWh m3/mo kWh m3/mo 
15,422 480420 152,388 465,713 148,716 450420 i 

, 

370000 960,360 643,500 1,098,082 561,000 990,660 I 

280,000 510,330 302000 497,364 258000 480,270 J 

240,000 217,186 210,480 

1,085,684 570,000 1,061,390 559,798 851,069 510 360 ! , 
824,580 3,908,243 857,563 4,192,711 883,217 3,994,310 

128,000 330,000 

2,575686 6,669353 3,016,841 7,030854 2,830002 6,966,500 
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Table N-6 
L VK Outer Pump Station Power ConsumptIOn III 1996 

Pump Station Jan-96 Feb-96 
Name kWh mJ/mo kWh mJ/mo 

Voha 297616 217,147 213,048 217,124 
Dobrostanska ** 
Velykopole** 167,504 217,126 230,064 217031 
KamIanobrody** 280,846 466,023 309647 465713 
Budzen II** 1,286,345 1,154616 1,749915 1,344,606 
Malechkovyclu** 100,782 155,000 112,899 131,084 
Mykolalv 2,265,600 3,464,328 2,068,800 3,719,409 
Hlynna-Navana** 391,680 383,990 575,120 422,727 
Stare Selo** 520,464 704,140 528,320 663024 
PluhlV** 537,616 1,574862 642,242 1 550062 
Subtotal 5,848453 8337,232 6430,055 8730,780 

** Note Volta Dobrostanska = well field + pump statIOn 

Pump Station 
Name 

Volta 
Dobrostanska** 
Velykopole** 
Kamlanobrody** 
Budzen II** 
Malechkovyclu ** 
Mykolalv 
Hlynna-Navana** 
Stare Selo** 
PluhlV** 
Subtotal 
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Jul-96 

kWh mJ/mo 
285,200 210,960 

171,400 210,660 
213,960 480,090 

1,458,600 1,490,820 
99900 213,840 

2,198,400 3,702967 
448,000 432,606 
500,000 732,390 
567,300 1,629,468 

5942,760 9,103,801 

Aug-96 

kWh m3/mo 
275,400 165,800 

66,300 80,645 
235,740 453,176 

1,103,110 1,237,417 
98,100 210,180 

2409,600 4,083,876 
443,100 421,621 
508,000 769230 
587,540 1,697,104 

5726,890 9 119,049 

Mar-96 Apr-96 May-96 

kWh mJ/mo kWh mJ/mo kWh mJ/mo 
251 766 203,174 342,720 217,093 372,096 210,390 

159,944 203,058 165,648 217,062 178,092 210,270 
273955 493348 301 777 527279 196880 510,090 

1,358077 1,191,798 1,561,205 1,317,258 1,443,932 1,025,842 
78,836 129,893 102,908 165,695 96,890 191,620 

1675,200 3,140,335 2,145,600 3,585,096 2,040,000 3,886,036 
381,520 383,566 421 056 436264 435744 426,512 
447040 678550 471,424 744515 410 464 696,062 
547,020 1 392,392 575,384 1,488,682 560,000 1,450,920 

5 173,358 7816,114 6,087,722 8698,944 5,734,098 8,607,742 

Sep-96 Oct-96 Nov-96 

kWh m3/mo kWh m3/mo kWh m3/mo 
290,088 217,341 189,048 210 090 302,328 435,984 

123,216 168,231 165,240 240,210 177,072 359,600 
55,998 93,050 18,238 0 208,264 300,000 

916,200 1,1l9,099 846569 1,047,102 1,319,328 1,388,507 
92,075 217,186 93,028 180090 93,279 186,000 

1,953,600 3,615,288 2,487,178 4,019,249 1,704,000 4,010,835 
249,696 420,467 430,848 436,480 406,368 458386 
463,296 6,222,074 475,488 533,850 414,528 535,765 
587,540 1 737,486 587,540 1,693,511 628,060 1,752,177 

4,731,709 13 810,22 5,293,177 8360,582 5,253,227 9,427,254 
2 

N-7 

Jun-96 

kWh mJ/mo 
379072 217,713 

171,564 217372 
250,002 496,682 

1,528,221 1,408,307 
88465 186310 

1 780,000 3425,931 
509,184 504,712 
487580 727637 
579436 1,691 960 

5773524 8876,624 

Dec-96 

kWh m3/mo 
307224 420330 

169,320 348,180 
257,346 345060 

1,286,345 1 348,457 
95,686 165,000 

2,332,800 3,812,751 
433,296 451,199 
447,040 537,325 
587,540 1,573,707 

5916,597 9,002009 



Pump Jan-96 
StatIOn Name kWh m3/mo 
Sokllnyky 1,166,400 3,335,426 
Budzen III 196298 899,000 
Karachymv 535,317 1,468554 
ZbOlsk 70,150 930000 
Sykluv III 173,737 578534 
Vynnyky 710,616 1,869 108 
. KryvChytSl *** 834,370 1,413 035 
Yamvska*** 40,341 434000 
Telecentr*** 1,170 17,860 
Broneva*** 8,000 26,000 
Miska Smuha*** 36200 164 370 
Total 3,772,599 11,135887 

*** Note Yamvska - booster pump station 

Pump 
StatIOn Name 

Sokllnyky. 
Budzen III 
Karachymv 
ZbOlsk 
Sykluv III 
Vynnyky 
[fuyvChytSl *** 
Yamvska*** 
Telecentr*** 
Broneva*** 
Miska Smuha*** 
Total 

westnJs\reports\Jvlv\fmaldat\app 
26aug97 

-'!~ 

Jul-96 
kWh m3/mo 

1,137,000 3,409,527 
193,900 1,053,592 
547,800 1,184,363 
87800 1,587,407 
280,300 620,620 
772,000 1,785,820 
751 100 1,318,317 
45000 420,000 
1,470 17,578 
10, ZOO 36,000 
25,200 185,490 

3,851 770 8,209187 

- - --
Table N-7 

L VK Inner Pump StatIOn Power ConsumptIOn III 1996 

Feb-96 Mar-96 Apr-96 May-96 Jun-96 
kWh m3/mo kWh m3/mo kWh m3/mo kWh m3/mo kWh m3/mo 

1 166,400 3,247,197 1036,000 3287 179 1,152 000 3,540,614 1,159,200 1 180570 2310 000 3780454 
222304 900,947 177,302 814234 219806 979,741 200,376 849,470 143299 955930 
696944 1 357,331 530,426 1,225,070 591,835 1 322,285 552,706 1,225 112 601 617 1,342,718 
91 261 923,800 141 261 1,536,099 76,516 1 798,310 106306 1,590,253 98258 1,612,620 
304,030 900,093 281 256 1,009,200 276,589 1,054713 292210 738,930 311 814 744713 
891,045 1 806293 686 112 1,649,102 830,020 1,840963 810 674 1,759326 769834 1,708,912 
696,555 1 439372 715 838 1,216,860 763,856 1,326,005 752571 1,197567 716 172 1 207970 
34234 403,062 20631 219240 36,637 392,212 38651 420000 45 045 434062 
1 110 15,980 840 14,100 1 320 16920 1,290 16,920 1,020 15040 
10500 37200 10,400 34,800 9,600 37200 9000 36000 10800 37,200 
36,200 156800 28200 132990 37800 153,080 24,000 155,430 24,600 176 100 

4,150,583 11 188,075 3,628,266 11,138874 3,995979 12,462,043 3,946,984 9,169,578 5,032459 12015,7191 

Aug-96 Sep-96 Oct-96 Nov-96 Dec-96 
kWh m3/mo kWh m3/mo kWh m3/mo kWh m3/mo kWh m3/mo 

1,173,000 3,460,278 1,216,800 3,574,011 1,144,800 3,561,034 1,166,400 3,828,960 1 302400 3631 191 
111,730 814,501 188,088 726864 53,434 659,368 132,370 942,662 159,086 893,647 
410,860 851,224 303,254 877 615 313,037 750,685 733,680 1,051 687 513,576 946730 
92,610 1,584,026 71,592 1,393,295 83,363 1658,290 92,973 1,667,546 88409 1,481,447 
283,630 890,129 258,876 820,709 259 159 832,161 292,516 844,254 288,841 912,580 
722870 1,631,277 745,330 1,560,690 722868 1,548,403 739,204 1,532,793 790,254 1 701,481 
680,594 1 200,177 682,074 1,174,571 630,990 1,103,340 664,603 1,097219 683641 1,250442 
39,640 390,000 36000 434,093 34835 434,042 29,235 418,500 36,036 420,060 
1,050 14,383 1,290 18,001 1260 15,040 1,050 16,100 1,290 16,356 
9,600 38,400 9,600 37,200 9600 36,000 9,300 37,200 9,600 36,000 

24,600 181,170 26,400 173,340 33,000 191,970 36,000 166,190 39,600 152,740 
3,550,184 11055,56 3,539,304 7216378 3,286346 7,229,299 3,897,331 11,603,11 3,912,733 7,811,483; 

5 1 j 

N-8 
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Table N-8 
Water DistributIon Supply System Pump Station Power ConsumptIOn, 1996 

Pump StatIOn 
Name 

North 
Mahenv* 
Krekhlv* 
Mokrotyn 
Zarudtsl* 
ZbOlSk 
Subtotal 

West 
Volla Dobrostanska** 
Velykopole** 
Kannanobrody** 
Malchytsl 
Karachymv 
YanIvska*** 
Subtotal 
Budzen 11** 
Budzen III 
Subtotal 

South 

Stryl 
Mykolalv 
SoIaInyky 
Broneva*** 
Subtotal 
Malechkovydu ** 
Subtotal 
Hlynna-Navana** 
Stare Selo** 
Sylduv III 
Subtotal 

East 
Pluluv** 
VIlshanytsla 

Vynnyky 

KryvChytsl *** 
Telecentr*** 
Subtotal 

Center 
MlSka Smuha*** 
Subtotal 

Total 

westtns\reports\IVlv\flnaldat\app 
26aug97 

kWh 

5,206,676 

3,450,000 

-
12,320,777 

1,100,499 

22,077,952 

3,505,606 
1,945,364 

2,602,653 
1,692,704 
6,331 052 

436,285 
16,513,664 

15,857,847 
1,997,993 

17,855,840 

10,396,830 
25,060,778 
15,130,400 

116,200 
50,704,208 
1 152,848 
1 152,848 
5 125,612 
5,673644 
3,302,958 

14 102214 

6987218 
1 368000 
9 190827 
8572 364 

14,160 
26,132,569 

371,800 
371,800 

148911,095 

Total-1996 
m3/yr m3/d kWh/m3 

11,287,694 30,925 046 
6 331 493 17,347 054 
3,246,200 8,894 -
7 178,858 19,668 172 
17,763,093 48,666 006 

48,666 124 

2,943,146 8,063 1 19 
2,689,445 7,368 072 
4630511 12,686 056 
5,860,281 16,056 029 
13 603,374 37,270 047 
4 819,271 13203 009 

37,270 1 21 
15073829 41,298 105 
10 489,956 28,740 019 

28,740 170 

47046,421 128,894 022 
44,466,101 121,825 056 
39836,441 109 141 038 

429200 1,176 027 
109,141 127 

2,131 898 5,841 054 
5,841 054 

5,178,530 14,188 099 
13 544,562 37,108 042 
9946,636 27,251 033 

27,251 142 

19232 331 52691 036 
2275 186 6233 060 

20394 168 55874 045 
14944,875 40,945 057 

194278 532 007 
55874 128 

1,989,670 5,451 o 19 
5,451 019 

312,782 1 30 

N-9 


