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PREFACE

Under the 1992 Freedom Support Act the UOited States Congress inItiated a program to provIde vanous forms of
assistance to new Independent states (NIS) of the former Soviet UOion Cooperative Agreements were SIgned between
representatives of the U S government and each country m whIch assistance was to be undertaken The U S Agency for
Imernallonal Developmem (USAID) was gIven the responsibIlIty to coordmate all U S government assIstance to the NIS
under the Act

Through competitive blddlllg USAID awarded a mulll year contract to a team managed by CH2M HILL International
ServIces Inc (CH2M HILL) to support Implementallon of an environmental assistance program to republIcs of the former
Soviet UnIon Under thiS contract termed the Environmental PolIcy & Technology (EPT) Project CH2M HILL IS to as
SiSt USAID s missions III Moscow Kylv and Almaty undertake a program to promote envIronmental Improvements III the
NIS The USAID mISSIOn III Kylv supports environmental and other assistance programs to Ukrame Belarus and
Moldova CH2M HILL establIshed an office m Kylv from which to perform servIces m these countnes under the EPT
Project

ThiS report was prepared as a contractually requIred delIverable under a contract between USAID and CH2M HILL
Although work on thiS report was conducted m cooperallon WIth the assIsted governments and USAID the fmdmgs and
recommendallons are those of the CH2M HILL team They do not necessanly represent offiCIal POSltlons of the
governments of the aSSIsted countnes nor of the UOited States of Amenca

The CH2M HILL team Includes the followmg orgaOlzatlons

Center for Internallonal EnVIronmental Law
Clark Atlanta Umverslty/HBCUMI EnVIronmental ConsortIUm
ConsortIUm for International Development
Ecojuns
EnVironmental ComplIance Inc
Harvard Institute for Internallonal Development
Hughes TechnIcal Services Company
Internallonal Programs ConsortIUm
International Resources Group Ltd
Interfax Newsagency
K&M Engmeerlllg
Ogden EnVIronmental and Energy Services Company
Pnce Waterhouse
World WIldlife Fund (US)

For addillonal informatIOn regarding the EPT Project contact the followmg

Umted States of Amenca

EnVIronmental Polley & Technology Project
Head Office
1819 H Street NW SUIte 700
Washington DC 20006 USA
Telephone (202) 835 1450
FaCSimIle (202) 835-1463
Contact Dr James Westfield

Ukrame

EnVironmental Polley & Technology Project
Ukrame Belarus & Moldova RegIOnal Office
4 Bohomoltsla Street SUIte 301
252024 Kylv Ukraine
Telephone +(380-44) 247 5633 247-5634
FaCSImile +(380 44) 247 5637
Comact Mr TIes van Kempen

westms\reports\lvlv\gensch1\text

EnVIronmental Pohcy & Technology Project
LVlv Project Office
64 Zelena Street
290017 LVlv Ukrame
Telephone +(380-322) 76-7389 768413
FacsImIle +(380-322) 27-1152
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NOTE ON TRANSLITERATION

Ukralruan personal, mstltutlOnal, and place names used m EPT documents
are translIterated mto EnglIsh from UkraIruan (not RussIan), accordmg to the
modIfied U S Library of Congress standard for UkralnIan-to-EnglIsh
translIteratIOn that has been adopted by many Western orgaruzatIOns and
publIcatIOns, mcludmg the Encyclopedza oj Ukrame (Uruversity of Toronto
Press, 5 vols, 1984-1993) and 0 Subtelny's authontative Ukrazne A History
(Uruversity of Toronto Press, 1988, 2nd editIon 1994), as well as by the
Ukralruan ComnussIOn on Legal Termmology (ResolutIOn No 9 dated 19
Apnl,1996)
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ABBREVIATIONS, ACRONYMS & GLOSSARY

CH2M HILL InternatIOnal ServIces, Inc A US-based InternatIOnal
environmental engIneerIng consultIng firm under contract to USAID
to Implement a large component of the EPT Project

DelIvery Order

for example

EnVIronmental PolIcy & Technology (PrOject) A USAID-funded
program to prOVIde envIronmental aSSIstance to New Independent
States of the former SOVIet Uruon

LVIV Vodokanal (muruclpal publIc water utilIty)

CUbIC meters per day

New Independent States (of the former SOVIet Uruon)

number

A government terntonal-admIrustratIve urut In the former SOVIet
Umon that IS stIll In use follOWIng Ukrame I s Independence A U S
analogue would be somethIng between a state and a county

Pump StatIOn

U S Agency for InternatIonal Development

A quasI-government agency responsIble for mumcipal water supply
and wastewater collectIOn and treatment A U S analogue would be a
water utIlIty

World Bank (InternatIOnal Bank for ReconstructIOn & Development)

A muruclpal entity responsible for operatIOn and mamtenance of
houses and multI-apartment bUlldmgs owned by City adnumstratlOns,
as well as water, sewerage, gas, electncIty, and heatmg systems
wIthIn them
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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 Ukrame
Under dIrectIOn from USAID, a consortIUm led by CH2M HILL InternatIOnal ServIces,
Inc (CH2M HILL) IS Implementmg part of USAID's EnVIronmental Pohcy & Technology
(EPT) Project by undertakmg vanous tasks that have been agreed to by representatIves of
the governments of both countrIes

USAID authonzed CH2M HILL to perform a senes of tasks m Ukrame as part of Dehvery
Order (DO) No 9 Under Task U-2 (Urban Water Management DemonstratIOn LVIV) of
DO #9, CH2M HILL IS to aSSIst the local water utIhty, LVIV Vodokanal (LVK), strengthen
ItS operations and Improve serVIce to ItS customers Task U2 mcludes a reqUIrement
(Subtask 2 1, SubsectIOn 2 1 2)1 for CH2M HILL to produce a general schematIc of the
water supply, conveyance, and delIvery system

ThIS report IS m response to the USAID reqUIrement

Dehvery Order 9, Task U2 Subtask 2 I SubsectIon 2 I 2 states m part (m "Article III-Scope of
Work) Produce a General Schematic oUhe Svstem The contractor [CH2M HILL] will produce an outlme of
the npe ofdrawmgs and schematiCs ofthe baSIC water productIOn and delivery system and the methodology
necessary to analyze operatIOns so as to supply mformatlOn to prepare a strategic for system Improvement

Usmg available data and diSCUSSIOns With operatIOns and mamtenance personnelm the Vodokanal the
Contractor shall produce a general Improved schematiC ofthe overall water productIOn and delivery system
ThiS 'Would not be a be a [SIC] scaled map but Will only contam the key facilltles ofthe system such as the major
well fields pump statIOns transmissIOn mams and distrIbutIOn sectors

The Dehvery Order further states (m "Article IV-Reports/Dehverables") that the contractor IS to
prOVide a Report General schematiC ofthe water system
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SectIOn 2

EXISTING LVIV WATER SYSTEM

The water system for the CIty of LVIV mc1udes remote water sources, conveyance from the
sources to the CIty, and dIstnbutIOn wIthIn the CIty ThIS system IS descnbed below, usmg
mformation obtaIned by CH2M HILL SInce October 1995 from files of the LVIV Vodokanal
and the LVIV InstItute for the DesIgn of Communal ServIces, as well as field observatIOns
and measurements DetaIls are tabulated In Tables 2-1 to 2-3, and schematIcally In
AppendIx A

2 1 OVERVIEW OF LVIV WATER SYSTEM

LVIV, over 700 years old, currently has a populatIon of about 800,000 people Its present
publIc water supply and dIstnbutIon system was started about 100 years ago The CIty'S
dnnkIng water source IS groundwater pumped from a serIes of grouped wells (called
"wellfields") outsIde the CIty perImeter (FIgure A-I) Water from the wellfields IS
conveyed (FIgure A-2) to the CIty In tranSmISSIOn pIpelInes These pipeimes generally
termInate at large pump statIOns at the CIty boundary, where addItIOnal pressure IS added In
order to dIstrIbute water (FIgure A-3) WIthIn the CIty Booster pumps and storage tanks
WIthIn the CIty further aSSIst the delIvery of water to reSIdents and other users The entIre
water system can be charactenzed by the follOWIng major components

• Water source, consIstmg of

a senes of wells, grouped Into wellfields
well pumps

• Water tranSmISSIOn, conSIstIng of

tranSmISSIOn pIpelInes, conveyIng water from the wellfields to the CIty
penmeter
tranSmISSIOn pumps, In pump statIOns along the transmISSIOn lInes

• Water dIstrIbutIOn, COnsIStIng of

dIstnbutIOn pumps, In pump statIons at the end of the tranSmISSIOn pIpelInes
reserVOIrs, at dIstnbutIon pump statIons
chlormatIon, whIch IS conducted at the dIstnbutIon pump statIOns
dIstrIbutIon pipelmes (water mams), to delIver water to end-users
water tanks, to store water WIthIn the CIty for use dunng penods of peak
water demand
booster pumps, to mcrease water pressure wIthm the dIstnbutIOn system In
order to delIver water to customers at hIgher elevatIOns or remote from the
dIstrIbutIOn pumps

westnlslreponsl!vlvlgenschlltext 2 21aug97



2.2 WATER SOURCE

The CIty obtams Its dnnkmg water from about 170 wells m some 20 wellfields (FIgure A-I)
located outsIde the CIty boundary Table 2-1 provIdes data on charactenstIcs of each
wellfield The earlIest publIc wellfield servmg the CIty was developed about 1900 In
order to obtam sufficIent sUItable water, the more-recent wellfields have been establIshed as
far away as 100 kIlometers (km) from the CIty center Depth to groundwater IS generally
about 70 meters (m) for most wells, but older wells obtam water from gravel layers at
about 25 m deep, whereas newer wells draw water from depths of over 300 m The use of
groundwater has kept the supply system reasonably sImple, and the only treatment that
water receIves IS dIsInfectIOn by chlormatIOn

24 WATER TRANSMISSION

ExpanSIOn of the water mfrastructure m LVIV occurred to match growth of the CIty In
general, thIs was done by establIshmg and/or expandmg wellfields adjacent to the SIde of
the CIty where new development was to occur ThIs aVOIded the need to transfer water
across the center of the CIty, a task whIch became more dIfficult as the CIty grew The
overall system of supply now resembles a wheel, WIth the CIty bemg the hub and the spokes
bemg the supply lmes bnngmg-m water (see FIgures A-I and A-2) The result IS that the
water mfrastructure can supply and delIver water mto the old (central) CIty, whIch IS
generally at a lower elevatIOn, but It IS very dIfficult, due to the capacIty of pIpes m the
center and the hIgher elevatIOns at some parts of the dlstnbutIOn area, to move sIgmficant
quantItIes of water from one SIde of the CIty to the other

2.4 WATER DISTRIBUTION

The water dIstnbution system WIthIn the CIty of LVIV (FIgures A-3 and A-4) mcludes the
followmg

• mne pump statIOns (and assocIated storage tanks), generally on the CIty penmeter
(Table 2-2, FIgure A-4)

• some 180 km of water dIstrIbutIOn mams

General charactenstlcs of the dlstnbutIOn pumps are presented m Table 2-2, and theIr
assocIated reservOIrs m Table 6 Water IS also chlormated at some of these pump statIOns
(see Table 2-2) DetaIls of the dIstnbutIon system WIthIn the CIty IS presented m Table 2-3

The CIty Itself IS bUIlt on a senes of low hIlls, WIth an elevatIOn dIfference of about 150
meters In 1995, an average of about 335,000 m3/d was pumped mto the CIty'S water
dlstnbutIOn system ThIs system has been dIVIded mto SIX dIstnbution zones (FIgure A-3),
each of whIch IS generally assocIated WIth a water source, well field, transIlllSSlOn hne, and
CIty boundary pump station
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Table 2-1
LVlv Well Field Characteristics

Dlst Static Capacity Average Dally Number
Well Field Year No Of to Water Safe Added

Total
Production Problem of

No Name Budt Wells LVlv Level Yield Yield 1987 1995 Constituents Operatmg Remarks
Ion m m3/d m~/d m3/d m~/d m3/d Personal

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

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

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

9 Velykopole 1926 5 239 56 8000 5000 13000 13200 7015 13
10 Kamlanobrody 1952 4 200 36 23000 10 000 33000 16100 15289 13
11 Malchytsl 1967 9 116 70 15700 5600 21300 10300 15868 6
12 Budzen 1956 22 205 65 45200 9000 54200 32200 31 568 Iron StrontIUm 12 No removal
13 Kemytsla 1969 8 205 65 9000 6400 15400 12000 11 479 4

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

14 StrYI 1982 34 750 40 140000 - 140000 122200 126578 16
15 Hlynna Navana 1971 12 145 1 2 14700 4300 19000 10 000 14238 13
16 Blbrka 1973 12 159 45 13300 6700 20000 17600 24192 Iron 14 No removal
17 Malechkovychl 1932 1 70 1 2 5000 5000 5000 4910 5

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

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

19 Pluhlv 1989 8 740 20 70000 20000 90000 30200 50572 Carbon dIoxIde 14 AIr stnppmg to
hydrogen sulfide reduce hydrogen

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

GrouD total 16 120,900 55,300 176,200 37,200 66,526
Total 173 508000 131600 639600 382900 412641
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Table 2-2
LVlv Water Distribution Pump StatIOns

Pump Pump Design Average Annual Power =0
Pump Station Number of Pumps Characteristics Shaft Year Dally Dally Flow Supply Power Usage m 1995

,;::
c.J

Elev Capacity Flow 1995 1995 Category ~
5
'"Workmg Stand-by m3th atm kW m Built RebUilt m3td m3/d 1000 m3 kWh kWh/m3 Q

North

Zarudtsl 2 2 2,300 65 800 2747 1965 - 110,400 87953 32,103 II 13 689,900 0426 yes

West

Volla Dobrostanska 2 2 1,200 68 500 2829 1901 1936 22,000 7026 2,564 II 3,769,900 1 470 no

Velykopole 2 1 360 9 190 282 1 1928 1936 13,000 7,015 2560 II 2,337400 0913 no

Kamlanobrody 2 - 540 7 250 2744 1952 - 23,000 15,289 5580 II 3241,400 0581 no

- 1 720 7 190

Budzen II 2 2 1 250 125 630 277 1964 - 45000 43,047 15712 II 17,988900 1 145 yes

South

Mykolmv 2 2 3,000 197 1600 2650 1978 - 140,000 117655 42944 I 24087800 0561 no

Hlynna-Navana 1 1 720 89 250 3270 1971 - 19,000 14238 5,197 III 5405,100 1040 yes

Stare Selo 2 1 560 7 160 302 1 1973 - 24,192 8,830 III 5846,500 0662 yes

East

Pluhtv 2 - 1,250 65 250 285 1 1982 - 37,000 50,572 18459 II 6,581,800 0357 no

Total 409,400 366,987 133,950 82,948,700 0619
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Table 2-3
Characteristics of DIstributIon PIpmg of 200 mm or Larger DIameter

Diameter, Total Steel Cast Iron
mm Length, m

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

200 8 160 850 - 850 - 7310 - 3,130 4,180

250 6,350 - - - - 6,350 2,850 - 3,500

300 41 148 3,318 - 980 2,338 37830 - 18235 19,595

350 14,300 12,930 - 12930 - 1 370 1,370 -

400 40,513 19478 1 870 14,228 3,380 21,035 - 10710 10,325

500 21,045 20845 - 3945 16900 200 - 200 -

600 37,343 9960 - 2,780 7 180 27383 7,540 19,843 -

700 5895 5,895 - 3,945 1,950 - - -

900 2,780 2780 - - 2,780 - - - -

1,200 750 750 - - 750 - - - -

1400 3,500 3500 - - 3,500 - - - -
Total 181,784 80,306 1,870 39,658 38,778 101,478 10,390 53,488 37,600
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CH2M HILL Interttattona[ '>eruces I1tC

Figure A·1
LVlv Well Fields Locations
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Figure A-2
Well Fields and Water Transmission System

CH2M HILL InternatIOnal ServIces Inc
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