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PREFACE

Under the 1992 Freedom Support Act the Umted States Congress InItiated a program to provide varIOUS forms of
assistance to new mdependent states (NIS) of the former Soviet Umon Cooperative Agreements were signed between
representatives of the U S government and each country m which assistance was to be undertaken The U S Agency for
internatIOnal Development (USAID) was given the responsibilIty to coordmate all U S government assistance to the NIS
w.der Lhe Act.

Through competitive blddmg USAID awarded a multI-year contract to a team managed by CH2M HILL Internatlonal
Services Inc (CH2M HILL) to support Implementation of an enVIronmental assIstance program to republics of the former
SovIet UnIon Under thiS contract termed the EnVIronmental Pohcy & Technology (EPT) Project CH2M HILL IS to as
SISt USAID s missions In Moscow Kylv and Almaty undertake a program to promote envIronmental Improvements m the
NIS The USAID mission m Kylv supports environmental and other assIstance programs to Ukrame Belarus and
Moldova CH2M HILL established an office m Kylv from whIch to perform services m these countrIes under the EPT
Project

This report was prepared as a contractually reqUIred deliverable under a contract between USAID and CH2M HILL
Although work on trus report was conducted m cooperation WIth the assisted governments and USAID the findmgs and
recommendations are those of the CH2M HILL team They do not necessarIly represent offiCial POSltlollS of the
governments of the assIsted countnes nor of the Umted States of Amenca

The CH2M HILL team mcludes the followmg organIzatlollS

Center for Internatlonal EnVIronmental Law
Clark Atlanta Umverslty/HBCUMI Environmental Consortium

• ConsortIUm for InternatIOnal Development
Ecojuns
EnVironmental Compliance. Inc
Harvard Institute for International Development
Hughes TechnIcal Services Company
International Programs Consortium
InternatIOnal Resources Group Ltd
Interfax Newsagency
K&M Engmeermg
Ogden EnVironmental and Energy Services Company
Pnce Waterhouse
World WildlIfe Fund (US)

For additional mformatlon regardmg the EPT Project contact the folIowmg

Umted States of Amenca

EnVironmental Pohcy & Technology Project
Head Office
1819 H Street NW SUite 700
Wasrungton 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) 247 5633 2475634
FacslmJle +(380-44) 247 5637
Contact Mr TIes van Kempen
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EnVIronmental PolIcy & Technology Project
LVlv Project Office
64 Zelena Street
290017 LVlv Ukrame
Telephone +(380322) 767389 768413
FacslmJle +(380-322) 27-1152
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NOTE ON TRANSLITERATION

UkramIan personal, mstItutIOnal, and place names used m EPT documents
are translIterated mto EnglIsh from UkramIan (not RussIan), accordmg to the
modIfied U S LIbrary of Congress standard for Ukralman-to-Enghsh
translIteratIOn that has been adopted by many Western organiZatIOns and
pubhcatIons, mcludmg the Encyclopedta of Ukrame (Umverslty of Toronto
Press, 5 vols, 1984-1993) and 0 Subtelny's authorItative Ukrame A Hlstory
(Umverslty of Toronto Press, 1988, 2nd edItIOn 1994), as well as by the
Ukralman COmmISSIOn on Legal Termmology (ResolutIOn No 9 dated 19
Apnl, 1996)
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ABBREVIATIONS, ACRONYMS & GLOSSARY

atmosphere
Booz, Allen and HamIlton
CH2M HILL InternatIOnal ServIces, Inc ADS -based mternatIOnal
envIronmental engmeenng consultmg firm under contract to DSAID
to Implement a large component of the EPT Project
COWl Consultants (Denmark)
DIstnct Heatmg FaCIlIty
DelIvery Order
for example
EnvIronmental PolIcy & Technology (ProJect) A USAID-funded
program to prOVIde envIronmental assIstance to New Independent
States of the former SovIet Dmon
hours a day
hours
mch
karbovanets (Ukralman currency, untIl Sep 96)
Vodokanal customer account based on a water supply connectIon
kilowatt hour
lIters per capIta per day
lIters per capIta per hour
lIters per day
lIters per hour
lIters per second
LVIV Vodokanal (mumcipal publIc water utilIty)
meters per second
square meters per second
CUbIC meters per day
CUbIC meters per hour
CUbIC meters per second
CUbIC meters per year
mmute
no data
New Independent States (of the former SOVIet Dmon)
number
numbers
A government temtonal-adrmmstratIve urnt m the former SOVIet
Umon that IS stIll muse followmg Ukrame 1s mdependence A U S
analogue would be somethmg between a state and a county
Planmng & Development CollaboratIve, Inc A US-based consultmg
firm under contract to USAID to Implement part of the U S
government's aSSIstance program to Ukrame's housmg and communal
servIces sector
per day
Pump StatIOn
pounds per square mch
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rpm
TDH
US $ or USD
USD/h
USD/d
USAID
vodokanal

WB
ZhEK

revolutIons per rmnute
Total Dynanuc Head
Urnted States dollar
dollars per hour
dollars per day
U S Agency for InternatIOnal Development
A quasI-government agency responsIble for murucIpal water supply
and wastewater collectIon and treatment A U S analogue would be a
water utIhty
World Bank (InternatIOnal Bank for ReconstrucTIon & Development)
A murucipal entIty responsIble for operatIOn and mamtenance of
houses and multI-apartment bUIldmgs owned by CIty adrmrnstratIons,
as well as water, sewerage, gas, electrIcIty, and heatmg systems
wIthm them
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SectIOn 1

INTRODUCTION

As part of a Uruted States government bIlateral assIstance program, the U S Agency for
InternatIOnal Development (USAID) IS supportmg envIronmental management m Ukrame
Under dIrectIOn from USAID, a consortmm led by CH2M HILL InternatIOnal ServIces,
Inc (CH2M HILL) IS Implementmg part of USAID's EnvIronmental Pohcy & Technology
(EPT) Project by undertakIng vanous tasks that have been agreed to by representatIves of
the governments of both 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 LVIV) of
DO #9, CH2M HILL IS to assIst the local water utlhty, LVIV Vodokanal (LVK), strengthen

- Its operatIOns and Improve serVIee to Its customers T-ask- 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 LVK

The Contractor wIll produce an outlme of the baSIC data that should be collected on
a utIilty system m order to begm to analyze operatlOns and prepare a strategIc plan
for system Improvement ThIS WIll mclude the source ofwater, treatment system,
storage, dlstrzbutlOn, pressure zones, metermg, bIllmg as well as facllmes for
repaIr, mamtenance, engmeermg and constructwn, water quailty and financmg

Usmg thIS gUIdelme and eXIstzng, readIly avaIlable data from the LVIV Vodokanal,
the Contractor WIll characterzze (quantIty, SIze, locatIOn) the general components of
the LVIV water system

DeVIse a methodology to collect and present data on the cntIcal aspects ofthe
phYSical facliltIes, operatwn, water qualzty, repaIr and mamtenance ofa
Vodokanal

Use thIS methodology to collect and present data for the LVIV system

The methodology shall mclude an evaluatIOn of the exlstmg operatIOn strategy,
capabIlztles to Implement repatrs, Identify exlstmg constramts to malang repaIrs and
present recommendatzons for ImprOVing current repatr and maintenance capacity to
the level requIred by the conditzon ofthe Vodokanal's facilltles

Present the data as contract dehverables m a senes of reports

• Summary ofmltlal data on the current system
• Summary of mterzm data on the current system
• Summary offinal data on the current system

wesInlslreportsl)Vlvlmtnndatltext 1 24aug97



ThIS IS the second (mtenm) report m response to USAID's reqUirement It was prepared
usmg readily available mformatIOn from LVIV Vodokanal and the LVIV InstItute for the
DesIgn of Communal ServIces, as well as field observatIOns InformatIOn presented herem
focuses on histoncal development of LVIV'S water system, the water supply resource, and
water transmISSIon, whereas the first (mitIal) report presented an overVIew of water system
Issues, and well field data The final data report WIll compIle mformatIOn from the IrutIal
and mtenm reports, as well as further detaIls

An overVIew of the entIre LVIV water system IS presented m the report Ukrame General
SchematIc ofLVIV Water System, prepared for USAID by CH2M HILL InternatIOnal
SerVIces as part of the EPT ProJect, dated August 1997
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SectIOn 2

MAIN COMPONENTS OF LVIV WATER SUPPLY

The CIty I Sdnnkrng 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 In tranSmISSIOn pIpelInes These pipehnes generally terrmnate at large pump
statIOns at the CIty boundary, where addItIOnal pressure IS added In order to dIstrIbute water
withIn the CIty Booster pumps and storage tanks WIthIn the CIty further assIst the dehvery
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, consIstmg of

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

• Water wstributIOn, conSIstIng of

wstributIOn pumps, m pump statIOns at the end of the tranSmISSIOn pipeimes
reservOIrs, at wstributIOn pump StatIOns
chlonnatIon, whIch IS conducted at the dIstnbutIOn pump statIOns
dIstnbutIOn pipeimes (water mams), to delIver water to end-users
water tanks, to store water withm the CIty for use durmg penods of peak:
water demand
booster pumps, to Increase water pressure WIthIn the wstnbutIOn system m
order to delIver water to customers at hIgher elevatIons or remote from the
dIstnbutIon pumps

A schematic of the LVIV water system IS presented In FIgure 2-1
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SectIOn 3

HISTORICAL REVIEW OF LVIV WATER SUPPLY

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

3.1 1900 TO 1945

The first centrahzed 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 obtamed groundwater from tertIary deposIts of
lIthosphenc hmestone Pipehnes wIth dIameters rangmg from 300 mm to 1000 mm
transferred the water to a storage tank, from where steam-powered pumps hfted It from an
elevatIon of 280 m VIa 600-mm dIameter Iron water mams 34 7 kIn long, to a reservOIr m
the lower zone of LVIV ThIs 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 dIstrIbutIOn
system was dIVIded mto zones A 3,000 m3 reserVOIr was bUIlt for the hIghest zone
(average elevatIon 357 m) where water was pumped dIrectly from the 600-mm water mams
by the MIska Smuha pump statIOn (PS) The steam-powered pumps operated untlI 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 collectmg waters under
the Shklo RIver bed by means of a tunnel The Shklo PS pumped water VIa two 300-mm
and 350-mm water mams 7 3 kIn from an elevatIon of 264 m to the Voha Dobrostanska PS
tank

A 30 m graVIty dIfference m elevatIOn, at the halfway pomt of the two supply hnes, was
used to advantage to drIve a water turbme at the local electrIC statIon

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

In 1928 the thIrd LVIV well field was bUIlt near the VIllage of Velykopole, whIch IS SItuated
26 kIn from Voha Dobrostanska Usmg screw pumps powered by locomotIve engmes,
6,500 m3 /d of water was pumped from ItS wells (elevatIOn 278 m) to the tranSInlSSIOn 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), whIch resulted m breakdown of pIpe Jomts To alleViate
thIS problem, the Karachymv PS was bUIlt about 20 kIn from VolIa Dobrostanska On the
SIte of the pump statIon an mtermedlate 500-m3 tank was establIshed whIch receIved water
from the well fields and then transInltted It to LVIV

westnlslreportsllvlvlmtrmdatltext 5 24aug97



Dunng 1931-1935 all pump stations m the LVIV well fields were electrIfied and the steam
engmes phased-out At that tIme, rapId development of the CIty reqmred that the dIstncts
of Novy LVIV, Verkhrn LychakIv and PasIka, as well as the upper part of Yamvska St and
Bohdamvka St , were supplIed 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 regu1at mg pressure Pl-the-water mams system) and a new 26
km long 200-mm mam All these were put mto operatIOn m 1933

• A water tower m PasIka dIstrIct (120-m3 tank, the bottom elevatIOn 397 m), an
automatIc pump statIOn m LychakIvska 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 Yaruvska St , and a 1 45 km long 350-mm water mam
along PIratska St (ZalIznychna St , Stepana Bandery St) The pump statIOn took
water from the 600-mm prIncIpal mam and pumped It mto the elevated zone, both to
proVIde hIgh pressure there and also to reduce pressure on the prmcIpal water
mams

ThIS rapId development of the LVIV water supply system was firushed 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 WIthIn the LVIV
CIty lImIts was 202 5 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 consumption was
74 8 lIters per capIta per day (lcd)

3 2 1945 TO THE PRESENT

Durmg the Second World War the Karachyruv, YanIv and LychakIv pump statIOns were
completely destroyed and the water supply was based on small sources WIthIn the CIty llffilts
(Spartak, PohulIanka, ZalIzna Voda, Marunk), the productIVIty of whIch was 5,500 m3

/ d
The CIty found Itself m a very dIfficult SItuatIOn because of the poor water system In 1945
the pump statIon 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 bUllt m 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 VolIa 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 Yamv booster statIOn m LVIV In 1956 Budzen well field was
bUllt and a new 500-mm dIameter mam delIvered 10,000 m3/d to the KamIanobrody PS In
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1960 a Hurd 600-mm cast Iron water mam was constructed from the Kammnobrody PS to
the Karachymv PS

At that tIme It became eVident that the water supply sources were laggmg behmd the growth
of hOUSIng and Industnal constructIOn Between 1950 to 1960 the shortage of water
worsened despite the fact that the water supply was IncreasIng In 1958 the water shortage
was so senous that the eXistIng 24-hour water supply was reduced to a scheduled water
supply In different City dIStriCtS All operatIng well fields In 1960 supplIed water only Into
the Karachyruv PS reserVOIr SInce 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 Into the CIty water supply dIstnbutlon network was 67,000 m3 /d for a populatIOn
421,000 people, thus the average water consumptIOn was 160 lcd

Dunng the next five years, reconstructIOn of the western well field group (Karntanobrody
and Budzen) was carned out As a result, 40,000 m3 /d of water was dIverted from the
Karntanobrody well field to the new Budzen II PS A steel 700-800-900-mm tranSmISSIOn
maIn 18 Ian 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 lcd

In 1965 a master plan was developed for LVlv that forecast a sigruficant growth of
population and Industry The plan anticIpated buIldIng a chemIcal plant and a sulphur
quarry near the town of Yavonv, situated In the area of the functIOrung western well field
group ExplOItatIOn of the quarry was lIkely to reduce productiVity of the western well
fields Therefore It was proposed to start developIng the northern well field group as an
alternative Also, Intensive housmg constructIOn was commenced In the southern City area
(Strylska, Volodymyra Velykoho, Kmahyru Olhy, Gasheka Sts) As a result, the
populatIOn In thIs dIstrIct Increased to such an extent that In 1968-1971 water had to be
transported In by truck Sources of water supply for thIs area had not been taken Into
account

At the same tIme, constructIOn of large enterprIses such as the LVlv Bus Plant, an automatic
fork lIft truck plant, the enterprIses Electron, Kmeskop, Progres, SVltanok, and others was
beIng carned out at a rapid rate CapItal Investments Into Industry were three tunes hIgher
than In hOUSIng construction All the Industrial sector took Its water from the City water
supply dIstnbutIOn system Therefore, begmrung In 1965, well fields aImed at developIng
the northern and southern sources of water were bUIlt Due to the need to develop sources
outside the CIty lImIts, the general water supply system consists of a well field, tranSmISSIOn
mams, tank at a pump statIOn, and distributIOn network wIthIn the City

Development detaIls of the northern well field group are presented In 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 In mJ /d Year of ConstructIOn

Zarudtsl 19700 1965
Mokrotyn 16,100 1966
KrekhJ.v 21,300 1970
Mahenv 27,000 1971
Rava Ruska 17000 1972
Total water supply 101,000

InformatIOn regardmg development of the southern well field group IS presented m Table 3­
2 Water from these well fields IS dIstnbuted ill the followmg way Hlynna-Navana and
Blbrka well fields convey water to the Sykluv III PS ill the south-eastern part of the CIty,

__ the_Stryuvell ficld_couvey-s 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 In mJ /d Year of ConstructIon
HIynna Navana 19,000 1971

Blbrka 20,000 1973

StrYI 140,000 (100,000 ill 1978) 1982

Total water supply 179,000

Development of the western well field group IS presented m Table 3-3 Water from these
well fields IS delIvered to the Karachymv 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 supplymg water to the town of NovOiavonvsk
(center of the chelTIlcal mdustry)

Table 3-3
Development of the Western Well FIeld GrouD

Name of Well FIeld DeSIgn CapaCIty In mJ /d Year of Construction
MalchytSI 21300 1967

Kemytsla 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

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 Kryvchytsl PS
and Dovha PS m the eastern part of the City
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Table 3-4
Development of the Eastern Well Field Group

Name of Well field Design Capacity In m3 /d Year of ConstructIOn
PluhIv 34,000 1982
Remezlvtsl 16,000 1989
V Ilshanytsla 13,400 1989

Total water supply 63,400

From 1976 to 1989 there were 200 Ian of water mams bUIlt, 339 Ian WIthIn the City
network, and outsIde the CIty lumts the constructlOn 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),
reconstructlOn of the Vynnyky, Budzen II, ZbOISk, Dovha, and KryVChytSI pump statIOns,
and constructIOn of the Dovha-MIska Smuha and ZbOIsk-Hnnchenka 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 faCIlItIes consIstmg
of 20 ground well fields SItuated 10-80 Ian from LVIV CIty llffilts, 20 pump statIons, tanks
WIth a total capaCIty of 145,000 m3

, about 900 km of water dIstrIbution network pipeimes
and about 600 km of water maIns

The water system m the CIty center was developed between 1901-1936 and COnsIsts mamly
of 300 to 600-mm dIameter pipeimes made of cast Iron, and 700 to 1400-mm pipeimes
made of steel There IS an acute shortage of water m the CIty and It IS supplIed accordmg to
a schedule (three hours m the mornmg and three hours m the evemng) In 1995, accordmg
to LVIV Vodokanal current frnancial 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 populatlOn was 805,900 people (366 led)

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 regardIng the source of LVIV'S water IS presented III thIs sectIon

4 1 GENERAL DESCRIPTION

The LVIV water supply system IS a sophIstIcated engmeermg 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, wInch IS abstracted from well fields
located all around LVIV The oldest well field for the centralIzed water supply was
constructed In 1901, about 29 kIn to the west of the CIty The latest well fields were
constructed to the east of LVIV In 1989 The locatIOns of the well fields are mdicated on the
map In FIgure 2-1

The CIty of LVlV 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 dtstnbution system, they have been dIVIded Into
four groups (North, West, South, East) Each group mcludes the followmg number of well
fields and wells

Group

North

West

South

East

Total

Well FIelds

7

6

4

3

20

Wells

45

53

59

16

173

In addItIon to the CIty of LVIV, the system supplIes water to 90 VIllages and four towns,
located In the zone of mfluence of the LVIV well fields

Water from 17 of the well fields IS WIthIn qualIty norms set by the State Drmkmg Water
Standards (1984) AggressIve carbOnIC aCId and hydrogen sulfide IS present m small
quantItIes at the Plulnv well field Iron IS present III the well fields at RemezIvtsi and
Budzen Total hardness of water In all well fields vanes from 8 to 9 mg/l expressed as
CaC03 Some water qualIty data IS presented In AppendIX A

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 of the report
Summary of Imttal Data on the Current System ofLVlV Vodokanal
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42 WELLS

Well desIgn and aqUlfer charactenstlcs 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 hthology More detaIled data covermg thts
mformatIOn for each well field IS presented m AppendIX A of the report Summary of Inltlal
Data on the Current System ofLVlV Vodokanal 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 (Pluhtv) draws from the rntddle Devoruan lImestone mterspersed
WIth sand

The summary of depth and the casmg used IS as follows

Group

North

West

South

East

Depth (m)

60-75

45-85

30-75

70-200

Screen DIameter (mm)

377-426

377-426

426

426

Most wells were constructed usmg a rotary-wash technIque, whtch tends to negatIvely
affect theIr operatmg lIfespan Wells of the Stryl southern well field were constructed
usmg a percussIOn dnllmg technIque

More-detaIled data on the deSIgn of selected wells and the dtameter, total depth and depth
to the StatIC and dynarntc water surface, are gIven m AppendIx B

4.3 PUMPING EQUIPMENT

All wells have Moldovan-made (Moldavludromash and KIslurnov) and Ukralllian-made
(Electroremontny plant, Sevastopl1 and Hydromash, Berdiansk) submerSIble well pumps
mstalled InformatIon on pumps m the LVIV well fields IS gIven m Appendix B

The relIabIhty of the well pumps depends on the manufacturer Accordmg to LVK data,
Moldavludromash and Berdlansk pumps are of satIsfactory qualIty SevastopII pumps, as a
rule, are less relIable

The tIme between repaIrs of pumps vanes from one week to two years, WIth an average of
seven to eIght months Pumps are repaIred by LVK m theIr workshops, whtch are
superVIsed by the chtef mecharuc When purchasmg pumps, LVK tnes to obtam the
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recommended mecharucal and electncal spare parts from the manufacturers The tIme
needed for a typIcal submersIble pump repaIr IS about five weeks Thts mcludes a week for
dlsmantlmg and shtppmg 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 delIver water to the
tranSmISSIOn pump statIons Most of tranSmISSIOn pump statIOns have water storage tanks,
except for VolIa Dobrostanska, Velykopole, and KamIanobrody

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

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

Pump power supplIes are 'second' and 'thtrd' category A second category supply means
power IS supplIed from two mdependent power sources (Stryl and Plumv) A thtrd
category supply means power IS supplIed from one power source

LVK has a team of 176 workers for the operatIOn and mamtenance 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 mvestigations for Improvement of well operatIOn are not routmely
undertaken because LVK has neIther a hydrogeologIcal servIce team nor momtormg 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, whtch were rehabIlItated m 1996
HydrodynamIC rehabIlItation usmg the prmclple of electnc 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 ThIs Job reqUIres five workers and takes about three days for a well 30 meters
deep

westms\reports\lvlv\mtnndat\text 13 24aug97



A lIst of reasons for pump faIlures over the perIod from 1993 to 1995 IS gIven m AppendIx
A of the report Summary of Inltlal Data on the Current System ofLV1V Vodokanal
AppendIx B herem presents data on wells and pumpmg eqUIpment at well fields AppendIx
C presents mformatIOn based upon mterviews wIth well field managers concermng 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 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

2 Flow meters do not eXIst at well fields Measurements of water produced are based
on power consumptIOn Tms method may not be correct smce well productIOn
reduces WIth tIme, wmle power consumptIOn remams at the same level ThrottlIng
pumps WIth valves dIStOrts the relatIonsmp between power and productIOn

3 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

4 Well fields are not effiCient as a result of poor deSign and/or reconstructIOn
Pump charactenstics at some well fields do not acmeve 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

5 Water quality factors The quahty of water IS generally acceptable Iron IS a
problem m the well fields at Budzen, BIbrka and RemezIvtsI, and there IS some
treatment at the latter two locatIOns only AggreSSIve water IS a problem m Plumv
To aVOId corroSIOn the water IS aIr strIpped Just after reachIng the surface, but
nevertheless causes a number of mamtenance problems due to corrOSIon of the pIpes
and well casmgs Ammoruum IS mgher m some wells than the European standards,
thIs IS partIcularly observed m Budzen, and It could be an md1cator 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

LVIV WATER TRANSMISSION AND DISTRIBUTION SYSTEM

InformatIOn regardmg the transmISSIOn of water from the well fields to LVIV, and the
dIstrIbutIOn of water wItilln LVIV, IS provIded m tills sectIon

5.1 GENERAL LAYOUT

In keepmg WIth the locatIOn of the well fields, the tranSmISSIOn system IS dIvIded mto four
major subsystems (north, east, south, west), willch comprIse pIpelmes, tanks, and
tranSmISSIOn pump statIOns Water IS transmItted to the LVIV CIty dIstrIbutIon system usmg
conventIOnal means well - tranSmISSIOn lIne - tank - tranSmISSIOn pump statIOn ­
tranSmISSIOn lme - tank - CIty pump statIOn The locatIon of the major water transmISSIOn
lInes IS presented m FIgure 5-1

When desIgrnng tranSmISSIOn mams It was assumed by LVK that the capaCIty of all well
fields IS equal to the safe yIeld plus 50 percent of the added YIeld, and that all tills 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 m the tranSmISSIOn mams IS generally less than 1
mls

TranSmISSIOn pIpes are made of steel, cast Iron and remforced concrete WIth dIameters of
between 500 and 1400 mID The dIameter and the materIal often vary even on the same
tranSmISSIOn mam, smce supply shortages dunng constructIOn resulted m usmg whatever
dIameter and matenal could be obtamed at the tIme

ApproXImately 90 VIllages and towns WIth a total populatIon of about 67,000 mhabItants are
supplIed dIrectly from the LVIV tranSmISSIOn lInes LocatIons of the largest VIllages
supplIed m tills 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 dIstnbutIon 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

Tills volume constItutes over 40 percent of average daIly consumptIon

5.2 TRANSMISSION MAINS

Table 5-1 presents a claSSIfication of tranSIll1SSlOn mams accordmg to pIpe matenal, pIpe
dIameter and constructIon penod

5.2.1 TransmissIOn Systems

The four major water tranSmISSIOn systems are outlmed below
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5 2 lIThe Northern System

ThIS system mcludes tranSmISSIOn mams that were constructed dunng the penod 1965­
1973, totalmg approXImately 102 lan PIpe dIameters vary m the range of 200 to 400 rnm
for the feeder plpelmes and 500 to 1000 rnm for the transmISSIon mams TranSmISSIOn
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
tranSmISSIOn mams WIthout flow meters or reducmg valves

5 2 1 2 The Western System

Tills system mcludes two major tranSmISSIOn mams Karachymv and Budzen

5 2 1 2 1 The Karachynzv System

These tranSmISSIOn mams were constructed dunng the penod 1901-1935 WIth addItIOnal
work m 1965, totalIng approXImately 83 lan, pIpe dIameters are 350 and 600 mm The
tranSmISSIOn mams constructed dunng thIS penod utIlIze BntIsh- and PolIsh-made cast Iron
pIpes that have lead caulked socket ends The tranSmISSIOn mams constructed m 1965
utIlIze SOVIet made steel pIpes of 600 rnm dIameter Tees for the VIllage supply utIlIze cast
Iron pIpes of 100 to 150 mm m dIameter that are connected dIrectly to the transnussIOn
mams WIthout flow meters or throttlIng valves

5 2 1 2 2 The Budzen System

These tranSmISSIOn mams were constructed m 1964, totalmg approxImately 18 km, pIpe
dIameters vary m the range of 700 to 900 rnm TranSmISSIOn 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 mams, WIthOut flow meters or
thrott1mg 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

Tills system mcludes four major tranSmISSIOn mams Malechkovycill, Hlynna-Navana,
Sok1Inyky, and Stare Selo

5 2 1 3 1 The Malechkovychz System

These tranSmISSIOn mams were constructed m 1932, totalmg approxImately 14 lan, pIpe
dIameter IS 225 mm The transmISSIOn mams utIlIze PolIsh-made steel pIpes Tees for the
VIllage supply utilIze steel pIpes of 100 rnm m dIameter that are connected to the
tranSmISSIOn mams, WIthOut flow meters or throttlmg valves
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5 2 1 3 2 The Hlynna-Navana System

Tllis transmISSIon mam was constructed m 1971, totalIng apprOXImately 14 5 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

52133 The Solalnyky System

Tllis tranSmISSIOn mam was constructed m 1989, totalmg approXImately 75 lan, pIpe
dIameter IS 1200 mm TransmIsSIOn pIpes are made of steel VIllages are supplIed directly
from the two wells at the Stryl well field and cast Iron plpelmes of 100 to 150 mm m
dIameter transfer water to the rural water dIstrIbutIon network

52134 The Stare Selo System

Tllis 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 mID 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 penod 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

52.2 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 mamly dunng
the penod 1945-1975

• acceptable condItIon 128 7 kID or 28%

• good condItIOn 212 3 kID or 46%

The remforced concrete tranSmISSIOn mams are m the most urgent need of rehabIlItatIOn or
replacement, WIth the followmg lmes needmg llighest pnonty

• Northern system the transmISSIon mams from the Rava-Ruska well field to the
Zarudtsl pump statIon, totalmg approXImately 34 lan of eXlstmg pIpelInes
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• Western system the sectIOn from the Budzen II pump statIOn to the Budzen III
pump statIOn, approxImately 18 kIn long

• Soumern system me transmISSIOn mam from the Stare Selo pump statIon to the
SykhiV III pump station, approxImately 16 kIn long

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

FIgure 5-3 IndIcates the locatIOn of breakages along the transnussIOn mams durmg the past
three years The consequence of a breakage IS that the transnussIOn lIne IS put out of
operation for repaIr, for a perIod of one to three days In the past three years the number
of breakdowns and the calculated breakdowns frequency, dIstnbuted among the four major
transnussIOn systems, have been as follows

• Northern system - 11 breakdowns, correspondmg to 0 042/km/py
• Western system - 13 breakdowns, correspondmg to 0 061/km/py
• Southern system - 12 breakdowns, correspondIng to 0 039/km/py
• Eastern system - 13 breakdowns, correspondmg to 0 040/km/py

For transnussIOn systems, the above annual, breakage frequencIes are hIgh

The bell and SpIgOt connectIOns at the socket ends are the weak pomt of the reInforced
concrete pIpes, caused by constructIOn technIques 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
replaCIng several pIpe segments

5.2.3 Village Supply

ApproxImately 90 vIllages, WIth a total populatIOn of about 67,000 mhabitants, are supphed
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 supphed dIrectly from the tranSmISSIOn mams,
where the pressure IS normally m the range of 1 to 5 atm, whIch IS a satisfactory range
AccordIng to LVK reported data, the number of VIllages supplIed from the four major
water transnusslOn 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 supplIed IS about 19,270 m3/d

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

53 PUMP STATIONS

The vanous pump statIOns that move water through the LVIV water supply system can be
categorIZed mto tranSmISSIOn, CIty, and cIty-booster, statIOns The general condItIOn of
pump statIOn SItes can be classIfied as acceptable, and IS presented m Table 5-2 Most
pump statIOns have assocIated water tanks, WIth volumes rangmg from 100 to 10 000 m3

(see Table 5-3)

The pump statIOns are power supplIed accordmg to standard Category I, II, or ill
Category I power supply ensures supply from two mdependent sources, WIth mandatory
automatIc emergency reserve sWItchmg eqUIpment on the sectIOnalIZmg 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 tranSmISSIOn pump statIOns, when servIceable, are operated 24 hours a day and transmIt
water from the well fields to the CIty pump statIons Data on the tranSmISSIOn pump
statIOns IS presented m Table 5-4 and m Appendix D

532 City Pump StatIons

The water dIStrIbutIOn network for LVIV IS pressunzed by seven pump StatIOns located
around the CIty penmeter These statIOns feed water dIrectly to the CIty dIstnbutIOn
network, or they transmIt water to booster pump statIOns or tanks located dIrectly WIthIn
the dIstnbutIon system, that subsequently delIver water mto the dIstnbutIOn 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 statIons IS gIven m Table 5-5 and m AppendIX D

5.3.3 CIty Booster Pump StatIons

There are four booster pump statIOns located withm the CIty boundanes Yamvska,
KryVChytSI, Dovha, and MIska Smuha Data on these four statIons IS presented m Table 5­
6 and In AppendIX D

5.4 PUMP STATION OPERATION

All servIceable well pumps are operated 24 hours a day They delIver water to the
tranSmISSIOn pump statIOns 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 opemng of valves, not by
sWltch-on/shut-off mstructlons from the dIspatcher's office TranSmISSIOn pump statIons
WIth no tanks are operated on a 'nOIse level' baSIS Tills means that If there IS msufficlent
feed water that the pump starts to caVItate creatmg a nOIse m the pump casmg The
operator than throttles the pump untIl cavItatIOn stops Transnusslon pump statIons WIth
water tanks are operated by observatIOn of the water level m the tank Tills operatIOn of
pumps by throttlIng of valves results m mcreased umt power consumption

TransnussIOn pump statIOns transrmt water to tanks of the CIty pump statIons The latter
pump statIOns supply the CIty dlstnbutIOn network, mcludmg tanks and booster pump
statIons, pnmarIly accordIng to a SIx-hour schedule of two penods lastmg three hours each

• 600t0900am
• 600t0900pm

Durmg these pumpmg penods, tanks of the CIty pump statIOns are emptIed down to the
rmmmal water level, and the mtenm 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
functIomng of the huge pump umts willch have illgh-voltage motors Frequent turmng off
and then restartmg the illgh-voltage (6 and 10 kV) motor pump sets Installed at pump
statIons (for example, at the SokIlnyky pump statIOn) results m eqUIpment faIlures The
hIgh-voltage breakers used are not deSIgned for frequent on/off operatIon Consequently, a
common practIce IS to control pump dIscharge by throttlmg Tills 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 dally water supply to
the CIty -- 115,000 m3/d Not all pump statIOns are operated hke SokIlnyky At Budzen
III, SykhIv III, ZbOlSk, and Karachymv pump statIOns, pumps are SWItched off durmg the
perIods of low supply However, even at these statlons some occasIOnal throttlmg of
pumps IS also practIced

On the whole, the SIze of pumps m operatIOn does not correspond to the amount of water
supplIed from the well field An extreme example IS the VolIa 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 durmg
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 thIs case usmg smaller pumps
could result m energy savmgs
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AvaI1abIhty of rehable data on the amount of water pumped mto the system IS Important
analySIS of general water supply, transnusslOn, and consumptIon as well as for makmg
correct technIcal declSlons for Improvmg the system performance Presently LVK
measures the amount of water transnutted to the CIty pump statlOns usmg statIOnary
ultrasoruc flow meters manufactured at the Samara (RussIa) mstrument-manufacturmg
plant These meters were mstalled durmg the penod 1989-1993 All statIOnary ultrasoruc
flow meters are placed m man-holes

Meters at the four pump statIons (Karachyruv, Budzen III, SokIlnyky, and Vynnyky) are
mstalled at the dIscharge plpelmes that connect the pump statIOn to the CIty dlstnbutIOn
network Meters at the ZbOlSk pump statIon are mstalled on the mtake at transnussion
mams where they enter the pump statIOn's tanks Two pump statIOns (Sykhtv III and
Malechkovycht) have no meters mstalled All water tanks are eqUIpped WIth water level
measurmg deVIces

Staff at the pump statIOns record data on pump statIOn performance dally The followmg
data are recorded hourly m the log book and transnutted VIa telephone to the LVK
dIspatcher

• water flow meter readmgs
• pressure gauge readmgs
• water level m the tank
• amperage for each functIOrung motor
• mlet voltage

Morutormg of the water supply IS based on these records

The LVK chemIcal and bactenologlcallaboratory penodically analyzes water qualIty at the
pump stations The analySIS results for some of the pump statIOns are presented m the
AppendIX A

5.5 SYSTEM OF REMOTE MONITORING

5.5.1 System Concept

In 1989 the LVlV InstItute for the DeSIgn of Communal SerVIces "LVIvdtprocommunbud"
deSIgned a project of establIshment of AutomatIC Control System for Water Supply (ACS
Water) for LVIV Accordmg to this deSIgn, the data collectIOn and processmg system
snould prOVIde mformatIon on performance and the status of the water supply system (flow,
pressure, pump motor current, water level m tanks, pOSItIon of valves) on a real tIme baSIS
Such a system WIll enable LVK staff to make technIcally sound deCISIons when controllmg
the water supply system that could conSIderably Improve ItS operatIon and decrease energy
consumptIon

The data collectIOn system was to conSIst of autonomous nucroprocessor controller sets and
a baSIC personal computer uruted mto a network by commurucatIOn hnes or system The
sets were to conSIst of measunng deVIces (lUltml converters), penpheral controller,
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commurucatIOn and data accumulatIon controller, and a devIce for matchIng commurucatIOn
controllers wIth the computer RadIotelemetry channels are to be used for the InstallatIOns
wIth dIfficult telecommurncatIon condItIons

AccordIng to the project, the remote morntorIng system should begIn WIth the folloWIng
water pump statIons ZarudtsI, ZbOlSk, Vynnyky, SokIlnyky, SykhIv III, Budzen III,
Karachyrnv, KryVChytSI, and MIska Smuha (see FIgure 5-4) The system should prOVIde
the pOSSIbIlIty of expanSIOn and Increase In the process of operatIOn In order to ensure
fleXIble cooperatIOn between the dIspatch center and the pump statIons and other
operatIOnal centers USIng appropnate software m the computers, the data IS to be shown
as a graphIc dIsplay m the form of mImIC control panels and charts More thorough
InformatIon processmg can be done USIng spreadsheets lIke Excel or s1ffi1lar applIcatIOns,
WIth the Input data beIng prepared by the approprIate compIlers

In 1996 thIs system was undergOIng engIneerIng development phase and the phase of
ImplementatIOn The remote morutonng system IS beIng developed by InformatIOn
Technology MorntorIng Ltd The LVIV CIty AdmIrustratIOn ordered the system and
proVIded fundIng IrntIaI deVIces are Installed at the major pump statIOns and theIr readIngs
are currently tranSmItted verbally or automatIcally to the dIspatcher over telephone or
radIO Table 5-7 contaInS types of data tranSmItted to the LVK dIspatcher Flows at the
pump StatIOns are measured WIth RUSSIan made (Samara plant) statIonary ultrasornc flow
meters

5.5 2 Schedule for System CompletIon

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

1 InstallatIon of the InfOrmatIOn collectIng system at the CIty pump statIOns and
transmISSIOn of the InformatIon by telephone commumcatIOn lIne

2 TranSmISSIOn of the InfOrmatIOn by radIO lmk

3 InstallatIOn of pressure pICkups at 72 prInCIpal pomts In the CIty water dIstrIbutIOn
network

4 mstallatIon of dIstrlbutmg zonal valves WIth the electrIC drIve 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 morutorIng system at the above mentIOned pump statIOns, It
WIll be necessary to

• mstall the system perIpheral 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 commurucatIon

• 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 momtonng, 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 tranSlll1SSIOn system performance for 1995 revealed the
followmg major problems of the tranSlll1SSIOn system

• age of the eqUIpment
• energy effectIveness
• tranSlll1SSIOn hne pIpe matenal
• system hydrauhcs
• VIllage supply (pressure and wastage)
• rural water dIstnbutIOn systems
• tank volume
• InStrumentatIon
• 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 hIgher umt energy consumptIOn

The frequency of faIlure by breakage for the tranSlll1SSlOn lInes IS lugh, and IS lughest for
the western tranSlll1SSIOn system The weak pomt of the tranSlll1SSIOn system IS remforced
concrete pIpes - bell and SpIgot COlU1ectIons at the socket ends However, frequent
breakages are also observed at connectIOns between remforced concrete and steel pipes

The dIrect pumpmg from wells and well fields to the tranSlll1SSIOn mams presents a
potentIal problem Many of the well pumps have not been adjusted for changes that have
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taken place III the system's hydraulIc condItIOns smce Its mstallation 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 SUlt the hydraulIc condItIon of the actual
tranSmISSIOn system Tlus results m operatIon of a slgruficant number of pumps outsIde
theIr optImal ranges resultmg m lugh umt energy use for water abstractIOn An example IS
the northern system where seven well fields WIth 44 wells, pump water dIrectly to the
tranSmISSIOn mams over a dIstance of 39 Ian
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Table 5-1
Pipe Diameters, Lengths, and Construction Periods

Diameter (nun) Length (km)

1900-1945 1945-1975 1975-1995 Total
200 15 0 200 350
250 1 3 140 15 3
300 35 35
350 06 06
400 49 45 94
500 70 125 195
600 353 460 12 0 933
700 470 470
800 22 15 0 172
900 190 70 260

1,000 41 2 110 522
1,100 0
~1200 1390 1390
Total 509 1921 2150 4580
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I Table 5-2

ICondItIOn of LVlv Pump StatIons
Pump Station Year General Condition Overall Site Remarks

Name Budt RehabilItated Site Mechamcal Elect & IC Condition

North

Zarudtsl 1965 - Good Poor Good FaIr Very old pumps

ZbOlSk 1965 - FaIr Poor Good FaIr Very old pumps

West

Volla Dobrostanska 1901 1936 Good Poor FaIr FaIr Very old

Velykopole 1928 1936 Good Poor FaIr FaIr Very old

Kamianobrody 1952 - Good Poor Fair FaIr Very old pumps

Karachymv 1928 1976 Good Poor FaIr FaIr Very old

Yaruvska 1932 1965 Poor Poor Poor Poor Very old

Budzen II 1964 - Poor Poor Poor Very Poor Very old

Budzen III 1989 - Good Good Good Good No problem observed

South

MalechkovychI 1932 1963 Fair FaIr FaIr FaIr Very old

MykolaIV 1978 - Good Good Good Good No problem observed

SokIlnyky 1978 - Good Very Poor Falf Fan No regulatmg dnves

Hlynna-Navana 1971 - Fair Poor FaIr Fan Very old pumps

Stare Selo 1973 - Fatr Poor FaIr Fan Very old pumps

SykhiV III 1971 1989 Good Fair Good Good Control problems

East

PluhIv 1982 - Poor Poor Poor Poor Incomplete constructIOn

Vynnyky 1980 1990 Good Good Good Good Incomplete constructIon

KryvChytSI 1965 1966 Good Good Good Good Incomplete construction

Dovha 1995 - Good - - Good Incomplete constructIOn

Center

MIska Smuha 1933 1978 Poor Poor Poor Poor Very old
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I
Table 5-3

ILVIV Pump StatIOn Tanks

Tank and Year Charactenstlcs Shape Remarks
Pump Station Bmlt Number Volume, Total, and Size,

Name of Tanks m3/ea m3 m

North

Zarudtsl 1982 2 1000 2,000 square 18 (w) x 18 (I) x 3 6 (h)

1965 2 1000 2000 cIrcular 18 dtameter x3 6(h)

ZbOlSk 1965 2 10,000 20000 square 48(w) X 48(1) X 4 8(h) 1 partIally
constructed

Subtotal 24,000

West

Volta Dobrostanska 1901 1 100 100 clfcular 6 dtameter x4(h)

Karachymv 1928 1 500 500 rectangular 14(w)x16(1)x3(h) Not used

1980 1 6000 6000 square 36(w) x 36(1) x 4 8(h)

Budzen II 1964 1 500 500 CIrcular 12 dtameter x4 8(h)

Budzen III 1989 2 6000 12,000 square 36(w) X 36(1) X 4 8(h)

Subtotal 19,100

South

MykolaIV 1978 2 3000 6000 square 24(w) X 24(1) X 4 8(h)

SokIlnyky 1978 5 10 000 50000 square 48(w) X 48(1) x4 8(h)

Hlynna Navana 1971 2 500 1000 square 12(w) x 12(I)x3 6(h)

Stare Selo 1973 2 3000 6000 square 24(w) x 24(1) x4 8(h)

Sykhtv III 1971 2 6000 12000 square 36(w) x 36(1) x4 8(h)

Subtotal 75,000

East

Vynnyky 1980 1 2000 2000 rectangular 36(w)x60(l)x4 8(h)

1989 2 10 000 20000 rectangular 18(w)x24(l)x3 6(h)

KryvChytSI 1980 I 3000 3000 square 24(w) x 24(1) x4 8(h) 1 partIally

1965 1 6000 6000 square 36(w)x36(I)x4 8(h) constructed

Dovha 1995 1 10000 10 000 rectangular 2 partIally
36(w) x 60(1) x4 8(h) constructed

- - - -"ubtotal .11,000
Center

MISka Smuha 1933 1 7000 7000 rectangular 32(w)x75(l)x3 5(h)

1933 1 12000 12000 rectangular 60(w)x75(l)x3 5(h)

1933 1 3,000 3000 square 32(w) x 32(1) x3 5(h)

Subtotal 22,000

Total 181,100
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Table 5-4
LVlv Water Transmission Pump StatIOns

Pump Pump Design Average Annual Power =0
TransmissIOn Number of Pumps Characteristics Shaft Year Dally Dally Flow Supply Power Usage In 1995 .w

Col

~Pump StatIOn Elev Capacity Flow 1995 1995 Category =;;;
Workmg Stand-by m3/h atm kW m BUilt RebUilt m3/d m3/d 1000 m3 kWh kWh/m3 is

North

Zarudtsl 2 2 2300 65 800 2747 1965 - 110,400 87,953 32 103 II 13689,900 0426 yes

West

Voha Dobrostanska 2 2 1 200 68 500 2829 1901 1936 22,000 7,026 2564 II 3,769900 I 470 no

Velykopole 2 1 360 9 190 282 1 1928 1936 13,000 7,015 2,560 II 2337400 0913 no

Kamlanobrody 2 - 540 7 250 2744 1952 - 23000 15,289 5580 II 3,241 400 0581 no

- 1 720 7 190

Budzen II 2 2 1 250 125 630 277 1964 - 45,000 43047 15712 II 17 988,900 1 145 yes

South

Mykolalv 2 2 3,000 197 1600 2650 1978 - 140,000 117655 42944 I 24087,800 0561 no

Hlynna-Navana 1 1 720 89 250 3270 1971 - 19,000 14,238 5,197 III 5,405,100 1040 yes

Stare Selo 2 1 560 7 160 302 1 1973 - 24192 8830 III 5846500 0662 yes

East

Plu1uv 2 - 1,250 65 250 285 1 1982 - 37,000 50,572 18,459 II 6,581,800 0357 no

Total 409,400 366,987 133,950 82,948,700 0619
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I
Table 5-5

ILVIV City Pump StatIOns
City Pump Station Number of Pumps Pump Pump Year DeSign Average Annual Power Power Usage 10 1995 DIS

Name CharacterIstics Shaft Dally Dally Flow Supply 10-

Elev Capacity Flow 1995 1995 Category fec

Workmg Stand by m3/h atm kW m BuIlt RebuIlt m3/d m3/d 1000 m3 kWh kWh/m3 tIOIl

North
ZbOlSk 1 1 1,260 32 250 321 9 1965 - 105,600 31,670 11,560 I 1 100 691 0095 yes

1 1 1 080 32 160
by gravity 3240 47,300 17,265

West
Karachymv 1 640 55 250 3077 1928 1976 79800 38592 14,086 II 6,411 579 0455 yes

1 - 2200 55 600
1 2200 55 630

1 2,300 89 800

Budzen III 2 2 1 250 65 320 3143 1989 - 66,800 30,786 11 237 II 2,383,763 0212 yes
South

Malechkovychl 1 1 200 7 100 298 1932 1963 5,000 4,924 1 797 III 1,226,750 0683 yes

Soktlnyky 2 1 3,200 75 800 3385 1978 - 140,000 115,216 42054 I 12928,300 0307 yes
1 1 4000 95 800

Sykhlv III 3 - 540 94 250 3452 1971 1989 39,000 31,723 11,579 II 3,477500 0300 no
2 1 540 74 160
1 1 300 38 75
1 1 90 3 15

East
Vynnyky 1 1 1,250 13 630 2843 1980 1990 65,000 62460 22,798 I 9088,000 0399 yes

3 - 1,250 65 250
Total 501,200 362,671 132,375 36,616,583 0277
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Table 5-6
LVIV City Booster Pump StatIOns

City Booster Number of Pumps Pump Pump Year DesIgn Average Annual Power
Pump StatIOn Characteristics Shaft CapacIty Dally Flow Flow Supply Power Usage ID 1995

Name Elev 1995 1995 Category

Workmg Stand by m3/h atm kW m BuIlt RebuIlt m3/d m3/d 1000 m3 kWh kWh/m3

East

Kryvchytsl 5 2 400 125 250 2995 1965 1988 65,000 46834 17,094 II 9,979,847 1

1 - 200 10 100

Dovha - - - - - 3795 1995 - 10 000 10,000 3,650 - - -

Center

MIska Smuha - 1 1600 7 135 329 1933 1978 38,400 5610 2,048 III 392,400 o 192

1 - 900 3 100

1 1 120 7 55

West

Yamvska 1 - 120 4 160 3284 1932 1965 15,000 14,048 5,128 III 487514 0095

- 1 300 6 320
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Table 5-7
Types of Data TransmItted to the LVK DIspatcher

Pump Station Indices
Name Flows Pressures Currents Valves Levels

Zarudtsl • • •
ZbOlsk • • • •
Vynnyky • • • •
Solalnyky • • • • •
Syklnv III • • • •
Budzen III • • • •
Karachyruv • • • •
KryvChytSl • • • •
Miska Smuha • • • •
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Figure 5-1
LVlv Transmission System Lengths
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Figure 5-2
Location of the Largest Water Customers In Transmission System
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CH2M HILL IntertratlOnal Services Inc

Figure 5-3
Location of Breakeges Dunng 1993-95
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FIgure 5-4
Remote Momtormg wlthm Water Dlstrlbuton System
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AppendIX A

INFORMATION ON WATER QUALITY

Tills appendIx contams the results of water qualIty tests carned out by the LVK chemIstry
and bIOlogIcal laboratory
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Table A-I
Chemical BacterIological Laboratory LVK Water AnalysIs Results, 9 March 1994

No Water CharacterIstIcs Karachymv SokIlnyky Budzen III Kryvchytsl ZbOlSk Malechkovychl Sykhlv III
1 Temperature

2 Smell 0 0 0 0 0
3 Taste 0 0 0 0 0
4 Color (degrees) 0 0 10* 0 0
5 Transparency (mg/drnJ

) 0 0 09 0 0
6 Water charactenstlc (pH) 726 77 7692 7 17 72 7 15
7 Iron (mg/dInJ

) 005 011 077 021 024 005
8 General sohdlty (mgfekv) 5 15 37 78 855 7 1 104
9 Alkalt (molldmJ

) 43 33 56 7 66 62
10 Ammoma (mg/dm3

) 0 0 o 19 0 0 0
11 Nltnte (mg/dm3) 0 0 0009 0 0 0
12 Nitrates (mg/drnJ

) 675 729 9 18 295 238 465

13 CalcIUm (mg/dm3 mg/ekv) 425/857 24/4809 6/12024 07/13427 56/11222

14 MagneSIUm (mg/dInJ 09/10 93 1 3115 79 1 8/21 87 1 85/2248 1 511822
mg/ekv)

15 Manganese (mg/dInJ
) 002 0012 0008 003 0025

16 Fluonne (mg/dmJ
) 038 025 018 028 028

17 Copper (mg/dIn3
) 0003 0 0025 0 0008 0

18 Molybdenum (mgfdrnJ
) 0 0 0 0 0 0

19 Lead (mg/dIn3) 0 0 0 0 0 0
20 ZmC (mg/dIn3

) 0 0 0 0 0 0
21 Chlondes (mg/dm3

) 15 17 300 135 305 285
22 Sulphate (mg/dm3-mg/ekv) 1 63/7837 1 37/6582 375/1804 306/14687 205/9832

23 CO2 (mg/dIn3-mg/ekv) 43/2623 331201 3 56/311 6 7/427 66/402
24 Total sohd (mg/dm3

) 37471 30281 58425 61744 55692
25 MmerahzatlOn (mg/l) 48177 38425 72386 791 37 72211
26 K+ + N+ (mg/l-mg/ekv) 1 2/30 1 45/3625 239/5975 1 89/4725 24116025
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Table A-2
Chemical BactenologIcal Laboratory LVK Water Analyslls Results, 8 Apnl1995

No Water Characteristics Karachymv SokIlnyky Budzen III Kryvchyt~1 ZbOlSk Malechkovychl Syklllv III
2 Smell 0 0 0 0 0 0
3 Taste 0 0 0 0 0 0
4 Color (degrees) 0 0 10* 0 0 0
5 Transparency (mg/dm3

) 0 0 06 0 0 0
6 Water charactensttc (pH) 7 35 76 705 735 7 15 72
7 Iron (mg/dm3

) 005 005 084 o 16 027 029
8 General sohdtty (mg/ekv) 55 355 825 86 74 8 I
9 Alkah (mol/dm3

)

10 AmmonIa (mg/dm') 0 0 o 17 0 0 o 12
II Nitnte (mg/dm3

) 0005 0 0009 0 0 001
12 NItrates (mg/dm3

) 747 648 108 I 48 238 I 3
13 Manganese (mg/dm') 0 0 004 0 0012 0
14 Fluonne (mg/m3

) 038 024 048 024 024 024
15 Copper (mg/dm3

) 0008 0 003 0 0 0008
16 Molybdenum (mg/dm3

) 0 0 traces 0 traces 0
17 ArsenIC (mg/dm') 0 0 0 0 0 0
18 Lead (mg/dm3

) 0 0 0 0 0 0
19 SelenIum (mg/dm3

) 0 0 0 0 0 0
20 StrontIUm (mg/dm3

) 08 06 5 3 I 7 34 24
21 Zmk (mg/dm3) 0 0 0 0 0 0
22 BeryllIum (mg/dm3

) 0 0 0 0 0 0
23 Chlondes (mg/dm3

) 135 14 26 85 265 265
24 Sulphate (mg/dm3

) 4868 3476 14296 9462 9157 1302
25 ACIdtty (mg/dm3

) I 6 I 6 2 104 I 84 152
26 Total solId (mg/dm3

) 41 16 24059 5542 531 16 50582 5843
27 Chlonne resIdual (mg/dm3

) 07 06 025 07 07 035
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AppendIx B

WATER SUPPLY WELL DESIGN, CONSTRUCTION
AND EQUIPMENT DATA

Tables B-1 and B-2 present data on well constructIOn and eqUIpment
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I
Table B-1

Construction Parameters of the Wells at LVIV Well FIelds
No Well Field Name Year No of Diameter of Depth of Static Water Dynamic Water Remarks

Built Wells Wells Wells Level Level

mm m m m
North

1 Rava-Ruska 1972 8 426 60-70 33 12-17 Size IS based on measurements In September, 1996
2 Mahenv 1971 4 426 60-71 38 7-15
3 Shostaky 1972 3 426 612 32 35
4 Krekhlv 1970 5 426 60 48 13-15 Measurements made In August 1996
5 Kumn 1970 2 426 60 48 18
6 Mokrotyn 1966 7 426 75 4 18-24
7 Zarudtsl 1965 10 377 5570 38 17-18

(Zavadlv) 1972 6 426 55-70 38 17-18
Group total 4S

West
8 Volia Dobrostanska 1901 5 426 70 15
9 Velykopole 1926 5 426 70 I 56
10 Kamlanobrody 1952 4 426 45 I 36
11 Malchytsl 1967 9 426 70 7
12 Budzen 1956 22 426 55-70 65 23-25 Measurements made In August 1996
13 Kernytsla 1969 8 377 85 65

Group total S3
South

14 StrYl 19791982 34 426 20-22 25-30 45-62 Measurements made In September-November, 1996
15 Hlynna-Navana 1971 12 426 70 15-20 20-23 Measurements made In November 1996
16 Blbrka 1973 12 426 75 45
17 Malechkovychl 1932 1 426 70-80 12

Group total 59
East

18 Remezlvtsl 19821986 4 426 65 26
19 PluhlV 19821989 8 426 200 2
20 Vllshanytsla 1989 4 426 70 3

Group total 16
Tnt~1 17~
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Table B-2
Pumpmg Eqmpment of the Wells at LVlV Well FIelds

Well FIeld Name No or Well Numbers Type of Pump CharacterIStic
No Pumps Pumps Q, m3/h H, m N,kW Notes

North
1 Rava Ruska 3 8 8a 9a EUBI0-63 110 63 110 32

2 11 12 EUB12 160-140 160 140 90
3 7 9 10 EUBl2 160 100 160 100 65

2 Mahenv 1 4a EUB10-63 lIO 63 110 32
1 6 EUB8 25 70 25 70 17
2 4 5 EUB12 160-100 160 100 65

3 Shostakv 3 123 EUB12 160-100 160 100 65
4 Kreklnv 3 135 EUB12 160-100 160 100 65

1 2 EUB10-63 110 63 110 32
1 4 EUB8 16 100 16 100 17

5 Kunm 2 6 7 EUB12 160-100 160 100 65
6 Mokrotyn 6 1-4 5a 6 EUB12 160-100 160 100 65

1 5 EUB8 2570 25 70 17
7 Zarudtsl 5 1 3 5a 7 8 EUB10-120-60 120 65 32

5 2 2a 46 EUB8 25 70 25 70 17
(Zavawv) 5 1 1a 2 2a 3 EUB10-120-60 120 65 32

1 Ib EUB8 25 70 25 70 17
Group total 4S 1665
west

8 Voha Dobrostanska 4 1 57 EUB12 160-65 160 65 45
1 11 EUB10-6365 63 65 22

9 Velykopole 2 1 5 EUBI0-120-60 120 65 32
2 2 4 EUB12 160-65 160 65 45
1 3 EUB8 25 70 25 70 17

10 KamIanobrodv 4 1-4 EUB12 255 30 255 30 32
11 Malchytsl 2 1 2a EUB8 25 70 25 70 17

4 2 3 3a 4a EUB10-63 lIO 63 110 32
3 4-6 EUB12 160-65 160 65 45

12 Budzen 16 1 2 6a 7 7a 8
9 9a 10 lOa 11 lla
12 13 13a 15a EUB10-120-60 120 65 32

3 5 5a 14a EUBI0-63 110 63 110 32
2 6 12a EUB12 160-65 160 65 45
1 17 EUB8 25 70 25 70 17

13 Kemvtsla 7 1 1a 3 3a 4-6 EUB10-120-60 120 65 32
1 2 EUB12 160-65 160 65 45

Group total S3
South

14 StryI 10 1-6 8 11 EUB12 160-65 160 65 45
22 1226 2834 EUB1225530 255 30 32
I 7 EUBI0-6365 63 65 22 Rural water
1 27 EUB12 255 30 255 30 32 supply

15 IDvnna Navana 7 1 1a 2a 4 5 7 7a EUB10-63 110 63 110 32
2 2 3 EUB8 16 140 16 100 17
3 6 6a 8 EUB12 160-100 160 100 65

16 Blbrka 5 1344a6 EUB12 160-65 160 65 45
6 la 2a 6a 7 8 8a EUBIO-I20-60 120 65 32
1 2 EUB8 25 70 25 70 17

17 Malel-hkovyclu 1 1 EUBI2 160-65 160 65 45
Group total 59
East

18 RemeZlvtsl 2 1 2 EUBI0-120-60 120 65 32 Purchased
2 3 291 EUB12210-60 210 60 22 water

19 Pluluv 8 18 EUB12 255 30 255 30 32
20 Vilshanytsia 2 1 2 EUB12 160-140 160 140 90

I 3 EUB12 160-100 160 100 65
1 4 EUBI0-63 110 63 110 32

Group total 16
Total 173
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AppendIx C

WATER SUPPLY WELL FIELD OPERATIONAL ISSUES

A dIScussIon was held WIth LVK well field supervIsors, whIch centered around the
followmg Issues

C.I 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 mIgratIOn 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-d1ameter well openmg

C.2 WELL CLEANING

When the level of water m the well penodically drops, cleamng IS carned out m order to
nnprove ItS productIVIty The hydrodynamIC method IS one of the most effectIve cleanmg
methods, It IS based on electrIc dIscharge effect, at a rate of 5 dIscharges per 20 cm LVIV
Vodokanal does not have ItS own well cleanmg capabIhty The last work of thts kmd was
done m 1987 at the Stryl and Budzen well fields, managed by LVIvkomunekololna (then a
mumcipal government agency) The Burvod speciahsts only nnse the wells WIth the
aIrhft techmque, or redrill them

C 2 I Effectiveness of Well-CleanIng

The hydrodynanuc method of cleanmg wells has an average effectIveness rate of 25-30%
for a penod of SIX months to one year, dependmg on the aqUIfer
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C 2.2 Number Well-Cleamng Personnel

There are five people dedIcated to carrymg out well c1eamng work For a well
approxImately 30 meters deep thIS work usually takes three days

C.2.3 USing Crane Mechanisms

Well-cleamng work IS facIlItated by the use of automatIc cranes weIghmg 10 tons, and 12 8
m3fmm-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 l50-200-mm lmes (6-8 m)

• depth observatIon deVIce for wells

• bormg 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-reducmg valves)
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Appendix D

PUMP STATION DETAILS

InformatIOn regardIng pumpIng statatIOns of the LVK water system IS provIded In thts
appendIx

D.1 WATER TRANSMISSION PUMP STATIONS

NIne transrntSSIOn pump statIOns delIver water to the CIty water distrIbutIOn system (FIgure
D-l)

D 1.1 Northern Pump Stations

The Zarudtsl tranSrntSSIon 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 Independent sources Water qualIty complIes WIth the
state water standard

D.1.2 Western Pump StatIOns

Volla Dobrostanska, Velykopole, Karntanobrody, and Budzen pump statIons delIver water
to the western part of the CIty

Water from Volla Dobrostanska well field IS pumped by VolIa Dobrostanska PS Water
from wells contInuously fills a 100 m3 tank The pumps work contInuously throughout the
day to supply water to the Karachyruv 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
contInuously pumps water from Velykopole well field dIrectly to the pump's suctIOn
pIpelIne PumpIng eqUIpment works contInuously throughout the day and delIvers water to
Karachyruv PS SIte Power supply of the pump statIon IS 2nd category from two
Independent sources Water qualIty complIes WIth the state water standards

The Karntanobrody PS pumps water from KamIanobrody well field Water from the wells
flows to the pump's suctIOn pIpelIne PumpIng eqUIpment works steadily 24 hid and pumps
water to Karachyruv PS SIte Power supply of the pump statIon IS 2nd category from two
Independent sources Water qualIty complIes 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 delIvenng
water to Budzen III PS Power supply of the pump statIOn IS 2nd category from two
Independent sources Water qualIty does not comply WIth the state water standards (Iron
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content m the water IS about 0 84 mgll), but with the agreement from the RegIOn Samtary
InspectIOn, water IS not treated to reduce the Iron content

D 1.3 Southern Pump StatIons

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

The Mykoiaiv PS pumps water from Stryl 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
mgll), but With the agreement from the RegIOn Samtary 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 mrectly to
the pump's suctIon plpelme 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 06 mgll,
and aggressive free carbon aCid, HC03, IS about 250 mg/l) Degassmg mstallatIOns are
used for water treatment

Water from VI1shanytsIa well field IS delIvered directly to the transIDlSSlon pIpelme (1,200
mm m dIameter) between the Plumv and Vynnyky pump statIOns About 7,400 m3/d of
water purchased from Remezlvtsl well field IS also delIvered to the same transffilsslon
pIpelIne

The Kurovychl PS has been temporanly removed from operatIOn Sillce the capacIty of
Pluhlv PS IS suffiCIent for transmIttmg water to Vynnyky PS located ill the vicimty of LVIV
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D 2 CITY WATER DISTRIBUTION PUMP STATIONS

Some InfOrmatIOn on a number of the CIty pump statIOns IS presented In tlns subsectIon,
based on data from records and observatIons by CH2M HILL's EPT-Lviv staff durIng the
penod Apnl to September, 1996

D.2.! Sokilnyky Pump Station

SIte name SokIlnyky PS sIte
Year of construction 1978
Well fields providIng water to the pump statIon Stryl well field and Mykoiaiv PS
Suction pipelInes

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

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

DelIvery plpelmes
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 lIsec

Pumpmg eqUIpment
a) number of pumps - 5 pump uruts (3 workIng, 2 stand-by)
b) pump urut mdIces 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) workmg hours - I pump WIth Q - 3200 m3/h and I pump WIth Q - 4000 m3/h
work WIth throttlIng for 24 hrs, I pump WIth Q -3200 m3/h work accordIng to the
schedule from 5 pm tIll 9 pm

Pressure pIpelInes
a) number of pipeimes - 2 pIpelInes
b) pIpelIne type & diameter - towards the CIty dIstrIbutIon system - two 800 mm
pressure pipeimes connect by the surge tank the pump statIon to the SIngle steel
1420 x 17 mm pIpelIne, towards MIska Smuha pump statIon - SIngle steel 600 mm
pIpelIne
c) meter avaIlabIlIty - meters are Installed In the surge tank at a dIstance of
50-100 m from the pump statIon on each water pIpelIne gomg out of the pump
statIon
t) flow - 1160 IIsec to CIty and 134 l/sec to MIska Smuha PS

ConnectIOn pomts
to the CIty dIstnbution system - SWItch chamber at the Naukova-Stryiska crossmg to
MIska Smuha PS - 12000 m3 tank

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

Rural water consumptIon none
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Water treatment
a) chlormatIOn - 0 6 - 0 8 CI mg/l
b) fluonnatIOn - none

Pump and storage tank performance momtormg, flow meter regIstratIon
Every hour the followmg data IS put mto the regIster book and reported to the LVK
dIspatcher by the pump statIOn servIcmg staff readmgs of three flow meters and
three pressure gauges mstalled on each pressure lme, readmgs (mmcated at the
pump statIOn) of water level sensors m storage tanks, amperage of each functIOnmg
engme, voltage at two mlets

Actual flow measurement
Test measurements on the water mam StryI-MykolaIv-LviV were carned out dunng
the penod 2 07 96 to 12 07 96 usmg US made ultrasomc flow meter PT 868 WIth
clamp-on transducers Actual productIOn of Stryl well field and water mflow to
Sok1lnyky PS, as well as water flow m two mtermedlate pomts of water mam were
measured The measurement results are gIven m the table

# Pomt on the Measurement Meter Q Q
WaterMam Start End lDuratlOn Readmg mJ/h m3/h

Date & Tune Date & Tune hrs
1 Stryl well field, 20796 30796 24 123,672 5,153 123,672

7 Ian downstream 3 00 PM 3 00 PM

2 Mykolalv PS 50796 50796 I 4,932 4,932 II8,372
3 km downstream 11 35 AM 1235 PM

3 VIllage DerevachI, 50796 50796 1 5,094 5,094 122,258
20 Ian off LVlv 255 PM 355 PM

4 Soktlnyky PS, II 0796 120796 24 115,460 4810 115460
LVIV 945 PM 945 PM

Accormng to the measurement results, the mflow to Sok1lnyky PS IS about 115,000 m3/d
SchematIc dIagram of the Sok1lnyky PS IS shown at FIgure D-l Dally flow and pressure
curves of this pump statIOn are presented at FIgure D-2

D.22 Karachymv Pump StatIOn

SIte name Karachymv PS SIte
Year of constructIOn 1928, rebUIlt m 1976
Well fields provIdmg water to the pump statIOn

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

SuctIOn pIpelInes
a) number of pIpelInes - 1
b) pipelme type & dIameter - steel, 1220x 10 and 630x7 mm

Storage tanks 2 pes, 6000 and 500 mJ

a) m operatIOn - 1 tank 6000 m3 (36 x 36 m)
b) out of operatIOn - 1 tank 500 m3, III operatIOn smce 1928

DelIvery plpelmes
a) number of plpehnes - 3
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b) pIpelIne type & dIameter - all cast Iron, 600 rom, m operatIOn smce 1901, 1928,
1956 respectIvely
c) meter avaIlabIlIty none

Pumpmg eqwpment
a) number of pumps - 4 pump umts - (2 workmg, 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) workIng hours - I pump (N-800) 24 hid, 1 pump (can be any) m two penods
5 30-845 am and 17 30 - 2000 pm

Pressure pIpelInes
a) number of pipeimes - 2
b) pipeime type & dIameter - cast Iron, 600 rom
c) flow - 190 l/sec
d) meter avaIlabIlIty - 2 mterchangeable meters, 1 statIOnary meter at the dIscharge
pipeime to the CIty about 10m from the SIte wall, 1 clamp-on meter mSIde the pump
statIon at the dIscharge
e) meter type - ultrasomc, mdex m place
f) meter condItIOn - good

ConnectIOn pomt water dIstrIbutIOn system at Shevchenka St
Water dIstributIOn by dIrectIOns 1 dIrectIon, Shevchenka St
Rural water consumptIOn RIasna Ruska, Pidnasne, DomazhIr

a) connectIOn pomt pipeime 600 rom
b) dIameter at connect1on 50 - 100 rom
c) flow RIasna Ruska - 210 m3/d, Pldnasne - 52 m3/d, Domazlur - 13 m3/d (LVK
data)
d) meter avaIlabIlIty none

Water treatment
chlormatIOn - 0 5 - 0 6 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 LVK
dIspatcher by the pump statIOn servIcmg staff readmgs of two flow meters and one
pressure gauge at the pIpelIne, 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 1096)
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 Dunng tlus tIme
the level m tank mcreased by 38 cm In one hour 1,900 m3 of water would flow mto
the tank, m one day - 45600 m3

D 2 3 Budzen III Pump StatIOn

SIte name Budzen m PS SIte
Year of constructIOn 1989
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Well fields provldmg water to the pump statIOn
Budzen and Kernytsia well fields and Budzen II pump statIon

SuctIOn pipelmes
a) number of pipelmes - 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) pipelme type & dIameter - steel, 820x9 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 operatIOn 1 pump - 24 hid, 1 pump - on/off

DIscharge plpelme
a) number of pIpelInes 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 St
Water dIstrIbutIOn by directIon

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

Horodok, Rudky, Lmben Velyky receIve water from Budzen II PS
a) connectIon pomt transmISSIOn maIn Budzen II - Budzen ill

Water treatment
a) chlonnatIon - 0 6 - 0 8 CI mg/l

Pump and storage tank performance momtormg, flow meter regIstratIon
Every hour the follOWIng data IS put mto the log book and reported to LVK the
dIspatcher by the pump statIOn servIcmg staff readmgs of 1 flow meter at the
tranSmISSIOn mam, water level In storage tanks, current at each runnmg motor,
voltage at two mlets All meters are RUSSIan made (KUIbyshev)

Actual flow measurement 25,135 m3/d (measured 0909 96 at Budzen III SIte)

D.2 4 Sykhlv III Pump StatIon

Site name Syklnv III PS
Year of constructIOn 1971, rebUIlt In 1989
Well fields provldmg water to the pump statIOn

a) Hlynna-Navana, Hlynna Navarla tranSmISSIOn PS
b) BIbrka, Stare Selo PS
c) Water from tanks at Dovha flows by 700-mm pipelme and connects to
the CIty dIstnbutIOn system at Zubnvska St
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SuctIon pIpelInes
a) number of pIpelInes - 2, connected m senes from both tanks
b) pipeime dIameter - 600 nun

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

DelIvery pIpelInes 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 eqUIpment
a) number of pumps - 6 for CIty water supply (2 workmg, 2 stand by)

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

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

c) workmg hours - by schedule
Pressure pIpelmes

a) number of plpelmes - 4
b) plpelme dIameter - city 1 pipelme, 500-mm

factory 2 pipeimes (1 used), 400-mm
hospital 1 plpelme, 150-mm

c) meter avaIlabilIty - none
ConnectIOn pomt Sykhlvska-Zelena St
Water dIstributIOn by dIrectIOns

a) Zone 3 of City dIstnbutIOn system
b) Izohatormy factory and Kmeskop factory
c) TB RegIOnal hospital

Rural water consumptIOn from TransffilssIOn pump StatIOns
Water treatment

a) chlormatIOn - none, chlonnator out of operatIon
Pump and storage tank performance momtormg, flow meter regIStratIOn

The followmg type of data IS registered m a log voltage, amperage and head by
hour for each pump, water level m tank by hour and passed to the dIspatcher Valve
on the pIpelme from Dovha IS operated from pumpmg statIOn by schedule on
dIspatcher's mstructIOos, normally the valve opens 5 30 - 9 10 am and 5 30 - 900
pm

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 090696)
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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 Increased by 22 cm In one hour 1,022 m3 of water would flow
Into the tank, In one day - 24,540 m3

D.2.S ZbOlSk Pump StatIOn

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

Northern group Rava-Ruska, Mahenv, Shostaky, KUnIn, Kreklnv,
Mokrotyn, Zarudtsl and Zarudtsl tranSmISSIOn PS

SuctIOn pIpelInes
a) number of pIpelInes - 2
b) pIpelIne type & dIameter - steel, 630x8 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 pipelmes - 2, tranSmISSIOn mams Zarudtsl - ZbOlSk
b) pIpelIne type & dIameter - remforced concrete and steel, 600-1000 mm DIrectly
by the SIte 2 pIpelInes of 600 and 700-mm
c) flow 370 l/sec and 220 l/sec
d) meter avaIlabIlIty meters mstalled at each tranSmISSIOn mam, about 10m from
the chlormator m wells by the SIte walls

Pumpmg eqwpment
a) number of pumps - 4 pump UfiltS (2 workmg)
b) pump urnt IndICeS 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 pIpelInes controlled by valve by dIspatcher The valve IS usually 1/3 open to
KryVChytSI PS from 6 tIll 11 am, It IS 1/10 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 plpelmes
a) number of pIpelines - 2 pressure, 2 gravIty
b) pIpelIne dIameter and type towards KryVChytSI one 600-mm steel pIpelIne to the
tank at KryVChytSI PS, tIns pIpelIne branches off tranSmISSIOn mams
Zarudtsl-ZbOlSk downstream from meters Towards the CIty dIstrIbutIOn system
pressure pipeimes from pump statIOn and graVIty plpelme d1rectly from the clean
water tank Two pressure pIpelInes leave the pump station 600 mm, cast lfon,
529 x7 mm, steel The former supplIes water to the CIty center, the latter
(ZbOlsk-Yamvska) supplIes water to the newly bUllt reSidential area and an
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educatIOnal complex (sports and trade mstitutes) ZbOlSk-Yaruvska pipeime 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 x7 mm, no meters at
graVIty pipeimes

ConnectIOn pomt
600-mm pressure pIpelIne IS connected to the dIstrIbutIon system at the crossmg of
Mazepa and Lruana streets 529 x7-mm pressure pipeime IS connected to the
distrIbutIon system at the crossmg of Zamarstymvska and Topolna streets 600-mm
graVIty pipeime from the tanks IS connected to the distrIbutIon 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) Yaruvska PS
c) Water distrIbutIOn systems, Zones 5 and 6

Rural water consumptIOn
none, except for a number of summer garderung allotments whIch use water directly
from the graVIty pipeime

Water treatment
chlormatIOn - 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 LVK
dIspatcher by the servIcmg staff of the PS readmgs of 2 flow meters and 2 pressure
gauges at the pIpelme, readmgs of water level sensors m storage tanks WIth mdexmg
m place, amperage of each functIOrung motor, voltage at two mlets, for data
recordmg from ultrasomc clamp-on meters the servIcmg staff turns on computers
SImultaneously WIth the pumps

Actual flow measurement
50,800 m3/d Flow was measured for 24 hours on 07 10 96 and 07 1496 at
delIvery pIpelInes 2 kIn upstream from ZbOlSk PS Measurements at ZbOlSk PS
showed the followmg flows
to KryVChytSI PS 13,100 m3

/ d
to the CIty by graVIty 12,100 m3/d
to the CIty by pressure pipelme 11,500 m3/d
to the CIty by pressure plpelme 9,400 m3/d

D.2.6 Vynnyky Pump StatIOn

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

Eastern group PluhIv well field and PluhIv tranSmISSIOn PS, VIlshanytsIa well field
Remezlvtsl well field (purchased water)

SuctIOn pIpelInes
a) number of pipeimes - 2
b) pipeime type & dIameter - steel, 1020 X 12 mm
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Storage tanks 3 pcs, CUbIC capacIty 2000 m3 (18 x24 m)
10000 m3 (36x36 m), 10000 m3 (36x36 m)
a) m operatIOn - all
b) out of operatIOn - none

DelIvery pIpelInes transffilSSIOn mam PluhIV-Vynnyky
a) number of pipelmes - 1
b) pipeime type & diameter - steel, 1220 x 12 mm
c) Meter avaIlabIlIty none
d) flow 6961/sec

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

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) workmg hours - 24 hid
Pressure pIpelInes

a) number of pipelmes - 2
b) pipelme type & dIameter
to KryVChytSI PS - 1 lIne, 900-mm, remforced concrete,
2 connectIOns upstream from meter for Tobacco factory
and slaughter house - 100-mm pIpe, and for Sl1bud boIler house
to Dovha PS - I hne, 1000-mm, steel and remforced concrete pIpes
c) meter avaIlabIhty - meters located dIrectly on transffilSSIOn mams
d) flow 210 1/sec to Dovha PS and 290 1/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 pipelmes of 100 and I50-rom for
mdustnal enterpnses, 1 pIpelIne of 80-mm for Vynnyky
c) workmg hours 24 hours a day
d) meter avaIlabIhty none

Water treatment
chlonnatIOn - 0 6 - 0 8 CI mgll

Pump and storage tank performance momtormg, flow meter regIstratIOn
Every hour the follOWIng data IS put Into the regIster book and reported to the LVK
dIspatcher by the pump statIon servICIng staff readmgs of 2 flow meters at 2
transffilSSIOn mams, readmgs of 2 pressure gauges at 2 tranSmISSIOn mams, readmgs
of water level m tank, voltage and amperage m each workIng motor
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D.3 1 Western

There are two pump StatIOns In the eastern part of the CIty - KryvChytSI and Dovha

D 3.2 Eastern

D 3 CITY BOOSTER PUMP STATIONS

24aug9754we~tms\reports\IVlv\mtrmdat\text

There are four CIty pump statIOns wltlun the CIty boundanes They are Yamvska,
KryVChytSI, Dovha, MIska Smuha

The Yaruvska PS IS located In the western part of the CIty and pumps water to the Ingher
elevatIOn areas of the CIty supplIed from Karachymv pump statIOn The water reaches
Yamvska PS by the suctIon plpelme dIrectly from the 600-mm cast Iron pIpelIne runmng
along Shevchenka street The pump statIOn operates In two daIly penods - 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

Actual flow measurement
60,114 m3/d Flow was measured for 24 hours on 0806 96, 8 kIn upstream from
Vynnyky PS at delIvery pIpelIne DIscharge to Dovha tank was 11,540 m3/d
(measured at Vynnyky PS on 06 29 96)

The KryvChytSI PS pumps water dIrectly Into the CIty dIstrIbutIon system and gets water
from Vynnyky PS through a separate 900-mm remforced concrete plpelme Throughout
the day water flows contInuously Into the KryVChytSl PS- ta..'1ks The srte lllcluaes two pump
statIOns - the old pump statIOn operatIng In Mayonvka bUIlt-up area, and the new pump
statIOn sItuated m the bUilt-up area around Lysenka, Plskova and Muchna streets In
addItIOn, In 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 winch operates In two dally penods - 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 mm pipelme It can also pump water to ZbOlSk PS If necessary, provIded there IS
enough water to pump

Syklnv 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 mm 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
steel500-mm pIpelme) and from KryVChytSI PS (through the water dIstrIbutIon system)
The pump statIOn operates m the following way one pump operates m two, daIly 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 tIme one small pump pumps water
towards the area around Tarnavskoho and Tolstoho streets Part of the water IS supplIed
mto the CIty dIstnbutIOn 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 mc1udes
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 m the same network

westms\reports\IVlv\mtnndat\text 55 24aug97



Chlonnatlon (used)
and Fluorination
(unused) facilities
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Figure 0-1
Schematic DIagram of Sokllnyky Pump StatIon
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I Sokllnyky Pump StatIon Performance
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Figure 0-2
Dally Flow and Pressure Curves for SokJlnyky PS
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I New Independent States (NIS)

* EPT RegIOnal Offices
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