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SUMMARY 1(2)

Thereare technical,aestheticandevenhygienicproblemswith potablewater from St.
Petersburg. Taste,odour, turbidity, colour, iron, manganese,aluminium, ammonia,
pH balance,organic chlorine compoundsand micro-organismsoccasionally reach
unsuitablelevels. Treatedwaterhasanyhowfulfilled nationalGOST norms.

TheNevaRiver is heavily pollutedwith wastewater. Thehighcontentof faecalmicro-
organisms,oil productsandnutrientsare thegreatestdeterantsto its suitability asraw
water.Additionally, stormsonLakeLadogacansignificantly increasetheconcentration
of suspendedsolids. Nevertheless,within a few yearsthe Nevaseemsto be the only
realisticoptionasthe main rawwatersourcefor St. Petersburg. It would takea long
time beforeotherwateralternativescouldbeusedfor theproductionof potablewater.

To improvethequality of potablewaterthefollowing immediatemeasuresareproposed
for water treatmentplants:

all water shouldbe treatedwith adequateamountsof flocculants
- disinfectionshouldbe intensified
- treatedwatershouldbe alkalized

Water treatmentcapacityshould be increasedby 450,000m3/d, if water consumption
cannotbe quickly decreased.Therawwaterto existingwatertreatmentplantsis taken
from five different intakestwo of which sustainwaterqualitieswhich areoccasionally
quitepoor. Thesetwo intakesand/orthetreatmentplants shouldbe rebuilt at a better
locationalong the river. The direct wastewater dischargesto the Neva above the
intakesitesshouldbedivertedandproperwastewatertreatmentplantsconstructedfor
them. The effluentsfrom waste water treatmentplantsshould be transferreddown-
streamfrom the intakesites.

To ensuretheraw water quality of St. Petersburgthe targetsmentionedin themutual
waterprotectionactionplanbetweenFinlandand theRussianFederationarenecessary
andurgent. Becauseof theenormoussizeof Lake Ladoga,major partsof it are still
in fairly good condition. Areas around the mouths of the main rivers and the
surroundingsof somemunicipalities and industrial enterprisesare howeverheavily
polluted. The shallowsouthernpartof the lake, to whichthegreatestnutrientloadsare
directed,is themosteutrophicated.This hasadirect relationto thewaterquality of the
Neva.

Within thecatcbmentareaof LakeLadogathegreatestphosphoruspoint- sources,the
Volkhov aluminiumplant andSvetogorskpulp andpapermill, aswell asthenon-point
loadfrom agriculture,arethemosturgentpriorities in preventingfurthereutrophication
of the lake. Livestockfannsare in akey positionaswell. Savingsfrom fertilizers will
benefitagricultureeconomically.Thephosphorusload from Finlandis about4 percent
of that of Lake Ladoga’sand point-sourcescover only about 10 per cent of that.
Therefore,wastewater from Finlanddoesnot threatenthe stateof Lake Ladoga.

Investmentsof about 450 million USD are necessaryto reachthe targetsfor water
protectionwithin the catcbmentareaof Lake Ladoga. If productioncouldbe limited
or evensome enterprisescloseddown, thesecostscould be reduced. To restorethe
lake’secologicalbalanceto what it wasa fewdecadesearlier,morereductionsin loads
are necessaryespeciallywithin the agricultureand livestock sector, or significantly
more investmentsshouldbemadein wastewater treatment.
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If halfof thetargetphosphorusreductionin the waterprotectionactionplanis reached,
thepresenteutrophicationprocesscould bestoppedandthe waterquality improvedat
least in some parts of the lake. Water protectionmeasuresfor acheiving these
reductionscould be implementedwith costsof approximately150 million USD.

In the long term, water treatmentfor St. Petersburgshould be intensifiedat leastby
activatedcarbonfiltration and preferablyby ozonationas well. A largeraw water
reservoirwouldbe thesolutionfor maintianingpotablewaterquality during stormsand I
whenthe snowmelts.

Alternative solutions to improving the potable water quality for St. Petersburgare
relatedto thetransferof cleanerrawwater from LakeLadogaor theuppercourseof
theVuoksi River. Waterquality in LakeLadogais notdependenton waterprotection
measuresalongthe Nevaandall directwastewaterloadscouldeasilybe illiminated in
the upperVuoksi. It is possiblethat wastewater effluentsdo not directly effect the
intendedintake locationin LakeLadogaeither.

Theinvestmentcosts to bring waterquality to thetargetlevelwill beabout400 million
USD if morewater is takenfrom theNeva. If wateris transferedfrom Lake Ladoga
the cost will be about600 million USD and from the Vuoksi 900 mUSD. If a one
week raw water reservoirfor St. Petersburgis takenfrom the Neva total investment
costswould be closeto thosefor Lake Ladoga.

When additionalmaintenancecosts are takeninto accountand investmentsconverted
to annuity costs, the long termcost effectivenessof Lake LadogaandNeva River is
aboutthe same. Becauseof the time necessaryto constructthe water transfersystem
andpossibletechnicaldifficulties in construction,theNevawould probablybethemost
attractivealternativefor a periodof about30 years. I
Decreasingconsumptionandleakageswould bebenefitial. At presentpercapitawater
consumptionin St. Petersburgis about540 llcap/d, which is almosttwice asmuchas
in westerncountries. The morewaterconsumptioncanbe decreasedthe smallerwater
treatmentand transfersystemis neededandthe cheaperit is to build anduse.

Waterfor drinking could be deliveredseparatelyfrom water for otherpurposes. If all
inhabitantsof St. Petersburgwouldbuy theirdaily drinking waterin bottles (3 l/cap/d),
it would costabout2,700million USD a year, if theprice wereequalto Finnishbottle
markets. It would bemuchcheaperfor the citizensif thecity produced,deliveredand
sold water. Rawwaterquality for theproductionof drinking water shouldbeasgood
aspossible. Naturalor artificial groundwaterwould be the bestalternative,but water
from theupperVuoksi or thecleanerpartsof LakeLadogawould be suitableaswell.

Accordingto a mapexamination15,000m3/d(thedaily needfor drinking andcooking I
in St. Petersburg)groundwatercouldeasilybe takenevenfrom theclosestesker,which
is locatedat the shoreof Lake Ladogaabout40 km from St. Petersburg. Thecost of
intakeand the transfersystemfrom thereto the city borderwould beabout15 million
USD. If waterquantityis not sufficientit couldbe increasedby bankfiltration,artificial
groundwateror moregroundwatertransferredfrom othereskers. The total areaof
7 eskerscloserthan80 kin from St. Petersburgis over200 km2. Theprobablewater

yield from theseeskerswould beup to 200,000m3/d.

I
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PREFACE

General

Objectivessetby themutualagreementconcerningwaterprotectionmeasures
betweentheFinnish Republicandthe RussianFederation(ActionPlan)are
the basic outline for the masterplan underpreparation.The Neva River
Water ProtectionMasterPlan is to form a solid basefor waterprotection
action policy in the border areasbetweenFinland and Russia. This pre-
feasibility study is a sub-projectconnectedto the elaborationof the master
plan in which the optimal waterprotectionmeasuresfor the River Neva
catchmentareawill bedetermined.Basedon thefindings from differentsub-
projects,alternativewaterprotectionstrategieswill beelaboratedtaking into
accountthe future demandsfor waterutilization andprotection. Technical
implementationof different alternativeswill bedescribedandcost estimates
made.

Purposeof This Study

Themain purposeofthis sub-projectis to identify needsfor waterprotection
andkey problemsfrom thepoint of view of St. Petersburg’swatersupply.
Thepurposeis further to identify the possibilities to protectexisting water
sources,to introducealternativeraw watersourcesandto comparedifferent
alternatives.

Project Set-Up

This study is financedby theKymi WaterandEnvironmentDistrict (KWED)
and supervisedby a Finnish-RussianSteering Group consisting of the
following members:

Mr Alexei Frolov
Ms Olga Snopkovskaya
Mr Valery Kurchanov
Mr Igor Malevanni
Mr SergeiGumen
Mr Dmitry Utrobin
Mr EsaKleemola
Mr VesaRanta-Pere
Mr Olli Valo

Lenkomekologia,Russia
Lenkomekologia,RussianProjectCoordinator
HealthBoardof the City of St. Petersburg
Health Board of the LeningradRegion
VodbkanalSt. Petersburg,Russia
Oblovodokanal,Russia
KWED, Finland
KWED, Finland
KWED, FinnishProjectCoordinator

Theworkhasbeencarriedout by aFinnishConsultingCompany,Plancenter
Ltd. In its work, Plancenterhasbeenassistedby theofficials of theSteering
Group, by the Institute of Lake Research,St. Petersburg,Russiaand by
Water-EcoLtd. Finland.



I
CONTENTS I
1 PresentWater Supply Systemof St. Petersburg 1 I

1.1 Water Works of St. Petersburg 1
1.1.1 General 1
1.1.2 Water Consumption 2
1. L3 Existing Plans 3

1.2 PresentPotableWater Quality 4
1.3 Water Treatment 5

1.3.1 SouthernWaterTreatmentPlant 5
1.3.2 NorthernWater TreatmentPlant 8
1.3.3 Main Water TreatmentPlant 9
1.3.4 Vollcovsky Water TreatmentPlant 11
1.3.5 PetrogradskyWater TreatmentPlant 12 1

1.4 Water Distribution System 13

2 PresentStateof Lake Ladoga 14 I
2.1 The Neva River CatchmentArea 14
2.2 GeneralDimensionsof LakeLadoga 15
2.3 HydrologicalRegime 17

2.3.1 WaterBalance 17
2.3.2ThermalRegime 17
2.3.3 Currents 17

2.4 ChemicalCompositionof theWater 19
2.4.1 Phosphorus 19
2.4.2 Nitrogen 20
2.4.3 Oxygen 21
2.4.4 OrganicMatter 21
2.4.5 Heavy Metals 22
2.4.6 OrganicHalogenatedCompounds 23
2.4.7 Lignosuiphonates 24
2.4.8 Phenols 24
2.4.9 Methane 24

2.5 HydrobiologicalCharacteristics 24
2.5.1 Algae 25
2.5.2 Bacteria 26
2.5.3 Zooplankton 26
2.5.4 BenthicFauna 28
2.5.5 Fish 29

2.6 Bottom Sediments 29 I
2.6.1 OrganicMatter andNutrients 30
2.6.2 HeavyMetalsandOrganic HalogenCompounds 30

2.7 EpidemiologicalStateof theLake 31 I
2.8 Pollution 32
2.9 Ladogaas a RawWater Source 34

3 PresentStateof Neva River 35
3.1 HydrologicalRegime 35
3.2 ChemicalCompositionof the Water 35

3.3 Nevaas a RawWater Source 36

I
I



4 FutureWater Quality According to ProjectedDevelopmentScenariosfor
Lake LadogaandNevaRiver 38
4.1 General 38
4.2 PresentPhosphorusLoading 38
4.3 DevelopmentScenariosfor Lake Ladoga 41
4.4 CostEstimates 42
4.5 FutureWaterQuality of Lake Ladoga 43

4.5.1 Basic Informationfor the PhosphorusModelling Approach . . 43
4.5.2Limnological SpecialCharacteristicsof LakeLadoga 44
4.5.3 InternalPhosphorusLoading 46
4.5.4 Lake PhosphorusModels 48
4.5.5 Toleranceof PhosphorusLoading 50
4.5.6 FutureWater Quality According to Different Scenarios . . . . 53

5 AlternativeSolutionsfor Water Suppiyof St. Petersburg 55
5.1 Basis for the Comparison 55

5.1.1 Improvementof RawWater 55
5.1.2 Improvementof WaterTreatmentandDistribution 55

5.2 Neva River asa RawWaterSource 56
5.2.1 RawWater Quality 56
5.2.2 NeededInvestmentsfor the Protectionof RawWater Source . 57
5.2.3 NeededInvestmentsfor Water Supply 58
5.2.4 CostEstimates 60

5.3 Lake Ladogaasa RawWater Source 60
5.3.1 Raw Water Quality 60
5.3.2 NeededInvestmentsfor the Protectionof RawWater Source . 61
5.3.3 NeededInvestmentsfor WaterSupply 62
5.3.4 CostEstimates 63

5.4 River Vuoksi asa RawWater Source 64
5.4.1 Raw WaterQuality 64
5.4.2 NeededInvestmentsfor the Protectionof RawWater Source . 64
5.4.3 NeededInvestmentsfor Water Supply 64
5.4.4 CostEstimates 66

5.5 SeparateDrinicing Water Supply 66

6 Comparisonof Alternatives 69

7 Findings and Conclusions 75

8 RecommendedFutureActions 78
8.1 Actions Relatedto Water Pollution Control Measures 78

8.1.1 Feasibility Study for Water ProtectionMeasuresfor the Neva
River CatchmentArea 78

8.1.2 FeasibilityStudy for theMain Polluters 78
8.2 Actions Relatedto theWater Supplyof St. Petersburg 79

8.2.1 Pre-FeasibilityStudy of AlternativeRawWater Sources 79
8.2.2 Pre-FeasibilityStudy for a SeparateDrinking Water Supply . . . 79
8.2.3 FeasibilityStudyof aWater Supply for St. Petersburg 79
8.2.4Pre-FeasibilityStudy of AlternativeWaterTreatmentTechnology80

9 References 81

10 Appendixes 85



1



1

1
PRESENTWATER SUPPLY SYSTEM OF ST. PETERSBURG

1.1
Water Works of St. Petersburg

1.1.1
General

Supply area

The water suppiy system of St. Petersburg (Leningrad 1924 - 1991)covers the
city andits suburbs.Thetotal numberof populationservedis about5.85 million
inhabitants.

Raw water source

Raw water is mainly taken from the River Neva. Only some of the suburbs
(Zestroretsk,Zelenogorsk,Petrodvorets,Krondstadt and Krasnoje Selo) use
groundwater. In addition, Krondstadthasa plant in which brackishwater from
the Gulf of Finland is usedas a raw watersource(Vodokanal, St. Petersburg
1993).

Water supply system

The presentwater supply systemof the city coversfive watertreatmentplantsall
usingNevawater. Theplants,listed in orderregardingtheir locationalongRiver
Neva, are asfollows:

- SouthernWater TreatmentPlant (SWTP)
- NorthernWater TreatmentPlant (NWTP)
- VolkovskayaWater TreatmentPlant (VWTP)
- Main Water TreatmentPlant (MWTP)
- PetrogradskayaWater TreatmentPlant (PWTP)

The administrationof thefive plantsis dividedbetweentheMain andthe South-
ern WaterTreatmentPlantsas follows:

- MWTP: itself, PWTP and NWTP
- SWTP: itself and VWTP

Water Protection Measuresfor the Neva River CatchinentArea to Ensure Water Supplyfor St.
Petersburg,Pre-FeasibilityStudy,PlancenterLtd 1994



1.1.2
Water Consumption

The developmentof the water supply capacityin thecity of St. Petersburg
between1877 - 1987 is presentedin Figure 1. Present planned capacity is
3,050,000m3/d (521 l/inh/d) but the actual averagedeliveredamount is
3,150,000m3/d(543 1/inhld) /VodokanalSt. Petersburg,1994/.

Plant Planned
capacity

Delivered
amount

Maximum
deliveredamount

SWTP
NWTP
MWTP
VWTP
PWTP

1,095,000
850,000
705,000
300,000
100,000

1,193,000
837,000
721,000
323,000
75,000

1,320,000
919,000
793,000
389,000
95,000

Total
l/cap/d

3,050,000
521

3,150,000
543

2

WATERTREATMENT PLANT CAPACifY
SL Petersburg1911—1992
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Figure 1. Developmentof thewatersupplycapacityin St. Petersburg.

Table 1 displaysthe differentcapacitiesof theexisting five watertreatment
plantsin St. Petersburg.

Table 1. Capacitiesandactualpumpedamounts(m3/d)of thewatertreat-
ment plants of St.Petersburg

Kymi Waterand EnvironmentDistrict
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Accordingto thenationalnorms,a reserve water supply capacity of 10 % is
required but there is none. Instead, some 400,000 m3/d of capacity is report-
ed lacking.

1.1.3
Existing Plans

Increasing the water supply capacity

Intensivebuilding in St. Petersburgduring recentyearshasled to a growing
waterdemandandoverloadingof theexisting plants.A developmentprogram
to increasethewatersupplycapacityofthe city by 750,000m3/dduring the
years 1987-1991wasprepared in the mid 1980’s.Table2 displaystherepor-
tedsituationof the programin 1993.

Table 2. Thereportedsituationof St. Petersburgwatersupplydevelopment
program(1993).

Plant Capacity
m3/d

Plannedyearof
completion

Realsituation
in 1993

NWTP 500,000 1989 -

SWTP 250,000 1991 125,000

Total 750,000 125,000

Delays in the developingprogramhasled to lackof sufficientwatersupply

capacity in St. Petersburg.

Decreasingthe water consumption

Efforts to cutdownwaterconsumptionin St. Petersburghavebeenmade.A
specialwaterconservationprogramhasbeenpreparedby thewaterandwaste
waterauthorities(Vodokanal)whichconsistsofthefollowing mainmeasures:

decreasingtheamountof leakage
decreasingtheunnecessarywaterconsumption
installingproperplumbingequipment
improving the measurementof consumption
renewingthe tariff policy

Implementation of the program between 1990 - 2010is estimatedto achieve
a 30 % reduction in water consumptionby 2010. The total costs of the
program(1990price level) are6,000 MSUR (300MSUR/a).

Water Protection Measuresfor the Neva River CatchmentArea to Ensure Water Supplyfor St.
Petersburg,Pre-Feasibilily Study,PlancenterLtd 1994
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Clean Water Program

A specialCleanWater Programhasbeenrecentlypreparedby Vodokanal. I
Theprogramis divided into two main sections.The first sectiondealswith
all the problemsassociatedwith the water supply systemof the City as a
whole, the secondonedealswith thestrategyto tackle theseproblems. I

PresentPotableWater Quality I
Thesummaryof potablewateranalysestakenfrom watertreatmentplantsin
1991 - 1993 by Vodokanal is presentedin appendix7. Thesevalueshave
beencomparedto nationalnorms andthe requirementsof EuropeanUnion
(EU), which arepresentedin appendix1. In appendix7 thereis also results
of somesamplestakenandanalysedby Finns in 1992 and1993.

Accordingto VodokanalSt. Petersburg(1994)thequalityof distributedwater
meetwith the nationalGOSTnorms.Eachof thefive main watertreatment
plantshavetheirownlaboratory,in whichthequalityof bothrawandtreated
water is monitored. In addition to this Vodokanal has its own central
laboratory,whichcontrolsthe waterquality of theraw waterat intakesand
the potable water at treatmentplants as well as in distribution system.
Accordingto Russianauthoritieswatertreatmentplantsare responsibleonly
for the treatedwaterquality not the quality at consumptionpoints.

In the future the objectiveof Vodokanalis to reachthe WHO waterquality
recommendations.At presentthe following substancesexceedtheserecom-
mendationsevenwithin thewater plants:
- aluminium 1

chloroform
carbontetrachioride
colour 1
turbidity

Some other water quality parameterswhich might be improvedeven in I
consumptionpoints arelisted below:
- taste

odour
alkalinity
pH
iron
manganese
copper
COD
aromaticchlorinehydro carbons
ammonia
micro-organisms

Kymi WaterandEnvironmentDistrict
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Turbidity is a problemespeciallyduring and afterstorms in Lake Ladoga.
Tasteand odourareworstduring themeltingperiod in thespring.

CODMfl value, ammoniaandalkalinity arenotmentionedin theWHO guide-
lines. ThemeasuredCODM~concentrationsarehigherthanEU requirement
(MAC). Colour is quite high as well, which indicatesthe samepotential
problems.Aluminium and ammoniaconcentrationshave beena bit higher
thanEU demands.Mainly they are residuesof water treatmentchemicals.
Alkalinity, hardnessand pH level havebeena bit low, which increasesthe
risk of corrosionin distributionsystem.

Becauseof corrosion iron, manganeseand copper concentrationshave
occasionallybeentoo high in someconsumptionpoints.This causescolour
faults to laundryand sanitaryfurniture.

Faecaland total coliform bacteriaare not present in treatedwaterat water
plants,but it is possible,thatmicro-organismscanlive in distributionsystem.
The present ammonium chlorination process cannot quarantee the
microbiologicalquality of water in consumptionpoints. Besideschlorine is
in somecasesoverdosedin treatedwater, which increasesthe contentof
aromaticchlorinehydro carbons.

1.3
Water Treatment

1.3.1
Southern Water Treatment Plant

Background

After thecompletionof thesecondconstructionphase(1950)thecapacityof
the plant was360,000m3/d. Sincethentheplant hasbeenexpandedas fol-
lows:

1966, capacityincrement300,000m3/d
1980, capacityincrement310,000m3/d
1990, capacityincrement125,000m3/d

Presentcapacityis 1,095,000m3/d. The averageamountof waterdelivered
is about 1,193,000m3Id andthe maximumamount is 1,320,000m3/d. The
presentnumberof staff at the SouthernandVolkovsky treatmentplantsis
together510 (1.1.1993).

Intakes

Rawwater is takenfrom theRiver Neva.Rawwaterenterstheplant through

two intakes.The first intake(built 1932)is equippedwith five pumps,three

Water Protection Measuresfor the Neva River CatchmentArea to Ensure Water Supplyfor St.
Petersburg,Pre-FeasibilityStudy, PlancenterLtd .1994
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with the delivery of 11,000 - 14,000m3/h and two with 7,800 m3fh. The I
secondintake(built 1966)is equippedwith four pumps(14,400m3/heach).
The third intakeis underconstruction.

Water is taken from the river through 10 suction pipes with diameters
rangingfrom 1,200to 1,400 mm. Theendof eachsuctionpipe is equipped
with anelectrically heatedstrainerto preventthe freezingof the pipe. Both
intakesare locatedat the shoreof theRiver Neva.

Treatment process

The actualtreatmentprocessis locatedin five separatebuildings. In two of I
thesebuildingschemicalflocculation, sedimentationandrapid sandfiltration
is usedfor watertreatment.Thetotalcapacityof theseunits is 360,000m3/d.
In theremainingthreebuildingsmicrosievingandchemicalflocculationwith
contact filtration is used for watertreatment.Thetotalcapacityof theseunits
is 860,000m3/d. i
In therapidsandfiltration buildingschemicalsaredosedto flocculationchan-
nels after which the water is conveyedto sedimentationand further on to
filters. Both of thesebuildingshas two sedimentationbasinsand 16 filters
with anareaof 96 m2 each.Thetotal filtration areais 3,072m2 meaningthat
the surfaceload varies from 6 to 8 mlh (max 10 rn/h).

In thecontactfiltration buildingsrawwateris pre-treatedin microsieves(gap
size0,5 0,5 mm2). Chemicalsaredosedstraightbeforefiltration. Two of
thebuildingsconsistof eightmicrosievesand24contactfilters eachwith an
areaof 105 m2 (total filtration area5,040m2). Thethird building consistsof
eight mircosievesand28 contactfilters eachwith theareaof 89 m2. Thetotal
filtration areain the third building is 2,492m2 while the total filtration area
of all contactfilters is 7,352m2. Thesurfaceloadsusedin contactfiltration
vary between5 - 6 mlh. I
Most of the time the plant exceedsits plannedcapacity. The filters are
washedthreetimes a day during spring andautumn,onceduring winter. A I
treatmentunit for filter washingwater is underconstruction.

Thetreatedwatersare storedin nineseparatefreshwater reservoirshaving
a total volume of 123,000m3. Water is pumpedto thedistribution network
throughfour pressurelifting stationsequippedwith 21 pumpseachwith the
delivery from 5,000 to 5,100m3/h.

Chemicals

Chlorine and ammoniaareusedfor disinfection(chloraminedisinfection).
Thesechemicalsaredosedto the inlet chamberslocatedinsidethe treatment
buildings.

Kymi WaterandEnvironmentDistrict
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Aluminum sulphateis usedasa flocculant.It is dosedinto a dividing chanel.
It is broughtto the plant either in a solid form or in a liquidized form in
tanks. Aluminum dosageis controlledautomaticallyby monitoringthediffer-
encebetweentheconductivity of the incomingand treatedwater.

ThepHof theNevawatervariesusuallyfrom 7.0 to 7.7. Aluminumsulphate
dosing dropsthe pH which in the distributedwatershould be, accordingto
norms,atleast6.5. Theoperatordecides,accordingto therawwaterquality,
whetherchemicalsshould bedosedto all the wateror only to a certainpart
of it. Also in caseall rawwaterrequireschemicaldosingtheoperatorhasto
increase the pH by dosing soda (Na2CO3).

Polyacrylamide is used during the cold season as a coagulant aid in rapid
filtration. In addition, potassiumpermanganateis occasionallyusedduring
springtime to preventodourproblems.

Averagedosagevaluesof differentchemicalsareasfollows:

- aluminumsulphate 6.3 mgAl2O3/l
(equivalentto 39 mg/i of Al2(SO4)3~14 1120)

- chlorine 2.54mg/i
- polyacrylamide 2.7 mg/i
- soda 10 mg/i
- potassiumpermanganate 0.5 mg/i
- ammonia 0.36 mg/I

Treatmentefficiency

According to VodokanalSt. Petersburgthe treatedwaterquality complies
with the valid nationalnorms.

Key problems

Thepeopleof SWTP havelisted the following mainproblemsat the plant:

- extensionsat the site are impossible.
- thevolume of treatedwater reservoirsis too small.
- duringsevenmonthsthetemperatureof rawwateris low affec-

ting problemsto chemicaldosage.
- during storms (usuallyduring Novemberand December)fine

suspendedsolidsconcentrationin rawwateris high andmostof
it can not be capturedby filters; quick clogging of filters,
becauseof coarsersuspendedsolids.

- too low pH andalkality of potablewater, whenthetemperature
of the water is low.

- poorquality of coagulantchemicalsandweakefficiency, while
the temperatureof the water is low.
lackof analyticalequipmentand automation.

Water Protection Measuresfor the Neva River Ca-tchznentArea to Ensure Water Supplyfor St.
Petersburg,Pre-FeasibilityStudy,PlancenterLtd 1994



I
8 1

bad functioningof valves.

Someof thesewagedischargepipesfor untreatedwastewaterof thecity are
locatedjust upstreamof theplant. This, of course,effectsthe qualityof the
raw watertakeninsidetheplantfor treatment.In addition,adisadvantageous
water intake location in the curve of the river causesdirect migrationof I
solids from the river water into the plant process.

There are especially fme suspendedsolids in the water during storms I
(especiallyin November- December).It is sodifficult to separatethemfrom
the water that mostof it goesthrowthe filtering units.

1.3.2

Northern Water Treatment Plant

Background

Theplant wassoriginally foundedin 1971. Theoriginal plannedcapacityof I
350,000m3/dhasbeenexpanded as follows:

1981, capacityincrement500,000m3Id 1
The present (1.1.1993)capacity is 850,000 m3/d. The presentaverage
pumping rate to consumptionwas 837,000m3/d and the maximum daily
pumpingrate919,000m3/d.

Intakes I
Raw water is takenfrom the River Neva through six suctionpipes with
diametersof 1,400mm. The end of eachsuctionpipe is equippedwith a
electrically heatedstrainer.The intake (built in 1990) is equippedwith six
pumps, four with the deliveryof 21,200m3/handtwo with the delivery of I
12,300m3/h.

Treatment process I
The actual treatment process consists of microsieving and chemical
flocculation simultaneouslywith the filtration. The first building consistof
eight microsievesand 32 contactfilters eachwith an areaof 105 m2. The
secondbuilding consistsof 16 mircosievesand 48 contactfilters eachwith
an areaof 105 m2. The total filtration areais 8,400 m2 and the average
surfaceload about5 mlh.

Thetreatedwatersarestoredin sevenseparatefreshwater reservoirswih a I
total volume of 155,000m3. Water is pumpedto the distribution network
througha pressurelifting stationequippedwith 13 pumpstwo with the deli-
very of 2,700, sevenwith 5,820m3/h andfour with 6,500 m3/h.

Kymi WaterandEnvironmentDistrict
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Chemicals

Polyacrylamideandpotassiumpermanganateis not usedat the plant. Other-
wisetheusedchemicalsare the samethanin SWTP.

Averagedosagesof different chemicalsareas follows:

aluminumsulphate 5.9 mgAl2O3/l
(equivalentto 37 mg/I of Al2(SO4)3~14 H20)
chlorine 2.59mg/I
soda 10 mg/I
ammonia 0.32mg/i

Treatmentefficiency

According to VodokanalSt. Petersburgthe treatedwater quality complies
with the valid nationalnorms.

Key problems

Similar to thosein SWTP.

1.3.3
Main Water Treatment Plant

Background

Theplant wasoriginally foundedin 1932. The original plannedcapacityof
440,000
m

3/dhasbeenexpandedasfollows:

- 1963, capacityincrement240,000m3/d
- 1973, capacityincrement165,000m3/d

In 1987 the capacity was decreasedby 140,000 m3/d hencethe present
(1.1.1993)capacityis 705,000m3/d. The presentaveragepumpingrateto
consumptionis 721,000m3/dandthemaximumdaily pumping793,000m3/d.
Thepresentnumberof staffat the Main, Petrogradskyand Northernplants
togetheris 593 (1.1.1993).

Intakes

Raw water is takenfrom the River Neva through ten suctionpipes with
diametersof 1,200mm (8 pcs)and 1,400mm (2 pcs)andthreeintakes.The
intakesareequippedwith 14 pumpstwo with thedeliveryof2,500m3/h, ten
with 5,000m3/band two with 11,500m3/h.

Water Protection Measuresfor the Neva River CatchmentArea to Ensure Water Supply for St.
Petersburg,Pre-FeasibililyStudy,PlancenterLtd 1994
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Treatment process

Theactualtreatmentprocessis locatedin threeseparatebuildings.In one of
thesebuildingschemicalflocculation, sedimentationandrapidsandfiltration
is usedfor water treatment.Thetotal capacityof this unit is 300,000m3/d.
In the remainingtwo buildingsmicrosievingandchemicalflocculationwith
contactfiltration is usedfor watertreatment.Thetotal capacityof theseunits
is 405,000m3/d.

Therapid sandfiltration building consistsof eight sedimentationbasinsand
24 filters with an areaof 108 m2 each.The total filtration areais 2,595m2
meaningthat the surfaceload variesfrom 6 to 8 mlh (max 10 mlh). I
In the contactfiltration buildingsrawwateris pre-treatedin microsieves (gap
size 0,5 0,5 mm2). Chemicalsare dosedstraight beforefiltration. These
buildingsconsistof 15 microsievesand40 contactfilters 24 with theareaof
78 m2 and 16 with 87 m2 (total filtration area3,264m2).

Thetreatedwatersarestoredin reservoirshavinga total volumeof 111,000
m3 (1.1.1993).Water is pumpedto the distributionnetwork through five
pressurelifting stationsequippedwith 18 pumpstwo with the delivery of
2,700m3/h, one with 3,000m3/hand 15 with 3,600m3/h.

Chemicals I
Poiyacrylamideandpotassiumpermanganateis not usedat theplant. Other-
wisethe chemicalsusedare the sameasin SWTP.

Averagedosagesof different chemicalsareas follows: I
aluminumsulphate 6.3 mgAl

2O3/l
(equivalentto 39 mg/i of Al2(S04)3~14 H20)
chlorine 2.62mg/l
soda 10 mg/i
ammonia 0.36 mg/I 1

Treatment efficiency

According to VodokanalSt. Petersburgthe treatedwater quality complies
with the valid nationalnorms.

Key problems

Theplant is in needof renovationotherwisethe key problemsaresimilar to I
thosein SWTP.

I
Kymi WaterandEnvironmentDistrict
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1.3.4

Volkovsky Water Treatment Plant

Background

The plant wasoriginally foundedin 1964. The original plannedcapacityof
175,000m3/d hasbeenexpandedasfollows:

1965, capacityincrement125,000m3/d

Present(1.1.1993)capacityis 300,000m3/d. Thepresentaveragepumping
rateto consumptionis 323,000m3/dand the maximumdaily pumping rate
389,000m3/d.

Intakes

Raw water is takenfrom the River Neva through two suction pipes with
diametersof 1,200 mm. The intake is equippedwith four pumps with the
deliveriesvaryingfrom 11,000m3/h to 14,000m3/h. The distancebetween
the intake andthe actualplant is about5 kin.

Treatment process

The actualtreatmentprocessconsistsof microsievingand contactfiltration.
Thetreatmentprocessconsistof sevenmicrosievesand32 contactfilters each
with theareaof 90 m2. Thetotal filtration areais 2,880m2 andthe average
surfaceloadabout5 mlh.

The treatedwatersarestoredin five separatefreshwaterreservoirshaving
a total volume of 65,000m3. Water is pumpedto the distributionnetwork
throughtwo pressurelifting stationequippedwith eight pumpsonewith the
delivery of 2,500 m3/h, two with 3,200 m3/hand five with 3,600 m3/h.

Chemicals

Polyacrylamideandpotassiumpermanganateis not usedat theplant. Other-

wise thechemicalsusedare the sameasin SWTP.
Averagedosagesof differentchemicalsareasfollows:

- aluminumsulphate 6.0 mgAl
2O3fl

(equivalentto 36 mg/l of Ai2(SO4)3~14 H20)
- chlorine 2.64mg/l
- soda 10 mg/I
- ammonia 0.3 mg/i

Water Protection Measuresfor the Neva River CatchmentArea to Ensure Water Supplyfor St.
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Treatment efficiency I
Accordingto VodokanalSt. Petersburgthetreatedwaterqualitydoescomply
with the valid nationalGOSTnorms.

Key problems

The problemsare similar to thosein SWTP.

1.3.5 I
Petrogradsky Water Treatment Plant

Background

The plant wasoriginally foundedin 1911 andthe original plannedcapacity
is 100,000m3/d. Thepresentaveragepumpingrateto consumptionis about
75,000m3/dand the maximumdaily pumpingrate 95,000m3/d.

Intake

Raw wateris takenfrom theRiver Neva througha tributary. Rawwateris I
takentrough two intakesequippedwith two suctionpipes(1,050and 1,200
mm) and with four pumps with the deliveriesvarying from 1,000m3/h to
3,000m3/h. 1
Treatment process

Theactualtreatmentprocessconsistsofchemicalflocculation,sedimentation
and rapid sandfiltration. The treatmentprocessconsistof 53 rapid sand
filters eachwith theareaof 12.6 m2. The total filtration areais 6,678m2.

Thetreatedwatersarestoredin onefreshwaterreservoirwith the total vol-
umeof 12,000m3. Wateris pumpedto thedistributionnetworkthroughone
pressurelifting station equippedwith six pumpsone with the delivery of
1,080 m3/h, one with 1,250 m3/h, one with 2,700 m3/h and three with
3,600m3/h.

Chemicals I
Polyacrylamide,potassiumpermanganateand sodais not usedat theplant.
Otherwise,the chemicalsusedare the sameasin SWTP. I
Averagedosagesof different chemicalsareas follows:
- aluminumsulphate 6.3 mgAl

2O3/l I
(equivalentto 39 mg/i of Al2(S04)3 14 1120)

- chlorine 2.55 mg/I
- ammonia 0.31 mg/l I

Kymi Waterand EnvironmentDistrict
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Treatment efficiency

According to VodokanalSt. Petersburgthetreatedwaterqualitydoescomply
with the valid nationalGUSTnorms.

Key problems

The plant will be closedimmediately, but thereshould be enoughcapacity

at the otherplants.

1.4

Water Distribution System

In 1989, the amountof waterpumpedfrom the five water treatmentplants
to the distribution system was 1,106,263,000m3 (3,030,000m3/d). The
amountof sold water was915,844,000m3/a (2,509,000m3/d, 83 %). The
remaining17 % (1.41/inh!krn) was lostmainly dueto leakage.Thesefigures
are only estimationsdueto thetariff policy of determininghouseholdwater
consumptionby the numberof consumers.The reportedamount of sold
wateris divided betweendifferent consumergroupsasfollows:

households: 998,000m3/d (40 %) (200l/inhld)
service: 851,000m3/d (34 %)
industry: 660,000m3/d (26 %)

The waterdistributionsystemof St.Petersburgcoversthe city andthe sub-
urbs. In the following somekey figuresof the network is given:

total lengthof waterdistributionpipelines(1.1.1991)was4,30-
3 km of which 718 km (17 %) is more than50 yearsold. The
mostcommonpipe materialsare:
+ Cast iron (over 50 %)
+ Steel (almost 20 %)
+ Reinforcedconcrete (almost4%)
almost1,700pipelinedamagesappearannually.
500 pressuremonitoringpoints.
8 main pressurelifting stations.
84 areal pressurelifting stations serving buildings with nine
floorsor more.
serves3,200 industrial enterprisesof which 75 % areequipped
with watermeters.

• 55 freshwater tanks,V~
0~=721,000m

3.

Operationandmaintenanceof thenetwork is the responsibilityof an enter-
prisecalledPEVS. This enterpriseis divided into sevenlocalunits and four
repairand emergencyunits.

Water Protection Measuresfor the Neva River CatchinentArea to Ensure Water Supplyfor St.
Petersburg,Pre-Feasibili~yStudy,PlancenterLtd 1994
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2

PRESENTSTATE OF LAKE LADOGA

2.1
The NevaRiver Catchment Area

Thetotalcatchmentareaof theRiverNevais 286,0001cm2 includingthearea
coveredwith lakes.NevaRiveritself is relatively short,74km. andits direct
catchmentarea is only about 5,000 km2 (RussianResearchInstitute for
Agricultural Microbiology 1993). The catchmentareaof Lake Ladoga
representsthe remaining281,000km2. Theareais locatedin theterritory of
Russiaand Finland, and includes four secondarywatersheds:the areaof
LakeLadogaitself anddrainageareaof a numberof small riversdischarging
into LakeLadoga(altogether55,000km2), the watershedsof Lake Onega-

the Svir (80,2001cm2), Lake Ilmen - the Volkhov (77,300kin2) and Lake
Saimaa- the Vuoksi (68,500km2) (seeFigure 2).

Finland Eiissia
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I
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I
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I

Figure 2. River Nevacatchmentarea I
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2.2
GeneralDimensionsof Lake Ladoga

LakeLadogais the largestlakein Europe.It coverstheareaof 18,130km2
out of which 460 km2 is occupiedby islands.Ladogais about3.5 m above
sea level. Since the beginningof the 1950’sthe waterlevel of LakeLadoga
hasbeenregulated.The lake is openanddeep. Its volume is 908 km3 and
its averagedepth51.0m andmaximumdepth230 m (in north-westernpart
of the lake). The southernpartof the lake hasan averagedepthof only 13
m (seeFigure3, Table 3 andFigure4).

Sortavala

Lahdenpohja

Priozersk

Figure 3. Bathymetricmapof Lake Ladoga

Water Protection Measuresfor the Neva River CatchmentArea to Ensure Water Supply for St.
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Table 3. Properties of depth zones (Institute for LakeResearch,Russia) I
Zone Area

km2
Meandepth Total depth

m rangem
Volume

km3

Littoral
Slope
Profundal
Ultra-profundal

3,700
5,300
5,800
3,000

9
30
66

113

< 15
15-52
52-89
> 89

30
158
382
338

Sum / mean 17,800 52 0-230 908

I
I
I

Figure 4. Depth zonesof Lake Ladoga(L Littoral, S = Slope, I
P = Profundal, UP = Ultra-Profundal)
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2.3

Hydrological Regime

2.3.1

Water Balance

River discharge(86 %) andatmosphericprecipitation(14 %) arethe princi-
pal inflow componentsof the water balance,while the outflow elements
consistof the dischargeinto the River Neva (92 %) and evaporation(8 %)
into the atmosphere(Institute for Lake Research1993). The largestrivers
drainingto LakeLadogaarethe Vuoksi, theSvir, theVolkhov, theSyas,the
Pasha,the Oyat and the Olonka. The first threeprovide86 % of the total
inflow to the lake. The meandischargeof River Svir is 790 m3/s, River
Vollchov 590m3/sandRiver Vuoksi 617 m3/s. Themeanflow ofRiver Neva
is 2600m3/s.

Waterrenewalin LakeLadogais slow Thecoefficientof waterexchangeis
about0.08,andthelakesystemis highly conservative.Retentiontime in the
lake is approximately11.5 years.

2.3.2
Thermal Regime

The periodof ice coverextendsfrom Novembertill March (Institute for
LakeResearch1993). In the springthedeepnorthernpartof the lakewarms
up slowly whereastheshallowsouthernpartswarmrelativelyrapidly (Filatov
& Heinonen 1990). The thermalbar divide the nearshorethermallyactive
region from the offshore thermally inert one. The horizontalthermal bar
exists in the lake in the period of spring warming (from the beginningof
May) andautumncooling (from thebeginningof November)until theendof
theseperiods.Thehorizontalthermalbar front stretchesalongtheshoreline
andgraduallyshifts to thedeepwaterarea.The thermalbardivides thelake
into two areaswhosephysicaland chemicalpropertiesdiffer sharply from
eachother. Thebiggestdifference(up to 20 °C)in water temperatureof the
upperlayeris registeredduring thebeginningof hydrologicalsummer.With
the thermalbar vanished,someof the densewaterwith its top overdeep
water areadevelopsin the lake, and direct thermal stratification with a
temperaturediscontinuitylayerover the entire waterbody reachesa steady
state(Institute for Lake Research1993).

2.3.3
Currents

Currentsareof complexcharacterdue to largewater areaandconsiderable
inhomogeneityof the bottomrelief. Closeto theriver outlets thedensityof
wateris slightly differentfrom the waterin the lake,which tendsto slow the
mixing of different watermasses.Thesedensitycurrentsare representedin
streamsby the shoreline.During the ice-freeperiodthepowercausedby the

Water Protection Measuresfor the Neva River CatchmentArea to Ensure Water Supplyfor St.
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circulationof earthis significantandcausescounterclockwisecirculationof
thewatermass.Macrovortexescausedby thewind occurmostvisibly in the
northerndeeppartof the lake (Institutefor Lake Research1993). 1
Climatic circulation, plotted with the use of 3-D hydrodynamicdiscreet
model (Astrakhantsecet al 1988, ref. Institute for Lake Research1993) I
visually reflects the generalmovementof watermassesduring the ice-free -

period in caseof low wind velocities(seeFigure 5).

I
I
I
I
I
I
I
I
I

Figure 5. Water masscirculationin Lake Ladogaduring ice-freeperiods I
(Institute for LakeResearch).

Shorelinedensitycurrentsprovidetransit transportof waterfrom River Svir I
and especiallyfrom River Volkhov directly to the sourceof River Neva in
theperiodof icecover.During ice freeperiodstransitfrom RiverVuoksi is
mostprobable.(Krjuchkov ref. Institutefor LakeResearch1993)

The field dataondaily variationsof electricalconductivity in theRiver Neva
indicate that thereis a certain transportof the Vollchov, Syasand Vuoksi
River’s water to the River Nevaunderthe effect of densitycurrentswithin
theannualcycle. Density currentbasedriver water transit in Lake Ladoga
is quantitativelymost importantduring the periodof icecover. The dataon
the transportof the Vuoksi’s waters into the Neva indicate that there is a
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2.4

powerful water transportalong the western shoreof Ladoga(Institute for
LakeResearch1993).

Cheniical Composition of theWater

2.4.1
Phosphorus

Anthropogeniceutrophicationof Lake Ladogacausedby increasedtotal
phosphorusconcentrationhavebeennoticedsincetheearly 1960’s (Viljanen
& Drabkova1992).

At theendof th 1970’stheannualaverageconcentrationoftotal phosphorus
was 27 jig/i, the rangebeing8-60 jig/I. In the Bay of Volkhov the highest
total phosphorus concentration was 300 jig/l. The annualvariationsof total
phosphorus concentration were rather small (Sabylina 1990). The annual
averagetotal phosphorusconcentrationsfrom 1976-1989 arepresentedin
Figure6.

Figure 6. Annualaveragetotal phosphorusconcentrationin LakeLadoga
1976-1989(sourceof information: Institutefor LakeResearch).
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The inorganicphosphorus(phosphatephosphorus)annualaverageconcentra- I
tion was from 1976-197912 jig/I with a concentrationfour times higher
comparedto 1959-1962.In mostpartsof the lake the valuesvariedfrom 1
to 43 jig/i. In the Bay of Volkhov in the winter the concentrationof
inorganicphosphoruswas250-350jig/i. Theseasonalvariationsin inorganic
phosphoruscan be clearly observed:in winter and in spring the average
concentrationis 13-15 jig/I, whereasthe summerconcentrationsare about
one half of the spring values.During the summerstagnationphytoplankton
usesalmostall inorganicphosphorusin thetrophogeniclayer,whereasin the
hypolimnionof deepareastheconcentrationsof inorganicphosphorusremain
closeto the valuesmeasuredin spring (Sabylina1990).

The River Volkhov, with an aluminium producingplant locatednear the
mouthof theriver, hasvery highconcentrationof phosphoruscompoundsin
its water. Volkhov’s aluminiumproducingplant is thebiggestpoint-source I
polluter of the lake (Institute for Lake Research1993). According to study
of the local distributionof phosphoruscarriedoutby theLakeInstituteof the
ScienceAcademyof CCCPin 1984-1985,theconcentrationsof total phos-
phorusin theBay ofVolkhov decreasedafterthewaterprotectionmeasures
wereimposedat theVolkhov aluminiumfactoryby 4-5~zg/luntil 1984-1985
as comparedwith valuesmeasuredin 1976-1981(Sabylina1990).

According to studieson the averagedistributionof total phosphorusin Lake
Ladogathe averageconcentrationsof total phosphorushad decreasedto a
level of 20 jig/i at the endof 1990 (Sabylina1990).In august1993 thetotal
phosphorusconcentrationsrangedfrom 15 jig/I to 29 jig/I on averageof
samplingdepths(Niinioja et al 1993).

2.4.2
Nitrogen -

The amount of nitrogen compoundsdischargedinto the lake from the
watershedis 10-16 times greater than that of phosphorus.Total nitrogen
dischargefrom thewatershedvia sevenmaintributariesamountsto 60,000-
69,000t/a. TheVolkhov’s sharemakesup to 31 - 42 %, theSvir andVuoksi
River rangefrom 19-36 % eachin the total annualdischarge(Institute for
LakeResearch1993).

The major form of inorganicnitrogen in Lake Ladogais nitratenitrogen.
Accordingto Raspletina(1982ref. Sabylina1990)theannualaveragenitrate
concentrationincreasedfrom 150 jig/i to 250 jig/i between1959-1962and I
1976-1981.In the summerof 1990 the averageconcentrationof nitrate
nitrogenwas 180 pg/i, which is lower than valuesobservedduring period
1976-1981. Minimum concentrations,100-130jig/I, were observedin the
River Svir, theBay of Volkhov, andthe Bay of Neva, wherephytoplankton
usesnitratenitrogeneffectively (Sabylina1990).

Kymi Waterand EnvironmentDistrict
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At the end of the 1970’s the averageconcentrationof total nitrogenwas
650 jig/i, therangebeing380-2,100jig/i. Thehighestvalueswere observed
in the Bay of Volkhov. In the summerof 1990 the total nitrogenconcen-
trationwasestimatedto be around720 jig/I (Sabylina1990).

In august1993 totalnitrogenconcentrationsrangedfrom 620 jig/i to 690 jig/I

asan averagefrom surfaceto bottom (Niiioja etal 1993).

2.4.3
Oxygen

Oxygendeficitshavebeenobservedin thehypolimnion(Trebukova& Kulish
1992 ref. Niinioja et al 1993). Noticeablechangeshavetakenplace in the
concentration of dissolved oxygen since early 1960’s. In deep waters the
oxygen concentratiosn have beenreducedin winter even nearthe surface
(Viljanen & Drabkova 1992).

In august1993 the oxygenregimein the main part of the lake was fairly
good. In most areasthe oxygen concentrationsvaried from 9.0 mg/I to
13.0 mg/i in the samplingdepths.The oxygensaturationrangedfrom 81 %
to 107 % in different areas.However, evidencesof a wastewater load
influencingoxygenconsumptionwere observed.Oxygendepletionwasob-
servednearPitkarantaandin Vollthov Bay (Niiniranta et ai 1993).

2.4.4
Organic Matter

In august1993 the averagecolourvaluesof the whole watercolumnvaried
from pelagial28 mg Pt/I to southeasternaveragevalueof 39 mg Pt]!. The
averageCOD~J,value for the whole lake was 8.5 mg 02/I (Niiniranta et al
1993).

Theconcentrationofoil productsin the lake’s tributariesandin theNeva is
mainly within maximum permissibleconcentrationlimits, except for the
Neva’smouth,whereconcentrationsofoil productswere0.057mg/i in July,
1992. Concentrationsof dissolved oil products, considerablyexceeding
maximum permissibleconcentration(over 0.10 mg/I) are recordedin the
Bays of Volkhov and Svir. Shipping is the main sourceof oil pollution.
Analysis have revealed the presence of oil productsusedin dieselandtrans-
formeroils in the lakewater (Institute for Lake Research1993).

Industrial waste from pulp and paper mills arealsooneof themain pollution
sourcesof waterandbottomsediments.Theycontainnon-sulphatesulphur,
Iignosulphonates,phenols and salts of heavy metals (Institute for Lake
Research1993).

Water Protection Measuresfor the Neva River CatchmentArea to Ensure Water Supplyfor St.
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2.4.5 I
Heavy Metals

Mean concentrationsof copper,zinc, leadand chromiumin different parts
of thelakewaterareadiffer little. Higherconcentrationswerefoundboth in
near-shorewatersand in water massesof theotherpartsof the lake. Con-
centrationsof arsenicvary little in different zonesof the lake.Of all thenear
shoreareasof the lake, the Volkhov and Svir Bays are notedfor iron and
aluminium concentrationswhich very often reach and exceed national
maximum permissiblevalues given to watersystemused as a raw water
source. High concentrations of aluminium, manganese and iron exceeding
maximumpermissiblevalueshavebeenregisteredin thenorthernpartsofthe
lakewherewastewatersfrom pulp andpapermills, woodworks andvarious
agricultural farms, as well as domesticwastesare discharged.Especially
notablefor this areSortavala,Yakimvari, Kurkijoki, Impilahti andHidensel-
ka Bays (Institutefor Lake Research1993; seeTable4).

Table 4. Mean concentrationsof metals(jig/i) in differentzonesof theLake I
Ladoga from 1986-1989. Ranges of observedconcentrationsare
presentedin brackets.(Institutefor LakeResearch,Russia,1993).

Littoral zone
total depth
< 15 m

Slopezone
total depth
15-52m

Profundalzone
total depth
52-89 m

Ultraprof. zone
total depth
> 89 m

Fe 225 (50-775) 106 (55-315) 73 (33-202) 68 (15-160)

Al 89 (22-325) 53 (13-185) 43 (12-125) 33 (10-78)

Mn 19 (2-100) 7 (2-95) 5 (1-32) 3 (1-5)

Cu 13 (1-103) 10 (1-105) 8 (1-100) 9 (1-70)

Pb 1.5 (0.3-9.3) 1.6(0.2-26) 1.6 (0.1-8.9) 1.3(0.2-4.2)

Zn* 60 (3-220) 55 (3-250) 52 (6-440) 60 (8-210)

Cr* 1.6(0.4-3.3) 1.9(0.4-5.9) 1.7 (0.4-3.3) 1.6(0.5-4.4)

Cd* 0.2 (0.0-1.4) 0.1 (0.0-0.7) 0.1 (0.0-0.4) 0.1 (0.0-0.2)

As* 0.5 (0.2-0.8) 0.5 (0.2-1.0) 0.5 (0.2-1.0) 0.4 (0.2-0.8)

*) Datafrom year 1989.

Comparedto the lake water the concentrationsof iron andaluminiumhave
beenmuchhigherin theriversdischargingintoLake Ladoga,butconcentra-
tions of copperand leadhaven’t beenparticularly high (data from years
1982-1983, seeTable 5).

Kymi WaterandEnvironmentDistrict

1

I
I
I
I
I

I
I
I
I
I
I
I
I
I

I



23

Table 5. Meanconcentrationsofmetals(jig/I) in fourriversdischarginginto
LakeLadoga(years1982-1983).Rangesof observedconcentrations
arepresentedin brackets.(Institute for Lake Research,Russia)

Vuoksi Svir Volkhov Syas

Fe 300 (90-550) 820 (260-2,630) 1,420(620-2,460) 1,550(800-3,200)

Al 130 (80-290) 240 (50-630) 400 (220-900) 400 (200-600)

Mn 19 (10-30) 59 (10-130) 120 (38-200) 110 (32-210)

Cu 5.1 (1.5-13) 4.7 (1.0-10) 6.8 (3.0-12) 8.9(3.5-22)

Pb 2.7 (1.0-9.8) 3.2 (0.8-11) 4.7 (1.7-8.0) 3.9 (1.6-8.0)

Co 1.9 (1.0-4.4) 3.0 (1.0-5.0) 6.9 (2.0-17) 8.7(3.5-19)

According to more recent data in River Vuoksi a tendencytowards an
increasein iron, aluminium, copperandcobaltconcentrationshavebeenob-
served for severalyears.Thus, at presentthe meanannualconcentrationof
iron in the river hasits peakvaluecomparedwith othertributariesandmakes
up 1,685 mg/I, that is 3 - 6 times higherthan in the past.High concentra-
tions of iron (maximum 4,000 jig/i), aluminium (maximum 1,200jig/i),
manganese(maximum380 jig/I) in theRiver Vuoksi areeitherindicatorsof
increasedpollution of the river’s water or the result of changesin the
watershed’sstructure(Institute for LakeResearch1993).

In August 1993 observedmetal concentrationswere low (Niiniranta et al
1993).

2.4.6
Organic HalogenatedCompounds

Tracesoforganochiorinepesticidesare foundall overthe lakearea(Viljanen
& Drabkova 1992). The majority of persistent organochiorinepesticidesare
introducedinto thelakefrom non-pointsources(agriculturalproduction).The
highest pollution values in 1987 - 1989 were recorded in Sortavala
(0.014 mg/I), Lahdenpohja (0.012 mg/I), at the source of the Neva
0.010 mg/i, westernshoreof the lake 0.005 mg/I (Institute for Lake Re-
search1993).

Theresultsof the studycarriedout in 1991 in thenorthernpartof the lake,
at Sortavalaarchipelagoandthe areanorth of Valaam Island showedthat
organichalogenconcentrationsin thewaterwere low and lower than in the
clean areaof Lake Saimaa, Finland. In Northern Ladoga the measured
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concentrationsofAdsorbableOrganicHalogens(AOX) variedbetween18.8- 1
26,3 jig/I (Pellinen& Soimasuo1992). -

2.4.7 I
Lignosuiphonates

The pulp and paperindustry is the most important loading source causing
elevated lignosuiphonate concentrations in Lake Ladoga (Viljanen & Drabko-
va 1992). I
During the winters from 1987 - 1990, theconcentrationof lignosulphonates
in the dischargeareaof Syas pulp andpapermill amountedto 7.7 mg/i, at
Pitkaranta 10.5 mg/i. The backgroundconcentrationis about 1 mg/I
(Institute for LakeResearch1993).

2.4.8
Phenols

The pulp and paperindustry is the most importantloading sourcecausing
elevatedphenolconcentrationsin LakeLadoga(Viljanen& Drabkova1992).

In 1988, meanconcentrationof highly toxic volatile phenols in the central
part of the lake were in someplacesashigh as 0.007 - 0.008 mg/i. High
concentrationsof phenols were found in the Voilthov Bay (0.004 -

0.008 mg/I), the Svir Bay (0.012 - 0.014 mg/i) and PetrokrepostBay
(0.004mg/l). Phenol concentrationsin the near shore zone close to the
mouth of the Vuoksi were 0.006 - 0.01 mg/I (Institute for Lake Research
1993).

2.4.9 1
Methane

Dischargeof organicsubstancesby the pulp and paperindustry affectsthe I
oxygen balance of the lake and causeincreasedmethaneconcentrations
(Viljanen & Drabkova1992). High concentrationsof methanehavebeen
observedin someperiodsin the shallowssectionsnearPitkaranta,Sortavala,
Laskela(up to 30 mg/i), in theJanisjokiandVuoksi Rivers (up to 117 mg/i)
andsmallervalues- in themouthsof theVolkhov andSyasRivers (4 mg/i).
High concentrationsof methanehavebeenfound also in the mouthof the
Neva (24mg/I). In themainpartof the lakemethaneconcentrationsare low,
not exceeding1 mg/l (Institute for LakeResearch1993). I

Hydrobiological Characteristics I
Themostdrasticchangein thelake’secosystemoccurredfrom 1976 - 1983,
whenprocessesofanthropogeniceutrophicationaccelerateddueto thegrowth I
of biogenousload. Certainstabilization of the situation in the lake was
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observedin 1983 - 1984, but at a different quantitativelevel. Biological
corrununitieshavechangedconsiderablybothstructurallyandphysiologically
in the areasof heavypollution (Institute for Lake Research1993).

2.5.1
Algae

Up to the beginningof the 1960’s Lake Ladogawas an oligotrophic lake
wherediatomswere dominantin the phytoplankton.The numberof phyto-
planktonspecieshasincreasedconsiderablysince1960’s.At presentthereis
22 main algaespeciesandeachof themhas 1 million cellsper liter, whereas
in 1962 only threespecieswereso numerous.According to the literature in
summerthedevelopmentoftheMicrocystisis strongestin thesouth,whereas
in the central and northernparts theAphanizomenoncomplex is typical of
this periodof massdevelopmentof blue-greenalgae(Lepisto 1990).

The seasonal complex of algae had changed in the period of intensive
anthropogeniceutrophicationof the lake: thespeciestypical of eutrophiclake
addedto thoseof oligotrophic lake. It could beclearly seenin theexample
of summerplankton in which blue-greensbeganto dominatesharply and
there were almost no diatoms. A new stage began after 1984; diatoms from
the oligotrophicperiod startedto supplant the eutrophic species more and
morenoticeably(Institutefor LakeResearch1993).

By 1989,thecompositionofsummerdominantphytoplanktonwaspractically
identicalto that observedin the oligotrophicperiod (1956 -1962) (Petrova,
Antonoc, Protopopova1992; ref. Institute for Lake Research1993). The
periodof intensiveanthropogeniceutrophicationofthe lake wascharacterized
by maximumconcentrationof chlorophyll-a(meansummerconcentrations
reached2.6 -2.8 mg/i in that period, comparedwith 1.6 - 2.0 in 1984 -

1989). That periodwas also notedfor maximum variation rangeof those
values- maximumconcentrationof chlorophyll-aexceededmeanonesby 15
- 17 times, whereas after 1984 by 7 - 9 times (Institute for LakeResearch
1993).

In summer1990the highestconcentrationsof chlorophyll-awere observed
in warm areaslike the Bay of Svir (9.1 jig/I) and in the archipelagoof
Sortavala(26 jig/i). In theBay of Volkhov concentration(7.5 jig/i) wasnot
particularly high, and in the central parts of the lake concentrationwas
actually rather low (3.2-5.4 jig/i). The chlorophyll concentrationswere
measuredusingcontinuousflow fluorescencemeasurementequipmentwhich
was installedon a researchvesselfor the depthof one meter (Kovaleriko
1990).

In July 1990phytoplanktonbiomassesat a depthof 0-2m were measuredat
6 samplingstations.Biomassesrangedbetween1.12-2.90mg/i(freshweight).
Thehighestbiomassmeasured(2.90mg/i) indicatedeutrophy,otherbiomass
values (1.12-2.05 mg/i) indicated mesotrophy. Cryptophyteswere the
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dominatinggroup (mostly 50 % of the biomass) in the studiedmaterial, I
mostly Cryptomonasspp. and Rhodomonaslacustris. Blue-green alga
Anabaenacircinalis madeup 30 % and20 % of thebiomassat two sampling
stations,at the other four stations the biomassof blue-greenalgae was
relatively low. The numberof taxonswasgenerallyequalat all sampling
stations(Lepisto 1990). I
According to secchidisk measurementswater transparencyvariesbetween
1.8-3.3m (Viljanen & Drabkova1992). 1

2.5.2
Bacteria I

Quantitativecharacteristicsof micro-organismcommunitiesvary greatly in
different parts of the lake; from the lowest in the mesotrophiclakes (in I
profundalandultra-profundalzones)to thevaluestypical of eutrophicwater
bodies(in southernbaysandareasaffectedby pulp and papermills) (Kapus-
tina 1992, ref. Institutefor LakeResearch1993).As for thebacterioplankton
number, the situation has stabilized in recent years (Institute for Lake
Research1993). i
Thusthe numberof bacteriain epilimnion increasedon averagefrom 0.4to
0.9-1.0~106counts/mifor theperiodof 1977 - 1982andstabilizedat thelevel
of 0.7 - 0.86~106 counts/miin 1982. It continuedto grow in hypolimnion
until 1985. In spite of this, a tendency towards an increase in CO2
heterotrophicassimilation intensity in deep-water areas was observed in
recentyears. Apart from the high total numberof bacteria,considerable
quantitiesof conditionallypathogenicbacteriahavebeenrecordedin thenear
shore polluted areas near Priozersk, Pitkarantaand Petrokrepost.Their
numberis especiallyhigh in bottomsediments.Thustheconcentrationof lac-
tosepositivebacteriumcoli and faecaistreptococcireachesup to dozensof
thousandsper 1 kg of soil (databy Seluzitskyand Vorobyeva;ref. Institute
for Lake Research1993).

2.5.3
Zooplankton

Thebiomassof zooplanktonvary in different partsof the lake from average I
valueswhich is typical of eutrophicwater bodies. Vertical differencesare
accompaniedby considerablehorizontaldifferences;centresof eutrophication
arebeing observedwhich is also typical for other big lakes of the world
(Institutefor Lake Research1993).

In thestudycarriedout in July-August1990thelowestnumbersof zooplank- I
ton specieswere observedin the bays of Svir and Volkhov with 15-16
species. In other areasspeciesnumber varied between23-27 (Kulikova
1990). - I
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In July-August1990 themost productivelayer, asusually in summer,was
the surface layer (0-5 m). Rotiferswere observedmost often and also in
greatestnumbersin thesurfacelayer. Species PolyarthramajorandKeratella
cochleariswere commonand a little less commonwere generaKellicottia
and Euchianis.In the bays of Svir and Volkhov the zooplanktonconsisted
almostentirelyof rotifers (99 % of the total biomass)(Kulikova 1990).

In July-August1990 Cladoceraspeciescompositionvaried to someextent
dependingon the locationof sampling station. In the surfacelayer typical
specieswereDaphniacristata,Bosminaobt. lacustris,B. coregonililijeborgi
andChydorussphaericus.Also Bosminacrassicorniswasobserved.At some
stationsCladoceraformed the main proportionof the zooplanktonbiornass
in the surface layer. In addition to Cladocerathe Copepodsreproduce
actively in the surface water layer. Typical specieswere Eurytemora
lacustris, Mesocyclopsleuckarti and Thermocyclopsoithonoides(Kulikova
1990).

Thetotal numberof zooplanktonin thesurfacewaterlayerappearedin July-
August 1990 with 81,400-1,030,000counts/rn3 and the biomass was
correspondingly200-1,680mg/rn3.Quantitativelythemostimportantgroups
of zooplankton were in most areas Cladodera species and Copepods
MesocyclopsleuckartiandThermocyclopsoithonoides(Kulikova 1990).

Massdevelopmentof rotifer anddepressionof cmstaceansoccursin polluted
areas.Theseprocessesaremore intensivein the PetrokrepostBay andin the
Vollchov Bay. In thoseareasthe rateof zoopianktonbiomassturnoverhas
increasedwhich hasresulted in intensificationoftheself-purificationprocess,
but the quality of the food basis of plankton-eatingfish hassharplydeterio-
rated (Institute for Lake Research1993). In July-August 1990 it was
observed that zooplanktonbiomassesreached their maximum near the
dischargepointsof pulp andpapermills. In theseareas,wherethereis a lot
of organicmatterdueto the effectsof wastewater, thereis a lot of foodfor
filter planktersand therefore densepopulation of planktonaswell (Kulilcova
1990).

Concurrently with the eutrophicationof Lake Ladoga, there are many
negativecosnequencesof the varioustypesof pollution such as an increase
in saprobityand toxicity of water. As a resultof this, the most sensitive
speciesand forms disappearfrom the planktic and benthic communities
(Institutefor Lake Research1993).

At deepwatersamplingstationszooplanktonbiornasseswere quite low in
July-August1990. CladoceraDaphnia cristata andsmall cyciopoda(Meso-
cyclops)playedan importantrole in thebiomass,althoughtheproportionof
rotiferswas also significant(Kulikova 1990).

The averagebiomassof zooplanktonin Lake Ladogaindicatesmesotrophy.
The biomass varies greatly betweendifferent areas; from the low values

Water Protection Measuresfor the Neva River CatchmentArea to Ensure Water Supplyfor Sr.
Petersburg,Pre-FeasibilityStudy,PlancenterLtd 1994



I
28 I

typical to mesotrophicwaterbodies in the deepareasto valuestypical to I
eutrophicwaterbodies in the southernbays. The amountof summerzoo-
planktonbiornassin the deep parts of Lake Ladogais today two to three
times higher than30 yearsago. It hasincreasedfrom 8.2 g/m2(year 1948)
to 28 g/m2 (year 1978) (Kulikova 1990).In August 1983 in thecentralpart
of LakeLadogatheaveragezooplanktonbiomassof thewholewatercolumn
was in the rangeof 6. 1-19.4g/m2 (Rahkolaet al 1992).

In the baysthe increasein biomasshasbeenconsiderableduring thepast20
years. As the total number of specieshas decreased,there have been
structuralchanges.The numberof largeform like calanoidshasdecreased
and the number of small forms like Cyclopoda, Cladocera, and rotifers have I
increased.The increasein thenumberof theeggsof crustaceans,whichwas
observedin year1990 study, is also a sign of theeutrophication(Kulikova
1990). 1

2.5.4

Benthic Fauna I
Therehasbeenlittle or no changeat all in the level of bottominvertebrate
developmentin ultra-profundaiandprofundalzonesfor the last 10 years.In
the near shoreand slopezonesan increasein the numberand biomassof
benthoswasrecordedwhich led to differencesin thetrophicleveldetermined
by phytoplanktonindicesandby zoobenthos(Slepukhina1986, ref. Institute
for Lake Research1993).

As a result of pollution and lack of oxygen, “deadzones” lacking bottom I
faunahaveformednear Pitkaranta, Priozersk and Laskela. Bottom fauna is
beinggradually restoredafter the closureof the Priozerskpulp and paper
mill in 1986 (Institutefor Lake Research1993).

In a studycarriedout in 1990and 1991 in theprofundalzoneof thenorthern
partof Ladogait wasobservedthat the total numbersof meiofauna were in
pollutedareasmostly between100,000 and250,000ind./m2 and in cleaner
deeperareasabout50,000ind./m2or less.For avery largelakelike Ladoga
it seemsto becharacteristicthat theeffectof pollution is seenonly in asmall
area.Speciesdiversity is high evenin pollutedareas,the speciespreferring
oligotrophy canoccurevenat comparativelypollutedareasand the bottom I
canbehardandpoorin meiofaunaevenat greatdepths(Sãrkkä& Kurashov
1992).

Seriousmorphologicaldeflectionshavebeenobservedin the organismsof
LakeLadoga(chironomidlarvae,in particular)undertheeffectof atoxicant.
Symptomsof profoundpathologyalso in the zooplanktoncommunitywere I
registered in the area near Pitkaranta (Andronnikova 1991, ref. Institute for
Lake Research1993).
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In a study performedin October1991 in theSortavalaarchipelagoconsider-
ablerecentimprovementsinecologicalconditionswererevealednearLäskelä
settlement due to the reductions of pulp and paper mill effluent discharges
into theJänisjokiRiver (Davydovaet al 1992).

2.5.5
Fish

Theincreasingeconomicactivity in LakeLadoga’sbasinadverselyinfluences
thefish stockof the lake. Fishare sensitivebioindicatorsof anecosystem’s
healthandrespondto anthropogeniceffectsby changingspeciescomposition,
biomassproportionsof somespecies,valuesof commercialfish stocks and
catches(Kudersky 1984, ref. Institute for Lake Research1993). All these
formsof fish responseareobservedin Ladoga.Thestocksof suchlake-river
fish astheVolkhovwhitefish, salmonandlaketrouthavesharplyreducedin
the last decade.In the 1930’s the catchesof salmonamountedto 160 tons
andlake trout to 40 tonsannually.At present,laketrout hasno commercial
importanceandsalmoncatchesmakeup 1-5 t/a (Institutefor LakeResearch
1993).

In the 1970’s,commercialcatchesoflakewhitefishamountedto 600 t/a, and
in 1986 - 1990theyfell to 300andless.Toxicosiswasobservedin manyfish
speciesin someareas,e.g.up to 70 - 80 % ofwhitefish, pikeperch,bream,
roachandruff speciessuffer from toxicosisin theVolkhov Bay. In the same
areathemeatfrom 20 - 60 % of thefish understudysmelt of oil. In theSvir
Bay, toxicosiswas found in 50 - 60 % of thestudiedfish species;30 - 60 %
in the mouthof the Vidlitsa River (Arshanitsa1988, ref. Institute for Lake
Research1993). Chinareva(1988, ref. Institute for Lake Research1993)
observedoedemaanddissociationof fibres, accumulationof hemosiderinin
thespleen,graindegenerationof liver, hemorrhagein thekidneysandstones
in thekidneysin fish speciesin the Volkhov andShlisselburgBays.

2.6
Bottom Sediments

Accordingto Semenovits(1966ref. Sandman& Kalmikov 1990) thequality
of thebottomof Lake Ladogavariesa lot. A boulderbottomis typical for
the northernpartsof the lakewheretheshoresare rocky. Therearea lot of
bouldersin narrowzonesat the water’sedgewherethey alternateor occur
togetherwith sandareas.In placeswherethemorainehasbeenwashedaway
the bottom consistsmerely of boulders.They form of ridges and shallows
evenfurtheraway from the shores(Sandman& Kalmikov 1990).

Pebbleand graveloccurtogetherwith small bouldersand sandasseparate
depositsalongthe wholeshallowsouthernlittoral areaand asseparateareas
alongthewesternandeasternshores.Sandwith differentdegreesof coarse-
nessis presenteverywherealong theshallow southernlittoral areaand asa
zone along the western and easternshores where sedimentsfrom the
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Quaternaryperiodhavebeendepositedon it. In thenorthernpartof the lake I
wherethe shoresarerocky thereis little sand.Thecoarsenessof thesandby
theshallow,southernshorevaries in thesurfacelayerfrom thepartlymuddy
sand-aleuronesedimentin its different degreesof coarsenessoften mixed
with gravel (ref. Sandman& Kalmikov 1990).

Coarseandfme aleuronegyttja also occursin a limited areain thetransition
zonebetweenshallow anddeepwaters.In thefjord areathe dominantsoils
arealso different muds (clay and aleuronegyttja). The bottomsof the deep
centralandnorthernpartsof the lakeconsistof clay gyttja. Theclayson the
bottomof LakeLadogaaremostly watery,soft andhaveaporousstructure.
The latter mentionedcharacteris typical especiallyof the sedimentof the
profundals(ref. Sandman& Kalmikov 1990).

The specificity of sedimentdistribution is suchthat fmely dispersedsedi- I
mentarymaterial(mineralandorganic),dischargedby theVolkhov, Svir and
other tributaries located on the southernand easternshores,as well as
organicmatterfrom moreproductivesouthernandeasternpartsof the lake, I
may be transportedto the northand may accumulatein theperipheralpart
of thedeepwaterareaandin thePitkarantashallowsin thenorth-easternpart
of the lake(Institute for LakeResearch1993). 1

2.6.1
Organic Matter andNutrients I

Organicmatter content (evaluatedas loss on ignition, % of dry weight)
increasesfrom sands(0.19- 2.50 % to claysilts (1.54- 12 %). Thehighest
concentrationsof organicmatter(12 %) in thedeep-waterzonewere found
along theperiphery(depthsof 40 - 50 m) of theslopezone. Organicmatter
contentis mainly within a 2 - 5 % rangein theprofundalandultra-profundal
zones.Maximum concentrationsof organicmatter(up to 43 %) havebeen
recordedin the pollutedareasof theshallowwaterwherewastewatersfrom
pulp andpapermills were discharged(Institute for LakeResearch1993).

In July 1990thequality of sedimentwasinvestigatedattwo samplingstations
at a depthof 50 m and 65 m. At the first station (depth50 m) the ignition
lossat the sedimentdepthof 0 cm to 4 cm variedbetween6.7-8.7% of the
dry weight (DW). Total phosphorusconcentrationrangedbetween1.5-2.0
mg/g DW and total nitrogen rangedbetween1.0-3.3mg/g DW. At the
secondstation(depth65 m) the ignition lossat the sedimentdepthof 0 cm
to 4 cm varied between 12.0-13.4 % of the dry weight (DW). Total I
phosphorusconcentrationsrangedbetween 1.6-2.3 mg/g DW and total
nitrogenrangedbetween3.1-4.4mg/gDW (Sandman& Kalmikov 1990).

I
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2.6.2
HeavyMetals and Organic Halogen Compounds

Spatialdistributionof the following elementsin the bottom sedimentswere
studiedfrom 1986 - 1991: iron, manganese,copper,nickel, cobalt, vana-
dium, chromium,lead, gallium,barium,strontium,titaniumandzinc. It was
foundthatconcentrationsof themajority of theelementsunderstudy, except
for zinc andstrontium,grew from sandsto clay-organic-mineralsilts. This
regularityprovesthat the majority of elements(Fe,Ni, Co, Cu, V, Cr, Ti,
Ga, Pb) arebound up with clay organic-mineralsin processesof sediment
formation. They migrateand accumulatein sedimentstogether(Institute for
Lake Research1993).

It wasfoundthat mechanicaldispersionof sedimentarymaterialwasa major
factorin the accumulationof heavymetalsin sedimentsof differentpartsof
the lake. That is why the effect of hydrodynamicprocessesis of great
importancein assessinggeneralandlocal peculiaritiesof heavymetalsdis-
tribution in sediments.It is the specificityof thehydrodynamicfactorin the
openpartofthe lakethat determinesmaximumaccumulationof clayorganic
mineralmaterial andelementsbound up togetherin peripheralpart of the
profoundzone(Institute for Lake Research1993).

High concentrationsof organicmatter (up to 43 %), polychiorinatedbi-
phenyls(PCBs),non-sulphatesulphur(0.74-1.3mg/kgdry weight),benzopy-
rene(66-550mg/kgdry weight)andassociationof heavymetals(Cu, Pb,Ti,
Ga, Co) boundup with sulphidecompoundsare characteristicof the sedi-
mentsin the locations receivingpulp andpapermill wastewaterdischarges
(Priozersk, Laskela, Pitkaranta).Maximum high concentrationsof these
elementsarerecordedin the bays. It hasbeenfound that the transportof
polluted sedimentarymaterial from the baysinto the openlakedependson
local bottomrelief, the activity of watercurrentsandthe opennessof bays
(Institute for Lake Research1993).

In closedbays the sedimentationof polluting componentsin deep water
depressionscreates an unfavourablesanitary - toxicological situation.
Althoughtoxic elementshaveaconstanttendencyto accumulatein thedepths
of the bay near Priozersk and in the Pitkarantashallows, sedimentary
material is transportedto the openlake (Institutefor Lake Research1993).

The resultsof a studycarriedout in 1991 in thenorthernpart of thelakeat
Sortavalaarchipelagoand the area north of Valasm island showed that
organichalogenconcentrationsin thesedimentwaslow andlower thanin the
cleanareaof LakeSaimaa,Finland. In Ladogathemeasuredconcentrations
of organichalogensin sedimentvaried between7.3-24.4mg/kg on a dry
weightbasis(Pellinen& Soimasuo1992).
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2.7 I
Epidemiological Stateof the Lake

Epidemiological observationcarried out by St. PetersburgInstitute of
SanitaryandHygienein someareasof LakeLadoga’sbasinrevealedhigher
disease and death rates among the population caused by a class of diseases,
including malignanttumours,etiologically relatedto water. It is especially
typical of the areaswheresourcesof potablewaterareaffectedby pulp and
papermill wastewater discharges (Institute for Lake Research 1993). I
Basedon25 years of observations in the pulp and paper mill areas the share
of digestion and urinary diseasesaffectingthe total deathrate hascontinually 1
increasedandis doublethatof thecontrolarea(Vyborg). Thehighdeathrate
causedby oncologicaldiseasesis alsotypical for theseareas.Stomachcancer
is mostcommonexceedingthe correspondingratein thecontrolareaby 1.5
times. The rateof stomachcancerin theseareasincreasedby 7 times (by 2
times in thecontrolarea)for theperiodof 1960-1985.High deathratesfrom
kidney andbladdertumourshavealsobeenobservedin theabove-mentioned
areas(Institute for Lake Research1993).

2.8 I
Pollution

594 industrial and680 agriculturalenterprisesare locatedin theterritory of I
the lakebasin.Machine-building,wood-working,pulp andpaperandchemi-
calindustriesaredevelopedin thewatershed.A very importantroleis played
by dairy and meat livestock breeding. Of all the industriesthe mostwater-
consumingare wood-working and pulp and paper, using 23 % of total
industrialwaterconsumption.Non-ferrousmetallurgyconsumes5 %, chemi-
cal and petrochemicalindustries3.4 % (Institute for Lake Research1993).

Accordingto thedataof StateWaterUseInspection,1.4 km3of wastewaters
are dischargedannually into Lake Ladoga’sbasin, correspondingto the 44
m3/s continuousmeanflow of wastewater. This amountincludes17 % of
untreatedand only partially-treatedwaste water. Annually, approximately I
54.6 km3 of clean watercorrespondingcontinuousflow of 1,700 m3/s is
requiredto dilute wastewatersto the level of nationalmaximumpermissible
concentrationsfor rawwatersources.This calculatoryflow of dilution water I
makesup 6 % of the total lake volumeand73 % of theannualinflow (Insti-
tute for Lake Research1993).

The measuredor estimatedloading of pollutants enteringLake Ladogais
shown in Table 6. i
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Table 6. Pollution of LakeLadoga;situationattheendof the 1980’s
andbeginningof the 1990’s.Figuresarepresentedwith an
accuracyof two significantnumbers.

t/a Sourceof information

Total phosphorus 7,300 seeappendix3
Total nitrogen 82,000 seetext below
Biological oxygendemand 8,400 seetext below
Oil products 1,800 Institute for Lake Research1993
Zinc 40 Institute for Lake Research1993
Chromium 55 Institutefor Lake Research1993
Cadmium 12 Institutefor Lake Research1993
Lead 3.6 Institutefor Lake Research1993
Phenols 180 Institute for Lake Research1993
Chlorinatedorganiccompounds 2,500 Institutefor Lake Research1993

TheBOD estimatepresentedin Table6 includesonly point sourceloading:
major municipalities, industry enterprises and livestock farms. In
calculations,valuesbasedon directmeasurementsof BOD load were used
whenavailable. If they were not availablethe loadingsfrom municipalities
andlivestockfarms wereestimatedby using specificloading valuesandthe
numberof inhabitantsin municipalitiesandnumber of heads in farms.For
inhabitantsthe valueof 18 kg BOD/person~wasusedandfor cattle(cows) 11
kg BOD/hea&wasused.

Point source nitrogen loading estimateswere calculated in the sameway as
BOD loading. The specific loading values were 4 kg N/person~aand for
cattle(cows) 2.5 kg N/head.As a result the point sourcenitrogenloading
wasestimatedto be5,000 t/a. Thenon-pointnitrogenload wasestimatedto
be 270 kg/hn2~afor the whole drainageareabasedon studiescarriedout in
Finnishdrainagebasins includingboth forest andcultivatedsoil. Usingthis
methodthe non-pointnitrogenloadwasestimatedto be77,000t/a.

On the basisof field researchresults it has beenpossibleto detect someareas
whereeconomicactivity has influencedthewaterquality moreclearly than
in others.For exampleby the mouthof JämsjokiRiver, which receivesthe
water from the pulp and papermill of Laskelä, the bottom of the lake is
coveredwith pulp, theoxygenconcentrationis only 4 mg/i, andthe phenol
concentration4-6 mg/l. An oxygen-freezone with a breadthof 200 m has
beenformedby thesoutheasternshoreof the Bay of Volkhov dueto thepulp
andpapermill of SäAski, andthe concentrationof organicmatterhasrisen
in a zone5 km broad. The pollutedwaterof Volkhov River is spreadalong
theeasternshoreup to the islandof Valaam(Filatov et al 1990).

The mostsevereenvironmentaleffectsof thepulp andpaperindustry have
beenrecordednearRiver Syas,Priozersk,Läskelä,andPitkaranta(Viljanen
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& Drabkova 1992). Due to dischargesfrom the pulp and papermill of
Sortavalathe oxygen concentrationsin the archipelagoof Sortavalahave
decreasedto 6.5 mg/i in thesurfacelayerin summer,andto 1-3 mg/I atthe
depthof 13-25m (Filatov et at 1990).

A considerablepart of the surfaceof nearshoreareasare occasionally
coveredby oil film (Filatov et al 1990).

2.9
Ladoga as a Raw Water Source

Thesummaryof wateranalysisresultsfrom samplestakenfrom 22 locations I
in Lake Ladogain August1993by Finns (Niinioja et al, 1993) is presented
in Appendix 5. The comparisonbetweenthoseresultsandrawwaterclassifi-
cation in Russia, Finland andth EU is presentedin Table 7. Resultsfrom
location2 areprintedseparatelybecauseit is nearestto therawwaterintake
location. This watermight be transferredto St. Petersburgaccordingto a
planintroducedlater in this report. I
Table 7. ThecomparisonbetweenLake Ladogawaterqualityandtheraw

water classificationin Russia,Finlandand the EU

Parameter Unit ObservedValues Russian Finnish EU
in LakeLadoga GOST classi- direc-
averageof location 2 norm fication tive
22 locations maximum

A-chlorophyll mg/I (l0)° (5)(I ~fl

Coloration mg/I Pt scale35 30 35 II A2
CODM~ mg/i 8.4 7.2 7 II OK
Oxygen % 95 99 I Al
pH 7.6 7.8 6.5-8.5 II Al
Phosphorus~O~mg/i 24 13 II
Secchidisk
transparency m 2.3 2.5 III / II

(I estimatedaccordingto phosphorusconcentration
Al simplephysicaltreatmentanddisinfectionneeded
A2 normal physicalandchemicaltreatmentanddisinfectionneeded
I excellent
II good
Ill satisfactory

According to Finnishclassificationthewaterof Lake Ladogais “good” for
the productionof potablewater. Bacteria,A-chlorophyll and mineral oil
concentrationswere not observed,but in cleanerparts of the lake they
probably would not changethe classification.According to EU directives
water could be used for drinking after normal physical and chemical
treatmentanddisinfection.
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3
PRESENT STATE OF NEVA RIVER

3.1
Hydrological Regime

The total catchment area of the River Neva is 285,000 km2’ including the
areacoveredwith lakes. The mean discharge of the river is about 2,600
m3/s. Neva River is relatively short, 74 km, and it’s directcatchmentarea
(small tributariesdischargingdirectly to Neva) is about5,000 km2 (Russian
ResearchInstitutefor Agricultural Microbiology 1993).

3.2
ChemicalComposition of the Water

The water quality in the upper course of Neva has a strong correlation with
eutrophication and pollution processes in Lake Ladoga. Nevertheless, the
following threeargumentsshould be taken into account:

1) Poisonsand othercompoundswhich are harmful near discharge
areas are diluted with huge water volumes before they reach the
Neva.

2) About 70 percentof phosphorusenteringLake Ladogaremainsin
the lake.

3) Most of thealgaegrowing in the lake also staysanddies there.

The mean concentration of total phosphorus in Neva at the lake outlet is
constantlya little higherthanthe meanconcentrationin LakeLadoga.This
is causedby local factorsnearthelakeoutlet andoccasionallytransitcurrents
from the mouths of rivers Vuoksi, Volkhov and Syas into the lake outlet
(Rumjantsev & Rodionov 1991). During transit the water from the river
discharging into Lake Ladogadoesn’tmix effectivelywith lake water but is
insteadtransportedrelativelyseparatelyto the lake outlet. The annual average
total phosphorus concentration in Lake Ladoga is about 25 jig/l and is 2 - 5
times higherin rivers Vuoksi, Volkhov andSyas.Therefore,annualaverage
concentrations in Neva have been 31 p~g/l in years 1981-87 and 27 ~igf1in
19g9, 26 ~tg/l in 1990 and 27 ~tg/l in 1991 (Institute for Lake Research
1993).During strong transit circumstances,stormsand springmelting total
phosphorus concentration can raise to 70 - 80 JLg/l (Rumjantsev& Rodionov
1991).

At the upper reaches of Neva the average total nitrogen concentration is 680
~g/l andthe concentrationvariesbetween400-1,150~sg/l.Concentrationof
suspendedsolidsat the lakeoutlet is aboutfive timeshigherthantheaverage
concentration in LakeLadoga.This is causedby suspensionof bottom sedi-
mentsat theshallowareasnearthe lakeoutlet andflood watersduring spring
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andautumnseasons.Thereis informationin Table8 concerningcertaincorn- I
pounds which describe the pollution situation in the upper course of Neva
River. High BOD5, phenol, oil, copper and lead concentrations have a
relation to the antrophogenic load, but manganese comes mainly from natural
sources (Rumjantsev & Rodionov 1991).

Table 8. Water quality in upper course of River Neva 1982 - 1987
(Rumjantsev& Rodionov 1991).

Compound Highestpermissible
accordingto GOST-norm

Annual
Average

Maximum

BOD5 mg 02/1 2 0.7-2.4 3.6
Phenols~g/l 1 1-4 9
Oil ~g/l 50 30-80 130
Polyaromatic
hydrocarbonspg/I 100 15-25 62
Copper~g/1 1 0.6-8 13
Leadpg/I 30 0.2-18 104
Manganesepg/I 10 3-32 120
Cadmium~g/l 1 0.1-0.4
Quicksilverpg/I 0.5 0-0.1 0.3

The Neva is considerably loaded with direct waste water discharges or those
through its relatively small tributaries. Only a little point sourceloading
enterstheriver abovethemouthofRiver Izoraandmostwastewaterloading
is dischargedwithin the City of St. Petersburg.Along the Leningradregion
part of the river phosphorusconcentrationrises about3 ~tg/l and about
40 jig/l along the St. Petersburgpart (Russian-FinnishJointCommissionof
EnvironmentalProtection,1993).Phosphorusconcentrationsare reportedto
be 70 - 80 j~g/1at themouthof theNeva (Rumjantsev& Rodionov1991).
Increasesin the phosphorusconcentrationcan be assumedto reflect other
componentsof wastewateraswell.

3.3
Neva as a Raw Water Source

The summary of reported results from the wateranalysisof presentwater
plantsduring 1985 andfrom 1990 - 1993 arepresentedin Appendix 6. The
comparisonbetweentheresultsrepresentingtherawwaterof SWTPandraw
water classification in Russia,FinlandandEU is presentedin Table 9. Raw
water quality is basicly the samein otherwater treatmentplants as well,
exceptfor the contentsof bacteriawhichhavebeenover 10 timeshigherin
MWTP and PWTP.

1
I
I
1
I
I
I
I
I

I
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Table9. The comparisonbetweenreportedNeva waterquality and the
raw water classification in Russia, Finland andEU

Parameter Observed
in Neva
typical

Values
(SWTP)

maximum

Russian
GUST
Norm

Finnish
Classi-
fication

EU
Direc-
tive

maximum

Ammonia mg/i 0.2 0.5 2 HI A2
A-chlorophyll mg/I (12)(’ III

Colorationmg/I Pt scale 28 35 35 H A2
CODMfl mg/I 7.5 10 7 II OK
Faecalcolif. (44 °C)/100ml 1400 7000 V A3
Total colif. (35 °C)/100ml (1500)° V A3
Nitratemg/I 1.9 3.1 45 OK Al
Nitrite mg/I 0.024 0.033 33 OK
Mineral oils jig/i 50 300 IV
Oxygenmg/I 11 > 4 I Al
pH 7.3 8.0 6.5-8.5 II Al
Phosphorus~mg/I 27 III

(1 estimatedaccordingto phosphorusconcentration
individual sampletaken by Finnish authorities

Al simple physicaltreatmentand disinfectionneeded
A2 normal physicalandchemical treatmentanddisinfectionneeded

intensivephysicalandchemicaltreatmentandextendedtreatmentanddisinfection
needed

I excellent, H good, III satisfactory, IV poor, V unsuitable

Accordingto theFinnishclassificationthe water of River Neva is unsuitable

for theproductionof potablewater, becauseof the high contentsof total
and faecal bacteria. High bacterial concentrationsindicate remarkable
excrementloading originating mainly from municipal sewageand cattle
breeding. Accordingto EU directiveswatercouldbeusedfor theproduction
of drinking water only after extensivepurification (ozonationand active
carbonfiltration).

If bacteriais not takeninto consideration,the water would be classifiedby
Finnish standardsas “satisfactory” becauseof ammoniaand phosphorus
concentrationsandtemperature.Phosphorusconcentrationsandtemperature
are favorable for the growthof algae. The concentration of chlorophyll-a
during the growingseasonwould probablybe in level “satisfactory” aswell.
Information concerning chlorophyll-a was not available, but it may be
estimatedaccording to the phosphorusconcentrationand other measured
valuesat theLakeLadogaoutlet. Theprobablelevel is about10 ~~tgf1 during
the growingseason.

According to the concentrationof oils the water would be classified aas
“poor” if the figures representmineraloils. In other respectsthe Neva
would be classified by Finnish standardsas a “good” or “excellent” raw
watersource.
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4
FUTURE WATER QUALITY ACCORDING TO PROJECTED DEVELOPMENT
SCENARIOS FOR LAKE LADOGA AND NEVA RWER

General I
Objectivesset by mutual agreementconcerningwaterprotectionmeasures
betweenthe FinnishRepublicandtheRussianFederationarethe basicout- I
line for thedevelopmentof NevaRiver catchmentarea.Dueto the factthat
it is impossibleto put the actionplan into practicethe planneddate(1995)
0- and intermediatealternativesare takeninto account. I
The importanceof Lake Ladogato the water supply of St. Petersburgis
emphasizedby thefact thatthe Neva,practicallytheonly rawwater source
for St. Petersburg,is the only waterwayfrom Lake Ladogato the Gulf of
Finland.Therefore,theLadogacatchmentareaalsobelongsto thecatchment
areaof the Neva and hencethe Gulf of Finland. The waterquality of the
Neva is dependenton thewaterquality of LakeLadoga.Anyway directwaste
waterdischargesinto the Nevaor its tributariesareof greatimportance.

Despite the enormousflow of the Neva comparedto its tributariesand a
lengthof only 74km, thequalityof wateris significatly worseat theendof
theriver comparedto the begining. The waterquality at theoutletof Lake
Ladogais muchworsethanaveragein the lake. The quality remainsat the
samelevel from the lakeoutletat leastto themouthof IzoraRiver.

Phosphorusloadingis believedto bethemostsignificantpollutantin Ladoga
and thereforeit is chosenas a key parameterin observingfuture scenarios
for the developmentof theecologicalstatusof Ladoga.The first taskwasto
compile the informationavailableconcerningphosphorusloading to Lake
Ladoga. This procedureis describedin the following paragraphsbefore
presentingthedevelopmentscenariosbasedon theseresults.

4.2
PresentPhosphorusLoading

For morethan25 yearsthelake hasbeenundera heavyanthropogenicload. I
The dominatingrole of phosphorusin the formation of the anthropogenic
eutrophicationprocessis now evident. The main sourcesof phosphorus
dischargeare the rivers Volkhov, Svir and Vuoksi (Institute for LakeRe-
search1993).

Volkhov River, with an aluminiumproducingplant locatednearthe mouth I
of the river, hasa very high concentrationof phosphoruscompoundsin its
watersand is thebiggestsinglephosphorusloaderof the lake. The highest
concentrationsof phosphorusin the Volkhov water was recordedin the
1960’s and 1970’s were causedby the aluminium producingplant using
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apatite-nephelineasrawmaterial. Since1984phosphorusdischargesinto the
Volkhov havedecreaseddue to the waterprotectionmeasurestakenat the
plant (Institute for LakeResearch1993).Volkhov’ s aluminiumplant is still
maintainsaphosphorusloadof 290t/a (1990),Ladoga’slargestpoint-source
phosphorusloader.

The closureof the Priozerskpulp and papermill in 1987-1988decreased
phosphorusdischargesinto Lake Ladoga.However, concentrationsof total
phosphorustendto increasein thewatersof theSvir andVuoksi rivers (Insti-
tute for Lake Research1993). The Svetogorskplant at Vuoksi has an
estimatedphosphorusload of 210 tia, thesecondbiggestpoint-sourcephos-
phorusloader for Lake Ladoga.Accordingto calculationsbasedonmeasure-
mentsconductedin the river aboveand below the plant, the loading may
occasionallybeevengreaterthan210 t/a.

The present loading from Finnish sewagepoint sources into southern Lake
Saimaais 31 t/a which is minimal comparedto the total load from point
sourceswithin the catchmentareaofLakeLadoga.About 25 percentof total
phosphorusloadof the Vuoksi comesfrom Finland.This representsonly 3
per centof Lake Ladoga’stotal phosphorusload.

Differencesand inaccuraciesbetweendifferent sourcesof data available
duringthis studyreinforcedthe necessity to conduct a comparison procedure
displayingthesedifferences.Forthis purposethesourcesof initial dataused
in this studyare listed in Appendix 2.

The reported total phosphorusdischargesinto Lake Ladogavary roughly
between6,000-8,000t/a. Petrocaet al (1991,ref. RussianInstitutefor Lake
Research1993) haveestimatedthat a phosphorusload which would enable
Ladogato achieveits original ecologicalstatus(oligotrophy)would beabout
4,000 t/a.

Externalphosphorusloading figures provided by the RussianInstitute for
Lake Researchindicate that thereare considerableyearly variations. The
loading estimatefor the 1989 was6,129 tons, for 1990 5,790 tons and for
1991 8,220tons. Variationsin hydrologicalconditionsareprobablythemain
reasonsfor variations in loading. River dischargesof phosphorusinto Lake
Ladogaare presentedin Figure 7.
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Figure 7. River phosphorusdischargesinto Lake Ladoga. (Source of
information: Russian Institute for Lake Research.)

Accordingto the informationconcerning1989-91 (providedby the Russian
Institutefor LakeResearch)theamountof totalexternalphosphorusfrom the
threemain rivers enteringLake Ladogawasas follows: the Volkhov 36 -

43 %, the Svir 21-24 %and the Vuoksi 11-15 %. During the same period
the annual meantotal phosphorusconcentrationsin the Vollchov ranged
between82-135~ugf1, in theSvir between59-90 /Lg/l and in the Vuoksi 42 -

64 ~rg/l.

Furtherdivision of the phosphorusload, accordingto different sources,is
moredifficult. In orderto determinetheright level of point-sourcepollution
and to ease the further strategic estimations, loading figures from the
following point-sourcepollutersof the catchmentareawere studied:

municipalitieswith inhabitantsof 10,000or more
significant industrial enterprises
large livestockbreedingcomplexes

The summaryof the study is presentedin Table 10. Detailed results are
presentedin Appendixes3-4.
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Table 10. Summaryof averagephosphorusloads
into Lake Ladoga.

from drainagewaters

4.3

Point source
load, t/a

Non-point
sourceload

Natur
load,

al
t/a

Total
load, t/a

tla

River Volkhov 610 1,830 120 2,560
River Svir 40 1,380 90 1,510
River Vuoksi total 490 380 130 1,000
(shareof Finland) (30) (250) (280)
Rivers Syas,Pasha
and Oyat 120 640 180 940
Drainagefrom small rivers
anddirect drainage 90 850 420 1,360

Total load from drainage
waters 1,350 5,080 940 7,370

DevelopmentScenariosfor Lake Ladoga

The development scenarios for the projected phosphorus loading of Lake
Ladogaarebasedon the resultsof the phosphorusdischargestudy and its
division between different sources. Three different scenarios were chosen for
furtheranalysis.They areasfollows:

Scenario1. The 0 - solution:

- Pollution level will stay at the present level.

- Phosphorusload: 7,400 t/a.

Scenario2. The intermediate solution:

- This alternative is basedon the assumptionthat half of the water
protection measuresdescribedin scenario3 canbe implemented.

- Phosphorusload: 5,700 t/a.

Scenario3. A solution basedon mutual agreementbetweenthe Finnish
Republic and the RussianFederation with the following objectives for
phosphorus loading to be achievedduring 1995:

- for municipalities with 10,000 inhabitants or more:
90 % reduction of loading including bypassesand overflows
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- for industry in general: I
50 % reductionof loading from 1987 pollution level

- for pulp & paperindustry:
60 gramof phosphorus!tonof bleachedpulp! year

- for agricultureand forestry:
50 % reduction from 1987 pollution level I

- Phosphorusload: 4,000t/a.

At the major phosphoruspoint-sourcesthebestavailable technology (BAT)
will be utilized, though not mentioned in the agreement.

Themutualagreementbetweenthe FinnishRepublicandtheRussianFedera-
tion includesotherobjectivesapartfrom thosefor phosphorusdischarges.
Theseobjectives include substancescausing oxygen demand(BOD) and
chlorinatedorganicsubstances(AOX).

The more detailed phosphorus loading figures for the above mentioned I
scenarios are presented in Appendix 4.

I
Cost Estimates

Roughestimatesfor investmentcosts neededfor waterprotectionmeasures I
to achievethe agreed targets within the Russian partsof thewaterdrainage
area of Lake Ladoga (Scenario 3) are as follows (information sources
mentioned in appendix 2):

Municipalities over 10 000 inhabitants 220 mUSD
(20 units togetherappr. 0.7 million inh.)
Industry 150 mUSD
(information available concerned only
thebiggest20 enterprises)

- Agriculture (basicly livestockfarming) 80 mUSD
450 mUSD I

The cost of waste water treatment plants have been calculated according to
the traditional activated sludge process. Most of the municipalities discharge I
their wastewaterswithout any treatment.In thesemunicipalities new waste
water treatmentplantsare needed.At existing wastewater treatmentplants
in the municipalities renovations are needed. New waste water treatment
plantsare neededfor industryandlivestockfarming,andthe efficiency of the
others should be checked and probably improved.

If protection measuresare directedto targetswhereefforts to decreasethe
phosphorusloadhavethegreatestbenefit,Scenario2 couldbe reachedwith
investmentsof 150 million USD. If production decreaseswith the closureof
someenterprises,evenless investmentsmight beneeded.
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Table 11. Estimation of total phosphorusload according to different water
protection measures and cost of water protection investments

4.5

ScenarioTotal PhosphorusLoad, t/a Investmentcosts,mUSD

1 7400 0
2 5700 150
3 4000 450

Future Water Quality of Lake Ladoga

4.5.1
Basic Information for thePhosphorusModeffing Approach

The assessmentof future water quality was basedon the assumptionthat
phosphorusis a key factor determiningthe level of eutrophicationin Lake
Ladoga.

Hydrological data and loading figures used in the application of lake
phosphorus models are listed in Table 12. Explanation of the symbols used
in Table 12; Lake Ladoga’s catchmentareadivided into smaller subareas
(A), runoff coefficients (q), mean flow from different subareas (Q),
phosphorusloading from differentsubareas(Li,, unit tons of phosphorusper
year) and meantotal phosphorus concentrations of influent (C1).

Table 12. Basicdatafromdifferent sub-areasofthecatchmentareaof
Lake Ladoga.Seetext abovefor explanation of symbols.

Area A
km

2
q

lIskm2
Q

m3/s
L~

t P/a
C,

~g P/1

Vuoksi
Svir
Volkhov
Syas
Other rivers
Non-pointIoading*
Islands
Precipitation

68,500
59,000
77,300
20,000
27,070
11,000

460
17,670

9.0
9.0
9.0
9.0
9.0
9.1
9.0
9.0

617
531
696
180
243
100

4
159

910
1,510
2,730

950
766
353

14
210

47
90

124
167
100
112
112
42

Sumlmean 281,000 9.0 2,530 7,443 93

*) Non-pointloadingfrom small rivers anddirectdrainage.Non-pointloading enteringthe
Ladogavia the Vuoksi, Svir andVolkhov rivers is includedin rivers’ figures.
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Table 12 wascreatedto checkthe overall validity of thedata. It should be
notedthat simple lake phosphorus models applied later operate only with
lake’s total phosphorusloading andretentiontime (calculatedby usingtotal
flow and lake volume). Therefore, thedistribution of flow and phosphorus
loadof different sub-areashaveno bearingon the final resultof the models
as long as the total loading and total flow (row “Suinlmean”on Table 12)
remainthesame.

Lake Ladoga’sareais 17,670 km2 with a meandepth of 51 m. the water
volumeis 908 km3 andtheaverageretentiontime is 11.5 years.Thenorthern
partsofthelakearedeep,typically 50-100m. Thehypolimnion(watermass
below depth15-20m) forms about60-70 % of thetotal watervolume. I

4.5.2
Limnological SpecialCharacteristicsof Lake Ladoga I

Accordingto informationprovidedby theRussianInstitutefor LakeResearch
theproportionofexternalphosphorusloadingwhich is relativelypermanently I
sedimented(phosphorusretentioncoefficient) in Lake Ladogahas shown
slight indicationsof declinefrom 1981-1988(Figure 8).

I
I
I
I
I
I
I

Retentioncoeff. —— External loading —A— Loss throughoutlet

Figure8. The externalphosphorusloading, the phosphoruslossthrough
the lake outlet and the sedimentedproportionof externaltotal
phosphorusloading (phosphorusretentioncoefficient) in Lake I
Ladoga.
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Ladoga’s external phosphorus loading and sedimentation of phosphorus are
considerablydependenton the drainagewater flow which has significant
yearlyvariations.Becauseof the long waterretentiontime thesedimentation
may react to changesin external loading with somedelay time, and the
sedimentationin certainyearsmaybeaffectedby theloadingsfrom previous
years. It canalso be notedthat phosphorusconcentrationsin LakeLadoga
did not increasefrom 1976-89,but insteadconcentrationshaveshowna slight
decrease.It seems likely that the observedvariations in the phosphorus
retentioncoefficient indicateno deteriorationin thestateof Lake Ladoga.

The hypolimnion of Lake Ladogahasgreatvolume becauseof lake’s great
depth and thus hypolininion’s storage capacity of oxygen is high. For
practicalpurposeshypolininionmaybe in this casedefmedasa watermass
below thedepthof 15-20m. Ladoga’sgreatdepthalsomeansthatparticulate
organic matter is being effectively mineralized before it reachesbottom. The
typical sinkingvelocity for particulatematteris 0.2-1mId, so it takes50-200
days to reach the bottom to the pelagial partsof the lake.

Becauseof the greatvolume and depth the ice-coveredperiod remains
relatively short, but the lakehastime to cool effectively in autumn. During
the long and low-productiveautumn period the productionof new organic
material is low and organicmatter producedduring the summergrowing
seasonhasbeentransportedto a greatextentthroughthe foodchainto the
consumertrophic levelswhere it hasbeentransformedto carbon dioxide by
the aerobic metabolism of the organisms. This property of effective
decompositionof organicmatterenhancesLadoga’sability to maintaingood
andproductiveconditionswith loading levelsgreaterthannormal.

However,whathasbeensaidearlierdoesnot concernrelativelyshallowand
the most heavily loaded south eastern part of the lake, although Ladoga’s
horizontal currentsand upweliing probably transportsubstancesquite ef-
fectively to deeperareas.

Oxygenconcentrationsin the hypolimnion havebeenat an excellentlevel
(over 10 mg/i) exceptin thesouthwesternpartsof the lakeandlocal heavily
loadedbays.

The meanconcentrationof totalphosphorusseemsto be around20-22~~g/l.
Accordingto datafrom 1988, 1990and august1993, without taking River
Volkhov’s areainto account, late summertotalphosphorusconcentrationis
at epilimnion usually between 15-25~g/l andin hypolininion 13-20~tg/I.

Lower phosphorusconcentrationin hypolimnion comparedto epiimnion
seemsto bemostcommonsituation.Theremay be at leastthreereasonsfor
higherphosphorusconcentrationsin theepilininionasfollows: first, external
loading is directedto theepilimnion. Second,themainpartof internalload-
ing originatesfrom sedimentsfrom the shallow areas(<15 m) exposedto
wind generatedsedimentre-suspension,and third, thevertical migrationof
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the algae and zooplankton transport nutrientsfrom deeper water massesto I
epilimnion. The epiininionmay be in Ladoga’s casedefmed as the water
mass between the surfaceanda depthof 15-20m. I
Hypolinmionwith high oxygenconcentrationandbottom sedimentactsasa
sink for phosphoruswhichmeansthatLadoga’ssedimentis in goodcondition
and will reactratherwell to a reductionin external loading, unlike more
eutrophicatedlakessufferingfrom low oxygenconcentrations.

With moreeutrophicatedlakessuffering from oxygendepletionit is typical
thatno noticeableimprovementcanbe found despiteconsiderablea reduction
in externalloading.Thereasonfor this is extensiveinternal loading, themost I
commoncase in highly eutrophicatedlakes. Internal loading is defmed as a
flux or movementof substances,particularly phosphorus,from the bottom
sedimentbackto the lake water.

4.5.3
Internal PhosphorusLoading I

It’s importantto estimatethe magnitude of internal loading, becauseit is an
important factor affecting the high level of eutrophicationwhen external
loading is reduced.Thereare plenty of Finnish and internationalexamples
demonstratingthat the level of eutrophication and nutrient concentrations
don’t by anymeansdirectly correlatewith reductionsin externalloading.

Principlesby which to calculatethe lake’sseasonalphosphorusbalancehave
been presentedby Lappalainen& Matinvesi (1990). The equationsfor

calculation concerninga chosentime period, for examplesummermonths,
is as follows: I

E±I = G+O÷dM/dt

E = Externalphosphorusloading, kg/d
I = Internal phosphorusloading, kg/d I
G = Grosssedimentationof phosphorus,kg/d
O = Outputof phosphorusin effluentof the lake,kg/d
dM/dt = Changein the quantity of phosphorusin the lake water,kg/d I
Internal loading canbe calculatedas remainderif all other variables are
knownby the following: I

I = G+O-i-dm/dt-E

I
It mustbe mentionedthat when internal loading is calculatedas a remainder,
as shown above, it’s value is considerably dependenton the gross
sedimentation’svalue which should be known. For example, if the gross
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sedimentationvalue hasbeen estimatedat 1,000 kg/d too high, internal
loading will also be estimatedat 1,000 kg/d too high. This indicates
considerablepotentialerror, especiallyin Ladoga’scase,becausethe gross
sedimentationhasn’tbeenexperimentallydetermined.In anycase,the lake’s
internalprocessesmust be consideredwhenthe effectsof external loading
changesareevaluated.In this work Ladoga’sgrosssedimentationhasbeen
estimatedusing values measuredwith the sedimenttrap method in other
lakes. Resultsarepresentedin Figure 9 andAppendix 9.

On the basisof the total phosphorus balance it can be stated that netsedimen-
tation is about73 % of the external loading (annualmeanvalue), which
means that about 73 % of the total phosphorusentering the lake will be
relatively permanenton thelake bottom. The magnitudeof internal loading
is about0.87 timestheexternalloading (annualmeanvalue). This valuemay
seemquite high, but it reflects therelatively goodconditionof the lake. In
highly eutrophicatedlakesthemagnitudeof internalloadingmay beover 10
times greaterthanexternalloading.

In summertheinternalphosphorusloadingestimateis roughlyasgreatasthe
externalloading.To confirmthis thevaluesofgrosssedimentationshouldbe
determinedexperimentallyin the future. With the use of reliable gross
sedimentationvalues reliable internal loading values can be obtained. In
absenceof datathe seasonalchangesin the phosphorusconcentrationin the
whole water column(dM/dt) havebeenapproximatedas relatively small.
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The main conclusionfrom thecalculationsis thatduring the ice freeperiod
internalandexternalloadinghavebothquantitativelyasimportance,in other
words internalloadingformsroughlyhalfofthetotal circulationof thelake’s
phosphoruswhile externalloading forms theotherhalf. Presumably,relative
reductionsin externalloading will be reflectedin changesin the quality of
the lakewaterby a magnitudewhich is only half therelative loading reduc- I
tion. Despitethe scientific limitations of this approachit suits the overall
experimentaldata.

4.5.4
Lake PhosphorusModels

Ladoga’s large water volume and long water retention time effectively
smoothvariations in external loading resulting in greaterstability in water
quality. Consequently,justifications for using simple models to dealwith
mean values for the whole year exist. On the other hand, simple lake
phosphorusmodels found in literature are often constructedusing data
primarily from lakessmaller thanLadoga.Therefore,the applicability of a
single model is not guaranteedand results must always be treatedwith
caution.Ladoga’sdepthis exceptionalsomodelsbasedsolely on depthare
unsuitable.

The loadingof the majorthreerivers is directedto the southernpartof the
lake, but during ice-freeperiodsthe anti-clockwisewatermasscirculation
patterninducesrelatively effectivemixing conditions. Becauseof this river
waterwith poorerquality doesnot particularly concentratein the southern
partof the lake. It wasagreedto apply themodelsto Lake Ladogaasa one
entity and no further arealdivision or separatearealapplicationwas made.
During theperiodof icecoverthereis no wind inducedmixing andtheareal
differencesin waterquality aregreater.During theperiodof ice coverthe
flow is partly governedby shorelinedensity currentswhich providedirect
transit transportfrom the river mouths to the lake outlet, the patternbeing I
considerablydifferent thanduring the ice-freeperiod. It was beyondthe
scopeof simplephosphorusmodelsto takethespecialfeaturesofwintertime
currentsinto account. I
Theeffectsof the internalloadingphenomenonmaybebestexplainedby the
lake ecosystem’sresistanceto change,howeverthe delayedrecoverymust
alsobeemphasized.On theotherhand, highoxygenconcentrationsin Lake
Ladogaand the sediment’sprobablegoodconditionjustify the assumption
that internal loading wouldn’t be very intenseonce external loading is
reduced.For practical purposesit can be estimatedthat 50-70 % of the
lowering of the phosphorusconcentrationpredictedby simple phosphorus
modelswill have a real effect. For example if annual meanphosphorus
concentrationsis presently22 /Lg/l and the meanconcentrationafter the
loadingreductionpredictedby themodel is 16 ~g/l, thepredictedlowering
ofconcentrationwouldbe 6 ~g/l. However,actual loweringwould probably
be 3-4 /~g/ldue to the effectsof internalloading.
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Severalsimplephosphorusmodelsdealingwith annualmeanconcentrations
wereevaluatedfor theirapplicability atLakeLadoga(Table 13). Onemodel,
Lappalainenet al 1979, wascalibratedusing theestimateof presentmean
phosphorusconcentrations(22~sg/l)andthe presentloading estimate.

Table 13. Mean phosphorusconcentrationsin Lake Ladoga with three
loading scenarios(see paragraph4.3) estimatedby lake phos-
phorus models. Figures representmean late summer total
phosphorusconcentrations.

Model Scenario
(situatio

1
n today)

Scenario2 Scenario3

Presentsituationaccordingto
data available 22 - -

Chapra 1975 21 16 11
Kirchner & Dillon 1975 30 19 17
Lappalainenet al 1979,
versioncalibratedfor Ladoga 22 20 18

Larsen& Mercier 1976,
versionQ/A 33 20 18

Larsen& Mercier 1976,
versionQ/V 23 14 13

OECD 1982,version 1 19 15 12
OECD 1982, version 2 33 26 20
Reckhow1977 21 17 12
Vollenweider 1976 21 16 12
Walker 1977 23 18 13

Meanvalueof the models 24.5 18.1 14.6

Themathematicalexpressionof calibratedmodel Lappalainenet al (1979) is
as follows:

c=fi—1 O.95~(CJH6)~T11
[3000÷ (Ci-6)Tjf~

Models Lappalainenet al 1979 (calibratedversion), OECD 1982 version1,
Reckhow 1977 and Vollenweider 1976 seem to be the most suitable for

Water Protection Measuresfor the Neva River CatchmentArea to Ensure Water Supplyfor St.
Petersburg,Pre-FeasibililyStudy, PlancenterLtd 1994
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predictivepurposesin Ladoga’scase,althoughthe initial dataavailablefor I
comparison and checking the validity of the models is far from satisfactory.

Mean phosphorusconcentrationschangescan, on the basisof four chosen
models, be roughly estimatedas follows:

- In loading scenario 2 themeanphosphorusconcentrationsin the lake
will be 17-20~tg/1(reduction2-5 ~zg/lcomparedto thepresentmean
concentration).

- In loadingscenario3 themeanphosphorusconcentrationsin the lake
will be 14-18~rg/l(reduction4-8 p~g/lcomparedto thepresentmean
concentration). - I

4.5.5
Toleranceof PhosphorusLoading I

Methods for defining a lake’s critical loading must be applied to Lake
Ladoga with special caution becauseLadoga has an excellentability to
maintainhigh oxygenconcentrationsin hypolimnion, but on the otherhand
Ladoga’s ability to circulate nutrients may be very high. It hasbeenknown
since 1950’s that in late summerthere are algal blooms consisting of
diatoms,blue-greenalgaeandgreenalgae(Popovet al 1965). Thelevel of
nutrientcirculationandeutrophicationalso dependson fish populationsand
their interaction with zooplankton and bottom sediments. Ladoga is
exceptionallydeep so the loading criteria based only on the lake area
probablyunsuitable.

Vollenweiderpublishedin 1968 a critical loading criteria which was based
on the lake’s areaand meandepth.Thoughthis criteriadoesnot takewater
retentiontime into account,it may apply to Ladogaquite well. Figure 10
showsthat at presentloadingin LakeLadogais in a stateof mesotrophy.In
this graphicalpresentationLadogais located betweenclear eutrophyand
clear oligotrophy. It canalso be notedthat with loading scenarios2 and 3
reductionin eutrophy is to be expectedand according to Vollenweider’s
(1968) loadingcriteriascenario3 evenhasthepotentialto changethelake’s
stateinto oligotrophy. In Figure 9 datafrom someSwedish,NorthAmerican
and Finnishlakes(sourceof dataof other lakesis also presented:Granberg
1975). I

I
I
I
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Figure 10.

1. Ladoga’s
2. loading
3~ scenarios

Phosphorusloading (areal loading)versusmeandepth. Limits
of oligotrophy andeutrophyaccordingto Vollenweider(1968).

Vollenweider and Kerekes (1980) have presenteda graphical method
describingrelationshipsbetweenthelake’s trophiccategoriesandtheaverage
influentphosphorusconcentrations,averagelakephosphorusconcentrations,
averageyearlychlorophyll concentrationsandwaterresidencetime. Applied
to LakeLadogathis methodshowsdecreasingeutrophicationwhenloading
decreases,buta clearoligotrophicstatein the lakeseemsto beunobtainable
evenwith a loading scenarioaspresentedscenario3 (Figure 11).

Water Protection Measuresfor the Neva River CatchmentArea to Ensure Water Supplyfor St.
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1. Ladoga’s I
-4 2. loading

- 4 scenarios

0

I
I ~
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Figure 11. Relationships betweenthe lake’s trophic state, the lake’s area

andthe waterretentiontime (Vollenweider& Kerekes1980).

Explanationof symbolsin figure 11:

P1 = averageinfluent phosphorusconcentration(jsgll)
= average phosphorus concentration in lake (pg/i)

Cifi a = averageannualchlorophyll-aconcentration(pg/l)
T(w) = theoreticalwater retentiontime (years)

Petrocaet al (1991, ref. RussianInstitute for Lake Research1993) have
calculatedthatwith a phosphorusloadingof 7,000tla the lakemay become
eutrophic,and with 4,000 t/a the lake’sstatechangesfrom the oligotrophy
into mesotrophy.Accordingto Vollenveider& Kerekkes, 1980 (seeFigure
11) the phosphorusload should not be higher than2,700 t/a to maintain
oligotrophicstatein the lake,but it couldbeeven10,000t/a beforethestate I
changes to eutrophic.

By using Vollenweider’s(1976)methodfor calculatingcritical loading and I
setting the highestpermissiblemeantotal phosphorusconcentrationat 20
pg/I, thehighestpermissibleannualphosphorusloadingwouldbe7,000tons.
According to Vollenweider’s (1976)criteria loadingslower thanthis would
preventfurther eutrophicationand keepLadogain a mesotrophicstateand
at most of its parts in relatively goodcondition.

I
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4.5.6

FutureWater Quality According to Different Scenaiios

Scenario1 (The0-solution)

It seems likely thatthepresentlevelof phosphorusloadingsomewhatexceeds
the toleranceof Lake Ladoga and if loading is not reducedthe lake’s
eutrophicationwill continue. However, no rapid changesare expected
becauseof Ladoga’sgreatmeandepth,generallyhighoxygenconcentrations
evennearthe bottom, greatwatervolumeand long water retentiontime.

Presentphosphorusloading is estimatedataround7,400-7,500t/a. According
to calculationmethodspresentedby Vollenweider(1976) the loadinglevel at
7,000 t/a would preventLadoga’s further eutrophication(see paragraph
4.5.5).

Pollution of the lake will continueand its conditionwill slowly deteriorate.
Negative changeswill be most dramaticin the most polluted areas.The
situation in the open lake and probably all over the lake stay fairly good
becauseof theself purifying capacityof thehuge lake.

Scenario2 (The intermediatesolution)

In this loadingscenarioLadoga’smeanphosphorusconcentrationis estimated
to be around17-20pg/I. Comparedto theapproximatemeanconcentration
of today,22 pg/I, the lowering of concentrationis 2-5 pg/i. With this change
in meanphosphorusconcentrationsthestateof the lake will in the long run
changefrom eutrophy/mesotrophyto mesotrophy.Basedon severalmathe-
matical equations’which describethe interdependenceof total phosphorus
concentrationandchlorophyll-aconcentrationit canbe estimatedthat in this
scenariothe averagevalueof algal biomassin summerwill decrease10-30
percentcomparedto the situationtoday.

According to the theoreticcalculationmethodpresentedby Chapra(1975)
andDillon & Rigler (1975)it takes5-9 years to reach a newlower phospho-
rus concentrationbalanceafter loadinghasdecreasedpermanently.

The waterprotectionmeasuresaffectnot only phosphorusloading, but also
for instanceloadingsof nitrogen,biological oxygendemandandchlorinated
organic compounds.The concentrationsof these substancesget lower
especiallyin areaswhich areatpresentmostpolluted.Oxygenconditionswill
improve locally, especially in the heavily loadedbays with slow water
exchange.The reductionof nitrogen loads are smaller than phosphorus
reductions.Additionallychangesin nitrogenloadingmay bepartlycounter-

‘References: OECD(1982),Ahl & Wieclerholm(1977),Edmondson& Lehman(1981),
Megard (1978), Jones & Bachmann (1976), Dillon & Rigler (1974),
Schindleret al (1978), Sakamoto(1966).
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balancedby changesin nitrogenfixationanddenitrificationactivity. Nitrogen
hasanyhowless influenceon eutrophicationthanphosphorus.

Thereductionsin BOD loading are likely to have no noticeableinfluence on
overallwaterquality, becauseoxygenconcentrationshavebeenhigh in most
parts of the lake. The reductionof the loading of chlorinatedorganiccom-
poundswill improve water quality in pollutedcoastalareas.Elsewherethe
concentrationshavenot beenparticularly high.

Scenario3 (The solutionbasedon themutual agreementsbetweenthe
Finnish Republic andthe RussianFederation)

In this loadingscenarioLadoga’smeanphosphorusconcentrationis estimated
to be around14-18pg/i. Comparedto the approximatemeanconcentration
of today,22 pg/i, lowering the concentrationis 4-8 pg/I. With this change
in meanphosphorusconcentrationsthe stateof the lakewill in the long run
changefrom eutrophy/mesotrophyto mesotrophy.Comparedto theinterme-
diatesolutionscenariothe improvementof waterquality is somewhatbetter.
Vollenweider’s(1968) loading criteria even provideshopefor Ladogato
returnto the stateof oligotrophy, but this is probablya little too optimistic
anestimation.Basedon severalmathematicalequations’describedearlierit
canbeestimatedthat in this scenariothesummermeanalgal biomasswill de-
creaseby 20-40 % comparedto thesituationtoday.

Theestimationof time delaybetweenloadingreductionandloweringof lake
phosphorus concentrations is the same as in the loading scenario
“Intermediatesolution”.

The effects of the water protectionmeasureson substancesother than
phosphorusaresimilar to thosein scenario2. However,thetendencytowards
betterwater quality are likely to be somewhatpronouncedbecauseloading
reductionsaregreater. I
Water protection measures needed to achieve Scenario 3 should be takenare
theminimumto ensuregood rawwaterquality for watersupplypurposesin I
thefuture. Evenfurtherprotectionmeasuresarehighly recommendable,but
they are either expensiveor lead to productionlimitations for industrial
enterprises.In the long run the target should be to again achieve an I
oligotrophic level for mostpartsof the lake.

I
I
I
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5
ALTERNATIVE SOLUTIONS FOR WATER SUPPLY OF ST. PETERSBURG

5.1
Basis for the Comparison

5.1.1
Improvement of RawWater

The presentraw water quality should be improvedto ensuretheproduction
ofhigh qualitypotablewater. In principle therawwaterquality shouldbeas
goodas possible.Groundwaterwould be the bestalternativefor good raw
water,but the avaiibiity of it for the total needof St. Petersburgis uncer-
tain. Thereforesurfacewaterof asgoodaquality aspossibleshouldbeused.
Theminimumdemandfor surfacewatershouldbe theguidingprinciple,that
no straightwaste waterdischargesexist in the vicinity of the intakes. If
improving the raw waterquality is impossible,at leastits treatmentshould
be significantly improved.

In this study the following four alternativesfor improving the raw water
quality will be examined:

1. All straightwastewaterdischargesto the Neva or its tributariesare
collectedandtreatedproperly andthe effluentstransferredbelow the
intakesites.

2. Rawwater is transferredfrom a clean part of Lake Ladoga.

3. Raw wateris transferredfrom the uppercourseof the Vuoksi.

4. Naturalgroundwateris collectedfrom eskersandthewateryield from

themincreasedby artificial groundwater.
5.1.2
Improvementof Water TreatmentandDistribution

At the momentthe total capacityof the main five existing water treatment
plants is about 3,050,000m3/d. Comparedto water demandthe capacity
should be about450,000m3/dgreater.If efforts to decreasewaterconsump-
tion in St. Petersburg succeed,the necessityfor extracapacitybecomesat
leastless urgent.

At presentgood potablewater quality cannotbe maintainedat all times.
Improvementofwaterquality is veryexpensive,becauseof thehugevolumes
neededfor purification. Anyhow healthrisks shouldbeavoided,so asgood
a water aspossibleshould bedistributed, at leastfor drinking and cooking
purposes.

Water Protection Measuresfor the Neva River CatchmentArea to Ensure Water Supplyfor St.
Petersburg,Pre-FeasibilisyStudy, PlancenterLtd 1994
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If water is taken from the Neva, water treatment processes should be I
intensified. To preventadverseeffects from storms at Lake Ladogait would
be reasonable to build a raw water reservoirwhich would be large enough
to cover one week’s water demand. This would help maintain the quality of
distributed water.

Only minor changesto the presentprosesseswould be needed,if the water
from Lake Ladogawasused.The transferdistanceto St. Petersburgis one
third distanceto theupper course of the Vuoksi.

Shouldthe presentwaterdemandbe coveredtheconstructionof a transfer
systemto theuppercourseof theVuoksi or collectionof groundwaterwould I
be very expensive.If water consumptionweredecreasedfor instanceto the
level of western countries (about 300 llcap/d) or water for drinking purposes
was distributedseparately,LakeLadoga and Vuoksi River alternatives would
be more attractive.

The demand for cleaner and more expensive potable water for drinking and I
cooking in St. Petersburgwould be about 15,000 m3/d (3 l/cap/d) and
together with other water requirementsit would probably stay below
100,000m3/d. This amountmightbe coveredevenby groundwater,which
possibly could be distributed after only an alkalization process.

5.2 1
NevaRiver asa Raw Water Source

5.2.1 I
Raw Water Quality

Thepresentmeanwaterquality of the Nevacloseto theintake siteat SWTP I
is as follows:

- P 27 pg/l I
- N 2000 pg/l
- CODMfl 8 mg/I
- pH 7.4
- alkalinity 0.5 meqv/l
- faecal coliform bacteria 1400 /100 ml I
These figures describe the raw water quality of NWTPand VWTPas well.
Rawwaterquality of MWTP andPWTPis worse especially with respect to 1
bacterialquality.

If the Neva is usedasraw water sourcein the future, water quality should I
be improvedandtheefficiencyof watertreatmentsignificantly increased.In
addition, all straightwastewaterdischargesfrom thesuburbsof St. Peters-
burgandalongtheIzorariver shouldbecollected,biologicaltreatmentplants
built and their effluents led downstreamfrom the water intake sites.
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Otherwisethe concentrationsof faecalmicro-organismswill stay at sohigh
a level that the risk of waterborne diseases will increase. Other contamination
might causeotherproblemsfor instancewith tasteand odour.

Waste waters which are discharged to the Neva most directly affect water
quality close to the river banks. Rawwaterfor watertreatmentis takenfrom
the main stream. Raw water for MWTP and PWTP should be transfered
from the areawhichSWTPusesor evenupstream.If rawwater intakesare
movedupstreamfrom themouthof theIzora,neededemergencyinvestments
for wastewatercollectionandtreatmentwould decrease.

PetrokrepostBay (outletof Lake Ladoga)is reportedto beone of the most
pollutedareasin LakeLadogaandthereforethewaterqualityalongtheNeva
cannotbeclassifiedas good. This is oneof thereasonswhy investmentsin
wastewatertreatmentevenwithin thewatercatchmentareaof LakeLadoga
should be consideredin any case.

If nothingis doneto decreasethe wastewater load to LakeLadogaand the
Neva (Scenario1), water quality will remainat a poor level or get even
worse. Scenario2 would probablymake themicrobiologicalquality better.
Accordingto Finnishcriteriatherawwaterwouldprobablystay ata satisfac-
tory level becauseof the algaeand maximumtemperature.Nothing canbe
doneto maximumtemperature,but otherwisea good level might be reached
throughthe operationsdescribedin Scenario3.

Factorskeepingtheraw waterquality at a lower level aremainly relatedto
waste waterdischargesinto theNeva, thus the protectionmeasuresof Lake
Ladogaare lessurgent.

During and afterstorms on LakeLadogaturbidity andthe concentrationof
suspendedsolids rises remarkably affecting the level of turbidity in
distributedwater. Becausemany more seriousissuesrelatedto decreasing
waterquality are relatedto turbidity, it might be reasonableto constructan
artificial reservefor raw water.

5.2.2
NeededInvestmentsfor theProtectionof theRawWater Source

To improve the raw water, waste water loads into Lake Ladogaandthe Neva
should be decreasedto the level describedin Scenario3. Specialattention
should be paid to waste waters which are dischargedinto the Neva, its
tributariesor PetrokrepostBay.

Within this report only little attention could have been paid to straight
loading into the Neva and its tributaries. They should be investigatedin
furtherprojects.Themainportionof wastewateris dischargedinto theriver
within the bordersof St. Petersburg.Wastewater from abouttwo million
inhabitantsis dischargedinto the river betweenSWTP and MWTP. At

Water Protection Measuresfor the Neva River CatchmentArea to Ensure Water Supplyfor St.
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present raw water from SWTPis not good, but its micro-biologicalquality I
is muchbetterthan in MWTP. About 300,000peoplelive along the Izora
and about the sameamount of pigs are bred. The wastewatersfrom these
sourcesareunsatisfactorilytreated.That is why theriver is heavily polluted.
Thesameissuesapply to theSlavyankawhichdischargesinto theNevaquite
near the raw water intake of SWTP.

5.2.3
NeededInvestmentsfor Water Supply I

A 450,000m3/dwatertreatmentcapacitytogether with the needed capacity
(100,000m3/d) to withdraw thePetrogradskyWaterTreatmentPlantshould I
be built. The capacityof the Main Water TreatmentPlant (705,000m3/d)
shouldbe rebuilt in the vicinity of STWP or evenupstreamalongthe Neva.
The otherpossibility is to takerawwater from the sameareaas SWTP and I
to transfer it to the existing MWTP. An artificial lake as a raw water
reserve must be constructedto maintain water quality during storms,
otherwisethe filtration capacityshouldbe increased. I
At present raw water is treated by chemical flocculation, filtration and
chioraminechlorination.Undercertaincircumstancesonly partof the water
volume is flocculated(seechapter1). Thedosingof flocculantsdecreasesthe
pH, which is adjustedto a suitable level by dosing soda or by mixing
flocculatedandunflocculatedwaters.

The purificationpracticeshould be changedso that all water is treatedby
adequateamountsof flocculants. It is neededfor the removal of organic
materialincluedingbacteria,virusesandothermicrofauna.Contactfiltration
asa treatmentprocessis not aseffectiveasseparateflocculation, sedimenta-
tion andfiltration. All of therawwatershouldbe filtrated throughsandand
activatedcarbonfilters andtheplannedsurfaceloadsshouldnotbeexceeded.
The level of thepH shouldbe raisedto 8 throughalkalization.Chlorination
should be improvedto ensurethe microbiologicalquality of water. Also,
presentwatertreatmentprocessesshouldbe renovated.The requiredprocess
units aredescribedin Table 15:

1
I
I
I
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Table 15. Requiredwater treatmentprocessunits for taking raw water
from theNeva River

Alternative Process

The Nevaasrawwater flocculation
source,effectivetreatment (carbondioxide dosing)
for all wastewaters sedimentation
(final situationby Scenario3) filtration

chlorination (1

activated carbon filtration
. chioraminechlorination

alkalization

If waterquality staysasit is todayozonationwould beneededinstead
of chlorination.

Ozonationwould be more effective againstbacteria, viruses and other
microfaunathanchlorination.It alsoremovestheunpleasanttasteandodour
causedby the algaein raw water. It is anyhowso expensivethat its useis
presentlyunrealistic.If raw waterquality doesnot improvesoon,ozonation
is highly recommendable.

At presentdistributedwateris corrosive.Thecorrosiondeterioratesthewater
quality, increasespipedamagesanddecreasesthecapacityofpipes(increases
incrustationsin thepipes).Whenall water is treatedwith chemicalprecipita-
tion, post alkalization is essential.The cheapestand the easiestway to
facilitatealkalizationis theuseof lime (Ca(OH)2).Alkalinity will be about
0.5 meqv/l, if 13 g/m

3 lime is used. This is howevernot quite enoughto
minimize the corrosionrisk of thenetwork.The corrosionrisk is smaller if
sodaash (Na

2CO3) is used. Another, most recommenthblealkalization
alternativeis the usageof carbondioxide (C02) with lime. To reachthe
targetalkalinity 0.7 meqv/l, thedosageof carbondioxide should be about
9 g/m

3 and the dosageof lime about21 g/m3.

All water treatmentplantsin St. Petersburgusechloraminechlorinationfor
disinfection.To obtainthesamedisinfectionefficiencyaswith freechlorine,
100 times morecontacttime is needed.For exampleto achieve99 percent
ihiminationof faecalcoliformswith free chorine,thecontacttime neededis
about2 minutes andwith monochloramine200 minutes (3.3hours).

The normalconcentrationof chioraminesor evenfree chlorine in drinking
water is not effectiveagainstmicro-organismsoften found in distribution
systems.Both free chlorine and chloramineare more effective against
commonindicatorbacteria(for examplefaecalcoliforms) thanmany more
dangerousbacteriaandviruses.That is why the lack of faecalcoliforms in
thedrinking waterdo not meanperfecthygienein the water.

Water Protection Measuresfor the Neva River CatchinentArea to Ensure Water Supplyfor St.
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5.2.4 I
Cost Estimates

Estimatedinvestmentcostsaccordingto minimumrequiredmeasuresare as I
follows:

- waterpollution controlin LakeLadoga(Scenario3~50million USD I
- renovationof existing water treatmentplants 300 million USD
- constructionof additional550,000m3/d 80 million USD
- raw watertransferfrom intake of SWTP to MWTP 30 million USD

In this study only a little attentioncould havebeenpaid to waterpollution
controlmeasuresfor theNevaandits tributaries.Thereforeno costestimate
hasbeengivenfor them.

Renovationof existing watertreatmentplants includenew activatedcarbon
filtration andailcalizationunitsaswell asrenewalof old processunits. If raw
waterwastakenabovethemouthof theIzora,theroughcostestimatefor the I
transfersystemwould beabout90 million USD. A rawwaterreservoirwith
a retensiontime of a weekwould be one solution to securegoodraw water
quality at all times. This wouldmeana volumeof at least25 million m3. The I
roughcost estimatefor the excavationof this reservoir is 50 million USD.
A water transfersystemfor thepresentrawwater intakeswould costabout
120 million USD.

Theestimatedadditionalannualrunningcostscausedby theuseof treatment
chemicalsare 19 million USD higherthantoday. I

5.3 I
Lake Ladogaasa Raw Water Source

5.3.1 I
Raw Water Quality

Becauseof the presentpoor water quality of the Neva River, it might be I
reasonable to transfer cleaner raw water to the water treatment plantsof St.
Petersburg from Lake Ladoga. Because the best water quality would come
from theupperpartof hypolimnion, the best intake depth would be 10 to 15
meters, when the total depth is 15 to 20 meters.

According to a preliminary map examinationa suitable location for the
beginning of inlet suction tunnel would be about 7 km north of Volojarvi
Lakeand8 km from thebankof LakeLadoga(seeFigure 12). Water quality
aroundtheproposedintake site is one of thebestin Lake Ladoga.A couple
ofsamplestakenandanalyzedby Finnish authorities are available. According
to them the present water quality is as follows: I
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- P 13~g/l
- N 580 ~g/l
- CODMfl 7.2 mg/l
- pH ~7.8

Accordingto Finnishcriteria this rawwatercanbe classifiedasgood.

Water depthis over 10 meters even2 km from the bank of Lake Ladoga.

Thereforetheneedfor a 8 km long inlet suction tunnelshould be checked.

5.3.2
NeededInvestmentsfor the Protectionof RawWater Source

If nothing is done to protect the quality of Lake Ladoga(Scenario1), the
valueof the Lake as a raw water sourcewill slowly getworse.Water from
the Vuoksi in particularcan occasionallyharmfully effect the water quality
at theplannedintake area.

Water quality will begin to improve with the phosphorusand wastewater
load decreasesmentioned in Scenarios2 and 3. Scenario 3 is more
recommendablebecauseit affects the water quality of the whole lake. If
pollution control measuresweredirectedto the targetsasa highestpriority,
with respectto the plannedintake site, good resultscould be reachedeven
with Scenario2.

Investmentsin wastewater collection and treatmentalong the Neva and its
tributariesare still urgentbecauseconstructionof the transfersystemtakes
several years. If time is not taken into consideration,only those water
protectionmeasureswhich are relatedto Lake Ladogawill be important.
Becausetheprevailing currentfrom theVuoksi is directedtowardsthewater
intakesite, the most importantwaterprotectiontargetsarewastewaterfrom
the Svetogorskpulp andpapermill andnon-pointpollution to the Vuoksi.
Purificationof waste watersfrom theVolkhov aluminiumplant is very cost
effective as well.

Water Protection Measuresfor the Neva River Catchrnent Area to Ensure Water Supplyfor St.
Petersburg,Pre-FeasibililyStudy, PlancenterLtd 1994
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5.3.3 I
NeededInvestmentsfor Water Supply

The guiding principles for the plan of water transfer is presentedin Figure I
I
I
I
I
I
I
I
I
I
I
I
I

The soil in the areaconsistsbasically of graveland sanddepositsoutside
eslcers. Therefore, excavation of a transferline wouldprobablybe easy.The I
system could be as follows:

- inlet suctiontunnel (40 m2, 8 1cm) I
- intakepumpingstation (lifting height 20 m)
- intermediatepumpingstation(lifting height 40 m)
- openchannels(130 m2, total length 63 1cm)
- tunnelsor severalparallelpipesunderpressure(total length 16 1cm)

Kynü WaterandEnvironmentDistrict
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The watershould be transferredto existing water treatmentplant rawwater
intakes. To secure the raw water quality it is reasonable to cover the
channels.

As long assurfacewater is usedas a raw water, existing water treatment
plants should be renovated and alkalization units added to the treatment
process. A 450,000 m3/d water treatment capacity together with the needed
capacity (100,000 m3/d) to withdraw the Petrogradsky Water Treatment Plant
should be constructed. The required process unitsaredescribedin Table 16:

Table 16. Required water treatmentprocessunits if raw water is taken
from LakeLadoga

Alternative Process

LakeLadogaas raw water flocculation
source (carbon dioxide dosing)
(Scenarios1, 2 and3) sedimentation

chlorination
filtration
chioraminechlorination
ailcalization

If a delay in the constructionof the transfersystemis takeninto account,
activecarbonfiltration units for water treatmentplants would be required.
Otherwise they would be necessary only for water protection Scenario 1 (0 -

solution), andeven in this case not until later.

5.3.4
Cost Estimates

Estimated investment costs according to the minimum required measures are
as follows:

- waterpollution control in Lake Ladoga (Scenario 3q50 million USD
- renovationof existingtreatmentplants 50 million USD
- constructionof additional550,000m3/d 50 million USD
- waterintakeand transfersystem 480million USD

Without further investigationsit is impossibleto provideanythingotherthan
a roughcostestimatefor thewater transfersystem.

The costs of treatment chemicals would stay at the present level if dosing of
carbondioxide is not needed.If alkalinity is so low that carbondioxide
dosing is needed,additional annual costs will be 6.6 million USD. The
estimatedannualpumpingcostsof raw waterare 13 million USD.

Water Protection Measuresfor the Neva River CatchmenzArea to Ensure Water Supplyfor St.
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5.4 1
River Vuoksi as a Raw Water Source

5.4.1 I
Raw Water Quality

Becauseof the good waterquality at the uppercourseof the Vuoksi it has
been proposed that raw water for St. Petersburg be transferred from there.
The present water quality on the Finnish side of the border is as follows: I
- P 8 jig/I
- CODMfl 7 mg/I I
- N 500 /Lg/1
- pH 7
- alkalinity 0.17 meqv/l I
There are plans to collectpurified waste water which has been discharged
into the southern partof LakeSaima.aand transfer it to the Vuoksi. This is I
proposed first of all as a water protection measure to improve the water
quality of Lake Saimaa,but in casethe effluent is dischargedin the neigh-
bourhoodof Svetogorsk(Russianside) the quality of the water, which has
beenplannedfor transfer, will improve.

5.4.2 I
NeededInvestmentsfor the Protectionof RawWater Source

Investmentsin wastewater collectionandtreatmentalong the Neva and its I
tributariesare still urgent because construction of the transfer system takes
several years. If time is not taken into considerationonly minimal
investmentsin waste water treatmentfor the Russian part of the Neva
catchrnentareaare needed.Wastewater effluents from Svetogorsk as well
as those collected and treated in Finlandshould be discharged into the Vuoksi
below the intake site.

5.4.3
NeededInvestmentsfor Water Supply

The distance from Svetogorsk to St. Petersburg is about 170 kilometers.
According to a preliminary mapexaminationthe first 60 km are estimated
to consist of solid rock which is not too deep under ground. There the
constructionof a tunnel would be fairly easy.Along the last 110 km solid I
rock is obviously at a depthof over one hundred meters. Thereforeit is
proposedthat the laterpartof thetransfersystembeconstructedin openair.
The soil is made up of gravel or sand along most of the area. The potential I
planis presentedin Figure 13.

I
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Figure 13 Alternative, where raw water is transferredfrom the upper
courseof the Vuoksi River to St. Petersburg

If the presentraw waterneed for St. Petersburgwill be transferred,the
systemconsistsof the following units:

- tunnel in rock (60 m2, 60 1cm)
- openchannels(130 m2, total length80 1cm)
- transfertunnelsunderpressure(40m2, total length30 1cm)
- four pumpingstations(total lifting height70 m)

Neededwatertreatmentprocessunits arethesameasin LakeLadoga case.

If water consumptioncould be decreasedto 300 l/cap/d, which is quite
normal level in westerncountries,neededwater amount to be transfered
would be about 1,500,000m3/d. In this caseonly one third of the transfer
systemdimensionsareneeded.

Water Protection Measuresfor the Neva River CatchmentArea to Ensure Water Supplyfor Sr.
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I
CostEstimates

Estimatedinvestmentcosts accordingto minimummeasuresneededare as I
follows:

- waterprotectionmeasuresin River Vuoksi 40 million USD I
- renovationof existingwater tretmentplants 50 million USD
- constructionof additional 550,000m3/d 50 million USD
- water intakeandtransfersystem 760 million USD

Without further investigationsit is impossibleto give otherthanroughcost
estimateof the water transferringsystem. If water amountto be transfered
were only 1,500,000m3/d, the investmentcostof water intakeandtransfer
systemwould be about380 million USD. I
Estimatedadditionalrunning costscausedby the theneedof carbondioxide
dosing are 6.6 mUSD/ahigherthantoday.Estimatedpumpingcostsof raw I
water are 15 mUSD per year. In further investigationsthe cost balance
betweenneededpumping and dimensions and height differences of the
transferline shouldbe optimized. I

SeparateDrinking WaterSupply I
High quality water is neededat least for drinking and cooking purposes.
Separatesupply of it might be a competitive alternative, becauseof the
following reasons:

- neededinvestmentsin water treatmentplants are huge, if all water I
shouldbe treatedas it were for drinking

- to be able to maintain good waterquality continuouslyhugeinvest-
mentsareneededin waterdistributionsystem

- marketsfor bottled wateraregrowing and themarketprice of water
ishigh I

Whentheliving standardin St. Petersburgrises,morevaluewill bepaid for
the goodquality of drinkingwater. The cheapeststoreprice of bottledwater
in Finland is about0.5 dollarsper liter. The needfor drinking andcooking
is about 3 l/cap/d. If all this were covered by bottledwater, the neededwater
amount in St. Petersburgwould be 15,000m3/d andthe annualcosts for it I
2,700mUSD.In additionsomeindustrialenterprisesneedgoodwaterquality
to theirprocessesor productsandsomehotelsandindividualsare willing to
fulfil their whole needof water with higherwater quality. I
Becausethe lengthof pipesin the presentdistributionsystemis over 10,000
km whenpipeswithin thehousesare excluded,it is impossibleto to build a I
parallel distribution systemfor a cleanerwater to all consumptionpoints.
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Insteadthe main partof watercouldbe sold from specialwaterkiosks and
from water tanks to customercontainers.

If waters for drinking and otheruseswill be separated,the raw water for
drinking watershouldbe as goodas possible,usuallygroundwater.Ground-
water hasalso thebestprotectionagainstpollution. Thereare someremark-
ableeskerswithin theradiusof 80 km from St. Petersburgandat leastminor
volumesof groundwatercanbe reachedevencloserthanthem. The quality
andquantityof availablegroundwatershouldbe investigatedandthe risksfor
waterquality eliminatedat groundwaterinfiltration areas.

According to a mapexamination15,000 m3/dgroundwatercould easily be
takenevenfrom theclosesteskerby LakeLadoga.If thewateryield of this
esker is unsufficient, it could be increasedby bankfiltration, by making of
artificial groundwateror by transferringwater fromothereskerslike present-
ed in Figure 14. If transfersystemdescribedin Figure 14 were used,yields
up to 200,000m3/d might be able to be reached.

If the quality of groundwater is as good as supposed, it could be distributed
to customersafter alkalizationandpossiblychlorination.

A roughestimatefor the investmentcostsof transfersystemfrom theclosest
eskernearLake Ladogato onepoint in St. Petersburgis 15 mUSD. Com-
paredto themarketprice of bottledwater it canbe consideredasa minimal
costs.

Water Protection Measuresfor the Neva River CatchtnentArea to Ensure Water Supply for St.
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Figure 14. Alternative, wheregroundwateris collectedfrom eskerscloser
than80 km to St. Petersburg
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6
COMPARISON OF ALTERNATIVES

A summary of estimated present and future water quality in different raw
water alternatives is presented in Table 17. The estimatedfuture water
quality can be reached by implementing the following water protection
measures:

- Neva River:

- Lake Ladoga:

- Vuoksi River:

Within catchmentareaof the Neva abovethe raw
water intakesfor Scenario3. In addition, the treated
waste water effluents must be discharged below
intakesites.
Within the catchmentareaof Lake Ladogaat least
Scenario2.
Scenario 3 within the catchment area of Lake
Ladoga.
Treatedwastewatereffluents from SouthernSaimaa
and Svetogorskwill be collected and discharged
below the intake site.

Thesewaterprotectionmeasuresshouldbe takenasa recommendedmini-
mum. Constructionof watertransfersystemsfor rawwateralternativesfrom
Lake Ladogaand the Vuoksi will takeseveralyears,althoughthe fmancing
for theprojectsis available.Therefore,wastewatercollectionand treatment
above the present raw water intakes must be improved and effluents discharg-
ed below them whatever the fmal raw water alternative is. In addition to this
the existing water treatment processes should be significantly intensified.

If raw water is taken either from the Neva or LakeLadogatheprotectionof
Lake Ladoga plays a very important role. If water is transferredfrom the
uppercourseof theVuoksi, only thosewater protection measures which are
takenfor the upper course of the Vuoksi will effect the raw waterquality.
Thecostestimatefor thesemeasuresis about40 mUSD. Estimatedcostsfor
waterprotectionmeasureswithin thecatchmentareaof Lake Ladogaareas
follows:

Scenario1
Scenario2
Scenario3

0 mUSD
150 mUSD
450 mUSD

Water Protection Measuresfor the Neva River CatcizmentArea to Ensure Water Supplyfor St.
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Table 17. Estimated present and future raw water quality I

Raw WaterQuality of AlternativeSources

River Neva Lake Ladoga River Vuoksi

Present P~0~~ig/l
N10~p,g/l
CODMfl mg/i
pH
alkalinity meqv/I
faecaicoli I lOOmi

mineraloils jsg/l
colour

27
2,000

8
7.4
0.5

1,400

50
30

13
580

7.2
7.8
0.5

none

< 20
30

8
500

7
7.0
0.17

occasion-
ally some

< 20
30

EUrecommendation for
the treatmentprocess

intensified existing existing

Finnishraw water class unsuitable good good

Future P~0~~~g/I
CODMfl mg/i
faecal coli /lOOml
mineraloils JLg/l
colour

14-20
7

occasionally
< 20
30

10
7

none
< 20
30

7
6

none
< 20
30

EU recommendation for
the treatmentprocess

existing existing existing

Finnish raw water class good /
satisfactory

good good

I
I
I
I
I
I
I
I
I
I

A summaryof neededwater treatmentprocessunits for different raw water I
alternativesis presentedin Table 18.

After renovationmeasuresat the treatmentplants havebeencompletedthe
quality of distributed water will improve significantly (for instancethe risk
of waterbornediseasesdecrease).Anyhow the quality of potable water has
a strongcorrelationto theconditionsin thedistributionsystem.Becausethey
were not examined in this study, it would not be relevant to give exact
estimates concerningwater quality at different consumptionpoints in the
waterdistribution system.

I

I
I
I
I
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Table 18. Needed process units for water treatment plants

AlternativeSourcefor Raw Water Process

River Neva

collection and treatment for all waste
watersdischargedinto River Nevaor
its tributaries

ozonationis neededif water is not
takenabovewastewatereffluents

flocculation
(carbondioxide dosing)
sedimentation
filtration
chlorination (or ozonation)
activatedcarbonfiltration
chloraminechlorination
alkalization

Lake Ladoga

activatedcarbonfiltration might be
needed,becausetheconstructionof
thetransfersystemtakestime

flocculation
(carbondioxide dosing)
sedimentation
chlorination
filtration
chioraminechlorination
alkalization

Uppercourseof River Vuoksi

activatedcarbonfiltration is needed,
becausethe constructionof the trans-
fer systemtakestime

flocculation
carbondioxide dosing
sedimentation
chlorination
filtration
chioraminechlorination
alkalization

Roughestimatesfor investmentcostsof different alternativesarepresented
in Table 19 and additional maintenancecosts in Table 20. The cost of
ozonationis not taken into accountin for the Nevanor is activatedcarbon
filtration for Lake Ladogaand the Vuoksi. A comparisonof annuity costs
which havebeencalculatedaccordingto figurespresentedin Appendix 11,
is providedin Table21.

Water Protection Measuresfor the Neva River CatchtnentArea to Ensure Water Supplyfor St.
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Subproject AlternativeRawWaterSources

River Neva LakeLadoga River Vuoksi

Constructionof raw water 3) 30 mUSD 480 mUSD 760 mUSD
transfersystem ~~120mUSD

~~l70mUSD

Renovationof present 300 mUSD 50 mUSD 50 mUSD
watertreatmentplants (1

Constructionofextracapacity~ 80 mUSD 50 mUSD 50 mUSD

Total 3) 410 mUSD 580 mUSD 860 mUSD
~~500mUSD

550 mUSD

Excluding Petrogradsky Water Treatment Plant
2) Including the withdrawal of Petrogradsky Water Treatment Plant

3) Rawwater is transferredto an intakeof MWTP from an intakeof SWTP
4) Rawwater to all intakes is transferred above the mouth of the Izora river

Rawwaterreservoirfor 7 daysretentiontime is excavatedand raw water is
transferredfrom thereto WTP intakes

Table 20. Additional annualmaintenancecosts relatedto water transfer
and treatment for different raw water alternatives

Subproject Alternative Raw Water Sources

River Neva LakeLadoga River Vuoksi

Pumpingof raw water D 0.9 mUSD/a 12.7 mUSD/a 14.8 mUSD/a
2) 3.0 mUSD/a

3) 3~7mUSD/a

Additional needof 19 mUSD/a 0 mUSD/a 6.6 mUSD/a
chemicals

Total ‘~20 mUSD/a 13 mUSD/a 21 mUSD/a
2) 22 mUSD/a

3) 23 mUSD/a

Raw water is transferredto an intakeof MWTP from an intakeof SWTP
2) Rawwaler to all intakesis transferredabovethemouthof the IzoraRiver

3) Rawwater reservoirfor 7 daysretention time is excavatedand raw water

transferredfrom thereto WTP intakes
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Table 19. Investmentcosts related to water transfer and treatment for
different raw wateralternatives
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Table21. Comparisonof annuitycostsrelatedto tables19 and20

Subproject AlternativeRaw WaterSources

River Neva LakeLadoga River Vuoksi

Constructionof raw water
transfersystem

2 mUSD/a
4) 8 mIJSD/a

~~l2mUSD/a

34 mUSD/a 54 mUSD/a

Pumping of raw water 1 mUSD/a
4) 3 mUSD/a
~ 4 mUSD/a

13 mUSD/a 15 mUSD/a

Renovation of present
watertreatmentplants ~

26 mUSD/a 4 mUSD/a 4 mUSD/a

Constructionof extracapacity2) 8 mUSD/a 4 mUSD/a 4 mUSD/a

Additional needof chemicals 19 mUSD/a 0 mUSD/a 7 mUSD/a

Total 3) 56 mUSD/a
~~64mUSD/a
5) 69 mUSD/a

55 mUSD/a 84 mUSD/a

ExcludingPetrogradskyWaterTreatmentPlant
2) Including the withdrawal of Petrogradsky Water Treatment Plant

3) Raw water is transferredto an intakeof MWTP from an intakeof SWTP
4) Raw water to all intakesis transferredabovethemouthof the Izora river
5) Raw water reservoirfor 7 daysretentiontime is excavatedand raw water

transferredfrom thereto WTP intalces

Thequickestimprovementscanbe reachedby renovatingexisting treatment
plants. Some of the renovationsare essentialin any case. According to
Table 21 Lake Ladoga seems to be the cheapest alternative as a raw water
source. Anyhow there might be technical difficulties in the construction of
the transfersystemwhich was not takeninto accountin this preliminary
examination. Besides, the construction of the water transfer system would
takeat least10 years and immediate intermediary measures should be taken.
If costs related to this period of transition were taken into consideration, the
Neva would probably be the most attractive alternative for a period of 30
years.

Stormsin LakeLadogaaswell asmeltingsnowmakethequalityof theNeva
muchworsethannormal which has harmful effects on potable water quality.
An artificial water reservoir would help prevent these effects, but the
required basin volume is so huge that it may be difficult to fmd a suitable
locationfor it. Excavationof a reservoirto fulfil one week’swater needs
would cost about50 millon USD and a water transfersystemto the water
treatmentplantswould be roughly 120 million USD. If theseinvestmentsor
water transferabovethe mouthof theIzora river are includedin the invest-

Water Protection Measuresfor the Neva River CatchmentArea to Ensure Water Supplyfor St.
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mentprogramme,annualcostsof theNevaalternativewill increaseby about
13 or 8 million USD/a.

Measuresto improvetherawwaterquality are mosturgentand mostexpen-
sive as in the caseof theNeva,whereraw water is usedasthe source,but
most of thesemeasuresshould be donein any caseto fulfil international
waterprotectionagreements.

FortheNevaalternativethemostsignificantwastewaterpoint-sourceswhich I
havegreatesteffect on water quality are along the Nevaand its tributaries.
If water is takenfrom Lake Ladogait is takenfrom alongtheVollchov river
and especiallyalong the Vuoksi. With respectto the Vuoksi alternative, I
wastewater loads could be eliminatedeasily. However, the total costsare
higher thanin the othertwo alternatives.

Phosphorusloads to LakeLadogashould not exceed7,000 t/a to keepit at
the presentlevel of eutrophication.This requiressome decreasein present
load. If the target is to achievethe ecologicalbalancewhich existedbefore
anthropogeniceutrophication(oligotrophicstate),thephosphorusloadshould
be decreasedat leastby 50 % which requiresevengreaterreductionsthan
describedin Scenario3 (seechapter4.5.5).

From the pointof view of healthrisks theNeva is the worstalternative,but
if the Neva’smicrobiologicalquality andwatertreatmentwere improvedno
significantdifferencesbetweendifferent alternativescouldbe found.

Themorephosphorusandotherpollution loadsto Lake Ladogawill decrease I
proportionatelyto an increasein its fishing and recreationvalue.Pathogens
of effluents to River Neva should be reduced to secure fishing, recreation and

raw water value.

I
I
I
I
I
I
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7
FTh4DJNGS AND CONCLUSIONS

There are technical, aesthetic and even hygienic problems with potable water
from St. Petersburg. Taste, odour, turbidity, colour, iron, manganese,
aluminium, ammonia,pH balance,organicchlorinecompoundsandmicro-
organismsoccasionallyreachunsuitablelevels. Treatedwaterhasanyhow
fulfilled national GOSTnorms.

The Neva River is heavily pollutedwith wastewater. The high contentof
faecal micro-organisms, oil products andnutrientsare thegreatestdeterants
to its suitability as raw water. Additionally, storms on Lake Ladogacan
significantly increasethe concentrationof suspendedsolids. Nevertheless,
within a few years the Neva seems to be the only realistic option as the main
rawwatersourcefor St. Petersburg.It would takea long time beforeother
water alternatives could be used for the production of potable water.

To improve the quality of potable water the following immediatemeasures
areproposedfor water treatmentplants:

- all water should be treatedwith adequateamountsof flocculants
- disinfectionshould be intensified
- treatedwatershouldbe alkalized

Water treatment capacity should be increased by 450,000 m3/d, if water
consumptioncannotbe quickly decreased.The rawwaterto existing water
treatmentplants is takenfrom five different intakestwo of which sustain
waterqualitieswhich areoccasionallyquite poor. Thesetwo intakesand/or
the treatmentplants should be rebuilt at a better location along the river.
The direct wastewaterdischargesto theNeva abovethe intakesites should
be divertedand properwastewater treatmentplantsconstructedfor them.
The effluents from waste water treatment plants should be transferreddown-
stream from the intalce sites.

To ensurethe raw waterquality of St. Petersburgthe targetsmentionedin
the mutual water protection action plan between Finland and the Russian
Federation are necessary and urgent. Because of the enormoussize of Lake
Ladoga,majorpartsof it arestill in fairly goodcondition. Areasaroundthe
mouths of the main rivers and the surroundings of some municipalities and
industrial enterprisesare however heavily polluted. The shallow southern
part of the lake, to which the greatest nutrient loads are directed, is the most
eutrophicated. This has a direct relation to the water quality of the Neva.

Within the catchmentareaof Lake Ladogathe greatestphosphoruspoint-
sources,the Volkhov aluminiumplant andSvetogorskpulp andpapermill,
aswell asthenon-pointloadfrom agriculture,are themosturgentpriorities
in preventingfurthereutrophicationof the lake.Livestockfarmsare in akey
position as well. Savings from fertilizers will benefit agricultureeconomi-

Water Protection Measuresfor the Neva River CatchmentArea to Ensure Water Supplyfor St.
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cally. Thephosphorusloadfrom Finland is about4 percentof that of Lake
Ladoga’sandpoint-sourcescoveronly about 10 percentof that. Therefore,
wastewater from Finlanddoesnot threatenthe stateof Lake Ladoga. I
Investmentsof about450 million USD arenecessaryto reachthetargetsfor
waterprotectionwithin the catchmentareaof Lake Ladoga. If production
couldbe limited or evensomeenterprisescloseddown, thesecostscouldbe
reduced. To restore the lake’s ecological balanceto what it was a few
decadesearlier,morereductionsin loadsarenecessaryespeciallywithin the I
agricultureandlivestocksector,or significantly moreinvestmentsshouldbe
madein wastewater treatment.

If half of thetargetphosphorusreductionin the waterprotectionactionplan
is reached, the presenteutrophicationprocesscouldbe stoppedandthewater
quality improved at least in some parts of the lake. Water protection
measuresfor acheivingthesereductionscouldbe implementedwith costsof
approximately 150 million USD.

In the long term, water treatment for St. Petersburg should be intensified at
leastby activated carbon filtration and preferably by ozonation as well. A
large raw water reservoir would be the solution for maintianing potable water
quality during stormsandwhenthe snow melts.

Alternative solutions to improving the potable water quality for St. I
Petersburg are related to the transfer of cleaner rawwater from LakeLadoga
or the upper course of the Vuoksi River. Water quality in Lake Ladogais
not dependent on water protection measures along the Neva and all direct
waste water loads could easily be illiminated in the upper Vuoksi. It is
possible that waste water effluents do not directly effect the intended intake
location in LakeLadogaeither.

The investmentcoststo bring waterquality to the target level will beabout
400 million USD if more water is taken from the Neva. If water is
transfered from Lake Ladoga the cost will be about 600 million USD and
from the Vuoksi 900 mUSD. If a one week raw water reservoir for St.
Petersburg is taken from the Neva total investment costs would be close to
those for Lake Ladoga.

When additional maintenancecosts are takeninto accountand investments
converted to annuity costs, the long term cost effectiveness of Lake Ladoga
and Neva River is about the same. Becauseof the time necessaryto
construct the water transfer system and possible technical difficulties in
construction, the Neva would probably be the most attractive alternative for
a period of about 30 years. I
Decreasingconsumptionand leakageswould be benefitial. At presentper
capitawater consumptionin St. Petersburgis about 540 I/cap/d, which is
almost twiceasmuchasin westerncountries. Themorewaterconsumption
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can be decreased the smaller water treatment and transfer system is needed
and the cheaper it is to build and use.

Water for drinking could be delivered separately from water for other
purposes. If all inhabitantsof St. Petersburgwould buy theirdaily drinking
water in bottles (3 llcap/d), it would cost about2,700million USD a year,
if the price wereequalto Finnishbottlemarkets. It would bemuchcheaper
for the citizens if the city produced, delivered and sold water. Raw water
quality for theproductionof drinking water shouldbe asgood aspossible.
Natural or artificial groundwaterwould be the bestalternative,but water
from theupperVuoksi orthecleanerpartsofLakeLadogawould besuitable
aswell.

According to a mapexamination15,000m3/d (the daily needfor drinking
andcookingin St. Petersburg)groundwatercouldeasilybe takenevenfrom
theclosestesker,which is locatedat the shoreof Lake Ladogaabout40 km
from St. Petersburg. Thecost of intakeandthe transfersystemfrom there
to the city borderwould beabout 15 million USD. If water quantity is not
sufficient it could be increasedby bankfiltration, artificial groundwateror
moregroundwatertransferredfrom othereskers. Thetotal areaof 7 eskers
closerthan80 km from St. Petersburgis over200 km2. Theprobablewater
yield from theseeskerswould be up to 200,000m3/d.

Water Protection Measuresfor the Neva River CatchmenrArea to Ensure Water Supplyfor St.
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8 I
RECOMMENDEDFUTURE ACTION

8.1 I
Action Relatedto Water Pollution ControlMeasures

8.1.1 I
Feasibility Study for Water ProtectionMeasuresfor the Neva River Catchment
Area I

As a basis for this study the water protection objectives included in the
mutual agreement between the FinnishRepublicandthe RussianFederation I
mustbe used.According to this agreementtheseobjectivesshould be met
during 1995. TheFinnishhasmettheseguidelines,butRussianstill requires
hugeinvestmentsto fulfil theobjectivesof theagreement.The studycanbe I
doneasonecomprehensivestudyor it canbe donein separatepartsdivided
into the catchmentareasof thedifferentprinciple rivers.

The following issuesmustbe included in the feasibility study:
- evaluation of waste water loads from municipalities exceedinga

populationof 10,000
- evaluationof waste water loads from major industrial enterprises

which havetheir own treatmentplant or which dischargedirectly to
the recipient

- evaluationof thepoint andnon-pointpollution loads from agriculture
- cost estimatesfor different targetsto fulfil the set objectives
- priority actionprogrammefor investments
- possibilitiesto fmancethe investments

FromSt. Petersburg’sperspectiveit is of greatimportanceto concentrateon I
thecatchmentareaof NevaRiver for theirwater supply. If a comprehensive
feasibility study cannotbe implemented,at leastan areally restictedstudy
shouldbe done.The contentof this study is thesameasin thelargerstudy.

8.1.2
FeasibilityStudy for theMain Polluters

The two greatestwaterpollutersof Lake Ladogawith respectto phosphorus I
loadsare the Volkhov aluminiumplant and the Svetogorskpulp and paper
mill. Huge reductionsin these loads may be achievedwith rather small
investments.Until these investmentscan be made feasibility studies are I
needed.

Environmentalinvestmentscanbe madeconcurrentlywith otherinvestments I
to improve production.One importantissue is also the availability of raw
materialsandtransportationcosts.Thetendencyduring theSovietUnionwas
to establishproductionunits far from the areaswhere raw material was
available.
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8.2
Actions Relatedto theWater Supplyof St. Petersburg

8.2.1
Pre-FeasibilityStudyof AlternativeRawWater Sources

To completethis study a morecomprehensiveinvestigationis needed.All
availabledataconcerninggroundwateryields and qualitieswithin theradius
of 150 km shouldbe collected.The possibilitiesto constructwatertransfer
systemseither from Lake Ladogaor theuppercourseof theVuoksi should
be examined,investmentand running costs calculatedand timetablesfor
implementationdrawn. In connectionwith groundwaterusepossibilitiesto
produceartificial groundwatershouldalso be studied.

In thefuture waterconsumptionfiguresfor St. Petersburgshouldbe reduced.
In thisstudy themain issueis not to determinethefuturewaterconsumption,
but to study the feasibilities of different alternatives in different water
consumptionsituations.

8.2.2
Pre-FeasibilityStudyfor a SeparateDrinking Water Supply

Huge investmentsand much time are needed before high quality potable
water can be distributed in the existing water distribution systemof St.
Petersburg. The amount of investment can of course be reduced by
decreasingwaterconsumption(motivatedthroughtariff policy), by installing
water metersand by reducingleakages.Also, the realizationof all these
measureswill take a long time. Quicker and cheaperalternativesfor
providingsafe, potablewaterand a separatedistribution systemfor smaller
quantitiescanbe examined.In this systemgroundwatershould be favoured.

Potentialmarketsand prices should also be examined.On the basis of a
marketstudy thesystemdimensions,thenumberand locationof distribution
points andthe financialcalculationsshould be done. The implementationof
a separatedistribution systemcan be done in phasesdependingon the
marketsandthe fmanciers.

8.2.3
FeasibilityStudyof a Water Supplyfor St. Petersburg

An overall study of all the investmentsneededin the field of watersupply
in St. Petersburg is needed. The pre-feasibility studies mentioned in
paragraphs8.2.1 and 8.2.2 should be usedas initial datafor this study as
well as otherexisting plansandstudieswhich mustbecollectedandused.

The objectiveof this study is to preparea prioritizedinvestmentprogramme
for thewholewatersupplysystem.Anotherimportantobjectiveis to prepare
a feasibility fmancingplanfor at leasta short-terminvestmentprogramme.

Water Protection Measuresfor the Neva River CatchmentArea to Ensure Water Supplyfor St.
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Institutionalquestionshavean importantrole in thefinancingplanaswell as I
in the overall implementation of the programme. That is why theseissues
mustalsobe includedin the study.

The maintenance of the water supply system is an essential activity for the
whole water and sewerage works. Other activities includethoserelatedto the
maintenance of sewerage and waste water treatment. The investment needs
of both thesemain activities shouldbe studiedat the sametime becausethe
main financiersof the investmentsare the same,namelywater consumers.
This kind of comprehensivestudy shouldbe doneundrthesupervisionof an
internationalfinancial institution, becausethe most importantresultof this
study shouldbeanagreedinvestmentprogrammewith realisticprospectives
for implementation. Financing for the programme might require international
loans.

8.2.4 I
Pre-feasibilityStudy of AlternativeWater TreatmentTechnology

Thewatertreatmentprocessesusedin Russiaaswell asin St. Petersburgare
conventional.Thedevelopmentof theseparticularprocesseshasworldwide
beenratherlimited during thelastdecades.In addition, theauthoritiesin St.
Petersburg are rather unaware of technological developments in western
countries. This is why they are very interested in the knowledgeof this
technology and its feasibility in St. Petersburg.The pre-feasibility study
couldaddressthe following issues:

- presentationof alternativeappropriatetechnologies. I
- evaluationof the feasibility of thesetechnologiesin St. Petersburg.
- selectionof thosetechnologieswhich are the most feasibilefor St.

Petersburg.
- presentingthedimensionsofalternativeandmostfeasiblesolutionsfor

water treatment plants in St. Petersburg and preparationof cost
estimatesfor them.

- preliminarycostcomparisonsof conventionaland new technologies.
- conclusionsandfuture recommendations.

As a partof or separatefrom this study an evaluationof the operationof
existing treatmentprocessesshould be carriedout. As a resultof this study
therecommendationsfor the least-costlyprocessandoperationmodifications
will bepresented.Thesemodificationsshouldbe easily, cheaply and quickly
implemented.

I
I
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APPENDIXES

1. Comparison of standards for drinking water in Russia and in theEuropeanUnion

2. References for the estimation of phosphorusloads to LakeLadoga
(appendixes3 and4 arebasedon them)

3. Dataon phosphorusdischargesin the water catclimentareaof Lake Ladoga

4. Phosphorus discharges in the water catchinent area of LakeLadogaaccordingto

different development scenarios
5. Water quality in LakeLadoga/Niinioja et al 1993/(samplestakenandanalyzed

by Finns in August1993)

6. Raw waterquality of St. Petersburgwater treatmentplantsutilizing water from
the Neva River

7. The quality of treatedwater from water treatmentplantsin St. Petersburg

8. Water quality in the Ohta, Slavyankaand Izhora tributariesdischargingto the
Neva River

9. Seasonaland annualphosphorusbalanceof LakeLadoga

10. Finnish raw water classification of surface water

11. Annuity costs of investmentsfor raw water transferand treatmentsystemsfor
different raw water alternatives
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Appendix 1

Comparison of standardsfor drinking water in Russiaand in the European Union

Substance Norm in Russia EU, Guidelevel EU, Maximum Admis-
sible Concentration

Colour < 20 (own
scale)

< 1 (mg/I Pt scale) 20 (mg/I Pt scale)

Turbidity, SiC)2 mg/I < 1.5 < 1 < 10

Maximum temperature,°C 12 25

pH 6.0 - 9.0 6.5 - 8.5 9.5

Chlorides,C1 mg/i < 350 < 25

Sulphates,SO4 mg/I < 500 < 25 250

Calcium, Ca mg/I <100

Aluminium, mg/i < 0.5 < 0.05 0.2

Total hardness,mmclCall <7.0 > 1.5

Dry residues,mg/I < 1 000 1 500 (180 °C)

Nitrates,NO3 mg/I <45 <25 50

Animonium,NH4 mg/i < 0.05 0.5

CODMfl, 02 mg/i <2 5

Iron, Fe mg/i < 0.3 < 0.05 0.2

Manganese,Mn mg/I < 0.1 < 0.02 0.05

Copper,Cu mg/I < 1.0 < 0.1 (at treatment
plantsor pumping

stations)
< 3 (availablefor

customers)

Zinc, Zn mg/I < 5.0 < 0.1 (at treatment
plantsor pumping

stations)
< 5 (availablefor

customers)

Phosphorus,P04mg/I < 3.5 < 0.6 7.5

FreeChlorine, Cl2 mg/I 0.3 - 0.5

Total Chlorine,Cl2 mg/i 0.8 - 1.2 shouldnot constitutea
public helth hazard

Total coliforms,pcs/ ml < 100 0 (95 % of samples)

Faecalcoliforms,pcs/ I < 3 0
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Appendix 2

Referencesfor the estimationof phosphorusloads to Lake Ladoga
(appendixes3 and 4 are basedon them)

1. Russian-FinnishJoint Comississionof Environmental Protection. Work-
ing group of protection of water systemsandseaenvironment against
pollution. 1993. Report of Russianparty conserning“Action programme for
reducementofwater pollution and realization of measuresof water protection
in the basin of Baltic Seaand in other areasnear border betweenFederation
of Russia and Republic of Finland”.

2. Russian Academy of Sciencies,Institute of Limnology. 1993. Material
collectedespeciallyfor report “Prefeasibility study ofthe protectionmeasures
in the river Neva catchment area to ensure the water supply of St. Peters-
burg.

3. Kynii Water and Environment District. 1993.

4. PlancenterLTD. 1991.Environmentalpriority actionprogrammefor Lenin-
grad, LeningradRegion, Karelia and Estonia. Prefeasibility study No 8.
Reduction of the environmental effectsof Svetogorskpulp and paper mill.

5. PlancenterLTD. 1991. Environmental priority action programme for Lenin-
grad, Leningrad Region, Karelia and Estonia. Prefeasibility study No 7.
Reductionof theenvironmental effectsof Syasstroypulp and paper mill and
Volkhov aluminiumfactory.

6. PlancenterLTD. 1991. Environmentalpriority actionprogrammefor Lenin-
grad, LeningradRegion,Karelia and Estonia. Prefeasibilitystudy No 12.
Reductionof the environmentaleffectsof Pitkyarantapulp and papermill.

7. Plancenter LTD. 1991. Environmentalpriority action programme for Lenin-
grad, LeningradRegion, Karelia and Estonia. Prefeasibility study No 6.
Development of livestock farming waste management in the LeningradRegi-
on.

8. PlancenterLTD. 1991.Environmental priority actionprogramme for Lenin-
grad, LeningradRegion,Kareliaand Estonia. Synthesisreport.

9. Analysis made by the complex in 1993
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Town or location

of the enterprice
or livestock farm

Type of activity Point of

discharge

Waste water I Number of inhabitants or capacity/a

treatment Products Inhabitants Unit

Capacity/a

P~~oso~orusload References

1987

t/e

1989

tie
1990 1991 1992 Mm Max

t/e tie t/e tie t/a

Offio. No of

of ref. ref.

Nearest drainage area of Lake Ladoga

Prlozersk Municipality Ladoge* 19 600
Lehdenpohja

Sortavala

Municipality

Municipality

Ledoge

Ledoga*
Filtration 12 000

22 800
1.5 1.5

~~1I
1.5 Yes 8

Pltkyaranta Municipality Ledoga 14 800 ~it ~T1~ —

Pitkyaranta Quarry combine Direct+ms Stone material No 2

Pitkyarenta Pulp end paper mill Primary +
Secondary

Unbleached pulp

Tail oil
Urpentine

82000

6 100
1 000

t

t
t

14 14 27 No 3
27 No 3

3.0

25

2.6 3.8

Yes 6
Sinyevlno Prod.comb. Sinjavlnskoya Naziya Biological Poultry

2 540 000 Heads
2.8 3.8 Yes 1
2.6 Yes 7

Putilovo Sovkhoz Dainaye Poljana Cattle 1 200 Heeds 0~5~No 2
Romenovka Sovkhoz Sputnik Morye 2 stage

biolog. pond
Pigs

108 000 Heads

0.07 0.01 0.01 0.01 17 Yes 1

1 Yes 7
5(1993) No 9

Melnikovo Sovkhoz Melnikovo Cattle 20~)Heads No 2
Laskela Paper mill Janisjoki* No treatment Paper + pulp 300 + 12 640 t Yes 1

—
Olonez Municipality Olonka’ 12 200

—-—--——-- “-
5~

Total point source load
Non point source lo ad

Fertilization losses during transport and storage
Runoff from fields

411
120

411
120

411
120

No 2
No 2

Runoff fron~meadows and pastures

Municipal waste water without treatment 222

98
222

98
222

No 2

No 2
Total non point source load I 851

—

Natural load I
Total direct discharges to lake Ladoga

851
.~~

851
~

~

—

1336 1366

Appendix 3 Lake*/Rlver* By map study
ms Municipal sewer

Onega + ms One part directly to Lake Onega,
Phosphorus discharges in the basin of Lake Ladoga one part to the municipal sewer

Estimate
For municipai,ties 0.73 kglinhabitent/a
For cattle 0.44 kglheadla
For natural load 9 kg/km’la

1(4)



By map study

Municipal sower

One part directly to Lake Onega,
Phosphorus discharges in the basin of Lake Ladoga one part to the municipal sewer

l’own or location

Of the enterprice
or livestock farm

Type of activity Point of

discharge

Waste water

treatment

Number of inhabitants or capacity/a [Pl~tos~horusload References

Products Inhabitants Unit 11987
Capacity/a jtia

1989

t/a

1990 1991 1992 Mm Max

t/a t/e t/e t/e t/e

Offic. No of

of ref. ref.

brelnage area of ,lver Volkhov

Movaya Ladoga Municipality Volkhov’ 12300 —

Volkhov Municipality Volkhov Biologic. 50 600 19 23 26 19 26 Yes 1
Volkhov Aluminium plant Volkhov Settling

ponds

Aluminium

Superphosphata

Acid(sulf., phosph.),
Cryolite etc.

20 000
150 000

t
t

19 295 470 19 470 Yes 1
294 No 2
280 Yes 5

359 Yes 8
Kirishi Municipality Voikhov’ 51 900

2

—

No 2Kirishi Blochmicel factory Volkhov 2.2 2.2
Kirishi Oil refinery Tshernaya 2.4 24 23 0.80 24 Yes 1

1 No 2
Ishudovo Municipality Volkhov BiologIc. 17 600

106

12 12 Yes 1
l~Iovgorod Municipality Volkhov’ Mach. + Biologic. 232 700 602 1O~ ~CI2 Yes

No 2~1ovgorod Fibreglass factory ms Fibreglass products 4 300 t I —

Novgorod Fishfactory ms
t 47

No 2
Novgorod Meat processing factory ms 17 000 2
Novgorod Milk processing factory ms Milk + butter 38000+336 It ‘.i No 2
Novgorod Bakery ms 8 000 t

28 12
2

Novgorod Prod, comb. Azot Fartiliz. + chem. 5 537 500 t 30 12 s11 Yes 1
Kiselnya Sovkhoz Tcheplinski Elena’ Cattle 1 200 Heads CJ.~J3 No ~

Ijuban Sovkhoz Ljuban Tigoda~ Cattle 800 Heads 03E 035 No 2
Malaja Vishera Municipality Vishera 15 300 1 1 ~jj

Total point source load 289 1284 —

Non point source load (Includes phosphorus load from Lake Ilmeni) 2 327 1331

Natural load 11 E 115

~otal direct discharg as via river Volkhov 2220 2400 3570 2730 27.10 27)0 No 2

— — — — — — — — — — — — — — — — — — — — —

Appendix 3 Lake ‘lRiver’

ms
Onega + ms

Estimate

For municipalities 0.73 kgfmnhabitant/e

For cattle 0.44 kg/head/a
For natural load 9 kg/km

2/a

2(4)
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Town or location

of the enterprice
or Uvestock farm

‘Type of activity ]~i~ntof Waste water

discharge treatment

[Number of inhabitants or capacityla Phosphorus load References
Products Inhabitants Unit

Capacity/a

1987 1989

t/e t/a

1990 [1991 1992 Mm Max

t/e It/a t/a t/e t/e

Offic. No of

of ref. ref.

Drainage area of river Svlr
~~19 —

Yes 1
Lodeinoye pole Municipality SvIr

4 26 400
Lodeynoye pole Wood processing factory
Podporozhje Municipality Svir’ 23 700 —

NoSovkhoz Podporozhski Svir’ Cattle 1 200 Heads
Total point source load 37 37 —

Non point source load (Inclu
Nature? load

des phosphorus load from Lake Onega) 1 383
L_~0

1383

~

—

—

Total discharges via river Svir — 1460 1320 1750 1510 1510 1510 No 2

Dralnag. area of riv.r Vuokas
Kamennogorak MunicipalIty 4900

— —

YesKemennogorsk Paper mill 0.06 0.12 0.06 0.12 1
Kemennogorsk Quarry

— —

Yes 9
Lesogorsk Municipality 6 800 —

Lesogorsk Syntethic fibre factory 0.12 0.72 0.47 0.12 0.72 Yes 1
Svetogorsk Municipality Vuokse’ 16 200 —

Svetogorsk Pulp and paper mill Mech. + Bleached hardwood pulp 150 000 t
Biologic. + Unbleached softwood kraft pulp 135 000 t
Flotation + Bleached viscosesodiun pulp 130 000 t

Filtration Paper and other products

Sovkhoz Udarnik Biological Poultry 660 000 Heads
Total load from Finland

Total point source load
Non point source load
Natural load
Total discharges via river Vuoksa

36

15 15 15 15
Yes

3
105 83 36 210 1

920

41 —

2.9
250
313
470

~jj~:
910

— No 2

80

2.9

750 1060

2.9
250
487
296

~
2j1~

910

No 3

910

Yes

Yes
No

No

4

7
3

2

Appendix 3 Lake ‘/River By map study
ms Municipal sewer

Onega + me One part directly to Lake Onege,
Phosphorus discharges in the basin of Lake Ladoga one part to the municipal sewer

Estimate

For municipalities 0.73 kglinhabitantle
For cattle 0.44 kg/head/a
For natural load 9 kg/km

2/8

3(4)



Appendix 3 Lake’/River~ By map study ~tt~t~ Estimate

Phosphorus discharges in the basin of Lake Ladoga

ms

Onega + ms

Municipal sewer

One part directly to Lake Onega,
one part to the municipal sewer

town or location
of the enterprica

Type of activity Point of

discharge

Waste water

treatment
Number of nh abitants or capacity/a ~~Ehorus load__________________________________ Reference~.
Products Inhabitants Unit 1987 1989 1990 1991 1992 Mm Max Offmc. Noof

or livestock farm Capacity/a tie t/e t/e t/e t/e t/e t/e of ref.

Drainage ereas of ri vera
5yas, Pasha and Oyat

Syasstroy Municipality Syas’ 18 000 Include dja,E~ load of industry
21 Yes

8

Syasstroy Pulp arid paper mill Ladoga Mech. +

Biologic.

Pulp (sulph.+

Board ÷papor

Tissue
Byproducts

mach.) 0000+60000

0000+79 000

58 000

t
t

t

76 40 21 90 1

~3Q

No 2

No 3

Aleksino Sovkhoz Leninski put Syas Cattle 1 200 Heads

29Tihvin Municipality Tihvin’ 70 400 30 2~’ 30 1

Boksitogorsk Municipality Syss’ 23 800 17

Boksitogorsk Gimnozem Pryadomlya Mach. +

Biologic.

3,1 6.5 0.5 CE 6.6 Yes 1

Pikalyovo Municipality Ryadan’ 26 500 19 19

Pikelyovo Gilnozem Ryazano

Bor Sovkhoz Boksitogorski Syas’ Cattle

Pasha, Sovkhoz Pashsky Voronezhki Mach. + Cattle
Potanino Biological

Total point source load

Nonpointsourcsload

Natural load
Total discharges via other rivers

1 200

20 130
Heads

Heads

~3

P

Q.53

~~_9

No

Yes

2

1

1090 620 1140

C77
1 7f~

950 950

601
~376

950

Yes

No

7

2

~otal disharges In the basin of Lake Ladoga I 7 436~7 4661

4(4)

For municipalities 0.73 kglmnhabitant/a

For cattle 0.44 kg/head/a
For natural load 9 kglkm2/a
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Appendix 4

Development scenarios for Lake Ladoga

Estimate

Town or location

of the enterprice

Type of activity Number of inhabitants or capacity/a Phosphorus load Phosphorus load in different scenarios
Products Inhabitants Unit 1987 1989 1990 1991 1992 Mm Max 0-solution Jintermediate Agreement

or livestock farm Capacity/a tie t/e tie t/a t/a t/e tie t/e It/a t/a

Near.at dralnag. ar.a of Lak. Ladoga
Priozersk Municipality 19 600 ~j4 14 1.4
Lehdenpohja Municipality 12000 1.5 1.5 1.5 1.5 0.88
Sortavala Municipality 22800 1:7 ~‘~i7 17 1,7
Pltkyeranta Municipality 14 800 ~.ift 11 1.1
Pitkyarenta Quarry combine Stone material

Pitkyaranta Pulp end paper mill Unbleached pulp
Tall oil
Urpentine

82 000
6 100
1 000

t

t

t______

14 14 27 27 14
~_____

25
Sinyavino Prod.comb. Sinjavinskoya Poultry

2 540 000 Heads
3.0 2.8 3.8 2.6 3.8 3.2 1.6

2.6
Putllovo Sovtthoz Dainaya Poijena Cattle 1 200 Heads 0.53 0.26
Romenovke Sovkhoz Sputnik Pigs

~_______________

108000 Heads
0.07 0.01

~
0.01 0.01 17 5.0 2.5

5(1993)_____
Melnikovo Sovkhoz Malnikovo Cattle 1 ~0O Heads Q.5~ 0~53~ 0.53 0.26

Laskele Paper mill Paper + pulp 19 300 + 12 640 t
Olonez Municipality 12 200 8.9 0.89
Total point source load 70 100 88 24
Non point source lo ad

Fertilization losses during transport and storage 411 411 411 411 206

Runoff from fields 120 120 120 120 60

Runoff from meadows and pastures 98 98 98 98 49

Municipal waste water without treatment 222 222 222 222 111
Total non point source load I

Natural load I
851 851

~

851

~

851

415

— 426

41S

Total direct discharges to lake Ladoge 1 336 1 366 1354 1109 865

For municipalities 0.73 kglmnhabitant/a
For cattle 0.44 kg/head/a
For natural load 9 kg/km2/a

1(4)



Appendix 4

Development scenarios for Lake Ladoga

For municipalities 0.73 kgfmnhabitant/a
For cattle 0.44 kg/head/a
For natural load 9 kg/km

2/e

Town or location ]Type of activity
of the enterprice
or livestock fern~J

Number of inhabitants or capacity/a Phosphorus load Phosphorus load in different scenarios

Products Inhabitants Unit
CapacIty/a

1987
t/a

1989 1990 1991 1992 Mm
t/e t/e t/e t/a 1/a

Max 0-solution Intermediate Agreement
t/a t/e t/e t/e

Drainage area of river Volkhov
? 0Novaya Ledoga Municipality 12 300 ~.0 9.0 0.90

Volkhov Municipality 50 600 19 23 26 13 2~ 23 3.7

Volkhov Aluminium plant Aluminium
Superphosphate

Acid(sulf., phosph.),
Cryolite etc.

20000
150 000

t
t

19 295 470 . 19 47(1 307 154

294

280
359

Kirishi Municipality 51 900 30 30 38 3.8
Kirishi Biochnical factory 2 2 2 ~.2 2.2 1.1

Kirishi Oil refinery 24 24 23 0.20 24 24 12

Tahudovo Municipality 17 600 12 1~ I~ 12 1.3
Novgorod Municipality 232 700 106 602 l0m~ ~C’ 106 17

Novgorod Fibregless factory Fibreglass products 4 300 t______

~!ygorod Fish factory

Novgorod Meat processing factory 17 000 t______ 47 ~17 .17 47 24
Novgorod Milk processing factory Milk + butter 38 000 + 336 t______ 11 11 11 11 5.5
Novgorod Bakery 8 000 t_____ 0.40 0.40 0 40 0.40 0.20

Novgorod Prod. comb. Azot Fertiliz. + chem. 5 537 500 t______ 28 30 12 12 30 21 10

Kiselnya Sovkhoz Tchaplinski Cattle 1 200 Heads 0.63 0 E3 0.53 0.26

Ljuban Sovkhoz Ljuban Cattle 800 Heads 0.35 0 35 0.35 0.18

Malaja Vmshere Municipality 15 300 1 1 11 11 1.1

Total point source load 288 1 284 612 234

Nonpoint source load (Includes phosphorus load from Lake Ilmeni) 2327 1 3’1 1829 916

Natural load 115 115 115 116

Total direct discharges via river Volkhov 2 220~ 2 400 3 570 2 730 2 ~ 2 I’j — 2556 1910 1264

2(4)
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Appendix 4

Development scenarios for Lake Ladoga

Estimate

I Town or location
of the enterpric.
or livestock feini

iType of activity INumber of inhabitants or capacity/a ~Phosphorusload

Products Inhabitants Unit 1987 1989 1990 1991 1992 Mm
L Capacity/a t/e t/e t/e t/e t/e t/e

Phosphorus load indifferent scenarios
Max
t/e

0-solution Intermediate Agreement

tie t/e t/e

Drainage ar.a of river Svlr
Lodeinoye pole Municlpelity 26 400 ~1:9~ :1& 19 1.9
Lodeynoye poio Wood processing factory

Podporozhje MunicIpality 23 700 ¶7 ‘1:7 17 1 7
Sovkhoz Podporozhski Cattle 1 200 Heads 0.53 0.26

Total point soixce load 37 37 37 3.9
Non point soupee load (Includes phosphorus load from Lake Onega) 1 383 1 383 1383 691
Natural load
Total discharges via river Svir 1 460 1 320 1 750 1 510

9~
1 510

90
1 5101 1510 1148

90
785

Drainage area of river Vuokee
Kamennogorsk Municipality 4 900 3.6 0.36
Kamennogorsk Pepermill 0.06 0.12 0.06 0.12 0.09 0.05
Kamennogorsk Quarry
Lesogorsk Municipality 6 800

.

~ ‘~LO 5.0 0.50
Losogorsk Syntethic fibre factory 0.12 0.72 0.47 0.12 0.72 0.42 0.21
Svetogorsk Municipality 16 200 —- 15 15 15 15 15 1.2
Svetogorsk Pulp and paper mill Bleached hardwood pul 150 000

Unbleached softwood k 135 000
Bleached viscosesodiun 130000

Paper and other products

t
t

t

36 105 83 36 210 210 9.0
41

~1’0
80

SovkhozUdarnik Poultry I 660 000 Heads 2.9 2.9 2.9 2.9 1.6

Total load from Finland 250 250 250 250
Total point soice load 313 487 487 263
Non point source load 470 296 383 191
Natural load .‘~1~7 .127 127 127
Total discharges via river Vuoksa 920 750 1 060 910 910 910 997 789 581

For municipalities 0.73 kgfinhebitantle
For cattle 0.44 kg/head/a
For natural load 9 kg/km2/a

3(4)



Appendix 4 Estimate

Development scenarios for Lake Ladoga

Town or location

of the enterprice

Type of activity Number of inh abitants or capacityle Phosphorus load Phosphorus load in different scene rios~J

Products Inhabitants Unit 19871 1989 1990 1991 1992 Mm Max 0-solution Intermediate Agreement

or livestock farm Capacity/a t/e t/a t/e t/e t/e t/a t/a tie t/e t/e

Drainage areas of ii vera Syas, Pashe and Oyet

Syasstroy Municipality 18 000 Included in phosohorus load of industry 1
Syasstroy Pulp and paper mill Pulp (sulph. +

Board +paper
Tissue

Byproducts

mach.) 120 000 + 60 000

50000+79 000
58 000

t

t

t

76 40 21 21 90 36 7~
39

.~8
90

Aleksino Sovkhoz Leninski put Cattle 1 200 Heads ~0~&3~ 0.53 0.26

Tmhvin MunicIpality 70 400 29 30 29 30 29 5.1

Boksitogorsk Municipality 23 800 .~&17 ~7 17 1.7

Boksito9orsk Glinozem 3.1 6.5 0.5 0.5 6.6 3.6 1.8

6.6
Pikalyovo Municipality 26 500 ~______ .~t9

..

~ 19 1.9

Pikalyovo Glinozem
Bor Sovkhoz Boksitogorski Cattle 1 200 Heeds o~&a~‘ ().53 0.53 0.26

Peshe, Sovkhoz Pashaky Cattle

Potenino
Total point source load

Non point source load
Natural load

Total discharges via other nvers

20 130 Heads 8.9 4.4

1 090 620 1 140 950

97

677

~17~
950

173

601
j176

950

116

639
176

931 724

23

319
176

518

frotel disharges In the basin of Lake Ladoga I 7 436~ 7 4661 7348( 5680~ 4013J

4(4)

For municipalities 0.73 kg/inhabitant/a

For cattle 0.44 kg/head/a
For natural load 9 kg/km

2/a

— — — — — — — — — — — — — — — — — — — — —
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Appendix 5. 1(2) Water quality in Lake Ladoga, August 1993. Intermediate depth is mostly located
halfway between the surface and the bottom.

Whole lake (Location of 22 sampling stations is shown
in next page)

Sampling station 2,
SW part of the lake

Depth 1 m Intermediate depth Near bottom Depth
1 m

Interm
ediate
depth

Near
bottom I

IMean Range Mean Range Mean Range

Colour 36 25-70 35 25-70 34 25-70 30 30 25

Turbidity, FTU 1.2 0.29-5.1 1.0 0.21-3.6 1.1 0.24-5.2 0.87 0.97 0.90

pH 7.8 7.6-8.1 7.6 7.2—7.9 7.4 6.6-7.7 7.9 7.8 7.3

Conductivity,
mS/rn

10.2 8.0-14.9 10.3 9.0-15.0 10.1 9.3-12.1 10.5 10.4 9.8

COD(Mn), mg
02/ 1

8.8 7.5-16 8.4 7.1-18 7.7 6.9-10 7.5 7.2 7.1

Oxygen, mg/i 9.7 8.2-11.2 10.4 7.2-13.0 10.6 0.3-13.5 9.6 9.6 10.8

Oxygen, % 99 85-107 95 75-102 88 3-103 99 99 90

Total
phosphorus,
pg/i

24 12-71 22 12-73 27 12-170 12 13 13

Total nitrogen,
pg/i

670 580-850 650 540-820 690 580-1200 590 580 700

Iron, pg/i 110 40-470 110 37-510 140 34-890 47 39 73

Manganese, pg/i 14 <5-74 13 <5-76 43 <5-610 7 8 11

Aluminium, pg/i 41 13-150 45 14-170 48 17-130 22 20 36

Cadmium, pg/i <0.1 <0.1 <0.1 <0.1-0.7 <0.1 <0.1-0.1 <0.1 0.7 <0.1

Copper, pg/i <1 <1—1.7 <1 <1—1.7 <1 <1—1.3 <1 <1 <1

Zinc, pg/i 2 1-3 2 <1-5 2 <1-4 2 2 2

Nickel, pg/i <1 <1—1 <1 <1—1 <1 <1—1 <1 <1 <1

Cobalt, pg/l <1 <1 <1 <1 <1 <1 <1 <1 <1



Appendb~5. 2(2) Sampling stations in August 1993
(Niinioja et al 1993).

I
I

0 20 40 60 80 100 km
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Appendix 6. 1 (6) Water quality in Neva River, years 1991-1993.
The figures represent the mean quality and maximum values of raw water of four
drinking water plants utilizing Neva’s water.

Year 1993,
january-august

Year 1992 Year 1991

Mean ‘Max. Mean J Max. Mean Max
Colour 28 32 29 36 27 41
pH 7.5 8.8 7.4 9.0 7.4 8.7
Alkalinity, meqv/i 0.45 0.54 0.47 0.65 0.48 0.60
COD(Mn), mg 02/1 7.6 9.8 7.3 10.5 7.7 11.5
COD(Cr), mg 02/i 23 27 22 32 20 32

Oxygen, mg/i 12.3 14.4 11.7 13.8 11.1 13.6
Total phosphorus, pg/i 27
Ammonia, mg/i 0.19 0.98 0.20 0.71 0.28 1.7
Nitrate, mg/i 1.9 3.1 1.9 2.5 1.4 2.2
Nitrite, mg/i 0.017 0.033 0.02 0.066 0.019 0.035
Chloride, mg/i 7.1 8.7 7.3 10.2 8.1 14.2
Sulphate, mg/i 10.4 17.3 13.0 26 11.8 27
Hardness,
meqv/1

1.0 5.6 0.77 1.3 0.73 1.0

Oils, mg/i 0.05 0.05 0.05 0.05 0.07 0.5
Faecal coliform bacteria, 1/mi 109 700 87 700
Iron, mg/l 0.07 0.10 0.10 0.41 0.11 0.41
Aluminium, mg/i 0.02 0.08 0.04 0.32 0.02 0.09
Copper, pg/i 3 6 3 7 4 12
Nickel, pg/i 4 28 6 25 7 26
Zinc, pg/i 11 43 12 27 9 29
Cadmium, pg/i 1 1 1 1 6 10
Chromium, pg/i 10 10 10 10 10 10
Lead, pg/i 1 14
Cobalt, pg/i 30 80 30 110 20 80



Appendix 6. 2(6) Water quality in Neva River, year 1991. The figures represent the quality of raw
water of four drinking water plants utilizing Neva’s water.

Southern drinking
water_plant

Northern drinking
water plant

Main drinking
water_plant

Voikovsky drinking
water plant

Mean Max. Mean Max. Mean Max. Mean J Max.

Colour 28 34 25 33 28 34 28 41
pH 7.3 7.8 7.35 8.0 7.5 8.0 7.4 8.5
Alkalinity,
meqv/l

0.49 0.53 0.47 0.51 0.48 0.53 0.46 0.5].

COD(Mn), mg 02/1 7.5 9.9 7.8 9.9 7.0 9.8 8.0 10.4
COD(Cr), mg 02/i 19.5 26.5 20.2 24.5 19.7 24.5 20.5 31.5
Oxygen, mg/i 11.1 13.6 11.3 13.6 10.9 13.1 11.1 13.4

Ammonia, mg/i 0.24 0.53 0.22 0.33 0.21 0.39 0.21 0.44
Nitrate, mg/i 1.50 2.21 1.45 1.98 1.44 1.98 1.35 2.12
Nitrite, mg/i 0.018 0.032 0.016 0.028 0.021 0.035 0.019 0.033
Chloride, mg/i 8.9 14.2 7.7 8.1 8.1 8.8 7.7 9.0
Sulphate, mg/i 11.3 17.1 10.6 14.3 12.1 16.9 12.3 27.1
Hardness,
meqv/l

0.75 0.82 0.67 0.77 0.72 0.78 0.76 1.0

Oils, mg/i 0.07 0.3 0.06 0.11 0.09 0.34 0.05 0.10
Faecai coliform
bacteria, 1/mi
Iron, mg/l 0.09 0.18 0.09 0.18 0.13 0.34 0.10 0.26
Aluminium, mg/i 0.01 0.02 0.02 0.04 0.02 0.09 0.02 0.07
Copper, pg/i 3 4 5 7 5 12 4 7
Nickel, pg/i 6 16 12 26 5 13 4 11
Zinc, pg/i 7 17 3 10 13 29 13 21
Cadmium, pg/i 6 10 8 10 6 10 6 10
Chromium, pg/i 10 10 10 10 10 10 10 10
Lead, pg/L 10
Cobalt, pg/i 20 70 10 40 10 30 20 40

— — — — — — — — — — — — — — — — — — — — —
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Appendix 6. 3(6) Water quality in Neva River, year 1992. The figures represent the quality of raw
water of four drinking water plants utilizing Neva’s water.

Southern drinking
water plant

Northern drinking
water plant

Main drinking
water plant

Voikovsky drinking
water plant

Mean Max. Mean Max. Mean Max. Mean Max.

Colour 29 34 28 30 29 32 29 33
pH 7.3 7.6 7.4 8.0 7.3 7.6 7.3 7.5
Alkalinity,
meqv/l

0.48 0.52 0.46 0.51 0.47 0.52 0.47 0.51

COD(Mn), mg 02/i 7.2 7.7 7.0 8.1 7.5 10.5 7.4 8.9
COD(Cr), mg 02/1 21.4 25.0 22.5 28.1 21.9 27.4 23.6 32.2
Oxygen, mg/i 11.8 13.8 11.6 13.5 11.5 13.3 11.7 13.6
Ammonia, mg/i 0.16 0.25 0.18 0.26 0.18 0.31 0.19 0.27
Nitrate, mg/i 1.88 2.43 1.82 2.07 1.86 2.52 1.88 2.25
Nitrite, mg/i 0.017 0.033 0.016 0.034 0.022 0.066 0.022 0.046

Chioride, mg/i 7.6 10.2 7.1 8.2 7.2 8.3 7.2 8.4
Sulphate, mg/i 13.7 26.3 12.5 20.5 12.5 22.4 13.3 21.6
Hardness,
rneqv/l

0.75 1.2 0.75 1.0 0.77 0.95 0.82 1.3

Oils, mg/i 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05
Faecai coliform
bacteria, 1/mi

12 70 1 6 210 700 24 240

Iron, mg/l 0.08 0.12 0.10 0.20 0.11 0.16 0.12 0.41
Aluminium, mg/i 0.02 0.05 0.04 0.15 0.03 0.08 0.06 0.32
Copper, pg/i 3 7 3 5 3 5 4 7
Nickel, pd/i 5 11 5 13 6 25 6 16

Zinc, pg/~ 8 16 11 25 12 19 11 27
Cadmium, pg/i 1 1 1 1 1 1 1 1
Chromium, pg/i 10 10 10 10 10 10 10 10
Lead, pg/l
Cobalt, pg/i 20 30 30 80 20 60 40 110



Appendix 6. 4(6) Water quality in Neva River, January-August 1993. The figures represent the
quality of raw water of four drinking water plants utilizing Neva’s water.

Southern drinking
water plant

Northern drinking
water plant

Main drinking
water_plant

Voikovsky drinking
water_plant

Mean Max. Mean Max. Mean Max. Mean Max.

Colour 28 32 28 32 27 31 28 32
pH 7.4 8.0 7.6 8.7 7.5 8.7 7.6 8.8
Alkalinity,
meqv/l

0.46 0.54 0.44 0.46 0.43 0.48 0.45 0.50

COD(Mn), mg 02/i 7.8 8.8 7.8 9.2 7.6 9.8 7.7 9.6
COD(Cr), mg 02/1 22.8 25.5 22.9 26.6 23.9 26.5 22.4 27.3
Oxygen, mg/i 12.2 14.3 12.1 14.0 11.7 13.8 12.2 13.8
Ammonia, mg/i 0.18 0.32 0.13 0.22 0.12 0.18 0.13 0.25
Nitrate, mg/i 1.93 3.08 1.81 2.65 1.74 2.59 1.88 2.94
Nitrite, mg/l 0.017 0.026 0.014 0.016 0.019 0.033 0.016 0.024
Chloride, mg/i 7.7 8.8 6.8 7.5 6.5 8.6 7.1 8.2
Sulphate, mg/i 10.7 17.3 10.3 15.1 10.0 16.5 10.0 13.8
Hardness,
meqv/i

0.94 1.1 1.5 5.6 0.87 0.95 0.93 1.1

Oils, mg/i 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05
Faecal coiiform
bacteria, 1/mi

15 70 3 6 370 700 3 6

Iron, mg/i 0.06 0.09 0.06 0.10 0.07 0.09 0.06 0.08
Aluminium, mg/i 0.02 0.02 0.02 0.04 0.02 0.03 0.02 0.04
Copper, pg/i 4 6 3 6 3 6 3 6
Nickel, pg/i 6 28 3 8 3 5 3 5
Zinc, pg/i 7 12 10 17 22 43 7 9

Cadmium, pg/i 1 1 1 1 1 1 1 1

Chromium, pg/i 10 10 10 10 10 10 10 10
Lead, pg/~]. 1 6 2 14
Cobalt, pg/i 30 60 30 80 30 70 30 70

— — — — — — — — — — — — — — — — — — — — —



Appendix 6. 5(6) Water quality in Neva River, September 1993.
The figures represent the quality of raw water
of two drinking water plants utilizing Neva’s
water.

Southern drinking
water plant

Main drinking
water plant

Oxygen, mg/i 10.9 10.7

Turbidity, FTU 2.4 2.4
Suspendedsolids, mg/i 4.2 3.8
Conductivity, mS/rn 10.4 10.2
Aikalinity, rneqv/i 0.52 0.51

pH 7.6 7.7
Colour 35 35

COD(Mn), mg 02/1 8.2 8.0
COD(Cr), mg 02/i 26 27
Total nitrogen, pg/i 660 660
Nitrate, pg NO3-N/i 270 250

Nitrite, pg N02-N/i 2.0 2.0
Ammonia, pg NH4-N/i 13 25

Total phosphorus, pg/i 27 26
Phosphate, pg/i <1 1
Chloride, mg/i 7.2 7.0
Total iron, pg/i 150 170
Iron, filtered sample,
pg/ 1

39 47

Sulphate, mg/i 13 14
Faecal coliform bacteria
(44 °C), 1/100 ml

930 10000

Coliform bacteria
(35 °C),__1/100_ml

1500 11000

Total hardness, meqv/l 0.05 0.04
Zinc, pg/i 1.5 18
Selenium, pg/i 0.49 1.2
Nickel, pg/i 0.98 1.2

Lead, pg/i 0.18 0.17
Copper, pg/i 0.82 0.82
Chromium, pg/i 0.82 0.82
Cadmium, pg/i 0.014 <0.005
Aluminium, pg/i 50 72
Arsene, pg/i 0.36 0.35
Barium, pg/i 15 14
Boron, pg/i 12 .- -11
Manganese, pg/i 6.5 9.2-.



Appendix6. 6(6) Reportedwaterquality of the Nevain 1985 and 1990.

Parametre Unit Gost
norm

1985
mean

1985
max

1990
mean

1990
max

Turbidity mg/I 20 3.78 15.2 11.1 134.9
Colour degrees 35 33 43 32 59
pH 6.5-8.5 7.1 8.3 7.5 8.3
Iron mg/I 1.0 0.11 0.26 0.21 0.41
CODMfl mg/i 7 10.5 11.8 10.21 12.08
Nitrate mg/i 45 0.75 1.99 1.35 1.87
Ammonia mg/i 2 0.15 0.36 0.08 0.26
Nitrite mg/i 33 0.007 0.28 0.011 0.023
Chloride mg/i 350 6.2 8.0 7.8 8.3

Sulfate mg/i 500 8.8 16.0 10.7 13.7
Hardness meqv/l 0.65 0.79 0.73 0.83
TS mg/i 58.4 93.8 77.7 86.8
Ignition loss
Molybdene

mg/i
mg/i 0.25

31.8
less

49.2
0.0025

33.4
-

41.4
5*10~

Copper mg/i 1.0 0.04 0.09 0.006 0.02
Lead mg/i 0.03 0.01 0.015 0.003 0.0037
Arsene mg/i 0.05 less 0.01 0.01 0.01
Zinc mg/i 1.0 0.13 0.17 0.01 0.04
Coli Bact. pcs/i 1000 6200 2.4*106 500 2.4*1O~
Beryllium mg/i 0.0002 - -

Cadmium mg/i 0.001 - -

Cobolt mg/i 0.1 0.02 0.06
Manganese mg/i 0.1 0.01 0.02
Nickel mg/i 0.1 - 0.02
Mercury mg/i 0.0005 - -

I
I

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

I
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Appendix 7. 1(6) Drinking water quality in St. Petersburg, years 1991-1993. The figures represent
the mean quality and maximum values of drinking water produced by five drinking
water plants.

Year 1993,
january-august

Year 1992 Year 1991

Mean Max. Mean Max. Mean Max

Colour 15 22 16 20 16 20

pH 6.8 7.0 6.7 7.0 6.8 7.2

Alkalinity, meqv/i 0.32 0.38 0.33 0.39 0.34 0.45
COD(Mn), mg 02/1 5.6 6.4 5.6 6.7 4.9 6.8

COD(Cr), mg 02/1 17.8 22.3 16.8 21.8 13.3 23.1

Oxygen, mg/i 13.0 15.3 12.5 15.1 11.9 15.3

Ammonia, mg/i 0.30 0.66 0.25 0.54 0.29 0.62
Nitrate, mg/i 1.89 3.52 1.82 2.45 1.43 2.66
Nitrite, mg/i 0.006 0.016 0.006 0.023 0.007 0.026
Chloride, mg/i 8.7 11.3 9.5 11.2 10.2 14.4
Sulphate, mg/i 15.0 22.6 17.5 38.4 15.3 24.7

Hardness,
meqv/i

1.14 9.14 0.81 1.20 0.77 1.02

Oils, mg/i 0.05 0.05 0.05 0.05 0.08 0.50

Iron, mg/i 0.04 0.09 0.06 0.12 0.07 0.28

Aluminium, mg/i 0.20 0.54 0.22 0.75 0.29 0.45

Copper, pg/i 3 6 3 6 3 12

Nickel, pg/i 2 8 3 9 3 10
Zinc, pg/i 9 35 9 70 13 120
Cadmium, ~g/l 1 1 1 6 10
Chromium,~ pg/i 10 10 10 10 10 10

Lead, pg/i 8

Cobalt, pg/i 20 60 10 50 10 50
Residue chlorine, mg Cl2/l 1.05 1.20 1.05 1.2 1.03 1.20



Appendix 7. 2(6) Drinking water quality in St. Petersburg, year 1991.

Southern
drinking water
plant

Northern Main drinking
drinking water water plant
plant

Petrogradsky
drinking water
plant

Volkovsky
drinking water
plant

Mean Max. Mean Max. Mean Max. Mean Max. Mean Max.
Colour 15 20 14 19 15 20 17 20 15 20
pH 6.7 6.9 6.7 6.8 6.8 7.0 6.9 7.2 6.7 7.0

Alkalinity,
meqv/l

0.34 0.39 0.33 0.37 0.35 0.39 0.37 0.45 0.34 0.40

COD(Mn), mg 02/1 4.6 6.4 4.5 5.8 4.7 6.2 5.4 6.8 5.3 6.6
COD(Cr), mg 02/i 12.3 15.8 13.0 17.8 14.2 23.1 13.8 19.9 14.2 23.1
Oxygen, mg/i 11.9 13.5 12.2 14.7 11.7 15.3 12.3 13.9 11.4 14.0
Ammonia, mg/i 0.27 0.62 0.26 0.39 0.22 0.44 0.33 0.44 0.22 0.44
Nitrate, mg/i 1.53 2.66 1.27 1.94 0.28 0.45 0.31 0.45 0.28 0.36
Nitrite, mg/i 0.008 0.026 0.007 0.016 0.006 0.014 0.008 0.021 0.006 0.014
Chloride, mg/i 10.6 14.4 10.0 11.6 10.0 10.7 10.3 11.8 10.0 10.8
Sulphate, mg/i 15.0 23.8 15.8 20.4 16.4 24.7 14.0 20.9 15.2 22.3
Hardness,
meqv/l

0.77 0.90 0.75 0.80 0.76 0.85 0.78 0.84 0.78 1.0

Iron, mg/i 0.09 0.16 0.05 0.16 0.08 0.28 0.10 0.22 0.05 0.11

Aluminium, mg/i 0.31 0.43 0.25 0.37 0.28 0.45 0.31 0.45 0.28 0.36

Copper, pg/i 3 7 4 8 4 12 4 7 3 6

Nickel, pg/i 3 10 2 10 2 10 3 10 3 10
Zinc, pg/i 19 120 11 20 12 20 11 16 11 20

Cadmium, pg/i 6 10 6 10 6 10 6 10 6 10
Chromium, pg/i 10 10 10 10 10 10 10 10 10 10

Cobalt, pg/i 10 50 10 20 10 10 10
Detergents, pg/i 8 12 12 30 11 18 14 20 9 13

Residue
chlorine, mg
Cl2/i

1.00 1.20 1.09 1.20 1.04 1.20 0.97 1.20 1.07 1.20

— — — — — — — — — — — — — — — — — — — — —
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Appendix 7. 3(6) Drinking water quality in St. Petersburg, year 1992

Southern
drinking water
plant

Northern
drinking water
plant

Main drinking
water plant

Petrogradsky
drinking water
plant

Volkovsky
drinking water
plant

Mean Max. Mean [Max. Mean Max. Mean [Max. Mean Max.

Colour 15 18 15 20 16 20 18 20 15 19
pH 7.7 6.9 6.7 6.9 6.8 7.0 6.8 6.9 6.7 6.8
Alkalinity,
meqv/1

0.33 0.39 0.31 0.35 0.34 0.37 0.35 0.39 0.32 0.37

COD(Mn), mg 02/i 5.6 6.4 5.3 6.0 5.8 6.7 6.0 6.5 5.5 6.3

COD(Cr), mg 02/1 15.5 20.8 17.4 20.8 15.7 21.6 17.9 21.8 17.7 21.8
Oxygen, mg/i 12.4 14.4 12.4 15.1 12.1 14.2 13.3 14.7 12.2 13.9
Ammonia, mg/i 0.15 0.46 0.18 0.36 0.36 0.50 0.36 0.54 0.21 0.32
Nitrate, mg/i 1.89 2.45 1.77 2.01 1.79 2.20 1.87 2.03 1.78 2.16
Nitrite, mg/i 0.007 0.023 0.004 0.009 0.007 0.021 0.006 0.010 0.006 0.021
Chloride, mg/i 9.8 11.2 9.7 11.0 9.3 10.4 9.4 10.4 9.4 10.3
Sulphate, mg/i 18.4 35.1 18.2 27.0 17.6 31.5 16.6 29.9 16.8 38.4
Hardness,
meqv/i

0.82 1.15 0.80 1.20 0.82 0.95 0.80 0.90 0.82 1.20

Iron, mg/i 0.05 0.07 0.04 0.09 0.06 0.10 0.08 0.11 0.05 0.12
Aluminium, mg/i 0.16 0.25 0.17 0.43 0.25 0.49 0.26 0.47 0.24 0.75
Copper, pg/i 3 6 3 5 3 4 3 6 2 4
Nickel, pg/i 2 3 3 7 3 7 3 9 3 5
Zinc, pg/i 11 70 6 14 12 55 7 11 7 16

Cadmium, pg/i 1 1 1 1 1 1
Chromium, ‘pg/i 10 10 10 10 10 10 10 10 10 10
Cobalt, pg/i 10 40 20 50 10 30 iO 20 20 50

Detergents, pg/i 12 15 10 14 11 22 13 22 11 17
Residue
chlorine, mg
Ci2/l

i.06 1.20 1.06 1.18 1.07 1.20 0.94 1.20 1.13 1.20



Appendix 7. 4(6) Drinking water quality in St. Petersburg, january-august 1993.

Southern
drinking water
plant

Northern
drinking water
plant

Main drinking
water plant

Petrogradsky
drinking water
plant

Volkovsky
drinking water
plant

Mean Max. Mean Max. Mean Max. Mean Max. Mean Max.

Colour 14 19 14 18 16 22 17 20 12 19
pH 6.7 6.8 6.7 6.8 6.8 6.9 6.9 7.0 6.7 7.0
Alkalinity,
meqv/l

0.31 0.36 0.31 0.33 0.33 0.35 0.36 0.38 0.31 0.35

COD(Mn), mg 02/1 5.3 6.2 5.4 6.2 5.7 6.4 5.9 6.1 5.6 6.2
COD(Cr), mg 02/i 18.0 20.6 18.5 22.3 18.6 21.4 16.9 21.6 i7.2 20.6

Oxygen, mg/i 12.9 15.2 12.7 14.8 12.3 14.6 14.3 15.3 12.6 14.5
Ammonia, mg/i 0.23 0.44 0.23 0.36 0.41 0.66 0.41 0.56 0.19 0.29

Nitrate, mg/i 2.04 3.52 1.80 2.67 1.74 2.46 2.17 2.71 1.70 2.58
Nitrite, mg/i 0.007 0.016 0.007 0.016 0.006 0.007 0.006 0.008 0.005 0.007
Chloride, mg/i 9.3 11.3 8.7 9.8 7.4 9.6 9.1 9.2 8.8 10.1
Sulphate, mg/i 14.9 22.6 15.5 22.5 14.5 21.8 14.8 17.4 15.5 22.0
Hardness,
meqv/1

0.95 1.15 1.97 9.14 0.90 0.97 0.91 0.97 0.97 1.17

Iron, mg/i 0.05 0.09 0.03 0.05 0.04 0.05 0.05 0.06 0.04 0.05

Aluminium, mg/i 0.18 0.28 0.19 0.29 0.21 0.35 0.18 0.24 0.27 0.54

Copper, pg/i 3 6 3 6 2 4 3 4 2 5

Nickel, pg/i 3 8 2 3 2 4 2 3 3 5

Zinc, pg/i 9 23 10 24 12 35 7 8 6 9
Cadmium, pg/i 1 1 1 1 1 i 1 1 1
Chromium, pg/i 10 10 10 10 10 10 10 10 10 10
Cobalt, pg/i 30 50 10 10 20 60 20 30 20 60

Detergents, pg/i 9 15 12 22 10 — 13 9 14 10 14
Residue ‘

chlorine, mg
Cl2/i

1.10 1.19 1.01 1.17 0.99 1.12 1.06 1.10 1.12 1,20

— — — — — — — — — — — — — — — — — — — — —



Appendix 7. 5(6) Drinking water quality in two drinking water
plants of St. Petersburg, september 1993.

Southern drinking
water plant

Main drinking
water plant

Turbidity, FTU 1.3 1.0

Conductivity, mS/m 11.8 11.0

Alkalinity, meqv/1 0.33 0.34

pH 6.7 6.8

Colour 15 15

COD(Mn), mg 02/1 4.7 5.3
Total nitrogen, pg/i 1000 930

Nitrate, pg NO3-N/1 280 260
Nitrite, pg N02-N/i <1.0 <1.0

Ammonia, pg NH4-N/i 430 340
Total phosphorus, pg/i 7 8
Phosphate, pg/i <1 <1

Chloride, mg/i 8.2 8.2
Total iron, pg/i 50 45
Iron, filtered sample,
pg/i

17 18

Sulphate, mg/i 22 19

Faecal coliform bacteria
(44 °C), 1/100 ml

0 0

Coiiform bacteria
(35 °C), 1/100 ml

0 0

Total hardness, meqv/1 0.04 0.04
Zinc, pg/i 2.6 1.8
Selenium, pg/i 0.49 0.45

Nickei, pg/i 0.81 0.82

Lead, pg/i 0.020 0.010
Copper, pg/i 1.6 1.3
Chromium, pg/i 0.65 0.64

Cadmium, pg/i 0.011 <0.005

Aluminium, pg/i 290 180

Arsene, pg/i 0.29 0.30

Barium, pg/i 14 14
Boron, pg/i ii ii
Manganese, pg/i 3.1 3.8

Natrium, pm/i 5.0 5.0



Appendix 7. 6(6) TheQuality of Rawand Drinking WaterSamplesTakenby
Kymi Water andEnvironmentDistrict 1992

I
I

Point of sampling

I
I
I
I
I
I
I
1
I
I
I
I
I
I
I
I
I
I

I
Parameter Unit Raw water

(untreated)of
Main Water
Supply Plant

Distributedwater
(treated)from
Main Water
Supply Plant

Drinking water
(Hotel St.
Petersburg)

Drinking
water
(Politolog.
institut
dormitory 1)

Date 25.05.92 25.05.92 27.05.92 02.08.92

Temperature °C 11 11 18

pH 7,5 6,7 6,6 6.7

Conductivity mS/rn 10,2 11,4 11,3 10,4

Turbidity FTU 1,1 - 1,1 1,8 0,9

Color mgPt/l 35 ‘ 20 35 15

Alkalinity rnmolll 0,50 0,33 0,29 0,31

Total hardness mniol/l 0,32 0,33 0,35 0,34

Suspendedsolids (SS) mg/I 3,5 1,7 2,3

COD~ mgO2/l 7,0 4,6 4,1

KMnO4-figurc mg/I 28 18 16 18

TOC mg/I 7,6 5,9 5,6

Nitrite+Nitrate
(NO~+N03—N)

mgN/I 0,28 0,29 0,37 0,34

Ammomurn (NH4—N) mgN/1 0,038 0,36 0,20 0,35

Total phosphorus ~igP/l 22 9 8

Chloride mgClfl 6,8 8,3 8,8

[ron mgFe/l 0,16 0,061 0,74 0,12

Manganese ingMn/I 0,020 0,017 0,014

Thermotolerant
coliform
bacteria(44°C)

CFtJper
lOOmI

0 0

Total coliform bacteria
(35°C)

CFU per
lOOmI

0 0 0 0

Faecalstreptococci CFU per
lOOmI

0

Fluoride mgF/l 0,090 0,070 0,070

Arsenic mgAs/l <0,001 <0,001 <0,001

Cadmium mgCd/l <0.0001 <0,0001 <0.0001

Lead mgPb/l <0,001 <0,001 <0,001

Chromium — mgCr/l’ 0,003 <0,001 <0,001

Nickel mgNi/l <0,001 <0,001 <0,001 -

Aluminium — mgM/l 0,130 0,320 0,330

Copper mgCu/l 0,003 0,002 0,002

Zinc mgZn/l 0,125 0,112 0,150



— — — — — — — — — — — — — — — — — — — — —

Appendix 8. 1(3) Water quality in River Ohta (River Neva’s tributary, discharging directly to
Neva) in May-October, years 1990-1992.

Year 1992 Year 1990
Mm. Mean Max. Miii. Mean Max. Mm. Mean Max.

Colour 53 59 76 55 81 89 35 74 85
pH 7.2 7.0 7.5 7.8 7.0 7.2 7.5
COD(Mn), mg 02/i 11 14 19 13 17 19 13 16 20
Oxygen, mg/i 2.3 4.1 6.5 2.0 3.9 7.8 3.2 6.2 9.2
Ammonia, mg/i 0.14 2.8 4.1 1.7 3.1 5.5 1.1 1.7 2.0
Nitrate, mg/i 0.40 1.5 2.9 0.30 1.2 2.6 9.9 11 12

Nitrite, mg/i 0.i4 0.90 1.6 0.14 0.30 0.48 0.27 0.43 0.58

Chloride, mg/i 24 32 70 26 38 60 19 30 36
Sulphate, mg/i 25 32 41 18 26 45 21 37 58
Oils, mg/i 0.30 1.0 3.6 0.40 0.60 1.6 0.05 0.10 0.16

Faecai coliform
bacteria, 1/mi

13,000 320,000 2.4•i0~ 2,400 6,000 2.4.1012 7,000 610,000 2.4.106

Iron, mg/i 0.22 0.48 0.60 0.30 1.4 2.6 0.50 0.88 1.4

Aluminium, mg/i

Copper, pg/i
Nickel, pg/i
Zinc, pg/i
Cadmium, pg/i
Chromium, pg/i
Lead, pg/i
Cobalt, pg/i



Appendix 8. 2(3) Water quality in River Siavyanka (River Neva!s tributary, discharging directly
to Neva) in May-October, years 1990-1992.

Year 1992 Year 1991 Year 1990
Mm. J__Mean Max. Mm. Mean Max. Mm. Mean Max.

Colour 53 58 67 48 78 104
pH 7.5 7.7 8.2 6.9 7.8 8.4 7.0 7.6 8.1
COD(Mn), mg 02/1 13 28 54 15 23 38 11 24 36
Oxygen, mg/i 7.4 7.9 8.9 5.8 7.5 8.3 7.6 8.3 9.2
Ammonia, mg/i 0.52 4.0 7.8 0.39 2.2 3.9 1.3 4.2 6.5

Nitrate, mg/i 4.3 7.7 ii 3.0 7.9 11 2.9 6.2 11

Nitrite, mg/i 0.004 0.34 0.69 0.033 0.35 0.79 0.10 0.58 1.2
Chloride, mg/i 32 39 45 18 33 52 16 26 44
Sulphate, mg/i 22 35 68 18 37 61 17 28 50
Oils, mg/i 0.004 0.08 0.40 0.01 0.29 0.40 0.01 0.01 0.016
Faecal coliform
bacteria, 1/mi

2.4~~i0~

Iron, mg/i 0.01 0.11 0.34 0.80 1.2 1.5 0.30 1.1 2.2
Aluminium, mg/i

Copper, pg/i 0.006 0.02 0.068 0.01 0.02 0.035
Nickel, pg/i 0.004 0.04 0.04 0.015
Zinc, pg/i 0.05 0.21 0.36 0.003 0.30 0.71
Cadmium, pg/i 0.001 0.0015 0.002 0.001

Chromium, pg/i
Lead, pg/i 0.004 0.01 0.04
Cobalt, pg/i

— — — — — — — — — — — — — — — — — — — — —
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Appendix 8. 3(3) Water quality in River Izhora (River Neva’s tributary,
Neva) in January-December, years 1990-1992.

discharging directly to

[ Year 1992 Year 1991 Year 1990

[ Mm. Mean Max. Mm. Mean_1 Max. Mm. Mean Max.

Colour
pH 7.8 8.2 8.4 7.7 7.9 8.0 7.4 7.7 8.4

COD(Mn), mg 02/1
Oxygen, mg/i 4.3 7.1 9.8 7.9 8.8 9.9 6.2 7.6 8.7
Ammonia, mg/i 4.4 4.9 13 2.2 4.4 7.3 1.9 3.8 9.6
Nitrate, mg/i 2.8 16 18 4.8 8.6 9.8 3.6 8.4 9.8
Nitrite, mg/i 0.038 0.09 0.25 0.06 0.10 0.19 0.04 0.085 0.18

Chloride, mg/i 34 45 60 42 46 57 43 50 60

Sulphate, mg/i 41 48 94 23 26 31 20 32 40
Oils, mg/i 0.30 0.52 0.60 0.30 0.44 0.60 0.37 0.42 0.65

Faecal coliform
bacteria, 1/mi

7,000 700,000 2,400 24,000 700 700,000

Iron, mg/i 0.26 0.62 0.85 0.29 0.57 1.1 0.27 0.80 0.91

Aluminium, mg/i

Copper, pg/i 0.11 0.15 0.038 0.06 0.10 0.01 0.04 0.07
Nickel, pg/i 0.007 0.023 0.01 0.06 0.12
Zinc, pg/i 0.022 0.15 0.0037 0.07 0.029 0.04
Cadmium, pg/i

Chromium, pg/i 0.003 0.021 0.007 0.02 0.012 0.02

Lead, pg/i

Cobalt, pa/i
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Appendix9 Seasonaland annualphosphorusbalanceof LakeLadoga

Abbrevi
ation

Winter Spring Summer Autumn Whoie~~
yea~r~~

No of
days: 121

No of
days: 47

No of
days: 106

No of
days: 91

Nf~-
dà:~65~

OUTCOMES

Phosphorus loss through lake 0 5,678.64 5,377.73 5,516.87 5,163.63 ~5~64,5].~
outlet, kg/d

Gross sedimentation, kg/d G 17,670.00 32,332.34 48,009.06 35,340.00

4’

32,7-74.2P
Change in the amount of phospho- dM/dt -1,158.68 15,584.04 -2,493.68 -3,603.52 ~O004
rus in the lake water, kg/d

SUM - ~ ~ L ~. I 22,l89.~7~5~12g4.1~151,032.25, 36,90O.11~

-~

3BL~~~238.73

INCOMES ;

External loading, kg/d E 18,228.32 23,021.08 21,588.58 20,650.42 20,425.19

Internal loading, kg/d I 3,961.65 30,273.03 29,443.66 16,249.69 17,813.54

SUM 22,189.97 53,294.11 51,032.257 36;goo.11L 38i238.73

Net sedimentation*, kg/d N 13,708.35 2,059.31 18,565.39 19,090.31 ~4,96O.68

Quotient N/E 0.75 0.09 0.86 0.92 0.73-~

Quotient I/E 0.22 1.32 1.36 0.79 0.87

*) Net sedimentation is defined as Gross sedimentation minus Internal loading.

In this case Ladoga’s gross sedimentation have been estimated undirectly by using values found in
Finnish and international literature, because experimentally determined values for gross sedimen-
tation were not available.

It must be noted that the figures in the table have not been rounded because of reasons connected
only with computation technique and the exact balance of the calculation. The true accuracy of
figures extends at the most to two first significant numbers of each presented value.
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Appendix 10

Finnish raw water classificationof surface water

Substance Limits of valuesin differentclasses

I Excellent H Good III Satis-
factory

IV Poor V Un-
suitable

Maximum temperature,°C < 15 15-20 20 - 25 20 - 25 > 25

Visibility depth,m > 3.5 >2.5 1.5 - 2.5 0.5 - 1.5 -

CODMfl, 02 mg/i < 3.8 3.8-10 10 - 20 20 - 30 > 30

Colour, standardscale < 15 15-70 70 - 150 150 - 200 > 200

pH 6.5-7.5 - - - -

Oxygen02, % of saturationvalue 80- 110 80-110 60- 125 40- 150 <40 or
>150

Turbidity, FTU < 1 - - - -

Iron Fe, ~rg/i < 200 200-500 500-2,000 2,000-5,000 -

ManganeseMn, /Lgfl < 10 10 - 30 30 - 100 100 - 1,000 >1,000

Total phosphorusP, ~rg/i < 10 10 - 25 25 - 50 50 - 100 > 100

A-chlorophyll, ~g/l
(growing season’smeanvalue)

< 2 2 - 5 5 - 20 20 - 100 > 100

Total coliforms (35 °C),
pcs/lOOml

only occasion-
ally and <10

< 50 50 - 100 100-1,000 > 1,000

Faecalcoliforms(44 °C),
pcs/ 100 ml

only occasion-
ally and <3

< 10 10 - 50 50 - 500 > 500

Wet weight of phytoplankton,mg/l
(growing season’smeanvalue)

- < 0.5 0.5 - 2 2 - 10 > 10

Total bacteria(22 °C),pcs/ml - - < 1,000 1,000-10,000 >10000

Ammonia NH4, ~rg/l - < 100 100 -500 500-2,000 > 2,000

Nitrites NO2, zg/1 - - < 50 50 - 100 > 100

Nitrates NO3, mg/i - - - < 30 > 30

Lignin NaLS, mg/i - < 2 2 - 5 5 - 10 > 10

Phenols,pg/i - - < 2 2 - 10 > 10

Mineral oils, pg/I - - < 50 50 - 100 > 100

Conductivity,mS/rn - - - 20 - 40 > 40

ChloridesCl-, mg/i - - - 50 - 200 > 200

Suiphates504, mg/i - - - 70 - 150 > 150
Arsenic As, pg/l - - - < 50 > 50

Mercury Hg, pg/I - - - < 2 > 2

CadmiumCd, ~g/l - - - <5 ) 5

ChromiumCr(VI), pg/I - - - .< 50 > 50

LeadPb, pg/I - - - < 50 > 50

CyanidesCN, pg/I - - - < 50 > 50





Appendix 11. 1(2) Annuity costsof investmentsfor raw water transfer and
treatment systemsfor different raw water alternatives

Annuity factorcanbecalculatedaccordingto following formula:

i(1 +j)n

(1+i)~—1

n = amortizationtime, following hasbeenused:
- machinery15 years
- buildings 30 years
- tunnels, channels and pipelines 50 years

I = calculationinterest(6 % used)

Finnishmarkshasbeenchangedto USD by exchangerate0.17 (1 USD = 5.8 FIM).

River Neva

Subproject Machinery Buildings Long lastingparts Total

mUSD mUSD/a mUSD mUSD/a mUSD mUSD/a mUSD/a

Construction of raw
water transfersystem

3
2)13

~~15

‘~0.3
2)1.3

~

1)7

2) 27

3) 35

0.5
2) 2.0
3) 2.5

“ 20
2) 80

~~120

‘) 1.3
2) 5.1

3) 7.6

°2.1
2) 8.4

~ 11.6

Renovationof present
water treatmentplants

120 12.4 180 13.1 - - 25.5

Constructionof extra
capacity

27 2.8 53 3.9 - - 7.7

Total ‘~150
2)160

3) 162

15.5
16.5
16.7

240
260
268

17.5
19.0
19.5

20
80

120

1.3
5.1
7.6

34
42
45

°Raw water is transferredto intakeof MWTP from intakeof SWTP
~ Rawwater to all intakesis transferredabovethe mouthof River Izora
~ Raw water reservoirfor 7 daysretentiontime is excavatedandraw water transferredfrom thereto
WTP intakes

Lake Ladoga

Subproject Machinery Buildings Long lastingparts Total

mUSD mUSD/a mUSD mUSD/a mUSD mUSD/a mUSD/a

Constructionof raw
water transfersystem

70 7.2 110 8.0 300 - 19.0 34.2

Renovationof present
water treatmentplants

20 2.1 30 2.2 - - 4.3

Constructionof extra
capacity

15 1.6 35 2.5 - - 4.1

Total 105 10.9 175 12.7 300 19.0 43



Appendix 11. 2(2) Annuity costsof investmentsfor raw water transfer and
treatmentsystemsfor different raw wateralternatives

I
I
I

River Vuoksi

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

Subproject Machinery Buildings Long lasting parts Total

niUSD mUSD/a mUSD mUSD/a mUSD mUSD/a mUSD/a

Constructionof raw
water transfersystem

100 10.3 160 11.6 500 31.7 53.6

Renovationof present
water treatmentplants

20 2.1 30 2.2 - - 4.3

Constructionof extra
capacity

15 1.6 35 2.5 - - 4.1

Total 135 14.0 225 16.3 500 31.7 62
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