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ABSTRACT
The NorwegianWater resourcesand EnergyAdministration(NVE)is the national
authorityresponsiblefor the main elementsof water resourcesmanagement.

The present case study is mainly based on the "WaterMaster Plan, Aaros
River" in Norway with a catchmentarea of 115 square kilometreswhich is in
course of preparation.

In terms of range, and takinginto accountpracticalexperience,rivers
with catchmentareas betweena hundredand a few thousandsquare kilometres
are consideredas small rivers.

The study is one out of more similarstudiesto be preparedfor the "Econo-
mic Commissionfor Europe,Environmentand Human SettlementsDivision"on
the same subject.

Accordingly,the contentof the presentstudy is strictlyfollowingthe
"outlinefor the preparation"which is submittedfrom the Divisonand con-
tains the followingmain items:• Naturalconditions,• Socio-economiccon-
ditions,• Water managementand river-basindevelopment,• Relationbetween
catchmentsand neighbouringbasins and environments,• Interactionbetween
managementand socio-economicactivities,• Internation211co-operation.

In additionto the outline,one chapterdealingwith the NorwegianWater-
course Archivesis added.
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0.INTRODUCTION
On behalf of the "Ministry of Environment" the "Norwegian Water Re-
sources and Energy Administration, Water Resources Directorate" with
this is presenting a case study on "Optimal Water Management of
Small Catchments".

The Case Study is based on a "Water Master Plan" (WMP) for the water-
course Aaros River which the Directorate just now is about to comple-
te. The main objectives with the WMP are to reduce the pollutions,
control the water flow and improve the environment aspects.

In this study we have tried to followup your intentionaccordingto
the outline for the preparation,items 1-6 as later referred,added
item 7 "The NorwegianWatercourseArchives".

Some of the following informations are taken directly from the WMP,
some other are worked out as supplements to the Case study, others are
educatedguesses or estimatesaccordingto our local knowledge to the
catchmentarea after working with the problems the last three years.

According to your outlinewe have tried to indicatewhich data are
estimatesonly, in the study marked with *)•

A river profile in a scale suitablefor the study is not yet worked
out but might later be forwardedif desired.

Oslo, June 1989

Erik Kielland

Director

Optimal Water



1,NATURALCONDITIONS
1.1 Name of the main catchment

The Aaros River is an independentwatercoursewith a catchmentarea
which is separatedby the naturalwatershed.The river is draining
dirctly to the Oslo Fjord. Geographicalcoordinatesof its centre of
gravity are in the UTM-systemand M711-seriessheet 1814 I 3-NOR
Edition Grid Zone Designation32V:

580800 East
6629000 North

The locationis shown on the maps attachedat the end of the study.

1.2 Characteristics

1.2.1 Topography and land use

Catchmentarea: 115 km2
Altitudeof the highest peak: 481 m.a.s.l.
Altitude of the lowest point: Sea level (+ 0)

SLOPE CONDITIONS

SLOPE SURFACE
in km2 in % of the total

0-5 6 5
6-12 17 15
13-17 57 50
18-25 23 20
>25 12 10

TOTAL 115 100

The figuresare calculatedand partly assumedout of map in scale
1:50,000and 20 m contours.

3

Optimal Water



LAND USE




in km2

SURFACE

in % of the total

Settlements 10 9
Ploughed field 13 11
Vineyard and orchards 10 9
Pasture 3 3
Forest 66 57
Roads and railways 1 1
Water surfacesand
wetlands 5 4
Others 7 6

TOTAL 115 100

Reserves and protectedareas: Nothing,except restrictionsagainst
pollutionsand new buildingsnear the rivers and lakes.

1.2.2 Geology, soils

Situation,dimensionsand capacityof aquifers,their water quali-
ty.

MAIN SOIL TYPES:

SOIL TYPES SURFACE

in km2

Marine deposits 50*)
Moraine 40*)
Rock (graniteand
kambrosilur) 25*)

in % of the total

43

35

22

TOTAL 115 100

Infiltratingcapacitiesof soils are varying as an average approx
0,3-7 mm/min.

The groundwateris of a good drinkingquality,however of a very
limited use. Only a few separatefarms and huts are suppliedby
groundwaterand thereforeno officialwater analysesare available.

4

Optimal Water



1.2.3 Vegetation, erosion

Dominantnaturalvegetationwithin the ara is fir and spruce forest
and a mixed deciduous/coniferforest,all together66 km2.

. The main crops are grain,potatos,carrotsand salad of different
kinds.

Eroded surfacesand areas are mostly along parts of the river which
have limitedagricultureand thereforeonly minor influenceon the
riverbank'snaturalvegetation.

1.2.4 Meteorology

Station: 1971 Asker
Air Temperature:°C, annualmean, 5.4 (multi-annualmean)

min.max,Min: -26.0,max: 33.0 (multi-annual
values)
annual repartition,figure 1 (multi-annual
values)

Air humidity:82.1%(multi annualmean)repartition,figure2
(multiannualvalues).

Precipitation: See under 1.3.2.

Multi—annual temp. reportition.
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Fig. 1: Air temperature. Multi-annual repartition.
Monthly mean values.
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Multi—annual rei. hurrHity repartition.
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Fig. 2: Relative humidity. Multi-annual repartition.
Monthly mean values.

1. H dro ra h , water balance

1.3.1 Hydrography

Length of the main Aaros river is 20 km. The main tributariesare
Grobruelva,Sagelva,Kjoselvaand Skithegga,totalling15 km.

The densityof the water coursesis accordinglyapprox.0,3 km/km2.

1.3.2 Water balance

Station:
Multi-annualmean precipitation,mm:
Multi-annualmax and min. precipitation
(extremevalues),mm:
Characteristicprecipitationsof short
duration,and high intensity
(i.e.mm/15 min), occuranceand
frequency

1971 Asker
926

max 1305, min 390

5.7 mm/15 min (max
observedvalue)
(Informationabout occu-
rance and frequency
not available).

rolatIva

hurnIdIty.

Z
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Characteristicprecipitationsof long
duration (i.e.mm/3 days)

Occuranceand frequency

Multi-annualmean of real evapotran-
spiration,mm

Multi-annualmax/min of evapotran-
spiration,mm
Multi-annualmean runoff,mm
and 106m3/year:
Annual runoff repartition,

113.5 mm/3 days (max
observed value)
Occurance: Sep-Dec.
10-year return period:
105 mm/3 days
100-yearreturn period:
141 mm/3 days.

375 (penmanestimate)

Inform.not available.
495
54
figure 3

7
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Fig. 3: Runoff repartition 1988 measured at the station
VM 2784 Aaros. The station is located appr. one
km upstream the mouth of the river.
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Multi-annualmean dischargeat the
mouth of the river,m3/s:
Multi-annualmax/mindischargesat
the mouth, m3/s:

Suspendedload at the mouth
Density,g/m3 multi-annualmean values

Volume t/year

Characteristicvalues of suspendedload:

8

1.7

max: 18.5, min: 0.18

34.3 g/m3 inorganic
12.0 g/m3 organic
46.3 g/m3 total
1850 t/year inorganic
650 t/yearorganic
2500 t/year total

Period, density,volume,
figure4.
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Fig. 4: Sedimenttransport in the Aaros river, 1988.
Annual repartition, volume and density is shown
together with discharge, measured at the station
VM 2784 Aaros, 1988.
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Ph of precipitationwater and its annual
repartition.Ph at the nearestmeasure-
ment station,Lillestrøm,mean of 1987:
Repartition,

4.35
figure 5.
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pH, Ullestrom, 1987.
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Fig. 5: Repartition of pH in precipitation wer measured
at the nearest station, Lillestrom, 40 km
northeast of the catchment. Monthly mean values,
1987.

• Water quality
Classificationthe water qualityof the river (main)followingthe
nationalstandards.

Accordingto NorwegianStandard (NS) the qualityof the water in
the Aaros River does not satisfy the standardof a drinkingwater.

The agriculture,industryand built-upareas within the catchmentarea
do not allow drinkingwater qualitywithout a heavy investmentand
rehabilitationof the existinginstallations.

As the existingwater supply is based on water sourcesoutside the
catchmentarea, a realisticfutureobjectivewill be to obtain and
maintaina good bathingwater qualitywhich also will satisfy the
fishinginterestsand the environmentall together.
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2,SOCIO-ECONOMICCONDITIONS
2.1 Demo ra h

A considerablepart of the activeearnershave their employment
cutside the catchmentarea, especiallyin nearby Asker village and
Oslo town.

Nos. of active earners given in the table below are employmentswithin
the area.

Total populationwithin the

POPULATION

number

1988 2000

• catchment 12,500 17,200
Populationof towns/settle-
ments 10,300 14,700
Rural population 2,200 2,500
Populationliving in zones
exposed to inundation 1,000*) 50

EMPLOYMENT ACTIVE EARNERS

Industry 200 500
Agriculture 500 400
Other sectors 2,300 2,000

TOTAL 3,000 2,900

2.2 Economy

2.2.1 Industry

Within the catchmentarea there are only a limited number of local
small industrieswhich have no relevanceto the GDP or GNP.

2.2.2 Agriculture, fishing and forestry

CHARACTERISTICPRODUCTS

In natural units:
Agriculture

Fishing

Forestry

1988

9,000 t

230 kg

21,000 m3/
year

2000

7,000 t
(open land crop
production)
2,000 kg
(Salmonand
throut)
21,000 m3/year

Optimal Water



2.2.3 Infrastructure

TRANSPORTFACILITIES 1988 2000

Length of railways,km 16 16
Length of roads, km 62 70
(main roads)

2.2.4 Energy

ENERGY 1988 2000

Power generation




Capacity,MW:




Thermal -




Nuclear -




Hydro 0,11 0,11
Other _




TOTAL 0,11 0,11

Energy production
within the catchment




GWh/year:




Thermal -




Nuclear -




Hydro 0,2*) 0,2
Other _




TOTAL 0,2 0,2

Importedenergy
from other terri-
torries,GWh/year 175 175
(hydro-electric
energy)

The only local power station is mainly supplyingpart of a nearby
hospital'sconcumption.
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2.2.5 Public Water Supply

	

1988 2000

Total length of the
network,km (mains) 65 70
Populationwith pub-
lic water supply,
number 11,250 16,340
Share c' the popu-
lation with public
water supply, % 90 95
Number of settlements
with public water
supply 7 7

2.2.6 Public Sewerage

12

Total length of the
sewage network,km
(main)
Populationserved by
public sewerage,
number
Share of the popu-
lation served by
public sewerage,%
Number of settle-
ments with public
sewerage

1988 2000

57 62

9,800 15,480

78 90

7 7

3,WATERMANAGEMENTANDRIVERBASINDEVELOPMENT
.1 Meteoroloical and h drolo ical network in 1 88

Number of meteorologicalstations 0

Number of precipitationgauges not includedin a. 0

Number of rain-waterqualitymeasurementstations 0

Number of evapotranspirationmeasuringstations 0

Water stage gauges 1

Streamflowmeasurementstations 2

Surface water quality samplingstations 1 permanent
7 temporary
for water
master plan

Optimal Water
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Water table observationwells 0

Aquifer observationwells 0


.2 Re lation of water courses and water shed control

Length of regulatedrivers and water courses,km 20

Ratio of regulatedrivers,% 57

Protectedareas against floods,km2 0 Existing

0,22 Planned
in water
master plan

Protectedarea against floods in settlements,km2 0 Existing

0,05 *) Plan-
ned in water
master plan

Length of protectionlevels,km

Length of drainagecanal network,km

Drained area, km2

Area of erosion control,km2

0 Existing
13,8 Planned
in water
master plan

8*)

0 Existing
0,22 Planned
in the WMP

Fresh water use

DOMESTICAND COMMUNAL
FRESH WATER USE

106m3/ m3/day
year mean max min

From surfacewaters
(outsidesources) 1.2 3,100 3,700 2,000
From ground water
(cold) 0,004*) 10 15 5
From thermalwater

TOTAL 1,204 3,110 3,715 2,005

Optimal Water
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106m3/ m3/day
year mean max min

2.0 5,440 8,640 o

INDUSTRIALFRESH
WATER USE

From surfacewaters
(AarosRiver)
From ground water
(cold)
From thermalwater

TOTAL

FRESH WATER USE F
AGRICULTUREAND
FISHERIES

From surfacewater
(AarosRiver)
From ground water
(cold)
From thermalwater

TOTAL

FOR OTHER PURPOSES

From surfacewaters
From ground water
(cold)
From thermalwater

TOTAL

IRRIGATEDLAND

Traditionalirri-
gation, ha
Sprinklingirriga-
tion, ha
Drip irrigation,ha

2.0 5,440 8,640 o

0.13 6,500 13,000 0

0.13 6,500 13,000 0

2,000

TOTAL, ha 2,000

Total water surfaceof fishingponds, 0

Optimal Water



HYDRO-POWERPLANTS

NAME AND SITE CAPACITY,MW MAX. HEAD, m TYPE AND NUMBER
OF TURBINES

Dikemark Low pressure
hydro-power Francis
plant, Asker 0.11 15 No 1

DAMS AND STORAGE FACILITIES

Name, site Dam Reservoir
and pupose(s) Height Length Type Capacity Surface

106m3 km2

Verkensdam Concrete
multipurpose 4 40 stones 1 1

Kistefossdam Concrete
industry 10 20 stones 0.4 0.5

15
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.4 Waste water dis sal

REJECTEDWATER

To surface waters
(AarosRiver)

MEAN ANNUAL MAXIMAL
VOLUME DISCHARGE
106m3 m3/s

Only "heat polluted"
Domesticwaste water 0.6 0.046
untreated 0.3 0.023
only mechanically
treated 0.3 0.023
biologically
treated
having tertiary
treatment

Industrialwaste
water (AarosRiver)
untreated
only mechanically
treated
biologically
treated
having tertiary
treatment

To ground water

0.004.
0.002

0.002

only "heat polluted"
domesticwaste water 0.2 0.014
untreated 0.1 0.007
only mechanically
treated 0.1 0.007
biologically
treated
having tertiary
treatment

Industrialwaste
water
untreated
only mechanically
treated
biologically
treated
having tertiary
treatment

Approx. one half of the waste water is transportedout of the area to
the two nearby treatmentplants.

16

Optimal Water



Waste water treatment

Both of the treatmentsplants are locatedoutside the catchmentarea.

WASTE WATER TREATMENTPLANT NUMBER CAPACITY
1000 m3/day

For domesticwaste water only
For domestic and industrial
waste water 2 33.2
Only for industrialwaste
water

TOTAL 33.2

WASTE WATER TREATMENTCAPACITIES x 1000 m3/day

Biologicaltreatment
Tertiary treatment 33.2

.6 Water resources rotection

Descriptionof specialmeasuresand laws on water quality protection
concerningthe catchmentarea.

WATER TARIFFS

ANNUAL MEAN PAYMENTSFOR WATER USE IN NATIONALCURRENCYBY

Population 4.2 mill NOK (Norwegiankroner)
Industry 0.2 It

Agriculture
Others

TOTAL 4.4 mill NOK*)

FINES (POLLUTION)

FINES PAID IN NATIONALCURRENCYBY IN
1984 1985 1986 1987 1988

Populationor sewage works
Industry
Agriculture

There has up to now been no organizationof preparednessfor acciden-
tal water pollution.The GovernmentalPollutionControl (SFT)has the
running controlwith water quality and pollution.

17
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4.RELATIONBETWEENTHECATCHMENTANDITSNEIGHBOURINGENVIRONMENT
(NATIONAL)

Descriptionof administrativeunits. The catchmentarea is divided
in three rural districtswhich have the responsibilityfor their
part of the area.

The next superior to the rural districtsis the county in connec-
tion with the water management.

Economy:Main factorsof export-importof the catchment.

The area is of a small extend with a very limited industryproduc-
tion and agriculture.

Descriptionof trends in demographicalmovements.

The main trend comparedto the past is the consentrationof built-
up areas insteadof scatteredhouses. Another trend is people from
outside moving into the area maintainingtheir employmentsin the
nearby Oslo town.

Water management,inter-basintransfer:Due to the scarce resources
and poor quality of the water within the catchment,most of the
drinkingwater is transferredfrom neighbouringareas.

From Holsfjorden
1.2 x 106m3/year

To Aaros CatchmentArea

5.THEINTERACTIONBETWEENWATERMANAGEMENTANDSOCIO-ECONOMIC
ACTIVITIES

Reliabilityof meeting water demands

WATER DEMANDS 106m3/year
1988 2000

Domestic 0 0
Industrial 0.27 1.0
Agricultural(unknown,
multi-annualmean is used) 0.13*) 0.33
Other 0 0

Balance of demands and
resources:
Demands 0.4 1.33
Resources 75.4 54

(multiannual
mean)
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Descriptionof actual or foreseenconflictsdue to scarce resources
or water quality problems:

The actual conflictshave so far been the use of water for irriga-
tion and industrialpurposescomparedto a necessarylow flow in
the river which is promotingthe fish breeding,fishing activities
and general outdoor life in the area.

Reduced low flow is also a problem due to poor dillutionof the
pollutionwhich is drained into the river.

In the future a reduceduse of water supplyingthe industryis ex-
pected. However, the increasingirrigationis still a foreseencon-
flict due to the scarce resourcesand will automaticallylead to a
poorer water quality.

Problems and solutionsof flood protection:

Some parts of the riverbedand flat nearby areas are floodedmore
than once a year. The poor naturalpossibilitiesto reduce flows
and the hilly area is resultingin fast and heavy floods.

Plans for flood protectionare prepared in more alternativesall
in-cludingdam construction,straighteningand loweringof the
river bed and protectionleeves.

Public involvementin decisionmaking concerningmanagement (e.g.
dam construction):

The differentalternativesfor flood protectionare all involvinga
lot of money so the choise of solutionand to make the necessary
money available,has to be a politicaldecision.

Evaluationof the implicationof existingmaster- or other water
managementplanes (if any), since 1960. Descriptionof new ones.

So far no completeplans are prepared.

A Water Master Plan for the Aaros River is just about to be comple-
ted (summer1989).The contentof the WMP is as follows:

Introduction
Summary
Organizationand account
Summary of scientificreports
Plan assumptionsand juridicalaspects
Descriptionof the watercourse
Conflictswithin the watercourse
Objectives
Alternativesolutionsfor improvement(water-flow,water-
quality and environment)
Recommendedalternativeand constructioncosts
Follow up of the WMP
Other plans in the area

The WMP is based on eight scientificreports and three descriptive
reports,one from each of the three municipalities/ruraldistricts.

Optimal Water



Scientificreports:

Hydrology
Agriculture
Erosion and sediment-transport
Geochemicalinvestigations
Biologicalactivities(bottom)
Fish biologicalinvestigations
Pollution
Flood protection

6.INTERNATIONALCO-OPERATIONANDTHECATChENTAREA
The whole catchmentarea is locatedin Norway far away from the
borders to neighbouringcountries.There is no internationalco-
operationwithin the catchment.

7,THENORWEGIANWATERCOURSEARCHIVES
In the followingpages there is a short introductionof the Norwegian
WatercourseArchives.

20
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General lay-out of the catchment area
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