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LEAKAGE WATER AND STORMWATER INVENTORY OF MUNICIPAL SEPARATE 

AND COMBINED SEWER SYSTEM NETWORKS IN 1980 

1. INTRODUCTION 

The report on th«3 performance of municipal wastewater treatment 

plants drawn up by the National Board of Waters and water district 

offices revealed that leakage water and stormwater was one of the 

major causes of unacceptable plant performance. Leakage water and 

stormwater are also of economic significance. A substantial part 

of plant capacity is in many cases used, at least in certain 

periods, to treat usually clean leakage water and stormwater. This 

may create a premature need to expand plant capacity as well as 

drive up operating costs, due for instance to the additional cost 

of energy and chemicals. Leakage water and stormwater also add to 

watercourse loading, as they disrupt plant performance and cause 

by-passes at treatment plants and overflows in sewage networks. 

As a result, a general inventory of the leakage water and storm

water situation was felt necessary. On the initiative of the 

National Board of Waters, a model inventory was undertaken in the 

Vaasa water district office in the autumn of 1980. Background 

information and data on leakage water and stormwater in the 

municipal sewage networks in the area of the water district office 

concerned were collected and processed in the same context. As work 

involving the model survey progressed, related work was also begun 

by other water offices. One objective of this survey was to draft 

the first nationwide summary report of leakage water and stormwater 

in municipal sewage networks. This summary report was drafted by 

office engineer Veikko Palo from the regional reports of water 

district offices. Jon Beasley has translated this summary. 
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2. BACKGROUND INFORMATION ON SEWAGE NETWORKS 

At the end of 1980, 625 municipal sewer systems were in 

operatien in Finland. A hundred new systems began operations in 

the past decade. The majority of .these sewage networks, or more 

than 500 networks, are separate systems. Combined sewer systems 

are primarily in use in large population centres in sections of 

networks constructed before the year 1970. Later extensions of 

these networks mainly relied upon the use of separate systems. 

The pipe material in network sections built over the years was 

largely concrete (more than 80 %) in the first half of 1970s and 

earlier. The use of plastic pipes spread widely in the mid-

1970s. At the end of this decade, the share of plastic pipes 

exceeded 70 per cent of all pipes laid yearly. In the 1970s, 

sorne 1 000 kilometres of sewer line were laid annually totalling 

10 000 kilometres in that decade. Investrnent in sewage systerns 

amounted to more than 4 000 million Finnmarks in the 1970s. The 

total length of sewers is approximately 22 000 kilometres today. 

A third of all pipe materia! used in sewage networks is plastic, 

the rest. being concrete. Half of the networks were constructed 

from concrete pipes before 1970. Estimated by the 1982 price 

level, the value of sewage networks !ies between 8 000 and 

10 000 million Finnrnarks. 

Data required for the inventory of leakage water and stormwater 

were available for 364 sewage networks. Of these networks, 293 

are separate systems and 71 combined systems. Discharges of 

about 250 smaller sewage networks are not regularly observed, 

at !east not on a weekly basis, or else the observations made 

there are unreliable, and thus these networks were excluded from 

the .i.nventory .. The inventory will be extended, however, to cover 

most of these networks over the next few years. 

Construction of only 14 networks out of the nearly three hundred 

separate sewer systerns inventoried was begun before 1950. Most 

of the separate sewer systems were built in the l950s, 1960s and 

1970s: nearly seventy were constructed in the 1950s, 

approximately a hundred and twenty in the 1960s and nearly sixty 

in the l970s. The year rnarking the beginning of construction was 
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not reported for forty networks, but most of these unknown 

construction years can most 1ike1y be found to begin sometime 

between the 1950s and the l980s. 

The construction of ten combined sewer systems was initiated before 

1920, e1even between 1920 and 1940 and about ten during each of the 

three decades 1ying between 1940 and 1970. The year of beginning 

construction cou1d not be ascertained for thirteen sewer systems. 

The majority of systems exc1uded from the survey were sma11 sewer 

systems, the construction of which was as a ru1e begun in the 1960s 

and 1970s. 

The individua1 1engths of 110 separate sewer systems came to 1ess 

than ten ki1ometres, between ten and twenty ki1ometres in 65 sewer 

systems, between twenty and fifty ki1ometres in 70 systems and more 

than fifty ki1ometres in 35 sewer systems. 

The length of the sewer network stretches less than 15 kilornetres 

in six of the combined sewer systems, between 15 and 30 ki1ometres 

in eight sewer systems, from 30 to 50 ki1ometres in twe1ve sewer 

systems, 50-80 ki1ometres in fifteen sewer systerns and more than 

90 ki1ornetres in thirty combined sewer systerns. 

Average discharge was measured at less than 200 cubic rnetres per 

day for 100 separate sewer systems, between 200 and 500 cubic 

metres per day for 60 sewer systerns, from 500 to 1 000 cubic metres 

per day for 50 systems, from 1 000 to 5 000 cubic metres per day 

for 60 systems and more than 5 000 cubic metres for 15 separate 

sewer systems. 

The discharge is less than 1 000 cubic rnetres per day for 15 

combined sewer systems, between 1 000 and 5 000 cubic metres per 

day for 20 systems and rnore than 5 000 cubic rnetres per day for 30 

combined sewer systems. 
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Plastic pipes are used in less than 20 per cent of the network 

in 30 of the separate sewer systems, 20-40 per cent in 80 

systems, 40-60 per cent in 170 systems, 60-80 per cent in 30 and 

80-100 per cent in 40 of the separate sewer systems. 

The combined sewer system networks are in the main constructed 

of concrete pipes. More than 70 per cent of the network in 40 

combined sewer systems consist of concrete pipes compared to 30-

70 per cent in twenty sewer systemso 

3. RESULTS OF THE LEAKAGE WATER AND STORMWATER INVENTORY 

Data collected and processed during the inventory are described 

with discharge diagrams drawn separately for each sewer system 

network for 1980, or in certain cases, for 1979. An example of 

these discharge diagrams appears in Figure 1 on page 5. The 

individua1 discharge diagrams are appended to the reports on 

1eakage water in municipa1 sewage networks drafted by the water 

district offices concerned. The regiona1 reports published in 

the National Board of Waters progress report series are listed 

in Appendix 1. These leakage water pub1ications are available 

from water district offices. 

The discharge diagrams depict annua1 f1ow fluctuations as a 

weekly average, minimum discharge, average water volume charged 

for and wastewater treatment plant design flow. The type of 

sewer system and wastewater treatment plant, the year marking 

the beginning of sewer system construction, the length of a 

sewer system network, the percentage of concrete and plastic 

pipes in tota1 pipe length, the average discharge for 1980, the 

plant reduction percentages for BOD and phosphorus in 1980 

compared to the corresponding performance ratings in 1979-1980 

as we11 as ob1igatory observation times, the BOD va1ue of 

inf1uent wastewater and the reduction percentages for each 

observation time are additionally provided as background data in 

the discharge diagrams. 
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Figure 1 Discharges of one sewer system in 1979 
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The figures describing leakage water and stormwater yield the 

average leakage water coefficient obtained by dividing the 

average daily discharge for the year by the average daily value 

of minimum weekly discharge estimated from the diagram. The 

reliability of minimum discharge was tested by comparing it to 

the volume of wastewater charged for reported by the sewage 

plant authority. The minimum daily discharge obtained from the 

discharge diagram and wastewater volume charged for were in rnost 

cases in agreernent. 

Regional reports additionally provide data on precipitation and 

temperature in the inventory year measured at weather 

observation stations. Information described by discharge diagram 

figures for the sewage network in question also appears in the 

basic table found in the regional reports. In addition to 

numerical data appearing in discharge diagrams, the basic table 

indicates the leakage water coefficient for April-May as well as 

plant capacity used calculated for the parallel time period. 

The following regional summaries were compiled on the basis of 

results obtained in the inventory for the networks concerned: 

distributions of the number of sewer systems on the basis of 

average leakage water coefficient and leakage water coefficient 

calculated using the average discharge for April-May, 

corresponding data shown in matrix tables, capacity used 

calculated according to the plant's rninimum flow and the annual 

average discharge given in matrix tables as well as capacity 

used calculated from minimum discharge and average discharge in 

April-May presented in matrix tables. Corresponding summary 

diagrarns covering the entire inventory are shown in Figures 2-9 

on pages 8-15 in this report. 

According to the inventory, the volurne of leakage water and 

stormwater was greater than previously estimated. The median for 

the coefficient of average leakage water for separate sewer 

systerns is around 2. The average leakage water coefficient for 

20 sewer systems exceeds the value 4, an exceptionally high 

figure. The median for the average leakage water and stormwater 

coeffi.cients for cornbined sewer systems falls just under the 
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va1ue 2. The coefficient ranges between 1.1 and 6.5, but on1y one 

coefficient exceeds 4. The high vo1urne of wastewater in the 

genera11y extensive cornbined sewer systerns exp1ains the re1ative1y 

1ow va1ue obtained for the coefficient for cornbined sewer systerns. 

Additiona11y, the discharge records from wastewater treatrnent 

p1ants do not inc1ude overf1ows occurring in networks. 
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Leakage water coefficients n8 and "Apr .. May for separate 
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networks. 
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Capacity used in % at wastewater treatment 
plants based on average discharge av) 
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Figure 6 

Capacity used in % at wastewater treatment 
plants based on minimum discharge ( Q min) 

Capacity used at wastewater treatment plants connected· to 
. l 

separate sewer systems based on minimum and average dis-
charges. Figures in squares indicate the number of networks. 
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Capacity used in % at wastewater treatment 
plants based on average discharge, ( Q av) 
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Capecity used in % at wastewater treatment 
plants based on minimum discharge ( a min) 

Capacity used at wastewater treatment plants connected to 
combined sewer systems based ·on minimum and average dis
charges .. Figures in squares indicate the number of networks. 
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Capacity used in % at wastewater treatment plants 
based on ·average di.scharge in Aprii-May, (Q Apr.-~y) 
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Figure 8 

Capacity u~ed in % at wastewater treatment 
plants based on minimum discharge ( Q min) 

Capacity used at wastewater' treat,nent plants connec~ed to . 
separate sewer systems based on ,'minimum discharge and. 
average discharge for Aprii-May. Figures in squares lndicate 
the number of networks. 
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Capacity used in % at wastewater treatment plants 
based on average discharge in Aprii-May, (Q Apr.-May) 
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Figure 9 

Capacity used in% at wastewater treatment 
plants based on minimum discharge, (Q min) 

Capacity used at wastewater treatment plants connected to 
combined sewer systems based on minimum discharge and 
average discharge for Aprii-May. Figures in squares indicate 
the number of networks. 
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The median for leakage water coefficients for the period April 

and May is around 2.5 for separate sewer systems. There were 30 

exceptional high coefficients exceeding the value of 5. For 

cornbined sewer systerns, the corresponding median of the coeffi

cient is slight1y greater than 2, ranging from 1.1 to 5.2. As 

observed earlier, the average coefficients for combined systems 

are re1ative1y 1ow, and a1so their coefficients in Apri1-May are 

re1atively low, most likely for the same reasons as for the 

average stormwater and 1eakage water coefficients. The storrnwater 

and 1eakage water coefficient in April-May is norma11y consider

ab1y higher than the annua1 average leakage water and stormwater 

coefficient (cf. Figures 4 and 5 on pages 10 and 11). In some 

cases the coefficients fall into the same scale. These cases must 

be investigated in 1eakage water and stormwater studies for each 

individua1 network. 

Matrix tab1es i1lustrating the wastewater treatment p1ant 

capacity used (Figures 6-9 on pages 12-15) indicate that nearly 

c1ean storrnwater and 1eakage water create prob1ems in rnore than 80 

per cent of sewer systems, annually tying up 10-30 percentage 

units, and even much more in some cases, of p1ant capacity. In 

Apri1-May stormwater and leakage water tie up 30-40 percentage 

units of p1ant capacity, and considerab1y more in severa1 cases. 

The 1ength of those periods when design discharges were exceeded 

at wastewater treatment plants were a1so studied from basic data 

in the course of the leakage water inventory. The duration of 

periods when design discharge was exceeded at wastewater treatment 

p1ants in 1980 is depicted in Figures 10 and 11 on pages 17 and 18 

according to the current average discharge category. These periods 

lasted for less than two weeks at every third wastewater treatment 

plant connected to separate sewer systems. At the remainder of 

plants the duration of these periods was longer, being a ha1f a 

year or longer at 40 wastewater treatment plants connected to 

separate sewer systems, 3-6 months at more than 40 plants and 0.5-

3 months at more than 110 p1ants. The duration of these periods 

was 1ess than two weeks at every third wastewater treatment plant 

connected to combined sewer systems. These periods 1asted 1onger 

at the remainder of the p1ants, extending to a. ha1f a year or 

longer at near1y 10 p1ants, 3-6 months at more than 10 plants and 

0.5-3 months at more than 20 p1ants. 
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4. ECONOMIC AND OTHER IMPACTS OF REDUCTION OF LEAKAGE 

WATER AND STORMWATER 

Today only a fraction of the inhabitants of population centres are 

not served by a sewer system network. The construction of sewer 

networks is still called for in new development areas coming into 

urban planning, in the outskirts of population centres and in 

certain relatively densely built sparsely populated areas. Table 1 

presents the distribution of investments in construction of sewer 

systems in 1980. 

Table 1. Sewer system investment ( 1 000 FIM) in 1980 

by water district 

Water Sewer systems Pumping Wastewater Total 

district New Renovated stations treatment 

and renewed plants 

Helsinki 127 774 13 288 6 826 65 292 213 180 

Turku 36 288 21 315 4 165 16 062 77 830 

Tampere 28 003 2 959 2 395 13 245 46 602 

Kymi 23 478 5 086 2 348 18 536 49 448 

Mikkeli 14 323 2 083 833 2 213 19 452 

Kuopio 17 539 3 877 516 722 22 654 

North Karelia 10 195 1 152 1 071 3 846 16 264 

Vaasa 23 120 1 105 1 122 9 731 35 078 

Central Finland 19 227 902 3 901' 6 327 30 357 

Kokkola 6 831 615 886 3 043 11 375 

Oulu 12 986 3 977 529 5 132 22 624 

Kainuu 7 460 747 143 1 683 10 033 

Lapland 11 085 1 207 788 4 573 17 653 

Whole country 338 309 58 313 25 523 150 405 572 550 
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Approximately 400 mi11ion Finnmarks were a11ocated for the 

construction of sewer systems in that year. Nearly 60 mil1ion 

Finnmarks, or 15 per cent, of this sum were used to renovate 

and renew sewer systems. Considerable resources wi11 be devoted 

to the renovation and renewal of sewer systems in the 1980s, 

particular1y in the latter ha1f of the decade, as the share of 

renovation and renewal grows. Investment used for network 

renovation and renewal at the end of the decade wi11 rise to an 

annual sum of 100-150 mi11ion Finnrnarks, even by conservative 

estimates. 

Regiona1 reports drawn up by water district offices show that 

an estimated 10-15 mi11ion Finnmarks can be saved annual1y in 

the operatien costs of sewer system by reducing 1eakage water 

and stormwater, signifying potentia1 savings of about one ha1f 

of the current state subsidy granted for water supp1y and 

sewerage. As a result, 250-500 mil1ion Finnmarks of investment 

in wastewater treatment p1ant expansion can be postponed by some 

10-15 years. 

Reduction of stormwater and 1eakage water wi11 deerease the 

wastewater load entering watercourses as a result of the 

irnprovement of p1ant perforrnance and efficiency and a lowered 

untreated wastewater load conducted to watercourses due to the 

deerease of either overf1ows in networks or p1ant by-passes. The 

current municipa1 wastewater 1oad can be decreased by a further 

10-20 per cent by reducing leakage water and stormwater volumes, 

or e1se the average p1ant performance increased by a few 

percentage units. At an estimated 70-100 p1ants, stormwater and 

1eakage water reduction wi11 lower the BOD and phosphorous 1oad 

conducted to watercourses by an additional 30-50 per cent. 

Decreasing the entry of 1eakage water and stormwater into sewer 

networks acts to prevent flooding in sewer systems and under

ground space, thereby diminishing the east of damage in ce1lar 

flooding, a frequent cause of major economic 1oss. 
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5. SUMMARY 

The report on the perforrnance of municipa1 wastewater treatrnent 

p1ants drawn up by the Nationa1 Board of Waters and water district 

offices revea1ed that leakage water and stormwater was one of the 

major causes of unacceptable plant perforrnance. Leakage water and 

stormwater also add to watercourse loading, as they disrupt plant 

perforrnance and cause by-passes at treatrnent plants and overflows 

in sewage networks. Leakage water and storrnwater are a1so of 

econornic significance. As a result, a general inventory of the 

leakage water and storrnwater situation was fe1t necessary. 

At the end of 1980, 625 rnunicipal sewer systems were in operatien 

in Finland. A hundred new systems began operations in the past 

decade. The rnajority of these sewage networks, or rnore than 500 

networks, are separate systems. Cornbined sewer systerns are 

primarily in use in 1arge popu1ation centres with existing net

works constructed before the year 1970. In the 1970s, some 1 000 

ki1ometres of sewer 1ine were 1aid annua11y tota1ling 10 000 

kilometres in that decade. Investrnent in sewage networks amounted 

to rnore than 4 000 million Finnmarks in the 1970s. The total length 

of sewers is approximately 22 000 kilometres today. Estimated with 

the 1982 price 1eve1, the va1ue of sewage networks lies between 

8 000 and 10 000 mil1ion Finnmarks. 

Today only a fraction of the inhabitants of population centres are 

not served by a sE~wer system network. The construction of sewer 

networks is still called for in new development areas coming into 

urban planning, in the outskirts of population centres and in 

certain re1atively densely built sparsely populated areas. 

Approximately 400 million Finnmarks were allocated for the 

construction of sewer systems in 1980. Nearly 60 mi11ion Finnmarks, 

or 15 per cent, of this sum were used to renovate and renew sewer 

systems. Considerable resources will be devoted to the renovation 

and renewal of sewer systems in the 1980s, particu1arly in the 

1atter half of the decade, as the share of renovation and renewa1 

grows. Investment used for network renovation and renewal at the 

end of the decade wi11 rise to an annual sum of 100-150 million 

Finnmarks, even by conservative estimates. 
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Data required for the inventory of leakage water and stormwater 

were available for 364 sewage networkss Discharges of about 250 

smaller sewage networks are not regularly observed, at least not 

on a weekly basis, or else the observation made there are 

unreliable, and thus these networks were excluded from the 

inventory. 

According to the inventory, the volume of leakage water and 

stormwater was greater than previously estimated. The median for 

ayerage leakage water and storrnwater coefficients for sewage 

networks is calculated to be about 2; in other words half or 

more of annual average discharges consists of nearly clean 

leakage water or stormwater with respect to BOD and phosphorous 

in every other network. The median for the leakage water 

coefficients for period April-May for separate sewer systerns is 

approximately 2.5 and the corresponding value for combined sewer 

systems is slightly more than 2a The high volume of wastewater 

for generally extensive coinbined sewer systems explains the 

relatively low value obtained for the coefficient for combined 

sewer systems. Additionally, the discharge records from waste

water treatment plants do not include overflows occurring in 

networks. 

Summary reports of the leakage water and stormwater inventories 

carried out by the water district offices and the related 

figures for each sewage network indicate that leakage water and 

stormwater are problematic in most sewage networks·at certain 

times of the year, i.e. generally in April-May and in summer and 

a6tumn following heavy and/or long rainy periods. Leakage water 

and stormwater seriously influence the performance of a number 

of wastewater treatrnent plants, already today lower plant 

efficiency in terms of annual results and possibly create a 

prernature need for plant expansion. Leakage water and stormwater 

contribute to the operating costs of nearly all municipal sewage 

networks and wastewater treatment plants. 
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Regiona1 reports drawn up by water district offices show that an 

estimated 10-15 rni11ion Finnmarks can be saved annua11y in the 

operatien costs of sewer system by reducing 1eakage water and 

stormwater, signifying potentia1 savings of about one ha1f of the 

current state subsidy granted for water supp1y and sewerage; 250-

500 mi11ion Finnmarks of investment in wastewater treatrnent p1ant 

expansion can be postponed by some 10-15 years. 

Reduction of storrnwater and 1eakage water wi11 deerease the waste

water 1oad entering watercourses as a resu1t of the improvement of 

p1ant performance and efficiency and a 1owered untreated wastewater 

1oad conducted to watercourses due to the deerease of either over

f1ows in networks or p1ant by-passes. The current municipa1 waste

water 1oad can be deereased by a further 10-20 per cent by redueing 

1eakage water and stormwater vo1umes. At an estimated 70-100 

p1ants, storrnwate~r and 1eakage water reduetion wi11 1ower the BOD 

and phosphorous load conducted to watereourses by an additiona1 30-

50 per cent. Deereasing the entry of 1eakage water and stormwater 

into sewer networks acts to prevent f1ooding in sewer systems and 

underground space, thereby diminishing the east of damage in ee11ar 

flooding, a frequent cause of major economic 1oss. 

The first-stage target in reducing leakage waters is to deerease 

1eakage waters in sewer systems to whieh are conneeted wastewater 

treatment p1ants that do not operate in eomformanee with given 

1ieensing regu1a1:ions due to excessive vo1umes of 1eakage water, 

or the renewa1 and renova·tion of which wou1d considerably de1ay 

otherwise required reinvestments or resu1t in substantial savings 

in operating eosts. Furthermore, among the first to be renovated 

are those networks al1owing 1arge volumes of untreated wastewater 

to enter watercourses, thus adding the load beeause of the 

frequeney of treatment p1ant by-passes, and networks admitting 

exeeptiona11y 1arge vo1umes of 1eakage waters. An estimated 100-150 

networks from the 650 in operatien are the first to be renovated 

and renewed. 

In most munieipal sewage networks, leakage water and stormwater 

stil1 pose a hidden problem today that will reach a eritical level 

in five to ten years as water eonsumption inereases, aeeording to 
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current estimates, if leakage water and stormwater volumes are 

not effectively reduced. 

Following the general inventory of leakage water and stormwater, 

survey work is to continue by compiling detailed plans to reduce 

leakage water and stormwater volumes and to estimate the costs 

incurred by sewage network renewal and renovation. Follow-up of 

the leakage water situation should be performed on a regular 

basis. 
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Regiona1 leakage water and stormwater reports appearing in the 

progress report series of the National Board of Waters: 

Inventory of 1eakage water and stormwater in municipa1 

separate and combined sewer system networks in the area 

of the Helsinki Water District 1980 

Inventory of 1eakage water and stormwater in municipal 

separate and combined sewer system networks in the area 

of the Turku Water District 1980 

Inventory of 1eakage water and stormwater in municipa1 

separate and combined sewer system networks in the area 

of the Tampere Water District 1980 

Inventory of 1eakage water and stormwater in municipa1 

separate and combined sewer system networks in the area 

of the Kymi Water District 1980 

Inventory of leakage water and stormwater in municipa1 

separate and combined sewer system networks in the area 

of the Mikkeli Water District 1980 

Inventory of leakage water and stormwater in municipa1 

separate and combined sewer system networks in the area 

of the Kuopio Water District 1980 

Inventory of 1eakage water and stormwater in municipa1 

separate and combined sewer system networks in the area 

of the North Karelia Water District 1980 

Inventory of leakage water and stormwater in municipa1 

separate and combined sewer system networks in the area 

of the Vaasa Water District 1980 

Series No. 

1981:86a 

1981:86b 

1981:86c 

1981:86d 

1981:86e 

1981:86f 

l981:86g 

1981:86h 

Inventory of 1eakage water and stormwater in municipa1 l981:86i 

separate and combined sewer system networks in the area 

of the Central Finland Water District 1980 
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Inventory of leakage water and stormwater in municipal 

separate and combined sewer system networks in the area 

of the Kokkola Water District 1980 

Inventory of leakage water and stormwater in municipal 

separate and combined sewer system networks in the area 

of the Oulu Water District 1980 

Inventory of leakage water and stormwater in municipal 

separate and combined sewer system networks in the area 

of the Kainuu Water District 1980 

Inventory of leakage water and storrnwater in municipal 

separate and combined sewer system networks in the area 

of the Lapland Water District 1980 

Series No. 

1981:86j 

1981:86k 

1981:861 

1981:86m 






	Tyhjä sivu
	86_TAKAKANSI_UUSI.pdf
	Tyhjä sivu

	Tyhjä sivu

