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Water distribution in Dar es Salaam, Tanzania, has for many years been poorly 
managed and underfinanced. It also has a record of unbalanced investment, which 
has contributed to a situation of a relatively well developed infrastructure for water 
abstraction and conveyance, but which lacks the commensurate connection to 
consumers. Combined with low water pressure, this turns into a self-reinforcing 
tragedy of pipe breakages and leaks. The lack of collective solutions to urban water 
supply and infrastructure management excludes the majority from piped water 
services, and utilises available resources in a far from optimal way.

The paper first provides background on Dar es Salaam’s water system, with 
its agents of supply and sources of water. The subsequent section discusses the 
distribution system and introduces the phenomena of ‘spaghettiisation’ and ‘struc-
tural leakage,’ which have been observed and documented within a broader study 
of water vending and utility privatisation (Kjellén, 2000, 2006). The spaghet-
tiisation and structural leakage phenomena are inserted into a discussion of (the 
lack of ) collective action, in what amounts to consumers choosing to exit – or 
being excluded – from the system. The long-standing lack of investments into 
the distribution system contributes to a self-reinforcing tragic situation where 
consumers, in order to secure their daily water needs, damage the system and 
thereby reinforce the vicious cycle of stagnation. 

Background on Water Supply in Dar es Salaam
The Tanzanian water sector has been reorganized since the mid-1990s, mainly 
to unite water and sewerage services in urban areas, institute greater independ-
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ence from the Ministry of Water and to commercialize operations, also laying a 
foundation for subsequent privatization. In Dar es Salaam, the National Urban 
Water Authority was merged with the city’s Sewerage and Drainage Department 
to form the Dar es Salaam Water and Sewerage Authority (DAWASA) in 1997. 
With the introduction of private sector participation at the utility level in 2003, 
DAWASA was converted into a Public Granting Authority and owner of the 
water supply and sewerage infrastructure to delegate actual operations (PSRC no 
date). Since May 2005, Dar es Salaam’s system is managed by the state-owned but 
semi-independent Dar es Salaam Water and Sewerage Corporation (DAWASCO). 
DAWASCO took over operations in from British/ German/ Tanzanian-owned but 
mainly Biwater-controlled private operator City Water Services, whose ten-year 
lease contract initiated in 2003 was cancelled after less than two years of operations. 
The whole set-up is now regulated by the Energy and Water Utilities Regulatory 
Authority (EWURA), instituted in 2001 but taking office only in 2006.

Water sources for urban supplies have become increasingly committed as the 
city grows. Dar es Salaam’s first supplies came from local wells, initially under 
artesian conditions, but since the 1950s most water is drawn from the neigh-
bouring Ruvu basin. There are now two treatment works located some 60-70 
kilometres northwest of Dar es Salaam on the Ruvu River. The main issue for 
Dar es Salaam’s supply is the low dry-season flows. Although rainfall occurs as 
short downpours throughout the year, precipitation is mainly concentrated to 
the rainy seasons. It is only during April, however, when considerable run-off 
and groundwater recharge can be expected. Seasonal low-flows are chiefly due to 
natural variability and can be expected to be exacerbated due to climate change 
effects. Seasonal flow variations are planned to be ameliorated by the construc-
tion of a dam, by which urban water needs become posed against the major land 
use in the catchment, wildlife. The presently installed capacity is dimensioned to 
the dry season flow but failures occur almost every year. There are also plans for 
expanding treatment capacity.

As the relatively distant Ruvu has not brought much supply increases since 
the 1970s, local groundwater has instead become increasingly exploited. Little is 
known about either abstraction or recharge levels. Whereas water hardness and 
high contents of dissolved solids are long-standing problems, there are heightened 
concerns over saline intrusion. Though some 30 million litres per day are pumped 
into the piped system from boreholes within the city (World Bank 2003, p. 4), 
most of Dar es Salaam’s water still comes from the Ruvu system. Of the estimated 
production of 272 million litres per day (i.e. the installed capacity), however, 
only around 150 million litres are believed to reach the city.9 Villages along the 
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transmission pipelines are provided for, and treated water is also appropriated by 
agricultural users. Moreover, water leaks due to poor fittings and valve operations 
(Elmcrest group, 1999). Almost half of the water abstracted from the river is thus 
consumed or lost before reaching Dar es Salaam. 

The 2002 Census recorded 92% of the households in Dar es Salaam as having 
access to drinking water; 76% in the form of piped water supplies, and 16% by 
way of other “protected” sources of water. The three constituent municipalities 
differ greatly, with piped water estimated to reach some 94% of the residents 
in Kinondoni, 72% in Temeke, and only 49% in Ilala (WaterAid, 2005, pp 3, 
7). The higher coverage in the northernmost municipality of Kinondoni can 
be partly explained by its favourable location with regard to piped water. The 
transmission pipelines leading water to the city from the main water works on 
the Ruvu River runs through this relatively wealthy area, where a larger share of 
the population can afford to connect. Kinondoni, or the coastline north of Dar 
es Salaam, is also where most of the city’s colonial officials used to live, and where 
present-day elites tend to reside. It has thus always been prioritised with regard 
to infrastructure. In Ilala and Temeke, the lower coverage reflects poverty among 
households, i.e. inability to connect, as well as the lack of public investment, i.e. 
limited extension of pipes. The paucity of infrastructure in these southern and 
western parts of the city is to some extent compensated for by the greater yield 
of aquifers and springs.

Due to the generally low service coverage, most households using piped water 
access by indirect means. The 2000/01 Household Budget Survey recorded a 
third of the households as having yard or in-house connections and another 46% 
acquiring water by way of their neighbours (National Bureau of Statistics Tanzania 
2002, p. 48). This out-of-pipe water redistribution, mainly from the piped system 
but also from private boreholes, is composed of households themselves collecting 
water by the bucket. Those who can afford it pay others to carry water for them 
and thus have water delivered to their homes, by hand-pushed carts, which is 
the dominating technology in low-income areas, or tanker trucks, the norm in 
better-off parts of the city (Kjellén, 2006). 

Skewed Investments, Spaghettisation and Structural Leakage
In Dar es Salaam, water for domestic and industrial use is scarce year-round.10  
This is because even when there is plenty of water in Ruvu River, much of it is 
consumed or lost along with transmission and, when in the city, losses continue 
and are exacerbated by pressure problems, poor piping, water theft and tamper-
ing with the system. 
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Bostoen et al. reflect on the priorities of an archetypical engineer who favours 
intakes and central treatment works with the reasoning that if this link fails, all 
the rest will also fail (2007). Large construction ventures, rather than maintenance 
or a focus on the reticulation system, may render recognition, status and other 
advantages to engineers as well as politicians. Such prioritization is consistent with 
how Dar es Salaam’s infrastructure has developed, and has produced a lop-sided 
system with very inadequate distribution or linkage to consumers. 

In fact, although leaking and heavily tapped along the way, the transmis-
sion capacity and primary mains of Dar es Salaam’s water system appears to be 
reasonably sufficient for a city of its size (DAWASA Divestiture Technical Team, 
1998). The main problem with the infrastructure relates to the poorly developed 
‘secondary’ distribution system (JICA, 1991), which ideally would have conveyed 
water through distribution mains into most settled parts of the city. Actually, 
there has hardly been any investment into water distribution since the mid-1970s 
(Elmcrest group, 1999). 

In order to compensate for the lack of (secondary) distribution, the ‘tertiary’ 
system, composed of individual connections has grown out of proportion. Connec-
tion piping can run over a kilometre, often in parallel, to connect households 
to water yielding primary mains. Given the distance to the mains, piping costs 
can be high and only affluent consumers are able to connect. Kironde described 
the process of spaghettiisation with regard to settlers in the northern outskirts of 
Dar es Salaam:

Water had many times to be fetched from distantly located sources… Lack of co-
ordination among developers led to repetitive action i.e. each individual laying 
their own pipes sometimes in the ditches dug earlier by another developer, where 
co-ordination would have led to lower costs (1994, p. 398). 

Due to lack of working capital with the public water company, all costs have 
to be paid up front by the customers, even though the work may actually be 
performed by company personnel. This way, all investment into the lower hier-
archy distribution is steered by individual demand rather than collective goals or 
plans made by the water utility. 

The aggregate investments into the “spaghetti” network could most likely have 
paid for collective distribution pipes to most areas, which would have resulted 
in lower costs for those connected and affordable connections to many more 
households in each location. Such coordinated planning is noted for its absence, 
and found to be a major factor behind the low connection rate in Dar es Salaam 
(Kjellén, 2006).
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With many small pipes instead of a larger common carrier, water conveyance 
is inefficient. Moreover, many connections run above ground and are amenable 
to both intentional and unintentional damage and consequent leakage, loss of 
water pressure and water contamination. Spaghettiisation is not only economically 
costly but also hydraulically inefficient. 

The loss of pressure induces many of those who are connected to take actions 
that are highly detrimental to the system as a whole. Booster pumping from the 
network, which is strictly prohibited, further lowers the pressure, and may even 
lead to negative pressure and related water quality problems. Similarly, cutting of 
low-lying pipes in order to access water that is not forthcoming through regular 
faucets exacerbates leakage.11 

This process is here referred to as “structural” leakage to denote its inherent 
social dilemma, which is irresolvable by those involved when acting on their own. 
In engineering terms, “structural” leaks are mere “physical” leaks, but instead of 
decreasing with a lowering of the water pressure they increase. These leaks – which 
are characteristic only of a system in severe imbalance – thus work in opposition 
of the general physical laws as applied in pressure management. 

Discussion of Structural Leakage 
Vandalism or Necessity, Exit or Exclusion

The low pressure in many parts of the distribution system induces consumers to 
strive for ‘up-stream’ connections at locations on the mains where pressure rises. 
This zero-sum competitive re-connection game forms part of the stagnated nature 

Figure 1 Stagnation Cycle of Weak Finances and Poor Services, With Points of Customer Exit 
or Exclusion. Source: Kjellén, 2006. p. 253.
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of system development in many African cities. A more pernicious consequence of 
low pressure at the level of consumer connections is the cutting of pipes in order to 
access water that is not forthcoming from faucets. This well-known phenomenon of 
pipe-cutting is explained in various ways. In a newspaper interview, DAWASCO’s 
director noted that “proof that …[an] area has been supplied with water are the 
numerous pools on the roadside and several streams of water running alongside the 
pipes”12 and that “[r]esidents in the area know who is responsible for the damage.” 
He appealed to the public that they must work together with the company “to stop 
vandalism of water supply pipes” (The Guardian, 2005). Others accuse water vendors 
of stealing water to later deliver to those who have been deprived of their supply. 

While theft, profiteering and vandalism surely exist, it is argued here that it 
is the low pressure in itself – making water hard to access through legal means 
– which forces people to cut their own pipes. It may even be water for which 
they pay, but would not receive unless they short-cut the water at a lower point 
in the system. 

The aggregate outcome of the ongoing cutting of pipe, nonetheless, is a further 
reduction in pressure and water availability. This ‘structural leakage’ forms a highly 
vicious cycle and a tremendous challenge for system managers. This problem is 
exacerbated by the spaghettiisation of the network, in its turn provoked by the 
lack of (public or even just pooled) investment into water distribution. This 
way, the scarce investment funds are sub-optimally used, and have little chance 
of turning the vicious stagnation cycle (Figure 1) experienced by many African 
water utilities. 

In order to overcome water supply problems and access water for themselves, 
most households make considerable investments into complementary supplies. 
The purchase of bottled water to overcome problems of poor water quality would 
be the typical ‘exit’ (as theorised by Hirschman, 1970). There are a range of differ-
ent alternatives, ranging from expensive tanker and push-cart water deliveries, to 
providing one’s own labour to collect rainwater or water from other sources outside. 
Many of these options may not signify any ‘opting’ out by choice, but rather to 
have been ‘excluded’ from service as a consequence of inaccessible connections 
or non-delivery of water. This is illustrated by the boxes in Figure 1 above. (The 
distinction between exit and exclusion can be debated.) 

Conclusion
The loss of customers and revenues, along with weak finances and the resulting 
inability to invest, which (along with other factors) lead to poor services and 
continued reduction of the customer base, forms the essence of the ‘stagnation cycle’ 
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outlined above. That this can go on year after year can be explained by the existence 
of alternatives (Kjellén, 2006). The ability to acquire water through alternative means 
not only appeases unsatisfied consumers and makes them unlikely to protest, it also 
allows the water company to deteriorate. A more commercially or socially water 
system operator ought to be more alarmed by the massive loss of customers. 

Although the water company has a commercial mandate it appears to have 
acted on it mostly in the area of infrastructure development. Here – in accordance 
with market principles – individual demands for connections, backed by requisite 
financing, are responded to. Coupled with a finance-strapped water company 
which makes no investment on its own, however, the resulting spaghettiisation 
further exacerbates the exclusion of consumers from the piped system. A more 
coordinated collective approach to distribution system planning and building 
would be socially more beneficial as well as commercially profitable.

While there is great demand for water as well as for private pipe connections 
in Dar es Salaam, there is some way to go before these opportunities can be capi-
talized on. A system that is out of balance is difficult to set right with piecemeal 
initiatives. To turn tragic dynamics into a virtuous development path requires 
significant investment along with greatly enhanced and sustained operations. 
There are no quick fixes.

Notes
9 Water production, transmission, distribution and delivery figures from Dar es Salaam are to be 
treated with extreme care. Assessments are generally based on assumptions about capacity and 
effectiveness of operations rather than actual measurements.
10 A typical news line reads “Parts of Dar es Salaam have been hit by a severe water shortage despite 
the ongoing rains” as recently appearing on the IPPMEDIA Main Page (IPP Media 2008).
11 The legal way to deal with low pressure is to install an underground tank in which water 
can accumulate at its own pace around the clock, i.e. during those times when there is water of 
sufficient pressure in the system to reach the premises. From the underground tank, the household 
can thereafter pump water to a rooftop cistern from which water can be drawn by gravity through 
in-house or yard piping. (In essence, this is a highly decentralized version of a service reservoir, 
which evens out peaks in demand with differently, or evenly, timed supplies.)
12 Many parts of Dar es Salaam have their supply rationed, and will thus be supplied by turns. 
Between the turns there is no water in the pipes, and consequently no leakage. When water is 
turned on again, water leaks become apparent. The water so to speak ‘announces itself.’
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