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ABSTRACT 

Intermittent water supply is a major challenge in informal settlements (slums) in Nairobi, 
Kenya. Smart water man- agement is an emerging technology that uses sensory net- 
works for continuous monitoring of water infrastructure to detect anomalies and inform 
effective distribution of wa- ter resources. This thesis investigates how visualization of 
data collected from the water network can support the lo- cal water utility in the Nairobi 
slums in improving water distribution, including maintenance and development. An 
explorative qualitative study, including interviews with util- ity staff members and field 
observations informed the devel- opment of three conceptual prototypes to propose how 
the collected data could be incorporated in the water utility’s practices. The design of the 
prototypes lead to a discussion on how smart water management can be adapted to the 
specific challenges of the context. The thesis concludes by suggesting that a successful 
implementation of smart water management, besides supporting efforts directly related to 
the slum areas, must also address the problems of inefficient and inequitable water 
allocation concerning the whole city of Nairobi.  

 

Svensk översättning: 

Oregelbunden vattenförsörjning är en stor utmaning i informella bosättningar 
(slumområden), i Nairobi, Kenya. Smart water management är ett ny tekniskt område 
som använder sensornätverk för kontinuerlig övervakning av vatteninfrastrukturer för att 
upptäcka avvikelser, som t.ex. läckage, och informera effektiv distribution av 
vattenresurser. Denna studie undersöker hur visualisering av data som samlats från 
vattennätet kan stödja det lokala vattenbolaget i Nairobi i arbetet med att förbättra 
vattendistributionen, inklusive underhåll och utbyggnad. En explorativ kvalitativ 
förstudie baserad på intervjuer med anställda på vattenbolaget och fältobservationer 
användes som underlag för en designprocess av interaktiva datavisualiseringar. I 
designprocessen skapades tre konceptuella prototyper som exemplifierar hur den 
insamlade datan skulle kunna inkorporeras i vattenbolagets praxis. Utformningen av 
prototyperna ledde till en diskussion om hur smart water management kan anpassas till de 
särskilda förutsättningarna i Nairobis informella bosättningar.  En lyckad implementation 
av smart water management måste, förutom att stödja de insatser direkt relaterade till de 
informella bosättningarna, också adressera problematiken gällande ineffektiv och ojämlik 
fördelningen av vattenresurser i hela staden Nairobi.  
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ABSTRACT
Intermittent water supply is a major challenge in informal
settlements (slums) in Nairobi, Kenya. Smart water man-
agement is an emerging technology that uses sensory net-
works for continuous monitoring of water infrastructure to
detect anomalies and inform e↵ective distribution of wa-
ter resources. This thesis investigates how visualization of
data collected from the water network can support the lo-
cal water utility in the Nairobi slums in improving water
distribution, including maintenance and development. An
explorative qualitative study, including interviews with util-
ity sta↵ members and field observations informed the devel-
opment of three conceptual prototypes to propose how the
collected data could be incorporated in the water utility’s
practices. The design of the prototypes lead to a discussion
on how smart water management can be adapted to the
specific challenges of the context. The thesis concludes by
suggesting that a successful implementation of smart water
management, besides supporting e↵orts directly related to
the slum areas, must also address the problems of ine�cient
and inequitable water allocation concerning the whole city
of Nairobi.
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1. INTRODUCTION
One of the major challenges in many developing countries

is the deficiency of safe drinking water. More than 700 mil-
lion people in the world are lacking ready access to improved
water resources, nearly half are in sub-Saharan Africa [35].
Lack of safe drinking water causes sickness and diseases and
has many other socio-economic implications that hinder de-
velopment. For example, time spent on fetching, carrying
and queuing for water keep children out of school and women
from working [31]. Clean water and sanitation is one of the
17 UN Global Goals and their target is universal and equi-
table access to safe water for all by 2030 [28].

In Nairobi, the local water utility Nairobi City Water and
Sewerage Company (hereafter called the water utility) is
struggling to distribute scarce water resources and meet-
ing a rapidly increasing demand. Urbanization has spurred
explosive population growth and Nairobi’s current popula-
tion of 3 million is projected to double by 2025 [30]. If the
trend from recent years continues, the city’s informal settle-
ments or slums, as they are commonly known, will absorb

the majority of the new inhabitants [23]. The informal set-
tlements only account for 5% of the city’s land area, still they
house 60% of the city’s inhabitants, most of them in the two
biggest slum areas Kibera and Mathare [6]. People living in
the informal settlements have only limited access to appro-
priate housing, electricity, sanitation and water. Only 12%
of households in the slums have water connections in their
homes while the majority instead buys water from street
vendors, who sells water from illicit connection to the for-
mal network [19].

Many of the water related problems in Nairobi’s informal
settlements are related to inadequate infrastructure. The
water utility, estimates that 38% of the water supply is lost
due to leaks, bursts and unauthorized consumption [33].

In this situation, there is a need to address new technical
solutions that can support good governance of water distri-
bution. An ongoing collaborative project between Ericsson
research, UN Habitat and the water utility are exploring the
potential of installing a sensory network in the physical com-
ponents of the water infrastructure in the informal settle-
ments of Mathare [33]. The concept also includes engaging
inhabitants of the informal settlements as citizen observers,
maintaining and supporting continuous data collection. The
idea is that collected data can be presented to stakeholders
of water governance, prominently inhabitants in the slums
and the water utility as to incentivize a more e�cient water
distribution.

As an in-depth e↵ort of the project, the purpose of this
thesis is to investigate how interaction with visualization of
the collected data could provide support to the water utility
of the informal settlements in Nairobi, in making informed
decisions about water distribution. For this purpose, it is
essential that the selection of data presented are relevant to
the water utility’s practices and that visual and interactive
features of data representations are useful in generating hy-
pothesis and solving problems. Therefore this study have
utilized ethnographic methods of qualitative data collection
to identify the water utility’s practices in the context of the
informal settlements. This, in turn, informs an iterative de-
sign process of creating conceptual information visualization
prototypes.

1.1 Research question
What are the most salient visual and interactive features

of a sensor-based visualization that provides support to the
water utility in the Nairobi slums in making informed deci-
sions about water distribution?



2. BACKGROUND

2.1 Smart water management
Urban water grids face sustainability and resiliency chal-

lenges due to increasing demand while in some areas re-
sources are becoming scarcer. Water distribution systems,
especially in developing countries, often waste large part of
supply due to so called non-revenue water, referring to wa-
ter lost to leaks, bursts and unauthorized water consumption
[17]. The emerging technology of smart water management
utilizes sensory nodes, which measures attributes of the wa-
ter (quality, pressure, flow) at strategic points in the water
infrastructure for analyzing system condition, to improve ef-
ficient delivery of water, detection of anomalies (burst, leaks
or contamination) and optimization of the system [21].

There are only a few academic case studies available where
sensory networks has been deployed in real urban water in-
frastructures [13]. One of the most prominent examples of
such systems is the WaterWiSe platform, which has been de-
ployed in Singapore since 2009 and features 50 sensor nodes
spread across several of the city’s supply-zones. The system
has been described in detail by Whittle et al. [34]: With
sequence analysis of data collected from each individual sen-
sor, the system can detect burst or leaks from pressure tran-
sients. If multiple sensors have detected the same abnormal
event, their locations can be used to estimate the point of
the burst or leak. To prevent false positives from pressure
signatures of irregular events in the system that are not due
to bursts or leaks, machine learning has been used to analyze
historical data to be able to recognize and categorize such
events. In addition, by calibrating a hydraulic model of the
water infrastructure with real-time data, the platform can
be used to simulate valve operations and predict demands.
This allows for proactive practices for water utilities, which
can assess impact of actions before making them. A similar
system, focusing on detecting water quality abnormalities
has been deployed in the Netherlands [36].

2.2 Smart water interaction and visualization
ITU [16] have described some of the main types of inter-

active software used with water data: (1) Hydraulic models
are computational models, created to emulate a real-world
water infrastructure. In summary, it can be described as
a black box, where real or simulated data can be used as
input in order to compute forecasts, demand predictions
and impact assessments; (2) SCADA (Supervisory control
and data acquisition)-systems are for supervision of infras-
tructural systems through monitoring data and progress and
also allows to send and process commands directly via the
system. SCADAs are usually used in control room environ-
ments; (3) web-based communication and information inter-
faces are solutions to display and manage large amounts of
data from heterogeneous sources. The system may provide
some automatic analysis or improve presentation of data so
that the user easier can perform such analysis herself. The
fact that it is web-based makes it accessible for many dif-
ferent stakeholders. Other systems have also implemented
email or sms-based alarm systems, to notify appropriate per-
sonnel in case of abnormal events in the infrastructure [36].

2.3 Maji Wazi: scope and technology
The Maji Wazi-project, translating to open water in Swahili,

is an ongoing research project as part of a partnership be-

tween Ericsson research, UN Habitat and the water utility
concerned with water distribution in informal settlements of
Nairobi. The project is exploring the potential of using in-
tegration of ICT for collecting, analyzing and sharing water
distribution information. Key components of the Maji Wazi
concept is a sensory network for data collection and a cloud
server for data storage and distribution. The concept also
includes collaboration with the slum community for sensor
data collection. The hope is to engage slum dwellers as cit-
izen observers who will be responsible for safe keeping of
sensors, charging batteries and ensuring that data is being
reported continuously. While the water utility is one poten-
tial receiver, the project is also investigating solutions for
presenting the collected data to the slum community. Ini-
tially the project have focused its e↵ort to a neighborhood
called Mashimoni, enclosed in the slum area Mathare.

Previous to and in parallel with this study, the Maji Wazi
research group conducted several other activities. Most promi-
nently, three test sensor were deployed in Mashimoni, mea-
suring flow (L/min). The sensors were installed on pipes in
the homes of citizen observers. The sensors are equipped
with SIM card modules, which by 3G-network can upload
sensor data to a cloud server continuously. Other activities
included a household survey, geographic information systems
(GIS) infrastructure mapping, workshops with special inter-
est groups, meetings with the local administration as well as
a series of meetings with members of the slum community.

In comparison to smart water management systems im-
plemented in developed urban environments, the setting of
the Maji Wazi-project does not present optimal conditions
for tech-driven innovation. Nairobi slums have intermittent
supply caused by old, and ine�cient infrastructure, prone
to leakage and bursts [19]. In addition, the water utility’s
pipe networks have in many places been extended by infor-
mal capillary networks, which are unmapped and not con-
trolled by the water utility. In accordance with models for
innovation of the current ICT4D paradigm, as described
by Heeks, the Maji Wazi-project instead focuses on cre-
ating a small-scale collaborative and participatory solution
by adapting existing technologies to the specific developing
world context of Nairobi’s informal settlements [15]. The
Maji Wazi-project is also an exploration of requirements for
future connectivity technologies supporting public services,
citizen participation and open data platforms.

2.4 Study setting: Mashimoni
Slums neighborhoods have since long been considered as

rich and complex societies that is closely connected to the
events of the surrounding city and yet at the same time,
ruled by its own exclusive social, economical and material
terms [24]. Slums should not be understood just as poor
neighborhoods and practices in this context cannot be de-
scribed without considering cultural, institutional and in-
frastructural conditions. Inspired by the explanatory frame-
work for contextual practices suggested by Entwistle et al.,
this section gives a short introduction to water practices in
Nairobi slums [11].

Nairobi originates as a supply depot set up by British set-
tlers along the Uganda railway around the turn of the cen-
tury and colonization of the area brought redistribution of
land rights in favor of a new white population and racial zon-
ing of the city [10]. African neighborhoods were neglected in
development of services and proper housing [23]. Unfortu-



nately, after independence in 1963, inequalities increased be-
tween city areas since post-colonial governments did not re-
arrange land inequalities [10]. Since independence Nairobi’s
population has grown explosively from 120.000 in 1948 to
3.2 million today [10, 31]. The informal settlements have
absorbed most of the population growth [23].

The first informal settlements of Mathare dates back to
the 1920s and the area has since been demolished and re-
built several times [7]. Currently, the area is owned by the
local government but occupied by residents that have set-
tled in the area without formal land rights. Unrecognized
as a residential area by the local government, Mathare lacks
basic infrastructure and services such as electricity, sanita-
tion and household tap water. There is no system for waste
management in the area other than open drainage canals.

While it is di�cult to map out exact boundaries, Math-
are consists of several smaller villages, one of them called
Mashimoni, the pilot area for this study. Mashimoni con-
sists of a rectangular area of 200m x 500m, situated between
a paved road called Juja Road in the south and the Mathare
River in the north. In the area, around 600 tin-roofed hous-
ing compounds are densely huddled together along winding
alleyways. Each compound can house more than one house-
hold and a rough estimation is that the area has a population
of 3000-5000 (5-8 person/compound).

Mathare has an 35% unemployment rate and 45% of the
remaining slum dwellers resolve to informal self-employment
such as garbage collection, salvaging and reselling materi-
als, cooking and selling food on the street, or short-term
handyman jobs [27, 9, 37]. Making only small incomes, slum
dwellers are living under constant financial insecurity which
prevents them from improving their situation. Earning the
money they need for basic necessities day-by-day, most peo-
ple would not be able to save up money to pay a monthly
water bill even if granted household water.

After a long period of failing to deliver qualitative service
due to persistent problems with corruption, provision of wa-
ter services was separated from the Nairobi City Council and
reinstated as the Nairobi City Water and Sewage Company
in 2002 [25]. The water utility is still owned by the Nairobi
City Council but is virtually run as a commercial company
with its own revenue, investments and customers [8]. The
water utility has since o�cially committed to focus its ac-
tivities in the informal settlements on extended water access
rather than revenue [10]. Nevertheless, they still only have a
rudimentary water infrastructure in Mathare. Instead, resi-
dents access water through alternative informal distribution
chains, most prominently by private actors (hereafter called
water vendors), that through illicit pipelines have connected
to the formal network and sell water from street taps [8].

Such informal solutions have introduced more stakehold-
ers to the water distribution chain and as a result end con-
sumers in the slums often pay a much higher price per liter
than the tari↵s that the water utility o↵ers to areas with
direct connection to the city network [22]. According to one
study from 2006 households in slum areas spend 20% of their
income on water [32].

This internal slum water economy has also brought actors
that try to capitalize on that water as a resource increases
in value the scarcer it becomes. Several sources have men-
tioned formation of water cartels, which through influence
or violence tries to control turfs of the water grid and supply
points in order to monopolize water prices [8, 19].

The di�culties in accessing and a↵ording water are forc-
ing people in the slums to very restricted water consump-
tion, estimated to 15L per day per capita [19]. Carrying and
queuing for water is a daily chore for women and children in
the informal settlements that can amount to several hours
of work per day [8]. Many slum dwellers earn their living
day-by-day and for them, time spent on fetching water di-
rectly translates to lost incomes. Since slums households
lack qualified means for water storage, supply intermittence
can quickly force residents to abstain from everyday tasks
such as cooking and showering [8]. Poor drinking water qual-
ity and lack of water for sanitation means is also the cause
of sicknesses and outbreaks of cholera and diarrhea is com-
mon [2]. Pneumonia and diarrhea are the primary causes
for children-under-five mortality rates in Nairobi slums es-
timated to be three to four times higher than in other city
districts. [18, 26].

3. METHOD
The research method used was a combination of a qual-

itative study to form a broad understanding of the water
practices in the Nairobi slums and a reflective design pro-
cess through iterative visualization prototyping. The first
part of this section describes the activities of the qualitative
study. The second part describes the ideation and creation
of the visualization prototypes.

3.1 Qualitative study
The qualitative study included interviews with water util-

ity sta↵ members and field observations. The study took
place during a two week visit to Nairobi in December 2015.

3.1.1 Interview participants

The participants for the interviews were selected as to rep-
resent the many relevant roles in the water utility, spanning
across the water distribution value chain, both geograph-
ically and hierarchically (see Appendix A). The majority
of these roles were represented among the interviewees. In
total, nine sta↵ members were interviewed. Six of the in-
terviewees were interviewed in one-on-one sessions and the
remaining three were interviewed as a group (see Table 1
& 2). The interview sessions were held in English and each
session was about an hour long.

Table 1: One-on-one interviews
Interviewee # Professional role

1 GIS*-assistant
2 Director of Maintenance & Operations
3 Engineer at Non-revenue dept.
4 Engineer at Distribution & control dept.
5 Developer at ICT Business dept.
6 Reservoir manager

*Geographic information systems

Table 2: Group interview participants
Interviewee # Professional role

7 Regional technical o�cer
8 Fieldwork supervisor
9 Fieldwork supervisor



Figure 1: left) examples of prototype paper sketches, right) interactive mockup of a prototype interface

3.1.2 Interview procedure

The interviews were semi-structured, focusing on the in-
terviewees’ day-to-day work tasks and chores. Because of
the participants’ diverse backgrounds and expertise, many
di↵erent topics were discussed, ranging from water rationing
to ICT tools to plumbing. To stimulate storytelling and fo-
cused narration, the interviewee was given some elicitation
materials, printed on paper, to draw and write on during
the interview.

The first elicitation material was a sheet with a timeline,
which could be used as a template for sketching out chains
of events to concretize their internal order (see Appendix
B). For example, field sta↵ were asked to sketch out the
order and the details of their actions in case a water leak is
reported. This inspiration for this particular material was
taken from Hasselqvist [14].

The second elicitation material was a printed GIS-data
map of Mashimoni, the pilot area of the Maji Wazi-project,
showing known water pipes (see Appendix C). The map was
used to focus discussion on the particular attributes of the
water infrastructure in Mashimoni.

The majority of the interviews were held at the intervie-
wee’s working station. This gave the opportunity to ask
the interviewee to exemplify certain tasks or practices by
showing a relevant software interface or document on their
computer. Screenshots, photos and files from such occasions
were collected.

3.1.3 Field observations in Mashimoni

Field observations were conducted over a number of visits
to Mashimoni. Observations were made both of the tech-
nical infrastructure and societal structures regarding access
to drinking water. Ad-hoc interviews were conducted with
community leaders, water vendors, and consumers. Obser-
vations were also made in conjunction to other activities of
the Maji Wazi-project. This included a sit-down meeting
with community leaders at a local cafe where members of
the Maji Wazi-project presented the concept to representa-
tives of the community. It also included assisting with sensor
installations.

Field observations benefitted greatly from the commu-
nity relations already established by the Maji Wazi-project.
Whereas on previous visits, researchers involved in the project

needed to be accompanied by security personnel, during
these visits the author and another researcher accompanied
by a local tied to the project, could wander relatively freely
in the area. This made for a relaxed and informal approach,
which facilitated engaging in dialogue with residents and ob-
serving the setting in context of water access. The activity
of installing sensors even gave the opportunity to venture
into the homes of residents, o↵ering a rare insight into the
hardships of life in the slums.

3.2 Qualitative analysis
The collected data of the qualitative study included in-

terview audio recordings and notes from field observations
as well as miscellaneous materials such as screenshots, doc-
uments and photos. Interview recordings were later tran-
scribed and field notes were elaborated.

The data was then coded and analyzed through thematic
analysis as described by Braun & Clarke [3]. Transcripts
were carefully read, searching for patterns and recurring
meanings. An e↵ort was made to approach interviewee state-
ments as a result of context of interview situation, place in
hierarchy, assumptions and misassumptions. Next, excerpts
from transcripts were coded and codes referring to the same
issue or idea were grouped into themes. A code could be
grouped into more than one theme if needed. Names were
formulated to define the meaning of each theme. Each theme
was then reviewed, going through the excerpts again to, en-
sure that the theme definition and name was adequately
supported in the data. Following this step, some themes
were renamed and others were merged as sub themes into
five overarching themes (see Appendix D).

3.3 Prototyping
Prototyping was done throughout the study and in paral-

lel to other activities. Rapid prototyping was used to itera-
tively create conceptual prototypes of increasing fidelity; on
a whiteboard, sketching on paper and later in form of inter-
active digital mockups (see Figure 1). The prototype iter-
ations served as material for discussion and feedback guid-
ing the design process. One formal feedback session with
three senior design researchers at Ericsson not involved in
the Maji Wazi-project was held while still working with pa-
per sketches. Informal feedback were also given by Maji
Wazi-project members and water utility sta↵ throughout the
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design process
Finally, two web-based and one SMS-based high fidelity

prototypes were created. These prototypes were built as in-
tegrated front-end systems to the Ericsson backend cloud
service for storing data uploaded from the sensor network
(see Figure 2). The test sensors of the Maji Wazi-project
was installed in parallel to this study and was not yet func-
tionally transmitting data. Therefore, data points from sim-
ulated sensors were sent to the backend system in order to
realistically simulate real-time data representations and in-
teractions. One of the prototypes also incorporated static
GIS data provided by the water utility.

4. RESULTS
The first part of this section thematically describes the

findings of the qualitative data analysis. The second part
discusses the implication for design of these findings in con-
nection with the resulting prototype visualizations.

4.1 Result of qualitative study
Analysis of collected data from interviews and field ob-

servation resulted in the extraction of five key themes: 1)
Water utility distribution practices; 2) Water infrastructure
in Mashimoni; 3) Water scarcity in Mashimoni; 4) Water
utility fieldwork practices; and 5) Use of existing ICT tools.

4.1.1 Water utility distribution practices

Water supply resources in Nairobi cannot meet the de-
mand from the city’s growing population. For this reason,
the water utility has felt obligated to ration access to water.
They have created a schedule, which regulates on which days
and between what hour’s di↵erent areas of the city receives
water. The schedule is published on the water utility’s web-
site and in the local newspapers. Interviewees referred to
the operation of this schedule as rotation of supply. One in-
terviewee, involved in the creation of the schedule explained
its design; the water utility has made an estimation of con-
sumption in each city area and then calculated amount of
hours per week of water supply needed so that each area
receive 70% of its demand:

“You take 70% of the demand [of the city area] and you
have the characteristics of the pipe, which tells you how
many cubic meters [of water] per hour it can supply. Then
you calculate, to meet that demand in a week, how many
hours do you open that pipe? That determines the overall
distribution program.”

-Interviewee #2

This rationing cannot be considered equitable since it fa-
vors upper/middle class areas where infrastructure and gen-
eral standard of life allows for water consumption demands
many times higher than in the slums [19]. The result is that
some areas are scheduled to receive water every day while
others only 2-3 days a week. Mashimoni is scheduled to
receive water 48 consecutive hours per week.

Water rationing, however, is not the only motivation for
the schedule. Due to mechanical characteristics of the sys-
tem and the high demand, there is a problem of maintaining
su�cient pressure throughout the system, especially to lo-
cations far from the main pipelines:

“Even if a line is open, it will still not supply everybody.
Since we provide water by gravity and not pumps and as
long as what you put in a supply line is less than demand,
the people who are nearest to supply will always get water
but the people furthest from supply will not get [water]”

-Interviewee #2

The rationing schedule, therefore, also serves as a way
to actively allocate water resources to specific city areas so
that, during scheduled hours of supply, the areas supply
pipelines have su�cient pressure to deliver the water.

Through the interviews it was apparent that the allocation
of water resources is an extensive routine operation, which
requires daily manual opening and closing of valves on pipe
lines across the city which engages around one hundred em-
ployees full-time. One interviewee felt that maintaining the
schedule is the most tedious chore of the company.

In the data, there were several statements suggesting that
rationing schedule might not be reliable. First, within the
water company there are conflicting accounts regarding if an
area’s water supply is completely shut-o↵ during o↵-schedule
hours or only limited(one interviewee stating that valves
are still left 30-40% open). Second, among inhabitants in
Mashimoni, there were many accounts, which suggest that
they receive water only sporadically, even during on-schedule
hours (Section 4.1.3 presents this in greater detail)

One plausible explanation for the water utility’s problem
with maintaining the assigned schedule is that they lack the
necessary tools to review the impact of their valve-turning
operations, making water allocation a qualified guesswork
at best. Another explanation supported by the data and by
Ledant is that regional sta↵ are prone to deviate from the
schedule in order to satisfy whatever area where complaints
are currently loudest [19].

Another important component in the water allocation sys-
tem are the city’s water reservoirs. Reservoirs are large wa-
ter storage facilities, placed on elevated points throughout
the city. Since water in Nairobi is distributed by gravity
and not pumps, the elevation helps in building pressure in
order to distribute the water flowing out from the reservoirs
and into the city’s pipe system. At the reservoirs, water
utility sta↵ measures inflow and outflow (L/h) and the wa-
ter height (m) in the water containers. The water height is



Figure 3: Informal pipes running along a drainage
canal in Mashimoni.

measured since it indicates pressure head force on the water
in the container, which is proportional to the water pressure
that the reservoir can provide out into the pipe system.

Several interviewees stated the reservoir containers’ water
height as the most prominent indicator of expected pressure
levels throughout the system. Quantitative measurements
further down in the infrastructure are few to none. There-
fore, sta↵ at each reservoir measures and communicates in-
flow, outflow and water heights hourly by radio transmit-
tance to the water utility’s main o�ce.

4.1.2 Water infrastructure in Mashimoni

Water infrastructure in the Nairobi slums have been named
spaghetti networks by other researchers, describing a chaotic
snake pit of pipes and plastic tubes tangled up and poorly
connected to each other, running in intervals below and
above ground [10]. Walking along the maze-like winding
streets of Mashimoni between the dense rows of small houses
it is often possible to catch glimpses of plastic pipes running
above ground for a few meters and then disappearing into
the sediment again. Many of the streets in Mashimoni have
trenches of sewage water running through the middle of the
street, where you can sometimes find water supply pipes
drawn along the same canal (see Figure 3). It is, however,
di�cult to follow such pipelines and to get an overview of
the infrastructure. Infrastructural mapping, conducted ear-
lier in the Maji Wazi-projects, indicates that such visible
pipes can be seen all over the area of Mashimoni, suggesting
that there is a considerable extension (hereafter called the
informal network) sprawling from the formal network (see
Figure 4).

Discussing the GIS map from the elicitation material with
sta↵ members at the water utility it was possible to form a
more detailed understanding of the existing infrastructure
in Mashimoni. The water utility owns and controls a formal
network consisting of a bigger supply line along the main
road that branches of into a few smaller pipes leading into
the southern part of Mashimoni.

The informal network is a capillary network of smaller
plastic pipes connected at numerous locations on to the for-
mal network. Such pipes are in general owned and controlled

Figure 4: Formal pipeline networks and known in-
formal pipeline network, water access points, and
visible pipes in Mashimoni.

by residents or water vendors. Often it is only the individu-
als who own or have installed such pipes that know exactly
where they are located.

The general stance from the water utility sta↵ interviewed
regarding the informal network is that it is a nuisance, which
inflicts damage on their property and allows for illegal con-
sumption of their water resources. However, a deeper in-
quiry regarding specific pipes indicated on the elicitation
material map showed that there is a considerable grey zone
in what is considered formal and informal pipes in the water
utility. For example, there are some pipes of the formal net-
work that does not seem to lead anywhere. The water utility
have installed these pipes as connecting points for private
contracting, which shows that they have partly promoted a
shared ownership of water infrastructure. Often, it is hard
to determine if the water utility have o�cially authorized
a particular connection or not. In summary, it can be said
that the informal network is an organic rather than struc-
tured extension of the formal network which makes them
di�cult to separate.

There were also some noteworthy occasions during the
interviews when interviewees, pointed to the elicitation ma-
terial map, indicating that a certain pipe was broken or no
longer existed. These statements did not seem to be doc-
umented facts, but rather empirical knowledge gathered by
fieldwork or personal contacts.

The mishmash of ownership and fragmented knowledge
of which pipes are broken, in use or abandoned, forms an,
indeed, chaotic image of the network. As one of the util-
ity sta↵ members said with a sigh when asked about the
informal pipes in Mashimoni: “There are so many”. His col-
league added that he thought the elicitation material map
only captured about half of the pipes in the area.

4.1.3 Water scarcity in Mashimoni

Talking to various water vendors and citizens during field
observations in Mashimoni, everybody attested to the main
water pipes serving the area being completely dried up since
some time, some claiming since two months while others said
a couple of weeks. At the time of this study, the residents
had resolved to alternative ways of accessing water, for ex-



ample from one of the circulating vendors, dragging along
handcarts stacked with 20L cans, selling water for prices 20
times higher than normal water vendors. Some vendors, sell-
ing water on the northern outskirts of Mashimoni, where a
river creates a natural boundary to a neighboring area had
also connected a water pipe across the river to get water
from the supply of the neighboring area.

When talking to people in Mashimoni, many said that
before the water shortage started, they only had intermittent
supply, often only available late at night. Many only seemed
partly aware that there is a regulated rationing schedule and
on what weekdays they are scheduled to receive water.

When discussing extended water shortages in Mashimoni
with water utility sta↵, several interviewees referred to the
same probable cause. In summary, even though the ra-
tioning schedule should allocate water to the particular branch
of the network which Mashimoni is part of during on-schedules
hours, there are still so many o↵-ticks to other neighbor-
hoods earlier on their shared water supply line that during
hours of high demand there is not enough pressure left in
the system for the water to be delivered to areas further
along the main line, as for example Mashimoni. This would
explain why many citizens claim to only get water late at
night, since during those hours neighboring areas are most
probably dispensing less water.

Retelling some of the particular stories and claims of water
shortages in Mashimoni to water utility sta↵ members also
showed that there are many ways in which the water utility
can impeach complaints regarding supply fail. The chaotic
structure of ownership, the unreliable rationing schedule and
occasional impairment of the pipe infrastructure are all fac-
tors to consider in order to determine the validity of such
complaints. In this interaction between service provider and
citizens, slum dwellers as a marginalized group have very
little agency. The water utility on the other hand lack the
technical means to measure water distribution to the area.
E↵ectively, there are no objective accounts on when and how
much water the water utility distributes to Mashimoni.

From discussions on various topics about water infrastruc-
ture and practices with water utility sta↵ there were several
indicators suggesting that Mashimoni risks being marginal-
ized by the water utility’s practices. At the time of this
study, the water utility were planning to launch a new de-
partment called the informal settlements region. The infor-
mal settlements region will relieve other regional o�ces from
work with the informal settlements. One sta↵ member said
that the reason for creating the new region was a reaction
to the fact that informed settlements are often forgotten:

“The informal settlements are often forgotten, because prob-
ably, there is not much income coming from there. But that
is where the people live so that is why we have to put the
informal settlements region.”

-Interviewee #3

4.1.4 Water utility fieldwork practices

Maintenance fieldwork is managed on a regional level of
the water utility. In each regional o�ce there is a coordina-
tor who are overseeing the fieldwork and are in contact with
multiple maintenance field teams, each lead by a field super-
visor. Once a customer complaint is reported to the regional
o�ce, the coordinator assigns the task of investigating the
problem to one of the field teams. The coordinator and the

field supervisors are then in close contact during fieldwork to
assess the problem and decide on actions to take. Although
the water utility have a department dedicated to drawing
GIS data maps of the water network infrastructure, field-
workers in general do not have access to such maps to bring
with them to the field:

“Right now we don’t have a map. If you do a repair here
[marks on the map from the elicitation material] and after
two days there is another leakage here [indicates close to the
first marking] you have to bear in mind where you made
repairs and what size of pipe and you will be able to identify
the lines.”

-Interviewee #8

During interviews, the coordinator together with the two
field supervisors were asked to describe their actions, step
by step, depending on the problem at hand (leaks/bursts,
supply fail or reduced flow). Here, the timeline from the
elicitation materials were used successfully.

It was noted that many of their actions are not informed
by measurements but through communication with other
bodies of the company such as their coordinator, other re-
pair teams or sta↵ on the closest reservoirs (see Appendix
E). Furthermore, they collect information through informal
inquiries with residents and vendors in the a↵ected area on
whether they have water supply, in order to pin down where
there is water and not. To make informed decisions, the su-
pervisors and the coordinators are highly dependent on sup-
port from various remote and local sources who each hold
part of the information that they need to diagnose and iso-
late an infrastructural problem.

4.1.5 Use of existing ICT tools

Before describing some of the relevant ICT tools for wa-
ter distribution used in the water utility, it should be noted
that water data often exists outside of any particular soft-
ware and is occasionally shared through other communica-
tion channels such as radio transmittance, by telephone calls
or printed on paper. For an example, an interviewee at one
of the reservoir facilities described how they announce in-
flow, outflow and tank levels at the reservoirs by hourly ra-
dio transmittances, 24 hours a day. On the other end of that
transmittance, at the Control and Maintenance Department
at the water utility’s main o�ce, an employee is listening
to the reservoir radio announcements and notes down each
value in a big ledger. A second employee inserts the val-
ues into a spreadsheet. Using that spreadsheet they create
a daily report that summarizes the status of water supply
resources. These types of analog and manual information
distribution are mainly caused by a lack of developed ICT
resources. The result is that knowledge of the water system
is fragmented and acquiring information is often done on a
need basis by personal inquiry.

Here follows a description of the most relevant existing
ICT tools supporting the water utility’s practices.

• MajiVoice is an issue tracking system used to track
progress on maintenance work. Once a customer com-
plaint has been registered in the system, an issue-ticket
is assigned to a field supervisor. As the field supervi-
sor and his or her team takes steps to solve the task,
they or their coordinator, updates the status of the



Figure 5: User interfaces of: a) dashboard prototype, b) fieldwork prototype.

issue in MajiVoice continuously. It is possible to fol-
low the activities by viewing the history of the tasks
in MajiVoice. According to the regional o�ce sta↵,
this is their main tool to manage the daily repair and
maintenance fieldwork.

• Mobile Field Assistant (MFA) is an application
consisting of two parts; A smart phone application and
a web interface. The phone application is used by field
sta↵ that does routine readings of customers’ meters.
To register a reading, the field sta↵ uses the MFA mo-
bile application to upload a photo of the meter together
with their geo-coordinates. In the web interface, a co-
ordinator can oversee the meter readings remotely.

It was noted that these ICT tools are designed with a focus
on accountability. For example, in MajiVoice, an issue-ticket
should be closed within 48 hours. If it is not closed within
that time, an alert will be sent to the responsible employee’s
closest superior. The implication is that the employees do
not want the time limit to run out since it will notify their su-
periors that they have failed to solve their work assignments.
MFA was implemented in order stem small-scale corruption
where fieldworkers would fabricate fake meter readings or
claim that there were anomalies hindering readings. MFA
enables the water utility to verify that the field workers pro-
vide an accurate meter reading from the location of the sen-
sor. Since the implementation of the system in 2014, the
number of reported anomalies have been halved, suggesting
that the tool has been successful in increasing accountability.

ICT tools can increase organizational accountability since
it gives superiors means to monitor employees behavior and
ask them to account for their behavior [20]. As these ex-
amples suggests, ICT has also helped the water utility for-
malize and structure practices allowing performance to be
evaluated and improved.

4.2 Prototypes and implication for design
In investigating the use of sensory data in management

of vineyards Burrell et al. notes that providing multiple
data representations for a single dataset can be a way of
addressing the di↵erent needs and wants from heterogeneous

users within a context [4]. Similarly, the findings of the
qualitative study suggest that there are multiple practices
within the water utility’s water distribution chain, to supply
the informal settlements, that could benefit from the sensor
data suggested by the Maji Wazi-project. However, each
practice would pose vastly di↵erent questions to the data.
For example, a fieldworker on site would be interested in a
live updated data visualization, giving detailed information
on flow rates in a few selected pipes. An analyst on the other
hand, would need a visualization of a much wider dataset,
covering a larger timespan of historical data, from one or
several supply zones. Therefore there is a need for various
type of data representations and selections of the raw data
provided by the sensory network. To exemplify how sensory
data could be visualized to inform these various practices,
three di↵erent prototypes were created.

4.2.1 The fieldwork prototype

The fieldwork prototype focuses on how an ICT solution
can support maintenance operations in diagnosing the cause
of an infrastructural problem and then locate and isolate the
particular pipe section causing the problem (see Figure 5b
and for more details, see Appendix F). In this prototype,
the coordinator at the regional o�ce or the field supervisor
on site can interact with a map view, showing the a↵ected
area. They can zoom in and out to view di↵erent parts of
the system. By clicking a button, they can also locate their
own position on the map to help them orient themselves
in relation to the pipe network. They can add/remove dif-
ferent GIS-based data layers that shows water pipes, com-
ponents(such as valves and fire hydrants) as well as known
street taps. The locations of strategically placed sensors in
the pipe infrastructure are also indicated on the map. By
hovering over a sensor’s location they can highlight a time-
line series which chart the flow rate (L/min) at that specific
part in the pipe system over the last three hours, updated
in real-time.

By assessing the flow rates of sensors in the vicinity of the
a↵ected branch of the pipe infrastructure, they can quickly
diagnose the problem and take necessary actions. If for ex-
ample a leak has been reported, they can assess the flow



sensors in the reported area to detect the particular pipe
section where the leak stems from. Then, by assessing the
components-data layer they can locate the closest valve in
case they must temporarily disconnect the section. By hov-
ering over individual pipes they get information about type
and size of the pipes so that they can order repair materials.

If, instead, a customer has reported a supply fail, the field-
workers can assess flow rates at sensors upstream on the
same branch of the pipe infrastructure to detect the pipe
section where reduction of flow started. By their knowledge
of the system and knowing where the supply fail stems from
they are able to diagnose the cause of the problem. If there
is no flow through the main supply line to the whole area
for example, it is probably due to lack of pressure to the
area, in which case a deeper investigation into other areas
and condition at the closest reservoir would be needed. If
the problem started somewhere within a capillary branch of
the infrastructure, the cause might instead be for example
a local airlock or dirt blockage.

4.2.2 The dashboard prototype

The dashboard prototype shows how the sensor data can
be used to create a data exploration tool for sta↵ concerned
with overall system performance (see Figure 5a and for more
details, see Appendix G). The dashboard includes real-time
charts for flow sensors, showing flow rate and remaining bat-
tery levels. Secondly, it includes charts showing water level
in the tanks of the city’s reservoirs, giving an indication
of pressure head which determines the pressure level in the
pipe system supplied by a particular reservoir. Finally the
balance of inflows and outflows of a specific reservoir can be
monitored to oversee the allocation of water into di↵erent
supply corridors. Interaction with the charts allows for a
selection of time span, allowing viewing of data over a year
or down to seconds depending on situation, which makes it
possible to analyze and find correlations on any scale. It can
give regional o�ce sta↵ an awareness of what pressure to ex-
pect in the system depending on water levels in reservoirs.
It can also give them an indication of how flow rates have
changed over time in their area, which could give mandate to
decision making on infrastructure upgrades. For sta↵ con-
cerned with water allocation it could be used as performance
measures and give objective data on where and when water
is distributed.

4.2.3 SMS alarm prototype

The SMS alarm prototype shows how sensor data could
be used to alert citizens or water utility field sta↵ of events
in the water system (see Figure 6). The prototype auto-
matically send out an alert SMS to the responsible citizen
observer when the battery of a sensor needs to be recharged.
This prototype was tested with one citizen observer and
three Maji Wazi sensors in Mashimoni during one month
with successful results. This prototype could be further de-
veloped to, for example, notify relevant water utility sta↵
when anomalies are detected in the water infrastructure or
communicate rationing information to citizens.

5. DISCUSSION
Smart water management is a new area of integration of

infrastructure and ICT that until now have only been re-
alized in highly developed cities. Implementations of such
systems promise reduction of water losses and more e↵ective

Figure 6: The citizen observer receives a text mes-
sage notification when a sensor battery is low.

distribution of water resources. Smart water management is
also a resilient technology since it can often integrate with
existing infrastructure, making more e�cient use of avail-
able resources [21]. Therefore there is theoretically consid-
erable potential for implementing smart water management
systems in the Nairobi slums.

The purpose of this study was to investigate how visualiza-
tion of data collected from the water network could support
the local water utility in making informed decisions about
water distribution. However, a much too techno-centric ap-
proach, not taking into account the local context of the im-
plementation is often a risk of failure of ICT projects in
developing countries [15]. In the context of Nairobi slums,
this study found that connections between formal and infor-
mal systems for water distribution are many and complex.
This is true for both the physical pipings, where o�cial pipes
leads into dozens of privately owned connecting pipes, and
for the internal economy of water in the slums, that involves
many di↵erent actors and solutions. Often the solutions in
the slums can seem illogical and ine�cient until understood
by the logic of a desperate lack of resources and an imme-
diate need. Similarly, e↵orts by the water utility can seem
spontaneous and short-sighted, acting in quick response to a
growing unbalance of water supply and population demand.
It is only by a deep understanding of how such solutions
make sense in this context we can propose how ICT sys-
tems can be used to improve them.

Therefore the focus of this study has been to examine the
existing practices and tools of the water utility in detail and
investigate how visualizations of sensor data can support
those practices. This approach led to design choices that
di↵ers from other examples of smart water management so-
lutions which have focused on automatic monitoring and op-
timization of near steady condition systems. For example,
Whittle et al. have used sequential signal pattern analysis
to automatically diagnose anomalies in water distribution by
use of machine learning [34]. The qualitative data collected
during this study suggest that it would be overconfident in
technology to design a concept built around automatic as-
sessment for such an uncontrolled water infrastructure as in
the Nairobi slums. Big sections of the Mashimoni informal
network are still uncharted and the flow is intermittent to an
extent that it would be di�cult to automatically distinguish
anomalies from normal operations.



Instead, informed by analysis of the qualitative data col-
lected, the prototypes of this study focuses on improved ac-
cess to objective data and enhanced understanding of the
water system among the water utility sta↵. For example,
for the water utility fieldworkers, this study shows that their
current sources of information are often fragmented or di�-
cult to access. Instead, their field investigations are highly
dependent on pulling information from a variety of formal
and informal personal contacts. Data provided by such
sources might be misinformed and inexact. Direct access
to real time data on strategically points in the water grid
could lead to more time-e�cient and well-informed decision-
making, resulting in more e↵ective maintenance work, ulti-
mately reducing water losses caused by leaks.

5.1 The bigger issue of water allocation
In the initial phase of the Maji Wazi-project, emphasis was

put on water losses due to leaks and bursts and illegal con-
nections as a reason for intermittent supply in the informal
settlements. However, field observations of this study sug-
gest that the greatest water related problem in Mashimoni
is not leaks, but ine�ciency and lack of equity in water dis-
tribution. According to the rationing schedule, Mashimoni
should have water supply 48 hours/week. While the equity
of the rationing schedule in itself is questionable, many res-
idents claim to only receive water late at night even during
on-schedule hours. In addition, the consensus of residents
seems to be that, as of the time of this study, major parts of
Mashimoni has not had any water supply through the main
lines for an extended time period. As discussed by Burrell &
Toyama, researchers of ICT4D should be prepared to drop
their basic assumptions once informed by field studies [5]. In
this study, it was found that a focused smart management
initiative in the slums cannot be separated from the deeper
problem of ine�cient and inequitable water allocation con-
cerning the whole city of Nairobi. An obvious statement is
that a sensory network designed for detecting leaks will not
be used e�ciently in an area where, as the qualitative data
of this study suggest, there is no water in the pipes more
than a few hours a week. Acknowledging this, considerable
e↵orts in this study were put into investigating the supply
chain leading to Mashimoni, especially regarding the city
reservoirs, rationing and allocation.

On one hand, this showed that there are opportunities for
heterogenous data collection from additional components,
earlier in the water distribution system, that would be ben-
eficial to the water utility. For example measuring water
height levels in reservoir tanks with sensor technology could
provide real-time data of the systems conditions and inform
a shared awareness in the water utility about expected pres-
sure levels in the pipe infrastructure.

On the other hand, it also showed that current water al-
location practices are ine�cient and that the water utility
lacks the technical means to assess the impact of their alloca-
tion operations. As a result there is no objective data avail-
able about where and when water is supplied to Mashimoni.

Information on quality of service delivery can play a key
role in improving water governance, but there is often a lack
of reliable sources of information on the local level in in-
formal settlements [29]. The qualitative data of this study
suggests that the complexity of water ownership and water
infrastructure in Mashimoni derails any constructive com-
munication between citizens and the water utility regarding

problems with service delivery. Therefore, there is a need for
collection of objective data which can support accountability
on water allocation to the informal settlements.

Investigating the water utility’s practices it was found that
other ICT tools have been implemented to increase account-
ability. Reusing these design values, the water utility could
use sensor network data to evaluate how e�ciently they are
meeting their goals in water distribution to slum areas. Vi-
sualizing flow through pipes in Mashimoni over time, as ex-
emplified by the dashboard prototype of this study, would
give the water utility a clear indication of the impact of
their active water allocation operations. Through interac-
tive data visualization, which correlates data from flow sen-
sors at di↵erent locations in the infrastructure with addi-
tional heterogenous data such as inflows and outflows and
head pressure in the reservoirs, they could also gain a greater
understanding of how supply resources and pressure levels
a↵ects water distribution to the slums. The dashboard proto-
type exemplifies how visualization could be used in order to
understand the current rationing activities in Mashimoni.
With more sensors, spread over the city’s supply zones, a
similar visualization could ultimately be used to motivate
design of a more equitable water allocation system for the
whole of Nairobi.

5.2 Future Research
Beyond improving the water utility’s performance in pro-

viding water according to the current schedule, development
towards more equitable water rationing throughout the city
of Nairobi is primarily a question of governance. In the con-
text of sub-Saharan Africa, there are several initiatives to
use ICT to make public services utilities’ practices trans-
parent and accountable to their customers [1]. The hope of
such initiatives is first to give citizens the capacity to hold
public service utilities accountable for the quality of their
services and second to create a stronger relation and com-
munication between citizens and the service provider [12].
An important follow-up to this study, which mainly focuses
on the water utility’s use of water data, would be to research
how collected data can be presented to the slum community
in a format that is understandable and serviceable while ac-
ceptable to the water utility.

Analysis of continuously collected data from the deployed
sensory network in Mashimoni would be a valuable addition
to this study. At the time of writing the final report, two of
the sensors had just become functional in transmitting data.
However, since supply is intermittent and unpredictable, ad-
ditional monitoring is needed before any conclusions can be
drawn from the data. Nevertheless, a limited analysis of
data collected in March 2015, through the dashboard proto-
type is described in Appendix H.

6. CONCLUSIONS
In researching potential solutions for water data visual-

ization, this exploratory paper also discloses the details of
water distribution in the Nairobi slums. This may be of de-
scriptive value for further research in integration of ICT in
the specific context of informal settlements.

The prototypes designed in this study presents concrete
suggestions of how water data can be visualized for the pur-
pose of supporting the local water utility’s practices. The
prototypes can also serve as tools for interaction and analy-
sis of the data collected by the three Mashimoni test sensors



(and possibly additional sensors) in further research within
the Maji Wazi-project.

The discussion of this study also contributes with sug-
gestions on what interventions smart water management in
slums should support. Performance measures and account-
ability to improve the water allocation system, which a↵ects
the whole of Nairobi is much needed for a more e�cient and
equitable distribution of water resources.
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APPENDIX
A. WATER UTILITY SELECTIVE ORGANIZATIONAL CHART

GIS Team 
GIS Data

 REGIONAL OFFICE

Not interviewed

 Interviewed

MAIN OFFICE

Director of 
Maintenance and Operations

Engineer in Non-revenue 
Department

 
Data collection on water losses

Engineer in Distribution 
and Control Office

Water allocation and communication
 with reservoirs

CITY RESERVOIR

total 11 reservoirs

 Reservoir Manager
Maintenance and hourly measures

FIELD WORK MATHARE ZONE

6 commercial regions, each with 3-6 internal zones

Regional Technical Coordinator
coordinating field teams

Regional Technical Officer
coordinating field teams

Non Revenue Field Team
Installation of meters and 

field investigations
Repair Team Supervisor Distribution Team

(for whole region)

Artisans
do the actual plumbing

Security-surveillance team
Protection for artisans,

 stop reconnection of illegal pipes

Developer of ICT applications

Figure 7: Water utility selective organizational chart showing roles interpreted as directly relevant to water
distribution to the informal settlements. Roles interviewed in this study showed in blue, roles not interviewed
showed in red.
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D. QUALITATIVE ANALYSIS THEMES

Water utility  
practices

Water scarcity

Roles

ReservoirsRationing

Tools

in case of..

Fieldwork

Supply fail

Leak/Burst Reduced flow

Water infrastructure

Pipes
Access points

Softwares

AccountabilityFragmented  
data

Use of existing ICT

Intermittent supply Marginalization 

Figure 10: Map of the five themes from the thematic analysis with sub-themes



E. FIELDWORK OPERATIONS FLOW CHART

Supervisor receives task

If more info needed
Supervisor calls customer to get 

more details  
on location/direction

Supervisor calls Coordinator
and they together

identify affected pipes 
and agree on action

CASE: If Leak/Burst CASE: Supply Fail

CASE: Supply Fail
If major burst

Super finds closest sluice  
valve and shuts it so to stop 

further water loss

Coordinator contacts the reservoir
 to verify  

water levels

Coordinator contacts the reservoir 
to verify  

water levels

Coordinator makes inquiry 
to check if new  

formal pipes have been 
connected

CASE: if new pipes CASE: if no new pipes

Calls non-revenue field 
team to inquire  

about an investigation
for informal connection

Investigates if new 
pipes or bigger pipes
 have to be installed

Checks if someone 
has tinkered with
the customer’s

 bulk meter

Accepts that the pressure is 
low in the system

Super identifies closest sluice  
valve and shuts it so to stop 

further water loss

Supervisor calls coordinator to  
discuss material needed

Coordinator orders materials

Supervisor goes reservoir to
collect materials

Supervisor returns to site and 
repair pipe section

Supervisor conducts a field
 investigation

Asks residents and vendors in the area
where there is water

Calls Coordinator to inquire 
if there are any known  

leaks or burst in the vicinity

Opens fire hydrants in the vicinity 
to see where there is water

Once a problem has been located and a impaired 
pipe section has been identified

CASE: airlock CASE: Dirt blockage

- Do a flushout 
- Open taps in the area 

so air can escape
Unscrew pipe and remove dirt

Majivoice Call/SMS from Coordinator

Calls field teams in  neighbouring 
 areas to inquire if  

any valves have been 
shut due to repair

Action

Inquiry

Figure 11: Flow chart showing the details and the internal order of steps taken by water utility field sta↵ to
solve infrastructural maintenance problems (leaks/bursts, supply fail or reduced flow). Actions are displayed
in blue and information inquiries in red.



F. CASE STUDY: FIELDWORK PROTOTYPE

Figure 12: A case study of the fieldwork prototype, describing visual features and interactions. The field-
worker prototype is a visualization support tool for water utility field sta↵. The interface consists of a map
view and a graph view which are vertically aligned. A grey geographical map of Mashimoni is laid as a
background in the map view, showing landmarks and outlines of the housing compounds in the area. In the
upper right corner there is a menu where the user can toggle GIS data layers o↵ an on (a). For example, by
adding the Water Pipes-layer, the user can add polylines, which shows the known pipe infrastructure and by
adding the Components-layer, markers for other infrastructural components such as valves, fire hydrants and
bulk meters (b). Each data object can be interacted with to view detailed information such as pipe material,
size or component type. In the upper left corner the user have controls to zoom spatially over the map and
data layers, and a geolocation button to locate her position on the map for easier orientation in relation to
the GIS data layers (c). The user can also add a GIS-layer with markers showing the location of deployed
flow sensors (d). By clicking a marker the user can bring up detailed information regarding a sensor. The
sensor markers are linked to the graph view so that when the user hover over a sensor marker, that sensor’s
graph in the graph view gets highlighted. In the graph view, the user can interact with time series graphs
of sensor data that updates in real-time. The graph view shows data points from the last three hours but
by using the slider at the bottom of the graph view, the user can zoom in the graphs by shortening the
time span. Hovering over specific data points on the chart gives detailed information about exact value and
timestamp for the data point. On the right side of the graph view there is a legend where the user can toggle
each chart on and o↵ (e).



G. CASE STUDY: DASHBOARD PROTOTYPE

a

c

d

e f

g h
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Figure 13: A case study of the dashboard prototype, describing visual features and interactions. The dash-
board prototype is a visualization support tool for analytics and performance assessment of the water distri-
bution system. The interface is a dashboard where the user can monitor various real-time graphs visualizing
collected sensor data. In the upper right corner there is a menu where the user can filter the data to only
show a specific timespan (a). By filtering the data to the last 15min, month or year, or to only show data
between exact dates, the user can view the data on any scale. At the top of the interface there is a search
bar, where the user can post filtering queries to the data, for example to only show data from a specific set
of sensors or only located in a specific supply zone (b). c) shows a time series graph of flow rates (L/min) for
flow sensors. d) shows remaining battery life percent of the sensors. e) shows water height of the containers
of the city’s water reservoirs. f) is a filtered version of e), where a specific supply zone has been queried. g)
and h) shows stacked time series graphs for inflow and outflow rates(L/h) from one of the city’s reservoirs.



H. ANALYSIS OF PRELIMINARY DATA

Week 1

Week 2

Week 3

Figure 14: Three weeks of data collected by two flow sensors (L/min) in Mashimoni in March 2016, visualized
through the dashboard prototype. To extend the battery life, the sensors was put to sleep between sampling.
For the duration of the data collection, the sampling frequency pattern was a sequence of ten samples with
intervals of 2 sec followed by longer pause of 300 sec before starting next round of samplings. The data was
uploaded continuously. In this figure the data is visualized by the dashboard prototype, set to aggregate
data points per hour. Data from the Monday and Tuesday of the first week was distorted due to a problem
with sensor calibration, why it has been omitted from the analysis. Across the three weeks, the data shows a
strong correlations in flow rate between the two sensors. This suggests that the pipes they are connected to
are supplied by the same supply line and possibly through the same branch of the informal infrastructure.
Data from Week 1 and Week 2 shows sporadical flows throughout the weekdays and continuous flow over the
weekend, with expected interruptions over night hours. This coincide with the rationing schedule of the water
utility. Data from Week 3, however, shows only sporadical flow (longest continuous flow: 6 hours) through
the whole week including the weekend. During periods of positive flow, rates are unstable throughout the
three weeks. The maximum measured flow is 11.6 L/min on one of the sensors, which translates to a less
than 2 min filling time for a 20L plastic can (the most common water storage container used in the slum)
but often flow is much lower, translating to filling times of up to 10 minutes.
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