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and
Pipe Characterisation

Flow Patterns in Reservoirs
Discolouration
Method of analysis and Pipe Characterisation
By analysing the inlet and outlet of reservoirs we can attempt to understand what is
happening within them, for example source mixing or stagnation.

A case study of root cause analysis for tackling discolouration through intelligent online monitoring.

Reservoir A

Introdiuction

Intellitect
were approached
by a UK
utility that
to assist
in finding
out why one of
waterstructure,
networks was
The analysis
at Reservoir
A water
suggests
thethem
reservoir
is operating
astheir
a LIFO
such
having so many customer contacts regarding discoloured water. At the beginning of the project, the water utility knew
that the water entering is leaving almost immediately afterwards. This can be seen by the
where their customer complaints were but with little idea about where the discoloured water might be coming from.

pattern at the inlet being seen within a few minutes at the outlet. There is some mixing
occurring
before
leaving,
hence
the increase in conductivity and dampening of its response,
This
created the
following
heatmap
of complaints:
however this may be less than intended.

This method of operation means that there is the risk of stagnant water developing in the
reservoir. It is difficult to ascertain how much mixing is happening and therefore the
magnitude of this risk, but this could indicate the deterioration of internal baffles or a suboptimal pipe arrangement into the reservoir. Further investigations would need to be carried
out in order to establish the risk of stagnation; this could be done through stopping certain
inlets or through lowering the reservoir levels – whilst avoiding increased risk to supply.

Reservoir A conductivity comparison

One difficulty with discolouration is that it propagates, so where the complaints are arising may not be where the
problem is starting. It is therefore key to monitor sections of pipe upstream in order to narrow down the source.
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Source Mixing in Reservoirs
Method of analysis

Network Monitoring

By analysing the inlet and outlet of reservoirs we can attempt to understand what is
happening within them, for example source mixing or stagnation.
Based on the customer
Reservoir
Acontacts, we proposed a total of 12 monitoring locations to identify where the source of the
discolouration may be arising from, the exact number of devices is dependent of the complexity of the network.

At Reservoir A the analysis between the inlet and outlet implies that there is mixing in the
With network monitoring, using our Intellisonde DI multi-parameter sensors, we were able to use our discolouration
reservoir
between
two inlets.
While
only one
is clear
because
analysis toolbox
within the
our Insight
platform
to characterise
theinlet
pipesis
in monitored,
the network asthis
to what
was causing
the the
outlet
showsinaeach
saw-tooth
pattern in conductivity which is inverse to the pressure (which in
discolouration
area.
turn shows reservoir level), despite a consistent and high flow rate at the monitored inlet and
only possible due
to a number
of key
featuresthat
about
Intellisonde
aThis
flatwas
conductivity
response.
This
suggests
asthe
the
reservoirDI:level drops, the outlet sees a
greater proportion of water through from the currently monitored inlet.
•

Highly stable and sensitive turbidity measurements, as the analysis is performed under normal conditions
(rather than waiting for a discolouration event) we are primarily analysing variations of less than 0.05 NTU.

Without monitoring the other inlet, it is impossible to be certain of this, but the evidence in
•
Flow monitored at the same location as turbidity. The Intellisonde DI is unique in its multi-parameter data
the
data
so far is fairly conclusive. The presence of mixing at this site indicates that there is
capture, this allows for the flow and turbidity to be measured together so that the characterisation can be run
unlikely
to be stagnant regions; in order to achieve mixing of two sources, any stagnant
effectively.
regions would be likely to mixed as well.
•

The measurement must be done in pipe. Often flow cells are used for turbidity monitoring, however they can
add a lag to the measurement, invalidating the characterisation, or they cannot see the particles that get
disturbed in the pipe under certain conditions – as these do not get taken up by the feed out of the pipe.

•

A minimum sampling rate of 2 minutes. As the characterisation is looking for small changes, the high
sampling rate ensures that there is a greater chance of capturing a small disturbance.

Reservoir A conductivity and pressure comparison

 Discolouration and Pipe Characterisation

3

Source Mixing in Reservoirs
Method of analysis

Characterisation

By analysing the inlet and outlet of reservoirs we can attempt to understand what is
happening within them, for example source mixing or stagnation.

Reservoir A

Through the analysis on our Insight platform, we are able to see this geospatially and identify the problem areas
and the root cause at those places:
The characterisations we are able to identify using our Insight platform with in-pipe monitoring are:
At
A the
analysis
inlet and
outlet implies that there is mixing in the
• Reservoir
Conditioned
pipes
– low riskbetween
of turbiditythe
problems
(green)
reservoir
between
the two inlets.
While
only
one inlet
is monitored,
this is clear because the
•
Propagation
– discolouration
issues
originate
upstream
and propagate
down (orange)
•
Local
Shearing
–
discolouration
issues
originate
locally
from
material
shedding
off pressure
of the pipe walls
outlet shows a saw-tooth pattern in conductivity which is inverse to the
(which in
during
times
of
higher
flow
(red)
turn shows reservoir level), despite a consistent and high flow rate at the monitored inlet and
•
Sediment – Material is stirred up with any amount of flow, indicating that it is not attached to the walls,
a flat conductivity
response.
suggests
as the reservoir level drops, the outlet sees a
but is instead settling
on theThis
bottom
of the pipethat
(blue)

greater proportion of water through from the currently monitored inlet.

It is clear from the geospatial analysis in Insight, that there is a ring-main structure in the network which was
causing poor
conditioning the
of the
pipes.inlet,
This meant
that material was
shearing
off of
locally
thesethe
pipes
and
Without
monitoring
other
it is impossible
to be
certain
this,in but
evidence
in
propagating around the ring-main. When it reached the balance point in the ring-main, it settled out and formed
the data–so
is fairly
The
presence
ofside
mixing
this site indicates that there is
sediment
as far
can be
seen byconclusive.
the blue portion
on the
right-hand
of the at
figure.

unlikely to be stagnant regions; in order to achieve mixing of two sources, any stagnant
regions would be likely to mixed as well.

Reservoir A conductivity and pressure comparison
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Source Mixing in Reservoirs
Method of analysis
By analysing the inlet and outlet of reservoirs we can attempt to understand what is
Root
and
Solutions
happening Cause
within them, for
example
source mixing or stagnation.

Reservoir A

From network monitoring we had identified that the root cause of the discolouration issues was poor conditioning of
the pipes resulting in material building up on the pipe walls, which then broke off in periods of high demand or bursts.
This caused large discolouration events resulting in high numbers of customer complaints. Once the root cause had
At Reservoir
analysisways
between
impliesAsthat
there
mixing
in the
been
established,A
wethe
investigated
in whichthe
the inlet
pipes and
couldoutlet
be conditioned.
these
were is
large
trunk mains,
flushing
was
not
an
option
and
would
have
a
limited
effect
on
the
trunk
main
itself.
reservoir between the two inlets. While only one inlet is monitored, this is clear because the
Instead, we identified a transfer point to a neighbouring network that had its own water source, yet the transfer was
outlet
shows a saw-tooth pattern in conductivity which is inverse to the pressure (which in
left open. We proposed that in order to change the conditioning in the pipes, it would be possible to close this valve,
turnchanging
shows reservoir
despite
a consistent
andthehigh
rate causing
at the monitored
inletissues.
and
thus
the balance level),
point in the
network
and conditioning
pipesflow
that were
the discolouration
This
change
was
made
and
within
a
few
weeks
the
pipe
characterisation
had
showed
a
marked
improvement
which
a flat conductivity response. This suggests that as the reservoir level drops, the outlet sees a
could be tracked through our Insight platform. Once the pipes had been conditioned, it would be possible to reopen
greater proportion of water through from the currently monitored inlet.
the valve and return the network to its original configuration. In this way the network can be dynamically managed
to condition the pipes and remove the discolouration risk.

Without monitoring the other inlet, it is impossible to be certain of this, but the evidence in
the data so far is fairly conclusive. The presence of mixing at this site indicates that there is
unlikely to be stagnant regions; in order to achieve mixing of two sources, any stagnant
regions would be likely to mixed as well.

Reservoir A conductivity and pressure comparison
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If you have any further
questions please get in touch:
+44 (0)1794 834 280
info@intellitect-water.co.uk
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