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BISHOPS DIOCESAN
COLLEGE
IMPLEMENTS A GIS
LAYERED SYSTEM

NEOGEOGRAPHY
TECHNIQUES FOR A
WATER TREATMENT
PLANT
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UNCOVERING
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USING A WATER
CRISIS AS AN
OPPORTUNITY TO
ACCURATELY MAP
UTILITIES

An example of a water reticulation network at your
fingertips.
A water resource crisis created by an extended drought uncovers
many estate management demands not previously anticipated.
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In September 2017, the worst drought in a century was forcing
the implementation of the most stringent water restrictions

since they could be inadvertently exposed or damaged if their
localities are not accurately known.

ever for South Africa's second largest city. Cape Town had
less than 10% of its useable water remaining for its nearly 4
million residents. (Ref Derek Van Dam, CNN Meteorologist
June 2017)

In the context of a large estate, with hundreds of buildings
located across many hectares of utilities, the requirement for
accurate and up-to-date mapped data is glaringly obvious.

In the meantime, The City of Cape Town started exploring
using ground water aquifers and seawater desalination to
augment the city’s thirst for water. These resources are
known to exist in larger volumes than the region’s abovewater dam’s capacity, according to Chris Hartnady of the
Table Mountain Group Aquifer Project.
We are reminded of the quote by Nelson Hill that: “In every
adversity lies the seed of equal or greater opportunity” And so
business opportunities quickly arose in Cape Town for many
aspects of water consumption, storage, recycling and
treatment.
In the global context, South Africa is a water stressed nation
ranked 65th out of 180 countries considered in 2013, where
demand for water is exceeding supply and it’s mean rainfall is
only 464 mm per annum.
Some private estates and businesses were under pressure as
they faced a real possibility of “running-dry”. Yet in some
cases, they had the resources and critical mass to mitigate this
looming disaster. One solution is to extract and treat ground
water and potentially augment or even replace the City’s
potable water supply.
Although this may at first appear to be a simple and obvious
solution, it is not without its engineering challenges. For
example, what pressure is required to force the water through
the existing pipes? How high must the water be transported?
What are the volumes of the pipes that will be used? How does
the water circulate? Where and when are the consumption
hot-spots and where are these pipes located?
The best place to start is by understanding the water
reticulation system that exists on a property, campus or
business park and requires an intelligent digital map of the
utility involved, a so-called Neogeography technique.
Neogeography is defined as a concept that is gaining
popularity as nonexpert users employ geographic techniques
and tools for personal and community purposes. Ref: Web GIS,
P Fu and J Sun, ERSI Press, 2010
This may not be as easy as it first sounds, since often the
locality, depth, material and diameter of these buried pipes
are unknown. The problem is exacerbated by the existence of
other buried utilities such as electrical, fire hydrant, sewers,
storm water and communications networks. These pose a risk
Copyright Cape Point GIS

Surprisingly few private, business or public estates are
suitably equipped with the tools and information to make
these utility-type decisions.
Bishops Diocesan College take the lead
Bishops have taken the lead in this regard and embarked on a
project to map all their buried utilities. The requirement was
also motivated due to the age of some of the buildings and
hence the risk of damage to their underground utilities. In
some cases, this dates to the origin of the school more than
170 years ago.
The campus is spread across approximately 28.9 Hectares,
consisting of 7 erven, about 100 Buildings, 2 water polo pools,
10 rugby/cricket fields that sometimes double for athletics, an
advanced hockey astro-turf, 4 tennis courts, squash courts
and a gymnasium amongst others. Geospatial analysis to aid
technical project decision making was an important
component of the project.
Preparatory
School

Main Campus

Lutgensvale rugby
fields

7 Erven of Bishops showing the separate areas of the
Preparatory School, main campus and Lutgensvale Rugby
Fields. (Data Supplied by the Surveyor Generals Office)
This first phase of the project focused on its potable water
reticulation network only, with the remaining utilities to
follow later.
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3|P a g e
Adopting a systems approach to reduce complexity

Identification of water meters

Before designing such a water treatment facility, it was
important to first have a good understanding of the existing
reticulation. Factors such as the localities, diameters and
materials of the current water pipes are important for
determining volumes, pressures and capacity requirements.
In addition, depth, consumption and the flow reticulation
have an impact on where and how the proposed inflow will be
integrated into the existing network. Once implemented, it is
likely that Bishops main campus will become self-sufficient in
its potable water requirements, commonly referred to as
being ‘off-the-grid’.

As a foundation layer of the GIS system, the water meter
locations, serial numbers, consumption and accounts
information were first captured. The overlay of these together
with the erven boundaries and pipeline layout proved
important later.

Locate, identify & mark
pipe and valve locations

Logic (open/close)
EM Scanning
GPR Scanning
Collect valve and
attribute data
Local Knowledge

Capture field
data.
Import GPS data
Display in GIS

Water meters displayed on the school erven layer.
After identifying the water meters, all potable water supply
pipes and valves were also mapped on the same geospatial
reference system for easy display and representation.
Water Pipes

Cloud based
Geospatial layers

Systems Approach Schematic showing the technical process
used to conduct separate project parts and reduce
uncertainties. EM=ElectroMagnetic scanning, GPR=Ground
Penetrating Radar, GPS=Geographic Positioning System,
GIS=Geographic Information System.

Where possible a simple method of deduction and logic was
also used to confirm the location of certain pipes. This was
accomplished by isolating parts of the reticulation network
through the closing of defined valves. Simple pressure tests
also assisted.
In most cases further investigation was required to trace the
many kilometers of buried pipes. This required the
employment of both organic and technological input. A blend
of human corporate memory, simple tools and sophisticated
pipe scanning equipment was required to unearth the
complex web that existed. This was analogous to a modern
day archeological venture.

With the extensive scope and complexity of the project, it was
necessary to adopt a systems approach at the outset.
Distinctive sequential process flow steps were used to uncover
the buried piping network secrets. This was especially
challenging for the following reasons:
• Former records were outdated and minimalistic
• Engineering data was not geo-spatial
• No former GIS system existed
• A mix of pipe materials
• The existence of other buried supply utilities such as
the fire hydrant system, electrical, storm water,
irrigation, communications (IT) network and sewage
pipelines.
Copyright Cape Point GIS
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Corporate Memory

Simple yet effective tools

The importance of gleaning information from long serving
employees can easily be overlooked and under-rated. In this
case the value added by these on-site personnel was
significant and critical to the outcome.

A simple garden spade, screw driver and a crow bar, vernier
calipers, together with the obvious safety gear became
standard tools of the trade for the project.

These were complemented
with some wax crayons, flag
markers and a laser measuring
tool. A water pressure meter was used briefly to isolate
specific water supply points.

The corporate memory and experience contributions of Mr
Sean Heuwel (top left), Mr John Goliath (top right), Mr
Donovan Murray (bottom left) and Mr Julius Madolo (bottom
right) of the Bishops maintenance team to the water project
provided foundation information not available elsewhere.

Spray paint was used on grassed areas as temporary locality
marks for the mapping to follow.

They are seen here pointing out known pipe layouts.
Their wealth of knowledge of the campus can be equated to a
living unrecorded blueprint. They assisted where technology
was limited in the following ways:
• by providing known layouts in restricted areas,
• where ground conditions were not suitable for
scanning,
• where the pipe network was ‘corrupted’ by other
utilities,
• where piping had been replaced or changed,
• where gut feel provided more than techno-feel.
The extensive technical utility scanning experience of a subcontractor from Bosch Munitech also contributed to the
timely and successful completion of this phase of the project.

Copyright Cape Point GIS

Excavations
In some cases, it was required to uncover, confirm, inspect and
record the existence of pipes. Here Charles, Brandon and
Lenox
of
the
Bishops excavation
team can be seen
excavating one of
the 35 dig sites
identified. A fourth
member Shepard,
was not available for
the photo.
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ElectroMagnetic (EM) Location Scanning

inadvertently tracking so-called ‘ghost’ pipes as the signal
may bleed to another utility.

An electromagnetic location method was used to detect the
strength of the electromagnetic signal emanating from pipes
of metal composition.

An example of the closeup of the display
output is shown in this image. The
tracking of a conducting pipe is plotted
as a line. The depth and intensity of the
backscatter signal can also be displayed.
http://www.geotekservices.com

Once detected by the EM device, the pipe was traced, marked
and ‘surveyed’ to sub-meter accuracy. This was accomplished
by using either a specialized GPS device or a simple
triangulation method.

Electromagnetic Scanning schematic which shows the
physical principles applied in the EM equipment. In image (a)
on the left, the round antenna is swept or moved over the
ground in a passive or sensing mode. Note that the sensitivity
lines 1,2 and 3 are of equal strength in this case. However, the
image on the right (b), has a pipe buried below the ground. In
this instance, the current
strength becomes elevated and
distorted. This change in
sensitivity of the field is then
detected by a hand-held device.
Ref image: http://ascelibrary.org

However electromagnetic scanning has a major drawback,
since modern day non-metallic pipes (e.g. Polycop) do not
conduct an electric current. This makes them impossible to
detect using EM technology. In that case, other technologies
are required.
Ground Penetrating Radar (GPR)
Ground Penetrating Radar uses radio waves to penetrate the
ground or medium in which utilities are buried. Although they
are limited in their depth range, the technology detects the
backscatter from a changed density of the medium. The
reflected signal is then displayed on a computer device
connected to the Radar transmitter. Optional GPS positioning
then plots the localities of so-called ‘targets’.

Display
and event
recorder
Radar
scanner

Electromagnetic Scanning, showing an electrical earth
connection that is used to conduct an electric signal through a
metal pipe, whilst being detected using a hand-held receiver
device.
A word of caution to novice users of this equipment. An
understanding of the theoretical principles governing the
output provided, is strongly advised, since the so-called
electrical gain (or self-adjusting gain) can lead one to believe
that a signal exists when it doesn’t. This can result in
Copyright Cape Point GIS

Ground Penetrating Radar equipment and specialist expertise
of Mr Hurn Merrington from Bosch Munitech in action at the
picturesque Bishops Campus. This, together with a similar
rented machine was used extensively to locate buried water
pipes that could not be detected using EM techniques.
Some experience is required in interpreting the many
upturned parabolic shapes (see the image below) seen on the
November 2017
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display. These represent buried pipes, items, cables or air
pockets and their respective burial depths.

An absolute accuracy of about 1m was achieved using these
methods. This was significantly better than the standard GPS
accuracy of 5m (at best) and was sufficient for the scope of the
project.
Results

-0m

Knowing where buried pipes exist on a campus such as
Bishops is an essential part of a maintenance teams corporate
understanding. Significant effort was spent to piece the parts
of the ‘puzzle’ together, to achieve an understanding of the
complete potable water reticulation network.
More than 5km of buried pipes, 73 raised taps and 143 valves
with an assortment of pipe materials and sizes were identified
and recorded over a period of 3 months.

- 0.5 m

Sewer
Water pipes

Not all pipes could be accurately located, due mainly to
limited accessibility, such as in restricted spaces, under
buildings and below large tree roots amongst others.

Cable

-1m
A Ground Penetrating Radar image example and schematic
showing an interpretation of the display. The vertical axis
defines the depth below ground level. Adapted from
www.hadleeandbrunton.co.nz.

Where pipes were accurately detected, they were allocated a
high confidence level. Known pipes with limited positional
accuracy were allocated a medium level of confidence. Low
confidence levels were allocated to pipes that could not be
traced, confirmed or were originally approximated.

The GPR display is like that used by Sonar (Sound Ranging) in
detecting underwater targets such as fish and buried seafloor
objects.

So-called floating or redundant pipes that did not appear to
be connected to the main water supply network were
allocated a ‘no-termination’ category.

Locating and mapping the output
In some instances, a highaccuracy GPS system,
using a smart antenna
was used to record the
locations of traced pipes.
This information was then
captured in real-time via a
wi-fi link to a smart phone.
The image alongside
shows this process being
undertaken by the father
and son team from Cape
Point GIS.

Cumulative confidence in the outcomes were reported in 4
categories as shown in the figure above. The number of
running meters of pipes belonging to each category are shown
as numerals.

In other cases, where pipes passed close to already surveyed
localities such as the corners of buildings, a triangulation
method of intersecting arcs sufficed.

Copyright Cape Point GIS
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In the context of Bishops, all the geo-spatial information was
captured within a GIS system, together with certain campus
(and City) ‘base’ information. One of the many benefits of this
approach to the client is the contextualisation of the output.

In another example above, the cumulative number of pipes
according to their material types are shown. The number of
running meters of pipes belonging to each category are shown
as numerals.
Many other statistics outcomes not shown here were also
reported.
Geospatial Representation
The extensive scanning effort would however be largely
wasted if the results remained in tables, graphs or reports.
This format of output does not contribute to corporate
learning in the long-term, since the human and physical frailty
of record keeping, updating, aging and succession are likely to
ultimately threaten the longevity of the information.

Here an enlarged area of the eastern entrance of Bishops is
shown, with the slightly opaque cadastral overlay of their
erven. The high-resolution aerial imagery is shown as a
backdrop. This was supplied by the City of Cape Town. Roads
are shown in red, buildings in grey and sports grounds as green.
The potable water supply is shown as coloured lines depicting
their resultant confidence levels. The coloured circles
represent different water valve categories.

GIS (geographic Information System) provides a method of
accurate spatial (and temporal) representation and integrity,
whilst including record keeping permanency so that the
information should exist in perpetuity. All too often Estates
report that their information (usually in the form of paper
maps or plans or even spreadsheets) is unavailable, became
damaged, lost or was not updated or passed on when
personnel left the employ of the Estate.

In the above figure, the same layers are displayed as the
previous image, except that the colour of the water pipe lines
in this instance represent the differing pipe diameters.

In the above digital interactive map, layers of buildings, roads,
valves and potable water pipes are displayed. The map, layers
and attribute data (pipe material and sizes) are geographically
located at the correct earth co-ordinate system of latitude and
longitude.
Copyright Cape Point GIS
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Conclusion
Spatial Estate management is a relatively new topic to estate
managers. Traditional methods remain well entrenched
whereby utilities and asset maintenance, together with
maintenance, risk mitigation, governance, environmental,
administrative health and safety are vastly distributed.
Bishops Diocesan College have broken the mould, by
embarking on a geospatial solution to their facilities and
campus management at large.
A point data source such a tap valve shown above also has
attribute data which was captured together with its location.
This is shown in the figure above as an information pop-up
table when a user clicks on the item.
Cloud-Based Web GIS
The Bishops potable water information was published on an
internet server, with stringent security measures for on-line
client usage. This uses web technology to communicate
between components as shown in the schematic below.

This phase was an important, significant and opportunistic
project for Bishops. The management and staff can boast its
first-ever GIS mapping dataset that supports longer-term
continuity and proud ownership of the estate facilities.
The outcome bares testimony to the complexity and
difficulty of the task that was achieved through concerted
effort. The result will provide the required information to the
engineering design aspects of a proposed water treatment
plant, to augment the potable water reticulation network of
the school.
In the case of Bishops Diocesan College, they have made an
important strategic decision towards geospatial estate
management. Once the other utilities are added to the same
geospatial framework, management at all levels will be able
to make better operational, planning and strategic decisions.
Acronyms

Ref: Web GIS, P Fu and J Sun, ESRI Press, 2010
Such a leading-edge solution has many benefits including:
• Global reach
• Large potential user base
• Better cross-platform capability
• Low cost per user
• Easy to use (for end users)
• Unified update
• Diversity of applications
Ref: Web GIS, P Fu and J Sun, ESRI Press, 2010

GIS=Geographic Information Systems
EML= Electromagnetic Magnetic Location
GPR=Ground Penetrating Radar
GPS=Global Positioning System
IT=Information Technology
ESRI= Environmental Systems Research Institute (Cape Point
GIS is a software licensed service provider of their GIS
software)
HTTP= HyperText Transfer Protocol
URL=Uniform Resource Locator (An internet web site
address)
Contact us

One of the greatest advantages of using a Web server in this
context is that the information is collected, processed,
analysed and displayed by a contracted GIS service provider
such as Cape Point GIS. In this way, the client acquires the
output value without concerning themselves with the
technical content or deliverable. This also means that the enduser need not have any prior GIS experience or training. A
typical neogeography application.
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