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ABSTRACT

A traditional water supply network has a single evasupply reservoir supplying a
neighbourhood of households via a reticulation oetwdesigned for peak flows.

Storage tanks at each household (distributed stpregn be utilised to act as buffers
between continuous supply of average flows andrmteent demand of peak flows.

This results in the water supply infrastructurecheg to cater for average flows only.
This research project examines potential savings ¢an be made to water supply
infrastructure when distributed storage (housekenhts) is utilised.

An isolated network is modelled for both the tremtil design scenario and a design
incorporating water tanks at each point of supphe water supply network is modelled
using Pipes++ software package. The reticulatigouais identical for both designs
and hydraulic conditions, such as pressure availabthe water supply source, are kept
the same to isolate differences to those betweak @nd average flows only.
Comparison is made in terms of required pipe sazescosts.

Pipe diameters and construction costs of the diged storage network are between
50% and 60% less than that required for the ti@ali network. The larger percentage
of savings were made in the single distribution rmiamking the subject site to the
source of water supply approximately 1.2 kilomeaesy.

The costs of water tanks and pumps for each hoilgelidweigh the savings made by
reduction of reticulation pipes. When tanks and psirare already provided for re-use
of rainwater, the distributed storage network padesgi significant savings.

The prospective merits justify and highlight theedeo investigate other characteristics
and aspects of distributed storage networks inofyidhcorporating water tanks for re-
use of rainwater, water quality, minimum press@guirements, energy use, clustered
networks, fire fighting requirements and differeiged communities.
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1.Introduction

1. Introduction

This research concentrates on water supply in astralian setting. This is primarily
due to the author residing in Australia and hawacgess to resources that support the
requirements for water supply in the Australianisanment. Australia is well suited for
research into water supply networks because thentgouhas a diverse set of
environments within which people choose to liven@itions range from areas where
rainfall can accommodate total demands and retedllaupply is not required, to areas
where local sources are practically nonexistent\aater needs to be transported long
distances to sustain human habitation. There ansedle populated regions where
expansive reticulated supply costs can be sharetireamote, sparsely populated areas
where the cost of a reticulated supply is prohikitiwhilst this research is focused on
the Australian environment, the principles are dguapplicable in other parts of the
world.

1.1 Current Setting

Water as a resource has come under intense scrmtregent years, most likely owing
to drought conditions across Australia for almosteaade and water restrictions being
imposed in major cities. Whilst drought conditianay be abating, recent experiences
have led to the realisation that water as a regoigréinite and attitudes have changed
with regard to water use and availability.

Historically, large populations find it beneficitd increase the community burden for
the benefit of each household. That is, provideroomal water supply infrastructure to
service each household. The financial impositioneach person shared across the
whole community is small compared to the beneftereed. This has unfortunately
evolved into ever increasing demand being met bgrages to water supply
infrastructure whenever required, regardless otscasid without much thought for
alternative techniques. Every development appeamdsent an opportunity for water
authorities to upgrade their supply network to éargipes. It is remiss of us as a
community not to ask if there is an alternativéhis approach.

Despite potential conflicts of interest for wateuntheorities that generate increased
revenue from increases in metered supply, theseoatiés have been proactive in

recent years in their attempts to reduce househater use. Melbourne water

authorities have offered free exchange of showed$idor more efficient fittings and

free shower timers to promote shorter showers. &heethods may have been
introduced because recent experiences of watetagjes and imposed restrictions have
brought about the realisation that forecast pomragrowth coupled with current water

demand rates is unsustainable.

A number of initiatives are being introduced to esin future water shortage problems.
Along with more water efficient fittings and appi@es, tanks for storing and re-using
roof water are becoming more prevalent. In Melbeuand numerous other parts of the
country, it is now a requirement of many local awitres that rainwater tanks be
installed with any new building or substantial exg®n of an existing building. Roof
water must be re-used for irrigation as a minimang preferably for washing machines
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1.Introduction

and toilet flushing. The requirement for water tardnd re-use of roof water in new
buildings has been introduced as a sustainabilégsure. The measures appear to be
primarily aimed at reducing the total volume of graused so that water supply
reservoirs are not depleted during times of lowfei. In Melbourne, this is being
promoted despite the construction of a new dedalimglant to service the city, which
may have to be run at minimum operational levelsl yopulation expansion or
drought conditions warrant it.

The current changes in attitude to water use ptesempportunity to rethink the way
we deliver water supply services to communitiese Water Services Association of
Australia (2005) mentions this opportunity whenntiying advantages to the use of
water tanks for rainwater re-use in the forwardtlodir Integrated Rainwater Tank
Systems publication by stating:

The collection and storage of roofwater provides the combined benefits of
reducing reticulated drinking water demand and decreasing stormwater run-off
into local waterways. At the same time integration of rainwater tank supplies
with reticulated water supply(s) provides the opportunity for hydraulic redesign
of the water supply system and presents a range of challenges that hitherto
have not needed to be addressed by water utilities.

Although this research is not specifically concerneith re-use of roofwater, the
“opportunity for hydraulic redesign of the watepply system” mentioned in the quote
above serves as an appropriate introductory stateme

1.2 Project Aimsand Objectives

Under current Australian water authority desigmdtads, a reduction in total volume
consumed, as appears to be the focus of curretatiisaisility measures, does not reduce
the requirements of the distribution network. Tisi®ecause the distribution network is
based on theoretical peak demand without considartitat some demand may be met
by an alternative source. This research will exanirthe introduction of water tanks
distributed within the water supply network canutiéised to produce physical savings
in the water distribution network itself.

Water supply infrastructure for domestic consumptioAustralia is currently designed
for peak hourly demand. For the purposes of denestichation in small communities,
Australian design standards (WSA03-2002, p.53) msspeak hourly demand is five
times that of average hourly demand. If the requéet to accommodate peak demand
can be reduced to that of average demand, therfitewused for design of infrastructure
could be reduced by 80%. There are obvious berfefitexisting and proposed supply
networks:

- Existing infrastructure should have the abilityservice more households than it
currently does. Additional development in any acealld be accommodated
without having to upgrade existing trunk infrasture.

- Reduced flows during peak times in existing netwar&uld be made to operate
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1.Introduction

at lower pressures. This could potentially redu@nbtenance costs associated
with pressure related failures.

- New areas of development could be serviced withllsmsized pipes or pipes
with less pressure rating than equivalent developgsnender current guidelines.
This would result in lower infrastructure constiaotcosts and/or lower future
maintenance costs.

This research examines the third benefit aboveaamd to determine if water supply

infrastructure pipe sizes can be reduced usingageedemand as compared with that
required for peak demand. Each system is costeddiostruction and maintenance in
terms of current day prices to quantify any differes that arise. Lower costs could
make a considerable difference for small commusiseeking to provide a reliable

water supply to their residents.

Water storage tanks are an obvious way in whiclk fleav demand can be reduced to
average flow demand. A constant (average) flowlsansed to feed the water tank.
During times when household demand is less thaawbemge, the tank will be filled.
During times when household demand is greaterttiaaverage, the tank will be
emptied. Figure 1.2a below illustrates this coneeiig a typical diurnal water use
pattern.

DEMAND

TANK DEPLETING

+—  AVERAGE
L DEMAND

4 -+ TANK
FILLING

TANK FILLING

0 4 8 12 16 20
TIME OF DAY (00 hrs)

Figure 1.2a Water Storage Tank and Diurnal Water Rettern

As an alternative to a potential reduction in pgses, another hypothesised benefit for
the distributed tank supply network is a reductiorpressure for the overall network.
Reduced pressure through the whole network coutdnpially result in pipes with a
smaller pressure rating to be used and/or lesstamgnce from pressure related faults.
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1.Introduction

This scenario is examined by keeping pipe sizesstmae for both networks and
determining the pressure drop that can be apptidtegoint of supply.

1.3 What isTraditional Water Supply Network?

The objective of a water supply network is to pdeva safe and reliable supply of
drinking water. Common sources for water feedingager supply network are rivers
and dams, springs and bores, and the ocean (\adirde®n plants). A typical water
supply network sourced from a dam is illustratefigare 1.3a below.

RESERVOIR
WATER
TREATMENT
DISTRIBUTION
— MAN
RETICULATION
MAINS\

1 1 — 1 1 1 1
1T 1 1T 1 1 1
I 1 1 T

Figure 1.3a Schematic Traditional Water Supply Nekw

As shown in figure 1.3a above, water is capturethfa dam and conveyed through a
pipe to a water treatment plant. Treated watdres pumped to a water reservoir which
supplies each household via a gravity reticulatietwork.

Traditionally, this reticulation main is designedmeet the highest peak demands for
each and every household. Referring to figure k&atypical diurnal water use pattern
shows peak demand is only required for a briefgaeof time. Furthermore, different
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1.Introduction

times of the year have higher peaks than othemsiefdre a traditionally designed water
supply network that is designed for the higheskmiamands flows has a capacity that
exceeds the required demand for a great majoritigeofime. The peak flow rate for
which it is designed will rarely, if ever, be ackeel. | assume this situation has become
the accepted industry standard because water sigppiyisidered an essential service
and the consequences of inadequate supply aredeoediunacceptable.

In a traditional design there will be large resénvpotentially scattered throughout the
entire area serviced to ensure pressure and flovaistained at adequate levels for
each point in the system. This is often dictateddppgraphy and a single storage
reservoir might service thousands of households.

Page 5



1.Introduction

1.4 What isaDistributed Storage Water Supply Network?

As described in section 1.3 above, a traditiondewsupply network has a single water
supply reservoir supplying each household viaiaukttion network designed for peak
flows. In fact, a traditional network may have mtran one reservoir supplying a town
or city depending upon its size, spread and toggra

A distributed storage network is one where numesonaller reservoirs are distributed
throughout the network. For the purposes of thesgaech, the distributed storage
reservoirs are deemed to be water tanks providedddt household. This concept is
illustrated in figure 1.4a below.

RESERVOIR
WATER
TREATMENT
DISTRIBUTION
" MAN

RETICULATION DISTRIBUTED

mes\ STORAGE TANKS
oo oo o—1—0
C—1 =0 O—1—0 Q—1—0
o—}—o o—+—o0 o—t+—o

Figure 1.4a Schematic Distributed Storage Watep§ugetwork

As discussed in section 1.2 above, the volume oémraquired for intermittent peak
demand flows can be provided in the storage tadkflaws to the tanks can then be
reduced to that of average demand. The reticulatgtwork supplying each household
can therefore be designed to convey less flow Aodld consequently consist of
smaller diameter pipes.
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1.Introduction

Unless elevated, it is unlikely each storage taarkmatch the pressure currently
provided by a traditional network fronting eachpedy. A pump at the point of take
off from the storage tank is expected to deliverbquired pressure for operation of
appliances within each household.

1.5 Examplesof Distributed Storage Networks

Literature searches have returned no specific mm&ion for distributed storage
networks. However, the principles of distributearage networks can be found in a
number of examples currently in operation.

It is not unusual for a private development to hatank on site that provides storage of
water to be used for occasional high flows. Itnsaaceptable solution within the
Building Code of Australia to satisfy fire fightimgquirements when pressure in the
public water main is insufficient. Pumps are useddliver water at the required
pressure and flow for a specified duration. Lesarmmon are similar systems for
domestic supply in private developments. Theseesystare employed only out of
necessity because pressure in the public mairadenuate or the fire fighting
requirements for large, high risk or tall buildingggatly exceed that for which the
public main was designed. A single tank (resenisigsually provided with internal
reticulation mains sized for peak demand in thditi@al way rather than a number of
tanks distributed through the site. However, treegeexamples where tanks are used
because the existing public water main cannot aoccodate peak demand flows (at the
required pressure) and the provision of these tapgates the need to upgrade the
public water main. With the addition of the tartke fpublic water main can effectively
supply the private development at average flowsredéher than peak flow rates.

Scotland Island on the New South Wales coast pesvith example where water supply
infrastructure is minimised and water tanks arelsethe main source of water supply
(Scotland Island Community Website, 2013). Pipethsare connected to a communal
supply and provided to each property, but use @¢lmains to top up each residents
water tanks is restricted to one resident at a.tirhe times at which each resident can
top up is controlled by a booking system with eeedident paying for what is used
during their booked timeslot. This example illugtsaa system whereby the public
reticulation mains are not designed for peak flawsvould be the case for a traditional
network. The cost of infrastructure is kept to amium with each resident being
responsible for their own supply through tanks paohps. It has similarities to the
distributed water supply network as defined by thsearch except the Scotland Island
network lacks the continuous reliability of suppkging sought. This might not be a
problem where regular rainfall results in verylditttemand being placed on the public
reticulation network but would be potentially preiviatic in arid regions.

It is some mixture of the examples above thatesstlibject of this research. The
intention is to combine a system whereby the hoalsleins responsibility of storing
water, similar to a situation where water tankdemting roof water are the sole source,
with continuous reliability of supply usually resed for traditional water supply
networks. The storage of water in tanks at eaclséioaid will be utilised to reduce
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1.Introduction

demand on the water supply network thereby alloviegnetwork to be designed with
smaller pipe diameters and at less cost.

It is likely the cost of individual tanks and pumgiseach household will outweigh any
benefits gained from a reduction in reticulatiopgsizes. However, when these
systems are already provided as with Scotlanddslamvould appear unnecessary to
design for peak flows when the tanks can provideagke for this purpose. If Scotland
Island wished to increase reliability of supplygyrcould implement a system that is
being proposed as part of this research. Simildnyater tanks and pumps are being
provided as part of a new development in any as&iith the requirements from
Melbourne local authorities, it would also appeanecessary to design the water
reticulation system for peak flows so long as #re&ks can be sized appropriately to
store sufficient water to supply peak periods.
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2. Design Requirements

2. Design Requirements

Internet searches return a vast collection ofditae relating to community and
household water supply systems. Many publicati¢ss facus on water tanks supplying
household demands.

Most water supply authorities around the developedd would appear to have
guidelines on how to design, construct and mairtteeir networks. The main design
guidance for Australian water authorities comesiftbe Water Services Association of
Australia (WSAA) which publishes the Water Supplyd€ of Australia (WSA 03-
2002).

Design and construction of water supply in privdggelopments in Australia do not fall
under the jurisdiction of the Water Supply Codé\aftralia. Private developments are
guided by Standards Australia, most notably AS/B80.1- 2003 Plumbing and
Drainage Part 1: Water services.

Both the Water Services Association of Australmethieir 2005 publication titled
Integrated Rainwater Tank Systems (WSA 03-2002\Rater Tank Supplement-1.1),
and Standards Australia, in a 2008 publicationngyMaster Plumbers and Mechanical
Services Association of Australia (MPMSSA) titlediRwater Tank Design and
Installation Handbook, provide guidance on theafsgater tanks for domestic use in
Australia. Both publications are primarily concedvéth providing tanks for re-use of
rainwater rather than a tank to balance intermipeak demands and continuous
average supply.

The WSAA Integrated Rainwater Tank Systems pubboainentions an opportunity to
resize mains because rainwater tanks with a deg fep up supplying outdoor and
laundry uses will reduce peak demand from the aityhgupply. However, peak
demand is still the design criteria for those freisupplied directly from the authority
main. It appears the WSAA supports the resizingfoéstructure to suit probable
demands and the system proposed in this reseanl wot contradict WSAA
requirements.

2.1 Traditional Network Design Requirements

A traditional water supply network is deemed toobe that must meet the requirements
set by the Water Services Association of Australitne Water Supply Code of
Australia, WSA 03-2002. Many water authorities ins#ralia use this publication as the
foundation for their own design standards and perémce requirements. Generally, the
pipes in a traditional network are designed to eyrthe maximum possible flows that
might be generated by the area they supply. If ghaim land use or population
increase require greater demand, pipe diameter®atieely increased so the increased
demand can be met.

In a traditional design there will be a large resarsupplying peak flows to entire
neighbourhoods. Depending upon geography and tepbgrthere could potentially be
a number of large reservoirs scattered throughwuentire area serviced to ensure
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2. Design Requirements

pressure and flow is maintained at adequate |doeksach point in the system. A single
storage reservoir might service peak demand fardhiods of households. A schematic
of a traditional water supply network is illustrdte figure 1.3a.

2.2 Distributed Storage Design Requirements

There is currently no published guidance for theglerequirements of distributed
storage networks. The objective of this resear¢h getermine if pipe diameters, and
thereby costs, can be reduced for the reticulateiwork if reduced flows can be
justified. Performance requirements for the distiglol storage networks are discussed
and determined in the following sections basedrarciples of hydraulics and
household water supply requirements.

A distributed storage network is considered to e where numerous smaller water
storage tanks are provided throughout the netwieaikh tank will service a single
household, or potentially a cluster of several lebiagds. A schematic of a distributed
storage water supply network is illustrated in fegyd.4a.

The volume of water required for intermittent madMimdemand flows of each
household is provided in the storage tank. BeaWw8&tt & Huang (2010) identify peak
demand for the Gold Coast as approximately 14sliper person per hour. For a
household of 4 people over a period of 3 hoursemage equals 168 litres. A tank of
less than 200 litres would be sufficient to accordate peak demand. The distributed
storage tanks are anticipated to be of the sizéasito a tank currently used for
collection and re-use of rainwater, say 1000 ta02@€es.

Similar to the way water reservoirs in a traditiosygstem provide a buffer between
steady supply from a water source and varied suppbugh distribution mains, drip
feed to a storage tank at each household can grevmliffer between continual constant
flow in the distribution network and intermittetds required by households. Because
maximum demand flows are provided by storage irtdh&s, supply to the tank via
reticulation mains can be reduced to that of aveedsgmand. Pipes will need to convey
less flow than a traditional network and shouldeifiere be able to be smaller in
diameter.

A pump attached to or submerged within the stotagk delivers the required pressure
for operation of appliances within the household.

2.3 Design Flows (Demand)

Design flows (demand) is the key difference betweémaditional and distributed
storage network that this research will examinengytanks to provide multiple small
storage reservoirs, average demand is modelled@ngared with peak demand
required for a traditional network. A cost analysés been undertaken to determine
which of these flows lead to the most economicahoe for designing and
constructing water supply networks, particularlyadier, isolated networks.
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2. Design Requirements

The Water Services Association of Australia (WSAIB?2, p.55) specifies that
“analysis shall... address peak demand conditiong'thermore, “demand shall be
determined by multiplying the relevant peak houndad per property or unit and the
number of properties serviced” (WSA03-2002, p.9bese requirements form the basis
for traditional design of water supply networksNuastralia.

Demands, or design flows, are difficult to predintividuals are precisely that,
individual. The amount of water used by one peisamlikely to be the same as any
other person.

A simple example of this variation in water usarirone person to another is the
amount of water used when showering. Most peoplesivower, some people shower
once a day and some twice a day. Already, theaddsge variation in water use
between two groups who are prevalent in our sockdbw rates for each persons
shower will also vary and will also be influencegthe type of fitting in each shower.
Add to this the infinitely variable length of tinp@ople spend in the shower, it is easy to
see how difficult it is to estimate how much wadaraverage person will use in the
shower. The same variability found in showers caafplied to any form of water use.
Some people will wash dishes, mop floors, go tadilet, wash cars, have baths, or
water their gardens more regularly than others.

Aside from differences between individuals, theee differences in water use by
different cultures. This might be differences besw@eople raised in northern
Australia, central Australia and southern Australiaifferent cultures immigrating to
Australia which tend to congregate in similar are#hin our major cities. Average
water use rates recorded in one location may nappécable in another.

Recent initiatives to save water, such as free shtiwers offered by water authorities
in Melbourne, and water efficiency ratings on whdeds, may inadvertently be
reducing the variability in water use between imdiinals. However, currently it is still a
difficult task to estimate water demand.

The Water Services Association of Australia (WSAD®?2, p.51) tabulates estimated
peak water use per unit, lot or hectare as ap@tapfor different types of development
in cities around Australia. For high density resitiil developments, estimates vary
from 1.6 L/s/100 units for Newcastle to 9.8 L/s/100ts for Darwin; the upper estimate
being over 600% greater than the lowest estima®AUB-2002 admits the values in

the table should only be used in the absence ef atformation and states that for

large systems “it is particularly important thatusd consumption records and a demand
forecast method be used to appropriately size systements” (WSA03-2002, p.50).

Melbourne Water suggests “a single-person homeajigiuses around 250 litres per
person per dayMelbourne Water 2006, p. 17). WSA03-2002 (p.53vates factors
that can be used to convert this average demapeaio demand:

Peak day demand = Average day demand x Pealka&ayr (PDF), and

Peak hour demand = Average hour demand (on pegkx Peak Hour Factor (PHF)
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For populations less than 2000, as will be the easethis project, WSA03-2002
recommends PDF = 2, and PHF =5.

Using this method, the Melbourne Water estimatesiedes as follows:

Average day demand 250 L/person/day
Peak day factor X 2
Peak day demand 500 L/person/day
Hours per day + 24

Average hour demand

(on peak day) 20.8 L/person/hr

Peak hour factor X 5
Peak hour demand 104.2 L/person/hr
Seconds per hour + 3600

Peak demand per second 0.0289 L/person/s

Persons per 100 units x 100

Peak.demand per 100 o | /5/100 units

units
This has good agreement with the 3 L/s/100 uniismased by the Water Services
Association of Australia for Melbourne. Howevere tsources for these two estimates
are unknown and it may be the same source hasuseefor both estimates.

For the purposes of this research project, a flo@.@3 L/s/unit will be adopted as the
traditional network peak demand for the followimgsons:

- The proposed development being modelled as pdniofesearch project
consists of single person units.

- The above calculation agrees well with the WSAAneate (albeit with
unverified and potentially identical sources).

- South eastern parts of Australia (Ballarat/Bend@anberra,
Melbourne/Geelong, Sydney) are all listed as 0.33uhit. The proposed
development being modelled as part of this resegargject is situated in south
eastern Australia.

- Accurate peak demand is not essential for thisareke Although the magnitude
of peak demand will affect results, it is the diffiece between peak and average
demand that will be the dominant factor for detering a suitable conclusion.

As mentioned above, peak hour demand is consideree five times that of average
hourly demand. When a reservoir is provided, thrses as a buffer between average
hourly demand and peak hour demand. Providecaiésuately sized, the additional
flow requirements of peak demand are drawn fromagi A flow one fifth of peak

Page 12



2. Design Requirements

demand (0.006 L/s/unit) will be modelled as therage demand which represents the
flow required for a distributed storage network.

2.4 FireFighting Supply

Requirements for fire fighting supply vary in diféat locations around the country and
with different land uses, Canberra alone has a fleyuirement of 25 L/s to 200 L/s
dependent on fire risk category (WSA03-2002, p.B2yeneral, required flow rates are
significantly higher than that required for daydi@y domestic use and pressure
requirements may or may not be higher.

The Australian Standard for fire hydrant instaias requires 10 L/s at 200 kPa in most
states for feed fire hydrants (AS 2419.1-2005 t&ke p.14). For large populations,
cumulative demands for each household mean thisrigguirement will not be an
imposition on the network. For small populatioriewf rates of this magnitude might
not be reached in any part of the network withquscaling the network to specifically
address fire fighting requirements.

The Water Services Association of Australia (WSAT®?2, p.61) specifies that
minimum fire fighting demands are addressed. Howedfie Water Supply Code of
Australia also states “the water supply systeml stwlbe specifically designed for fire
fighting capability” in recognition of uneconomiadésigns that might result for smaller
networks.

For the purposes of this analysis, flow and presseguirements for fire fighting
demand will not be included in the modelling. Ti@sen site for modelling is
reasonably small and isolated, fire fighting regmients would largely dictate design if
it were included and this requirement would notngeafrom one scenario to another.
Any change in requirements from one scenario tahemavould be masked by the
requirement for fire fighting.

On the face of it this might appear to be an uifjabte simplification. However, this
research aims to quantify a difference betweergdesj for peak flows and average
flows. It will be a simpler task to differentiatetiveen these two if the masking effect
of fire fighting flow is omitted. Additionally, its not unusual for water supply in
private commercial developments to have a sepayatem with pumps and tanks for
fire fighting to that for daily consumption. Thip@roach may also be suitable for a
small isolated community with public infrastructure

Inclusion of fire fighting demand within the retlation or as a separate system will
need to be considered in further research.

2.5 Operating Pressure

For the purposes of this project, 1 metre of heddbe& reported as 10 kPa pressure.
Whilst this is technically inaccurate, it is a commapproximation and will have no
impact on the modelling because modelling is uradtert in terms of metres head only.
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In the absence of any other advice, the Water &esviAssociation of Australia
(WSAO03-2002 p.56) suggests a desirable minimumspresfor domestic areas of 200
kPa (20m). This desirable minimum pressure allows lbsses through pipes and
fittings installed on the property. | suspect tresidable minimum is a conservative
figure that enables a majority of unfavourable sc&rs to be catered for.

The desirable minimum pressure is not a mandatguirement. WSA03-2002 (p.56)
states “near reservoirs or in country towns, theimim SP may be reduced to ensure
an economical system design”. In recognition of pneblems associated with lower
pressures, WSA03-2002 further states, “in somesc#éise property owner may be
required to install a storage tank and an on-ptgppressurising system”. This is
precisely the scenario that is being proposeddistabuted storage network.

Australian Standards (AS3500.1-2003, p.16) spehigy‘minimum working head at the
furthermost or most disadvantaged fixture or outlsll not be less than 50 kPa (5 m
head)”. This requirement is at the flow rates dpattifor the fixture in table 3.1 of
AS3500.1-2003. This is in line with the requireckgsure for operation of appliances
such as washing machines and is more appropriatesg¢oas the basis for pressure
requirements in an isolated, small scale network.

If we allow a nominal 10 kPa (1 m head) loss thtopge work from the reticulation

branch to the furthermost or most disadvantagetlirgx this results in a minimum

pressure at the household connection to the rationl main of 60 kPa (6 m head). This
will be adopted as the minimum pressure requirecarat point in the traditional

network.

In theory, the pressure required for drip fed tankkbe the height to the top of the
tank plus an air gap. Assuming tanks are sittinghenground, this could be in the order
of 30 kPa (30 m), half the assigned requiremenéafwaditional network. However, in
order to isolate the effects of reduced flow demamdhe network, the same pressure
will be used as the minimum pressure required with the traditional and the
distributed storage networks.

The minimum pressures discussed above do not acfauesuitable margin to allow
for actual flows being greater than designed areh8ure negative pressure does not
occur in the system. This is a considerable tapitsiown right and should be the
subject of further research.

2.6 Pipe& Fittings Pressure Class

The Water Services Association of Australia (WSAI®?2 p.69) requires the minimum
pipe and fittings pressure class for reticulatioaima to be Class 9. Class 9 pipes and
fittings must have a nominal working pressure di&®a (90 m head).

AS3500.1 (p.10) specifies a Maximum Allowable OpiagPressure (MAOP) for pipes
up to DN 100 to be a minimum of 1200 kPa (120m head for pipes larger than DN
100 to be selected to satisfy the design critenidHe system.
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Given the minimum pressure is assigned as 60 kiah@ad) for both the traditional
and distributed storage networks as discussed ¢tioge2.5 above, and head loss
through the modelled network is likely to be lekart 50 kPa (5m head), pipes with
pressure ratings significantly less than those iredquby both WSA03 and AS3500.1
could be used.

Because there is no guidance on distributed stonag@orks, it is possible that cost
savings can be made for this system when compardtet traditional network that
requires Class 9 pipes. However, this saving wawdtl be attributed to changes in
demand or performance requirements from one sydtenanother. It would be
unreasonable to claim such savings as an advaofagealistributed storage network.
Comparison of pipe pressure class for the purposesst savings will be undertaken
on the basis of differences found in modelling le®w the two systems rather than
arbitrary specification of a minimum for the tradital design. In the first instance, it
will be assumed that Class 9 pipes are requiredbdtin the traditional and distributed
storage networks.

The selection of pipe class in itself has no immactmodelling the performance of each
system. It could potentially give rise to differgape materials being chosen that have
lower roughness coefficients and thereby increagedormance, however this is
unlikely as plastic pipes which have low roughnessfficients are available exceeding
the likely pressures generated in modelling fos tesearch.

2.7 Minor Losses

This research will not be modelling every valvendbejunction, contraction or other

fitting that causes head loss in the network. Tltegeetwo simple methods commonly
used to make allowance for these minor losseseare#nly stages of modelling, use of a
head loss coefficient (K) or increased pipe lengths

Head loss for flow in a pipe due to friction (majosses) involves the determination of
a friction slope multiplied by the length of theppi

Additional to this, a coefficient, K, is multipliedy the velocity head for each fitting,
bend, tee etc. to approximate losses through efatiese items (minor losses). The loss
coefficient, K, depends upon the individual sizepfiguration and materials of each
fitting. At an early stage of design, it is not genient to design for individual fittings
as they will often not be determined.

Instead, a single coefficient can be used to peadpreliminary estimate for the
cumulative losses from each fitting. Assuming vilocs constant through each main
between modelled nodes, a single coefficient wdally be the sum of each individual
fittings coefficient. Estimates for the single do@ént can be made from historical
designs of a similar nature.

Alternatively, the pipe length itself can be inged such that the additional major loss
from the increased pipe length is used to approt@nmainor losses. This method
assumes a longer length of main will have morengg than a shorter length and
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therefore the minor losses should be greater amgdr pipe. This is often not the case.

Both methods are relatively simple and have adgmstaand disadvantages. They are
equally inaccurate without historical analysis @perience. In this research project, a
15% increased pipe length will be used for all pipeaccount for minor losses for both
the traditional and distributed storage networks.

2.8 Water Quality

A potable water supply system must, in the firdtance, be safe for drinking. A
number of issues associated with a tank supplemeaygtem can affect water quality
including backflow prevention and stagnancy of waldese issues are also a concern
for traditional networks but would become more pitent in a distributed storage
network.

Investigation and analysis for water quality ananparison between each network is
not part of this research.

2.9 Summary of Traditional and Distributed Storage Design
Requirements

Table 2.9-1 below tabulates requirements adopteddoh network for the purposes of
this research.

Traditional Design D|str|buted Storage
Design
Design Flow
(L/s/unit) 0.03 0008
Minimum Pressure
(m head) 6.0 o0
Minimum Pipe Class 9 Class 9
Pressure Class
Added Pipe Length 15% 15%
for Minor Losses

Table 2.9-1 Design Requirements Adopted for Trad#l and Distributed Storage Networks
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3. Project Methodology

The design requirements and project methodologydastgned to isolate analysis to
those parts of the network for which a comparisersaught. The objective for this

project is to determine if a reduced demand floisiag from the use of water tanks to
service each unit is translated into reduced pijeneters and/or pressures in the
system. Therefore we wish to isolate design flow ths variable performance

requirement with all other performance requireméeisg equal.

3.1 Subject Site

An isolated network is used for the project sitdintat the impact of external influences
on the network. Networks can be considered isolagsduse of their remote location or
distinct separation from other areas. In this cagelst the subject site is in regional
Australia, its isolation is provided by distinct pseation rather than remoteness.
Isolation by distinct separation can still be apglile to remote sites so long as
connection for the site is made in the same manfte. major difference is that the
length of this connection is likely to be much gegdor remote isolation.

As mentioned above, the site is isolated by dista®paration. A single connection is
provided from the existing authority main to th&edio replicate that which would be
provided for a site with remote isolation.

The site chosen for analysis is a proposed workamp with accommodation for
approximately 400 people in single units. A layplan for the site is shown in figure
3.1a below.
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-

Figure 3.1a Workers Camp Site Plan

The site is small enough so that manipulation efrtetwork requirements and analysis
runs are manageable, yet also large enough tHarehtes between network options
are readily identifiable.

A real site has been chosen for the analysis tblerthe analysis to be directly related
to a real world situation and allow quantifiabldfeliences to be determined for a
realistic application. Even though we are analysangingle component of the whole
water supply system in isolation and ignoring wageality requirements or fire fighting
supply, the benefits from using a real site alewtirthwhile.

Ground surface levels will be ignored in this asay Whilst it would be relevant for
designing a reticulation network for the subjete,sincluding changes in level will add
unnecessary complication and does not benefit gp&cability of this analysis to other
sites and general conclusions. Therefore, thessassumed flat.

3.2 Network Layout

The proposed water reticulation layout is illustchbn plans attached in appendix B and
figures 3.2a and 3.2b below. A looped network hasnbused with “dead ends” only
allowed where branches supply a single point of atedn Whilst it is technically
feasible to use a “herring bone” supply network terms of meeting demand
requirements, a looped system is widely recommesdédtiat supply to each household
can be obtained from two directions. This philogophHows continued supply when a
section of the pipe requires maintenance. It wdbaaid in circulation of water through
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the network which reduces the chances of stagnatdgrvand its related water quality
ISsues.

A relatively long connection to the site is reqdirfom the current public water
authority main. This is an unintended benefit witle chosen site. It is unlikely an
isolated development will have existing water syppassing through the site. It is
therefore likely that with any isolated developmentonsiderable length of supply pipe
will be required to convey demand for the entirgedepment. This connection further
adds a realistic feature to the modelling and camrmlysed as a separate item, almost
in isolation from the reticulation network for tee itself. This connection to the site is
termed a “distribution main” to readily differentgait from the site reticulation during
discussion and analysis. A plan attached in appeldind figure 3.2 below illustrates
the point at which the distribution main ends ahe site reticulation network begins.
The distribution main extends to the point whemaan loop can be formed in the site
reticulation. This means a minor reticulation I a couple of dead end branches are
serviced from the distribution main.

The layout is identical for both the traditionaldatine distributed tank supply network.
This ensures the differences between the traditioetavork and the distributed storage
network are restricted to those resulting from dedn@quirements only.

A minimum pipe size of 25mm nominal diameter is @ed in the modelling. This
minimum has been chosen because PVC-U PN9 pipa®saure class adopted as the
minimum requirement, are readily available for gifem 25mm nominal diameter to
375mm nominal diameter.

Distribution
Main ."II End of

i Distribution

Main

Figure 3.2a Water Supply Network Layout — Entireydiat
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Figure 3.2b Water Supply Network Layout — Site Rdttion
3.3 Moddling

Modelling for the water supply network has beenartaken using Pipes++ software.
Watercom Pty Ltd provided a copy of this softwaesefof charge specifically for use in
this project.

Pipes++ uses the Colebrooke White formula to detexrinead loss through each pipe in
the network based on the velocity (flow) of watkerough each pipe. The total flow
required at each node is split between each differeute to that node. During the
modelling process, flows (velocities) are adjustedugh each pipe such that head loss
through each route deduces the same value foryseeksad at the node.

Changes between the traditional network and thérildised storage network are
restricted to the demand flows at each node ane giges only. Node locations, pipe
lengths, starting pressure at the point of suppdynfthe existing authority main and
pressure requirements at each node will remaisahee for both networks.

Modelling inputs (pipe sizes and node demands)ilarstrated on plans and tables
provided in appendix C.

Page 20



3. Project Methodology

3.3.1 Minor (Fittings) L osses

As discussed in section 2.7, minor losses throitghdgs (valves, bends, tees, etc.) are
represented by increasing the pipe length by 15¢e&ah pipe in the network. This
method allows changed velocities between each mktieo be accounted for in the
calculation of losses through fittings.

3.3.2 Network Nodes

For ease of modelling, clusters of interconnecteitslare represented by a single node
with the demand flow rate taken as the demand fateach unit multiplied by the
number of units. Although this research was prilpanstigated to investigate separate
tanks for each unit, it may also be equally bermafifor each block of interconnected
units to be serviced from a single connection te thticulation main as per the
modelling. In any case, whether or not there aparsge nodes for each units will have
negligible impact on the reticulation system beeathe take off points for each unit, if
serviced from separate connections, will be in e€lpsoximity to the single modelled
point and minor losses to each node are accountedlyfincreased pipe lengths rather
than the number of fittings along the pipe.

3.3.3 Time Step

Modelling is undertaken for a fixed point in timé&n demands on the network are at a
peak rather than a period of time covering cycla&inands. Given the requirement for
Australian water authorities to design for peak dedhas mentioned in section 2.3,
differences between the two systems at peak demvdhprovide the potential savings
that can be made.

3.34 Target Minimum Pressure

The optimum design is produced when all pressuresaa close as possible to, and
above, the target minimum pressure. Assuming tistrilolited storage network is
delivering water to the top of the tank, and predg@otential negative pressures can be
avoided, minimum pressure could theoretically bdoas as 30 kPa (3 metres head).
However, for the purposes of this analysis, tamgetimum pressure is set at 60 kPa (6
metres head) for both the traditional and the ithisted sorage networks in accordance
with the discussion in section 2.5.

With both networks obtaining equal minimum pressutiee magnitude of the minimum
target pressure is somewhat arbitrary because we pamarily interested in a
comparison of pressure loss through the systernifataht flow rates.

Achieving the optimum design involves an iteratafrthe following process:
- Hydraulic analysis is performed using Pipes++ safewand the resultant
pressure at each node in the network noted.
- Pipe sizes are adjusted up or down and analyseateg until the pressure at
each node is as close as possible to, and ab@/grtfet minimum pressure.
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Plans attached in appendix D annotate each noderasultant hydraulic grade levels
for both the traditional and distributed storagenoeks.

A number of different pipe combinations could barfd that result in a similar residual
pressure in the most disadvantaged point in theesysThis is particularly the case for a
looped network. Care must be taken not to attrilauteore economical arrangement of
pipe sizes as a benefit from the distributed tastevork. Having each network design
performed by the same person will assist with ploential error because the same logic
is applied to each network. However, this apprdactot very scientific.

It is difficult to apply a single method to the iredfment of pipe sizes and apply it to
each network because the refinement process Vi#rdiepending upon the residual
pressures found in each part of the network. Aryarsaof the pressure differences at
each node and friction slope for each pipe is uadlen to assist with determining
inconsistencies between networks.

3.3.5 PressureAvailable at the Point of Supply from the Existing Network

A constant head reservoir is used to place the orksvunder pressure. As the
modelling period is instantaneous at peak demansl reéalistic to assume pressure will
be constant for the model.

In reality, pressure varies with flow. As flow isicreased, potential energy is
transformed to kinetic energy and thus the avalgioéssure is reduced. The traditional
network will demand greater flows than the tankpdiggl network. Therefore, reduced
pressure at higher flows would disadvantage thditiomal network. Technically, a
different starting pressure should be used for ewattvork to reflect this. However at
this point in time, no information is available fire actual pressures and flows in the
public water authority main. Estimating differendegressure at different flows would
introduce more uncertainty into the model and waigtdtfully be subject to question.

The subject site is small enough that the diffeeencdemand flows from one option to

the other will also be relatively small; this withitigate the inaccuracy of using the

same starting pressure for each network. In additising the same starting pressure
for each option will produce a conservative reswith regards potential pipe size

reductions and therefore the analysis will not etade potential benefits from the

distributed storage network.

The water level in the reservoir is set at 8 me{Bfs kPa pressure at the point of
supply). This allows a maximum 2 metres of head KP@) pressure loss through the
reticulation network to any node. There are twomraasons for choosing this starting
pressure value.

Firstly, limiting the allowable pressure loss ire thetwork will require larger pipe sizes
than would be required with a large allowable puesdoss. Given the relatively small
size (and therefore relatively small demands) & development, a large allowable
pressure loss might result in the traditional syppétwork requiring minimum pipe

sizes only. There would be no possible reductiosize, and therefore no potential for
savings resulting for modelling the distributedksimetwork.
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Secondly, the starting pressure is aimed at sinmglat supply that might be expected in
an isolated development. An assumption is madehiad loss will need to be kept to a
minimum in such a development, either because xistirey point of supply is distant
from the site or because the development was rmiuated for in the design of the
existing network. This enables the modelling taubdertaken under conditions that are
similar to that which can be expected in a gensdlated site.

3.3.6 Demand Flows

As discussed in section 2.3, current Australianewatithority design standards (WSA-
03 2002) require a network to be designed for pealrly demand. The traditional
water supply network is modelled with flows reqdirgy each unit set at peak hourly
demand of 0.03 L/s.

The distributed storage tanks drip feed system @vikhble supply to be reduced to an
average demand because the volume required for geraland is catered for in tank
storage. For the distributed storage supply netwitolvs required by each unit are set
at average hourly demand of 0.006 L/s.

A base demand feature provided in Pipes++ is atli®or assigning demand at each
node. The demand flow per unit is entered and aade is assigned with the number of
units it feeds. This enabled a single number toetiked when changing from the
traditional model to the distributed storage modéle modelling inputs report attached
in appendix C lists the number of units fed by eacte rather than the design flow at
each node. Design flows at each node are annatatpthns attached in appendix C.

3.3.7 Lowest Pressure Network

As an alternative to a potential reduction in pgses, another hypothesised benefit for
the distributed tank supply network is a reductiorpressure for the overall network.
Reduced pressure through the whole network coutdngially result in pipes with a
smaller pressure rating to be used and/or lesstem@nce from pressure related faults.

This scenario keeps the same pipe sizes as thednadl network and runs the hydraulic
analysis using the flows from the distributed sgeraetwork. A lesser flow in the same
diameter pipe will result in lower velocity. As lteéoss due to pipe friction (major
losses) is proportional to velocity, lower veloegtiwill result in lower head loss.

The allowable pressure reduction in the netwotkésdifference between the node with
lowest modelled hydraulic grade level and the tang@imum pressure.
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4. Results and Analysis

4.1 Hydraulic Modédling Results

Pipes++ water supply network modelling software Ibesn used to undertake hydraulic
analysis for each network. Modelling inputs araated in appendix C and modelling
outputs are attached in appendix D.

Pipe diameters were limited to standard sizes withinimum diameter of 25mm. This
was chosen because PVC-U PN9 pipes are availalmmeters ranging from 25mm
to 375mm as standard. This is also a pipe diantbtris between the acceptable
minimum for in-ground water supply pipes listed#8A-03 and AS3500.3-2009.

Although different pipe materials might be more rappiate for different sized pipes, a
roughness coefficient of 0.015 was used in the I@oltke White friction loss
calculation for all pipes regardless of size.

4.1.1 Traditional Network Modelling
The traditional network uses peak demand flow, Wdated as 0.03 L/s per unit as

discussed in section 2.3. A summary of the modglfiows and resultant minimum
pressure head is provided in table 4.1.1-1 below.

Demand per Unit (L/s) 0.03
Maximum Flow (L/s) 12.5

Minimum Pressure (m head) 6.01
Table 4.1.1-1 Traditional Network Modelling FlowsdaMinimum Pressure

Maximum flow to the site from the existing authgnvater main is the sum of flows for
each individual unit. For the traditional netwolkist demand sums to 12.5 L/s. This
flow is required to be delivered by the distributimain to the site. The distribution
main to the site is 200mm diameter UPVC which tssit a head loss of 0.88m
between the water authority water main and the nh@dp within the site. As the

nominated pressure at the take off point from tbblip water authority main is 8m

head, the site reticulation has 1.12m allowablelHess to maintain a minimum of 6m
head at any point in the system.

The required minimum pressure of 6m head is maiaththroughout the network.
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4.1.2 Distributed Storage Network Modelling

The distributed storage network uses average defft@nccalculated as 0.006 L/s per
unit as discussed in section 2.3. A summary of riiedelling flows and resultant
minimum pressure head is provided in table 4.1b2|bw.

Demand per Unit (L/s) 0.006
Maximum Flow (L/s) 2.5

Minimum Pressure (m head) 6.00
Table 4.1.2-1 Distributed Storage Network ModelllFigws and Minimum Pressure

Maximum flow to the site from the existing authgnvater main is the sum of flows for
each individual unit. For the distributed storagdgwork this demand sums to 2.5 L/s
which, again, is required to be delivered by thstribution main to the site. The
distribution main to the site is 100mm diameter WPWhich results in a head loss of
1.36m between the authority water main and the n@op within the site. As the

nominated pressure at the take off point from thblip water authority main is 8m

head, the site reticulation has 0.64m allowablelHess to maintain a minimum of 6m
head at any point in the system.

The required minimum pressure of 6m head is maiaththroughout the network.
4.1.3 Reduced Pressure Network

The Pipes++ analysis is rerun using the pipe flira the distributed storage network
(average flows) and pipe sizes from the traditiamatiwork to see if the system can
benefit from reduced pressures. As discussed itioge8.3.7, less flow in the same
diameter pipe results in lower velocities and, aadhloss is related to velocity, less
head loss through the network.

Potential benefits for a network under lower pressare less pressure related pipe
bursts leading to reduced maintenance costs os pyith lower pressure ratings which
results in lower construction costs.

A list of nodes with corresponding hydraulic graéeels for the reduced pressure
network is attached in appendix D. Head loss adtws®ntire network is 0.12m for the
reduced pressure network as opposed to 1.99mddraHitional network. Head loss for
the reduced pressure network is 6% of that fotrduditional network.

If a pressure reducing valve were fitted at thet sththe distribution main, pressure in
the entire network could be reduced by 1.87m (k®4&) to maintain minimum pressure
in the system. This reduction in pressure is uhlite permit use of pipes with lower

pressure ratings and it is debatable if such algmedsure reduction would lead to less
pipe bursts. However, the modelling was set up waitlallowable head loss through the
network of 2m head (20 kPa) only, therefore redurctn pressure was never going to
exceed 20 kPa under these modelling parameters.

The fact that head loss for the reduced pressuveonieis 6% of that for the traditional
network suggests that, under different modellingapeeters simulating a system with
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greater head loss, the reduced pressure resultmm distributed storage could

potentially be beneficial.

4.1.4 Analysisof Modelling Results
To understand the modelling results for each nékywoomparison is made at certain
nodes spaced around the main reticulation loop zmes of nodes in minor loops.

Figure 4.1.4a below highlights the chosen nodeshbausaround the site reticulation

main loop in bold and zones 1 to 10 located in mioops.

ZONE 1

ZONE 2

Figure 4.1.4a Site Reticulation Main Loop Nodes &bt Loop Zones

The primary objective of this analysis is to idéntif the comparison being made
between the two networks is valid. That is, | wenénsure the comparative advantages
and disadvantages of each network are derived thentdifferences in flow rates rather
than other factors such as more efficient designnfany factors as possible, such as
physical layout and pipe roughness coefficientsnaia identical between the two
networks to limit the chances of a more efficieasidn masking the effects of differing

flow rates.
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Table 4.1.4-1 below lists the node HGL for certamdes spaced around the main
reticulation loop starting at node 18 and progressilockwise back to node 18. Node
18 marks the end of the distribution main and thamencement of the site reticulation
main loop.

Traditional Distributed D_ifference Distance

Node HGL (m) Storage in HGL from Node
HGL (m) (m) 18 (m)

18 7.12 6.64 0.48 0

48 6.75 6.38 0.37 89
51 6.53 6.21 0.32 152
59 6.32 6.08 0.24 232
62 6.23 6.04 0.19 301
69 6.16 6.02 0.14 384
74 6.14 6.02 0.12 434
83 6.15 6.04 0.11 516
86 6.21 6.14 0.07 584
114 6.47 6.46 0.01 685
29 6.75 6.54 0.21 786
18 7.12 6.64 0.48 886

Table 4.1.4-1 HGL Comparison Around Site ReticolatMain Loop

Head loss at node 18 is greater for the distribstedage network than the traditional
network. The friction slope (head loss per metee)tiie distribution main is greater for
the distributed storage network. This is becaugeréduction in pipe diameter, even
with a fifth of the flow, results in greater frion between the liquid and the pipe wall.
There are limited standard pipe diameters availalbtieh makes it difficult to exactly
match a uniform head loss per metre length aloegngétwork from start to end when
flow is steadily reducing as it is drawn off foreuby households. The distributed
storage network allows greater head loss in theilolision main at the expense of less
allowable head loss across the site reticulatidns & further discussed in section 4.2.1
below.

Figure 4.1.4b graphs the hydraulic grade levelsinggadistance around the site
reticulation main loop for the nodes listed in &all1.4-1 starting and ending at node
18. The parabolic shape of the traditional netwgrdph is as expected for a loop with a
single pipe diameter where flow gradually reducesards the extremity of the loop
due to demands of nodes along the way. For thebsitey modelled, the extremity of
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the main loop is near to node 74, 434m from nodénl8 clockwise direction. As the
flow rate closer to the extremity decreases, vgjadecreases, and therefore the rate of
head loss (slope of the line) also decreases.

To consider the distributed storage network eqeiviato the traditional network with
regards head loss and allowable head loss in therrtoops, a parabola approximately
parallel to the traditional network but with slighflatter slopes would be expected. The
left hand side of the graph does indeed approximnai@rallel the traditional network,
however the right hand side does not. The flattadignt of the right hand side is
associated with a larger (80mm) pipe diameter Hiat part of the loop than the rest of
the loop (50mm). As with the differences in thetriliition main, gradations of
standard pipe sizes makes it difficult to providerdform rate of head loss through to
the extremity of the network.

HGL Around Site Reticulation Main Loop

7.200

) /
\ /

6.800 \ /
6.600 ‘ }
\ k./ —¢—Traditional
6.400
\ —l—Distributed Storage
6.200

6.000

HGL (m)

5.800

0 200 400 600 800 1000

Distance Along Site Reticulation Main Loop in Clockwise Direction (m)

Figure 4.1.4b HGL Around Site Reticulation Main lpo

Non uniform head loss in itself does not make the networks being compared
unequal. However, when one network has reasonabfgrm head loss and the other
does not, it has the effect of allowing differemtall losses in different areas. This in
turn allows smaller pipe diameters in the area liaata greater allowance of head loss.
This disparity should be balanced by larger diameipes in the main loop being
required to create the inequality. Aside from thepdrity associated with the 80mm
diameter pipes in the site reticulation main loopthe distributed storage network, the
analysis around the main loop demonstrates sinyiland is therefore favourable for
direct comparison.
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Zone Average Hydraulic Grade Levels
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Figure 4.1.4c Zone Average Hydraulic Grade Levels

Figure 4.1.4c charts average hydraulic grade lefeglach zone in figure 4.1.4a for
both the traditional and distributed storage neksoZone 1 is serviced directly from

the distribution main. The hydraulic grade levelnatle 18 for the distributed storage
network is 0.48m below that for traditional netwoAs zone 1 is reasonably close to
node 18, it is not surprising the average hydragiade level for the distributed storage
network is significantly lower than that for theditional network, particularly as both
networks have the minimum 25mm diameter pipe dianfet all pipes within the zone.

A general pattern is followed by both networks wettteptions further discussed below.
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Zone Average Hydraulic Grade Levels
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Figure 4.1.4d Zones 2-10 Average Hydraulic Gradeelsev Distance from Node 18

Figure 4.1.4d graphs average hydraulic grade Ideelzones 2-10 in figure 4.1.4a for

both the traditional and distributed storage neksagainst distance from node 18. |
would have expected a continuous fall in the grapldistance from node 18 increased.
This is generally the case except for zones 3 &@,zones 8 to 10.

Either zone 2 has a lower than expected average biGtone 3 has a higher than
expected average HGL. In both the traditional amdriduted storage networks the

assigned minimum pipe diameters are used for ptpwithin these zones. Given the
proximity of these zones to the start of the sdgculation main loop, it was always

expected these zones would have average HGLs Wwelleathe prescribed minimum

and therefore minimum pipe diameters were likel{thédugh zone 3 is more distant

from the start of the site reticulation main lobpn zone 1, less flow is directed towards
zone 3 and therefore velocity and head loss arerlaong the main loop towards zone
3. This explains why zone 3 has a higher averagé H@n zone 1. As the pipe

diameters do not change in these zones betweenattigdonal and distributed storage

network, and the pipes are set at the prescribedhmam, potential issues associated
with differences between what was expected in tkeses are considered negligible.

Zone 6 is fed by the main passing by zone 3 inumt@ clockwise direction. Although
linked, it is logical that zone 3 does not have $hene head loss associated with zones
fed by the main loop in the clockwise direction.ed&ge HGL for zone 6 is almost
identical for the traditional and distributed stgeanetworks. | would generally expect
the average HGLs for the distributed storage nékworbe lower than the traditional
network because flows and velocities are lessHerdistributed storage network and
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should therefore generate a flatter slope for gedHoss per metre as discussed above.
As the distributed storage network uses the presdrminimum pipe diameters in this
zone, it is concluded this prescribed minimum iirsg the distributed storage network
HGL higher than it could be if no minimum diametesmsre used.

The zone with the lowest average HGL for both tla€litional and distributed storage
networks is zone 7. This is slightly surprising envit is not the most remote from the
start of the site reticulation. However, when settup the model, | purposely directed
the site reticulation main loop to run past zoneand 10 by assigning larger pipe
diameters for this route. This is likely the reasmmmes 9 and 10 have higher average
HGLs than zone 7.

Even when the inconsistencies above are incluthedgéneral trend for hydraulic grade
levels around both the traditional and distribudeatage networks is consistent. On this
basis a comparison based on the current mode#sgjts is valid.

4.2 Physical Comparison of Networks

There are two distinct components to the water lsupptwork, a distribution main

from the existing authority water main to the sard reticulation through the site itself.
Applying this research to an isolated communitye thstribution main to the site is
analogous to the main pipe from a water sourcegdmpre, reservoir or existing water
main) to the community that is to be supplied wekiculated water. This distribution
main could be many kilometres in length and mayrasgnt the majority of cost
associated with providing reticulated water to aoldgted community. It is therefore
worthwhile separating these two components for cmapn.

4.2.1 Distribution Main Comparison
The distribution main is deemed to extend fromekisting water main at node 1 to the

main loop around the site at node 18 as shown ansphttached in Appendix C and
identified in figure 3.2a.
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Table 4.2.1-1 below shows a comparison of the dianad flows used in modelling of
the distribution main for the traditional and distited storage networks. Pertinent
modelling outputs are also listed. Note that vélocs based on internal diameters
specified by the software assigned to each nondiaaheter.

Traditional Design Dlstrlbuteq Storage
Design
Pipe Length 1206 1206
(m)
Nominal Pipe
Diameter 200 100
(mm)
Internal Diameter 208.5 104.7
(mm)
Max. Flow
(L/s) 12.5 2.5
Max. Velocity 0.37 0.29
(m/s) ' '
Ave. Friction Slope 0.73 1.13
(m/km)
Head Loss 0.88 1.36
(m)

Table 4.2.1-1 Physical Comparison of Networks far Distribution Main

When modelling the entire network inclusive of catation mains, the diameter of the
distribution main for the distributed storage netikvas half that required for the
traditional design. A component of this reductisndue to the greater allowable head
loss over the length of the distribution main. Thanimum pipe size chosen for the
analysis results in low velocities at extremitiéshe site reticulation for the distributed
storage network where demand is small. As headisosdated to velocity, head loss is
also small in these areas thus leading to a smallerall head loss through the site
reticulation. Smaller head loss through the siteukation component has allowed a
greater head loss through the distribution main.

The site used in this research was able to accomtmogreater head loss in the
distribution main. As a proposed site becomes &urttway from the point of supply,

head loss in the distribution main will contrib@tegreater proportion to overall network
losses inclusive of the reticulation network. Whka site is distantly remote from the
point of supply, head loss through the site retitah may become insignificant

compared to that lost in the distribution main. €nthis situation, head loss in the
distribution main will need to be identical for haa traditional and distributed storage
network. It is therefore of interest to determihe &llowable reduction in pipe diameter
for the distributed storage network when head iwgsgjual.
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Head loss through each pipe is calculated usindCtilebrooke White equation which
can be expressed as,

ke. 2150 .
V = -2\(2g) Dslog( 3.7D + DV(2g) DS (4.1)

velocity, m/s

pipe diameter, m

friction slope i.eby /L, m/m
pipe roughness, m

kinematic viscosity, ffs
gravitational acceleration, /s

where: V
D
S
k

S

L

g
Kinematic viscosity and gravitational accelerateme identical in both the traditional
and distributed storage networks.

It is common for pipe materials to differ when pgiameters are significantly different.
For example, PVC pipes, which largely rely on tlersupport for load carrying
capacity, may have sufficient structural strendteraall diameters, but cannot offer the
same load carrying ability at large diameters. @eann pipe materials will affect the
pipe roughness coefficient. However, for the puegso®f this research, the pipe
roughness coefficient is kept the same for evepg piiameter used. The range of pipe
diameters used in the modelling for both the tradél and distributed storage networks
can all be constructed from PVC-U PN9 pipe. Therefthe decision to keep the pipe
roughness coefficient constant for both networksoissidered acceptable.

Head loss from the point of supply at the existiveger authority main to the site is a
function of the friction slope times the distands.the length of pipe is identical in both
networks, to obtain an identical head loss requinessame friction slope. Using the
friction slope obtained in the traditional netwartodelling in the Colebrooke White
equation will enable the equivalent pipe diameterthie distributed storage network to
be determined.

As flow rate is a simple function of velocity ando@ diameter, adjusting the pipe
diameter by trial and error can be performed taiobthe required distributed storage
flow rate. With all other variables fixed, an imat pipe diameter of 114.5mm results,
which is 55% of the size required for the tradiibmlesign. This still represents a
significant reduction in the required pipe sizettoe distribution main.

Because there is no standard pipe of 114.5mm iteliameter, a less costly design for
the distributed storage network results from allaydarger head loss in the distribution
main and less head loss in the site reticulatidwomk. Further comment will be made
on this in section 4.3.1 below.
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4.2.2 SiteReticulation Comparison

Within the site reticulation there are two distirgarts, a looped “trunk” main and
smaller loops and branches that infill the areae Toped trunk main is highlighted in

figure 4.2.2a below.

Looped
Trunk Main

Figure 4.2'.2a Site Reticulation Looped Trunk Main

Tables 4.2.2-1 and 4.2.2-2 below list the lengtliseach pipe diameter used in
modelling the traditional and distributed storagénorks for site reticulation.

Pipe Diameter Traditional Design| Distributed Storage Difference
P Pipe Length Design Pipe Length (m)
(mm)
(m) (m)
100 887 0 -887
80 0 242 +242
50 0 645 +645
Total 887 887 0

Table 4.2.2-1 Pipe Sizes Comparison for Site Ritimn — Main “Trunk” Loop

For the traditional network, all 100mm pipe diamgtmake up the looped trunk main
totalling 887m length. In the distributed storagswork, the looped trunk main pipe
diameters have been reduced to 242m length of 8dimmeter and 645m length of
50mm diameter. Using a weighted average, the resaltreduction in pipe diameter to

58% of that required for a traditional design.
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As discussed in 4.2.1 above, head loss from comemeect of the site reticulation
network to the most disadvantaged node is lesthiodistributed storage network than
the traditional network. The site reticulation ftive distributed storage network is
effectively operating under more stringent requieais than the traditional design. As
with the distribution main, it is of interest to o the site reticulation network using
identical head loss.

Node 18 has been chosen as the point at whichighédtion main connecting the site
from the point of supply ceases and the site rktimn network commences. In the
traditional design model, the hydraulic grade leatehode 18 is RL 7.12m. Modelling
the distributed storage site reticulation netwoithva hydraulic grade level at node 18
of RL 7.12m and with all 80mm pipe diameters furtheduced to 50mm results in a
hydraulic grade level of 5.98m (59.8 kPa) at theshtlisadvantaged nodes, very nearly
the assigned minimum hydraulic grade level of 6(@® kPa). With a slightly greater
head loss, the distributed storage network has gigraeters for the main loop 50% of
that required in the traditional design.

Pipe Diameter Traditional Design| Distributed Storage Difference
g Pipe Length Design Pipe Length (m)
(mm) (m) (m)
50 66 0 66
32 644 66 578
25 673 1317 +644
Total 1383 1383 0

Table 4.2.2-2 Pipe Sizes Comparison for Site Rktimn — Minor Loops and Branches

For the minor loops and branches, all 50mm diam@iees in the traditional network
have been reduced to 32mm diameter, all 32mm denpgbes have been reduced to
25mm diameter. Pipe diameters have dropped byralatd size. All 25mm diameter
pipes remain the same as this is the prescribesinmm diameter for any pipes.

The results above suggest pipe diameters in ailiistd storage network, whereby
flows are one fifth of that for a traditional desjgan be reduced to 50-60% of the size
required for a traditional design.

4.3 Cost Analysis

Where appropriate, rates for cost analysis have lodained from the Rawlinsons
Australian Construction Handbook 2005 edition. Tigective for this research is to
identify the differences in costs between two nekso Extensive costing for the
networks is not required for this purpose. Instele items that differ from one network
to the other are costed. That is, the installatiod maintenance of pipes and fittings.

Cost schedules are attached in appendix E.
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4.3.1 Construction Costs

Table 4.3.1-1 below summarises construction castscdmponents of the traditional
and distributed storage networks. Costs have begrarated into those for the
distribution main and those for site reticulatianalign with the physical comparison
separation.

Traditional Distributed Savin Percent
Design Cost | Storage Cost 9 Saving
D'S,t\;'gi‘;']t'on $130,000 $60,000 $70,000 54%
.Site ) $90,000 $70,000 $20,000 22%
Reticulation ! ! !
Tanks &
PUMps - $320,000 ($320,000) N/A
Total $220,000 $450,000 ($230,000) (105%)

Table 4.3.1-1 Construction Costs Summary

Construction costs for the distribution main corseripipe installation costs only.
Although fittings for large diameter pipes can lsdatively expensive compared to
smaller diameters, it is assumed the distributiainnwill have few fittings along its
length. The omission of fittings is justified besauthere are few branches from the
main for which isolation with valves would be rexad.

Trench excavation, pipe laying and backfill costsvén been included in the pipe
installation cost and are assumed to be the samédih the 100mm diameter and
200mm diameter pipes. This is because it is assuheedame trench width would be
used for both pipe diameters.

The distributed storage construction cost for tlsridution main is less than half the
construction cost for the traditional design. Tigpresents a significant saving between
the two networks and suggests the distributed gtonaetwork, at least from the
perspective of the connection to the site, is ahvdnile prospect.

As mentioned in section 4.2.1 above, the distrdyutinain for the distributed storage
network has a greater allowable head loss at therese of the site reticulation. This is
a more economical solution for the network as a lathdf the 100mm diameter

distribution main was increased in size to 150manditer to allow a balance in head
loss for each component, an additional $30,000.60ldvbe added to the costs for the
distribution main. The benefit of reducing the sigéculation main loop pipes to 50mm
diameter throughout would net a saving of $5,000.08e savings in the site

reticulation do not warrant the increased costHerdistribution main.

Cost of fittings has been included in the sitecrdéition construction costs by using a
rate per metre assuming a fitting every 30 metmesawerage. This is possibly an
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appropriate spacing for the main loop but may lzedparse for the minor loops. The
difference between fitting costs for smaller diaengtis less significant therefore it is
appropriate to use the larger pipe diameter spdoingreliminary costing.

For the site reticulation, construction costs wkrmend to be less for the distributed
storage network compared to the traditional netwbdwever it is a less significant

saving than that determined for the distributionrm@here are some easily identifiable
reasons for the disparity between the distributiann and the site reticulation. Firstly,

pipe diameters in the site reticulation reducedabgtandard size rather than being
halved as they did for the distribution main. Settgnsome pipes in the traditional

network were already the prescribed minimum diamated therefore could not be

further reduced. Finally, as pipe diameters areiged, the trench excavation, laying
and backfilling become a larger proportion of theerall pipe installation costs. For

small pipe diameters there is not as much savingefitucing pipe sizes as there is with
larger diameters.

The traditional network does not require pumps tamks as part of the water supply
system; water under pressure in the reticulatigmepifeeds each house directly.
Therefore a nil cost for pumps and tanks is assidgoethe traditional network.

The distributed storage network requires pumps tamks, in this case at every
household, to enable reticulation mains to be aesigor lesser flows. Although the
cost of a small tank and domestic pump is quitellsrvaen multiplied by the number
of households being serviced the sum total is Bagmtly greater than any other
component in the system. This cost outweighs anynga made in the distribution main
and site reticulation combined. Initially one migink this makes the distributed
storage network unfeasible as an alternative. Heweas discussed in chapter 1, many
local authorities are making rainwater tanks andse mandatory because they reduce
demand on limited public water supplies and rediweels on authority stormwater
drainage systems. Under this scenario, where pamgdanks are required in any case,
this cost could be removed from the cost comparisiween traditional and distributed
storage networks. Other scenarios could also bledgto reduce the cost of tanks and
pumps such as a cluster of houses sharing the tearke
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4.3.2 Maintenance Costs

A life cycle study of water networks by Ambrose &t. (fig.1, p.6) suggests average
failure rates for 200mm diameter PVC pipe are thas 1% of the network per year for
mains operating at 730 kPa. For the purposes efrdsearch | have assumed a pipe
replacement of 0.5% per annum over a period ofezdsy 0.5% of the construction cost
multiplied by 50 gives the maintenance costs irs@né day dollars for the distribution
and site reticulation listed in table 4.3.2-1 bel&ignificant percentage savings can be
demonstrated, however the scale of the networkgbeasted results in minimal cost
savings for the distributed storage network.

Traditional Distributed Savin Percent
Design Cost | Storage Cost 9 Saving
Distribution $30,000 $15,000 $15,000 50%
Main
Site $25,000 $20,000 $5,000 20%
Reticulation ! ! !
Tanks &
PUMps - $680,000 ($680,000) N/A
Total $55,000 $715,000 ($660,000) (1200%)

Table 4.3.2-1 Maintenance Costs Summary

To determine maintenance costs for the tanks anthpu have assumed a 25 year life
for the tanks and 10 year life for pumps. Theretargks will need to be replaced once
in the 50 year period and pumps will need to béacsal four times. There is significant
costs for maintenance of tanks and pumps associaiétd the distributed storage

network that do not occur with the traditional netlu As discussed in 4.3.1 above, if
tanks and pumps are required for households incasg, as is currently required by
many local authorities around Australia, the cddaoks and pumps could be removed
from the calculation.
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5. Discussion and Conclusions

51 Moddling Results

Modelling produced a reduction of pipe diameterthaorder of 50-60% for the
distributed storage network over the traditionaivoek.

This reduction required average flows to be ortb fif peak flows as recommended by
the Water Standards Association of Australia ingbhsence of more accurate data.
Typical diurnal water patterns suggest averagedlave more like 50% of peak flows.
However, a considerable margin of safety must begiged for the traditional network

to ensure peak demands that might exceed colléetiedcan be accommodated. The
distributed storage network will have less needctmsiderable safety margins. If
adequate storage is provided in the distributechgotanks, a spike in the peak demand
can be recovered over the full day or perhaps deunwf days. Thus average demand
will increase marginally for a spike in peak demand

The initial specification for this research ideisttf isolated communities as the target.
Isolated communities were considered those thahinignefit the most from the
research, particularly if there is no existing watepply network available. The site
used for this project is a proposed workers cam@®0 residents. This proposed
development was chosen because it is typical ofemmottmporary communities set up
for significant mining developments and it is dcale that mimics that of a small
community. The modelling results are therefore @pple to similar developments and
the targeted isolated communities. Sensitivityhef analysis, although inferred by the
results, is not specifically targeted and shouldhaesubject of further research.

5.2 Distribution Main Comparison

The main benefit found by this research is fordistribution main to the site. Pipe
diameters and construction costs halved for thiliged storage network. This is
because the distribution main carries flow for ¢éinéire network. Reducing pipe
diameters from 200mm to 100mm results in a gressteing than reducing pipe
diameters from 100mm to 50mm diameter. Greaterd|auch as that in the
distribution main, require larger pipe diameters] therefore the benefit of reduced
pipe diameters for the distributed storage netweskilt in greater savings.

In general, the larger the peak demand (flow) giteater the benefit for the distributed
storage network. Therefore, larger communities hk#lly benefit more than smaller
communities. However, as population increases keg090, the Water Services
Association of Australia recommendation for peakrtfactor, which determines the
difference between peak and average flows, stagiiscing from 5 to 2. Therefore, for
populations above 2000, the difference between padkaverage flows will gradually
reduce and corresponding benefits will also grdguatuce. Certainly, for populations
up to 2000, pipes that convey the full flow demanitibenefit greatest from a
distributed storage network.
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This highlights the benefit of providing a storageervoir in close proximity to the
community being served. For the traditional netwatksome point the length of
distribution main from the point of supply will want inclusion of a storage reservoir
closer to the point of demand. The distributionmfar the traditional network would

be designed as for the distribution main in a disted storage network. Under this
scenario, the advantage of the distributed stonagggork will be to remove the
requirement for a locally sited storage resentbig, pipe sizes supplying the community
will be equivalent with both networks.

5.3 SiteReticulation Comparison

As with the distribution main, the distributed stge network had the effect of reducing
pipe diameters by 50-60%. The benefits were nagreat for the site reticulation. This
is partly because some pipes in the traditional/odt were already at the prescribed
minimum diameter and partly because trench exaavatnd backfill costs make up a
larger proportion of the pipe installation costiwséimaller diameter pipes.

54 Tanksand Pumps

The cost of supplying tanks and pumps far outwetjessavings made from both the
distribution main and site reticulation pipes.dfks and pumps are needed solely
because of implementation of the distributed steragfwork, there does not appear to
be any benefit for the network as a whole unlemsstier of costs from the infrastructure
network to each household is desired.

Many local authorities in Australia are requirimg tinstallation of tanks and pumps for
re-use of rainwater to reduce reliance on the pulillity water supply system and to
reduce loads on the authority stormwater drainggesn. If a development is
encumbered with this requirement, the cost of tamdpumps are not as a result of the
distributed storage network and can therefore lotudrd from the calculations.

The Master Plumbers and Mechanical Services Assoigiaf Australia supports the
use of rainwater tanks for all household water aarion subject to the requirements
of the local health authority. The Water Servicesdciation of Australia Integrated
Rainwater Tank Systems publication recognises aityhroains can be resized to better
match actual demands required. It appears thesbahgbling block to combining the
system proposed in this research with rainwatéestéitom the perspective of these
agencies is the potential health risk. The New IStales Office of Environment and
Heritage (2013) shows concern for the health riskmrecommending tank water not
be used for potable water supply when a mains veai@ply is available. To receive the
benefit from tanks and pumps being installed fenge of rainwater, the objections of
the New South Wales Office of Environment and Hget would need to be overcome.
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55 Reduced Pressure Network

The network modelled with average flows from th&trbuted storage network and pipe
diameters used in the traditional network resuiteldead loss across the network being
only 6% of that for the traditional network (a 94@auction in head loss).

Modelling for the subject site assumes 20 kPailogsessure from the start of the
network to the most distant point. Pipe pressuasssds graduate in hundreds of kPa.
With the limited allowable drop in pressure oves ttetwork, the potential benefits for
reduced pressure loss will not result in changeimé class to a more cost effective
pipe. If a distantly remote site were being congdehat required large initial pressure
to force water long distances, a reduced pressiveonk may be considered beneficial.
Under such a scenario it is likely a long distribatmain would be designed for
average flows with a large storage reservoir cleséine community being serviced.
Whilst there would be no savings in the distribatroain because both networks would
be designed for average flows, the distributedagt@mnetwork could remove the
requirement for a large storage reservoir, instepthced with small distributed storage
tanks.

The life cycle study of water networks by Ambroseaé (fig.1, p.6) suggests a 5%
increase in pipe failure for an increase from 7B@ ko 850 kPa, approximately 1% for
every 20 kPa increase. For the network being censitlas part of this research, the
potential benefit for reduced pipe failures is gmsficant. However, for larger networks
it may become a significant cost saving to be engalpparticularly if pressures need to
be high at the origin to adequately service theeatea.

Another perhaps more likely advantage of the redycessure network may be where
limited pressure is available at the point of sypphe reduced pressure network would
not necessarily be a way of reducing pipe costis¢tuld remove the need for large
tanks, pumps or elevated reservoirs to raise presguhe point of supply.

5.6 Summary

This research proves tangible benefits can bemddavhen a distributed storage
network is adopted even when conservative assungptegarding minimum pressures
are included.

If tanks and pumps need to be included solely dubkd implementation of the
distributed storage network, the system as a wikateore costly to construct and
maintain. Incorporation of rainwater tanks that rhayrequired by local authorities is
critical for making the system economical. For tiei®ccur, potential health risks need
to be addressed.

Page 41



6. Further Study

6. Further Study

The potential benefits confirmed as part of theesrch warrant further study to
examine topics not covered here, and to betterlde\ike concept for use in real world
applications. The following topics have been regdaluring investigation for this
research and are discussed in brief to identifyesgo be the subject for further study.

6.1 Incorporating Rainwater Re-Use

Household water tanks are widely used to colledtraruse roof water. Rainwater re-
use can be beneficial in reducing dependence oneseater supplies and reducing
quality and quantity of storm water discharge. Raiter re-use typically requires tanks
and pumps, as does the proposed distributed stastg®rk. It would be economically
advantageous to combine rainwater re-use andhiistd storage water supply
infrastructure.

However, the New South Wales Office of Environmamd Heritage (2013)
recommends tank water not be used for potable \gafgyly when a mains water
supply is available. This is presumably due to pisaé health risks associated with
potable use of rainwater, either directly to thd aser or potential contamination of the
mains supply. Impacts upon the water supply netwollkneed to be investigated,
particularly with regards to water quality and @@esntamination.

Aside from the risk posed by contaminants in codldaainwater, reduction in demand
from the water supply network will increase therutes of stagnation in the mains
which could potentially compromise water quality.

6.2 Water Quality

Investigation into water quality has been omittedthe purposes of this research.
Subsequent research will need to address stagrattboross contamination.

Stagnant water must be avoided in water supply ordsvbecause residual chlorine
deteriorates and sediments may drop out of thenaatd accumulate in the pipes. The
distributed storage network will produce more regaind smaller flows than the
traditional network. More regular flows could beenefit to the system in reducing the
chances of stagnant water. However, the traditidasign generates peak flows that can
effectively flush the system twice daily. In thesgard, smaller flows could be
detrimental to water quality.

If water use is suspended, as may be the case fematy dwelling, water would sit in
the household tank for long periods of time. Thyaia could lead to decline in chlorine
residue and sediment accumulation.
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6. Further Study

6.3 Minimum Pressure Requirements

The analysis undertaken as part of this researgjegirassumed minimum pressure of
6m head (60 kPa) at the point of supply to eachfonboth the traditional network and
the distributed storage network. This assumptios based on an Australian Standard
(AS3500.1-2003, p.16) specification that “minimurorking head at the furthermost or
most disadvantaged fixture or outlet shall not desIthan 50 kPa (5 m head)” and an
allowance of 10 kPa (1 m head) loss through pipé¢ke household.

Current Australian design guidance regarding mimmpuressure has been discounted
for the purposes of this research. The validityreduiring minimum 200kPa (20m)
pressure for domestic reticulation should be tesieadlow infrastructure to be designed
for the requirements of individual sites rathemtlggneric values to cover all situations.

Comparison between the two networks did not regaiceurate determination of
minimum pressure requirements as the method ustusimesearch matched head loss
through the network with two different flows by adfing pipe sizes. Using this
method, the starting and ending pressures arelyargaevant.

For the distributed storage network, assuming appisnused at each household storage
tank to place the internal pipes under pressureinmim pressure at the point of supply
only needs to be the height of the tanks plus lxwahce for discharging from above
the tank. Common household tanks are 2 to 2.4m. Aigkrefore, minimum pressure
for the distributed storage network could be as &vB8m head (30 kPa), half that of the
minimum pressure determined for the traditionalwoek. A lower pressure requirement
for the distributed storage network would providddiional benefits above that
reported in this research.

No investigation has been carried out to ascerammum pressures required to ensure
sufficient positive pressure is maintained in thetwork to prevent ingress of
groundwater. Although minimum pressure for the ribsted storage network can
potentially be lower than that required for theliti@nal network, a safety margin added
to minimum pressure for supply might negate angpiodl| reduction.

Head loss is directly related to flow through thpep Assumed hourly flows have been
used in the modelling based on basic demand ratassped in relevant literature. It is
unlikely that demand for any particular developmexactly matches published figures
produced to encapsulate large geographical regarsggme point demand will no doubt
exceed those figures. If safeguards are not addptedsure actual flows do not exceed
those assumed, head loss could be greater than ptioaiuced in the design.
Undoubtedly, allowance for this scenario is prodida traditional network design
guidance for minimum pressure.

For a remote development, overestimating minimuesgure could have a significant
impact on infrastructure costs. Investigation stoog carried out to determine what
value should be adopted for distributed storagevewds including allowance for

ensuring negative pressures do not result from fetes above those adopted in design.
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6. Further Study

6.4 Energy Use

The effects of increased energy use for pumps meduby the distributed storage
network in terms of resources and costs have net hecluded in this research.
Increased energy use could be significant whenipheld by the number of households
the community.

Increased energy use from pumps may be partialiyebfoy reduced energy and
resources required for manufacture of smaller pipes

6.5 Clustered Distributed Storage Networks

If included in the analysis, the cost of tanks gmups required for the distributed
storage network greatly outweighs savings for redyzpe sizes in both the distribution
main and the site reticulation combined. The si@ult for the proposed development
being modelled is characterised by clusters ofsuriithouses are in close proximity,
there may be opportunity to share tanks and punepsden households and thereby
reduce the costs associated with these items.

Cursory investigation suggests the distributedagtemetwork construction costs would
be less than the traditional network inclusive ahks and pumps if every four

households shares tanks and pumps. Minimal tankmes and domestic pump rates
would make this feasible.

However, households sharing tanks and pumps woedd no be in close proximity
otherwise the cost of interconnecting pipes mightveigh the benefits.

6.6 FireFighting

Fire fighting requirements were not included instliesearch. The Water Services
Association of Australia suggests domestic supm@tworks should not be upgraded
solely for satisfying fire fighting requirementstr@ugh they further state that fire
fighting requirements must be addressed. Genemlbgparate system for fire fighting
is provided with larger pipes that service hydraomthy.

Investigation should be carried out to find outfife fighting requirements can be
integrated in the traditional or distributed staragetwork and thereby determine if there
is an advantage for one network over the other.

6.7 Different Size Communities

As mentioned in section 5.2 above, whilst conclasican be drawn from the results
with regards different flows, sensitivity analysieluding changes in peak hour factor
(PHF) with increasing population was not undertakgpart of this research.

It is likely that benefits for communities may needbe determined on a case by case
basis. However, the effects of different sized camities should be investigated to see
if trends might reveal those situations where bienafe most likely.
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APPENDIX C

HYDRAULIC MODELLING INPUTS




Node
N1
N2
N3
N4
N5
N6
N7
N8
N9

N10
N11
N12
N13
N14
N15
N16
N17
N18
N19
N20
N21
N22
N23
N24
N25
N26
N27
N28
N29
N30
N31
N32
N33
N34
N35
N36
N37
N38
N39
N40
N41
N42
N43
N44

MODELLING INPUTS - TRADITIONAL NETWORK NODES

X
738,475
739,147
739,204
739,547
739,578
739,583
739,575
739,585
739,592
739,615
739,588
739,573
739,557
739,554
739,561
739,576
739,569
739,602
739,587
739,571
739,556
739,609
739,594
739,578
739,562
739,559
739,575
739,590
739,725
739,708
739,693
739,699
739,715
739,732
739,696
739,712
739,606
739,728
739,616
739,568
739,619
739,594
739,623
739,623

Y
6,418,055
6,417,938
6,418,268
6,418,209
6,418,223
6,418,249
6,418,251
6,418,261
6,418,300
6,418,296
6,418,281
6,418,283
6,418,286
6,418,267
6,418,306
6,418,303
6,418,264
6,418,319
6,418,321
6,418,324
6,418,327
6,418,358
6,418,360
6,418,363
6,418,366
6,418,346
6,418,343
6,418,341
6,418,299
6,418,302
6,418,305
6,418,344
6,418,341
6,418,338
6,418,324
6,418,322
6,418,338
6,418,319
6,418,395
6,418,403
6,418,449
6,418,454
6,418,521
6,418,471

NODES

RL (m)

0

O OO OO0 O0ODO0OO0O0D0DO0ODO0D0D0DO0OD0D0D0DO0D0D0D0D0D0D0D0DO0D0D0D0DO0OD00O0ODO0ODO0OO0OOoOOoOOoOOoo
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Base Demand

0

R O O Fr OO O O O

Demand (L/s)
0

O oo0o oo o

0.03
0.36
0.36
0.36

O O OO OO0 oo oo o

o

0.36
0.36
0.36

o O O o

0.36
0.36
0.36
0.18
0.03
0.03

0.03

Page C1



Node
N45
N46
N47
N48
N49
N50
N51
N52
N53
N54
N55
N56
N57
N58
N59
N60
N61
N62
N63
N64
N65
N66
N67
N68
N69
N70
N71
N72
N73
N74
N75
N76
N77
N78
N79
N80
N81
N82
N83
N84
N85
N86
N87
N88

MODELLING INPUTS - TRADITIONAL NETWORK NODES

X
739,621
739,622
739,617
739,621
739,661
739,695
739,619
739,624
739,642
739,645
739,664
739,625
739,631
739,634
739,636
739,715
739,718
739,720
739,651
739,653
739,656
739,701
739,698
739,696
739,822
739,819
739,817
739,773
739,776
739,905
739,903
739,900
739,950
739,948
739,942
739,940
739,894
739,888
739,892
739,848
739,844
739,808
739,808
739,810

Y
6,418,459
6,418,465
6,418,405
6,418,427
6,418,514
6,418,508
6,418,503
6,418,478
6,418,517
6,418,533
6,418,530
6,418,536
6,418,570
6,418,586
6,418,601
6,418,556
6,418,571
6,418,587
6,418,567
6,418,582
6,418,598
6,418,590
6,418,575
6,418,559
6,418,569
6,418,554
6,418,538
6,418,546
6,418,561
6,418,555
6,418,539
6,418,524
6,418,547
6,418,531
6,418,500
6,418,484
6,418,492
6,418,453
6,418,477
6,418,482
6,418,457
6,418,487
6,418,489
6,418,503

NODES

RL (m)

0

O O 0O 0O OO0 0000000000000 0D0D0D0D0DO0D0D0DO0OD0D0D0DO0OD0O00OO0ODO0ODO0OO0OOoOOoOOoOOoo
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Base Demand

O OO FrRr OO0OF OO0 00 O0OO0OO0OO0OOoOOoOOoOOoOo

Demand (L/s)
0.03
0.03
0.03
0.03

0
0.03
0
0
0.36
0.36

O O O o o o

0.36
0.36
0.18
0.18
0.36
0.36

o

o

o
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Node
N89
NS9O
N91
N92
N93
N94
N95
N96
N97
N98
N99
N100
N101
N102
N103
N104
N105
N106
N107
N108
N109
N110
N111
N112
N113
N114
N115
N116
N117

MODELLING INPUTS - TRADITIONAL NETWORK NODES

X
739,811
739,764
739,767
739,920
739,923
739,928
739,931
739,872
739,875
739,880
739,883
739,886
739,829
739,832
739,838
739,840
739,843
739,784
739,787
739,793
739,795
739,798
739,798
739,809
739,795
739,747
739,741
739,740
739,897

Y
6,418,505
6,418,495
6,418,510
6,418,488
6,418,503
6,418,535
6,418,550
6,418,480
6,418,496
6,418,527
6,418,543
6,418,558
6,418,486
6,418,501
6,418,534
6,418,550
6,418,565
6,418,491
6,418,507
6,418,542
6,418,558
6,418,573
6,418,430
6,418,428
6,418,415
6,418,423
6,418,388
6,418,383
6,418,508

NODES

RL (m)

0

O OO OO O0OO0OO0OO00D0D0OD00D0D0ODO000ODO0OO0OO0OO0ouOOoOOoOOo oo
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Base Demand

0
0
0
10
12
12
6
12
12
12
12
6
12
12
12
12
6
12
12
12

[E
N

R R R R OR OO

Demand (L/s)
0
0
0
0.3
0.36
0.36
0.18
0.36
0.36
0.36
0.36
0.18
0.36
0.36
0.36
0.36
0.18
0.36
0.36
0.36
0.36
0.18

0.03

0.03
0.03
0.03
0.03
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MODELLING INPUTS - TRADITIONAL NETWORK PIPES

Pipe Data:

id
180
175
174
136
135
134
133
118
117
266
249
248
247
246
242
239
236
231
230
223
222
219
217
213
210
209
208
207
203
202
200
199
198
197
196
195
191
190
187
186
165
163
162
156
151
148
146
145
140
139
137

From
N11
N8
N6
N3
N2
N1
N9
N4
N9
N117
N115
N116
N111
N101
N86
N96
N81
N110
N69
N105
N100
N76
N75
N57
N58
N65
N62
N66
N43
N56
N44
N46
N45
N47
N39
N34
N38
N30
N22
N37
N52
N52
N41
N59
N59
N74
N96
N87
N113
N113
N18

To
N8
N6
N5
N4
N3
N2
N18
N5
N11
N81
N116
N34
N86
N84
N87
N83
N83
N69
N105
N100
N74
N117
N76
N56
N57
N66
N110
N62
N51
N43
N46
N45
N41
N48
N47
N38
N29
N29
N39
N22
N44
N51
N48
N58
N65
N75
N84
N101
N111
N114
N37

Length  Nom. Dia.
(m) (mm)
18 200
11 200
25 200
322 200
310 200
631 200
20 200
32 200
18 200
15 100
5 100
42 100
54 100
18 100
2 100
18 100
15 100
22 100
20 100
40 100
18 100
15 100
15 100
32 100
15 100
42 100
73 100
18 100
17 100
15 100
5 100
5 100
10 100
21 100
9 100
18 100
18 100
16 100
35 100
18 100
7 100
23 100
22 100
15 100
18 100
15 100
23 100
20 100
14 100
46 100
18 100

PAGE 1 OF 3

Roughness

(mm)
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015

O 0O 0O 0000000000000 0D0D0D0D0D0D0D0D0D0D0D0D0DO0OO0D0D0DO0000D000O000O0OO0O0O0OO0OO0OO0OOoO=RX

Type
uPvC
uPVvC
uPvC
uPVvC
uPvC
uPVvC
uPvC
uPVvC
uPvC
uPVvC
uPvC
uPVvC
uPvC
uPVvC
uPvC
uPVvC
uPvC
uPVvC
uPvC
uPVvC
uPvC
uPVvC
uPvC
uPVvC
uPvC
uPVvC
uPvC
uPVvC
uPvC
uPVvC
uPvC
uPVvC
uPvC
uPVvC
uPvC
uPVvC
uPvC
uPVvC
uPvC
uPVvC
uPvC
uPVvC
uPvC
uPVvC
uPvC
uPVvC
uPvC
uPVvC
uPvC
uPVvC
uPvC

to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to

AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477

Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
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MODELLING INPUTS - TRADITIONAL NETWORK PIPES

Pipe Data:

id
132
120
119
245
244
243
229
227
241
240
238
237
235
234
233
232
228
226
225
224
221
220
218
216
215
214
212
205
204
173
159
157
155
154
153
152
150
149
147
144
143
142
141
274
211
206
201
194
193
192
189

From
N31
N114
N31
N89
N88
N87
N70
N71
N106
N107
N97
N81
N92
N93
N108
N109
N70
N71
N103
N104
N99
N98
N74
N75
N94
N95
N63
N61
N68
N111
N62
N60
N76
N72
N78
N78
N80
N79
N89
N80
N91
N91
N90
N53
N64
N67
N54
N33
N35
N36
N24

To
N18
N115
N30
N71
N89
N88
N69
N70
N86
N88
N102
N97
N81
N117
N72
N73
N109
N108
N71
N70
N104
N103
N95
N99
N75
N77
N57
N60
N63
N112
N61
N68
N98
N73
N77
N94
N79
N93
N102
N92
N90
N107
N106
N43
N58
N64
N56
N34
N31
N30
N23

Length  Nom. Dia.
(m) (mm)
85 100
33 100
15 100
31 50

2 50
13 50
15 50
15 50
22 32
22 32
40 32
18 32
24 32
24 32
18 32
18 32
22 32
22 32
20 32
20 32
40 32
40 32
24 32
18 32
24 32
18 32
18 32
15 32
42 32
11 32
15 32
18 32
18 32
15 32
15 32
18 32
15 32
18 32
20 32
18 32
15 32
18 32
18 32
18 25
18 25
42 25
18 25
16 25
18 25
18 25
15 25
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Roughness

(mm)
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015

O 0O 0O 0000000000000 0D0D0D0D0D0D0D0D0D0D0D0D0DO0OO0D0D0DO0000D000O000O0OO0O0O0OO0OO0OO0OOoO=RX

Type
uPvC
uPVvC
uPvC
uPVvC
uPvC
uPVvC
uPvC
uPVvC
uPvC
uPVvC
uPvC
uPVvC
uPvC
uPVvC
uPvC
uPVvC
uPvC
uPVvC
uPvC
uPVvC
uPvC
uPVvC
uPvC
uPVvC
uPvC
uPVvC
uPvC
uPVvC
uPvC
uPVvC
uPvC
uPVvC
uPvC
uPVvC
uPvC
uPVvC
uPvC
uPVvC
uPvC
uPVvC
uPvC
uPVvC
uPvC
uPVvC
uPvC
uPVvC
uPvC
uPVvC
uPvC
uPVvC
uPvC

to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to

AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477

Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9

Page C5



MODELLING INPUTS - TRADITIONAL NETWORK PIPES

Pipe Data:

id
188
185
184
183
182
181
179
178
177
176
172
171
170
169
168
167
166
164
161
160
158
138
131
130
129
128
127
126
125
124
123
122
121

From
N23
N28
N27
N26
N20
N19
N12
N16
N13
N17
N84
N83
N49
N40

N9
N7
N41
N49
N49
N55
N61
N32
N23
N24
N25
N33
N32
N15
N21
N25
N16
N14
N8

To
N22
N19
N20
N21
N19
N18
N17
N9
N15
N14
N85
N82
N50
N39
N10
N6
N42
N55
N53
N54
N67
N33
N28
N27
N24
N36
N35
N16
N20
N26
N12
N13
N17

Length  Nom. Dia.
(m) (mm)
15 25
18 25
18 25
18 25
15 25
15 25
18 25
15 25
18 25
15 25
24 25
23 25
31 25
45 25
22 25

7 25
24 25
15 25
18 25
18 25
18 25
15 25
18 25
18 25
15 25
18 25
18 25
15 25
15 25
18 25
18 25
18 25
15 25
PAGE 3 OF 3

Roughness

(mm)
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015

O OO0 0O O0OO0DO0DO0O00D0D000D0DO000D0D000O0000OO0O0OO0O0OO0OO0OOoO =R

Type
uPvC
uPVvC
uPvC
uPVvC
uPvC
uPVvC
uPvC
uPVvC
uPvC
uPVvC
uPvC
uPVvC
uPvC
uPVvC
uPvC
uPVvC
uPvC
uPVvC
uPvC
uPVvC
uPvC
uPVvC
uPvC
uPVvC
uPvC
uPVvC
uPvC
uPVvC
uPvC
uPVvC
uPvC
uPVvC
uPvC

to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to

AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477

Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
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MODELLING INPUTS - DISTRIBUTED STORAGE NETWORK NODES

Node
N1
N2
N3
N4
N5
N6
N7
N8
N9
N10
N11
N12
N13
N14
N15
N16
N17
N18
N19
N20
N21
N22
N23
N24
N25
N26
N27
N28
N29
N30
N31
N32
N33
N34
N35
N36
N37
N38
N39
N40
N41
N42
N43
N44

X
738,476
738,681
738,698
738,803
738,812
738,814
738,811
738,814
738,816
738,824
738,815
738,811
738,806
738,805
738,807
738,812
738,810
738,820
738,815
738,810
738,805
738,822
738,817
738,812
738,808
738,807
738,811
738,816
738,857
738,852
738,847
738,849
738,854
738,859
738,848
738,853
738,821
738,858
738,824
738,809
738,825
738,817
738,826
738,826

Y
6,418,435
6,418,399
6,418,500
6,418,481
6,418,486
6,418,494
6,418,494
6,418,497
6,418,509
6,418,508
6,418,503
6,418,504
6,418,505
6,418,499
6,418,511
6,418,510
6,418,498
6,418,515
6,418,516
6,418,517
6,418,517
6,418,527
6,418,528
6,418,528
6,418,529
6,418,523
6,418,523
6,418,522
6,418,509
6,418,510
6,418,511
6,418,523
6,418,522
6,418,521
6,418,517
6,418,516
6,418,521
6,418,515
6,418,538
6,418,541
6,418,555
6,418,556
6,418,577
6,418,561

NODES

RL (m) Base Demand

0

O O OO O 0000000000000 0D0D0D00D0D000D0D00D0D0OD0O0O0DO0OO0OO0oOOoOOoOOoOOoo

PAGE 1 OF 3

0

R O O Fr O O O O O

Demand (L/s)

oogoooooo

0.006
0.072
0.072
0.072

O O OO OO0 oo oo o

o

0.072
0.072
0.072

O O O o

0.072
0.072
0.072
0.036
0.006
0.006

0.006
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MODELLING INPUTS - DISTRIBUTED STORAGE NETWORK NODES

Node
N45
N46
N47
N48
N49
N50
N51
N52
N53
N54
N55
N56
N57
N58
N59
N60
N61
N62
N63
N64
N65
N66
N67
N68
N69
N70
N71
N72
N73
N74
N75
N76
N77
N78
N79
N80
N81
N82
N83
N84
N85
N86
N87
N88

X
738,825
738,826
738,824
738,825
738,838
738,848
738,825
738,826
738,832
738,833
738,839
738,827
738,828
738,829
738,830
738,854
738,855
738,856
738,834
738,835
738,836
738,850
738,849
738,848
738,887
738,886
738,885
738,872
738,873
738,912
738,911
738,911
738,926
738,925
738,923
738,923
738,909
738,907
738,908
738,895
738,893
738,882
738,883
738,883

Y
6,418,558
6,418,560
6,418,541
6,418,548
6,418,575
6,418,573
6,418,571
6,418,564
6,418,576
6,418,580
6,418,579
6,418,581
6,418,592
6,418,596
6,418,601
6,418,587
6,418,592
6,418,597
6,418,591
6,418,595
6,418,600
6,418,598
6,418,593
6,418,588
6,418,591
6,418,587
6,418,582
6,418,584
6,418,589
6,418,587
6,418,582
6,418,578
6,418,585
6,418,580
6,418,570
6,418,566
6,418,568
6,418,556
6,418,563
6,418,565
6,418,557
6,418,566
6,418,567
6,418,571

NODES

RL (m) Base Demand

0

O O OO O 0000000000000 0D0D0D00D0D000D0D00D0D0OD0O0O0DO0OO0OO0oOOoOOoOOoOOoo

PAGE 2 OF 3

O OO PFrPr OO0OFr OO0 000000 O0OOoOOoOOoOo

Demand (L/s)
0.006
0.006
0.006
0.006

0
0.006
0
0
0.072
0.072

O O O o o o

0.072
0.072
0.036
0.036
0.072
0.072

o

o
ooogoogooooooooooooo
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MODELLING INPUTS - DISTRIBUTED STORAGE NETWORK NODES

Node
N89
N90
N91
N92
N93
N94
N95
N96
N97
N98
N99
N100
N101
N102
N103
N104
N105
N106
N107
N108
N109
N110
N111
N112
N113
N114
N115
N116
N117

X
738,883
738,869
738,870
738,917
738,918
738,919
738,920
738,902
738,903
738,905
738,905
738,906
738,889
738,890
738,892
738,892
738,893
738,875
738,876
738,878
738,879
738,879
738,879
738,883
738,879
738,864
738,862
738,862
738,910

Y
6,418,572
6,418,569
6,418,573
6,418,567
6,418,571
6,418,581
6,418,586
6,418,564
6,418,569
6,418,579
6,418,583
6,418,588
6,418,566
6,418,571
6,418,581
6,418,586
6,418,590
6,418,568
6,418,572
6,418,583
6,418,588
6,418,593
6,418,549
6,418,548
6,418,544
6,418,547
6,418,536
6,418,535
6,418,573

NODES

RL (m) Base Demand

0

O O OO O 0O 000000000000 0D0OO0OO0Oo0oOoOOoOOo oo

PAGE 3 OF 3

0
0
0
10
12
12
6
12
12
12
12
6
12
12
12
12
6
12
12
12

[ERN
N

R R R R OR OO

Demand (L/s)
0
0
0

0.06
0.072
0.072
0.036
0.072
0.072
0.072
0.072
0.036
0.072
0.072
0.072
0.072
0.036
0.072
0.072
0.072
0.072
0.036

0.006

0.006
0.006
0.006
0.006
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Pipe Data:

id
117
118
133
134
135
136
174
175
180
119
120
132
139
190
191
195
248
249
137
140
145
146
148
151
156
162
163
165
186
187
196
197
198
199
200
202
203
207
208
209
210
213
217
219
222
223
230
231
236

MODELLING INPUTS - DISTRIBUTED STORAGE NETWORK PIPES

From
N9
N4
N9
N1
N2
N3
N6
N8
N11
N31
N114
N31
N113
N30
N38
N34
N116
N115
N18
N113
N87
N96
N74
N59
N59
N41
N52
N52
N37
N22
N39
N47
N45
N46
N44
N56
N43
N66
N62
N65
N58
N57
N75
N76
N100
N105
N69
N110
N81

To
N11
N5
N18
N2
N3
N4
N5
N6
N8
N30
N115
N18
N114
N29
N29
N38
N34
N116
N37
N111
N101
N84
N75
N65
N58
N48
N51
N44
N22
N39
N47
N48
N41
N45
N46
N43
N51
N62
N110
N66
N57
N56
N76
N117
N74
N100
N105
N69
N83

Length
(m)
18
32
20
631
310
322
25
11
18
15
33
85
46
16
18
18
42

18
14
20
23
15
18
15
22
23

18
35

21
10

15
17
18
73
42
15
32
15
15
18
40
20
22
15

Nom. Dia.  Roughness
(mm) (mm)
100 0.015
100 0.015
100 0.015
100 0.015
100 0.015
100 0.015
100 0.015
100 0.015
100 0.015
80 0.015
80 0.015
80 0.015
80 0.015
80 0.015
80 0.015
80 0.015
80 0.015
80 0.015
50 0.015
50 0.015
50 0.015
50 0.015
50 0.015
50 0.015
50 0.015
50 0.015
50 0.015
50 0.015
50 0.015
50 0.015
50 0.015
50 0.015
50 0.015
50 0.015
50 0.015
50 0.015
50 0.015
50 0.015
50 0.015
50 0.015
50 0.015
50 0.015
50 0.015
50 0.015
50 0.015
50 0.015
50 0.015
50 0.015
50 0.015
PAGE 1 OF 3

O OO0 0O 0000000000000 O0D0D0DO0DO0DO0DO0DO0D0D0DO0DO0D0DO0DO0DO0D0D0DO0OO0O0DO0DO0OO0O0OO0DO0OO0OOO0OOoOOoOOoO=RX

Type
uPVvC
uPVvC
uPVvC
uPVvC
uPVvC
uPVvC
uPVvC
uPVvC
uPVvC
uPVvC
uPVvC
uPVvC
uPVvC
uPVvC
uPVvC
uPVvC
uPVvC
uPVvC
uPVvC
uPVvC
uPVvC
uPVvC
uPVvC
uPVvC
uPVvC
uPVvC
uPVvC
uPVvC
uPVvC
uPVvC
uPVvC
uPVvC
uPVvC
uPVvC
uPVvC
uPVvC
uPVvC
uPVvC
uPVvC
uPVvC
uPVvC
uPVvC
uPVvC
uPVvC
uPVvC
uPVvC
uPVvC
uPVvC
uPVvC

to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to

AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477

Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
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Pipe Data:

id
239
242
246
247
266
227
229
243
244
245
121
122
123
124
125
126
127
128
129
130
131
138
141
142
143
144
147
149
150
152
153
154
155
157
158
159
160
161
164
166
167
168
169
170
171
172
173
176
177

MODELLING INPUTS - DISTRIBUTED STORAGE NETWORK PIPES

From
N96
N86

N101

N111

N117
N71
N70
N87
N88
N89

N8
N14
N16
N25
N21
N15
N32
N33
N25
N24
N23
N32
N90
N91
N91
N80
N89
N79
N80
N78
N78
N72
N76
N60
N61
N62
N55
N49
N49
N41

N7

N9
N40
N49
N83
N84

N111
N17
N13

To
N83
N87
N84
N86
N81
N70
N69
N88
N89
N71
N17
N13
N12
N26
N20
N16
N35
N36
N24
N27
N28
N33
N106
N107
N90
N92
N102
N93
N79
N94
N77
N73
N98
N68
N67
N61
N54
N53
N55
N42
N6
N10
N39
N50
N82
N85
N112
N14
N15

Length
(m)
18
2
18
54
15
15
15
13
2
31
15
18
18
18
15
15
18
18
15
18
18
15
18
18
15
18
20
18
15
18
15
15
18
18
18
15
18
18
15
24
7
22
45
31
23
24
11
15
18

Nom. Dia.  Roughness
(mm) (mm)
50 0.015
50 0.015
50 0.015
50 0.015
50 0.015
32 0.015
32 0.015
32 0.015
32 0.015
32 0.015
25 0.015
25 0.015
25 0.015
25 0.015
25 0.015
25 0.015
25 0.015
25 0.015
25 0.015
25 0.015
25 0.015
25 0.015
25 0.015
25 0.015
25 0.015
25 0.015
25 0.015
25 0.015
25 0.015
25 0.015
25 0.015
25 0.015
25 0.015
25 0.015
25 0.015
25 0.015
25 0.015
25 0.015
25 0.015
25 0.015
25 0.015
25 0.015
25 0.015
25 0.015
25 0.015
25 0.015
25 0.015
25 0.015
25 0.015
PAGE 2 OF 3

O OO0 0O 0000000000000 O0D0D0DO0DO0DO0DO0DO0D0D0DO0DO0D0DO0DO0DO0D0D0DO0OO0O0DO0DO0OO0O0OO0DO0OO0OOO0OOoOOoOOoO=RX

Type
uPVvC
uPVvC
uPVvC
uPVvC
uPVvC
uPVvC
uPVvC
uPVvC
uPVvC
uPVvC
uPVvC
uPVvC
uPVvC
uPVvC
uPVvC
uPVvC
uPVvC
uPVvC
uPVvC
uPVvC
uPVvC
uPVvC
uPVvC
uPVvC
uPVvC
uPVvC
uPVvC
uPVvC
uPVvC
uPVvC
uPVvC
uPVvC
uPVvC
uPVvC
uPVvC
uPVvC
uPVvC
uPVvC
uPVvC
uPVvC
uPVvC
uPVvC
uPVvC
uPVvC
uPVvC
uPVvC
uPVvC
uPVvC
uPVvC

to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to

AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477

Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
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Pipe Data:

id
178
179
181
182
183
184
185
188
189
192
193
194
201
204
205
206
211
212
214
215
216
218
220
221
224
225
226
228
232
233
234
235
237
238
240
241
274

MODELLING INPUTS - DISTRIBUTED STORAGE NETWORK PIPES

From
N16
N12
N19
N20
N26
N27
N28
N23
N24
N36
N35
N33
N54
N68
N61
N67
N64
N63
N95
N94
N75
N74
N98
N99

N104

N103
N71
N70

N109

N108
N93
N92
N81
N97

N107

N106
N53

To
N9
N17
N18
N19
N21
N20
N19
N22
N23
N30
N31
N34
N56
N63
N60
N64
N58
N57
N77
N75
N99
N95
N103
N104
N70
N71
N108
N109
N73
N72
N117
N81
N97
N102
N88
N86
N43

Length
(m)
15
18
15
15
18
18
18
15
15
18
18
16
18
42
15
42
18
18
18
24
18
24
40
40
20
20
22
22
18
18
24
24
18
40
22
22
18

Nom. Dia.  Roughness
(mm) (mm)
25 0.015
25 0.015
25 0.015
25 0.015
25 0.015
25 0.015
25 0.015
25 0.015
25 0.015
25 0.015
25 0.015
25 0.015
25 0.015
25 0.015
25 0.015
25 0.015
25 0.015
25 0.015
25 0.015
25 0.015
25 0.015
25 0.015
25 0.015
25 0.015
25 0.015
25 0.015
25 0.015
25 0.015
25 0.015
25 0.015
25 0.015
25 0.015
25 0.015
25 0.015
25 0.015
25 0.015
25 0.015
PAGE 3 OF 3

O OO0 0O 0O 0000000000000 0DO0DO0DO0D0D0DO0DO0O0D0DO0OO0OO0ODO0OO0OOOOoOOoO R

Type
uPVvC
uPVvC
uPVvC
uPVvC
uPVvC
uPVvC
uPVvC
uPVvC
uPVvC
uPVvC
uPVvC
uPVvC
uPVvC
uPVvC
uPVvC
uPVvC
uPVvC
uPVvC
uPVvC
uPVvC
uPVvC
uPVvC
uPVvC
uPVvC
uPVvC
uPVvC
uPVvC
uPVvC
uPVvC
uPVvC
uPVvC
uPVvC
uPVvC
uPVvC
uPVvC
uPVvC
uPVvC

to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to
to

AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477
AS1477

Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
Class 9
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NETWORK NODE NUMBERS

SCALE 1:5000
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NETWORK NODE NUMBERS

SCALE 1:2000
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TRADITIONAL NETWORK
PIPE DIAMETERS (MM)

SCALE 1:5000
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TRADITIONAL NETWORK
PIPE DIAMETERS (MM)

SCALE 1:2000
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DISTRIBUTED STORAGE NETWORK
PIPE DIAMETERS (MM)

SCALE 1:5000
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DISTRIBUTED STORAGE NETWORK
PIPE DIAMETERS (MM)

SCALE 1:2000
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TRADITIONAL NETWORK
NODE DEMAND (L/s)

SCALE 1:2000
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DISTRIBUTED STORAGE NETWORK
NODE DEMAND (L/s)

SCALE 1:2000
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APPENDIX D

HYDRAULIC MODELLING OUTPUTS




MODELLING OUTPUTS - TRADITIONAL NETWORK NODES

NODE HGL

Node Min.HGL Node Min.HGL Node Min.HGL
N1 8.000 N45 6.650 N89 6.140
N2 7.600 N46 6.640 N9O 6.090
N3 7.400 N47 6.820 N91 6.090
N4 7.190 N48 6.750 N92 6.060
N5 7.170 N49 6.230 N93 6.060
N6 7.160 N50 6.220 N94 6.080
N7 7.160 N51 6.530 N95 6.090
N8 7.150 N52 6.600 N96 6.160
N9 7.130 N53 6.230 N97 6.070
N10 7.130 N54 6.230 N98 6.050
N11 7.140 N55 6.230 N99 6.050
N12 6.900 N56 6.440 N100 6.140
N13 6.850 N57 6.360 N101 6.190
N14 6.910 N58 6.340 N102 6.070
N15 6.910 N59 6.320 N103 6.050
N16 6.960 N60 6.140 N104 6.050
N17 6.970 N61 6.150 N105 6.150
N18 7.120 N62 6.230 N106 6.100
N19 6.700 N63 6.200 N107 6.080
N20 6.510 N64d 6.040 N108 6.020
N21 6.460 N65 6.290 N109 6.020
N22 6.970 N66 6.240 N110 6.170
N23 6.660 N67 6.010 N111 6.330
N24 6.500 N68 6.130 N112 6.330
N25 6.450 N69 6.160 N113 6.360
N26 6.390 N70 6.110 N114 6.470
N27 6.440 N71 6.100 N115 6.540
N28 6.620 N72 6.020 N116 6.550
N29 6.750 N73 6.020 N117 6.140
N30 6.790 N74 6.140

N31 6.830 N75 6.140

N32 6.640 N76 6.140

N33 6.640 N77 6.090

N34 6.650 N78 6.080

N35 6.640 N79 6.060

N36 6.630 N80 6.060

N37 7.040 N81 6.140

N38 6.700 N82 6.150

N39 6.850 N83 6.150

N40 6.840 N84 6.180

N41 6.680 N85 6.170

N42 6.680 N86 6.210

N43 6.480 N87 6.210

N44 6.620 N88 6.140
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MODELLING OUTPUTS - TRADITIONAL NETWORK PIPES

PIPE Results:

From
N9
N4

N31

N114

N8
N14
N16
N25
N21
N15
N32
N33
N25
N24
N23
N31

N9

N1

N2

N3
N18
N32

N113

N113

N90
N91
N91
N80
N87
N96
N89
N74
N79
N80
N59
N78
N78
N72
N76
N59
N60
N61
N62

To
N11
N5
N30
N115
N17
N13
N12
N26
N20
N16
N35
N36
N24
N27
N28
N18
N18
N2
N3
N4
N37
N33
N114
N111
N106
N107
N90
N92
N101
N84
N102
N75
N93
N79
N65
N94
N77
N73
N98
N58
N68
N67
N61

Flow
11.8
12.5
4.64
4.03
0.37
0.18
0.17
0.17
0.19
0.18
0.02
0.06
0.17
0.17
0.15
4.99
11.4
12.5
12.5
12.5
5.8
0.02

0.07
0.07
0.07
0.03
2.44
2.05
0.34
0.53
0.03
0.03
2.96
0.07
0.07

0.42
2.96
0.13
0.28
0.42

Friction Slope
0.56
0.63
2.67
2.12

12
3.33
3.33
3.33
3.33
3.33

0
0.56
3.33
3.33
2.22
3.41
0.5
0.63
0.65
0.65
4.44
0
2.39
2.14
0.56
0.56
0
0
1
0.87
3.5
0
0
0
1.67

0.67
0
5
1.33
0.56
7.78
5.33

PAGE 1 0OF 4

Darcy f
0.0191597
0.0192082
0.0188644
0.0198561
0.0279713
0.032797
0.0367689
0.0367689
0.0294355
0.032797

0
0.0496386
0.0367689
0.0367689
0.0314851
0.0208316
0.0183284
0.0192082
0.0198179
0.0198179
0.0200768

0

0.022722
0.0203452

0.116877

0.116877

0

0
0.0255499
0.0314905
0.0309634

0

0

0
0.0289936

0

0.139836
-1.4IND
0.0289875
0.0230907
0.0338875
0.0316663
0.0309006
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MODELLING OUTPUTS - TRADITIONAL NETWORK PIPES

PIPE Results:

From
N55
N49
N41
N52
N49
N52
N41

N7
N9
N40
N49
N83
N84
N111
N6
N8
N17
N13
N16
N12
N11
N19
N20
N26
N27
N28
N37
N22
N23
N24
N30
N38
N36
N35
N33
N34
N39
N47
N45
N46
N44
N54
N56

To
N54
N53
N48
N51
N55
N44
N42

N6
N10
N39
N50
N82
N85

N112

N5

N6
N14
N15

N9
N17

N8
N18
N19
N21
N20
N19
N22
N39
N22
N23
N29
N29
N30
N31
N34
N38
N47
N48
N41
N45
N46
N56
N43

Flow
0
0.03
4.85
4.73
0
4.73
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
12.5
12.5
0.18
0.18
0.35
0.19
12.1
0.59
0.38
0.19
0.19
0.21
5.44
4.94
0.49
0.34
4.34
4.34
0.3
0.34
0.08
4.16
491
4.88
4.82
4.79
4.76
0.36
4.34

Friction Slope
0
0
3.18
3.04

2.86

0.22
0.32

0.42

0.4
0.91

3.33
11.3
3.89
0.56
28
12.7
3.89
3.89
4.44
3.89
3.43
20.7
10.7
2.5

2.78
8.89
10.6
0.63
2.78
3.33
3.33

3

2

4
11.7
2.67

PAGE 2 OF 4

Darcy f
-1.#IND
0
0.0205642
0.020669
-1.#IND
0.0194452
0
0
0
0.0780036
0.11346
0
0.148916
0
0.0121957
0.0277451
0.0393957
0.032797
0.0294359
0.0343856
0.0182214
0.0256678
0.0280654
0.0343856
0.0343856
0.0321276
0.0199949
0.02138
0.0275114
0.0295366
0.0201897
0.0224509
0.0315205
0.0292605
0.0314119
0.0244358
0.0210111
0.0212703
0.0196424
0.0132595
0.0268543
0.0288081
0.0215626
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MODELLING OUTPUTS - TRADITIONAL NETWORK PIPES

PIPE Results:

From
N43
N68
N61
N67
N66
N62
N65
N58
N64
N63
N57
N95
N94
N75
N75
N74
N76
N98
N99

N100

N105

N104

N103
N71
N71
N70
N70
N69

N110

N109

N108
N93
N92
N81
N81
N97
N96

N107

N106
N86
N87
N88
N89

To
N51
N63
N60
N64
N62
N110
N66
N57
N58
N57
N56
N77
N75
N99
N76
N95
N117
N103
N104
N74
N100
N70
N71
N108
N70
N109
N69
N105
N69
N73
N72
N117
N81
N83
N97
N102
N83
N88
N86
N87
N88
N89
N71

Flow
4.73
0.23
0.13
0.08
2.6
2.18
2.78
3.4
0.44
0.59
3.98
0.07
0.29
0.41
0.17
0.25
0.59
0.06
0.05
0.78
0.96
0.31
0.3
0.36
0.19
0.36
0.86
1.14

0.33
0.33
1.66
0.38
0.02
1.69
0.29
0.43
3.54
11
0.81
0.47

Friction Slope
2.94
1.67
0.67
0.71
0.56
0.82
1.19
1.33
16.7
8.89
2.5

0
2.5

3.64
0.67
4.09
3.33
0.5
0.45

3.33
3.33
0.67
3.89

0.56
2.73
5
0
5.38
0
1.29

PAGE 3 OF 4

Darcy f
0.0199891
0.0322849
0.040544
0.0354008
0.0126011
0.0262464
0.0234221
0.017501
0.0275261
0.0261178
0.0240072

0
0.0304006
0.0304187

0
0.0340347

0

0

0

0
0.0412635
0.0319254
0.0284077
0.0287234

0.115
0.0322743
0.0278983
0.0585233
0.0171128

-1.#IND
-1.#IND
0.031272
0.031272
0.0369851
0.02755
0
0.0298252
0.0331975
0.0276549
0
0.0275504
0
0.0361847
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MODELLING OUTPUTS - TRADITIONAL NETWORK PIPES

PIPE Results:

From
N101
N111
N116
N115
N117
N53

To
N84
N86
N34

N116
N81
N43

Flow
2.08
3.97
4.09
4.06
0.95
0.39

Friction Slope
0.56
2.22
2.38

2
0
13.9

PAGE 4 OF 4

Darcy f
0.0196893
0.021426
0.0216421
0.0184564
0
0.0291622
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MODELLING OUTPUTS - DISTRIBUTED STORAGE NETWORK NODES

NODE HGL

Node Min.HGL Node Min.HGL Node Min.HGL
N1 8.000 N45 6.300 N89 6.070
N2 7.380 N46 6.290 N9O 6.090
N3 7.080 N47 6.430 N91 6.080
N4 6.760 N48 6.380 N92 6.010
N5 6.730 N49 6.150 N93 6.010
N6 6.700 N50 6.150 N94 6.010
N7 6.700 N51 6.210 N95 6.010
N8 6.690 N52 6.270 N96 6.060
N9 6.660 N53 6.150 N97 6.030
N10 6.660 N54 6.140 N98 6.010
N11 6.680 N55 6.150 N99 6.000
N12 6.660 N56 6.150 N100 6.020
N13 6.660 N57 6.100 N101 6.100
N14 6.660 N58 6.080 N102 6.040
N15 6.660 N59 6.080 N103 6.010
N16 6.660 N60 6.040 N104 6.000
N17 6.670 N61 6.040 N105 6.020
N18 6.640 N62 6.040 N106 6.100
N19 6.570 N63 6.060 N107 6.080
N20 6.550 N64 6.050 N108 6.000
N21 6.550 N65 6.070 N109 6.000
N22 6.540 N66 6.050 N110 6.020
N23 6.540 N67 6.040 N111 6.370
N24 6.540 N68 6.040 N112 6.370
N25 6.540 N69 6.020 N113 6.430
N26 6.540 N70 6.020 N114 6.460
N27 6.540 N71 6.020 N115 6.490
N28 6.550 N72 6.000 N116 6.490
N29 6.540 N73 6.000 N117 6.020
N30 6.550 N74 6.020

N31 6.560 N75 6.020

N32 6.530 N76 6.020

N33 6.530 N77 6.010

N34 6.520 N78 6.010

N35 6.540 N79 6.010

N36 6.530 N80 6.010

N37 6.590 N81 6.030

N38 6.530 N82 6.040

N39 6.460 N83 6.040

N40 6.450 N84 6.080

N41 6.330 N85 6.080

N42 6.330 N86 6.140

N43 6.170 N87 6.130

N44 6.280 N88 6.080
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PIPE Results:

From
N9
N4

N31

N114

N8
N14
N16
N25
N21
N15
N32
N33
N25
N24
N23
N31

N9

N1

N2

N3
N18
N32

N113

N113

N90
N91
N91
N80
N87
N96
N89
N74
N79
N80
N59
N78
N78
N72
N76
N59
N60
N61
N62

MODELLING OUTPUTS - DISTRIBUTED STORAGE NETWORK PIPES

To
N11
N5
N30
N115
N17
N13
N12
N26
N20
N16
N35
N36
N24
N27
N28
N18
N18
N2
N3
N4
N37
N33
N114
N111
N106
N107
N90
N92
N101
N84
N102
N75
N93
N79
N65
N94
N77
N73
N98
N58
N68
N67
N61

Flow
2.31
2.5
1.11
1.04
0.11
0.05
0.01
0.02
0.05
0.02
0.040
0.030
0.020
0.010
0.030
1.23
2.27
2.5
2.5
2.5
0.83
0.04
1.03
1.03
0.05
0.05
0.05
0.01
0.54
0.46
0.12
0.02
0.01
0.01
0.31
0.02
0.02

0.07
0.31
0.01
0.02
0.03

Friction Slope
1.11
0.94
0.67
0.91
1.33

0
0

OO ino oo

0.56
0.94

0.98
0.97
0.99
2.78

0.65

4.29

0.56

0.67

1.5
0.87

=
"

o
[e)]

o
OO0 OO0 nHOO0OO (n © o o

[e)]

PAGE 1 0OF 4

Darcy f
0.0316423
0.0228779
0.0233516
0.0361296
0.0350752

0.111687

0

0

0

0.198555
0.0266812
0.02952

0.0238514
0.0236081
0.0240948
0.0250046

0
0.0263104
0.0250561
0.0714796

0
0.0855203

0
0.0318738
0.0254762
0.0332402

0

0

0
0.0361073

0

0

-1.#IND

0.0364692

0

0
0
0
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PIPE Results:

From
N55
N49
N41
N52
N49
N52
N41

N7
N9
N40
N49
N83
N84
N111
N6
N8
N17
N13
N16
N12
N11
N19
N20
N26
N27
N28
N37
N22
N23
N24
N30
N38
N36
N35
N33
N34
N39
N47
N45
N46
N44
N54
N56

MODELLING OUTPUTS - DISTRIBUTED STORAGE NETWORK PIPES

To
N54
N53
N48
N51
N55
N44
N42

N6
N10
N39
N50
N82
N85

N112

N5

N6
N14
N15

N9
N17

N8
N18
N19
N21
N20
N19
N22
N39
N22
N23
N29
N29
N30
N31
N34
N38
N47
N48
N41
N45
N46
N56
N43

Flow
0.02
0.03
0.74
0.72
0.02
0.72
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
2.5
2.5
0.05
0.02
0.03
0.06
2.38
0.22
0.11
0.05
0.06
0.11
0.76
0.76

0.03
1.02
1.02
0.1
0.11
0.07
0.98
0.75
0.75
0.73
0.73
0.72
0.05
0.61

Friction Slope
0.56
0
2.27
2.61
0
1.43
0
0
0
0.22

o O O

0.91
0.67

0.56
0.56
4.67
1.33
0.56
0.56
1.11
2.78
2.29

0.62
0.56
1.11
1.11
0.63
0.56
3.33
2.38

3

2

2
0.56
1.33

PAGE 2 OF 4

Darcy f
0.446748
0
0.0256858
0.0311965
0
0.0170923
0
0
0
0.702032
0
0
0
0
0.0292058
0.0221478
0.0855203
0
0
0.0496386
0.0150384
0.0307897
0.0350752
0.0714796
0.0496386
0.0292733
0.0298228
0.0245662
-1.#IND
0
0.0255905
0.023114
0.0354207
0.0292733
0.0410279
0.0250394
0.0366819
0.0262171
0.0348824
0.0232549
0.0239054
0.0714796
0.0221474
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PIPE Results:

From
N43
N68
N61
N67
N66
N62
N65
N58
N64
N63
N57
N95
N94
N75
N75
N74
N76
N98
N99

N100

N105

N104

N103
N71
N71
N70
N70
N69

N110

N109

N108
N93
N92
N81
N81
N97
N96

N107

N106
N86
N87
N88
N89

MODELLING OUTPUTS - DISTRIBUTED STORAGE NETWORK PIPES

To
N51
N63
N60
N64
N62
N110
N66
N57
N58
N57
N56
N77
N75
N99
N76
N95
N117
N103
N104
N74
N100
N70
N71
N108
N70
N109
N69
N105
N69
N73
N72
N117
N81
N83
N97
N102
N83
N88
N86
N87
N88
N89
N71

Flow
0.72
0.06
0.01
0.05
0.24
0.21
0.27
0.43
0.12
0.13
0.57
0.02
0.06
0.07
0.15
0.05
0.22

0.03
0.07
0.07
0.07
0.08
0.07
0.07
0.06
0.1
0.17

0.06
0.07
0.38
0.02
0.05
0.39
0.02
0.12
0.9
0.36
0.34
0.22

Friction Slope
2.35
0.48

0
0.24
0.56
0.27
0.48
1.33
1.67
2.22
1.56

0
0.42
1.11

0.42
0.83
0.67
0
0.25
1.11
0
1.82
5
3.85
5
1.61

PAGE 3 OF 4

Darcy f
0.0280888
0.0425474

0
0.0306341
0.0602415
0.0379364
0.0407985
0.0445703
0.0370074

0.041918
0.0297513
0
0.037229
0.0722872

0
0.0536097

0

-1.#IND

-1.#IND

0

0
0.0651236
0.0325618
0.0453728

0
0.0592625

0

0

0

-1.#IND

-1.#IND
0.037229
0.0540526

0.02875
0
0.0319106
0.0452193
0
0.0403314
0.0382486
0.0303805
0.0442335
0.0340188
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PIPE Results:

From
N101
N111
N116
N115
N117
N53

MODELLING OUTPUTS - DISTRIBUTED STORAGE NETWORK PIPES

To
N84
N86
N34

N116
N81
N43

Flow
0.47
1.02
1.05
1.04
0.29
0.1

Friction Slope
1.11
4.26
0.71

0
0.67
1.11

PAGE 4 OF 4

Darcy f
0.0311356
0.0253711
0.0276546

0
0.0493639
0.0354207
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TRADITIONAL NETWORK
PIPE FLOWS (L/s)

SCALE 1:5000
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TRADITIONAL NETWORK

PIPE FLOWS (L/s)

SCALE 1:2000
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DISTRIBUTED STORAGE NETWORK
PIPE FLOWS (L/s)

SCALE 1:5000
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DISTRIBUTED STORAGE NETWORK
PIPE FLOWS (L/s)

SCALE 1:2000

Page D14



TRADITIONAL NETWORK
HYDRAULIC GRADE LEVEL (M)

SCALE 1:2000
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DISTRIBUTED STORAGE NETWORK
HYDRAULIC GRADE LEVEL (M)

SCALE 1:2000
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MODELLING OUTPUTS - REDUCED PRESSURE NETWORK NODES

NODE HGL
Node Min.HGL Node Min.HGL Node Min.HGL
N1 8.000 N45 7.920 N89 7.890
N2 7.980 N46 7.920 N90 7.890
N3 7.970 N47 7.930 N91 7.890
N4 7.950 N48 7.930 N92 7.890
N5 7.950 N49 7.900 N93 7.890
N6 7.950 N50 7.900 N94 7.890
N7 7.950 N51 7.920 N95 7.890
N8 7.950 N52 7.920 N96 7.890
N9 7.950 N53 7.900 N97 7.890
N10 7.950 N54 7.900 N98 7.890
N11 7.950 N55 7.900 N99 7.890
N12 7.940 N56 7.910 N100 7.890
N13 7.930 N57 7.910 N101 7.900
N14 7.940 N58 7.900 N102 7.890
N15 7.940 N59 7.900 N103 7.890
N16 7.940 N60 7.890 N104 7.890
N17 7.940 N61 7.890 N105 7.890
N18 7.950 N62 7.900 N106 7.890
N19 7.920 N63 7.900 N107 7.890
N20 7.910 N64 7.890 N108 7.880
N21 7.910 N65 7.900 N109 7.890
N22 7.940 N66 7.900 N110 7.890
N23 7.920 N67 7.880 N111 7.900
N24 7.910 N68 7.890 N112 7.900
N25 7.910 N69 7.890 N113 7.910
N26 7.910 N70 7.890 N114 7.910
N27 7.910 N71 7.890 N115 7.920
N28 7.920 N72 7.880 N116 7.920
N29 7.930 N73 7.890 N117 7.890
N30 7.930 N74 7.890
N31 7.930 N75 7.890
N32 7.920 N76 7.890
N33 7.920 N77 7.890
N34 7.920 N78 7.890
N35 7.920 N79 7.890
N36 7.920 N8O 7.890

N37 7.940 N81 7.890 | Min. 7.880 |
N38 7.930 N82 7.890
N39 7.930 N83 7.890
N40 7.930 N84 7.890
N41 7.920 N85 7.890
N42 7.920 N86 7.900
N43 7.910 N87 7.900
N44 7.920 N8S8 7.890
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APPENDIX E

COST ANALYSIS SCHEDULE OF RATES




TRADITIONAL AND DISTRIBUTED STORAGE WATER SUPPLY
COMPARISON OF OPTIONS

SUMMARY
TRADITIONAL SUPPLY DISTRIBUTED STORAGE
(PEAK HOUR FLOW) (AVERAGE HOURLY FLOW)
INSTALLATION
DISTRIBUTION
VAN $127,233 $57,587
SITE
RETICULATION $91,984 $69,061
PUMPS &
TANKS $0 $320,000
SUB TOTAL $219,217 $446,648
MAINTENANCE
DISTRIBUTION
VAN $31,808 $14,397
SITE
RETICULATION $22,996 $17,265
PUMPS &
TANKS $0 $680,000
SUB TOTAL $54,804 $711,662
TOTAL $274,022 $1,158,310
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TRADITIONAL AND DISTRIBUTED STORAGE WATER SUPPLY
SCHEDULE OF QUANTITIES/RATES FOR COMPARISON OF OPTIONS
DISTRIBUTION MAIN

TRADITIONAL NETWORK DISTRIBUTED STORAGE

ITEM _[DESCRIPTION UNIT RATE QTY COST QTY COST
1.00 [PIPES

Trenching costs included, assumed to be the same for

25-65mm diameter and 80-200mm diameter
1.01  |200 mm DIA. L.m $ 105.50 1,206 | $  127,233.00 $
1.02  [150 mm DIA. L.m $ 73.50 $ - $ -
1.03  [100 mm DIA. L.m $ 47.75 $ 1,206 | $ 57,586.50
1.04 |80 mm DIA. L.m $ 40.75 $ $ -
1.05 |65 mm DIA. L.m $ 35.00 $ $
1.06 |50 mm DIA. L.m $ 28.30 $ $
1.07 |40 mm DIA. L.m $ 24.90 $ $
1.08 |32 mm DIA. L.m $ 24.10 $ $
1.09 |25 mm DIA. L.m $ 22.00 $ $

SUBTOTAL 1,206 | $§  127,233.00 1,206 | $ 57,586.50

TOTAL $ 127,233.00 $ 57,586.50
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TRADITIONAL AND DISTRIBUTED STORAGE WATER SUPPLY
SCHEDULE OF QUANTITIES FOR COMPARISON OF OPTIONS
SITE RETICULATION

TRADITIONAL NETWORK DISTRIBUTED STORAGE

ITEM _[DESCRIPTION UNIT RATE QTY COST QTY COST
1.00 [PIPES

Trenching costs included, assumed to be the same for

25-65mm diameter and 80-200mm diameter
1.01  |200 mm DIA. L.m $ 105.50 $ $ -
1.02  [150 mm DIA. L.m $ 73.50 $ - $ -
1.03  [100 mm DIA. L.m $ 4775 887 | $ 42,354.25 $ -
1.04 |80 mm DIA. L.m $ 40.75 $ - 242 | $ 9,861.50
1.05 |65 mm DIA. L.m $ 35.00 $ - $ -
1.06 |50 mm DIA. L.m $ 28.30 66| $ 1,867.80 645 | $ 18,253.50
1.07 |40 mm DIA. L.m $ 24.90 $ - $ -
1.08 |32 mm DIA. L.m $ 24.10 644 | § 15,520.40 66| $ 1,590.60
1.09 |25 mm DIA. L.m $ 22.00 673 | % 14,806.00 1,317 | $ 28,974.00

SUBTOTAL 2,270 | $ 74,548.45 2,270 | $ 58,679.60
2.00 |FITTINGS

Assumes a fitting on average every 30m for the site

reticulation mains.
2.01  |100 mm DIA. L.m 15.00 887 13,305.00 -
2.02 |80 mm DIA. L.m 14.33 - 242 3,468.67
2.03 |65 mm DIA. L.m 10.87 - -
2.04 |50 mm DIA. L.m 5.83 66 385.00 645 3,762.50
2.05 |40 mm DIA. L.m 4.23 - -
2.06 |32 mm DIA. L.m 3.50 644 2,254.00 66 231.00
2.07 |25 mm DIA. L.m 2.22 673 1,491.82 1,317 2,919.35

SUBTOTAL 2,270 | $ 17,435.82 2,270 | $ 10,381.52

TOTAL $ 91,984.27 $ 69,061.12
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TRADITIONAL AND DISTRIBUTED STORAGE WATER SUPPLY

SCHEDULE OF QUANTITIES FOR COMPARISON OF OPTIONS
TANKS AND PUMPS

TRADITIONAL NETWORK

DISTRIBUTED STORAGE

ITEM _[DESCRIPTION UNIT RATE QTY CcosT QTY CcosT

3.00 |TANKS & PUMPS

3.01  |1000 L Tank No. $ 500.00 $ 400 200,000.00

3.02 ]0.6 L/s Pump at 30m Head No. $ 300.00 $ 400 120,000.00
SUBTOTAL $ 320,000.00
TOTAL $ 320,000.00
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TRADITIONAL AND DISTRIBUTED STORAGE WATER SUPPLY
SCHEDULE OF QUANTITIES/RATES FOR COMPARISON OF OPTIONS
MAINTENANCE COSTS

TRADITIONAL NETWORK

DISTRIBUTED STORAGE

ITEM _[DESCRIPTION UNIT RATE QTY COST QTY COST
1.00  |Distribution Main
0.5% of Construction Value per year
1.01  [Annual Maintenance Cost (Present Day Dollars) 118 636.17 118 287.93
1.02 [Maintenance Cost over 50 Years 50| $ 31,808.25 50 [ $ 14,396.63
SUBTOTAL $ 31,808.25 $ 14,396.63
2.00 Site Reti
0.5% of Construction Value per year
2.01  |Annual Maintenance Cost (Present Day Dollars) 118 459.92 118 345.31
2.02 |Maintenance Cost over 50 Years 50| $ 22,996.07 50 [ $ 17,265.28
SUBTOTAL $ 22,996.07 $ 17,265.28
3.00 [TANKS & PUMPS
3.01 Replace Tank once in 50yr Period No. $ 500.00 $ 400 | $  200,000.00
3.02 |Replace pumps 4 times in 50 years No. $1,200.00 $ 400 |$  480,000.00
SUBTOTAL $ - $ 680,000.00
TOTAL $ 54,804.32 $ 711,661.90
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