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Abstract

In a similar way to as they are commonly used dusiry, results from PURRS (v7.2), MUSIC
(v3) and Spreadsheet modelling tools were compdoedevaluating rainwater harvesting
strategies. Input data to each model was selestedésed by user guidelines, including climate
files, suggested water demands and time-steps. ISledere run with climate data of unequal
duration and time-step, which highlighted significalifferences between modelled outcomes.
Using climate data of equal duration still resuliadmajor differences. The reasons for these
differences are explained as a function of thetthmand time-step of climate data, the time-step
and diurnal patterns of indoor/outdoor water demand tank configuration. Results imply that
the length and time-step of climate inputs, theritiistion and time-step of daily water demand
and rainwater tank configuration are significartt@as in robustly evaluating mains water savings
for a range of Australian climates.
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INTRODUCTION

Computer modelling tools are often used to deteentime mains water savings gained from

rainwater harvesting strategies. The models MUME) py the Cooperative Research Centre for
Catchment Hydrology (CRCCH, 2005) and PURRS (vbg)Coombes (2002), and the use of

spreadsheets are methods currently employed iwaker industry to evaluate rainwater harvesting

strategies. Inputs commonly used in MUSIC, PURR® spreadsheet methods are shown in Table
1.

Table 1: Common inputs to MUSIC, PURRS and spresetsinethods used to evaluate rainwater
harvesting strategies

Method Rainfall time step (duration) Other climate Water demand
Indoor Outdoor

MUSIC 6 minute (1 year template or Potential Daily constant  Annual scaled to
construct template from  evapotranspiration daily by PET

provided long record) (PET)

PURRS 6 minute (long records as Daily minimum  Monthly daily Probabilistic
provided or DRIP model and maximum average with climate dependent
with choice of duration) temperature 6 minute with 6 minute

diurnal pattern  diurnal pattern

Spreadsheet Daily (1 to 20 years) NA Annual daily Annual daily

average average

Table 1 shows that a range of time steps and dasaare used for both rainfall and water demand
inputs to the selected models. It may be percetliatithese inputs have little or no bearing on the
robust evaluation of rainwater harvesting strategiegh some authors reporting modelling results
without stating the duration of the rainfall seriesed (Mitchell et al, 2000; Liebman et al, 2004;

Tanner and King, 2004) whilst others have emplogad year of climate data (Hallmann et al,

2003; Melbourne Water, 2004). Constant daily wademand is also commonly applied to

modelling rainwater harvesting strategies (Mitch2l00; McLean, 2004; Phillips et al, 2004).



This study has two parts. Firstly, it endeavoursnderstand the relative reliability of the common
use of MUSIC, PURRS and spreadsheets, which enmplofall records with different durations, to
evaluate the performance of rainwater harvestirgesiies in Adelaide, Brisbane, Melbourne and
Sydney. Secondly, this study evaluates the relagliability of the selected models for estimating
mains water savings using the same rainfall recatr@sch location.

METHOD

The reliability of the common uses of MUSIC, PURRSBd Spreadsheet models for estimating
mains water savings derived from rainwater haragsstrategies was analysed by conducting
continuous simulation in accordance with the ciatshown in Table 1. The simulations were then
repeated using rainfall records of equal duratibeach location to remove the impact of using
rainfall records of different durations on the fésdrom the selected models. All simulations use
water demands from 3 person households, a roofair2@0 nf connected to rainwater tanks and
rainwater tank sizes of 1, 2, 3, 4, 5 and 10 kLusthold uses drawn from the rainwater tank
include outdoor, toilet, laundry and hot water dethawhich was assumed to represent 85 % of
indoor demand and 100 % of outdoor demand was.nGhat MUSIC was originally developed to
evaluate planning strategies for stormwater managemnd PURRS was created to evaluate the
detailed design of rainwater harvesting strateghesresults from PURRS are used as a reference.

Climate data
Climate data sourced from the Bureau of Meteorol®@M) and provided in MUSIC and PURRS
was employed in the “common use” simulations acevshin Table 2.

Table 2: Duration and length of climate providedhwWUSIC (v3) and PURRS (v7.2)

Location Model Rainfall duration Years Description
Sydney Observatory Hill MUSIC  1/1/1959to 31/12/195 1 Template
Adelaide Airport MUSIC  1/1/1970 to 31/12/1970 1 Teate
Melbourne Regional office  MUSIC  1/1/1959 to 31/1959 1 Template
Brisbane Airport MUSIC  1/1/1990 to 31/12/1990 1 Teate
Sydney Observatory Hill MUSIC 31/7/1913 to 10/X02 88 Template constructed

using provided BOM data

Adelaide Airport MUSIC  13/1/1967 to 8/4/2001 34 eriplate constructed

using provided BOM data
Melbourne Regional office  MUSIC 30/4/1873 to 302001 128 Template constructed
using provided BOM data

Brisbane Airport MUSIC  31/5/1949 to 16/2/2000 51 Template constructed
using provided BOM data
Sydney Observatory Hill PURRS 3/1/1913 to 31/9924 79 BOM data
Adelaide Airport PURRS 13/1/1969 to 17/12/1991 22 BOM data
Melbourne Regional office  PURRS 12/1/1925 to 28001 76 BOM data
Brisbane Airport PURRS  9/1/1950 to 14/2/2000 50 ONBdata

The simulations to evaluate the impact of usingfedli records of equal duration utilised BOM
climate data provided in MUSIC as shown in Table 3.

Table 3: Climate files used in each model to endivlect comparison

Location Duration Years Comment
Sydney Observatory Hill 3/1/1913 to 31/12/1992 79 Removed sections of missing data
Adelaide Airport 13/1/1969 to 17/12/1991 22 Rembgections of missing data
Melbourne Regional Office  12/1/1925 to 28/11/200176 Removed sections of missing data
Brisbane Airport 9/1/1950 to 14/2/2000 50 Remaosedions of missing data

The BOM rainfall files provided in MUSIC (shown Faeble 2) contained many sections of hidden
missing data that was not highlighted by the datalysis tool within the model. Subsequent
detailed analysis of these files to prepare thafallirecords shown in Table 3 revealed the sestion



of missing data, which were removed from the resoNbte that PURRS BOM records had gaps
removed before use.

Water demand
The total water demands used in each model at $yduelbourne, Brisbane and Adelaide were
sourced from Coombes and Kuczera (2003) and axersioTable 4.

Table 4: Total water demands for 3 person dwell{i@sombes and Kuczera, 2003)
Water demand
Location Outdoor Demand Total demand

KL/yr kL/day

Sydney 60.7 0.66

Adelaide 145.7 0.47
Melbourne 81.0 0.43

Brisbane 125.8 0.29

Tank configuration
The configuration of the rainwater tanks used icheaodel is shown in Figure 1.

Mains water top up Stormwater Stormwater
at 40 litres/hour overflow: ] = overflow:
Airgap | 0.09 A N ¥ 0.09m
gap Available 09m 01m Available :
0.1lm tank diameter tank diameter
Minimum volume
water  ~a oo LY Pump
level for Pump
top up:
0.2m -
Bottom water level: 0.1 m Minimum water level
above :
from base (anaerobic area) 0.2 m above pump
pump A B

Figure 1: Configuration of tanks used in PURRS @)d MUSIC and Spreadsheet (B)

In each of the models rainfall was directed fromfsovia first flush devices with a volume of 20 L
to the rainwater tanks. An initial loss of 0.5 mrassassumed from the roofs. In the PURRS model
the tanks are topped up by mains water at a ra4@ afhr when the water levels were drawn below
a minimum water level located 0.3 m from the basthe tank as shown in case A (Figure 1). The
rainwater tank configuration shown as case B (Feigd) was adopted in MUSIC and the
spreadsheet because the use of daily water dendaedsnot allow direct simulation of the mains
water top up process. In this situation it was as=ithat the proportion of the tank volume below
the minimum water level always contained mains wate

Use of the Sdected Models

PURRS

Continuous simulation of the performance of rairewaénks was conducted in PURRS at 6-minute
time-steps using rainfall over periods dependingtimn location as shown in Table 2. PURRS
employ climate dependent water demands derived fiitable 4 and a diurnal pattern to
disaggregate water demand into 6 minute time stepls.details on the use and operation of the
PURRS model can be found in Coombes (2002).

MUSIC v3

Climate data was selected from the meteorologieaiplates and rainfall records provided in
MUSIC. The one year climate templates that utifisainute rainfall and the longer BOM 6 minute
records were used for each location as shown iteTabrhe MUSIC model structure used in this
study is shown in Figure 2. Urban Node 1 represdr@soof area. The roof area was designated as



100 % impervious and the rainfall threshold wasisi#id to mimic a first flush device of 20 L and
an initial loss of 0.5 mm. In the Rainwater Tanldadhe details of storage properties (tank size),
outflow pipe diameter (90 mm) and reuse prope(ieter demand) were set.

URBAN » RAINWATER 4@ STREET
NODE 1 TANK DRAINAGE
(Roof) NODE

Figure 2: Generic structure of MUSIC models usesiitaulate rainwater harvesting from roofs

Outdoor water demand simulated using the “wateradehscaled by PET” option and indoor water
demand was modelled using the “daily demand” optMains water savings were calculated by
subtracting the rainwater tank outflow from thenveater tank inflow that was found in the

“Statistics/All Data” directory after running the oslel. Water demand data from the PURRS
simulations were used to condition the water demapdts to MUSIC. Further details about the
use of MUSIC (v3) are provided in the MUSIC Useridau(CRCCH, 2005).

Fporeadsheset

A simple Spreadsheet program was established tolaienthe performance of the rainwater tanks
that comprised a series of simple water balancaulzlons based on the rainwater storage div
each day t which is resolved as a function of tiawater storage T\ on the previous day t-1 as
follows:

TV, =TV,, +HR, -OF - MWS (1)
where HR is the harvestable roof runoff, OB the tank overflow and MWSs the daily mains
water savings. The harvestable roof runoff; i#Rdependent on potential roof runoff REss roof
losses of 0.5 mm and the first flush separatio®Oolitres:

3
HR = | RR (= (150%0.0005) - 002, (m*) RR, >0.095 @)
0, Otherwise

The daily main water savings MWere derived as a function of daily water demaiij é&n the
rainwater tanks using:

DD,, DD,<TV,,+HR, -OF,
TV,,+HR,-OF, Otherwise

MWS, = { 3)

To account for the minimum water level of 300 mnal &ime overflow outlet diameter of 90 mm in
the Spreadsheet, an available rainwater storagemeo(kL) was calculated based on an area of 1
m? (x 1 m high) for a 1 kL tank and height of 2 m farger tank sizes (using variable plan areas).
Available tank volumes for the various tank sizes @ follows: 1kL = 0.61 kL, 2kL = 1.61 kL, 3
kL = 2.415 KL, 4kL = 3.22 kL, 5 kL = 4.025 kL and® kL = 8.05 kL. Water demand data from the
PURRS simulations were used to condition the wadg¢enand inputs to the spreadsheet.

RESULTS
Main water savings resulting from the water indyistt‘common use” of the models is shown in
Figure 3.

Figure 3 shows that the use of meteorological tamplthat employ one year of rainfall in MUSIC
resulted in an over-estimation mains water savifugs Sydney and Brisbane, and an under-
estimation of mains water savings for Melbourne #uklaide in comparison to the PURRS
results.

The use of meteorological templates based on tigeloBOM records provided in MUSIC resulted
in a consistent under-estimation of mains watemggvat each location. A proportion of the under-
estimation of mains water savings can be attribtaetthe period of “hidden” missing data in each
of the BOM records provided in MUSIC.



Results from the spreadsheet analysis reveal agertgsiimation of mains water savings for Sydney
and Melbourne, and an over-estimation of mains ms#eings for Adelaide and Brisbane.
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Figure 3: Comparisons of mains water savings ddrik@m common uses of the selected models

The BOM files provided in MUSIC were analysed tonoee missing data and to create climate
files of equivalent duration for each location d@®wn in Table 3. The use climate files of
equivalent duration at each location in the models eliminate the variability of mains water
savings caused by the use of climate files of diffglength. Results of the use of climate files of
equivalent durations at each location in MUSIC, R3Rand the spreadsheet are shown in Figure 4.
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Figure 4: Results from use of climate records afatgluration at each location in models

Figure 4 reveals the use of longer climate recthdsare free of missing data in MUSIC resulted in
similar mains water savings for Adelaide and anewrebtimation of mains water savings at
Sydney, Melbourne and Brisbane in comparison toRU&RS results. The spreadsheet analysis
using the same climate data was able to approxith&enains water savings for Adelaide and

under-estimated the mains water savings for Sydvdejhourne and Brisbane in comparison to the
PURRS results.

DISCUSSION

The mains water savings derived from the water shgis “common” use of MUSIC and
spreadsheets for evaluating rainwater harvestirsgegfies are compared to the PURRS results in
Figure 5. Figure 5 shows that analysis of rainwatavesting using one year of climate data in
MUSIC has over-estimated main water savings frofb 16 30% for Sydney and under-estimated
mains water savings from 10% to 15% for Melboufr@mn 0% to 20% in Adelaide, and by about
10% in Brisbane. Analysis of rainwater harvestingeroa period of a single year produces
unacceptable errors in the assessment of mains satmgs from rainwater harvesting.

The use of longer BOM climates files as providdat tincluded “hidden” missing data, in the
MUSIC analysis has under-estimated mains watemgavby 15% to 40% in Sydney, by 20% to



40% in Melbourne, by 20% to 30% in Adelaide andupyto 5% in Brisbane. Clearly the periods of
missing data in the rainfall records has contridutethese errors. Analysis of the performance of
rainwater harvesting using 18 years of climate dataspreadsheet has over-estimated mains water
savings by 5% to 40% in Brisbane and has undemattd mains water savings by about 30% in
Sydney and by 45% to 50% in Melbourne. In Adelai@i@jns water savings were over-estimated
by 0% to 10% for tank sizes 3 kL and under-estimated mains water savings byt®%% for
larger tank sizes.

D

The range of the errors produced by th
water industry’s common use of the model
is considerable and the magnitude of thes
errors would be unacceptable for wate
planning and evaluation of rainwater
harvesting strategies. These difference
observed between the common use ¢
models and the PURRS results are mo
likely a consequence of using climate
records of different durations with missing
data in some of the climate records. Th
different treatment of water demand inputs
the time step of simulation and the
configuration of the tanks used in the
models will also contribute to the variability
of results.
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Figure 5: Difference in results from the common
use of Spreadsheet and MUSIC in comparison to
PURRS results

The different climate durations and missing datelimate records was deemed to contribute to the
observed differences and as such, climate fileg weincated to provide relatively complete, long-
term climate files in an attempt to reduce the olese differences between selected models. Results
from analysis in the models using climate fileseqtial duration at the different locations are shown
in Figure 6.
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rainwater harvesting using the spreadshe®gjg,re 6: Difference in results from the use of

results in an over-estimation of mains watergqa| rainfall durations in Spreadsheet and
savings of up to 10% in Brisbane and undery,uysic when compared to PURRS
estimates mains water savings by 20% in

Sydney and by up to 10% in Melbourne.

Errors of + 15% were observed for Adelaide. Althlodlge magnitude of errors has been reduced by
use of rainfall records of equal lengths that hawminimum of missing data in the models, the
magnitude of errors remain unacceptable for robassessment of rainwater harvesting.
Nevertheless, the results indicate that simulatdnthe performance of rainwater harvesting
systems is critically dependent on the duratiomagifall used in models. The selection of rainfall



records that are complete and have an adequatgothuisaimportant for more reliable simulation of
rainwater harvesting.

Variation of the magnitude of errors between lanagi also indicated that simulation of rainwater

harvesting was dependent on the ability of the rsotte account for the climate regime at each
location. Reliability of a model in different clirearegimes will be dependent on the time step of
simulation, treatment of water demand inputs anel mbpresentation of the configuration of

rainwater tanks.

At a location that is subject to a greater propaortiow intensity rainfall events and/or an even
distribution of rainfall (such as Melbourne and 8gd), models that operate at a daily time step are
more likely to under-estimate mains water savingsalbise they cannot account for intra-daily water
demands that occur during rainfall events. For g{amFigure 6 shows that the Spreadsheet and
MUSIC simulations that utilise daily water demanub ssimilar tank configurations have under-
estimated mains water savings at Melbourne ande&ydn

At the Brisbane location, for tank sizes greatemtf2 kL, the Spreadsheet and MUSIC models
produce similar results that trend towards oveirregion of mains water savings for larger tank
sizes. This result is likely to be due to highenwad rainfall depth, available tank storage and
summer rainfall distribution that overwhelmed arffelences in the model process. Nevertheless,
for smaller tank sizes in Brisbane considerabléedihces between MUSIC and the Spreadsheet
were observed. The difference between SpreadsineetVJSIC simulations was the use of 6-
minute rainfall and a PET-scaled outdoor demandWSIC. The configuration of MUSIC utilises
6-minute rainfall inputs to the tank and daily dexh@&xtractions from the tank, resulting in an over-
estimation of tank overflow and therefore undeimestion of mains water savings from smaller
tanks. In contrast, the use of daily rainfall andtev demand in the Spreadsheet under-estimates
tank overflows, thus over-estimates mains wateingavor smaller tank sizes.

At the Adelaide location, for tank sizes greateartt2 kL, the Spreadsheet and MUSIC models
produce similar results that trend towards undémesion of mains water savings with larger tank
sizes. This result is likely to be due to lower aanrainfall depth, winter rainfall distribution @n
summer water demand that has highlighted differermstween models. However, considerable
differences between MUSIC and the Spreadsheet alegerved for smaller tank sizes in Adelaide.
The 6-minute rainfall inputs to the tank coupledhvdaily demand extractions from the tank results
in an over-estimate of overflows from the tank #merefore under-estimate water savings from the
smaller tanks. In contrast, the use of daily rdirefiad water demand in the Spreadsheet will under-
estimate tank overflows, thus over-estimating mamser savings for smaller tank sizes. Figure 6
highlights the need to utilise 6-minute rainfall a@njunction with realistic diurnal water use
patterns in order to reduce these differencesrf@llsr tank sizes.

PURRS utilises 6-minute rainfall, 6-minute watenm@dad based on a diurnal water pattern and a
climate dependent outdoor use model. Figure 7 qineéses the daily water use demand patterns
as used in the selected models.

The use of a diurnal pattern (such as PURRS)
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demand from tanks using MUSIC and a
constant water demand is simulated with the
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at 6-minute times-steps to capture intra-daily Figure 7: Water use patterns used in the
demand for robust results. selected models
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For example, if rainfall enters the tank in the mng it is available for immediate use and as more
water is drawn from the tank there is extra spa@alable to capture further rain later that day.
Also, the use of a diurnal water use pattern isemealistic than using constant daily demands, as
these patterns govern intra-daily available taokagfe. Therefore, 6-minute time-steps and diurnal
water use patterns must be considered for robasgiuating rainwater harvesting strategies.

CONCLUSION

The PURRS, MUSIC and Spreadsheet modelling toole baen discussed in context of how they
are commonly used in industry to evaluate rainwatarvesting strategies and significant
differences were observed (-50 % to +60 %). Eveenwtlimate files of equal duration were used
in each model, major differences still existed (2@0to +15 %). The selection of rainfall records
that are complete and have an adequate duratiampertant for more reliable simulation of
rainwater harvesting, as well as the models’ abtlit account for variable climate regimes. The
differences between models were explained in tevhibe duration and time-step of climate data,
use of a diurnal pattern for water demand and sitmg tank configuration at a 6-minute time-step.
Reducing times-steps to mimic realistic flows arsthg a detailed tank configuration and diurnal
water use pattern to simulate tank drawdown promalbeist evaluation of rainwater harvesting
strategies. Both MUSIC and the Spreadsheet wergleit@ reliably simulate available tank volume
due to inadequate intra-daily water demand timpsstearticularly for smaller tanks sizes.
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