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ABSTRACT

Target levels of service for the performance atrgated wastewater networks under wet
weather flows vary widely throughout the countrydemes the approach for assessing whether
these target levels of service are likely to be. n@&tnerally target levels of service will require
flows resulting from a wet weather event of certmiagnitude to be passed without overflow, or
restrict the frequency of overflows to a specifiedjuency.

Calibrated hydraulic models provide a powerful tfimslassessing the likely performance of a
wastewater network under a range of wet weatherteand future growth scenarios. But more
importantly, these models enable of a number ookt upgrade options to be investigated to
provide the desired level of service, and the obgroviding this level of service to be
guantified.

A number of options are available to a wastewatedetier for assessing the system performance
of a wastewater network, including the use of sgtithdesign storms, historical storms, a typical
year rainfall time-series or a long rainfall timerigs rainfall

This paper compares and analyses the system parfoemesults from a number of wastewater
models using different methods. It also compdnesbsts of network upgrades required to
provide a given level of service using differengteyn performance assessment methods, and
explores the different investment decisions whiéghmbe made on the back of using one of
these methods over another.

The results presented are based on actual wastewatkelling projects undertaken throughout
New Zealand and Australia, and involve wastewagtwarks encompassing a wide range of
current system performance standards and targelslef/service.
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INTRODUCTION

Target Levels of Service (LOS) for the performanteeticulated wastewater networks under
wet weather flows vary widely throughout New ZealaiGGenerally target LOS will require
flows resulting from a wet weather event of certaiagnitude to be passed without overflow, or
restrict the frequency of overflows to a specifiejuency. For example, a LOS may be in the
form of:

= ‘sewers should contain a 1 in 5 year Average Reog# Interval (ARI) rainfall event

without overflow’ or
= ‘the network should overflow no more than twicelihyears on average’



Often, no target LOS exists in terms of the ovevftmntainment standard provided by a
wastewater network, and the decision is made obdkis of what is considered affordable,
resulting in wildly varying LOS through the country

There are a variety of methods commonly used tesassastewater network performance,
including the use of

= synthetic design storms,

= historical storms,

= atypical year rainfall time-series, or

* along rainfall time-series rainfall.

Calibrated hydraulic models provide a powerful tfimslassessing the likely performance of a
wastewater network under a range of wet weatharte\and future growth scenarios. But more
importantly, these models enable of a number of/okt upgrade options to be investigated to
provide a given LOS, and the cost of providing tHixS to be quantified.

This aim of this paper is to compare the costsetivork upgrades required to provide a given
LOS using different system performance assessmetitads. An assessment is also made of the
different investment decisions which might be madéehe back of using one of these methods
over another.

The results presented are derived from calibrayeldaulic models of three wastewater networks
throughout New Zealand and Australia, which coveside range of current system performance
standards and target LOS.

OBJECTIVE

The objective of this paper is to make a comparizetwveen the network upgrades that might be
recommended using a design storm approach andyditoa series approach.

STUDY CATCHMENTS

No two wastewater networks are the same, withrdistiifferences in a number of factors
common, including

» Age and condition

*  Pump station/rising main or gravity dominated

» Time of concentration

» Degree and variation of groundwater infiltration

» Degree and variation of fast response inflow

» Degree and variation of slow response infiltration

» Ability to accommodate projected growth

Three study catchments with distinctly differenudcteristics which cover a range of current
system performance standards have been used tie ¢inalsubtle differences between analysis
methods for different networks to be explored. Tharacteristics of the study catchments are
summarised below.



Parameter Study Catchment _
A (N2) B (N2) C (Australia)
Age 1980's Oldest parts - 1920's 1980's
Population 10,000 4,000 2,000
Manholes 1,500 550 800
Pump Stations 13 total (2 major) 5 total (1 major) 3 (all minor)
Target LOS None None 5 yr ARI storm
Critical Duration Storm 12 hrs 48 hrs 6 hrs
Wet weather peaking
factor in critical duration 4.8 8.3 7.0
1 yr ARI storm
Current Performance Generally good Poor Good
Terminal P/S capacity < 1 yr ARI ) Significant and One location overflows in 2 yr ARI
widespread overflows

Limited surcharge in 5 yr ARI in 6 month ARI event Rest of network > 5 yr ARI

Rest of Network > 10 yr ARI
Projected growth High Low Medium
Model used Future (2061) Existing Future (2050)

Table 1: Catchment Characteristics

It can be seen that the all three study catchnaetselatively small, but cover a wide range of
critical duration storms, wet weather peaking fecnd current system performance. No target
LOS exists in relation to conveyance capacity ficbment A and B, with documented LOS
relating to repairs and maintenance. Catchmemthith is located in Australia, has a target LOS
of no overflows in a 5 year ARI design storm.

METHODOLOGY

Calibrated hydraulic models had been previouslhetimped for each catchment using Infoworks
CS software. Future models were used for catchiemtd catchment C due to the significant
growth forecast within these catchments which liki#tly drive future network improvements.

This study utilised two commonly used methods fmessing system performance of wastewater
networks; synthetic design storms and historicaétseries rainfall. The process used for each
method is outlined below

SYNTHETIC DESIGN STORM APPROACH

Synthetic design storms offer an efficient way $eess the performance of a wastewater network
under a range of wet weather conditions. The gdioer of synthetic design storms utilises the
relationship between rainfall intensity, duratiorddrequency. For a specified duration and
frequency, the corresponding amount of rainfatlisgributed in a pre defined manner throughout
the duration of the storm.

Design rainfall data was obtained from HIRDS (Higtensity Rainfall Design Storms) for
catchments A and B. No allowance was made foratinchange to enable comparison with
historical rainfall records.

Infoworks CS has a number of design storm generatelbuilt into the software. For this study
the UK rainfall generator was used which enablesraber of synthetic design storms of varying
durations and return periods to be quickly gendrérem the 5 yr 60 minute rainfall depth, and a
ratio of 60 minute to 48 hr rainfall depth. Raihtiepths for the generated rainfall events were



checked against HIRDS rainfall data to ensure thene appropriate for this study, and were
found to be generally within 5% agreement. ‘Averdgitial catchment wetness conditions were
assessed from a ‘typical’ year's rainfall data.

Design storms for catchment C were developed inrdemce with the Australian Bureau of
Meteorology ‘Rainfall and Runoff’ charts and impaattinto Infoworks.

Each hydraulic model was then used to simulatea rgnfall events ranging from 60 minutes to
48 hour duration. Simulation start times were ctelé so that sanitary and wet weather peak
flows occurred simultaneously to provide a worssecgcenario to enable a fair comparison
between different duration storms. Flooding andrbow volumes were analysed for each
duration storm to determine the critical duratitors for each catchment (i.e. the one that results
in the most widespread flooding and overflows).e Thitical duration storm was then used in the
development of upgrade options for each catchment.

HISTORICAL TIME SERIES RAINFALL

Utilising historical rainfall records to simulatdang time series rainfall scenario enables the
performance of the network to be assessed underamalistic set of actual rainfall events, of
varying durations, intensities and magnitudesaldd enables the likelihood of wet weather
events coinciding with peak sanitary flows to becamted for more realistically. This approach
has the added advantage of enabling varying argdatedtchment wetness to be represented
between rainfall events, and the likelihood of bckack events to be represented. The obvious
drawback is much longer model simulation times.

Permanent rainfall gauges which recorded rainfafidurly increments or less were identified in
the vicinity of each catchment, and at least 10s/e&historic rainfall records obtained from the
relevant source. Data was inspected to identifyraissing or anomalous data, and gaps filled
with data from nearby rain gauges where necesgaigontinuous 10 year historical rainfall
record was then imported into Infoworks for eacttlcaent. Due to the small size of each of the
study area, no spatial variation of rainfall wagsidered.

The model was then used to simulate runoff anddlrem the continuous 10 year rainfall record
for each catchment. A statistics template wasigéh Infoworks to identify independent
spill/overflow events, and events ranked in terfns o

a) overflow volume (for each area of deficiency andtfe network as a whole)

b) number of incidents.

Using the results of this analysis, spill eventsantben ranked and the specific events identified
which were considered to be equivalent to a 6 mdngfear, 2 year and 5 year ARI event to be
used in the options analysis. This ranking wasettasting both for the network as a whole, and
for each individual area of network deficiency.

For example, if the target LOS was a no overflowa R year ARI storm, then it can be inferred
that on average five events equivalent to or latigegn a 2 year ARI storm could be expected in a
10 year period. Therefore if network improvements identified such that the fifth largest event
can be conveyed without overflow, then it is likéhat the target LOS will be met. The full set
of rainfall events should be run through the madelerify this.

The individual rainfall events selected as beingiwaent to a 6 month, 1 year, 2 year and 5 year
ARI event were then used (with an appropriate inirperiod to adequately represent catchment



wetness and rainfall induced infiltration from peding events.) in the development of upgrade

solutions. Where individual locations showed akadly different spill frequency and severity to
the selected rainfall event, upgrade solutions whezked with the relevant event to ensure the
appropriate level of service was being achieved.

UPGRADE OPTIONS

This study has not sought to optimise solutionefh catchment, but has investigated a set of
three basic upgrade options to enable comparistireaipgrade solutions achieved using
different analysis methods. The three upgradeonptinvestigated were:

a)

b)

Network amplifications without storage.

This option assumed the capacity of network comggggravity sewers, pump stations,
rising mains) resulting in flooding/overflows woubé increased to match expected peak
flows from the design event so that expected flomdd be conveyed without surcharge.

Storage without network amplifications.

This option assumed that in areas predicted talftaeerflow, overflows to underground
storage would be constructed. This was modelleiddiyding weirs at a level 100mm
above pipe soffit level, connecting to an arbitrstgrage node to enable the required
storage volume to be determined to alleviate oserdIflooding from the network.
Connections back into the network were includethabthe storage may empty when
capacity allows.

Combination of network amplification and storage.

This option aimed to strike a balance between wides]l network upgrade and large
storage volumes by providing a degree of attenndticough storage to reduce the extent
of downstream network upgrades. It assumed ththeadreas of deficiency,
approximately 70 - 80% of the unconstricted peatvflvould be passed forward for the
given design event, with the balance directeddragie.



RESULTS

The results of the modelling and the investigatibnpgrade options are discussed below for
each catchment.

Catchment A

The estimated cost of required network upgradesiieve each LOS for each of the three
upgrade options are tabulated below for catchment e lowest cost solution is highlighted.

Time Series Approach - upgrade costs ($M)

ARI 6 month 1yr 2yr 5yr
Option 1 - Network Amplification 5.0 5.7 5.7 8.0
Option 2 - Storage 4.6 5.7 7.0 8.2
Option 3 - Amplification + Storage 4.6 4.8 6.5 6.7
Best Cost Solution - Time Series Approach 4.6 4.8 5.7 6.7

Design Storm Approach - upgrade costs ($M

ARI 6 month 1yr 2yr 5yr
Option 1 - Network Amplification 6.3 7.4 7.6 7.9
Option 2 - Storage 7.1 8.4 9.8 11.7
Option 3 - Amplification + Storage 74 7.1 7.5 7.8
Best Cost Solution - Design Storm Approach 6.3 7.1 7.5 7.8

Table 2: Upgrade Costs — Catchment A

It can be seen from the above results that the senies approach provides lower upgrade costs
than the design storm approach for almost all se@naThis is likely to be influenced to a large
degree by the conservative assumption that sarptzals and wet weather peaks will occur
simultaneously for the design storm approach.

The limitation of the existing terminal pump statis such that major upgrades are required even
for the 6 month ARI event. Whilst there is no clpattern as to the nature of the lowest cost
upgrade option across all return period eventsstibiage option (Option 2) is generally the most
expensive.

A lower degree of confidence can be placed in g@apriateness of larger return period rainfall
events (i.e. 5yr) when using the time series ampredth 10 years of rainfall data. This is
because it is quite possible a 5 year event (geficould actually occur 3 or more times within a
10 year period, or similarly could not occur at all

It is worth noting that a comparison of depth andation for individual rainfall events within the
10 year rainfall record used did not identify angmts that corresponded to a 5 year ARI or
larger. Therefore the upgrade options developéetjuke time series approach for the larger
return period events may be underestimated, raguhia lower LOS than anticipated.



Upgrade costs for each scenario are plotted agatsh period below.
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Figure 1: Upgrade Cost versus LOS — Catchment A

Once again it is clearly demonstrated that the 8erées approach results in lower cost solutions
for a given return period event for catchment Aive@ that no target LOS for this network exists
in terms of overflow containment, an assessmettiefikely benefit for a given cost can quickly

be made from the above graph.

It could be concluded that if a time series appnasas used, then a 1 year LOS would be
expected to provide the best ‘value for money'ddedolutions. This corresponds to a network
amplification + storage upgrade with an estimaiest of $4.8M.

Conversely, if a design storm approach was adogteen the relatively small incremental
increase in cost for achieving a higher LOS, amiewent could be put forward for providing a 2
yr or 5 yr LOS. However given the comparativelghhtost associated with the 6 month LOS for
what is a relatively small town with a limited pauflratepayers, it is considered more likely that
a 6 month LOS would be adopted. This correspomasstraight network amplification upgrade
with an estimated cost of $6.3M.



Catchment B

The estimated cost of required network upgradeshdeve each LOS for each of the three
upgrade options are tabulated below for catchmerittBe lowest cost solution is highlighted.

Time Series Approach - upgrade costs ($M)

ARI 6 month 1yr 2yr 5yr
Option 1 - Network Amplification 0.8 6.1 7.0 9.8
Option 2 - Storage 2.2 8.4 15.6 36.5
Option 3 - Amplification + Storage 1.7 9.6 13.0 22.0
Best Cost Solution - Time Series Approach 0.8 6.1 7.0 9.8

Design Storm Approach - upgrade costs ($M

ARI 6 month 1yr 2yr 5yr
Option 1 - Network Amplification 2.7 4.5 5.6 8.1
Option 2 - Storage 6.9 13.3 18.3 26.8
Option 3 - Amplification + Storage 5.4 12.7 11.5 14.1
Best Cost Solution - Design Storm Approach 2.7 4.5 5.6 8.1

Table 3: Upgrade Costs — Catchment B

It can be seen from the above results that thearktamplification option provides the lowest
cost upgrade for each scenario. This is heavilyémced by the poor condition of the network,
and the significant and prolonged rainfall induggtbw and infiltration (I/l) evident. Without
widespread network upgrades, very large storagenves are required to contain expected flows.

With the exception of the 6 month ARI event, theige storm approach provides lower network
amplification upgrade costs than the time seriggagzh. This is contrary to the observations for
catchment A where the time series approach provileer cost solutions. This is due in part to
the much higher I/l associated with catchment Bamimgy the sanitary flow is a much smaller
proportion of flows, and the assumption that sapiteaks and wet weather peaks coincide has
less of an impact. It is also likely to be infleex by the long lag associated with I/ following
rainfall, meaning a twin peaked actual rainfallmv@s often occurs in reality) may have more of
an impact than a synthetic design storm which assuarsingle peak in rainfall.

For the options with storage, the time series apgr@rovides lower cost upgrades for the 6
month and 1 year LOS, but higher costs for the g 5 yr events.

It is worth noting that a comparison of depth andation for individual rainfall events within the
10 year rainfall record identified four rainfall&ws equating to a 5 year ARI or higher (including
one event assessed as being approximately 20 yaAdRbne at approximately 50yr ARI).
Therefore the upgrade options developed usingrie series approach for the larger return
period events are likely to be overestimated, tegpln a higher LOS than anticipated...



Upgrade costs for each scenario are plotted agatsh period below.
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Figure 2: Upgrade Cost for each LOS — Catchment B

It is clearly demonstrated that the design storpragch results in lower cost solutions for all
return period events except a 6 month LOS. Gitianhno target LOS for this network exists in
terms of overflow containment, an assessment dfkkbly benefit for a given cost can quickly be
made from the above graph.

It could be concluded that if a time series appnosas used, then a 6 month LOS would be
expected to provide the best ‘value for money'ddedolutions. This corresponds to a network
amplification upgrade with an estimated cost oB$Q.

Similarly, if a design storm approach was adopg@gen the relatively large incremental increase
in cost for achieving a higher LOS, and the limipsabl of ratepayers, it is considered most likely
that a 6 month LOS would also be adopted. This edsresponds to a network amplification
upgrade with an estimated cost of $2.7M.



Catchment C

The estimated cost of required network upgradeshdeve each LOS for each of the three
upgrade options are tabulated below for catchmenil@& lowest cost solution is highlighted.

Time Series Approach - upgrade costs ($M)

ARI 6 month 1yr 2yr 5yr 10 yr
Option 1 - Network Amplification 0.3 0.3 1.0 1.7 4.9
Option 2 - Storage 0.1 0.3 0.5 0.6 1.5
Option 3 - Amplification + Storage 0.3 0.3 1.0 1.7 4.9
Best Cost Solution - Time Series Approach 0.1 0.3 0.5 0.6 1.5

Design Storm Approach - upgrade costs ($M)

ARI 6 month 1yr 2yr 5yr 10 yr
Option 1 - Network Amplification 0.3 1.0 1.0 1.2 1.7
Option 2 - Storage 0.2 0.4 0.5 0.9 1.2
Option 3 - Amplification + Storage 0.3 1.0 1.0 1.2 1.7
Best Cost Solution - Design Storm Approach 0.2 0.4 0.5 0.9 1.2

Table 4: Upgrade Costs — Catchment C

It can be seen from the above results that thagtooption provides the lowest cost upgrade for
each scenario. Due to the relatively minor netwariplifications required for this network
(generally an increase of just one pipe diametiee) network amplification with storage option
did not enable any different solutions to be addpte

With the exception of the 10 year ARI event, timeetiseries approach provides lower storage
upgrade costs than the time series approach. rAksfohment A, this is likely to be influenced to
a large degree by the conservative assumptiors#tmitary peaks and wet weather peaks will
occur simultaneously for the design approach.

For the network amplification upgrades, the timeéeseapproach provides lower or equal cost
upgrades for the 6 month, 1 year and 2 year LOShigher costs for the 5 yr and 10 yr events.

It is worth noting that a comparison of depth andation for individual rainfall events within the
10 year rainfall record identified four rainfallews equating to a 5 year ARI or higher.
Therefore the upgrade options developed usingrie series approach for the larger return
period events may be overestimated, resultinghiglaer LOS than anticipated..



Upgrade costs for each scenario are plotted agatsh period below.
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Figure 3: Upgrade Cost for each LOS — Catchment C

It can be seen from the above graph that the teriesapproach results in lower cost solutions
for all return period events except a 6 month LO8e target LOS for this network is a 5 year
containment standard (i.e. no overflows or floodm@ 1 in 5 year storm).

If a time series approach was used, this wouldtrasprogramme of network upgrades
involving storage, at a cost of $0.6M for the 5ne@S. This LOS would coincidentally appear
to give the best value for money for the time seapproach.

If a design storm approach was used, this would r@sult in programme of network upgrades
involving storage, at a cost of $0.9M for the 5r/e@S. If there was no target LOS for this
network, then there would be a reasonable argufoeatiopting a 2 year LOS (based on the
design storm approach). It is worth noting thé ttould result in a very similar upgrade
program and cost to the upgrades required foreab yOS if a time series approach was used.



DISCUSSION

The sensitivity of different networks to the mettfodassessing system performance is very
dependent on the nature of the network. No twdevester networks are the same, and it is not
possible to draw any conclusions from this study gpply to all three networks. However a
number of observations have been made, and a nwhlessons learnt, which are discussed in
more detail below

A summary of the recommended LOS and upgrade aptogiven below for all three
catchments.

Time Series Approach Design Storm Approach
Recommended LOS | Cost Nature of Upgrade Recommended LOS | Cost Nature of Upgrade
Catchment A 1 Year $4.8M | Amplifications + Storage 6 month $6.3M | Network Amplifications
Catchment B 6 month $0.8M | Network Amplifications 6 month $2.7M | Network Amplifications
Catchment C 5 year $0.6M Storage 5 year $0.9M Storage

Table 5: Summary of recommended LOS and Upgrades

It can be seen that the design storm approachseaslligher upgrade costs to achieve the
recommended LOS for all catchments. For two otthinee catchments (catchments A and C),
the design storm approach generally results indrigpgrade costs to achieve each LOS
considered. This is most likely due to the conatve assumption that wet weather peaks
resulting from the design storm will coincide withnitary peaks, when in actual fact rainfall
events could occur at any time. This impact isemmonounced in networks with relatively low
I/l (indicated by lower wet weather peaking fac}pes the sanitary flow component is
proportionally higher. It will also be influencéa a degree by the assumed distribution of
rainfall throughout the specified storm duration.

By contrast, the design storm approach generatiylt®in lower upgrade costs to achieve a given
level of service for Catchment B, with the exceptaf the 6 month LOS recommended. Itis
noted that catchment B is subject to high I/l armugdwater infiltration and has a wet weather
peak factor of over 8 in a 48 hr (critical duradidnyr ARI rainfall event. As a result the, the
conservatism associated with matching of sanitadyveet weather peaks is negated to a certain
degree. Itis considered the long lag associatddthe infiltration from much of the Catchment

B network may result in an underestimate of flovesrf a single peak design storm compared to
actual rainfall events where the rainfall is distited more randomly throughout the storm.

The design storm approach is generally less falbbeita storage as an upgrade option due to the
conservatism associated with the assumption ofhimgjcsanitary and wet weather peaks, and the
fact that the specified amount of rainfall is gextigrdistributed in a single peaked storm.

By contrast the time series approach means ragald fall any time throughout the day, and
could be distributed in a twin or multi peaked stppotentially allowing storage to drain down in
between peaks. It is recommended that if stormgensidered likely to form part of an upgrade
solution, that the time series approach is adojatedlidate the amount of storage required. An
alternative is to utilise an independent historied@fall event (with appropriate run-in time)
assessed as being of the appropriate order of tualgnio represent the desired level of service.

A lower degree of confidence can be placed in g@apriateness of larger return period rainfall
events (i.e. 5yr) when using the time series ampredth 10 years of rainfall data, as the




likelihood of two events of such magnitude withih@year period is a lot less certain. It is
recommended that if a high LOS is being adopted %iyr ARI or higher), then an appropriate
length of rainfall records is utilised to removésthncertainty. It is recommended that the length
of rainfall record should be 4 to 5 times the ARthee event to be utilised in assessing
compliance with the target LOS.

Whichever method of assessing system performanaenafstewater network, a sensitivity
analysis is recommended to enable the modelleaitoathorough understanding of how the
network performs under a range of scenarios.

CONCLUSIONS

The following conclusions can be drawn from thisdgt

No two wastewater networks are the same — varigiiotime of concentration, severity
and nature of I/l, and existing network constrac@s have a significant impact on the
most appropriate method of assessing system peafuren

A modeller needs to have a thorough understandittgecsystem being analysed before
deciding on the most appropriate method for assgssimpliance with a given LOS.

Design storms provide a quick and efficient wapsdessing system performance under
a range of rainfall events.

Design storms generally over estimate requirechgmrolumes

The historical time series rainfall approach isgiconsuming but enables a more realistic
representation of likely flow regimes to be develdp

Utilising historical time series rainfall can enalbbwer cost upgrade solutions to meet a
given LOS to be identified.

The historical rainfall record used should be astet to 5 times the frequency of the
rainfall event corresponding to the target LOS.



