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ABSTRACT

The use bhydraulic models by engineers, asset managers and planners is common place in every activity linkel
analyzing and managing water flowdost commonly, the models are used in establishing the system peréarman
for various resource consent purposeg]in testing various capital works options in order to deliver the system that
will meet certain requirements.

However, once developed, hydraulic models havathempowerful usethat of a tool ima decision suport system.

The models can be used to investigate the different ways a system may be managed, both with and wit
significant capital works implemente@ihe potential benefits are vabtodel output aggregation and presentation is
crucial when targetinglifferent decision making audierceStrategic planning requires highly processed and
aggregated model outputs to identify growth milestones and staggstieeupgradesvhile network operatoraeed
access to more detailed information, for exanipguelcy of pump operations Additionally, use of a hydraulic

mo d e | in 6deci sicshhsuppertat modedoaluhdwrtake O6tr ai
i whiaft 0 shefaeémplementingoperational regimesr manaing the system through major flood eventlt
alsoenablesa better assessment of the operational risks and effects of system failures.

This paper will presentwo NZ case studies where models are being utilized in the ongoing decision makini
process: the Hibiscus Coast Wastater Networkand WaikatoRiver Flood Forecast systemThe paper will
highlight some of the techniques and tools used in enabling the model and its output to be used in this mod
operation.
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1 INTRODUCTION

As a term,@ecision Support Systéin  ( Dh&Snany definitionslepending on theamplementation. It is the
nature of the problem the system is trying to represent, its complexity, ttustror lack of), time constraints
and audience that will shape the system to fit the problem.

In this paper we will give &rief overview of aDecisionSupport System, highlighting and describing in more
detail the components most commonly found in D3veloped for managingater systems. We will then
presentwo case studies, one ftite Hibiscus Coast Wastewater Syst@Rodney District Councilandanother
for the Waikato Riverflood forecast systenmplementedwith Environment Waikato In addition to being
applied in different areas of water management, those two easealso indifferent stages of the DSS
implementation.



2 DECISION SUPPORT SYSTEMS

Broadly defined,Decision Support Systems are a specific class of computerized information shstem t
supports business and organizational decigiaiking activities. A properigesigned DSS is an interactive
softwarebased system intended to help decision makers compile useful information from raw data, documents,
personal knowledge, and/or businesxels to identify and solve problems aassist indecisionmaking.

In terms of DD® applied tomanagng water systers) such systensould be defined aan information system
that combines data with models and graphics to maf@med decisionscombining some or all of the

following:

Good model representation of tledevant hydraulic processes aydstemconnectivity

Model integration with asset management systadotherspatial information

Real time access to relevant data and forecasts

Well defined presentation templates providing easy access to relevant level of detail, from overall
system status to Adril]l downo detail for a sp

While the inclusion of the models as a core component in such a system is widely accepted,gbnfial is
rarely realized. It is only when the model is embedded into a broader infrastructure, that the benefits of well
informed decisiogare evident.

Figure 1 shows possible configuration of a Decision Support System. Components mostly fotiredsystems
applicable fomanagemenif water systemareencircled
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Many large scale systems have reasonably well develimgidddual components of thBrimary layer with
acces to realtime telemety data andyjood model representatioftenintegrated (or linkedyvith spatial data

The next DSS layer, Data Extraction and Transformatioa ¢sucial component in system integration, as it
connects the data as generated atotsce, to the end user and analysis tookry\bftenthis transformation is

driven bythe skills of theperson performing the role of systemgineerDe pendi ng on t he per :
preferences, this function is often covered by a collectiorddfoa tools with various levels of sophistication,
starting from a most common spreadsheets, macros or simple programs. This is often tolerated because of th
lack of proven tools flexible enough to handiferent inputoutput data formats. What is ofteot assessed is

the level of confidence in the process. It is very dangerous to implicitly trust the outputs of the tools which have
not beenmethodicallytested It is even more dangerous to reuse the tools from one project to another without
understanding vital assumptions, often hemded and undocumented.

While the extraction layer needs improvemenis ioftentheR End Us er 0 p athatis naglécteddn e sy
missing all together. This is especially true &ohigh level decisiommaking audience which needs access to
aggregated datahe nost that the end users can hope to receivin@rmajority of cases is a well designed

report at the right level of detail for the problem at haksking aslightly different question will oftermean

going back tahe system engineer and waiting for another report.

Developing a comprehensive decision support system requires significant long term commitment. It is therefore
vital that the [3S is designedwith two main characteristics in mind: &lexible structurg b) Staged
implementation With the present rate of development in IT, goadticularlythe way it is applied to practical
problems, flexible DSS will ensure the inclusion of new technology and knowledfeydsecome available

and affadable.

When we talk about staged implementation, we have to recognize that in order to s&eb&#esystem to
function the fvertical d integration must be i mple
procedures and tool for accessiegtracting and transforming eéldata,a standardized way of presenting data

and a way to handle dwbc queriesin the cente of it, we need well defined communication channels. In most
cases, it is sufficient to start with a system engineer.

The additioml growth of the system will then happen by increasing the extent of each of the layers.
ImplementngaDSS i n stages provides alll stakehol der s, [
potentialand limitation,and adjust the further developmemcordingly.

3 HIBISCUS COAST WASTEWATER SYSTEM

3.1 BACKGROUND

The Hibiscus Coast Wastewater network is a significant regional collection system under pressure to provide
services to one of the fastest growing regions in New Zealand. Signifiapital investmentvork has been

carried out inthe last few years, with still more plannetihe system incorporatesore than 35&m of sewer

gravity lines,over 30km of pressurized pipelines (rising mains and inverted sipham$32 pump stations. The
largest storage capacity is withthe Army Bay TreatmentPlant, where an excess of 18,008 af treated
sewerage an be storedTo balancethe planneciecommissioning of Orewa Ponds 1 and 2, a new 3,600 m
underground offine storag tank has been built at the sitetloé new Orewa Ponds pump station.additionto

those two facilitiesthere are three smaller storages associated with StanmordiBdglls and Hobbs pump
statiors which can be utilized in wet weather conditions.

The bags for establishinga new strategy for network operatiof®livier & Macdonald 20(%), can be briefly
sumarised as follows:

e The substantial investment inr@w pipelinedown the peninsulavill separateactively operated trunk
from local gravity conndons (base for pump stations operatigns)

e Excess incoming flovinto the trunk can bé&emporarily stored in storages abbg associated with the
main pump stationéstorage filling and emptying rules)

e The Army Bay plant also provides significant inters@rage to balance outfall discgg and



e A number of crosgonnections and baakp connections are also availabléth main trunk flow
diversion options available for Weiti and Bay Street pump stations.

A working group consisting of DHIORUS, RDC and HughedManagenent has been formed to coordinate
relevant aspectsf the Strategic Planning faine Hibiscus Coastastewater systemin integral tool forstrategic
planning is a hydraulic model of the trunk sewer network.

In order to keep all stakelders informed and provide a panel for discussion, workshops are being held at major
milestones. The workshops have been a valuable component in the decision making process, enabling fran
exchange of ideas. Building a model representing such a largeigmificant infrastructure is driven by
continuous multdirectional feedback loop. Thmodel building process exposed to wider audience uncovers
differences in understanding of how the system operates, promotes exchange of information and initiates nev
investigations.

3.2 HIBISCUS TRUNK SEWER MODEL

A hydraulic model of the Hibiscus Coast wastewater network has been developed by DHI (using the MIKE
URBAN modelling software). The model is a trunk sewer model representing the core sewer network (both
gravity and pressure main) running along the Whangaparaoa Peninsula from Hatfields Beach, north of Orewa, to
the Army Bay WWTP. Additionally, the model includes a representation of the more significant local gravity
reticulation, local pump stations and pressurénméeeding in to the trunk sewer systeffigure 2 shows the

trunk model coveragand main storages
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Figure 2 Hibiscus Coast Wastewater Trunk Model

The model was originally developed to represent the system (network and laad a62001 to 2004validated

against derived flow datdrom a number of pump statien Following the integration of Orewa and
Whangaparaoa networks t he 62004 model 6 was wupdated consider
system This modelwas further validated against knowperationabehavior Overall, the qualitative validation

of the model is good with the model generally being able to reproduce the performance of the trunk system anc
smaller sewer lines with a few exceptioROC arecurrentlylooking into deployment of flow loggers to obtain
reliable gravity sewer flow data for use in quantitatively validating the model.



3.3 EVALUATION OF 2008 NETWORK OPERATING REGIMES

The inclusion of the new infrastructure which has been commissionextlseor is expected to be operational
by the end 02008 providesmajor new opportunities in network operation which needed to be investigated.
These network additions include:

¢ New pumps at Hobbs and Stanmore pump stations

¢ Inclusion of news00mmpipe fromDoyly Drive to Stanmore Bay pump station (section of planned
Poplar to Stanmore line upgrade)

¢ Inclusion of new 710mm line from Stanmore to Haldbgpassing Manly and Tindalls pump stations

e Operation of new 3 pipe inverted siplsdrom Alec Craig Way to Amy Bay WWTP

¢ Newinflow pipe to WWTP increasing the inflow capaditym current 360 I/$0 750 I/s For the first
round of regimes testing it was assumed that the plant can process continuous inflowsof 750 |
indefinitely, based on the screen design ciépac

The working group has decided to use a significeadordedstorm event to test the regimes. It was
acknowledged that the outputs of the testing are not to be used as definite assessment of the networ
performancebut simply a reasonable base fhe regime evaluation and comparison. Tike of asingle storm
eventreduced model run times and provided a suitable framework for rutimenmptentially large number of
iterations requiredo test regimesThe long term ainfall records at Wairau Vallegain gauge sourced from

North Shore City Council have been examined and a stant br a period in October 2006 and was selected

to be wused advhilatheishtstcdaparadeterof thid event hee not been determined, the storm

is consideed appropriate for regime testimgterms of network overflows frequency

3.3.1 TESTING OBJECTIVES

It is widely understood that the overall system suffers from significantweather inflowandinfiltration, with
overflows into the receiving environments at many locationslthough total containment is a desired
benchmark, it is realistic to expect some overflows in extreme weatheaystematic evaluation of the
environmental and aesthetic iaqt of existing and potential engineered overflow locations (to identify the most
and leaspreferred overflow locations) has not been undertakanthegeneral agreement on the ranking has
been agreed at the workshop.

The objective of the potential oional strategies is therefore to attempt to achieve, as far as practicable, three
outcomes:
¢ Minimisation of the total volume of wastewat®rerflows fromthe systeninto the receiving
environment;
e Overflow firstly out odcathicommansd desilrwpbdtetd of
failing that,
e Minimisation of the volume ¢teatonfl|l owed out of tF

3.4 RTC MODULE

In order to enable model to be actively controlled, a Real Time Control module for Mike Urban masdea
advanced mode. A custom DLL (Dynamically Linked Library) has been develmp&HI to encapsulate the
operational logic, obtain values for various control sensors withisytsterma nd t o Aoverri deo
controlled elements of theetwork. In this mode, the model is able to mimic the control of the network as
performed by the operators (manual and automated).

TheRTCDLL usesanexternal file for input parameters. This feature is very important in the iterative process of
regimestesting as it enables chasgef the control parameters without changing the modael.additional
advantage is that the whole process is transparenthanstate of the parameters used fosimulation is
traceable andvell documented. During the simulai, the DLL generateseparatdog files which can be
inspected to confirm that the controlled devices in the model respond to the right triggers.



3.5 REGIMES TESTING

The current operation of the network is based on the extensive local knowledge of thek ogievators from
Rodney Water and RDO.he SCADA system installed at Army Bay WWTP is mainly usedautomatically
control threebalancingSBR tankswithin the plant and ensure optimal treatment conditions.

The only location outside the WWTP that candoatrolled remotelymanually)at present ishe Bay Street

pump station. Depending on the water levels in Stanmore storage tank, flows from Bay Street pump station car
be allowed to go to Stanmore (default), or are divertethéonew Orewa Ponds pumpasibn if overflow
protection for Stanmore is requireihe rest of thenetwork has been operatedbnualy. Whi | e t he 0
practicedo operation of the net wor k iamaluabke startimgpainth e r
it is notdirectly applicable to the new infrastructure.

The working group has decided start testinghewn et wor k operations with fino
gradually increasing the number of controlled structures as and if required. The focus will be d@lingptiie
trunk pumps and gateBriefly, the operational componertan be summarized as follows:

e Successivelylatting down pumps on theain trunk line Hobbs Stanmore, Orewa Ponds)
e Utilize flow diversion options for Weiti and Bay Strgetmp stations

Several othealternativesare identified as potentiallysablef or | mpr ovi ng oper ation of

e Controllinglocal inflow lines fromArkles Bayand Weiti;
e Limiting Hobbs output to protect WWTP
e Shutting down Tindalls instead/combined witha®@more to protect Hobbs;

It is agreed that introducing new infrastructure into the model should commence once the working group is
satigied thatthe model loading (population growth and land use changes) has increased to the level which
cannot be managed by changing the way network is operating.

3.5.1 REGIMES ITTERATION PROCESS

The regimes testing process has started with two scenarios:

1. Regimelhaslegen set up as a basic Auncontroll edo netw
are available and driven by Start/Stop setpoints. The exception was inclusion of the memotd
SCADA control which can divert the flows to Orewa Ponds PS basdteotevel in Stanmore Bay
storage tank.

2. Based on the past experiences, it was expected that the most problems will occur in the lower part of the
network. Thus, the second scenario has been setalutdhe Orewa pumps early in the storm, as soon
as Sanmore shows any sign of becoming overloaded.

As the first round of simulations was expected to ghesworking group insight in how the new main trunk
functions under significant loading, the surcharges from the manholes are not modelled.

Before the teting took place, the working group has agreed on the model results presentation. A printed map of
the whole network is to be produced showing maximum recorded wates fevehanholes. To reduce the
information overload, only the manholes with WL above the ground are to be shown, categorized and visually
emphasizd. Additional information on the map needs to show the accumulated overflow volumes at pump
stations and maxinm simulated water level in storagd$is map was then used as a base for targeted detail
analysis going directly into the result files.

When the first round of regi mes was simulated wit
Street, Wéi, Terminal and Glenelg pump stations. The issue around Glenelg overflow is set aside as being a
local reticulation problem and the focus on improving the trunk performance was first placed on preventing
overflows at Bay Street.
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Figure 3 Regime testing plan

As a result of several iterations, the bestforming regimedl ur i ng t h ewa®sElecteds fofoivo r mé

1. No control required for Hobbs assimg sustained 750 I/s inflow capacity to WWTP at Army Bay

2. Stanmore should stop one pump to protect Hobbs and utilize the 800 m3 storage tank associated with the
pump station

3. Orewa pump statioshould startrimming its output to Stanmore once the Stanmore Tank starts filling.
When Stanmore tank is nearly full, Orewa should stop completely and utilize the largest storage in the
system.

4. Weiti should be diverted to Bay Street permanently

5. Bay Street should puntp Orewa PS, instead to Stanmore

The selected regime was further simulated with addition of weirs on manholes.stilie o this simulation

were processed to extratcital spills into the environment, both from constructed overflows and surcharging
manhdes. Figure 4 shows therocessedesults for the preferred regimAs it can be clearly seen, storage at
Stanmore is not being used. As there was still some capacity available at Hobbs, it was decided to adopt th
current regimes with possible furtherirfment in Stanmore Bay shutdown trigger levels.
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Figure 4 Presentation obverall results for the preferred regimes

Detailed information on testinigeratiors and outcomewaspresented tall stakeholderat a workshop, wherie
wasdecidedto move on to theext stages of the model developmeXg.a first priority, the storage utilization

within WWTP will be modeled and its effects on the seleasegime will be investigated. Further regime
refinement may be necessaegpecially controlling Hobbs PS output. Once the new optimal refimer 6 Te s
St o rhasdbeendentified the nextstageis to assess the statistical performance of the network, i.e. the
frequency and volume of spills into the environment over a givendgerio

3.5.2 FURTHER DEVELOPMENT

It is widely accepted by all stakeholders that the current stage in o@ddbpments onlythefirst step towards
more comprehensive systahat would support decisions at all levelie second stage for which the work has
alrealy beerplannedwill include:

o Development of the results presentation environment which would provide access to level of detalil
required for the problem being investigated. A web based solution developed by DHI, Dashboard
Manager (DBM) will beimplementecbn the RDC Intranet. The DBM will providsccesgo simulated
results at the different levels, from overall system performance in terms of overflows and storage
capacity, to details on pump operations anktseries at specific locations.

¢ Deployment offlow meters to provide calibration data and increase confidence in model outputs

¢ Investigating impact ofvaste wateoverflows intothemarine environment.

4  WAIKATO FLOOD FORECAST SYSTEM

4.1 BACKGROUND

Accurate and reliable flow forecastiggstemforms an important basis for efficient redathe river management,
including flood control, flood warning, reservoir operation and river regulation. In order to achieve this
objective, it has become a common practice to apply GIS based software thatésteigta management and
forecast modelling tools in a single environment known as a data management and forecast modelling shell
Such shells incorporate the ability to configure links to telemetry, manage and examiimeakdta, register
forecast modlling tools, carry out manual or scheduled forecast simulations, examine the results and publish
selected data to a range of media; including web, faxaieand SMS for mobile phones. Moreover, the systems

can be used to carry out scenario analysesavige early flood warning flood alleviation and other.



The combination of a resilient and robust forecast modelling shell and a forecast model tool that incorporates ar
accurate and fast updating technique constitutes a strong tool that can be Used tahagers to provide vital,
sometimes life saving, information to local authorities

4.2 INTEGRATED DATA MANAGEMENT AND FORECAST MODELLING SHELL

Based on the concept for the existing MIKE FLOODWATCH, which has been applied in numerous projects
world-wide, DHI Water & Environment has developed a new, modern and extremely robust forecast modelling
shell with the objective to integrate data management, forecast models and dissemination methodologies in :
single systemthus providing a base of adigon support system

The system, which is based on the common water resources relational database for management and storage
data, is fully integrated into ArcMap GIS from ESRI, hence taking advantage of the newest GIS technology
available on the m&et including modern scripting facilities and fast and robust methods for visualisation and
processing of geographical data.

Realtime data including meteorological forecasts, radar imagery and telemetry data can be imported into the
database and used agpit to hydrologic and hydraulic forecasting models.

In order to ensure a high level of openness and flexibility, the forecasting shell system makes consistent use o
the EUROTAS industry file format for model interfacing. The systems may be used tdeeargunodel type
including meteorological weather models, hydrologic models, hydraulic and hydrodynamic models, advection
dispersion models, water quality models, forecasting models, error forecast models and others. Alternatively,
models from other supipks may be registered with MIKE FLOODWATCHd run within this environment.

System tasks such as import of riale data from remote data acquisition stations, execution of forecast
modelling tasks or dissemination of selected results to relevant g&igese5) are handled consistently using a

task scheduler that facilitates definition of the above tasks as well as common system tasks such as databa:
maintenance and deletion of old instances of forecast modelling tasks, log messages etc.

Access resictions can be defined for each user or group of users, hence making it possible to ensure that only
suitably qualified and experienced staff can gain access to the parts of the system that require particular know
how. In turn, this adds to the philosopbfyoffering an extremely robust system that can operate in a range of
user environments

Real-time data Dynamic
model input
Telemetry database MIKE FLOODWATCH Modelling Tools
D> < g ArcMap GIS platform Adydrologic models

AData management Aydraulic models

On-line Off-line

data data
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Figure 5 MIKE FloodWatch links telemetry to models and automatically runs forecast operations

4.3 FORECAST APPLICATION TO THE WAIKATO RIVER

The Wai kato River is New Zealandébés | ongest River.
headwaters in Lake Taupo, from where it flows through a cascade of nine hydropower stations before emerging
from Lake Karapiro just upstream of Canuyé.Approximately 65%of its 14,250km* catchment isegulated



through hydropower generation. Flows originating from the hydro power cascade are generally regulated, though
flood storage within the system is not sufficient to completely prevent floods.

In contrast, the uncontrolled Waipa catchment, which has an area dk29aRdformsarounds5%of the total
unregulated catchment, is a source of concern for flooding in its own catchment and in the lower catchment
downstream of Hamilton. One of the e objectives of flood management is to utilise flood storage within the
hydro system to ensure that peak flows from the Waikato and Waipa Rivers do not cdihcidleatchment
incorporated in the system is PIAK@oveing 1315 kni of mainly farmland PIAKO model has not been yet
calibrated.

Major floods have occurred in 1958, 192804 and most recently August 2008ausing millions of dollars in
damage as well as significant social costs.

Environment Waikato is the regional authority charged with taragement of the rivers within its jurisdiction.

Flood control works comprise a series of stopbanks (levees), flood gates, spillways and pumping stations. One o
largest flood control schemes is the Ranglrtake Waikere scheme. This scheme utilizes titergial storage of

Lake Waikere as a buffer to mitigate flood levels in the WaiRiter downstream of Rangiriri. The scheme
operates by allowing flood waters to pass over a spillway (totalling 1.8 km in length) built into the stopbanks and
flow overlandinto the lake. Once flood discharges in the river have receded, water stored in Lake Waikere is
returned to the river via a set of radial gates at the northern end of the lake, which allows flows to pass into a
floodway and ultimately via the WhangamarM&etland back into the Waikato river at Meremere.

Spillway flows must pass over the main State Highway No. 1, linking Auckland to Hamilton. Efficient operation
of the scheme as well as the need to warn road users of impending highway closure are keyfae#s®on
implementation of a flood forecasting system for the Waikdtopa catchmentand most recently Piako
catchmentOther key reasons are to provide general flood warnings for flood prone rural and urban areas, and to
enable management of the hydsower cascade to minimise flooding downstream. The latter is done in
conjunction with Mighty River Power Ltd, the manager of the hydro system.

Photograph 1: Cars on State Highway 1 during the operation of the Rangiriri spillway

431 FORECAST MODELS

The basis for the flood forecasting system dmeeéhydrological and hydrodynamic models based on the MIKE
11 modding system, develped by DHI:

¢ Waipa catchment upstream of the Waikato confluence at Ngaruawahia
¢ Waikato from the end of the hydropower caeat Karapiro to the river mouth; and
¢ Piako catchment



