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Greater Wellington - Water 

Asset Management Plan Update 2008 

1. Preamble 

The current water supply asset management plan is dated November 2004.  It is based on 
population projections published by Statistics NZ in 2002.  In February 2005 revised 
population projections were published, and in 2007 these were revised again.  The large 
increase in these population projections has negated much of the content of the 2004 AMP.  
Further information on changes in population forecasts is contained in section 4.1.1. 

In 2005 work began investigating possible additional sources of water as well as methods 
of managing demand.  These investigations are described in section 4.1.3 (d).  The initial 
investigations have been completed, but because of Greater Wellington Regional Council’s 
(GWRC) unique position as a water wholesaler, any decision on a future strategy for water 
supply and/or demand management must be made in conjunction with the four customer 
Territorial Authorities (TAs).   

In parallel with the investigation of future supply options GWRC is developing, in 
conjunction with all the TAs within the region, a Wellington Region Water Strategy 
intended to cover all aspects of water management including options for public supply and 
opportunities to reduce public consumption.  It is intended to consult publicly on this 
strategy in parallel with consultation on the 2009/19 LTCCP.  Until this future strategy is 
confirmed it is not possible to be definitive about future asset requirements. 

2. Introduction   

Greater Wellington Water (GWW) is currently consulting with the cities of Upper Hutt, 
Porirua, Hutt and Wellington on the issues of a regional strategy for water supply and/or 
demand management and the next major water source to be developed for the regions 
water supply. A full review of the Asset Management Plan (AMP) is not practical until 
after this process is completed (expected around June 2009) since until a strategy is agreed 
upon a forward plan of capital works cannot be developed.  

The purpose of this document is to provide an update of sections of the 2004 AMP which 
are significantly out of date, and which are not likely to change in the near future. These 
include: 
 
4.1.1 Forecast demand  
4.1.2 Risk assessment 
4.1.3 Demand management strategies 
6.3.2 Capital extensions and renewal expenditure 
6.4 Asset valuation 
7.0 Improvement plan 
 
Appendix B – Water Supply system models 
 
The following sections should be treated as an addendum to the existing Asset 
Management Plan published in November 2004.  
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4.1.1 Forecast demand 

Historical trends 

The historical daily and annual water consumption statistics in Figure 5 and Figure 6 
respectively show a similar trend of a gradual increase in demand since 1995.  
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Figure 5: Daily water demand trends (source #560156) 

0

10000

20000

30000

40000

50000

60000

70000

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008

Year ending 30 June

D
em

an
d 

(M
L)

UHCC PCC HCC WCC

Major WCC leak

 

Figure 6: Annual water demand trends (source #560156) 
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Data from approximately the beginning of February 2006 to the middle of September 2006 
were affected by a major leak in the central Wellington system. It has been estimated that 
the 2006 and 2007 annual consumption figures shown in Figure 6 were inflated by 
1300 ML and 700 ML respectively because of this leak. If this loss is taken into account, 
the total annual consumption has been increasing at an average of 0.4% p.a. since 1995 
(224 ML p.a.). 

However when the increase in population is taken into account a slight decrease in water 
use per head of population is revealed, as shown in Figure 6a below.  Over the whole 
region the rate of this decrease over the period 1995 to 2008 is approximately 0.8%. 
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Figure 6a: Average day per capita demand trends (source #560156) 

The gradual decline in system wide per capita demand is dominated by the Wellington City 
and Hutt City reductions.  Porirua City has shown the opposite trend since 1995, although 
its per capita consumptions remains the lowest of the four cities.  Upper Hutt City had an 
increasing trend between 1995 and 2002 that was reversed in 2002 when active leakage 
reduction measures were adopted by the city.  

Declining per capita demand is most likely due to a range of factors, including gradual 
uptake of conservation measures such as water efficient household fittings and appliances, 
generally improving community attitudes to water conservation through marketing and 
education campaigns, better management of reticulation systems, and a reduction in garden 
sizes through infill housing and apartment developments. The increasing PCD trend for 
Porirua City may be a result of a greater proportion of “greenfield” developments, 
compared with infill development in the more established Wellington and Hutt City 
suburbs. 
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Population growth 

At 30 June each year, Statistics New Zealand produces an estimate of the New Zealands 
usually resident population in urban areas including Upper Hutt, Lower Hutt, Porirua and 
Wellington Cities. These areas closely approximate the area supplied with water by GWW. 
These population estimates are based on census counts updated for births, deaths and net 
migration and are shown in Figure 7 for the period 1996 to 2008.  The estimated 
population supplied as at June 2008 was 382,000.  

Statistics NZ also provides regular projections of future populations over a 25 year period.  
Low Medium and High projections are published, and GWW forecasts of future water 
demand use these projections directly. Population projections were published in 2002, 
2005 and 2007, increasing each time by about 4%, with a 10% increase overall.  These 
changes are illustrated in Figure 7a below, which shows Medium and High projections 
published in 2002, 2005 and 2007. 
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Figure 7a: Comparison of Statistics NZ Population Projections published in 2002, 2005 and 2007                
(source #603220) 

Figure 7 below shows the 2007 Low, Medium and High population projections and also 
the mean of the Medium and High, which has been adopted by GWW as the basis for 
future planning. 
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Figure 7: Population projection (source #560192) 

The low and high projections reflect more conservative and optimistic demographic 
scenarios respectively. Projections do not take into account non-demographic factors (e.g. 
war, catastrophes, major Government and business decisions) that may invalidate the 
projections.  

There are no confidence intervals put on the population projections, and although the 
medium variant projections are considered the best at the time of their production, the low 
and high variant projections should also be considered equally valid. The assumptions 
adopted with these projections result in a significant difference in the total population 
between the low and high variants over the next 20 years. GWW has adopted the mean of 
the medium and high projections for planning purposes because it is seen as slightly 
conservative without being extreme. 

Figure 7 also shows the current sustainable population, that is, the population which the 
Sustainable Yield Model (described below) indicates can be supplied with a 2% risk of 
shortfall.  A 2% risk of shortfall has been adopted by GWW as a Service Level after 
consultation with its customers.  However it should be noted that this level of service is 
currently being discussed with the customers and could be changed. 

Demand forecast 

GWW utilises two models to analyse water demand and the capability of raw water 
sources and the water supply system to meet different demand scenarios (a full description 
of the models is included as Appendix B). 

• The Sustainable Yield Model (SYM) is a daily supply model that takes into account 
climatic conditions, demand, population, river flows, aquifer storage, reservoir storage, 
and system constraints. The model can be used in a Monte Carlo simulation to generate 
up to 10,000 two-year replicates to assess system reliability. A system annual 
probability of failure, daily demand shortfall, and shortfall quantity estimates can be 
derived for given population projections. Scenario modelling is used to assess the 
impacts of system constraint and source changes in relative rather than absolute terms. 



 

GWW Asset Management Plan 2008 Update  6 

• The Hydraulic Model of the supply system is used to assess segment capacities, aiding 
decision-making on hydraulic aspects of the system.  

The 2007 update identified a gradual decline in per capita demand (PCD) over the nine 
year period 1997 to 2005. The uncertainty associated with how long the decline may 
continue was managed by preparation of three PCD series for scenario assessment: high, 
medium and low, with long term means of 452 L/p/d, 427 L/p/d and 402 L/p/d 
respectively. The medium series has been adopted for planning purposes (refer 
Appendix B for additional detail).  Figure 6a shows per capita demand trends since 1995 
for the four cities supplied by the wholesale water supply.  The average per capita demand 
over the period 1995 to 2008 is 420 L/p/d, including an adjustment for the Wellington City 
leak. 

The SYM is estimated as having an absolute accuracy of ±10% for 95% of the simulated 
values it calculates.  Comparing this value with the 10% error arising from the demand 
data suggests that the demand data is the major source of model error.  This is not 
surprising, given that the demand model is attempting to replicate human behaviour. 

4.1.2 Risk assessment 

GWW undertakes risk assessments to identify events that may impact on the achievement 
of the KPI’s related to meeting water demand (refer Table 1 of the 2004 AMP), which are:   

KPI 1 Sufficient water will be available on a daily basis to meet the 1 in 50 year return 
period drought situation  

KPI 2 Customer service reservoirs are maintained at least 70% for greater than 90% of 
the time, and at least 60% full for greater than 98% of the time. (N.B. this target 
has been modified since 2004 and requires a higher standard of compliance) 

KPI 3 Compliance with resource consents issued for water abstraction.  
KPI 4 Water conservation education programme implemented. 
KPI 5 Water supply infrastructure upgraded (and maintained) to ensure water demand 

is met. 
 
GWW use the SYM to assess risks associated with providing sufficient system capacity to 
meet forecast increases in demand, which impacts directly on the achievement of KPI 1, 
KPI 2 and KPI 3 and indirectly on the demand reduction targets for KPI 4. 

The model can be used in a Monte Carlo simulation to generate 2000 two-year replicates to 
assess system reliability. A system annual probability of failure, daily demand shortfall, 
and shortfall quantity estimates can be derived for given population projections. Scenario 
modelling is used to assess the impacts of system constraint changes in relative rather than 
their absolute terms. A comparison of failure probability against the GWW 1 in 50 year 
standard for the system can be made. 

The SYM indicates that a 1 in 50 year event (2% annual failure probability) can be met for 
a Wellington urban population of approximately 364,000.  Note that a failure is defined as 
the occurrence in any one year of at least one day when insufficient water is available to 
meet the modelled demand.  The annual shortfall probability for various populations is 
shown in Figure 8.  
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Figure 8: Annual shortfall probability (source #561078) 

The population of 364,000 supported at 2% shortfall probability is 13,000 less than 
previously thought. This is a 3% reduction from the previously published value of 377,000, 
and is largely due to the revision of the rainfall-runoff model by NIWA in 2006. The 
revised model makes use of advances in hydrological modelling techniques that exploit 
spatially distributed types of information now available.  Results from the new model 
suggest original estimates for river flows were on average over-estimated. 

Based on the latest Statistics New Zealand population estimates, 364,000 was exceeded in 
2003 (2005 at the upper 90% confidence level).  The current estimated shortfall probability 
(population 382,000) is 3.9% or 1 in 26 years.  This represents a breach of KPI 1. 
Improvements to the SYM and the rapidly growing Wellington population discussed above 
have both contributed to this failure.  Investigation of options to upgrade the wholesale 
water supply is discussed in section 4.1.3 (d).  

4.1.3 Demand management strategies 

a) Demand management 

GWW utilises a number of demand management tools to delay the need to develop 
additional water sources or to fund increases in system capacity. However, as a wholesale 
supplier of treated water, the options available to GWW for introducing measures that 
require a specific response from consumers are limited, because there is no direct interface 
with the end users.  The following are some of the demand-side measures GWW has been 
involved with to date: 

� Market research:  GWW has an ongoing commitment to improving our 
understanding of end-user perceptions and attitudes about water. A major research study 
was completed in December 2007. The study aimed to determine levels of motivation to 
conserve water, what respondents were already doing to conserve water, what they would 
be prepared to do and their broad preferences between supply augmentation and demand 



 

GWW Asset Management Plan 2008 Update  8 

management options. There were many findings of the study, however some of the key 
messages were: 

� Water is important, but there are low perceptions of risk of a supply shortage 
occurring, and overall low awareness of restrictions. Drivers to behaviour change 
are a real crisis or shortage, not potential future problems. 

� Most people claim to already make some form of water saving measure, and would 
do more to conserve water if there was a real shortage. The main barrier to water 
conservation is perceived lack of need. The perceived cost, time and effort to 
implement actions also limit greater efforts. 

� Opposition to water meters is strong when the user-pays aspect is highlighted. 
Gaining acceptance for meters would be extremely difficult in the short term given 
resident’s perception that there is a low risk of water shortages. 

The questions relating to perceived level of risk were repeated in a survey in May 2008 
following the dry summer of 2007/8.  A significant increase in the perceived level of risk 
was found, which reinforced the December 2007 conclusion that drivers to behaviour 
change in a real crisis or shortage. 
 
The report’s findings will be used to guide future water conservation initiatives and the 
mix of supply and demand-side measures to be incorporated in water supply strategy 
discussions. 

� Water conservation: Water use in the Region’s urban areas is relatively stable for 
approximately eight (winter) months of the year. Average summer demand is around 15% 
higher than average winter demand.  However, daily demands can be as high as 150 
percent of the average day.  The primary cause of summer peaks is garden watering.  
Occasionally, very high daily peaks come close to the capacity of treatment and 
distribution assets.  Consistently high demand over several weeks, particularly in late 
summer, requires the use of stored water, depleting reserves.  GWW water conservation 
activity therefore mainly targets high summer demands caused by garden watering. 

Since the 1990s, GWW has run an annual campaign to raise awareness about the 
relationship between water supply and demand during summer and to promote a range of 
easy-to-use water conservation measures. This work has targeted both immediate 
behaviour change and the maintenance of more water-efficient gardening behaviour over 
time. 

The actions promoted via the GWW campaigns have been endorsed by gardening experts, 
with the aim of increasing water use efficiency rather than asking gardeners to use less 
water without regard for the health of their plants. Campaigns have been consistent in that 
approach since 1997, while adopting a variety of mass-communication tools to deliver the 
message. 

Both qualitative and quantitative research has been undertaken at intervals since 1997 to 
gauge the impact and guide the development of conservation publicity. Results indicate 
useful progress in raising awareness of the issue of water conservation in relation to garden 
watering. 

In 2007, Council approved a significant increase in funding for water conservation.  In 
2007/8 the funding was used for a spring garden mulch promotion, and the market research 
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described above. Future initiatives are being reviewed, and may include a trial promotion 
of water efficient household fittings as well as a continuation of the spring mulch 
campaign. 

� Wellington Regional Water Strategy:  In mid 2008 a new initiative was promoted 
at a senior level within GWRC to develop a region wide water management strategy for 
water in all its forms.  In the context of public water supply, the key debate that this 
strategy will introduce is that between investment in the installation of water meters, 
expected to reduce consumption by at least 15%, and investment in new sources of water.  
Since water meters would be funded by the TAs, this debate must involve them directly.  It 
is expected that this issue will not be resolved until well into 2009, and given the probable 
need for public consultation, perhaps not until 2010. 

� Education:  GW has for many years sought to raise the level of knowledge in the 
community about the value of water.  This has been done by funding educational resources 
for schools, providing tours and presentations at our treatment facilities and producing 
general background information about the regional water supply system, which is made 
available in print form and via GW’s web site.  Providing learning opportunities for 
children is intended to promote ‘water-wise’ behaviours early in life and will hopefully 
result in these behaviours becoming the norm. 

GWW provided support for the development of GW’s “Take Action for Water” 
environmental education programme, which provides hands-on learning for 8-12 year olds 
and is related directly to their neighbourhoods and experience.  An additional education 
resource package is being developed in 2008.  This package is aimed at encouraging 
primary school teachers to study water supply and conservation issues with their pupils, 
and undertake class visits to a GWW water treatment plant.  

� Water use restrictions: A stepped water restriction strategy1 has been in place since 
October 1996. It lists trigger points for a range of actions, to be undertaken jointly by 
GWW and our customers if needed, to elicit greater effort to conserve water by the public. 
The action trigger points for restrictions are demand based without reference to availability 
of source water, and therefore must be carefully applied.  Since 2004 and the development 
of the Karaka model (see below) we have also taken source water availability into account 
when considering the need for demand restrictions.  The summer of 2008 saw the first use 
of a sprinkler and fixed irrigation ban since 1985. 

With the help of NIWA, the Karaka model was developed in 2004. The model is based on 
the Sustainable Yield Model, and provides a probabilistic forecast of Stuart Macaskill lake 
storage levels.  It uses the three-month predictions for river flows published by NIWA in 
Climate Outlook, as well as information about current storage levels.  It also has the 
capability of assessing the impact of proposed demand restrictions.  

We are currently discussing with the customer TAs a more appropriate set of water use 
restriction triggers that will include a range of inputs, including time of year and the 
modelled probability of exhausting raw water reserves. 

� Measurement for management: Maximum utilisation of assets can be achieved if 
wastage and loss of water can be minimised.  GWW upgraded to more accurate ‘Magflow’ 
meters for the recording of supply volumes in the late 1990s.  Water take and treated 
volumes are monitored on a daily basis and supply volumes weekly, and these figures are 
                                                 
1 WRC Bulk Water Department, Water Conservation Crisis Strategy, October 1996 
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used to track non-revenue water.  Unaccounted-for water between treatment and supply 
has been less than 1 percent of the treated volume since June 2000.  The potential for loss 
is greatest from the complex reticulation networks that are owned by the territorial 
customers.  Accurate supply volume figures for our points of sale to the customers are a 
necessary starting point for the customer TAs programmes to identify and reduce losses 
within their systems.  

b)  Risk management 

A system redundancy policy of N-1 means there is one level of redundancy in a system, an 
N-2 policy means there are two levels of redundancy.  The Council has adopted an N-1 
policy for supply of water.  One of the three main water treatment plants could be out of 
commission and sufficient water would still be available to meet the basic needs of the 
community under most circumstances.   

The basic quantity of water required is approximately 130 ML a day.  If this is the 
maximum quantity available, then conservation measures will be required to reduce 
demand to this level.  For example, a complete ban on garden watering and a call for water 
to be conserved may be required.  The Gear Island WTP, which is a standby plant, can be 
used to supplement supply if Waterloo or Wainuiomata is out of commission. 

c)  System monitoring and operation 

To improve the accuracy of demand forecasts GWW will periodically review and update 
all demand related data and enhance the sophistication and accuracy of the SYM Demand 
Model. 

Telemetry and system control upgrades are continuously being implemented to improve 
the operation and reliability of the system. Increased sophistication provides opportunities 
to balance and smooth demand, to make optimum use of upstream facilities including the 
treatment plants and the limited water availability. 

A sophisticated control system called the Derceto Optimiser manages pump and source 
selection.  This system forecasts daily demand and schedules pumps and sources to 
minimise costs while keeping service reservoirs above their minimum level.  Stage 1 of 
this system (Wainuiomata/Waterloo) was installed in 2001 and stage 2 (the whole 
distribution network) in 2008.  The programme now controls all supply and pumping, 
optimising costs by selecting the cheapest source water and the most favourable electricity 
tariff periods.  During periods of high demand it will optimise pipeline capacity by 
scheduling reservoir fill times in the most efficient manner. 

 

d)  Water system upgrading 

Since the sudden increase in projected population by Statistics NZ in February 2005 
considerable work has gone into investigating possible options for increasing the 
availability of raw water. 

Short-term improvements 
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� Reduced residual flow at Kaitoke weir:  A number of scientific studies of the 
ecological impacts of reducing by 50% the minimum residual flow downstream of the 
Kaitoke weir have been completed.  The methodology used in these studies was agreed 
with ecological stakeholders, and the results have been shared with them.  Stakeholder 
comments on these reports are currently (December 2008) being considered.  It is 
expected that a resource consent application will be submitted in mid 2009, and, if 
approved, the new consent will be in place before the 2010 summer demand period. 

� Increased capacity in the Stuart Macaskill Lakes:  A preliminary feasibility study 
indicated that increasing the storage capacity of the Stuart Macaskill Lakes by 
approximately 400 million litres is feasible.  However the lakes are located very close 
to the Wellington fault, and a detailed study of the near fault seismic hazard has been 
commissioned to ensure that increasing the capacity of the lakes does not increase the 
risk of failure.   If these studies show this to be the case, and if approval to proceed is 
received, it is anticipated that the increased capacity could be in place within two years, 
i.e. by mid 2011. 

� New treated water reservoir in Prince of Wales Park:  Construction of a large 
treated water reservoir in Prince of Wales Park, Mt Cook jointly funded by Wellington 
City, Capital and Coast District Health Board and the GWRC is being considered.  This 
would provide some strategic benefits by providing additional water for very short term 
demand peaks.  However confirming the funding split and coordinating funding 
priorities between the three partners has been very difficult and despite four years of 
discussion has not been achieved.  The current position is that the project has been 
deferred until at least 2012. 

Medium-term improvements 

� Development of the Upper Hutt aquifer:  Studies of historical data suggest that there 
is a potential to extract water from an aquifer underlying Upper Hutt City.  To confirm 
this four investigation bores were drilled and a comprehensive range of water quantity 
and quality tests run.  The numerical model based on the test results indicates that up to 
24 million litres a day, sufficient to supply up to 40,000 people could be available.  
However, because the aquifer is very shallow, it is closely connected to the Hutt River, 
and extended abstraction would reduce flow in the river, with possible environmental 
impacts.  These impacts are currently (December 2008) being studied. 
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Long-term improvements 

� Development of storage dams:  Detailed feasibility studies of three possible dam 
sites, indicated by preliminary studies to be the most suitable, have been completed.  
The sites were: 

 
� The Pakuratahi River valley 
� Skull Gully in the Wainuiomata River water collection area, and 
� The Whakatikei River valley 

 Comprehensive studies covering hydrology, geology, seismic risk, engineering, 
terrestrial ecology, aquatic ecology, cultural, recreational and heritage aspects and cost 
have been completed.  Multi criteria analyses workshops based on the results of these 
studies were carried out with three groups: 

 
� Senior GWRC staff 
� Senior water supply staff from the TAs, and 
� GW Councillors 

 Each of these groups independently reached the conclusion that the Whakatikei site 
was the best option and GWW has officially adopted this site as its preferred option, if 
and when a storage dam is required. 

Summary 

GWW is currently (December 2008) actively working on gaining consent for a reduced 
residual flow at Kaitoke and on feasibility studies for increasing the capacity of the Stuart 
Macaskill Lakes.    Work on the environmental impacts of the development of the Upper 
Hutt aquifer is also progressing.  Work on the Prince of Wales Park reservoir is currently 
on hold because Wellington City Council considers it a low priority for funding. 

What options are finally pursued and their timing will depend on decisions taken regarding 
the Wellington Regional Water Strategy and whether or not a commitment is made to 
achieve significant reductions in public water use. 
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6.3.2 Capital extensions and renewals expenditure 

The forecast capital and renewals expenditure is shown in Table 9.   These figures are in 
draft form and are subject to public consultation. 

The budget for routine renewal and refurbishment expenditure totals $33.28M over the ten 
year planning period.  The annual budget varies between a $1.8M in and $5.15M. 
 
Proposed capital expenditure on new sources totals $52.5M over the ten year planning 
period, peaking at $7.6M in 2017/18.  However it should be noted that the timing of 
investment in new water sources may be significantly impacted by decisions taken with 
regard to demand management in the context of the Regional Water Strategy.  For 
example, a reduction in per capita water use by 15% could delay the need for the proposed 
Whakatikei dam by 20 years, and also defer the need for the Upper Hutt aquifer 
development.  The budget in Table 9 represents the most conservative (highest 
expenditure) case. 

Proposed expenditure on measures to reduce GWW carbon emissions is $4.52M.  GWRC 
has recently adopted a plan for climate change mitigation.  This plan includes a target for 
Water supply to reduce its emissions (by reducing power consumption) by 15% by 2012.  
It is proposed to achieve the bulk of this reduction by installing electricity generators at Te 
Marua and Wainuiomata.  These generators will utilise surplus pressure and/or flow 
available in the raw water pipelines. 
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Wholesale Water Operating Plan - Capex Projects 200 9 - 2019 

In base (2009/10) dollars

Category Project Total      2009-
19

09/10    $x000 10/11    $x000 11/12    $x000 12/13    $x000 13/14    $x000 14/15    $x000 15/16    $x000 16/1 7 17/18 18/19

Sources Kaitoke Strainers Refurbishment 150   50 100
(Profit Centre 66820) Kaitoke Intake screens replace/refurbish 100  100

Orongorongo source monitoring 70 70
Te Marua Roading reseals 100 100
Lakes underdrain flow monitoring 100 100

Sources Total 520 70 100 50 200 0 0 100 0 0 0
Treatment Plants TM WTP replace equipment 3,000 300 300 300 300 300 300 300 300 300 300
(Profit Centre 66830) Waterloo WTP replace equipment 1,000 100 100 100 100 100 100 100 100 100 100

Waterloo lightning protection 15 15  
NaeNae & Gracefield VSD 100 0 100
Wainui WTP, Road reseals 100  100  
Wainui WTP replace equipment 1,300 130 130 130 130 130 130 130 130 130 130
Gear Island Replace Equipment 400 40 40 40 40 40 40 40 40 40 40
On site chemical generation 0
WTPs Unplanned Minor Replacement/Refurbishment 2,150 200 200 200 200 200 200 200 250 250 250

Water Treatment Plants Total 8,065 785 870 770 870 770 770 770 820 820 820
Pipelines  
(Profit Centre 66840) Valve Replacement 790 70 70 70 70 70 70 70 100 100 100

Warwick St isolation valve 50 0 50
Replace air valves on Kaitoke/Karori main 500 500
Replacement Kaitoke Main on SS Bridge 885     445 440
Manor Park branch replace AC 120  20 100
Kaitoke Main - Relocate Haywards to Brittens 500  500
Replace Sar St Rising Main 200 200
Seismic repair stocks 200 50 50 50 50
Pt Howard suction main replacement 1,000  100 900
OK Main recommissioning - Stage 2 250 250
Warwick St PS suction main 200 200
Replace Kingsley Branch 400 50 350
Replace 750 CI main through Wainuiomata  8,000  100 1,000   400 2,500 2,500 1,500
Cathodic Protection 350 50 100 100 100

Pipelines Total 13,445 920 370 1,320 1,140 170 720 2,920 3,045 2,040 800
Pump Stations TM PS Replace equipment 400 400
(Profit Centre 66850) Pump Station Remachining (non-specific) 200 100  100

Emergency PS  Ngaio 170 20 150
Ascot Park Pump Station (new) 120  120

Pump Stations Total 890 120 150 0 0 0 0 500 120 0 0
Reservoirs 

Ngauranga Res inlet control valve replacement 70 0 0 70
(Profit Centre 66860)        
Reservoirs Total 70 0 0 70 0 0 0 0 0 0 0
Monitoring and Control Meter Replacement/Additions 580 130 30 30 30 60 60 60 60 60 60
(Profit Centre 66870) Telemetry System Development 400 100 100 100 100

Control System Replacements 1,000 100 100 100 100 100 100 100 100 100 100
Trunk Network Development 220 20 200
Waterloo Replace PLC - Stage 2 75 75
GI Software Upgrade 25  25
Control System security 50 10 40
Alarm System upgrade 25 25
System Optimiser Stg 2 (3) 105 105
SYM Upgrade 400 200 200

Monitoring and Control Total 2,880 565 495 430 230 160 160 160 360 160 160
Miscellaneous   Minor Work 4,800 300 500 500 500 500 500 500 500 500 500
(Profit Centre 66880) Emergency Connections 0 0

TM Fault Movement Mitigation 100 100   
Wainui workshop/storage development 300 100 100 100  
TM Pump As Turbine Project 0
Upgrade for Hazard protection (seismic flooding etc) 1,900 100 200 200 200 200 200 200 200 200 200
Raroa Rd tunnel pipes relocation (Bell Rd) 150 150
Raroa Tunnel roof repair 50 50
Wainuiomata Isolation Valve - Kaiwharawhara 110 10 100  

0
Miscellaneous Total 7,410 810 900 800 700 700 700 700 700 700 700
Totals 33,280 3,270 2,885 3,440 3,140 1,800 2,350 5,150 5,045 3,720 2,480  
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Water Supply Major Development
(Profit centre 662) Raise Stuart Macaskill Lakes 5,500 1,800 3,500 200  

Upgrade Haywards PS 3,500 100 1,900 1,500
Network valve upgrades 300 300
CBD Reservoir Development 4,000 200 1,100 1,200 1,500  
Develop Upper Hutt Aquifer 16,900 100 0 500 3,000 10,000 3,000 300
Takapu and Maldive St PS 11,800    300 5,000 5,000 1,500
Whakatikei Dam 10,500 300 800 1,400 2,600 5,400

Total for Water Supply Major Development 52,500 2,000 5,400 2,700 4,100 11,200 4,800 1,400 6,400 7,600 6,900

Renewable Energy Projects
(Profit centre 662) Wainui Mini Hydro Generation 1,840 1,600 240     

Te Marua Mini Hydro Generation 2,500  1,000 1,500   
Upper George Creek Pipeline replacement 150   150
Upper George Creek intake scour 30   30   

Total for Renewable Energy Projects 4,520 1,600 1,240 1,680 0 0 0 0 0 0 0

Overall Total 90,300 6,870 9,525 7,820 7,240 13,000 7,150 6,550 11,445 11,320 9,380  

Table 9:  Capital and renewals expenditure projection 
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6.4 Asset valuation 

6.4.1 Background 

Assets are valued at the component level (approximately 6,000 components) and the 
information is held in the Valuation Module of the Hansen AMS.  Assets were first valued 
at this detailed level in 1999, were re-valued as at 30 June 2004 and again as at 30 June 
2008. 

These valuations have been carried out by Registered valuers in accordance with the 
requirements of the “New Zealand Infrastructure Asset Valuation and Depreciation 
Guidelines” and Financial Report Standards current at the time of the valuation. 

The value of these infrastructure assets is contained in the FMS as a one-line entry.  
Depreciation is run in Hansen at the end of each month and reported to the Finance 
Division who incorporate it into the monthly accounts run in the FMS. 

The value of assets is reported in the Statement of Financial Position (Balance Sheet) and 
is one measure of the worth of an organisation.  The fundamental accounting principle is 
that the values reported in the financial statements of an organisation must give a true and 
fair view of the financial situation of an entity, both in terms of its performance and worth. 

6.4.2 Asset ownership rationalisation 

Some of the infrastructure used in the wholesale water supply system dates as far back as 
the 1880s and its use in some cases has changed over time.  Accordingly, there are some 
assets that, with the change in use would be better owned by the customers.  Likewise, 
there are a small number of customer owned assets that could be better managed as part of 
the wholesale water supply system.  Assets currently identified include: 

� The cast iron 525mm diameter cast iron pipeline between Thorndon and Ngauranga 
used by the Wellington City Council (WCC) but owned by GWW. 

� The 2.17 ML reservoir at Karori that serves as a WCC service reservoir but previously 
served as a chlorination contact tank, and is owned by GWW. 

� The pipeline from Thorndon to Macalister Park owned by the WCC is essentially a 
wholesale pipeline in size and function.  GWW keeps spares for this size of pipe and 
has the expertise to carry out repair work on it should this be required. 

In 2006 it was suggested that ownership of the Karori reservoir should be transferred to the 
WCC.  However they declined on the grounds that it was too small for its purpose and 
WCC had (undefined) plans to replace it.  

Ownership of these assets may be changed should opportunities arise which would 
facilitate this.  However in the short term the status quo is expected to remain. 
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6.4.3 Current replacement value 

Table 11 lists the replacement value of Wholesale Water Infrastructure assets as at 
30/6/2008 broken down by asset type and location. 
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Wholesale Water Assets
Summary of Valuation
Replacement Values as at 30/6/2008

Location Equipment 
Assets

Fluid  Storage 
Tanks

Miscellaneous 
Plant Assets

Wells Water Mains Miscellaneous 
Water Assets

Reservoirs Valves Total

Treatment Plants
Te Marua Water Treatment Plant 23,416,143 20,576,100 18,121,428 6,425,900 38,426,900 3,710,000 110,676,471
Wainuiomata Water Treatment Plant 9,211,695 11,897,500 12,705,890 12,204,300 41,135,400 2,600,000 286,300 90,041,085
Waterloo Water Treatment Plant 9,228,083 397,300 5,331,098 1,360,000 2,684,400 3,200,000 148,500 22,349,381
Gear Island Water Treatment Plant 2,867,150 117,200 2,005,623 540,000 773,700 26,000 1,802,500 6,300 8,138,473
Total Treatment Plants 44,723,071 32,988,100 38,164,039 1,900,000 22,088,300 79,588,300 11,312,500 441,100 231,205,410

Distribution Pipelines
Kaitoke to Karori 88,300 127,420,700 13,187,400 1,824,700 142,521,100
Wainuiomata to Wellington 264,956 354,200 68,936,100 16,360,184 1,178,600 87,094,040
Waterloo Artesian System 19,527,200 27000 529,800 20,084,000
Monitoring and Control/Misc Equipment 660,530 660,530
Total Distribution Pipelines 1,013,786 0 354,200 0 215,884,000 29,574,584 0 3,533,100 250,359,670

Pumping Stations
Ngauranga Pumping Station 1,851,000 2,217,624 4,068,624
Haywards Pumping Station 1,887,900 1,842,379 3,730,279
Thorndon Pumping Station 785,230 536,367 1,321,597
Satellite Pumping Stations (11) 4,936,614 4,160,567 9,097,181
Total Pumping Stations 9,460,744 0 8,756,937 0 0 0 0 0 18,217,681

Reservoirs
Stuart Macaskill Lakes 715,900 10,060 293,500 2,406,900 6,847,796 35,500,000 45,774,156
Ngauranga Reservoir 142,600 5,200,000 5,342,600
Haywards Reservoir 373,000 60,500 4,400,000 4,833,500
Karori Contact Tank 171,600 85,491 9,400 800,000 1,066,491
Assets in customer service reservoirs (35) 1,108,300 10,200 1,118,500
Total Reservoirs 2,511,400 10,060 439,491 0 2,406,900 6,857,196 45,900,000 10,200 58,135,247

New Sources
Upper Hutt Aquifer 100,000 100,000
Total New Sources 0 0 0 100,000 0 0 0 0 100,000
Totals 57,709,001 32,998,160 47,714,667 2,000,000 240,379,200 116,020,080 57,212,500 3,984,400 558,018,008

Source: CB Richard Ellis valuation October 2008

Asset Type

Table 11: 2008 Asset replacement values 
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6.4.4 Current book value 

Table 12 lists the book value of Wholesale Water Infrastructure assets as at 30/12/2008 broken down by asset type and location. 
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Wholesale Water Assets
Summary of Valuation
Book Value at 31/12/2008

Location Equipment 
Assets

Fluid  Storage 
Tanks

Miscellaneous 
Plant Assets

Wells Water Mains Miscellaneous 
Water Assets

Reservoirs Valves Total

Treatment Plants
Te Marua Water Treatment Plant 10,701,627 16,025,135 12,612,141 3,270,252 24,153,855 2,977,152 69,740,162
Wainuiomata Water Treatment Plant 5,387,913 9,588,196 7,922,582 9,902,732 17,783,720 2,195,227 170,608 52,950,978
Waterloo Water Treatment Plant 4,139,747 142,849 3,300,398 570,921 1,919,015 2,318,077 106,456 12,497,463
Gear Island Water Treatment Plant 1,386,670 78,460 878,430 177,561 502,411 24,668 1,082,810 4,091 4,135,101
Total Treatment Plants 21,615,957 25,834,640 24,713,551 748,482 15,594,410 41,962,243 8,573,266 281,155 139,323,704

Distribution Pipelines
Kaitoke to Karori 9,833 3,773 58,996,424 6,390,246 1,191,830 66,592,106
Wainuiomata to Wellington 285,024 232,247 32,983,868 12,522,509 734,916 46,758,565
Waterloo Artesian System 4,700 11,035,741 22,758 373,019 11,436,218
Monitoring and Control/Misc Equipment 99,395 199,558 298,953
Total Distribution Pipelines 398,952 0 236,020 199,558 103,016,033 18,935,513 0 2,299,765 125,085,842

Pumping Stations
Ngauranga Pumping Station 856,565 1,739,264 2,595,829
Haywards Pumping Station 569,245 787,709 1,356,954
Thorndon Pumping Station 441,797 114,142 555,939
Satellite Pumping Stations (11) 3,382,986 3,027,894 6,410,880
Total Pumping Stations 5,250,593 0 5,669,009 0 0 0 0 0 10,919,602

Reservoirs
Stuart Macaskill Lakes 373,984 7,847 100,751 1,771,441 5,287,643 29,923,519 37,465,185
Ngauranga Reservoir 81,560 4,598,312 4,679,872
Haywards Reservoir 294,831 55,145 2,703,652 3,053,628
Karori Contact Tank 134,211 24,317 9,361 411,616 579,505
Assets in customer service reservoirs (35) 687,076 5,877 692,953
Total Reservoirs 1,571,662 7,847 180,213 0 1,771,441 5,297,004 37,637,099 5,877 46,471,143

New Sources
Upper Hutt Aquifer 97,486 97,486
Total New Sources 0 0 0 97,486 0 0 0 0 97,486
Totals 28,837,164 25,842,487 30,798,793 1,045,526 120,381,884 66,194,760 46,210,365 2,586,797 321,897,777

Source: Hansen AMIS

Asset Type

 

Table 12: Asset book value at 31/12/2008 
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7.0 Improvement plan 

7.1 Improvement planning 

The key elements of lifecycle AM are:  

• Business processes used in the 
implementation of AM activities, including 
strategic planning, data collection, and asset 
operations/maintenance and capital work 
practices. 

• Information systems to support (and often 
replicate) AM processes and store/manipulate 
data. 

• Asset data and knowledge, its appropriateness, reliability and accessibility. 

• Implementation strategies including contractual, organisational, and people issues. 

7.2 Review of 2004 improvement plan 

All of the improvements identified in the 2004 plan are underway, completed, or identified 
as impractical.  At present, the major outstanding item is the negotiation of a Wholesale 
Water Supply Agreement.  However, a draft contract has been written and negotiations are 
ongoing. Details of the 2004 Improvement Plan and the exact status of each task are shown 
in Table 13. 

 

 

 

Figure 15: Inputs to AM Plan 
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Table 13: Asset management improvement programme 

Item description Current status (December 2008) 
• Finalise Wholesale Water Supply Agreement and Levels of Service Significant progress has been made, but signoff not yet achieved.  This 

project is very dependant on the TAs committing resources to it. 
• Completion of Public Health Risk Management Plan (mandatory 

by pending legislation) 
This item is in progress. Under The Health (Drinking Water) 
Amendment Act 2007, GWRC is obliged to submit a public health risk 
management plan for the water supply by 1 July 2009.   It is expected 
that this date will be achieved. 

• Complete capture of spatial information about distribution assets in 
the GWRC’s GIS system 

Complete.  GIS has been linked to the Hansen AMIS. 

• Ensure that all GWW assets located on private property are fully 
protected by easements 

Complete 

• Establish the benefits of an Optimiser/Scheduler on the Kaitoke 
System and implement it if justified 

Complete (Stage 2 optimiser implemented) 

• Complete condition assessment on all assets that have reached 90% 
of their useful life 

Completed in 2006. Requires updating. 

• Further develop system models to facilitate various strategic 
studies 

Complete 

• Identify preferred location for next source Complete 
• Complete seismic mitigation projects Several major projects have been completed. Ongoing project. 
• Complete a detailed assessment of the transmission capability of 

the network and plan how any shortcomings may be overcome. 
Complete 

• Review of SYM model in 2006 Complete 
• Improvements to Hydraulic Model, especially controls Complete  
• Development of a short-term predictive model to aid in the 

imposition of water use restrictions. 
Complete 
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7.3 Future asset management improvements 

The following are areas in which GWW will focus its asset management efforts over the 
next five years. 

• Finalise Wholesale Water Supply Agreement and Levels of Service. 

• Implement short-term improvements to return the Wholesale Water Supply to a 1 in 50 
year reliability standard. 

• Support development of the Regional Water Strategy. 

• Ensure adequate supply capacity is in place to meet long-term needs. 

• Complete a Public Health Risk Management Plan. 

• Implement SAP asset management module for Wholesale Water Supply assets 
(replaces Hansen). 

• Review the Sustainable Yield Model in 2011 including demand and hydroclimate data 
file updates and options for upgrading or replacing the WATHNET software.  

• Recalibrate the hydraulic model with a view to achieving a five-yearly review period. 

• Complete seismic mitigation projects. 

• Complete condition assessment on all assets that have reached 90% of their useful life. 
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Appendix B – Water Supply system models 

a) Sustainable Yield Model 

The Sustainable Yield Model (SYM) is a daily supply model that takes into account 
climatic conditions, demand, population, river flows, aquifer storage, reservoir storage, and 
system constraints.  NIWA completed the initial model, which is based on WATHNET 
software and network linear programming in 1997.  

Approximately 42,000 days (1890 to 2005) of river flow and demand data, constructed 
from available hydrological and meteorological data, are incorporated in the model. 
Environmental constraints include complex surface water and aquifer abstraction rules, and 
graduated minimum aquifer level rules to reduce the risk of aquifer saline intrusion. 
Penalties and artificial costs are used to determine source priorities.  Included in the model 
is an aquifer sub-model that is used to mimic the response of the Waiwhetu aquifer to 
pumping. 

The model can be used in Monte Carlo simulation mode to generate up to 10,000 two-year 
replicates (2,000 replicates is usually used) to statistically assess system reliability.  A 
system annual probability of failure, daily demand shortfall, and shortfall quantity 
estimates can be derived for given population projections.  Note that a failure is defined as 
the occurrence in any one year of at least one day when insufficient water is available to 
meet the modelled demand.  Scenario modelling is used to assess the impacts of system 
constraint changes in relative rather than their absolute terms. A comparison of failure 
probability against the GWW 1 in 50 year standard for the system can be made. 

The following points give a brief history of significant changes to the SYM since 1997.  

1. In 2001/02, the model was updated in the light of new data, structural changes to the 
network and revised environmental consent conditions. 

2. In 2006, the Pakuratahi, Whakatikei and Skull Gully potential future water storages 
were added to the model. Also, a component model of the Upper Hutt aquifer was 
developed and inserted into the SYM. The rainfall-runoff model was replaced with a 
spatially distributed Topnet model, which produced revised stream flow records for 
input into the SYM. 

3. In 2007, the demand model was upgraded using the additional data available. The 
demand model uses relationships with climate parameters to generate daily per capita 
demand for input into the SYM. In 2007, NIWA was also completed a project to 
develop a methodology for assessing the potential effect of climate change on the 
wholesale water supply. Revised stream flow and demand data complement the 
methodology, as well as minor adjustments to the network. 

4. In 2008, the Upper Hutt aquifer component of the SYM was recalibrated in light of the 
improved data made available from 2007 investigation drilling. 
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Figure B1 shows the schematic layout of the latest SYM network. Boxes labelled “D” 
represent the demand centres of Upper Hutt (61), Porirua and Johnsonville area (60), 
Lower Hutt (31), North Wellington (35) Central Wellington (47), Petone (48) and 
Wainuiomata (39). Blue lines represent stream channels and flow through the Upper and 
Lower Hutt aquifer, and link stream nodes that are confluences or locations where 
abstractions or discharges may occur. Green lines represent pipelines and link nodes that 
may be pipe junctions, water treatment plants or pumping stations. Boxes labelled “R” 
represent actual storage at Stuart Macaskill Lakes (5), Ngauranga (33); proposed storage in 
the CBD reservoir (74), Pakuratahi (80), Whakatikei (83), Skull Gully (87); or conceptual 
storage in the Upper Hutt aquifer (95 – 101) and Lower Hutt aquifer (28, 7, 22, 23, 24, and 
29). 

 

Figure B1: Sustainable Yield Model (SYM) network 

The following section provides more detail on the changes made to the demand model 
since 1997. 

Demand model upgrades 

A demand model has been developed and used to generate daily per capita demand from 
1890 to 2001. Since completion of the original SYM work, significant improvements to the 
available demand data set have been made. The 1997 model was a function of household 
size, percentage of detached dwellings, daily rainfall, soil moisture storage and maximum 
daily temperature. For the 1997 model, the long-term average of the generated data was 
500 L/p/d with a coefficient of determination, R2 of 0.54 between daily values. 
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More accurate daily demand data available from February 1997 was used to prepare a new 
demand model in 2002. The 2002 model produced a mean of 450 L/p/d, and an improved 
R2 of 0.73. The improved performance was caused by reduced error in the demand data 
enabling better connections between demand and causative factors, such as temperature, to 
be identified. The 2002 demand model uses maximum daily temperature, soil moisture 
storage, and sunshine hours classified as summer (November to March) and winter (April 
to October). A stochastic component was added to further improve the realism of the 
generated demand record. For hydraulic modelling of system capacity a peak day demand 
of 650 L/p/d has been adopted. 

The second major upgrade of the demand model was completed in 2007.  Part of the 2007 
upgrade included testing the 2002 model against a validation data set extended with new 
data. The 2002 model performance was somewhat reduced in this validation exercise 
(R2 = 0.58). The coefficient of determination was improved to 0.68 following the 2007 
revision, which included addition of a 10-day Christmas-New Year mini season and a full 
review of the model equations.  

Within-region demand variation is thought to be the most significant component of the 
unexplained demand variation. The 2007 review considered that including within-region 
variation in the demand modelling was not practical given data constraints. Other factors 
contributing to the unexplained variation include water use during major sporting events, 
use for flushing and fire fighting, and water conservation campaigns (including those of 
other region’s). 

Population is the only “social” data included in the demand model. Other variables such as 
number of duplexes and multi-story residential dwellings have not been included because it 
is not clear how the effect could be accounted for over the full 115 year historic sequence. 

The 2007 study identified a gradual decline in per capita demand (PCD) of approximately 
4 L/p/d per year over the nine year period 1997 to 2005. The uncertainty associated with 
how long the decline may continue was managed by preparation of three PCD series for 
scenario assessment: high, medium and low, with long term means of 452 L/p/d, 427 L/p/d 
and 402 L/p/d respectively. The high series represents the assumed PCD for the period 
1890 to 1991. The medium series has a mean corresponding approximately to that of 2001 
(the mid-point of 1997 to 2005). The low series is the expected use rate from 2011 and 
beyond based on an assumed relationship of the form shown in Figure B2. 
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Figure B2: Assumed decline in per capita demand (PCD) 

Given the uncertainty associated with PCD trends, the medium series has been adopted for 
planning purposes. This may be slightly conservative, however its use avoids criticism of 
being premature or optimistic. The planned 5-yearly demand model update is seen as an 
appropriate mechanism for capturing long term changes in mean PCD, without needing to 
“forecast” reductions.  

While the model statistically accounts for demand variations over the modelled period, 
there can be significant variation on a day to day basis. The correlation of the timing of 
peak demand against low river flows becomes important when there is limited plant inlet 
storage available.  

Apart from the Wainuiomata water treatment plant, all GWW plants effectively have 
storage available on the plant inlet side. Although demand is modelled on a regional basis 
as though there were a single demand centre, the SYM uses seven distributed demand 
zones. Population is used as the sole basis for assigning demand to each of the seven 
demand zones. Since the demand zones actually have different mixes of population and 
industry, disaggregation of the regional demand on a population basis is a potential source 
of error and is seen as a limitation to further disaggregation of demand zones. 

System constraints 

New surface water abstraction consents were put in place during 2001. Aquifer abstraction 
has also shifted from the Gear Island water treatment plant at the Petone foreshore to the 
Waterloo water treatment plant approximately 3km inland to reduce the risk of saline 
intrusion.  Surface water abstraction requirements are complex with minimum, maximum 
and flow sharing conditions for six surface water intakes. There are also high turbidity cut-
off thresholds for each of the catchments set by the practicality and cost of treating highly 
turbid water.  For the Orongorongo and Wainuiomata catchments there are rules regarding 
the maximum combined abstraction allowed. 

The minimum flow setting for Wainuiomata WTP is governed by the turn-down ration of 
the plant.  This setting was lowered from 15 ML/d  to 8 ML/d in 2008 following control 
system improvements. 
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A number of new system constraints were added to the SYM in 2006 and 2007 to allow 
modelling of proposed future water sources. These constraints are selected on a case by 
case basis depending on the scenario being considered.  Storage sources not being 
modelled have their commissioning date set to the year 3000 to prevent them influencing 
the system mass balance.  The exception to this are the conceptual storages associated with 
the Upper Hutt aquifer (UHA).  The UHA and its associated seasonal impact on flows in 
the Hutt River is now an embedded component of the model. 

Depending on the scenario being considered, pipe capacities are set to correspond to the 
required combination of new and upgraded booster pump stations.  The appropriate 
maximum daily transfers for these have been determined by the hydraulic model (refer 
Section C later in this appendix).  

The existing system model has a good balance between source capacity and demand for the 
Kaitoke and Waterloo/Wainui systems.  The constraints governing transfers between the 
two systems do not require continuous transfer of water to make up for any average excess 
or deficit.  This is not the case when considering addition of a new source to the system. 
Care must be taken to ensure the system constraints are set to make best use of the 
additional water available.  In particular, any supply side augmentation of the Kaitoke 
system requires a corresponding reduction in the “cost” of transfer to the Waterloo/Wainui 
system so that the additional water is fully utilised.  There are a number of ways this could 
be achieved.  To date, the method adopted has been to incrementally increase the capacity 
of the “continuous” supply down Ngauranga gorge until the best (highest sustainable 
population) result is achieved (refer Figure B3).  Other methods have been considered, but 
so far, none have been conceived that would eliminate the need for some form of iterative 
network optimisation. 
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Figure B3: Ngauranga gorge transfer in the SYM 

Accuracy 

Model accuracy has been assessed with a focus on the model’s long-term performance. To 
focus on individual extreme days can be an unreliable guide to overall performance 
because of the ability of within day operational requirements to completely negate the 
value of a single day’s result from the SYM. The SYM was estimated as having an 
absolute accuracy of ±10% for 95% of the simulated values it calculates. When this value 
is compared with the 10% error arising from the demand data it suggests that the demand 
data is still the major source of model error. 

Future updates 

In accordance with standard modelling protocol, the sustainable yield model will be 
subjected to periodic review, improvement, and calibration verification as new data and 
information becomes available. 

While the computational engine behind the SYM is still thought to be of “world leading” 
quality, the WATHNET software front-end is virtually obsolete.  NIWA provide support 
and maintenance for the software, however the user interface is essentially unchanged 
since implementation at Greater Wellington in 1997.  WATHNET is no longer being 
actively developed by the author, George Kuczera of the University of Newcastle in 
Australia, and this situation is not likely to change in the foreseeable future.  
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Future update would include: 

• Five-yearly demand and hydrological data update in 2011 with a view to further 
disaggregating the demand zones and including within-region demand variation if 
possible. 

• Review options for upgrading or replacing the WATHNET software in 2011. 

• Ongoing structural improvements to the network model including removal of obsolete 
components. 

b) Karaka model 

The Karaka model, developed by NIWA in 2004, is a seasonal water availability model 
based on the SYM.  It uses the NIWA Climate Update predictions of river flows for the 
coming 3 months as well as information about the current state of the system to derive 
reservoir storage risk information on which discussions about demand restrictions can be 
based.  Figure B4 shows an example of Karaka model output for the Stuart Macaskill 
Lakes for the period 1 January 2008 to 31 March 2008.   It indicates that there is a 2% 
chance of the Stuart Macaskill lakes being emptied if demand remained unrestricted. 

Karaka Model Probabilistic Forecast - Biased Tercil es (60:30:10) - 1 January 2008
Stuart Macaskill Lakes
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Figure B4: Example Karaka model output 

The model also has the capacity to assess the impact of proposed water use restrictions on 
the storage probability profile.  

The model originally included a shadow reservoir representing the active storage of the 
Waiwhetu aquifer.  However this approach was abandoned due to the significant 
hydrogeological uncertainties associated with the aquifer and the corresponding limited 
ability of the model to replicate the actual performance of the aquifer.  Setting reliable 
initial conditions for the conceptual storages of the aquifer is also difficult to achieve. The 
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Karaka model is therefore used in combination with other operational information and 
operator experience to help determine appropriate levels of water use restrictions. 

c) Hydraulic model 

A hydraulic model of the supply system is used to aid decision making on hydraulic 
aspects of the system.  This model was originally developed in 2000/01 using EPANET 
software, and calibrated in 2001/02.  Model development was undertaken in a staged 
manner including data gathering, development of a skeletal model, demand analysis, gross 
anomaly resolution and finally calibration.  

The model included many rule based and simple controls for handling scheduling and 
control of reservoirs and pumping stations.  As an approximation of reality the model 
included a number of modelling techniques such as the use of pressure sustaining and flow 
control valves in place of variable speed controlled pumps.   

A review was made of how to model demand from over 50 reservoirs.  Taking into account 
the buffering effect of storage between customer demand and the wholesale delivery 
systems, seven regional demand curves were adopted to allow for regional variations in 
demand.  

Weaknesses of the EPANET model included modelling diurnal variations on the Kaitoke 
main, inability to model Thorndon pressure control, very limited pump control features and 
limited scheduling ability.  Based on these limitations, the model was converted to the 
InfoWorks WS software in 2003.  

The InfoWorks software is a state-of-the-art network hydraulic modelling package being 
actively developed by Wallingford Software. The software is capable of modelling 
complex components such as pumps with variable speed drives and control valves with 
remote parameter inputs. Almost any imaginable control logic with numerous inputs can 
be modelled using the sophisticated User Programmable Control system. The GWW model 
makes extensive use of the complex control capabilities. 

The development and calibration of the hydraulic model has proven very useful and has 
been used extensively for modelling the system over extended periods (24 hours to 5 days) 
to assess segment capacities for the SYM, distribution upgrades for the proposed future 
sources, and water age for assistance with water quality assessments. Figure B5 shows the 
schematic layout of the current InfoWorks model.. 
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Figure 17: Network geometry from hydraulic model 

The model is subject to continuous enhancement.  Some of the recent improvements 
include: 

• Six-monthly software updates from Wallingford Software. 

• Addition of proposed booster pump stations at Te Marua (upgrade), Silverstream, 
Upper Hutt aquifer, Haywards (upgrade), Takapu Rd, Maldive St, Hutt Rd. 

• Addition of new assets as they are constructed (e.g. Karori PS, Pt. Howard PS, Tunnel 
Grove control valve, etc). 

• Created Demand Scaling groups with separate demand areas for each demand node.  

• Added pipe pressure rating of all trunk mains and selected branch mains. Progressively 
adding pipe material and age. 

• Improved the pump curves for the major pump stations to include 10 data points. 

• Recalibrated the Porirua branch component of the model, including conversion from 
Hazen-Williams to Colebrook-White friction loss calculation.  Two high resolution 
pressure loggers were purchased in 2007 to assist with this.  They have inbuilt GSM 
SMS communications to allow data to be remotely captured anywhere there is 
Vodafone GSM coverage. 

• Use of data flags to allow grouping of changes to the model and separate pipes that 
transfer unchlorinated and/or unfluoridated water. 

• Use of the SQL query feature for complex network object selection 

• Created object groups where multiple pumps make up a pump station. 
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• Addition of supply zones to the network to delineate the relationship between 
Hydraulic model demand areas and SYM demand nodes. 

• Extensive use of hyperlinks to as-constructed drawings and reference documents. 

Future hydraulic model enhancements may include: 

• Ongoing network recalibration and conversion from Hazen-Williams to Colebrook-
White friction loss calculation. Priorities include sections of pipe where major capital 
investments are planned, where peak transfers are close to the maximum achievable or 
where new assets have been constructed. Recalibration of the complete model 
approximately every 5 years is desirable. 

• Replacement of “modelling fixes” (e.g. pump stations with flow control valves 
representing variable speed drives) with more sophisticated controls. 

• Water quality and/or additional water age analysis. 

• Migration of the schematic model to a geographically representative layout with 
inclusion of aerial photographs and topographical maps. The ability to switch between 
schematic and geographical layouts would be ideal. 

 




