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Executive summary  

Bay of Plenty Regional Council (Regional Council)'s Rivers and Drainage Group (Rivers and 
Drainage) is applying for new resource consents to continue operating Okere Gates and 
Ohau Channel Weir lake control structures. Existing consents expired on 30 June 2010. In 
accordance with s.124 of the Resource Management Act 1991 (RMA), Rivers and Drainage 
lodged a resource consent six months before expiry in December 2009 in order to continue 
operating the structures under existing conditions whilst new consents are being issued. 

This report is intended to support the Assessment of Environmental Effects (AEE) prepared 
by OPUS International Consultants Ltd (OPUS) on behalf of Rivers and Drainage. The report 
summarises technical work completed throughout the process, as well as providing further 
detail on data, investigations and modelling, and peer reviews completed to date. 

Rivers and Drainage proposes the status quo remain for Lake Rotorua, and a preferred lake 
level operation (as opposed to current target level in the existing consent) for Lake Rotoiti 
within the AEE lodged with the application. 

Hydraulic modelling commenced in November 2008 to link Lake Rotorua, Ohau Channel, 
Lake Rotoiti and the Kaituna River into a MIKE11 model to simulate existing lake levels and 
flows, in addition to alternative lake level operations. Optimisation modelling then used 
MIKE11 data outputs to produce an optimised operation, in conjunction with numerous 
performance criteria. The assessment period for the modelling was 1 January 1998 to 
31 December 2007. Water quality modelling was also undertaken using hydraulic and 
optimised data outputs. 

Rivers and Drainage has proposed an operational strategy based on a proposed option for 
the Okere Gates and Ohau Weir structures that maximises the benefits to a far wider 
community than previously. The solutions have used the information obtained throughout the 
extensive investigations, modelling work, and consultation process. 

Modelling has indicated that no operational or structural changes are necessary at the 
Ohau Weir, or for Lake Rotorua operations, so future operations are proposed to remain as 
the status quo. 

The Proposed Operational Strategy developed for Lake Rotoiti, which is based on the 
Proposed Option (namely the D7 model run), comprises: 

 maximum level of 279.40 and minimum level of 279.0 (90% of natural levels are 
within this 400 mm band); 

 allowance to rise above 279.25 for up to 5% of each year in extreme events; 

 target operational range between 279.05 and 279.25 with the following distribution: 

 5-10% of year between 279.20 and 279.25; 

 at least 80% of year between 279.10 and 279.20; and 

 5-10% of year between 279.05 and 279.10. 

Regular reviews of the Proposed Operational Strategy will be undertaken to allow for 
operational flexibility within the target ranges. 



ii Rivers and Drainage 2010/01 – Technical Report to Support  
 Rivers and Drainage Okere Gates and Ohau Weir Consent Application 

Detailed discussion of impacts of the Proposed Operational Strategy represented by the 
Proposed Option (D7) is provided in the AEE report. Observations of optimisation modelling 
results show, however, that the proposed option is similar to the status quo, but slightly more 
natural in terms of its lake level fluctuation range, which would have some ecological, social, 
cultural, and economic benefits. The Proposed Operational Strategy produces fewer days 
where Okere Gates flows are less than the status quo, which has the environmental benefit 
of reducing downstream flood risk. 

Impacts of the Proposed Operational Strategy on water quality in Lake Rotoiti and the 
Kaituna River have been assessed. Water quality modelling of Lake Rotoiti shows backflow 
traces around Ohau Diversion wall are generally less than the status quo, i.e. water quality 
does not deteriorate. In addition, Okere Gates operation is likely to have a negligible effect 
on water quality passing through the gates into the Kaituna River. 

Not all performance criteria could be satisfied within this consent process, however key 
issues that are not significantly affected by the Okere Gates and/or Ohau Channel operations 
have been identified and earmarked for mitigation or investigation as separate projects 
outside the current process. Examples of such projects include resolving drainage issues at 
Hinehopu, recovery of beaches, and restoration of flow velocity in the Ohau Channel.  

Based on extensive modelling work and consultation completed to date, the following 
recommendations are considered appropriate: 

1 Future level control operations for Ohau Weir and Lake Rotorua remain unchanged. 

2 Future level control operations for Okere Gates and Lake Rotoiti should be based on 
the Proposed Operational Strategy that is represented by the current optimised D7 
option, noting that the operation will be subject to regular review. 

3 Several performance criteria that cannot be resolved as part of the Proposed 
Operational Strategy be earmarked as separate projects to be addressed outside of the 
scope for the current consent application. Examples of such projects include resolving 
long-term drainage issues at Hinehopu and completion of a sedimentation study in the 
Ohau Channel. 

4 This technical report should be used to support the AEE for the consent application. 
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Part 1:  Introduction 

Bay of Plenty Regional Council (Regional Council)’s Rivers and Drainage Group (Rivers and 
Drainage) is applying for new resource consents to continue operating Okere Gates and 
Ohau Weir lake control structures. Existing consents expired on 30 June 2010. Rivers and 
Drainage lodged a new resource consent application with Regional Council’s consent 
regulatory section in December 2009 for the ongoing operation of the Okere Gates and 
Ohau Channel Weir structures. By lodging its consent application six months before the 
existing consents expired, Rivers and Drainage is allowed to continue operating the 
structures under existing consent conditions until new consents are issued in accordance 
with S.124 of the Resource Management Act 1991 (RMA). 

Rivers and Drainage proposed the status quo remain for Lake Rotorua, and proposed an 
Operational Strategy (as opposed to current target level in the existing consent) for level 
control in Lake Rotoiti within the Assessment of Environmental Effects (AEE) that was lodged 
with the application.  

Rivers and Drainage has carried out technical investigations to review operational strategies, 
investigated alternative operating scenarios, and identified the advantages and 
disadvantages of the current and alternative operating regimes. 

Hydraulic modelling has been completed to link Lake Rotorua, Ohau Channel, Lake Rotoiti 
and the Kaituna River altogether in a single MIKE11 computer model to simulate the 
status quo lake levels and flows, in addition to alternative lake level operations. Optimisation 
modelling then utilised MIKE11 data outputs and helped to produce an optimised operation in 
conjunction with numerous performance criteria. The assessment period in which modelling 
was completed was between 1 January 1998 and 31 December 2007. Finally, water quality 
modelling has been completed for both hydraulic and optimised data, and then the relative 
impact of the various lake level operations on Lake Rotoiti water quality was assessed. 
Water quality modelling was carried out on each option for historically wet, normal, and dry 
years.  

Rivers and Drainage has a Proposed Operational Strategy based on its Proposed Option for 
the gates and weir that will maximise benefits to a far wider community than previously. The 
Proposed Operational Strategy utilises information obtained during extensive investigations 
and modelling work, and through the consultation process. 

The focus of this technical report is on Lake Rotoiti, since modelling showed no operational 
or structural changes are considered necessary for the Ohau Weir and Lake Rotorua 
operations. Modelling of a range of possible structural configurations and operations for the 
Okere Gates indicated that there is very little effect on Lake Rotorua for changes made to 
Lake Rotoiti levels.  

This technical report is intended to support the AEE report prepared by OPUS International 
Consultants Ltd (OPUS) for Rivers and Drainage resource consent application. This report 
summarises technical work completed throughout the process, as well as providing further 
detail on hydraulic modelling, peer reviews, survey datum adjustments, optimisation, and 
water quality modelling. Additional studies carried out to develop performance criteria and 
support modelling efforts are also described. Additional studies include assessment of 
Lake Rotoiti levels on septic tank performance, and drainage at Hinehopu as well as surveys 
of beaches and jetties. An overview of a flush trial carried out on the Ohau Channel in 
June 2010 is also provided. 
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Part 2:  Background 

Lake Rotoiti and Lake Rotorua levels are controlled by the operation of the Okere radial 
gates and the Ohau Channel Weir respectively. The gates also regulate the rate of discharge 
from Lake Rotoiti to the Kaituna River. 

The Okere radial gates and Ohau Weir are currently owned by the Kaituna Catchment 
Control Scheme and are operated in accordance with their resource consents by Rivers and 
Drainage. 

The purpose of the Okere Gates is to control lake levels to increase the outflows from 
Lake Rotoiti to permit floodwater to be discharged when required during flood events, and to 
reduce outflows to prevent undesirably low lake levels during periods of drought. 

The purpose of the Ohau Weir is to control the level of Lake Rotorua, predominantly to 
prevent undesirably low levels during periods of drought. 

The Ohau Channel Weir was constructed in 1989 as a simple weir structure with stoplogs. 
The Okere Gates structure was constructed in 1982 with a substantial radial triple gate 
structure, which provides control of Lake Rotoiti levels. The impacts of Okere Gates 
operation on Lake Rotorua levels is considered to be minor. 

Prior to the construction of the Okere Gates in 1982, there was a natural rock ledge weir 
about 35 m downstream of the existing gates which controlled the outflow from Lake Rotoiti. 

Both control structures were constructed as part of the Upper Kaituna Catchment Control 
Scheme. Prior to this scheme, there were no lake level controls on either Lake Rotoiti or 
Lake Rotorua (apart from the natural rock ledge), with the result that lake levels fluctuated 
considerably according to climatic effects.  

The structures were designed so that the lake level ranges could be managed within the 
statutory range set by the old National Water and Soil Authority in 1975. These levels were 
included in Regional Council’s Transitional Regional Plan, and are referred to in the existing 
consents granted for damming the outlets of both lakes. 
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Part 3:  Outline of modelling work and other studies 

Rivers and Drainage engaged Aurecon in November 2008 to carry out initial MIKE 11 
modelling work on alternative options for the gate operation. Three different options were 
modelled initially, including natural (Option 1), a stepped weir (Option 2), and gates raised 
(Option 3). The advantages and disadvantages were compared with the status quo. Two 
additional options were modelled in late 2009; namely a low weir (Option 4), and pre-gate 
scenario using original cross sections (Option 5). Peer reviews of modelling resulted in 
Option 4 (November 2009) and Option 1 (April 2010) being updated and used in the 
September 2010 AEE. 

Rivers and Drainage asked United States-based firm Hydrologics Inc (Hydrologics) in May 
2009 to carry out optimisation modelling for the existing Okere Gates structure. Hydrologics 
specialises in optimisation modelling, which is used to determine the best operational regime 
in situations where there are numerous and competing performance requirements and which 
are individually weighted. Rivers and Drainage and Hydrologics have since modelled several 
alternative operational regimes and compared their performance with the status quo, the low 
weir (Option 4), and natural regime (Option 1). 

Rivers and Drainage engaged Waikato University to carry out water quality modelling in 
February 2010. Water quality modelling on the status quo, low weir and optimised operation 
were identified as key factors during the consultation process. Water quality modelling of the 
natural regime (Option 1) was also completed more recently. Model results on water quality 
impacts of status quo, low weir, optimised operation and natural options, and knowledge of 
current performance, allowed comparison of the options and guidance in the decision-making 
process for consent applications.  

Rivers and Drainage has carried out analysis on many other affected areas such as culverts, 
lake jetties, lake boundary surveys and encroachment issues, septic tanks and flooding 
issues in Hinehopu area, and lake shore profiles in relation to stakeholder interests.  
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Part 4:  Data adjustments  

Lake and flow level records are maintained by Regional Council, and supplied from either its 
own recorders or from others such as NIWA. Further detail on data sources is provided in 
Aurecon’s hydraulic modelling report (Connell Wagner, March 2009). A level hydrograph for 
Lake Rotoiti is shown in Figure 2.  

The efficacy of the modelling is only as good as the input data provided to the modellers. 
Rivers and Drainage has checked the data provided to its modellers, its source and 
consistency across data sets, given the reliance placed on modelling results for this consent 
process. 

Lakes Rotoiti and Rotorua level data has been adjusted for modelling purposes to take 
account of drawdown in Lake Rotoiti and tectonic settlement (and uplift) in Lakes Rotoiti and 
Rotorua. A comprehensive discussion on data adjustments is outlined in Appendix 1, 
however main points are summarised as follows:  

1 The modelling assessment period was from 1 January 1998 to 30 December 2007. 

2 All lake levels used in modelling are in terms of the Rotorua Fundamental Benchmark 
(referred to as the regional benchmark). 

3 Lake Rotoiti level data is in terms of the Okawa Bay record, and has been adjusted to 
take into account drawdown when data from the Okere Falls recorder was used to 
supplement the Okawa Bay record in the period 1 January 1998 to May 2001.  

4 A 34 mm deduction has been applied to Okawa Bay recorder level data to reflect 
settlement of nearby AQ69 survey benchmark relative to the regional benchmark. 

5 Hinehopu appears to have settled by approximately 67 mm relative to Okawa Bay, but 
this has not affected data used in modelling. 

6 Reference level data for Lake Rotorua, used for consented operations at the Ohau 
Weir, is based on readings taken from Mission Bay level recorder (based on 1953 
survey). Re-survey in 1997 revealed that the Town Wharf level recorder had risen 
72mm relative to the regional benchmark, and the Mission Bay level recorder had 
settled 34 mm relative to the regional benchmark. Hence, for the same water level, 
readings taken at the Town Wharf are 106 mm higher than those at the Mission Bay 
level recorder, and must be corrected for true comparison. 

Figure 1 below shows a simplified representation of settlement around Lakes Rotorua and 
Rotoiti. 
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Figure 1 Simplified schematic showing relative tectonic movement at 
Lakes Rotorua and Rotoiti. 

It is noted that all final levels quoted in future consents, conditions, and guidelines should be 
in terms of the Rotorua Fundamental Benchmark, and referenced back to local benchmarks 
at Mission Bay for Lake Rotorua, and Okawa Bay for Lake Rotoiti.  

Since Lake Rotoiti levels have been a major focus of this consent process, comprehensive 
statistical analysis has been completed on the entire historical data which began in 1906.  

Daily Lake Rotoiti Lake Levels 1906 to 2007 (with 34mm datum adjustment) 
(and 12 month moving average) 
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Figure 2 Lake Rotoiti level hydrograph since 1906 showing data adjustments 
made. 
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Statistical analysis has been completed on specific data periods that are significant for 
comparing with alternative operational options. Some of the significant eras analysed 
include: 

 1906-1946: During this period the catchment was unaltered, there were no lake control 
structures or waterway modifications, and climate effects were not evident in the 
hydrograph. This era was compared with performance of the alternative options 
including the optimised solution. 

 1906-1981: This data set represented the full range of lake levels that occurred prior to 
construction of any flood control works, namely Okere Gates, Ohau Channel 
realignment and Ohau Weir structures.  

All Lake Rotoiti level data has been adjusted for tectonic settlement, however drawdown has 
only been applied to data that was within the assessment period 1998-2007. No attempt has 
been made to apply drawdown to data prior to 1998 because it was either outside of the 
assessment period or could not be calculated prior to 1981 before the Okere Gates were 
installed. We do not know what the hydraulic relationship was between Okawa Bay and 
Okere Falls before the Okere Gates were constructed. 

A final check of level data was completed by comparing the adjusted data set with randomly 
selected levels provided from an independent source. Mr Michael Gill, long time Okawa Bay 
resident, has recorded lake levels on a daily basis for several years. Mr Gill’s readings are 
taken off a staff gauge that is fixed to his jetty and located close to Regional Council’s 
Okawa Bay level recorder. Mr Gill supplied 42 level readings to Rivers and Drainage for 
comparison purposes. The average of the difference between the two level readings came to 
1 mm. The largest difference was 54 mm, however this reading occurred on the morning of 
14 December 2003 following a storm when lake levels were still stabilising. This comparison 
of lake level records confirmed data used in modelling was accurate. 

A statistical summary of Lake Rotoiti level data is provided in Appendix 2. 
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Part 5:  MIKE 11 modelling (Aurecon)  

Aurecon has modelled five options since November 2008, two of which have been peer-
reviewed and subsequently considered in the June 2010 AEE. The report written for 
Regional Council by Aurecon in March 2009 assessed the impacts of the following options 
on Lake Rotorua and Lake Rotoiti levels and outflows to the Kaituna River: 

1 Status Quo: retain the Okere Gates, and operate as per the existing resource 
consent. 

2 Option 1: referred to also as the ‘natural regime’. This option replicates the 
natural rock ledge that existed prior to the construction of the Okere 
gates by installing a stoplog structure (refer Figure 3).  

3 Option 2: replace the Okere Gates with a stepped weir structure that broadly 
aims to maintain current target levels (refer Figure 4). 

4 Option 3: retain the Okere Gates but keep the radial gates permanently fully 
open (refer Figure 5). 

 

Figure 3 Peer-reviewed natural (Option 1) schematic (April 2010). (Note that 
the original Option 1 (March 2009) had the weir crest at 278.5 and 
was 20 m wide.) 

RL278.38, 20.1 m wide 
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Figure 4 Stepped weir (Option 2) schematic. 

 
 

 

Figure 5 Radial gates fully open (Option 3) schematic. 

 

RL277.55 current invert level 

RL278.1 RL278.3, 
each side

RL278.5, 
each side 
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Figure 6 Peer-reviewed low weir (Option 4) schematic (November 2009). 

Rivers and Drainage instructed Aurecon to model a further option at the request of 
Dr Kepa Morgan on 28 August 2009. Based on anecdotal evidence, Dr Morgan asserted that 
Option 4 better represented Lake Rotoiti water levels prior to the gates’ installation in 1982. 
Average water levels produced by the Option 4 model are lower than historically recorded 
water levels: 

5 Option 4: referred to also as the ‘low weir’ option. Refer Figure 6. This option 
replaced the Okere Gates with a low stepped weir at the location of the 
existing Okere Gates. The lowest invert in Option 4 is lower than that 
modelled in the original stepped weir (Option 2 above). 

Rivers and Drainage instructed Aurecon to model an additional option on 
10 September 2009: 

6 Option 5: Option 5 modelled the pre-gate scenario using the original cross 
sections, i.e. prior to any channel excavation (prior to 1981). A 
subsequent peer review of the modelling, however, discounted the 
investigation since a more accurate technique for modelling pre-gate 
scenarios was identified using a downstream boundary condition that 
replicated historical lake level/discharge rating curves. 

A key finding of the Aurecon report (2009) is that the gates appear to be under-utilised, and 
all the options investigated could be simulated by implementing a different operating regime 
for the control gates than currently allowed or consented. 

Since the natural (Option 1) and low weir (Option 4) options were to be considered in the 
AEE alongside the status quo and optimised operations, the natural and low weir models 
were peer-reviewed in November 2009 and April 2010 respectively. Findings of the peer 
reviews revealed that the updated natural (Option 1) was the best representation of pre-gate 
water levels (i.e. better than the low weir (Option 4)). This is because the peer-reviewed 
rating curve better matched historical rating curves that were measured by NIWA in 1956, 
1969, 1972 and 1976 – all prior to the Okere Gates being constructed in 1982. A graph 
comparing rating curves is shown in Figure 7. 

RL277.9 at 
15 m wide

RL278.5 at 6 m 
wide, each side 
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Figure 7 Comparison of measured pre-gate NIWA rating curves and natural 
(Option 1) and low weir (Option 4) that were modelled and peer-
reviewed. 

Results of the peer review showed marked increases in fluctuation of Lake Rotoiti levels as 
shown in Figure 8. 
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Figure 8 Comparison of levels in Lake Rotoiti for various options considered. 
(Note that low weir and natural options have both been peer-
reviewed, and all options have had appropriate datum adjustments 
made to their data sets.) 
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Part 6:  Optimisation modelling (Hydrologics Inc)  

Hydrologics’ objective was to design rule forms, and to assist Rivers and Drainage in tuning 
rule parameters that performed well on identified objectives.  

Various methods were used to develop preliminary rule forms, including a computer-based, 
automatic search technique called a Genetic Algorithm (GA). Appendix 3 comprises a 
PowerPoint presentation given by Dr Dan Sheer, President of Hydrologics, in 
September 2009, which provides an overview of the optimisation modelling completed up to 
that period in which the GA was used.  

The final rule proposal, developed by Hydrologics and Rivers and Drainage, was tuned by 
manual adjustment of monthly rating curve parameters that relate average daily flow settings 
at Okere Gates with water surface elevation in Lake Rotoiti, as discussed above. 

A basic schematic showing the two approaches utilised by Rivers and Drainage is shown in 
Figure 9. 

Rivers and Drainage developed its performance measures from application of 
Dr Kepa Morgan’s Mauri Model. The Mauri Model initially produced 35 goals, or performance 
measures, (divided into one of the four well-beings, namely economic, environmental, 
cultural and social) but these were later simplified to 10, with the addition of three rules (that 
would be built into the Hydrologics model). 

Refer Appendix 4 for further information on the Mauri Model and its application in this 
consent application. 
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Figure 9 Basic optimisation process. 
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6.1 OASIS 

OASIS with Operational Control Language™ (OCL) is a generalized program for 
modelling the operations of water resources systems. The Genetic Algorithm 
software runs OASIS, and the OCL allows users to specify simple or complex 
operating policies. OASIS simulates the routing of water through a system 
represented by nodes and arcs. This routing accounts for both human control and 
physical constraints on the system. 

OASIS contains both arcs and nodes. Arcs represent conveyance from one node to 
another, while a node represents a point of interest in the system. The Rivers and 
Drainage model has two node types: 

 Junction nodes: These nodes are used to model a point in the system where 
inflow (or outflow) occurs, or a junction of conveyance features (represented 
by arcs). 

 Reservoir nodes: Reservoir nodes are points at which water can be stored. 
OASIS computes the storage at the end of every time-step, which then 
becomes the storage at the beginning of the next time-step. 

Figure 10 shows Rivers and Drainage OASIS model schematic and the elements of 
the system.  

 

Figure 10 Rivers and Drainage model schematic. 
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OASIS simulates decisions about routing water by solving a linear programme (LP). 
The LP contains linear equality and inequality relationships between the decision 
variables of the system. The decision variables are the average flow for each time-
step in each system arc, and the end-of-period storage for the time-step in each 
system reservoir node. 

The LP contains two types of rules, including operating goals and operating 
constraints. Operating constraints are rules that cannot be violated (i.e. conservation 
of mass). Operating goals are rules that OASIS attempts to satisfy. Since operating 
goals can sometimes be in conflict with each other, a specific operating goal may 
not be satisfied due to constraints or precedence of other goals. Goals and 
constraints are expressed as linear relationships between decision variables. 

When solving the LP, OASIS always finds a system operation that maximises the 
number of ‘points.’ For determining points, each operating goal is assigned a weight, 
or priority. The weight associated with an operating goal is usually expressed as the 
number of points per unit (1,000 m3) of water that OASIS gets for satisfying that 
goal. To maximise the number of points earned, OASIS routes water to satisfy goals 
with higher weight in preference over goals with lower weight. The weights assigned 
to operational goals can be adjusted by trial and error to promote better long-term 
performance per the performance measures and the performance measure weights. 

The weights assigned to various operational goals within the OASIS model are not 
the same as the performance measure weights which Rivers and Drainage 
unsuccessfully attempted to establish using the Mauri Model. The performance 
measure weights are external to the OASIS model, and used within an Excel model 
interface program, described below. This is because operational goals are short-
term, e.g. meeting current period demands and balancing lakes on a daily basis. 
Operational goals are not the same as the goals underlying the performance 
measures. Performance measures usually relate to long-term benefits from 
operations. 

6.2 Excel model interface 

A user-interface for the OASIS model was developed using Microsoft Excel. The 
Excel interface serves three primary functions. The first function is to facilitate user 
input. In the final rule system for the Rivers and Drainage model, a set of monthly 
rating curves was developed. The rating curves relate settings for average daily flow 
at the Okere Gates, based on water surface elevation in Lake Rotoiti. An example 
monthly rating curve is shown in Figure 11. Each rating curve describes the 
relationship between lake level and gate flow settings for the first day of each month. 
Within OASIS, transitional rating curves were interpolated for interim days, such that 
a smooth transition in operating policies was achieved throughout the simulation 
year. The points on the proposed rating curve become the internal operating goals 
for the linear program in the OASIS model. 

The flow instability zone limits denote the range of lake levels and flows that can 
become erratic and be controlled by either the radial gates or the channel. Refer 
Appendix 5 for calculations completed by OPUS to calculate the instability zone. At 
a given lake level, if the gates are opened too far, so that they do not continuously 
control the lake outflow, the flow instability zone becomes characterised by the 
outflow hunting continuously between the radial gate-controlled regime and the 
channel-controlled regime. Thus, flows and levels below the instability zone are 
controlled by the radial gates, and above the zone are controlled by the channel 
(when gates fully open). 
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OPUS recommended that rule or rating curves used in optimisation avoid the 
instability zone at higher flows. This, however, proved to be unavoidable in all cases, 
so performance of the rule curves will need to be assessed once the proposed 
operation is implemented, and adapted if erratic hydraulic behaviour is observed. 

 

Figure 11 Example monthly rating curve for flow at Okere Gates. 

The second function of the Excel program is to handle input and output from the 
OASIS model. The Excel program loads user input into the OASIS model, runs 
OASIS, and gathers output from each model run. 

Lastly, the Excel program calculates the values of performance measures, scores, 
and an overall operating score summed for each potential solution. Performance 
measure weights are entered in the performance measure score sheet and are 
external to the OASIS simulation. These weights are used after a simulation has 
been completed to quantify system performance.  

As mentioned above, Rivers and Drainage was unsuccessful in its attempt to define 
weights for each of its performance measures, so overall operating scores could not 
be assessed. As a result, Rivers and Drainage compared percentage scores for 
each option within each of the ten performance measures. Selection of the preferred 
operating option was thus based on assessment of individual performance 
measures and application of best professional judgement.  

Figure 12 shows nine percentage score tables for each of the performance 
measures being reported (i.e. 10 performance measures minus water quality). Each 
table compares the four lake control options.   



Rivers and Drainage Report 2010/01 – Technical report to support  21 
Rivers and Drainage Okere Gates and Ohau Weir Consent Application 

Figure 12 Nine performance measure tables used to compare alternative lake 
operating regimes (output above is sourced from Excel file entitled 
“Copy of Environment Bay of Plenty_OASIS_PM_v10_4_27may 
2010.xls”). 
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6.3 System model description 

As shown in Figure 9, Lake Rotorua (node 100) and Lake Rotoiti (node 200) are 
connected by the Ohau Channel. Lake Rotoiti discharges to the Kaituna River 
through the Okere Gate outlet structure. Both lakes receive local inflow. The period 
between January 1998 and December 2007 was used to simulate system 
performance. 

Flow in the Ohau Channel can be controlled to some extent using stoplogs. These 
logs may be installed to raise the water surface elevation in Lake Rotorua, and 
decrease flow in the Ohau Channel. Alternatively, the logs may be removed to 
decrease water surface elevation in Lake Rotorua, and increase flow through 
Ohau Channel. Because substantial effort is required to change the log settings, no 
more than an arbitrary limit of four transitions per year between logs installed and 
logs removed were allowed in the alternatives evaluated using the OASIS model. 

Maximum flow through Okere Gates is assumed to be given by a rating curve that 
simulates the gates being lifted completely above the water surface. If the gates are 
used to control flow, any average daily flow rate that is less than the maximum flow 
is allowed.  

Two alternate flushing rules were included in the model for potential use to improve 
water quality. 

The first rule sets an internal OASIS operational goal to maintain flow at 
Okere Gates greater than a percentage of flow in Ohau Channel. This flushing rule 
can be used to promote flow through Lake Rotoiti. 

The second rule option is based on time of year and a target elevation to be 
achieved by extra releases from Okere Gates. By implementing this flushing rule, 
the user specifies the Julian dates for beginning and ending flushing, and the target 
water surface elevation. On each day during the flushing period, OASIS determines 
whether the water surface elevation of Lake Rotoiti is above the target elevation. If it 
is above, a flush volume for the day is calculated based on the monthly average 
daily inflow and the average release rate that would be needed to reach the target 
elevation at the end of the flushing period. If the calculated flush volume is greater 
than the release specified by the rating curve for Okere Gates for that day, the 
greater flush volume is released, up to the maximum allowable flow. 

6.4 Optimisation model runs 

Rivers and Drainage carried out numerous model runs to develop its final optimised 
solution, and the most significant runs that were used in consultation are 
summarised in Table 1. The Genetic Algorithm was used to produce optimised 
options up until the V6. Model runs carried out after and including the V7 were 
completed by manual optimisation using the Excel Model Interface. 
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Table 1 History of optimisation modelling runs carried out by Rivers and 
Drainage for Okere Gates and Ohau Weir consent project. 

No. Date 
Optimised 

Option Name 
Option Description 

1 18 December 
2009 

800 mm 
Starting Point 
Range 

An 800 mm wide starting point range between 278.6 and 
279.4 m was proposed in the December 2009 AEE. Lodging 
of the consent application with a starting point range enables 
Rivers and Drainage, under the RMA, to continue operating 
Okere Gates and Ohau Channel after the current consent 
expires on 30 June 2010. The range would be refined and 
confirmed prior to the consent being notified in 2010.  

2 9 February 2010 V6 The V6 was the first optimised option to be developed by 
Hydrologics and Rivers and Drainage. A lake level range 
between 335 and 400 mm was expected between 278.8 and 
279.2 m, however this would be confirmed pending 
completion of the Mauri model web survey. Water quality 
modelling was completed of the V6. 

3 26 March 2010 V7 Since Mauri model weightings could not be used in 
optimisation, the V7 was developed based on modelling 
completed to date, feedback on range preferences and best 
professional judgement. The V7 comprised operating 
Lake Rotoiti levels between 279.20 and 279.05 m for 80% of 
the time, and between 278.90 and 279.05 m for 15% of the 
time. The existing statutory limits would be replaced by 
maximum and minimum limits to provide a safeguard against 
levels unacceptable to the wider community. Results of the 
V7were presented at the April 2010 public open days. Water 
quality results of the V6 were also presented at the public 
open days. 

4 7 May 2010 B5 The B5 was first presented to the joint CEO of 
Regional Council, the District Council, Te Arawa Lakes Trust 
(TALT) and Te Arawa Lakes Trust Chairman meeting. The 
Lake Rotoiti Community Association (LRCA) was also in 
attendance. The B5 option took account of datum corrections 
resulting from tectonic settlement in Lakes Rotorua and 
Rotoiti. The B5 option would allow lake levels between 279.0 
and 279.05 m for less than 5% of the time, greater than 90% 
of the time would be spent between 279.05 and 279.25 m, 
and less than 5% of the time between 279.25 and 279.4 m. 

5 11 May 2010 C3-1 The C3-1 was developed in conjunction with LRCA in an 
effort to reduce the differences between Rivers and 
Drainage’s B5 option and the LRCA’s preferred option. The 
C3-1 option comprised greater than 95% of the time 
operating between 279.05 and 279.25 m, less than 15% of 
the time below 279.1 m in late summer (May and June), and 
less than 5% of time above 279.25 m (in extreme events). 

6 18 May 2010 M19 The M19 was developed in an effort to improve the 
naturalness of lake level variations. It was, however, rejected 
since it allowed between five and six months of lake levels 
between 279.05 and 279.10 m including the popular boating 
month of April. 

7 19 May 2010 C3-1 The C3-1 was selected and presented to TALT, Ngati Pikiao 
and LRCA as the option most likely to gain wider community 
support. The LRCA, however, still considered the 15% of 
time below 279.1 m an issue.  

8 21 May 2010 D7 The D7 was selected as the final optimised option that would 
be submitted in the updated AEE and notified. The D7 
comprises at least 95% of the time between 279.05 and 
279.25 m, and less than 5% between 279.25 and 279.40 m. 
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Results and discussion of the optimisation modelling carried out on the Proposed Option 
(D7) are discussed in more detail in the AEE report. Observations regarding Figure 12, 
however, are as follows: 

 More natural1 range of Lake Rotoiti levels: The lake level fluctuation of the proposed 
option is more natural than the status quo but less natural than the natural (Option 1) 
and low weir (Option 4). 

 Lake Rotoiti range 279.041-279.191 m: The proposed option produces a level range 
closest to that of the status quo. The natural and low weir options spend less than half 
the time in the status quo range. 

 Lake Rotoiti level no less than 279.041 m: The proposed option and status quo lake 
levels are always above 279.041 m (the current consented target minimum level). The 
natural option produces levels above 279.041 most of the time, and the low weir option 
produces levels above 279.041 the least amount of the time. 

 Beach range: The proposed option results in a slight reduction in beach widths 
compared to those associated with the status quo. The low weir option will produce the 
widest beach widths. The natural option produces beach widths greater than those 
associated with the status quo. 

 Maximum Lake Rotoiti level 279.191 m: The low weir and status quo spend the least 
amount of time exceeding 279.191 m (the current consented target maximum level). 
The proposed option exceeds 279.191 m on slightly more occasions than the status 
quo, with the natural option exceeding 279.191 m on the largest number of occasions.  

 Maximum Lake Rotoiti level 278.9 m: The low weir option spends half its time below 
278.9 m. Levels associated with all other options are always above 278.9 m. 

 Kaituna River flow between 13 and 26 m3 per second: The proposed option spends a 
similar amount of time as the status quo in the range required by river rafters. The low 
weir and natural options provide slightly more time in the required raftable range. 

 Number of days with flows greater than 40 m3 per second: The proposed option 
produces fewer days than the status quo when Kaituna River flows exceed 40 m3 per 
second. The natural and low weir options produce even fewer days when flows exceed 
40 m3 per second. 

 Frequency of maximum rises for lake level increases in 25 days or fewer – September 
to March: This measure is related to dabchick nesting requirements. The proposed 
option produces a marginally lower rate of lake level rise than the status quo. The low 
weir and natural options result in a higher rate of lake level rise than the status quo. 

Detailed discussion of impacts of the Proposed Option is provided in the AEE report. 
Observations of optimisation modelling results show, however, that the Proposed Option is 
similar to the status quo, but slightly more natural in terms of its lake level fluctuation range, 
which would have some ecological, social, cultural and economic benefits. The Proposed 
Option produces fewer days where Okere Gate flows are less than the status quo, which has 
the environmental benefit of reducing downstream flood risk. 

 

                                                 
1 Lake level records commenced in 1906, and the working party believed the period which reflected the most 
natural lake level pattern was between 1906 and 1946. Records suggest this period was least influenced by land 
changes and climate effects. 
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Part 7:  The proposed optimised option  

7.1 Lake Rotorua level operations  

Lake Rotorua levels, controlled by the Ohau Weir structure, have a relatively natural 
fluctuation within the currently consented range of 610 mm between 279.50 and 
280.11 m (RL Moturiki Datum). Operations consist of the removal and re-insertion of 
stoplogs in the weir structure, allowing some level control. For the most part, levels 
fluctuate naturally with the stoplogs only removed occasionally – typically once or 
twice a year during extreme rainfall events. Trigger levels determine when the 
stoplogs are removed or reinserted. Consultation has indicated that, in general, lake 
users and the lakeside community are satisfied with the current control structure and 
lake levels. Considerable infrastructural investment has been made on and around 
the Lake Rotorua foreshore by Rotorua District Council and private enterprise based 
on the current Lake Rotorua Operational Strategy.  

As a result, no operational or structural changes were considered for the Ohau Weir 
and Lake Rotorua operations. Modelling of a range of possible structural 
configurations and operations for the Okere Gates have indicated that there is very 
little effect on Lake Rotorua for changes made to Lake Rotoiti levels. 

The proposed operational strategy for Lake Rotorua is to maintain lake levels 
between the current upper and lower statutory levels. Some flexibility of the 
guidelines for installation and removal of the stoplogs will be sought, to allow for 
more operational flexibility in maintaining downstream Lake Rotoiti levels without 
significantly impacting Lake Rotorua levels. Sample operational procedures is 
provided in Appendix 5. 

7.2 Lake Rotoiti level operations  

After extensive consultation, the D7 (proposed) optimised option was identified as 
the best option, and has been accepted by major stakeholder groups and the 
working party. The level hydrograph for the D7 option is shown in Figure 8, and a 
comprehensive statistical analysis of the D7 option, and comparison with the other 
options assessed, is provided in Appendix 2. 

The D7 option, and its associated operational strategy, was developed taking into 
account environmental, technical and operational constraints, and deemed the best 
option that the community could live with. The proposed option is unable to meet all 
the requests that were made by all stakeholder groups; however it can be 
considered the best compromise, giving more environmental benefits than at 
present, and at the expense of the fewest number of social issues. These social 
issues can be mitigated in a timely and cost-effective manner by safeguarding the 
affected communities with best technical solutions. A number of the community’s 
requests can be met outside of this consent including: 

 restoration of water velocity in Ohau Channel by flushing or dredging of 
sediment build-up and; 

 reduction of long-term drainage issues at Hinehopu and Mourea by employing 
structural measures such as, raising existing buildings, or relocation, etc. 
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Part 8:  The proposed operational strategy  

Based on the proposed option, the operational strategy for Lake Rotoiti controlled by the 
Okere Gates was proposed as follows: 

8.1 Principle 

Improve environmental and cultural outcomes while not adversely affecting social 
and economic values. This is achieved by allowing for seasonal fluctuation within 
specified target ranges. This differs from the current consented operations, which 
have a static target level with tight variance around the target level. 

8.2 Proposed consented levels and ranges 

(all levels in m RL Moturiki Datum) 

 Maximum consented level of 279.40.  

 Minimum consented level of 279.0. 

 400 mm consented range. 

(Note that 90% of the simulated natural levels are between the proposed maximum 
and minimum.) 

8.3 Proposed operational levels and ranges 

(all levels in m RL Moturiki Datum) 

 Allow operational levels to rise above 279.25 m for a maximum of 5% of each 
year in extreme events. 

 Target operational range of 200 mm between 279.05 and 279.25 m with 
following target distribution: 

 less than 10% of year between 279.20 and 279.25 m; 

 at least 80% of year between 279.10 and 279.20 m; and 

 less than 10% of year between 279.05 and 279.10 m (in the months of 
May to July). 

8.4 Review and operational flexibility  

It is proposed that a regular review (every three years) of this operational strategy is 
undertaken within the above targets. 

Operational flexibility within these target levels could include initiatives such as rapid 
drawdown (flushing) to provide short-term benefits for water quality if requested and 
approved by some key stakeholder group such as the Te Arawa Rotorua Lakes 
Standing Committee and/or other representative stakeholder groups. 
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A schematic of the proposed operational strategy compared with the current 
operational strategy is shown in Figure 13. 

More detail on the proposed operational strategy and sample operational 
procedures is provided in Appendix 5. 
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Figure 13 Comparison of current operational strategy and distribution with 
proposed option distribution and proposed operational strategy. 
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Part 9:  Water quality modelling and assessment  

9.1 Water quality in Lake Rotoiti  

Water quality in Lake Rotoiti has been identified as the highest priority by most of 
the stakeholder groups. Under the RMA, any impacts on the environment resulting 
from change must be less than minor. As a result, Rivers and Drainage asked 
Professor David Hamilton from Waikato University to create a water quality model of 
the four operational options, namely status quo, natural, low weir, and proposed 
optimised operation. A three-dimensional model has been set up to model the 
amount of backflow trace that might travel around the Ohau Diversion Wall and into 
Lake Rotoiti under each of the four options. The model ran over a four year period 
between the start of 1998 and end of 2001, which included a typical dry, normal, and 
wet year.  

Table 2 summarises information data provided to Waikato University. 

Table 2 Data provided to Waikato University for water quality modelling 
purposes. 

Option 
Wet Year 

1998 and 20012 

Normal Year 

1999 

Dry Year 

2000 

Status quo 

 

 MIKE11 Modelled 
Ohau Flow 

 Actual Okere Flow 

 Actual Lake Rotoiti 
Levels 

 MIKE11 Modelled 
Ohau Flow 

 Actual Okere Flow 

 Actual Lake Rotoiti 
Levels 

 MIKE11 Modelled 
Ohau Flow 

 Actual Okere Flow 

 Actual Lake Rotoiti 
Levels 

Natural 
(Option 1) 

 

 MIKE11 Modelled 
Ohau Flow 

 MIKE11 Modelled 
Okere Flow 

 MIKE11 Modelled 
Lake Rotoiti Levels 

 MIKE11 Modelled 
Ohau Flow 

 MIKE11 Modelled 
Okere Flow 

 MIKE11 Modelled 
Lake Rotoiti Levels 

 MIKE11 Modelled 
Ohau Flow 

 MIKE11 Modelled 
Okere Flow 

 MIKE11 Modelled 
Lake Rotoiti Levels 

Low weir 
(Option 4) 

 

Same as for Natural 
(Option 1) above 

Same as for Natural 
(Option 1) above 

Same as for Natural 
(Option 1) above 

Proposed 
Option 

 Hydrologics Modelled 
Ohau Flow 

 Hydrologics Modelled 
Okere Flow 

 Hydrologics Modelled 
Lake Rotoiti Levels  

 Hydrologics Modelled 
Ohau Flow 

 Hydrologics Modelled 
Okere Flow 

 Hydrologics Modelled 
Lake Rotoiti Levels  

 Hydrologics Modelled 
Ohau Flow 

 Hydrologics Modelled 
Okere Flow 

 Hydrologics Modelled 
Lake Rotoiti Levels  

 

                                                 
2 Years are in terms of calendar years from 1 January to 31 December in each case.  
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The results of water quality modelling are provided in the University of Waikato’s 
report (Hamilton et al, 2010), a copy of which is provided in Appendix 7 . In 
summary, it was shown that for a: 

 Typical wet year (1998 and 2001), the low weir and natural option resulted in 
the lowest backflow trace being recorded around the Ohau Diversion Wall, 
with the highest trace being the status quo. 

 Normal year (1999), the result was the same as for a typical wet year.  

 Typical dry year (2000), the result was the same as for a typical wet year (with 
the exception of any high peaks).  

In general, the proposed changes in operation of the Okere Gates and 
Ohau Weir are not anticipated to compromise the efficiency of the diversion 
wall for any of the scenarios. The proposed option produced less backflow 
trace than the status quo, which in turn should reinforce the effects of the 
diversion wall in improvements in water quality of Lake Rotoiti over time. 

9.2 Water quality in the Kaituna River 

The impact of the proposed operation on water quality in the Kaituna River is also of 
concern to stakeholders, particularly those who live downstream of Okere Gates. 
Lochmoigh Ltd (Lochmoigh), an environmental consultancy, assessed the potential 
impact of the proposed operational strategy on the Kaituna River water quality. A 
copy of Lochmoigh’s Kaituna River water quality report is found in Appendix 8.  

Using the existing water quality as a baseline (i.e. with the Ohau Diversion Wall in 
operation) Lochmoigh concluded that Okere Gate operations have negligible effect 
on the quality of water passing through the gates down the Kaituna River. The 
quality of that water will be similar to the quality of Ohau Channel water, but will be 
diluted by a lesser flow from Lake Rotoiti.  

Lochmoigh noted that the major issue with respect to water quality in the Okere Arm 
and the Kaituna River has been the blue-green algal blooms. This is an issue 
symptomatic of the excessive nutrient loading coming from Lake Rotorua. In the 
short term, Regional Council can treat the short-term symptoms, and is currently 
experimenting with application of phosphorus absorbent products. Control of nutrient 
loss from land use will however be the ultimate long-term solution to lake quality 
problems. 
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Part 10:  Additional studies 

10.1 Beach surveys 

In 2009, 13 beach locations around Lakes Rotorua and Rotoiti were identified by 
Dr Kepa Morgan as having cultural significance to local iwi. Drawing C2433 in 
Appendix 9 shows the location of the beach transects. Dr Morgan believed these 
beaches could be widened by lowering the average lake levels.  

Transect beach surveys were carried out in 2009 and 2010, however focus has only 
been on restoring seven beaches around Lake Rotoiti since no changes to 
Lake Rotorua level regime are anticipated. Photos and cross sections at each of the 
seven beach locations are shown in Appendix 9. 

Beach restoration is possible by lowering the lake level, however since the impacts 
on the economic and social well-being is severe and cannot be mitigated, this 
method was not pursued as a practical option. Beach reclamation by other means, 
such as removal of encroaching vegetation and ongoing beach maintenance, is a 
much better practical option.  

Inspection of the seven beach transects on 18 June 2010 showed: 

 Transect 1 Tamatea Street: Grass removal would extend beach widths, 
however removal could also increase risk of erosion from wind-driven waves 
that have been known to overtop the road in an easterly wind. 

 Transect 2 Tapuaeharuru Marae, Transect 3 Te Kura a Kaupapa Maori o 
Rotoiti, and Transect 4 Hinekura Marae: No beaches are currently exposed. 
State Highway (SH) 30 closely hugs the lake edge at these locations making 
beach restoration difficult. These locations are also exposed to easterly winds, 
with evidence of past erosion and riprap lining the lake edge of the road.  

 Transect 5 Emery Store: The lake edge is quite steep at this location, with 
retaining walls lining the toe area of the bank faces. Beach restoration via 
vegetation is not applicable. 

 Transect 6 Ruato Bay: This beach could possibly be widened by vegetation 
removal. 

 Transect 7 Curtis Road Beach: Beach fronts were privately owned, and some 
question arose as to whether owners would like to have beaches widened. 

Beach restoration has been carried out at several locations by the local lakes 
community, and further restoration could be encouraged as it has been completed to 
date and/or under Regional Council’s Environmental Enhancement Fund (EEF). By 
way of mitigation for the potential slight initial loss of width, it is proposed that 
Tamatea St (Hinehopu) and Ruato Bay beaches be enhanced by the judicious 
herbicide spraying of encroaching exotic weeds and grasses along the landward 
beach edge. Rivers and Drainage Group would work with community groups to 
restore the beaches described above at Tamatea Street and Ruato Bay.       
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10.2 Aerial photograph analysis  

Aerial photographs have been sought in an effort to assess the extent of beaches 
which existed prior to construction of Okere Gates in 1982. To date some aerial 
photographs of Gisborne Point have been found, and comparison of beaches made 
prior to and after 1982. Gisborne Point photographs appear to indicate that beaches 
have receded while vegetation has extended in its place, thus reducing effective 
beach widths. 

10.3 Lake boundary survey  

Regional Council has GIS layers showing cadastral boundaries of lakeside 
properties and the lake bed owned by Te Arawa Lakes Trust. This information can 
be used to identify potential beach restoration projects and property owners. 
Lakeside properties are either freehold, or belong to Maori Trusts and are leased.  

10.4 Septic tanks 

In June 2010, Rivers and Drainage surveyed ground water levels at some of the 
lowest properties along Tamatea Street. Groundwater levels were measured within 
15 m of houses located at the lowermost points along Tamatea Street. A 
comparison of ground and water levels for the low lying properties is shown in Table 
3. Figure 14 shows diagrammatically the physical relationship between ground, lake 
and septic tank outlet levels for number 68 Tamatea Street. 

 

 

Figure 14 Schematic showing relationship between water levels at lake, septic 
tank, and ground level at Hinehopu. 

Table 3 Comparison of ground and water levels at selected Tamatea Street 
properties, June 2010. 

Tamatea Street 
Distance 15 m landside 
from the centre of house  Levels related to Rotorua Fundamental 

Location At SH 30 At House No 26 At House No 48 At House No 68 

Ground Level (GL) 279.87  279.744  279.574  279.764  

Water Table (WT) 279.37  279.23  279.124  279.4  

Difference (GL - WT) 0.5  0.514  0.45  0.364  

 

Max Lake Rotoiti level  
On 10 June 2010 was 
279.162 

Bottom of soakage 
trench at 68 Tamatea St 
279.31 

Spot ground 
water  
level 279.40 
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Assuming that septic tank outlets are 450 mm below ground level, and that lake 
level on the day of the June 2010 survey was 279.162 m, then data suggests that: 

 groundwater levels are close to septic tank outlet levels; 

 groundwater levels are marginally higher than lake levels; 

 the hydraulic link between groundwater and lake level cannot be confirmed 
without further monitoring; and 

 even if lake levels were lower, properties would still need to contend with high 
groundwater flowing downhill from the wetland and hills to the east, behind 
Tamatea Street properties. 

A pictorial summary of the survey results, illustrating the relationship between lake 
level, highest ground, and water table levels along Tamatea Street between culverts 
at the wetland outlet (north end of Tamatea Street) and intersection with SH30 
(south end of Tamatea Street) is shown in Figure 15. 

It is understood that only 68 Tamatea Street was having septic tank issues resulting 
from high groundwater levels. In any case, results indicate that, even if lake levels 
were reduced, the purported health risk of groundwater infiltrating septic tanks may 
still not be mitigated. 

Rotorua District Council has a programme in place that will see remaining houses 
using septic tanks (including 20-30 houses in Hinehopu) put onto Rotorua District 
Council reticulation by 2012. 

 

Figure 15 Schematic diagram showing relationship between road level, culvert 
levels, and current water table on 14 June 2010. 
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10.5 Culverts and drainage at Hinehopu 

Culverts at Hinehopu backflow under the status quo, and this will occur under any of 
the alternative options considered, including the low weir option (Option 4). The 
reason for this is that very little can be done to prevent levels peaking in storm 
events and back-flowing up culverts. This is demonstrated by the comparison of 
time spent in each of the high level bands as shown in Table 4.  

Table 4 Comparison of Lake Rotoiti levels for options assessed. 

Level Range 

(m Moturiki Datum) 

Status Quo 

(% time in 
band) 

Proposed 
(Option D7) 

(% time in 
band) 

Low Weir 
(Option 4) 

Natural 

(Option 1) 

279.30 to 279.35 m 1 1 0 7 

279.25 to 279.30 m 1 2 1 13 

279.20 to 279.25 m 2 9 2 14 

Note 279.191 is current target maximum level.  

 
Hinehopu/Tamatea Street topographical contours are shown in Figure 1 in 
Appendix 10 . Contour information was generated by actual survey carried out in 
June 2010. Contours show ground levels along Tamatea Street and around houses 
are actually greater than 279.40 m. Inverts of the two culverts located at both ends 
of Tamatea Street are below the current maximum target level of 279.191 m. Thus, 
the backflow risk could be reduced by fixing flap gates to the culvert outlets. Table 4 
shows that the health risk is therefore comparable for all options.  

It should also be noted that Rotorua District Council does not consider culvert 
backflow to be an issue; however, the potential minor effects could be mitigated by 
installing two fish-friendly floodgates to the outlets of the two existing culverts at both 
ends of Tamatea Street, and cleaning out the drainage channel behind the 
Tamatea Street houses,.  

10.6 Jetty structures  

Rivers and Drainage has surveyed all consented jetties and boat ramps. The AEE 
will quantify for various lake levels the impacts for boat owners with average boat 
draught. The proposed strategy will reduce the overall period of time spent below 
279.10 m, which boat owners cite as the level that causes their craft to run aground 
when mooring against jetties. Problems are not expected with launching of boats 
from existing boat ramps.  

There appears to be a general willingness amongst jetty and boat-shed owners to 
dredge the lake bed adjacent to their structures to reduce the risk of running 
aground during periods of low lake level. Boat owners have informed 
Rivers and Drainage that they would undertake such dredging at their own cost. At 
present, resource consent would be required to carry out dredging. Permission 
would be required from Regional Council, LINZ, and from the lakebed owners, 
Te Arawa Lakes Trust. Ideally, such dredging would be made a permitted activity in 
future revisions of the Regional Water and Land Plan (RWLP), however Te Arawa 
Lakes Trust may have some misgivings about allowing dredging, as it is not a 
natural process. 
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10.7 Flush study 

As part of the consultation process, it was agreed to carry out the flushing trial 
following a request from Ngati Pikiao who believe that sedimentation had increased 
in the Ohau Channel.  

Ngati Pikiao believes sedimentation has reduced the flow velocity in the channel and 
increased the flood risk to nearby properties at Mourea and Te Takinga. An aerial 
map of the Ohau Channel is shown in Appendix 11. 

The trial flush of the Ohau Channel involved removing the stoplogs at Ohau Weir 
and lifting the Okere Gates clear of the water surface (i.e. gates fully open). The trial 
would confirm whether flushes could: 

 transport excess sediment along the channel, 

 increase channel flow velocities, 

 reduce channel water levels  

 break up and disperse algae out of Okere Arm. 

The opportunity for a trial flush occurred following the heavy rainfall in the Rotorua 
lakes catchment in early June 2010. This saw lake levels rise, providing 
Rivers and Drainage with the opportunity to carry out a trial flush. Between 14 and 
20 June 2010, the level in Lake Rotoiti dropped to approximately the minimum target 
level of 279.041 m. Survey measurements of water levels along the Ohau Channel 
between the Ohau Weir (at the Lake Rotorua outlet) and delta mouth (at 
Lake Rotoiti inlet) were recorded as levels dropped over three days. Water level 
measurements resulting from the trial flush are presented in Figure 16. 

Rivers and Drainage had intended to continue the trial until Lake Rotoiti reached its 
minimum target level of 279.041 m; however these plans were cut short when heavy 
rainfall during the weekend refilled the lakes, and Lake Rotoiti only dropped to 
279.081 m.  
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Figure 16 Flush study results: Ohau Channel water level measurements 
between 14 and 18 June 2010. 

The results show that the Ohau Channel can be flushed, and water levels in the 
channel reduced evenly along its length except at the Ohau Weir structure. During 
an inspection of the channel carried out on 18 June, algae fragments could be seen 
floating downstream in the Channel and Okere Arm. Some discolouration of 
Ohau Channel water was also observed during the flush trial indicating that some 
sediment movement was in progress. Channel water level progressively decreased 
over the flush period as shown in Figure 16. Flow velocities were not measured.   

The flush test showed that it was also possible to lower lake levels during the 
autumn months, as modelled in the proposed D7 optimised operation. The modelled 
annual lake levels for the period 1998 to 2007 are shown in Figure 17.  

The proposed operation would have lake levels being lowered to no less than 
279.05 m between late May and June. Although the flush test did not reduce levels 
to 279.05 m, it did come close to dropping to 279.081 m before heavy rain caused 
levels to rise again and the flush trial to be abandoned.  

Ohau Channel Water Level Profiles June 2010
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Figure 17 Modelled Lake Rotoiti levels from 1998-2008 for the proposed D7 
optimised operation. 

Surveys of the Ohau Channel have been undertaken by Rivers and Drainage in 
1980, 1988, 1993, 2002, 2009, and, more recently, after the flush test in June 2010. 
Map locations of cross sections in the Ohau Channel, the Ohau Channel bed profile 
levels (at the thalweg or deepest point) for cross sections since 1980 are shown in 
Appendix 11. Note that the Ohau Weir structure was built in 1989.  

In depth analysis of surveyed channel bed profile levels including assessment of the 
net volumes (gains or losses) along the Ohau Channel will be undertaken as part of 
a separate study to be completed outside the scope of this technical report and 
consent application. However some quantitative observations of apparent 
sedimentation trends are made below that are subject to confirmation following the 
separate study: 

 Ohau Channel capacity increased in 1972. 

 Okere Gates installed in 1982. 

 From 1980 to 1988 (pre-weir), the Ohau Channel appears to have aggraded 
between the Lake Rotorua outlet and the Te Koutu wetland (XS38), and 
degraded between the wetland and channel delta (XS56). 

 Ohau stoplog weir structure installed in 1989. 

 From 1988 to 1993, degradation seems to have occurred mostly between the 
Ohau Weir and SH33 Bridge (XS25). Minor aggradation occurred between 
SH33 Bridge and the channel delta. 

 From 1993 to 2002, slight aggradation occurred at the Ohau Weir, and minor 
degradation occurred between the Ohau Weir and Te Takinga Marae (XS 34). 
Slight aggradation occurred between the Te Takinga Marae and the channel 
delta.  
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 From 2002 to 2009, there appears to have been a minimal change.  

 Between November 2009 and the most recent June 2010 survey, there 
appears to be a slight trend of aggradation between the Ohau Weir and the 
upstream end of Te Koutu wetland (XS38). Slight degradation appears to have 
occurred downstream of the wetland from XS38. 

The most important observation from the 2002 to 2010 period is that the changes in 
aggradation and degradation are very small in relation to the changes that occurred 
between 1980 and 2002. 

Observations suggest the greatest net aggradation occurred between the 
Ohau Channel entrance and the Te Koutu wetland after the channel capacity was 
increased but before the Ohau Weir structure was constructed. Then, after the 
Ohau Weir was constructed, degradation occurred along the same reach. Since 
1993 the Ohau Channel appears to have stabilised.   

As mentioned above, a separate sedimentation study of the Ohau Channel is 
proposed to be undertaken. The study will comprise a thorough analysis and 
comparison of survey data, comparison of aggradation and degradation that has 
occurred between survey periods, identification of likely causes, potential impacts, 
and recommendations. Some dredging may be required as a result of the study. 
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Part 11:  Conclusions 

Rivers and Drainage is applying for new resource consents to continue operating 
Okere Gates and Ohau Weir structures. Existing consents expire on 30 June 2010.  

The Ohau Weir structure controls water levels in Lake Rotorua, and Okere Gates controls 
water levels in Lake Rotoiti. 

Hydraulic, optimisation, and water quality modelling has been carried out since 
November 2009 on Lakes Rotorua and Rotoiti, the Ohau Channel and the Kaituna River. The 
purpose of modelling has been to establish future lake level operations that optimise benefits 
for the wider community.  

Data used in modelling, such as water level records and survey datums, have been 
thoroughly checked and independently peer-reviewed.  

Extensive consultation has been undertaken with Rivers and Drainage partner 
Te Arawa Lakes Trust and other key stakeholders, including Ngati Pikiao and the 
Lake Rotoiti Community Association. Consultation has been necessary to determine 
performance criteria that are relevant to stakeholders and required in the modelling.  

Modelling indicated that no operational or structural changes were necessary at the 
Ohau Weir and Lake Rotorua operations, so future operations are proposed to remain as the 
status quo. 

A proposed operational strategy based on the proposed option was determined for 
Lake Rotoiti (namely the D7 model run) which comprises: 

 maximum level of 279.4 m and minimum level of 279.0 m (90% of natural levels 
resided within this 400 mm band); 

 allowance to rise above 279.25 m for up to 5% of each year in extreme events; and 

 target operational range between 279.05 and 279.25 m with the following 
distribution: 

 5-10% of year between 279.20 and 279.25 m; 

 At least 80% of year between 279.10 and 279.20 m; and 

 5-10% of year between 279.05 and 279.10 m. 

Regular reviews of the proposed operational strategy will be undertaken within the target 
ranges. 

Detailed discussion of impacts of the proposed operational strategy is provided in the AEE 
report. Observations of optimisation modelling results show, however, that the proposed 
option is similar to the status quo but slightly more natural in terms of its lake level fluctuation 
range, which would have some ecological, social, cultural and economic benefits. The 
proposed option produces fewer days where Okere Gate flows are less than the status quo, 
which has the environmental benefit of reducing downstream flood risk. 
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Impacts of the proposed operational strategy on water quality in Lake Rotoiti and the 
Kaituna River have been assessed. Water quality modelling of Lake Rotoiti shows backflow 
traces around Ohau Diversion Wall are generally less than the status quo, i.e. water quality 
does not deteriorate. In addition, proposed Okere Gate operations are likely to have a 
negligible effect on water quality passing through the gates into the Kaituna River.  

Not all performance criteria could be satisfied within this consent process, however key 
issues have been identified and earmarked for treatment as separate projects outside the 
current process. Examples of such projects include completing a sedimentation study of the 
Ohau Channel. 
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Part 12:  Recommendations 

Based on modelling work and extensive consultation undertaken to date it is recommended 
that: 

1 future level control operations for Ohau Weir and Lake Rotorua remain unchanged; 

2 future level control operations for Okere Gates and Lake Rotoiti be based on the 
proposed operational strategy represented by the proposed option (D7), noting that the 
operational strategy will be subject to regular review; 

3 several performance criteria that cannot be resolved as part of the proposed optimised 
operation be earmarked as separate projects to be addressed outside the scope of this 
current consent application. Examples of such projects include completing a 
sedimentation study of the Ohau Channel; and 

4 this technical report is used to support the AEE for the consent application. 
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Appendix 1 – Lakes Rotoiti and Rotorua survey data 
and datums, memo from Robbin Britton to 
Ken Tarboton, 20 April 2010 

 
 

MEMORANDUM 
 

Ken Tarboton To: 

Rivers and Drainage, Group Manager  
 

Robbin Britton From: 

Consultant 
Date: 20 April 2010 

File Ref: 6.00026 

Copy To: Graeme O'Rourke, Glenn Ellery  

Subject: Lakes Rotoiti and Rotorua Survey Data and Datums  

 
 
Ken 

This memo summarises the impact of changes in lake level recorder location and survey 
datums on lake levels used in the computer modelling associated with Okere Gates and 
Ohau Weir consent applications.  

Background 

Regional Council Rivers and Drainage section is applying for new resource consents to 
continue operating Okere Gates and Ohau Weir lake control structures. Existing consents 
expire 30 June 2010, and the consent application proposes a preferred lake level operation 
with a more natural lake level range (as opposed to current target level in the existing 
consent). 

Hydraulic modelling has been undertaken which links Lake Rotorua, Ohau Channel, 
Lake Rotoiti and the Kaituna River all together in one MIKE11 computer model. MIKE11 
simulates lake levels and flow that match the status quo. It is also modelling alternative lake 
level operations. Optimisation modelling then picks up MIKE11 data outputs and, in 
conjunction with numerous performance criteria, helps to produce an optimised operation. 
The assessment period in which modelling has been completed is between 1 January 1998 
and 31 December 2007. Finally, water quality modelling processes both hydraulic and 
optimised data, and then assesses the relative impact of the various lake level operations on 
Lake Rotoiti water quality. Water quality modelling was carried out on each option for a wet, 
normal and dry year.  
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The efficacy of the modelling is only as good as the input data provided to the modellers, and 
so, due to the reliance placed on modelling results for this consent process, Rivers and 
Drainage has checked the data provided to its modellers, its source and consistency across 
data sets.  

A summary of the data sent to Aurecon Consultants, who carried out the MIKE11 modelling, 
is outlined in Section 3 of Aurecon’s March 2009 report. Changes made to levels on 
Lake Rotoiti and Lake Rotorua are described as follows. 

Lake Rotoiti  

Lake Rotoiti level data used in modelling and presented in the consent application are all in 
terms of the Okawa Bay recorder. Refer drawing K4696, sheets 1 and 2 for location of 
recorder.  

Drawdown is taken into account, since there was a period of time during the assessment 
period when lake level readings at Okawa Bay were not available, and levels were thus 
synthesised from neighbouring Okere Falls recorder. All lake levels used in modelling are 
tied back to the Rotorua Fundamental Benchmark (BM). Refer drawing K4696 for location of 
benchmarks. 

Okawa Bay recorder has been in operation since June 2001 and since the required 
assessment period was from 1 January 1998 to 31 December 2007 meant that level data 
had to be sourced and transposed from the neighbouring level Okere Falls level recorder 
prior to June 2001. To convert Okere Falls level records into terms of Okawa Bay’s levels 
requires an adjustment for drawdown between the two locations. Drawdown is a function of 
Okere Gate outflows into the Kaituna River, namely the higher the outflow the greater the 
drawdown. Rivers and Drainage has calculated drawdown based on gate outflow and 
applied this to Okere Falls data in the period 1998 to May 2001. No drawdown adjustment is 
required for data recorded at Okawa Bay from June 2001 onwards. 

Lake Rotoiti level data from Okere Arm and Okawa Bay has also been adjusted to reflect a 
change in survey datum or benchmark level. Since 1953 lake levels at Okawa Bay have 
been linked to the nearby LINZ benchmark AQ69. At that time the level of AQ69 was 
established as being 282.012 m above Moturiki Datum and relative to the Rotorua 
Fundamental BM. However following the 1997 region-wide benchmark survey AQ69 was 
recorded as 281.978m which meant the benchmark and adjacent land had settled in the 
intervening period by approximately 34 mm. Refer to letter dated 9 September 2002 from 
Flaherty Survey & Mapping Ltd in Appendix A for further detail. The impact of this settlement 
on modelling has been to deduct 34 mm from the Okawa Bay lake level record over the 
assessment period. 

It is also worth noting that Hinehopu appears to have settled since 1953, but this has not 
affected data used in modelling. In the period 1953 to 1997 local LINZ benchmark AQ71/1 
was surveyed as having settled 67 mm relative to Okawa Bay. Given Okawa Bay benchmark 
AQ69 has settled itself by 34 mm means Hinehopu has been subject to a net drop of 101 
mm. Refer drawing K4696, sheet 2. 

Lake Rotorua  

Lake Rotorua level data used in modelling and presented in the consent application are all in 
terms of the Mission Bay recorder. Refer drawing K4696 for location of recorder. No 
drawdown adjustments were necessary for Mission Bay level records; however a deduction 
for settlement was required. 
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Lake levels at Mission Bay are also linked to the nearby LINZ benchmark AQ69 and 
therefore subject to settlement of 34 mm in the period 1953 to 1997. However, an additional 
adjustment was needed to take into account what appears to be a tilting of Lake Rotorua 
from the township in the west to Ohau Channel in the east. Refer drawing K4696. 

In 1953 LINZ benchmark AA95 at the town wharf was recorded as being 280.655 m Moturiki 
Datum (and relative to the Rotorua Fundamental BM). However, in 1997 the region-wide 
benchmark survey revealed that this same benchmark had risen by 72 mm to 280.727 m 
Moturiki Datum. Visual observation made by residents and lake boat owners also appear to 
verify surveyed results when they report an apparent shallowing of the lake over time, 
particularly at the town end.  

The net effect of the 34 mm settlement at Mission Bay and 72 mm uplift of Lake Rotorua at 
the town end was to produce an overall deduction of 106 mm from lake levels in order to 
bring levels into line with the Rotorua Fundamental. 

Summary 

All lake levels used in modelling are in terms of the Rotorua Fundamental Benchmark. 

Lake Rotoiti level data is in terms of Okawa Bay record and has been adjusted to take into 
account drawdown when data from Okere Falls recorder was used to supplement 
Okawa Bay record in the period 1 January 1998 to May 2001. Between June 2001 and 
December 1997 drawdown adjustments were not necessary. 

A 34 mm deduction has been applied to Okawa Bay recorder level data to reflect settlement 
of nearby AQ69 survey benchmark. 

Hinehopu appears to have settled by approximately 67 mm relative to Okawa Bay, but this 
has not affected data used in modelling. 

Lake Rotorua level data is in terms of Mission Bay recorder. A 34 mm deduction has been 
applied to Mission Bay recorder level data to reflect settlement of nearby AQ69 survey 
benchmark. An additional 72 mm deduction has been made from Lake Rotorua level data to 
reflect uplift of the town wharf benchmark AA95. A total deduction of 106 mm was therefore 
made to Lake Rotorua level data in the 1998-2007 assessment period. 

The Figure below shows a simplified representation of settlement around Lakes Rotorua and 
Rotoiti. 

Town
Wharf

Mission Bay
Okere Arm
Okawa Bay

Lake Rotorua
Lake Rotoiti

72 mm net rise
106 mm rise relative to Mission Bay 34 mm net drop

101 mm net drop
67 mm drop relative to Okawa Bay

Hinehopu

Points of Reference:
-1953 LINZ survey levels
-1997 Regionwide Benchmark survey

Consents issued 1996:
- Consented levels at Mission Bay for Lake Rotoru
- Consented levels at Okawa Bay for Lake Rotoiti
- Lake Rotoiti consented levels adjusted by 34 mm (Nov, 05)

Shallower
Deeper

 

Robbin Britton 
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Appendix 2 – Statistical summary of Lake Rotoiti levels since 1906, and comparison 
with alternative options assessed 

Levels are relative to Moturiki Datum

Period Notes Mean Standard Devi Minimum Maximum Median Mode 10th Percentile 25th Percentile 75th Percentile 90th Percentile 50% range Total Range

1906-1946* 279.133 0.117 278.826 279.546 279.127 279.089 278.985 279.052 279.210 279.289 0.158 0.720

1947-1972* 279.207 0.129 278.953 279.768 279.194 279.201 279.047 279.115 279.286 279.382 0.171 0.815

1973-1981*
Ohau Channel 
Capacity increased 279.191 0.115 278.846 279.456 279.203 279.283 279.027 279.109 279.275 279.330 0.166 0.610

1982-1997*

Okere gates 
installed and 1st 
consent issued 279.154 0.074 278.994 279.555 279.138 279.108 279.071 279.100 279.199 279.261 0.099 0.561

1906 - 1981*
Pre-Okere Gate 
period 279.166 0.126 278.826 279.768 279.159 279.074 279.010 279.075 279.247 279.330 0.172 0.942

1998-current* 2nd consent issued 279.101 0.037 279.005 279.326 279.095 279.093 279.060 279.076 279.118 279.147 0.042 0.321

1998-current^ 2nd consent issued 279.127 0.037 279.043 279.361 279.121 279.119 279.088 279.104 279.143 279.168 0.039 0.318

1998 - 2007^
Aurecon Option 1 
Apr10 rev 279.230 0.125 278.940 279.700 279.220 279.260 279.071 279.140 279.310 279.380 0.170 0.760

1998 - 2007^
Option 4 (Low Weir) 
Apr10 rev 278.950 0.126 278.650 279.400 278.950 279.070 278.790 278.860 279.040 279.110 0.180 0.750

Notes:

* denotes Okere data (i.e. unadjusted for drawdown) but adjusted for 34mm datum settlement

^ denotes Okawa Bay data (no adjustment necessary) or Okere data (which has drawdown adjustment). All adjusted for 34mm settlement 

Lake Rotoiti Hydrological Level Summary Statistics  (Meters)

Data was taken from the following file: Historical Data 1906 - 2007 with Datum Correction_030510.xls Worksheet titled: Graph 3 Data
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Statistical Summary and Comparison of Options Assessed (Objective Reference: A466619) 
 

1906-1946 1906-1981

Range Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Opt D7 Status Quo Low Weir Natural Natural Natural

 > 279.400 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 8% 2% 4%

279.350-279.400 0% 0% 0% 0% 1% 0% 0.6% 0% 0% 0% 1.0% 0% 0% 0% 0% 7% 3% 4%

279.300-279.350 0.6% 1% 0% 0% 1% 0% 1.9% 3% 1% 0% 2.0% 0% 1% 1% 0% 13% 5% 6%

279.250-279.300 0.6% 1% 1% 1% 1% 0% 6% 8% 4% 1% 1% 1% 2% 1% 1% 14% 9% 10%

279.200-279.250 10% 4% 3% 6% 8% 1% 5% 29% 12.3% 11% 2% 11% 9% 2% 2% 13% 8.3% 13%

279.150-279.200 75% 54% 34% 25% 26% 8% 26% 51% 76.3% 78% 61% 69% 49% 14% 3% 16% 15% 16%

279.100-279.150 14% 40% 62% 68% 59% 53% 45% 9% 6.3% 10% 33% 19% 35% 61% 6% 12% 17.2% 15%

279.050-279.100 0% 0% 0% 0% 3% 38% 14% 0% 0% 0% 0% 0% 5% 21% 11% 11% 16.4% 14%

279.000-279.050 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 14% 5% 11.0% 10%

< 279.000 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 63% 1% 13% 9%

Total % 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%

Maximum 279.325 279.346 279.294 279.283 279.397 279.214 279.369 279.338 279.327 279.272 279.387 279.319 279.397 279.361 279.397 279.701 279.546 279.768

Minimum 279.105 279.127 279.118 279.120 279.088 279.069 279.076 279.135 279.135 279.139 279.127 279.129 279.069 279.043 278.650 278.943 278.826 278.826

Mean 279.173 279.161 279.151 279.150 279.152 279.112 279.151 279.198 279.184 279.176 279.166 279.172 279.162 279.127 278.950 279.230 279.133 279.166

Median 279.169 279.156 279.145 279.140 279.143 279.106 279.136 279.191 279.179 279.175 279.157 279.168 279.160 279.121 278.948 279.221 279.127 279.159

Mode 279.167 279.156 279.135 279.135 279.138 279.105 279.116 279.202 279.172 279.177 279.153 279.166 279.167 279.119 279.068 279.263 279.089 279.074

Range 0.220 0.219 0.176 0.163 0.309 0.145 0.293 0.203 0.192 0.133 0.260 0.190 0.328 0.318 0.747 0.758 0.720 0.942

Proposed Hydrologics D7 - Time within Range over 10 years 1998-2007 10 year Range 1998-2007
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Appendix 3 – Hydrologics Inc: PowerPoint 
presentation entitled “Okere Gates Modelling” made 
to Project Team, 1 September 2009 
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Appendix 4 – Mauri model and its application in the 
Okere Gates and Ohau Weir consent application 
process 

Background 

The working party used the Mauri Model (via the facilitation of Dr Kepa Morgan, who was 
engaged by Rivers and Drainage and supported by Te Arawa Lakes Trust (TALT) as an 
independent technical advisor) to identify draft performance indicators, measures, associated 
weightings and options for further discussion and consultation at hui and meetings. 

The four key aspects considered in the Mauri Model are economic, community, environment 
and cultural values. Performance indicators and measures are identified and categorised into 
one of the four well-beings. The four well-beings are assumed to be equally weighted. The 
Mauri Model allows better identification of priorities from indigenous perspective and was 
purported to be helpful in resolving conflicts between performance indicators and their 
respective interest groups. A more comprehensive explanation of the Mauri Model can be 
found in Appendix 11 in the AEE. 

Selection of performance measures and associated weightings were completed through 
extensive consultation with TALT and other stakeholders during several hui, a workshop held 
in November 2009, and a web survey held in February 2010. 

The effects of possible different operations of the Ohau Weir and Okere Gates on the 
cultural, environmental, social and economic well-beings of the local communities have been 
considered as part of this process. 

Mauri model performance indicators, measures and weightings 

The list of performance measures has evolved since Dr Kepa Morgan joined the working 
party in September 2009. Using the Mauri Model an initial list of performance measures was 
developed by Rivers and Drainage and Dr Morgan in September 2009, and first presented at 
a public open day on 28 October 2009. On 9 November 2009 a workshop for stakeholders 
was held in an effort to confirm performance measures and their associated weightings so 
they could be used in optimisation modelling. Unfortunately the workshop was unable to 
meet any of its objectives so stakeholders were invited to weight a comprehensive list of 35 
performance measures using a web-based survey in February 2010.  

Based on findings in Dr Morgan’s report (Morgan, 2010), Rivers and Drainage could not use 
weightings obtained from the web survey for use in its optimisation modelling. The reasons 
included: 

 the small number of on-line surveys received, i.e. 20 people responded out of a total 
approximate 130 invited; 

 weightings were very much subjective; 

 an incomplete set of Analytical Hierarchical Process (AHP) weightings received from 
the online survey recipients (ecological and social well-being only from online survey) 
plus a complete but different set of Ngati Pikiao AHP weightings; and 

 feedback received from many of the online recipients who found the survey very 
difficult and complex to complete. 



 

66 Rivers and Drainage Report 2010/01 –Technical Report to Support  
  Rivers and Drainage Okere Gates and Ohau Weir Consent Application 

The outcome for Rivers and Drainage of the unsuccessful application of the Mauri Model 
web survey was to: 

 continue using performance measures, but condense them down from 35 to 10 or so 
simpler performance measures; 

 not use the Mauri Model performance measure weightings; 

 undertake further consultation with representative stakeholder groups to determine 
what they could live with; and 

 apply best professional judgement in selection of a preferred option that had the widest 
community benefit. 

A copy of the simplified performance measures presented at the April 2010 public open day 
meetings is shown in Table D1. 

Table D1 Simplified performance measures presented at 9 and 11 April 2010 
public open days. 

No Measure Wellbeing

2 Beaches Cultural

Social

Economic

7 Kaituna River flow range (from 13 -26 m3/sec during business hours) Economic

8 Maximum Kaituna River flows 40 m3/s Economic

9 Water Quality Environmental

10 Ecological  Rate of Lake Rotoiti level increase (less than than 0.12m per month) Environmental

Economic

Social

Social

Social

Other PMs

6

Limited range for Lake Rotoiti levels (279.041 - 279.191m)

Maximum Lake Rotoiti level for lake shore flood protection (no more than 279.191m).

Minimum Lake Rotoiti level (no less than 279.041m)4

5

Environmental

Social

Economic

Cultural

Lake Rotoiti Performance Measures

Lake Level Related  PMs

Kaituna River Flow related PMs

Maximum Lake Rotoiti level for Hinehopu Drainage (no more than 278.9m)

3

1 Lake Rotoiti levels (fluctuate approximately 350mm +/- 100mm) 
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Some performance measures detailed in the comprehensive web survey list are not shown in 
Table D1 because they have been converted into rules, for example the requirement to 
maintain a minimum flow in the Kaituna River of 7.9 cumecs to maintain ecological viability.  

A new rule has also been created in Hydrologics’ model to ensure Okere flows will always be 
greater than Ohau Channel flows in order to reduce the risk of backflow around Ohau 
Diversion Wall. 
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Appendix 5 – Rivers and Drainage: proposed 
operational strategy, 1 September 2010 

Okere Gates and Ohau Weir 
Control Structures Consents 

Proposed Operational Strategy
1 September 2010

Prepared by Ken Tarboton & Robbin Britton

 
 

Lake Rotoiti - Okere Gates
Proposed Operational Strategy
Principle: 
Improve environmental and cultural outcomes while not 

adversely affecting social and economic values. 
• seasonal fluctuation within target ranges
• Differs from current consent with target level

Community Aspirations:
• Community desires and needs were considered in 

developing proposed option (modelled) and proposed 
operational strategy

• Due to the diverse community desires - operational strategy 
does not meet all community desires

• It does attempt to meet most important aspects and produce 
an operational strategy that the community “can live with”. 
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The proposed operational strategy comprises:
(a) maximum and minimum consented levels between 

which lake levels should always lie
and
(b) Proposed operational target ranges and a target 

distribution within these ranges.  

The Okere gates will be operated (wherever practicable) 
to achieve the target distribution within the target 
ranges specified

Lake Rotoiti - Okere gates
Proposed Operational Strategy

 
 

Lake Rotoiti - Okere gates
Proposed Operational Strategy
Proposed Consented Levels and Ranges

(all levels in m RL Moturiki Datum)
• Max level 279.40
• Min level 279.00
• 400 mm range (90% of Natural Levels)

Proposed Operational Levels and Ranges 
(all levels in m RL Moturiki Datum)

• ≥ 279.25 for ≤ 5% of each year (extreme events)
• Target range 279.05 - 279.25 (200 mm) with:
 5 -10% of year 279.20 - 279.25
 ≥ 80% of year 279.10 - 279.20
 5 -10% of year 279.05 - 279.10 (May to July)

Proposed Max 279.40

Proposed Min 279.00
279.00

279.10

279.20

279.30

279.40

5-10%

5-10%

< 5%

> 80%
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Lake Rotoiti - Okere gates
Proposed Operational Strategy

Review and Operational Flexibility 

• regular review (every three years) of operational 
strategy

• operational flexibility within target ranges - could include 
rapid drawdown (flushing)

• approval by the Rotorua Te Arawa Lakes Strategy 
Group and/or other representative stakeholder group

 
 

Lake Rotoiti Proposed Operational 
Strategy: Key Points

• Lake Rotoiti levels will be allowed to fluctuate in a slightly more 
natural way subject to ensuring that at least 95% of each year 
lake levels are between 279.05 and 279.25.

• It is recognised that in some years when there are extreme 
events levels may exceed 279.25 for up to 5 % of the year.

• Operational flexibility within these ranges will enable lake levels 
to drop into the lower 279.05 to 279.10 part of the range 
(preferably in May and June). This will increase the overall 
range and may be used to help ‘flush’ the reach between Ohau 
Weir and Okere Gates of sediment or algae if needed

• Lake levels will be allowed to rise naturally (with rainfall and
inflow) in the late winter/early spring period within the target
ranges    
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Lake Rotoiti - Okere Gates
Sample Operational Procedures 
Lake Rotoiti Level Management
1. The lake level for operational purposes shall be recorded at EBOP’s Okawa Bay 

level gauge. 
2. The control structure (Okere Gates) will be operated with the objective of 

maintaining the level of Lake Rotoiti within the following target ranges:
a) within the target range of 279.05 to 279.25 for 95% of the time for each 

calendar year
b) Allow levels above 279.25 for up to 5% of the time for each calendar year as 

a result of extreme rainfall events
3. An operational rating (or rule) curve (or more than one curve) will be used to guide 

flow discharge from the Okere gates. Varying the flow may be by opening or 
closing one or more of the three radial gates.

4. Okere gate flows will be measured at EBOP’s Taaheke flow gauge. 
5. Whenever practicable, to ensure optimum water quality, discharge through the 

Okere Gates will exceed inflow through the Ohau weir
6. A minimum flow rate through Okere gates of 7.9 cumecs shall be maintained at all 

times
7. Where possible lake levels will be allowed to rise and fall naturally as long as the 

distribution of levels is within the target ranges
8. In situations when the target range cannot be achieved (extreme weather) the lake 

level shall be controlled within fixed maximum and minimum levels namely 279.40 
and 279.00 respectively.

9. Optional planned drawdowns (or flushes) may be implemented to help clear algal 
blooms or sediment from the Ōhau Channel as long as the overall target ranges for 
lake levels are achieved

 
 

Lake Level Monitoring
– For the purpose of this consent lake level shall be mean lake level as recorded by 

eliminating the effect of wave action 
– The consent holder shall monitor the level of Lake Rotoiti to an accuracy of +/- 1cm 

with respect to Moturiki datum and the Rotorua Fundamental survey benchmark. 
– Any change in the datum and/or benchmark shall be confirmed by a suitably 

qualified person and reported to the Regional Council. Any changes approved by 
the Regional Council shall be formalised as a variation to this consent and the 
levels for target ranges adjusted to reflect the datum or benchmark changes as 
appropriate.

– The consent holder shall maintain a continuous record of lake level readings with 
any changes to data annotated and available to the CEO of the Regional Council 
or delegate for consent monitoring purposes when requested.

Lake Rotoiti - Okere Gates
Sample Operational Procedures (cont...) 
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Review Conditions
1. The consent holder shall each year report on:

a. the actual distribution of lake levels compared to the target distribution
b. any difficulty in achieving the target ranges
c. details of any consultation with stakeholders and investigations undertaken as a 

result of complaints
2. The consent holder shall every three years submit a report (either to EBOP CEO or 

Rotorua Te Arawa Lakes Strategy Group) including:
a. Review of operational distributions over past three years compared to the target 

range distributions
b. Issues that have arisen as a result of the structure operations according to this 

consent
c. Make recommendations for operational adjustments to be made to address any 

operational, water quality or other issues that may have arisen

Term of Consent
1. Application is being made for a 35 year consent

Lake Rotoiti - Okere Gates
Sample Operational Procedures (cont...) 

 
 

Likely Operational Results for Lake Rotoiti 

The following slides show the likely Lake 
Rotoiti levels and distribution that would 
have resulted with rainfall and weather for 
the 10 years from 1998 to 2007 if the Okere
Gates had been operated according to the 
Proposed Operational Strategy and 
Procedures

This has been simulated as the proposed 
option and is compared with measured 
(status quo) Lake Rotoiti levels and 
distribution over the same time period
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Comparison of Lake Rotoiti levels for 
different operational options

Lake Rotoiti Options (1998-2007)
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Comparison of Current and Proposed 
Operational Strategies for Lake Rotoiti
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Monthly Distribution of 10 Years of Daily Lake Rotoiti Levels 
1998-2007 Status Quo

278.85

278.90

278.95

279.00

279.05

279.10

279.15

279.20

279.25

279.30

279.35

279.40

279.45

0 15 30 45 60 75 90 105 120 135 150 165 180 195

Month

L
a

k
e

 R
o

to
it

i R
a

n
g

e
 L

e
v

e
l (

m
) 

R
L

 M
o

tu
ri

k

Current Statutory Max: 279.407

Current Statutory Min: 278.856

279.191        Current 

Target Max

279.041     Current 
Target Min

279.116       Current 

Target

   Jan         Feb         Mar         Apr        May       Jun          Jul        Aug        Sep         Oct        Nov         Dec       AVG

 
 



 

76 Rivers and Drainage Report 2010/01 –Technical Report to Support  
  Rivers and Drainage Okere Gates and Ohau Weir Consent Application 

Monthly Distribution of 10 Years of Daily Lake Rotoiti Levels 
1998-2007 Option D7(V10-May 27)
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Lake Rotorua Sample Operational 
Procedure 
• Lake Rotorua levels are controlled by outflow through the Ohau Weir, 

down the Ōhau Channel and into Lake Rotoitii. Lake Rotorua levels 
have a relatively natural fluctuation within the currently consented 
range of 610mm between 279.50 and 280.11m (RL Moturiki Datum).  
Operations consist of the removal and re-insertion of stoplogs in the 
weir structure allowing some level control.  For the most part levels 
fluctuate naturally with the stoplogs only removed occasionally –
typically once or twice a year during extreme rainfall events.  Trigger 
levels determine when the stoplogs are removed or reinserted.

• The proposed operational strategy for Lake Rotorua is to maintain lake 
levels between the current upper and lower statutory levels.   Some 
flexibility of the guidelines for installation and removal of the stoplogs is 
sought to allow more flexibility in maintaining downstream Lake Rotoiti 
levels without significantly impacting Lake Rotorua levels.

• Proposed Changes to Section 7 of the current Consent 02 4505 
conditions for Management of Lake Rotorua levels follow:
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7 MANAGEMENT

7.1 The control structure shall be operated so that as far as practicable, the level of Lake 
Rotorua is maintained between the following fixed maximum and minimum levels:

Maximum level   RL 280.11m
Minimum level RL 279.50m

Above Moturiki Datum

7.2 The Grantee shall  use the following guideline to manage level control by installation 
and removal of stoplogs (shown in BOPRC plan number K4562 sheet 4):

(a) The three stoplogs shall be installed when the lake is at or just above the lake level of 
279.810 if the water level has been falling rapidly in the previous weeks.

(b) The three stoplogs shall be removed if the lake level reaches 280.000m.

The Grantee may at their discretion use other information such as short or long term climate 
predictions and conditions in the downstream Lake Rotoiti to operate outside of these 
guidelines while still maintaining Lake Rotorua levels between the specified maximum 
and minimum levels.

7.3 The Grantee shall maintain a daily record of lake level and make this available to the 
Chief Executive Officer of the Regional Council or delegate for consent monitoring 
purposes when requested.

Lake Rotorua Sample Operational Procedure (cont…)
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Appendix 6 – OPUS International Consultants Ltd 
(Dr Grant Webby): Calculation of hydraulic instability 
zone at Okere Gates, 2010 
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Appendix 7 – The University of Waikato 
(David Hamilton et al): Water Quality Assessment of 
Operational Options for Lake Rotoiti, 25 July 2010 
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Executive Summary 

The Centre for Biodiversity and Ecology Research was requested by Environment Bay of Plenty 

(EBoP) to present model results that demonstrate the water flow implications of four different water 

level operational regimes in Lake Rotoiti. The aim was to quantify the proportion of nutrient-enriched 

Lake Rotorua water being transported from Ohau Channel around the diversion wall and into Lake 

Rotoiti. Environment Bay of Plenty did not wish to compromise the effectiveness with which the wall 

diverted this nutrient-enriched water from Rotorua directly to the Kaituna River. 

Lake Rotoiti water level is regulated by Okere Gates which control water flowing into Kaituna River, 

and to a lesser extent by the Ohau Channel weir. The proposed consented levels and ranges (all levels 

as RL Moturiki Datum) include a maximum consented level of 279.40 m minimum consented level 

279 m thus a 400 mm consented range. The proposed operational strategy allows for operational 

levels to rise above 279.25 m for a maximum of 5% of each year in extreme events and with a target 

operational range of 200 mm between 279.05 m and 279.25 m, with the following distribution: 

 5-10% of each year between 279.20 and 279.25 m. 

 At least 80% of each year between 279.10 and 279.20 m. 

 5-10% of each year between 279.05 and 279.10 m in the months of May to 

July. 

The three dimensional water quality model, ELCOM-CAEDYM, was used to simulate the four 

different operational schemes. Inputs include inflows and outflows provided by EBoP, rainfall, amd 

wind speed and direction, solar radiation, air temperature, cloud cover and relative humidity. The 

inflows and outflows varied in accordance with each of the operational regimes; ‘Status Quo’ 

representing the current scheme, the ‘Preferred’ option which involved a modest amount of water 

level variation both seasonally and over shorter time scales driven by variation in Ohau Channel flow, 

the ‘Natural’ scenario where no structures were in place and a ‘Low Weir’ option. For the 

simulations, a tracer was used to track the flow of Rotorua water into Lake Rotoiti. Concentrations 

were measured at four lake stations and immediately at the end of the wall within the Okere Arm. The 

tracer was released within the Ohau Channel. The model simulation outputs included water levels and 

tracer concentrations within the lake. 

With a Low Weir in place, Lake Rotoiti would receive the least water from Lake Rotorua (0.02-

0.025% for five selected stations throughout the lake) of all four options with this regime producing 

low water levels and wide fluctuations (0.51-0.71m). Water levels were within the target ranges for 
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the proposed operational strategy for only 23% of the time and below the target range for 72% of the 

time.  

Under the Natural scenario, a small proportion of Lake Rotorua water entered Rotoiti (0.07-0.11%) 

but more than the Low Weir option. The water level was generally high and there were also large 

fluctuations (0.5 to 0.71 m). Water levels were within the proposed target range for 49% of the time 

and above the target range for 36% of the time.  

The current operational regime, Status Quo, allowed more Rotorua water into Lake Rotoiti (0.25-

0.5%) than any other scenario but the maximum proportion was 3.2% of the original. Under this 

scheme, water levels underwent smaller fluctuations (0.24-0.35 m) and were within the target ranges 

for the proposed operational strategy for 96% of the time, but there was a greater proportion in the 

lower part of this range.  

The Preferred option allowed less Rotorua water into Lake Rotoiti (0.21-0.39%) than the Status Quo 

case, yet more than the Natural and Low Weir scenarios. Also, the level of fluctuation (0.24-0.43 m) 

was greater than those experienced at present but not as extreme as those of the other two schemes. 

Water levels were maintained within the target range for 93% of the time and above the target range 

for 7% of the time. Of all scenarios, this option was the closest match to the proposed operational 

ranges. Water level fluctuations were less than for the Natural and Low Weir scenarios but were 

slightly greater than those experienced at present.  

Whilst the Preferred option increased fluctuations in water level, the fluctuations were not as 

exaggerated as those produced by the Low Weir and Status Quo scenarios. This option further reduces 

the quantity of Lake Rotorua water going into Lake Rotoiti which in turn should reinforce the effects 

of the diversion wall in improvements in water quality of Lake Rotoiti over time. Cultural, ecological 

and socio-economic effects are beyond the scope of this report, but we recognise that the assessment 

we present here should be considered alongside those effects.  
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Introduction 

The Centre for Biodiversity and Ecology Research was requested by Environment Bay of Plenty to 

present model results that demonstrate the water flow implications on the operation of the Ohau 

Channel diversion wall of different water level operational regimes in Lake Rotoiti. The Ohau 

Channel diversion wall was completed in mid-July 2008 (Hamilton et al., 2009). The wall is 1,275 m 

in length and diverts nutrient-enriched water from Lake Rotorua towards the Okere Arm in Lake 

Rotoiti, and is intended to short-circuit water in the Ohau Channel into the Kaituna River, by-passing 

the main basin of Lake Rotoiti. Water quality of Lake Rotoiti has been adversely affected by 

deterioration in water quality of Lake Rotorua which became evident in the 1960s (Vincent, 1984; 

Hamilton, 2004). With the diversion wall in place a large fraction of the water from Rotorua goes 

directly to the Kaituna River. Thus there is an estimated reduction of nutrient loads of 17 tonnes TP 

yr-1 and 164 tonnes TN yr-1 (Hamilton, 2004). Water quality improvements have been reported since 

the completion of the Ohau Channel wall, with Lake Rotoiti now classified as mesotrophic, an 

improvement from its eutrophic state immediately prior to the wall construction (Scholes, 2009). 

Lake Rotoiti water level is regulated by Okere Gates (constructed in 1982) which controls the water 

flowing into Kaituna River and to a much lesser extent by the Ohau Channel weir (constructed in 

1989) where water leaves Lake Rotorua. The Okere Gates are at the northern end of the Okere Arm. 

Prior to the gates being built, the outflow from Lake Rotoiti was controlled only by a rock ledge weir 

approximately 35 m downstream of the present gates. Under the terms of resource consent 02 4504, 

Environment Bay of Plenty operates the Okere Gates so that the water level in Lake Rotoiti is 

maintained within a target level of 279.150 ± 0.075 m, with a maximum limit of 279.44 m and 

minimum limit of 278.89 m above Moturiki Datum or mean sea level. Currently, the level is generally 

maintained so that the monthly variation is c. 0.05-0.1 m, whereas prior to 1982 inter-annual variation 

was commonly around 0.2-0.5 m and seasonal variations were approximately 0.2 m (Hawes, 2003). 

The proposed consented levels and ranges (all levels in metres RL Moturiki Datum) comprise a 

maximum consented level of 279.40 m, minimum consented level 279.0 m, thus 400 mm consented 

range. The proposed operational strategy allows for operational levels to rise above 279.25 m for a 

maximum of 5% of each year in extreme events and will a target operational range of 200 mm 

between 279.05 and 279.25 m with the following distribution: 

 5-10% of year between 279.20 and 279.25 m. 

 At least 80% of year between 279.10 and 279.20 m. 

 5-10% of year between 279.05 and 279.10 m in the months of May to July. 
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The resource consent for the current regime of operation of the Okere Gates expired on 30 June, 2010. 

Environment Bay of Plenty wishes to examine different potential operational regimes that would 

affect water levels in Lake Rotoiti. These regimes include re-establishment at varying degrees of the 

natural seasonal lake level fluctuations (prior to 1982) that may allow reformation to some extent of 

the natural sandy shoreline (Aurecon, 2009). For whatever water level and flow regime adopted, it is 

of fundamental importance that the investment in the wall infrastructure and its apparent effectiveness 

in improving water quality of Lake Rotoiti (Hamilton et al., 2009) are not compromised through a 

water level operational regime that allows substantial quantities of water from the Ohau Channel to 

flow around the diversion wall and into the main basin of Lake Rotoiti. 

This report summarises the results of a three dimensional hydrodynamic model simulation which was 

used to examine the fate of water from the Ohau Channel and its potential to affect water quality in 

Lake Rotoiti, in response to four different operational regimes for Okere Gates over four years which 

included years with differing quantities of rainfall (Figure 1). 
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Methods 

1.1 Study site 

Lake Rotoiti (38oS, 176oE) is a large (area = 34.6 km2), long (max. length = 13.24 km) lake with a 

mean depth of 31 m. It is located within the Okataina Volcanic Centre of central North Island, New 

Zealand (Nairn, 2002), a volcanically active region which contributes to a geothermal influence. In 

addition to water entering from the Ohau Channel, Lake Rotoiti receives water from its immediate 

catchment through coldwater and geothermal springs. The latter enter in specific marginal areas of the 

lake as well as in a geothermally active region of the deeper lake bed. The Kaituna River is the only 

outflow from Lake Rotoiti (Vincent, 1984; Priscu et al., 1986). 

1.2 Data sources and scenarios 

Three years were selected to represent different rainfall years: 1998 and 2001 as wet years, 1999 as an 

average year, and 2000 as a dry year (Figure 1).  

 

Figure 1. Total annual rainfall for 1998, 1999, 2000 and 2001.  Data from Rotorua Aero automated weather station.  
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Four different water level operational scenarios were provided by Environment Bay of Plenty. The 

first, ‘Status Quo’, corresponded to the current operational regime. The ‘Low Weir’ scenario 

represented a low weir located where the Okere Gates are at present and was used to simulate pre-

structure Lake Rotoiti levels with water levels slightly lower than the current values, and the third, 

‘Preferred’ option to a scenario using a modest amount of water level variation both seasonally and 

over shorter time scales driven primarily by variations in the Ohau Channel flow. The fourth scenario, 

‘Natural’, was one with no structures in place. Each of these flow scenarios was run from 1998 to 

2001, which included different volumes of rainfall for each year, thus including natural variability. 

The average inflow and outflow data used for the model input over the four years (1998-2001) was 

provided by Environment Bay of Plenty (Figure 2). 

For the purposes of the model simulation, rainfall, wind speed and direction, solar radiation, air 

temperature, cloud cover and relative humidity were acquired from Rotorua Aero Automated Weather 

Station through Cliflo service of NIWA (National Institute of Water and Atmospheric Research 

National Climate Database, http://cliflo.niwa.co.nz/). 

1.3 Water balance 

A water balance equation was used to adjust the direct catchment inputs to Lake Rotoiti, as the only 

unknown term, to match the prescribed water level scenarios in the lake. The data sources for the 

components of the water balance are summarised in Table 1 

 

 

 
Evaporation was calculated from air temperature and pressure, relative humidity, wind speed and 

surface water temperature. Daily inflow data were smoothed through use of a running average over 

three days. The resulting inflow was split into the geothermal component, which was held constant, 

and a coldwater component which was varied as part of the water balance. Daily surface water 

temperature was calculated from interpolations between monthly measurements. The ELCOM-

CAEDYM model, which predicts surface water temperature at a sub-daily time ste was run until a 

satisfactory match was obtained with the water levels provided for each year (1998, 1999, 2000 and 

2001) by Environment Bay of Plenty.  
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Figure 2. Average daily outflows from Lake Rotoiti at Taheke recorder downstream from Okere Gates (A) and 
average daily inflow from Lake Rotorua at Ohau Channel (B) under four different operational regimes (Status Quo, 
Low Weir, Preferred Option and Natural) using rainfall inputs from 1998-2001.  
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Additional input data were required for running the ELCOM-CAEDYM model. Cloud cover, used to 

calculate long wave radiation input, was calculated from shortwave radiation. A polynomial 

regression (third-order) yielded a positive relationship (R² = 0.9729) between buoy data and Rotorua 

Aero Automated Weather Station air temperature data from 13/07/2007 to 30/06/2008.  This equation 

was used to acquire the lake air temperature input needed for the model and provided a more accurate 

input of conductive heat exchange than the air temperature taken on land. Water temperature at Okere 

Gates was calculated using the respective mass and temperature of Lake Rotoiti water and Lake 

Rotorua water.  

Table 1. Data sources for the components of the water balance for Lake Rotoiti. 

Variables  Method 

Inflow from Ohau channel   Recorded 

Minor stream inflows   Estimated 

Rainfall  Recorded 

Δ Lake Surface level change   Recorded 

Evaporation  Estimated 

Outflow from Okere  Recorded 

 

1.4 ELCOM-CAEDYM and operation 

ELCOM (Estuary, Lake and Coastal Ocean Model), a three dimensional hydrodynamic model, 

coupled with aquatic ecosystem model, CAEDYM (Computational Aquatic Ecosystem Dynamics 

Model) was used for this project. ELCOM-CAEDYM was developed by the Centre for Water 

Research in Western Australia (Hodges & Dallimore, 2006; Robson & Hamilton, 2004). ELCOM 

simulates hydrodynamics of lake and temperature temporally and spatially (Hodges & Dallimore, 

2006) and CAEDYM calculates ecological dynamics and transport (Robson & Hamilton, 2004). 

ELCOM-CAEDYM output set-up was an important step. In this study, we allocated stations in 

strategic locations around Lake Rotoiti and Ohau Channel. Station names and locations are illustrated 

in Figure 3. Station 1 was a mid-lake station at ‘The Crater’ more than 90 m deep, half way along 

Lake Rotoiti. Station 2 was located at ‘The Narrows’, a narrow part of the lake between the western 

and the main eastern basin, Station 3 was a mid-lake station in Okawa Bay, Station 4 was situated just 

outside of the Ohau Channel wall in the Okere Arm and Station 5 was at Te Weta Bay, in the northern 

part of the western basin.   

A simulated tracer dye, used as a measure of Lake Rotorua water dispersal, was ‘released’ in the Ohau 

Channel and was expected to be transported by the water flow. Concentrations of the tracer were 

measured through the lake profile at the five stations. The values were averaged when stratification 
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was not observed. These concentrations were used to support understanding of the transport of the 

Ohau Channel water in Lake Rotoiti.  

The ELCOM-CAEDYM model output using derived inflows, calculated as above, was calibrated to 

return a close match to the observed lake surface level fluctuations. It should be noted that although 

the inputs for water inflow and outflow provided by Environment Bay of Plenty were from 1998-

2001, the model output was based on the present configuration with the diversion wall in place. 

 
Figure 3. Bathymetric map of locations of stations on Lake Rotoiti: Station 1 (The Crater), Station 2 (The Narrows), 
Station 3 (Okawa Bay), Station 4 (Okere Arm), Station 5 (Te Weta Bay). 
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Results 

1.5 Lake level fluctuations 

Modelled lake level changes for all the scenarios and for the observed fluctuations are shown in  

Figure 4. The water levels output simulated for the current structure (Status Quo) and the measured fluctuation match very 
well. The Low Weir and Natural scenarios produced the largest fluctuations over the greatest range (Table 2). The Preferred 
Option produced less fluctuations than the Natural and Low Weir scenarios and was most like Status Quo ( 

Figure 4; Table 2). 
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Figure 4. Modelled scenarios (Status Quo, Low Weir, Preferred, Natural) and measured lake level fluctuations of Lake Rotoiti 
using rainfall inputs from 1998-2001. 

 

Table 2. Range of lake level fluctuation for each scenario (Status Quo, Low Weir, Preferred, Natural) from 1998-2001. 
 

  Status Quo  Preferred  Low Weir  Natural 

1998  0.32 m  0.31 m  0.7 m  0.71 m 

1999  0.31 m  0.32 m  0.65 m  0.64 m 

2000  0.24 m  0.24 m  0.51 m  0.5 m 

2001  0.35 m  0.43 m  0.71 m  0.69 m 
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1.5.1 Performance of each scenario in relation to proposed operational limits 

The proposed operational strategy is to maintain the water levels between 279.40 and 279.0 m (above 

Moturiki Datum) but to also operate within a target range 279.05 m and 279.25 m. Within the target 

operational range there is a further breakdown of the target range to 5-10% of each year between 279.20 and 

279.25 m, at least 80% the of year between 279.10 and 279.20 m and 5-10% of year between 279.05 and 

279.10 m in the months of May to July, with an allowance of 5% of the year allowed above 279.25, to account 

for extreme events. The percentage of time that water level was above, below and within the various proposed 

operational ranges for each scenario over the four years is shown in Table 3. Appendix 2 gives more in-depth 

analyses, including monthly averaged percentages. The Status Quo and Low Weir scenarios exceeded 279.25 

m for less than 5% of the time whereas the Preferred scenario and Natural scenario were above that limit for 

7% and 24% of the time, respectively. The Preferred and Status Quo scenarios stayed within the target range 

for at least 93% of the time, but the Status Quo was more often in the 279.05-279.10 range than the Preferred 

option. For the Low Weir scenario, the water level was within the target range 23% of the time and it was at, 

or below, 279.0 m for 72% of the time. The Natural option stayed within the target range for 49% of the time 

with higher than proposed periods of time between 279.20-279.25 m and 279.05-279.1 m. For 14% of the time 

the Natural option was at or below the target range and above it for 36% of the time.  

Table 3. Average percentage of time that the water level was above, below and within the proposed target operational ranges 
for each scenario (Status Quo, Low Weir, Preferred, Natural) from 1998-2001. The grey band denotes the target range. 
 

Range  Status Quo  Preferred  Low Weir  Natural 

>279.4  0  0  0  10 

279.35‐279.40  0  1  1  5 

279.30‐279.35  1  2  1  11 

279.25‐279.30  2  4  1  10 

279.20‐279.25  4  8  2  16 

279.15‐279.20  14  38  4  12 

279.10‐279.15  53  40  6  12 

279.05‐279.10  25  8  11  9 

279.00‐279.05  1  0  11  10 

<279.00  0  0  61  4 

 

The average percentage of time above, within and below the proposed target range is shown in Table 4. For 

each scenario, the proportion that falls within the target range is similar for each rainfall regime with the 

exception of the Natural scenario for which the water level was within the target range for a greater duration. 

Otherwise the proportions above the target range tended to decrease in the year. 
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Table 4. Averaged percentage of time of water levels above, within and below the proposed target range for each scenario 
(Status Quo, Low Weir, Preferred, Natural) during wet (1998 and 2001), average (1999) and dry (2000) years.  The grery bar 
denoted the target level. 

 

1.6 Rotorua water influence on tracer concentrations 

Tracer concentrations for each station site are illustrated in Figure 5. Mean tracer concentrations are 

summarised in Table  5. Mean tracer concentration results show that the Preferred Option will transfer up to 

half as much of the Lake Rotorua water to Lake Rotoiti at Stations 1, 2, 4 and 5 as the current structure (Status 

Quo scenario). However, the Natural and Low Weir scenarios would transport even less water into Lake 

Rotoiti than the Preferred option (Table  5). For all scenarios it took the tracer six months before it reached its 

maximum concentration at Station 1 (The Crater), the most distant from the origin of the tracer.  Tracer 

concentrations then remained fairly stable and at a very low concentration (Figure 5). The maximum 

concentration at Station 1 was around 0.27% of the original concentration and this was represented by the 

Status Quo scenario (Figure 6).  

Table  5.  Mean percentage of tracer concentrations based on input from the Ohau Channel  (100%) for stations (Station 1 - 
Crater, Station 2 - the Narrows, Station 3 - Okawa Bay, Station 4 - Okere Arm, Station 5 – Te Weta Bay) for four scenarios 
(Status Quo, Low Weir, Preferred, Natural) from 1998-2001.  

Location:  Station1  Station 2  Station3  Station 4  Station5 

Method:  Surface  Bottom  mean  mean  mean  mean 

Status Quo   0.44  0.25  0.44  0.5  65.24  0.44 

Preferred   0.21  0.21  0.36  0.39  65.04  0.34 

Low Weir   0.02  0.02  0.025  0.02  63.68  0.02 

Natural   0.07  0.07  0.11  0.1  64.1  0.1 

 
Once a near-steady state was reached at Stations 2 (The Narrows), Station 3 (Okawa Bay) and Station 5 (Te 

Weta Bay) tracer levels tended to be punctuated by seasonal fluctuations in tracer concentrations, with 

concentrations increasing from January to April and then decreasing again by July to remain stable for the 

intervening months. This trend was most marked in 1998 and 2001, the wet years, and peak concentrations 

were lowest during the year 2000, the dry year. There was a consistent pattern at Stations 1, 2, 3 and 5 with 

Range  Status Quo  Preferred  Natural  Low Weir 

  

w
et 

average 

d
ry 

w
et 

average 

d
ry 

w
et 

average 

D
ry 

W
et 

average 

d
ry 

Above 
target  

6  4  1  8  6  3  35  45  30  6  1  0 

Within 
target 

94  96  98  92  94  97  48  41  60  22  27  24 

Below 
target 

0  0  1  0  0  0  18  14  11  72  72  76 
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the Low Weir scenario producing the lowest concentrations of tracer, then increasingly higher concentrations 

in the Natural, Preferred and then Status Quo scenarios (Figure 5).  

Surface contour plots of tracer concentrations over time for each scenario are given in Appendix 1. They 

provide an alternate representation of the data presented in Figure 5. 

Distance from Ohau Channel was represented by difference in magnitude in the tracer concentrations i.e., 

Station 1 (Crater) which had very low concentrations of tracer as compared to Stations 2, 3 and 4 (Figure 5). 

Morphological differences (i.e., relatively closed bays, Station 3 (Okawa Bay) and Station 5 (Te Weta Bay) 

did not reduce the tracer concentrations but concentration was less variable than at Station 2 (The Narrows; 

Figure 5). 
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Figure 5. Tracer concentration as a percentage of input from the Ohau Channel  (100%) at Station 1 - Crater, Station 2 - the 
Narrows, Station 3 - Okawa Bay, Station 4 - Okere Arm, Station 5 – Te Weta Bay for each scenario (Status Quo, Low Weir, 
Preferred, Natural) for 1998-2001. 
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Figure 6. Tracer concentrations at Station 1 (Crater station) as a fraction of input from the Ohau Channel (100%) for each scenario (Status Quo, Low Weir,  
Preferred, Natural) 1998-2001. 
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Discussion 

The aim of this report was to quantify the proportion of Lake Rotorua water being transported from 

Ohau Channel around the diversion wall and into Lake Rotoiti. We discuss the findings for the 

various options below.  

None of the simulated scenarios is likely to change the water quality of Lake Rotoiti appreciably as a 

result of Lake Rotorua water flowing around the diversion wall and into Lake Rotoiti. For each 

scenario, only a small proportion of Lake Rotorua water, ranging from 0.02-0.5%, reached Station 1 

(The Crater), the station farthest from the tracer source of Ohau Channel (Table  5). The maximum 

tracer concentration simulated at any station was 3.2% of that in the Ohau Channel, which was for the 

Status Quo scenario at Station 2 (The Narrows). More water from Lake Rotorua enters Lake Rotoiti 

during summer than in winter, and bays tend to have a longer response time. The proportion of water 

from Lake Rotorua that enters Lake Rotoiti tends to increase under higher rainfall which leads to 

higher flows through the Ohau Channel.  

The Low Weir scenario had the lowest amount of water from Lake Rotorua entering Lake Rotoiti 

(average of 0.02-0.025% across each of the stations 1, 2, 3 and 5); less than any of the other scenarios.  

This scenario did not match the proposed operational ranges for considerable periods of time, 

however, as it produced low water levels that were below the target range for 72% of the time. This 

scenario showed large fluctuations in water level (0.51-0.71 m).  

The Natural scenario produced a similar range of water level fluctuations (0.5 to 0.71 m) to the Low 

Weir scenario. In the Natural scenario, however, water levels were generally higher and were above 

the proposed operational range for 36% of the time. This regime would not fulfil the proposed 

operational strategy as the water levels were within the proposed targeted range for less than 50% of 

the time. The difference between the Natural option (0.07-0.11% across each of the stations 1, 2, 3 

and 5) and the Low Weir option (0.02-0.025%) was small and would be unlikely to lead to a 

detectable difference in water quality between these two scenarios.  

The current regime (Status Quo) appears to be the least favourable of the four options in terms the 

proportion of Lake Rotorua water that would enter Lake Rotoiti. The average percentage of Lake 

Rotorua water entering Lake Rotoiti in this case ranges from 0.25-0.5% and the maximum is 3.2%. 

This scenario had low fluctuations in water levels (0.24–0.35 m) compared with any of the other three 

scenarios and levels remained within the proposed target operational range for 96% of the time.  

There was a high percentage of time (average 25% over 4 years) where water levels were within the 
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279.05-279.10 m water level range, well above the proposed 5-10% frequency for the months of May 

to July.  

The Preferred option, on average, resulted in 16-52% less water from Lake Rotorua entering Lake 

Rotoiti than the Status Quo option. Water level fluctuations were slightly greater (0.24–0.43 m) than 

for the Status Quo option (0.24-0.35 m). Water levels were maintained within the proposed target 

range for 93% of the time.  

The proposed changes in operation of the Okere Flood gates and Ohau Channel weir are not 

anticipated to compromise the efficiency of the diversion wall for any of the scenarios but there are 

subtle differences between the scenarios and a possibility of small variations in water quality in the 

western end of the lake including the embayments. The Low Weir option produced the least input of 

water from Ohau Channel into Lake Rotoiti followed by the Natural option, the Preferred option, and 

then the Status Quo. Our results suggest that differences between the scenarios in terms of backflow 

of water around the diversion wall, are likely to be small, and that other effects of water level 

variations can now be focused upon in terms of their ecological, cultural and socio-economic effects.  
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Appendices 

 

 

Appendix 1. Fraction of tracer (as a percentage) in Lake Rotoiti as a percentage of inputs in the Ohau 
Channel (Status Quo, Low Weir, Preferred, Natural) at two-monthly intervals from 1998-2001. 
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Appendix 2. Average percentage of time of water level within maximum, minimum, mean, median, mode and range for scenarios (Status Quo, Preferred, Natural, Low Weir) for 
1998-2001. The grey band denotes the target range. 

Averaged percent time in water level ranges for Status Quo for 4 years 1998‐2001 (light grey denotes target range) 

Range  Jan  Feb  Mar  Apr  May  Jun  Jul  Aug  Sep  Oct  Nov  Dec 

>279.4  0  0  0  0  1  0  0  0  0  0  0  0 

279.35‐279.40  0  0  0  0  1  0  3  0  0  0  1  0 

279.30‐279.35  0  0  0  1  3  0  12  0  0  0  2  0 

279.25‐279.30  0  0  0  6  2  0  4  4  0  0  4  1 

279.20‐279.25  0  2  2  4  4  2  5  13  6  2  3  5 

279.15‐279.20  4  8  6  22  12  15  10  23  12  18  16  18 

279.10‐279.15  47  58  59  45  54  48  39  58  53  57  61  54 

279.05‐279.10  45  32  33  23  22  35  28  3  27  23  13  21 

279.00‐279.05  4  0  0  0  0  0  0  0  2  0  0  1 

<279.00  0  0  0  0  0  0  0  0  0  0  0  0 

                                      

Maximum  279.15  279.18  279.17  279.21  279.29  279.19  279.25  279.22  279.21  279.19  279.24  279.22 

Minimum  279.07  279.09  279.08  279.08  279.08  279.08  279.08  279.10  279.07  279.08  279.09  279.08 

Mean  279.10  279.12  279.11  279.14  279.14  279.12  279.16  279.15  279.12  279.12  279.14  279.13 

Median  279.10  279.11  279.11  279.13  279.12  279.11  279.16  279.15  279.11  279.12  279.13  279.12 

Mode  279.08  279.10  279.10  279.09  279.10  279.10  279.15  279.13  279.08  279.13  279.11  279.10 

Range  0.08  0.09  0.09  0.13  0.21  0.12  0.17  0.12  0.14  0.10  0.15  0.14 
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Averaged percent time in water level ranges for Preferred Option for 4 years 1998‐2001 (light grey denotes target range) 

Range  Jan  Feb  Mar  Apr  May  Jun  Jul  Aug  Sep  Oct  Nov  Dec 

>279.4  0  0  0  0  3  0  0  0  0  0  1  0 

279.35‐279.40  0  0  0  0  2  0  2  0  1  0  3  0 

279.30‐279.35  0  0  0  6  2  0  3  7  1  0  3  0 

279.25‐279.30  0  0  1  5  4  0  11  11  8  2  2  0 

279.20‐279.25  2  4  2  5  5  1  9  21  22  7  6  13 

279.15‐279.20  56  21  21  20  24  8  18  47  52  68  42  74 

279.10‐279.15  40  74  76  64  51  39  25  14  16  24  43  13 

279.05‐279.10  3  0  0  0  10  52  33  0  0  0  0  0 

279.00‐279.05  0  0  0  0  0  0  0  0  0  0  0  0 

<279.00  0  0  0  0  0  0  0  0  0  0  0  0 

                                      

Maximum  279.18  279.20  279.20  279.23  279.31  279.18  279.27  279.27  279.29  279.22  279.25  279.23 

Minimum  279.12  279.13  279.12  279.12  279.11  279.07  279.07  279.17  279.14  279.14  279.13  279.14 

Mean  279.15  279.15  279.14  279.16  279.16  279.11  279.15  279.20  279.19  279.17  279.17  279.17 

Median  279.15  279.14  279.13  279.15  279.15  279.10  279.15  279.19  279.18  279.16  279.16  279.17 

Mode  279.15  279.13  279.12  279.13  279.12  279.08  279.15  279.18  279.16  279.16  279.13  279.16 

Range  0.06  0.07  0.08  0.11  0.20  0.11  0.19  0.11  0.14  0.09  0.12  0.09 
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Averaged percent time in water level ranges for Natural scenario for 4 years 1998‐2001 (light grey denotes target range) 

Range  Jan  Feb  Mar  Apr  May  Jun  Jul  Aug  Sep  Oct  Nov  Dec 

>279.4  0  0  0  0  13  0  19  29  31  4  18  10 

279.35‐279.40  0  0  0  0  5  2  8  8  17  6  2  11 

279.30‐279.35  0  0  0  10  9  16  15  25  11  23  3  14 

279.25‐279.30  0  0  0  3  19  27  5  13  7  15  12  22 

279.20‐279.25  6  6  0  9  6  37  21  0  21  31  29  21 

279.15‐279.20  16  8  12  11  14  10  24  5  9  11  19  12 

279.10‐279.15  28  12  12  12  8  1  8  20  4  10  17  10 

279.05‐279.10  25  20  27  22  9  7  0  0  0  0  0  0 

279.00‐279.05  22  27  33  28  16  0  0  0  0  0  0  0 

<279.00  3  27  16  6  0  0  0  0  0  0  0  0 

                                      

Maximum  279.15  279.15  279.13  279.19  279.35  279.32  279.41  279.41  279.42  279.33  279.36  279.39 

Minimum  279.05  278.99  279.01  279.02  279.10  279.17  279.17  279.27  279.26  279.19  279.14  279.19 

Mean  279.10  279.06  279.06  279.11  279.23  279.24  279.31  279.33  279.33  279.26  279.26  279.28 

Median  279.09  279.05  279.06  279.12  279.22  279.24  279.32  279.33  279.32  279.26  279.26  279.26 

Mode  279.06  279.06  279.04  279.08  279.18  279.21  279.30  279.31  279.29  279.24  279.24  279.22 

Range  0.11  0.16  0.13  0.17  0.25  0.15  0.24  0.14  0.16  0.14  0.22  0.20 
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Averaged percent time in water level ranges for Low Weir scenario for 4 years 1998‐2001 (light grey denotes target range) 

Range  Jan  Feb  Mar  Apr  May  Jun  Jul  Aug  Sep  Oct  Nov  Dec 

>279.4  0  0  0  0  1  0  0  0  0  0  0  0 

279.35‐279.40  0  0  0  0  1  0  10  0  0  0  0  0 

279.30‐279.35  0  0  0  0  2  0  7  5  0  0  2  0 

279.25‐279.30  0  0  0  0  2  0  0  9  2  0  2  0 

279.20‐279.25  0  0  0  0  2  0  0  11  7  0  7  0 

279.15‐279.20  0  0  0  0  6  0  2  5  19  4  7  1 

279.10‐279.15  0  0  0  1  6  4  11  9  18  6  3  20 

279.05‐279.10  0  0  0  10  13  19  12  26  14  24  3  14 

279.00‐279.05  2  0  0  3  16  32  6  10  8  22  15  22 

<279.00  98  100  100  86  51  45  51  25  32  44  62  43 

                                      

Maximum  278.97  278.89  278.88  278.94  279.11  279.08  279.17  279.15  279.17  279.08  279.11  279.10 

Minimum  278.80  278.73  278.75  278.76  278.85  278.93  278.93  279.02  279.00  278.93  278.88  278.94 

Mean  278.87  278.80  278.81  278.86  278.99  279.00  279.06  279.08  279.07  279.01  279.00  279.02 

Median  278.85  278.79  278.81  278.87  278.98  279.01  279.07  279.07  279.07  279.02  279.01  279.01 

Mode  278.83  278.76  278.78  278.84  278.94  278.96  279.05  279.07  279.07  278.97  278.96  278.98 

Range  0.16  0.16  0.13  0.18  0.25  0.15  0.24  0.14  0.16  0.14  0.23  0.16 
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Appendix 8 – Lochmoigh Ltd (John McIntosh): Effect 
of the operation of the Okere Gates on water quality 
in the Kaituna River, 30 June 2010 (A473169) 

Effect of the operation of the Okere Gates on water quality in the 
Kaituna River 
 
30 June 2010 by John McIntosh, Lochmoigh Ltd 
 

1 Introduction 

The quantity of water flowing out of Lake Rotoiti and down the Kaituna River 
depends on the rainfall and other climate and catchment variables in the Rotorua 
and Rotoiti catchments. The rate of flow out of Rotoiti to the Kaituna River and the 
level of Lake Rotoiti have been moderated by gates at Okere since 1982. 

Modelling by Professor Hamilton’s team at Waikato University has shown that the 
proposed strategy for controlling the lake level has a small effect on the quality of 
the discharge to the Kaituna River. This is a minor effect compared with the effects 
of the Ohau Channel diversion wall on the quality of the discharge. 

Evidence provided for the Ohau Channel diversion wall hearing was that the load of 
nutrient being discharged to the Kaituna River at Okere Falls would increase by 64 
tonnes per year for nitrogen and 13 tonnes per year for phosphorus. The discharge 
to the sea at the river mouth would increase by the same amount. The average 
discharge of nutrients to the Kaituna River at Okere from 1990 to 2006 was 220 
tonnes per year for nitrogen and 17 tonnes per year for phosphorus, while the 
average discharge of nutrients to the sea at the river mouth for the same period was 
938 tonnes per year for nitrogen and 64 tonnes per year for phosphorus. The major 
component of the discharge to the sea was from the catchment downstream of the 
Rotorua lakes. 

Modelling of the effects of the diversion wall by Professor Hamilton indicated that 
there would be a reduction of summer blue-green algal chlorophyll a levels of about 
40% in Lake Rotoiti in 3-5 years.  

At that time blue-green algal blooms were predominantly sourced from Lake Rotoiti. 
It was therefore stated that, with blooms being controlled in Lake Rotoiti, less would 
occur and the Okere Arm and the Kaituna River would benefit from this increased 
quality of water. Subsequently, Lake Rotorua has been subject to significant autumn 
blooms of blue-green algae for the last two years. These blooms have affected the 
Ohau Channel, Okere Arm and the Kaituna River. 

The diversion wall was not promoted as a complete fix to the problems of 
Lake Rotoiti, but in any event there has been significant improvement to the quality 
of the lake so that it approaches its statutory requirement. By contrast, the diversion 
was to have no impact on the water quality of Lake Rotorua, from which most of the 
water in the Kaituna River (c 75%) is now sourced. Significant nutrient input 
reductions are still needed in the catchment of both lakes to bring both lakes to the 
statutory quality standard in Regional Council’s Regional Plans. 
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The sections below demonstrate how the quality of the water has changed at 
Okere Falls and at sites down the Kaituna River since the wall has been in place. 
Change has been assessed relative to levels in the Ohau Channel prior to the 
construction of the diversion wall. With the wall in place, the quality of water at 
Okere and at Paengaroa is more directly related to the quality of water in the 
Ohau Channel. Before the wall was built, the Ohau Channel water was dispersed to 
a greater extent in Lake Rotoiti, and there was a less direct relationship between the 
quality of the Ohau Channel water and that at Okere Falls and the river at 
Paengaroa. 

With the occurrence of blue-green algal blooms in Lake Rotorua over the past two 
years, Regional Council is assessing its lake programme to take action to reduce 
blooms in the short term while implementing nutrient discharge mitigation measures 
and land use change in the catchment of Lake Rotorua to effect long-term control. 

2 Changes in water parameters since construction of the 
diversion wall 

A number of parameters are plotted below, comparing water quality in the 
Kaituna River before and after diversion wall construction. The data for the pre-wall 
time period extends from 1990 to 2008. Post-diversion wall monitoring began in 
August 2008 when the wall was finally closed after a 9 month construction period. 
There are greater climatic extremes influencing the pre-wall data than the post-wall 
data so in discussing the results the changes in relativity between sites is an 
important consideration to understand the effects of the diversion.  

Data plotted includes suspended solids, total phosphorus, total nitrogen, E coli, 
chlorophyll a, and blue-green algal bloom health warning levels. 

 

Figure 1  Suspended solids (g/m3) at sites in the Ohau Channel, Okere Falls, 
the Kaituna River and Maketu Estuary before and after construction 
of the Ohau diversion wall. 

The pre-diversion data contains 18 years of data, so there is a greater range in the 
data than in the 15 months of data since the wall has been built. The average 
suspended solids concentration flowing through the Ohau Channel has increased 
slightly since the diversion, possibly because of the blue-green algal blooms for 
extended periods of 2009 and 2010 (Figure 1). The suspended solids concentration 
at Okere has increased, but is still significantly less than the Ohau Channel 
suspended solids level. It appears that settlement of solids occurs in the Okere Arm, 
although some dilution with Rotoiti water would be expected. The data indicates that 
there is no increase in suspended solids on average at Paengaroa. The solids 
discharged at Okere will travel down-river and so will affect the Kaituna River at 
Paengaroa to some extent. We cannot rule out that something between the sites 
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may have resulted in a general improvement. Relative changes beyond Paengaroa 
relate to events in the lower catchment.  

Recent average total phosphorus data from the Ohau Channel is lower than the long 
term average (Figure 2). The relativity between the Ohau Channel and Okere 
phosphorus levels has changed with a relative increase at Okere. Some dilution with 
Rotoiti water is apparent. On average there has been little change in phosphorus 
levels at Paengaroa although relative to the Ohau Channel levels may have 
increased. 

 

 

Figure 2. Total phosphorus (g/m3) at sites in the Ohau Channel, Okere Falls, 
the Kaituna River, and Maketu Estuary before and after construction 
of the Ohau diversion wall. 

Figure 3 shows the long term data series from which the bar charts are derived in 
the case of total phosphorus. The Okere data is generally lower than the Ohau data 
showing that the phosphorus flowing into Rotoiti was previously attenuated to a 
greater extent in Rotoiti. Since the wall has been built, there is a greater 
correspondence between the two data sets as Ohau water flows directly to Okere.  

 

Figure 3 Long term data series for total phosphorus (g/m3) in the 
Ohau Channel and at Okere Falls. 
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Figure 4 shows that nitrogen levels follow a similar pattern to phosphorus. The 
relativity between the Ohau Channel total nitrogen level and the Okere level 
changed following construction of the diversion wall. A relative increase in total 
nitrogen is recorded at Okere and Paengaroa compared to the pre-diversion wall 
relativities. No actual increase has occurred in the average total nitrogen level at 
Paengaroa to date. 

 

  

Figure 4 Total nitrogen (g/m3) at sites in the Ohau Channel, Okere Falls, the 
Kaituna River, and Maketu Estuary before and after construction of 
the Ohau diversion wall. 

 

Figure 5 Long term data series for total nitrogen (g/m3) in the Ohau Channel 
and at Okere Falls. 

Okere total nitrogen levels were relatively stable throughout the early 1990s, as 
seen in Figure 5, likely due to the assimilation of Rotorua nutrients by greater 
diversion of water into Lake Rotoiti. Ohau Channel water reflects the quality of 
Lake Rotorua. In 2003, high nitrogen levels were recorded at Okere Falls which 
likely reflects high levels of nitrogen due to high algal concentrations in Rotoiti at this 
time. 



 

Rivers and Drainage Report 2010/01 – Technical report to support  125 
Rivers and Drainage Okere Gates and Ohau Weir Consent Application 

The indicator bacteria, Escherichia coli, are found in very low levels in Lakes 
Rotorua and Rotoiti. In the Kaituna River their presence is likely to be mostly the 
result of inputs from overland runoff and other discharges in the river catchment. 
Over the more recent time period in the plots of Figure 6 the bacterial levels at 
Waitangi have decreased but little change is noted at Te Tumu or upper 
Maketu Estuary. 

  

Figure 6 E coli (no/100ml) and chlorophyll a (mg/m3) at sites in the 
Ohau Channel, Okere Falls, the Kaituna River, and Maketu Estuary 
before and after construction of the Ohau diversion wall. 

Figure 6 shows that the relativity between average chlorophyll a levels in the 
Ohau Channel and at Okere has changed so that the Okere levels have become 
similar to the Ohau Channel levels. The pattern of reduction of chlorophyll a at the 
downstream sites is mainly due to dilution. However, for both pre- and post-
diversion situations an increase in chlorophyll a is noted in the Kaituna River at Te 
Tumu from the value at Waitangi. This likely implies that a separate source affects 
this part of the river which may be algae discharged to the river from the drainage 
systems of the lower river. 

3 Health Warnings as a result of algal blooms 

Lake Rotorua had algal blooms since the 1970s, as sporadic rather than annual 
events. Removal of the discharge of treated sewage effluent from discharge to the 
lake in 1990 was followed by a period of less frequent, lower intensity blooms. 
These have occurred at many locations around the lake and resulted in periods 
when health warnings have been issued. The blooms of the last two years have 
occurred in the autumn and have affected the Ohau Channel more severely than 
has been noted in the past decade. With the diversion wall in place the Okere Arm 
has been similarly affected as the blooms are not dispersed into the main body of 
Rotoiti. So while the diversion wall protects Rotoiti it has allowed many blooms from 
Lake Rotorua to flow into the Okere Arm. 

Figure 6 shows that the bloom health warnings, indicating the frequency of these 
bloom events, was reduced in 2010 compared with 2009. This was probably more 
due to a change in the sampling assessment protocol rather than a reduction in 
intensity and the visual effect was still marked. 
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Figure 6 A record of health warnings issued for Rotorua, Rotoiti and 
Kaituna River sites in 2009 and 2010. 

4 Response to blooms in the Ohau Channel and downstream 
waters 

Regional Council has a developing technical programme to treat lake waters and 
lake sediment to inactivate and remove phosphorus from the water column where it 
would otherwise stimulate excessive algal growth. Lakes Okaro and Okareka have 
been treated with phosphorus-absorbing products to prevent or reduce phosphorus 
release from the deep bottom sediments. Two streams flowing into Lake Rotorua 
are currently being treated with alum to lock dissolved phosphorus in a form 
unavailable for algal growth. Another stream flowing into Lake Rotoehu has an alum 
dosing plant in the initial stages of construction. Treatment of the sediment of Lake 
Rotoehu is also planned. All these actions are building expertise that provides 
information on the feasibility, effectiveness and costs for the sediment capping of 
Lake Rotorua. 

Capping of the Rotorua sediments was considered as a one-off major exercise to 
effect a swift recovery of the lake once land use controls were in place. The major 
nutrient inputs to the lake, primarily from the pastoral farming sector, still require 
substantial control to promote the longevity of the expensive nutrient remediation 
actions in the inflows and within the lake itself.  
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As a response to concerns over the algal blooms now affecting the Okere Arm and 
the Kaituna River, a change in emphasis is being considered. Knowledge that has 
been developed in phosphorus-adsorbing compounds and their action can be used 
to directly target the nutrients causing the algal blooms.  

Late algal blooms such as the ones experienced over the past two years follow 
periods when Lake Rotorua has been thermally stratified. Nitrogen and phosphorus 
have been released from the bottom sediments when the bottom waters become 
anoxic and these nutrients then become available for algal growth when the lake 
mixes. The strategy being devised relies on treating the bottom waters during the 
periods of stratification when the nutrients are in the water column.  

5 Effects of altering the discharge regime from the Okere Gates 

Professor David Hamilton has modelled the flow of water through the Ohau Channel 
into the Okere Arm and the amount of water that flows back into western Rotoiti and 
into the main eastern basin of Rotoiti. The regime of altering the flow through the 
Okere Gates affects the amount of water flowing back into western Rotoiti as 
demonstrated by Professor Hamilton.  

How the Okere Gates are operated has negligible effect on the quality of water 
passing through the gates and flowing down the Kaituna River. The quality of that 
water will be similar to the quality of Ohau Channel water, but will be diluted by a 
lesser flow from Rotoiti.  

The major issue with respect to the quality of the waters in the Okere Arm and the 
Kaituna River has been the persistent blue-green algal blooms over the last two 
years in the late summer and autumn. This is a symptom of excessive nutrient loads 
into Lake Rotorua over decades. Nitrogen and phosphorus from urban and rural 
sources are stored in the lake sediments and are released back into the water in 
intermittent events over summer. Removal of the treated sewage effluent from 
discharge into the lake has resulted in sediment phosphorus levels declining, but 
rural sources of nutrients have increased over that period. Control of nutrient loss 
from rural land use will be the ultimate solution to lake quality problems. In the short 
term, Regional Council can treat some of the symptoms, i.e. the algal blooms, by 
use of phosphorus-adsorbing products acting in stream inflows or the lake itself.  
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Appendix 9 – Location map 2009, beach photos at 
seven transects, and drawings showing Lake Rotoiti 
beach profiles (source: Regional Council drawing C2433) 

 

Figure 1 Lakes Rotorua and Rotoiti beach profiles location map 2009. 
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Beach Photos 
 

 

Figure 2 Site 1: Hinehopu. 
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Figure 3 Site 2 : Tapuaeharuharu Marae. 

Profile 2 Taupuaeharuru Marae
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Figure 4 Site 3 : Te Kura Kaupapa Maori o Rotoiti 1. 

Profile 3 - Te Kura Kaupapa Maori O Rotoiti
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Figure 5 Site 4: Hinekura Marae. 

Profile 4 Hinekura Marae
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Figure 6 Site 5: Emery Store. 

Profile 5 Emery Store
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Figure 7 Site 6: Ruato Bay. 

Profile 6 Ruato Bay
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Figure 8 Site 7: Curtis Road. 

 

Profile 7 Curtis Road Beach
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Appendix 10 – Topographical contours at 
Tamatea Street, Hinehopu, Lake Rotoiti 
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Figure 1 Hinehopu/Tamatea Street topographical contours 
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Appendix 11 – Aerial map of Ohau Channel showing locations of survey cross sections, long section thalweg profile, and 
cross sections, 1980-2010 
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Ohau Channel Thalweg & Water Level Profile
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Cross Section 25A
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