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Executive summary

The current resource consents for the operation of the Kaimai Hydroelectric Power Scheme expire in
2026. Manawa Energy is seeking to obtain replacement consents under the Fast-track Approvals Act
2024 to provide for the continued operation of the Scheme. An assessment of the effects of the
Scheme on the environment is required to support the consent application. This report, which is one
of a series of technical assessment reports, addresses the hydrological aspects of the Scheme.

This report has sought to:

¶ Describe the general hydrological setting of the Kaimai Scheme, including an assessment of
the existing flow regime of the Wairoa River and its major tributaries that are being diverted.

¶ Describe the current operational regime of the Kaimai Scheme, including the components of
the Eastern and Western diversions, the four power stations, three lakes and associated
dams, and the Mangakarengorengo Intake.

¶ Describe the anticipated effects of projected climate change on the Wairoa Catchment and
its flow regime.

¶ Assess the hydrological alterations resulting from the Kaimai Scheme and its operation.

By way of overview, the Kaimai Scheme diverts water from the major tributaries of the Wairoa
Catchment via an interconnected conveyance system of weirs, tunnels, inlets, canals and dams /
lakes for electricity generation at three main stations and a smaller station in cascade. In
hydrological terms, the infrastructure and operation of the Kaimai Scheme has created a series of
residual river reaches within the catchment with significantly modified flow regimes (compared with
a no scheme environment). Below the lowermost and largest station (Ruahihi), operation of the
Scheme imprints a strong diurnal pattern (from daily generation ramping) in the downstream river
flow. This final residual river reach above the Tauranga Harbour is in tidal zone.

The operational regime of the Kaimai Scheme is proposed to be unchanged from the current regime
in hydrological terms, except for the provision of a minimum residual flow (for the first time) at the
Omanawa and Mangapapa weirs and below the McLaren Falls Dam.

The main conclusions from this assessment are as follows:

Hydrology of the Wairoa Catchment and its tributaries

¶ There is only one long-term flow monitoring station in the entire Wairoa Catchment of 460
km2 (i.e. Wairoa at Above Ruahihi), from September 1990 to the present. However, Manawa
Energy has a large network of monitoring sites at key infrastructure locations that have
provided useful (albeit of variable quality) hydrological data for this assessment. In addition,
there are established flow sites in adjacent and nearby catchments that have been used as
analogues to inform regional hydrological behaviour and corroborate the short-term and
variable quality records from Manawa Energy’s network.

¶ Relatively short 1 records from 2013 are available for two of the five main diversions (Opuiaki
River and Ngatuhoa Stream) and from 2016/2017 for the other three main diversions
(Omanawa, Mangapapa and Mangakarengorengo rivers). Despite the relative brevity of
these records, the envelope of flow behaviour is likely captured by the available data
because the last six years (2017 to 2022 inclusive) include two of the driest years (2020 and
2021) and two of the wettest years (2017 and 2018) since 1994. It should be noted,
however, these records have increased uncertainty and a larger proportion of missing data

1 “Short”, in hydrological terms, for reliably defining long-term conditions, given the inter-annual variability anticipated in
the flow behaviour.
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compared with sites maintained by regional councils or NIWA (as they are subject to lower
monitoring standards and lesser post-processing effort).

¶ Notwithstanding, the available inflow records do illustrate a clear difference in the flow
behaviour among the major diversions:

o Flows in the Omanawa and Mangapapa Rivers (main Eastern Diversions) are very
baseflow-dominated, with high and sustained baseflows that do not vary much
across the seasons (especially in the Omanawa River).

o Floods in the Omanawa River are more modest compared with the Mangapapa
River.

o The Mangakarengorengo River is subject to large floods and has frequent freshes,
with significantly smaller baseflows (in relative terms).

o There is a strong seasonal influence in flows in the Mangakarengorengo River.
o Flow behaviour in the Opuiaki River can be characterised as in-between the

Omanawa/ Mangapapa and Mangakarengorengo Rivers (i.e. it has moderately high
baseflows, moderate floods and there is some seasonal influence on monthly mean
flows).

¶ Mean flows at the major diversions provide a perspective on the relative size and
importance of the diversions, and are as follows (catchment area indicated in brackets):

o Opuiaki at Weir (55.7 km2): 2.73 m3/s
o Ngatuhoa at Weir (20.9 km2): 0.96 m3/s (estimated)
o Omanawa at Weir (51.5 km2): 2.01 m3/s
o Mangapapa at Weir (43.0 km2): 2.56 m3/s (some rating curve uncertainty)
o Mangakarengorengo at Weir (107.9 km2): 6.55 m3/s (long term mean expected to be

approximately 6.0 m3/s as the record period plus gap in the data results in strong
positive bias).

¶ Figure E1 shows the seasonal flow distribution at the diversions.

Figure E1 Monthly mean flow distribution at the major diversions of the Kaimai Scheme
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Hydrological operation of the Kaimai Scheme

¶ The Kaimai Scheme incorporates five main diversion weirs plus three intakes (drop inlets) on
significantly smaller streams (i.e. catchment areas 1.1 to 2.4 km2), three main lakes for daily
regulation2 and four power stations, all connected by six tunnels (T1 to T6), several canals,
several pipelines/penstocks and natural watercourses of the Wairoa Catchment. The
hydrological operation of the majority of the Scheme elements has been described and
characterised based on available monitoring data and engineering information (such as
drawings, measurements and survey data).

¶ Figure E2 presents a diagrammatic overview of the Scheme with estimated mean flows for
the available data period shown in boxed text, noting that the mean flows for the
Mangakarengorengo River have been adjusted to represent mean conditions.

Figure E2 Diagrammatic representation of the Kaimai Scheme with estimated mean flows shown in
boxed text

¶ At the weirs and inlets, the diversion capacity is governed by the hydraulic characteristics of
the conveyance system such that the maximum diversion at seven of the eight intakes is less
than the consented capacity, even in high flood and assuming no debris blockage.

¶ A minimum residual flow is currently required below three of the diversions; the other five
diversions and all three dams do not require a residual flow to be released. By volume, the
diverted flow at the five major diversions represents between about 53%

2 That is, to buffer the short-term (several hours to a day or longer) imbalance between inflow to the lake and the flow
drawn to the power station from the lake.
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(Mangakarengorengo Intake) and 95% (Omanawa Weir) of the river flow arriving at the weir,
that is the downstream flow volume is reduced to between about 5% and 47% of the inflow.

¶ Water balance at the three lakes and the Western Diversions (which discharge to the small
K5 Power Station) have been estimated and “closed” within 4% (i.e. sum of inflows by
volume shown to agree with the sum of outflows to within 4%), with a smaller discrepancy
of 1.5% or less at Lake Matariki and Lake McLaren.

¶ The three main power stations in the Kaimai Scheme operate in a daily peaking mode
whereby generation is selectively dispatched in response to market energy demand. This is
reflected in the station discharge which typically ramps up to maximum generation from rest
twice a day. Figure E3 presents the seasonal pattern of generation flow at the four power
stations of the Scheme. There is greater seasonal dependence in the Ruahihi Power Station
discharge compared with the Lloyd Mandeno and Lower Mangapapa stations.

Figure E3 Kaimai Scheme monthly mean generation flows. The Omanawa Falls Power Station is not
part of the Kaimai Scheme but included for hydrological context – it shows relatively
constant year round flow

¶ Generation ramping at the power stations typically results in complementary diurnal
fluctuations in lake levels. The lakes have modest operational storage relative to the
generation capacity (and thus the ramping flow amplitude), and therefore cannot provide
longer term (viz. more than one day) regulation of the inflow – outflow balance.

¶ At Lake Mangaonui, the diurnal water level fluctuation caused by operation of the Lloyd
Mandeno Power Station, which has a generation capacity of approximately 12.5 m3/s, has an
amplitude (peak to trough) of typically between 2 and 2.5 m (cf. consented normal operating
range of 2.8 m). The mean residence time of the lake is estimated at about 10 hours. Spilling
is infrequent, with nine discrete spill events recorded since mid-2011 when new spillway
gates were installed at the dam.

¶ At Lake Matariki, water level fluctuations caused by the operation of the Lower Mangapapa
Power Station (which has a generation capacity of approximately 21 m3/s) in conjunction
with the Lloyd Mandeno Power Station are irregular and have an amplitude (peak to trough)
of between 0.5 and 2.0 m on most days (cf. consented normal operating range of 3.5 m). The
mean residence time of the lake is estimated at about 2.0 days. Spilling from Matariki Dam
occurs on 14 days per year on average.
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¶ At Lake McLaren, the water level fluctuations caused by operation of the Ruahihi Power
Station (which has a generation capacity of approximately 26.5 m3/s) in conjunction with the
Lower Mangapapa Power Station are also not regular and have an amplitude (peak to
trough) of generally 0.4 to 1.0 m (cf. normal operating range of 1.2 m). The mean residence
time of the lake is estimated at about 8 hours. Spilling from McLaren Falls Dam occurs on 24
days per year on average, in addition to the 26 currently scheduled recreational releases of
14 m3/s minimum.

Proposed hydrological operation of the Kaimai Scheme

¶ No changes to the current operating regime of the Kaimai Scheme are proposed, apart from
provision of a minimum residual flow below Omanawa Weir, Mangapapa Weir and McLaren
Falls Dam. The basis and description of the proposed changes are provided in the AEE and
other technical assessments.

Hydrological alterations caused by the Kaimai Scheme

¶ Hydrological alterations caused by the five main diversions of the Kaimai Scheme comprise:

o Creation of a residual river reach downstream of the diversion: 11.2 km in length
below Opuiaki Weir, 3.3 km below Ngatuhoa Weir, 16 km below Omanawa Weir,
4.9 km below Mangapapa Weir and 1.0 km below Mangakarengorengo Intake (to
McLaren Falls).

o Modified flow regime below the intake: a large proportion of the flow is removed
from the river by the diversion, comprising baseflows up to moderately high flows.
The estimated proportions of flow (by volume) that is diverted are 75% at Opuiaki
Weir, 83% at Ngatuhoa Weir, 95% at Omanawa Weir, 87% at Mangapapa Weir, and
53% at Mangakarengorengo Intake.

¶ The proportion of flow potentially diverted during flood events, assuming no blockage, is
relatively small (between 5% and 16% of the estimated mean annual flood). Therefore, the
diversions are not expected to have an effect on the flood regime.

¶ Strong flow recovery in the residual reach, from spring flows and tributary inflows, is
anticipated below the diversions, especially in the eastern side of the catchment (Omanawa
and Mangapapa).

¶ Hydrological alterations caused by the dams and lakes created for the Kaimai Scheme
comprise:

o Creation of a lake and residual river reach below the dam: a relatively minor
tributary, the Mangaonui Stream (catchment area 4.75 km2) is diverted by the
Mangaonui Dam, creating a 4 km residual stream below the dam. Matariki Dam
diverts the Mangapapa River resulting in a short residual reach 0.6 km long below
the dam. McLaren Falls Dam diverts the Mangapapa River which results in the
4.4 km long residual reach of the Wairoa River  below the dam to the Ruahihi Power
station.

o Daily fluctuations in the lake water level: ramping of generation on a daily basis at
the three main stations results in a corresponding daily fluctuation in lake levels as
described earlier.

¶ Hydrological alterations caused by operation of the main power stations of the Kaimai
Scheme comprise:
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o Modified river flow regime below power station outfall: generation at the main
stations typically ramps up from rest (zero flow) to maximum generation discharge
on a daily basis, resulting in a highly modified flow regime downstream. The Lloyd
Mandeno and Lower Mangapapa stations discharge into or close to the head of
lakes, therefore, the extent of this hydrological alteration will be limited. The
Ruahihi Power Station discharges to the Wairoa River at its upper tidal limit. Except
during floods, this diurnal flow pattern dominates the flow in the approximately
13 km reach of the lower Wairoa River to its outlet in Tauranga Harbour.

o Hydraulic effects from daily flow ramping: associated with the diurnal fluctuations in
river flow are corresponding fluctuations in the river/lake level and water velocity.
The Wairoa River is also subject to tidal influence, which becomes the more
dominant feature closer to the harbour.
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1 Introduction

1.1 Context

Manawa Energy Limited (Manawa Energy) owns and operates the Kaimai Hydroelectric Power
Scheme (Kaimai Scheme or Kaimai HEPS), which is located in the Wairoa Catchment in the Bay of
Plenty. The Kaimai Scheme includes the 20 MW Ruahihi Power Station, the 16 MW Lloyd Mandeno
Power Station, the 5.6 MW Lower Mangapapa Power Station and the 0.3 MW K5 Power Station, as
well as three major man-made impoundments: Lakes Mangaonui, Matariki and McLaren.

The existing resource consents for the operation of the Kaimai Scheme were granted by the
forebearer of Bay of Plenty Regional Council (BoPRC)- as far back as 1975 in some instances and
expire in 2026. Consequently, Manawa Energy has commenced a process to obtain replacement
consents to permit the continued operation of the Scheme under the Fast-track Approvals Act 2024
(FTAA). This report, which is one of a series of technical assessment reports, addresses the
hydrological aspects of the Kaimai Scheme.

1.2 Scope of assessment

This report presents hydrological information associated with the Kaimai Scheme. It includes a
selection of hydrological summaries, flow and water level hydrographs and probability curves (such
as flow duration curves) based on historical time series data as well as synthetically derived records
where historical records are deficient or non-existent. Some interpretation of the complex hydrology
of the catchment is also provided. A key objective of this hydrological information is to inform
studies by other experts on the environmental effects of re-consenting of the Kaimai Scheme.

This report also provides contextual narrative, such as hydrological setting and catchment
characteristics, in addition to analysis of the available datasets, operational history and hydrological
alterations resulting from the Scheme.

The scope of the hydrological assessment includes the following:

¶ Description of the general hydrological setting of the Kaimai HEPS, including a detailed
assessment of the existing flow regime of the Wairoa River and its major tributaries.

¶ Description of the current operational regime of the Kaimai HEPS, including the Eastern and
Western diversions, the four power stations, three lakes and associated dams, and the
Mangakarengorengo River Intake.

¶ Description of the proposed operating regime of the Kaimai HEPS, which is proposed to be
largely unchanged from the current regime (subject to the provision of minimum flows in
some residual reaches which were previously dry).

¶ A summary of the predicted effects of projected climate change on the Wairoa River flow
regime.

¶ Assessment of the hydrological alterations resulting from the Kaimai Scheme and its
operation.

This report was initially prepared in 2023 for the lodgement of resource consent applications under
the RMA. It has been updated as part of a new application submitted under the FTAA.  Additional
data now available from 2023 to 2025 are not included in this report. It is considered that two more
years of data would not alter the long-term hydrological trends in the Wairoa River catchment
deduced from the 31-year record. It is noted that 2023 is now the wettest year on the Wairoa above
Ruahihi record, and was followed by the relatively dry 2024 continuing the annual variability of flows
observed in the record and as noted in the report.
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1.3 Scheme location and description

The Kaimai Scheme is located in the Wairoa Catchment in the Western Bay of Plenty District. At its
river mouth in Tauranga Harbour, the Wairoa River has a catchment area of 460 km2. Below the
Ruahihi Power Station tailrace, the Wairoa River has a natural catchment of 304 km2. The area of
catchment that is diverted or captured by the Scheme is 341 km2, and is larger than at the Ruahihi PS
because of diversions from the Omanawa River (51.5 km2) and Ruakaka Stream (2.4 km2) that join
the Wairoa River downstream of the Ruahihi PS.

Water for the Scheme is derived from nine diversions, which have been grouped (for reporting
purposes) into three areas: Western Diversions, Eastern Diversions and Mid-Lower Scheme (see
Figure 1.1).

Western Diversions

- The Opuiaki Weir diverts water from the Opuiaki River (catchment 55.7 km2) into Tunnel T4
which leads to Lake Mangaonui (via the Ngatuhoa Canal, Tunnel T5 and K5 Power Station).

- Tauwharawhara Drop Inlet diverts water from the Tauwharawhara Stream (catchment area
1.5 km2) into Tunnel T4.

- Ngatuhoa Weir diverts water from the Ngatuhoa Stream (catchment 20.9 km2) as well as the
abstracted water from the Opuiaki Weir and the Tauwharawhara Drop Inlet which
discharges out of Tunnel T4 directly upstream of the Ngatuhoa Weir. All the water captured
behind the Ngatuhoa Weir is conveyed down the Ngatuhoa Canal to Tunnel T5 and the K5
Power Station, which then discharges to the western arm of Lake Mangaonui.

- Awakotuku Drop Pipe diverts water from the Awakotuku Stream (catchment size 1.1 km2)
into Tunnel T5, which is discharged through the K5 Power Station to Lake Mangaonui.

Eastern Diversions

- Omanawa Weir diverts water from Omanawa River (catchment 51.5 km2) into Tunnel T1
which connects into Tunnel 2 that in turn discharges immediately upstream of the
Mangapapa Weir.

- Ruakaka Drop Inlet diverts water from the Ruakaka Stream (catchment 2.4 km2) into Tunnel
T2, which discharges directly upstream of Mangapapa Weir.

- The Mangapapa Weir diverts water from the Mangapapa River (catchment 43.0 km2) as well
as water abstracted from Omanawa Weir and Ruakaka Drop Inlet into Tunnel T3 which
discharges into the eastern arm of Lake Mangaonui.

Mid-Lower Scheme

- Mangakarengorengo Intake diverts water from the Mangakarengorengo River (catchment
107.9 km2) into Lake McLaren via a weir across the river and two tunnels into the lake.

- Ruahihi Canal dams and diverts flow from 4 small tributaries known as Ruahihi Tributary 1A,
Ruahihi Tributary 1, Ruahihi Tributary 2, Ruahihi Tributary 3, (11.3 km2 combined
intercepted catchment area) into the Ruahihi Canal. This water is then discharged from the
Ruahihi Power Station to the Wairoa River.

Water is also captured and impounded behind three lakes:

- Lake Mangaonui captures the natural inflow from the Mangaonui Stream (catchment 4.7
km2), as well as the diverted water from the seven upper catchment diversions: Opuiaki
Weir; Tauwharawhara Drop Inlet; Ngatuhoa Weir; Awakotuku Drop Inlet; Omanawa Weir,
Ruakaka Drop Inlet; and Mangapapa Weir. Water from Lake Mangaonui is conveyed via
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Tunnel T6 down to the Lloyd Canal, to the Lloyd Mandeno Power Station. Water can be
spilled over the Mangaonui Dam spillway into the Mangaonui Stream.

- Lake Matariki captures any spill flow from the Mangapapa Weir and the water discharged
from Lloyd Mandeno Power Station. Water from Lake Matariki is discharged through the
Lower Mangapapa Station or spilled over the Matariki Dam.

- Lake McLaren captures the flow discharged from Lower Mangapapa Station, the diverted
Mangakarengorengo River flows (two separate tunnels), and the residual flow and spill flows
from the Opuiaki River, Tauwharawhara Stream, Ngatuhoa Stream, Mangaonui Stream and
the Mangaroa Stream (an upper tributary of the Opuiaki River). Water from Lake McLaren is
diverted down the Ruahihi Canal to Ruahihi Power Station or spilled over the McLaren Falls
Dam to the Wairoa River.

Figure 1.2 presents a schematic plan of the Kaimai HEPS that shows the main elements of the
Scheme and the consent conditions for their operation that are associated with taking, damming,
diverting, using and discharging surface water.

A more detailed description of the Scheme design and operation of the cascade of power stations
and storage lakes is presented in the Assessment of Environmental Effects by Mitchell Daysh.
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2 Hydrological Data

2.1 Bay of Plenty Regional Council and NIWA sites

The BoPRC operates a single continuous flow monitoring site within the Wairoa River catchment,
located on the Wairoa River approximately 0.5 km upstream from the Ruahihi Power Station (Site
No. 14130). BoPRC has created a corresponding virtual flow site for the Wairoa River downstream of
the Ruahihi Power Station tailrace (Site No. 14132). Details of these sites are as follows:

¶ Site No. 14130, Wairoa at Above Ruahihi: natural catchment area 304.0 km2. Flow gauging
and continuous level and flow data is available from 3 September 1990 to the current time.
The site captures the residual Mangakarengorengo River flow and flood flows in the Wairoa
River above the Ruahihi Power Station

¶ Site No. 14132, Wairoa at Power Station: natural catchment area 304.2 km2, excluding
diversions from the Omanawa River catchment. Virtual river flow data is computed as the
sum of the flow at Site No. 14130 and the Ruahihi PS discharge giving flow in the lower
Wairoa River below the station. A continuous record is available from 10 July 1993 to the
current time.

In addition to the sites above, NIWA and BoPRC (mainly) operate various flow recording stations in
nearby catchments that have been used in this assessment to inform catchment water balance,
flood frequency and low flow analysis on a regional scale. They may also be used as proxy or “donor”
sites in flow correlations and for filling data gaps or generating synthetic time series flows at other
monitored sites and ungauged locations in the Wairoa Catchment, if necessary. However, it is noted
that, for this assessment, no synthetic data were generated to extend or infill available records, or to
characterise the flow regime at ungauged locations.

Table 2.1 provides a listing of these sites that have long-term flow records in addition to the two
Wairoa River records. Figure 2.1 shows the site locations.

Table 2.1: Long-term flow recording sites in the Wairoa River and nearby/analogous catchments

Site No. Site Name Start date End date
Recording
authority

Location
(NZMS260)

 1Catchment
area (km2)

13805 Waipapa at Goodall Rd 25-May-83 Current BoPRC U14:737823 8.54
13901 Mangawhai at Omokoroa 23-Mar-71 26-Jul-11 NIWA U14:767877 2.95
14130 Wairoa at Above Ruahihi 3-Sep-90 Current BoPRC U14:788759 304
14132 Wairoa at Power Station 10-Jul-93 Current BoPRC U14:793760 304.2
14302 Kopurereroa at SH29 Br 23-Oct-80 Current BoPRC U14:842806 59.75
14410 Waimapu at McCarrolls 28-Jun-90 Current BoPRC U14:872768 56.60
14627 Waiari at Muttons 9-Jun-69 15-Jul-95 BoPRC U14:033707 71.70
14628 Paraiti (Mangorewa) at Saunders Farm 12-Jul-67 Current BoPRC U15:047632 178.7

1114651 Raparapahoe at Above Drop Structure 23-Sep-91 Current BoPRC U14:017766 46.36
Note: 1 The catchment areas in this column are from the NIWA Site Index, except for the Wairoa at Above Ruahihi and Wairoa at

Power Station, which are based on measurement from available digital elevation model by LINZ.
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Figure 2.1 Location of flow monitoring sites in the Wairoa River and nearby catchments

2.2 Manawa Energy recording sites

2.2.1 Overview

Within the Kaimai Scheme, Manawa Energy operate more than 35 hydrological monitoring sites,
some as part of its SCADA (supervisory control and data acquisition) system for the Scheme, and
some for compliance and environmental monitoring. Details of these sites, including the start of the
available record, are tabulated in Appendix A. Maps showing the corresponding measurement
locations are shown in the aerial images in Appendix A. The following is a summary of the data
useability and period of record for diversions, lakes and power stations.
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2.2.2 Diversions

Eastern Diversions (Omanawa Weir, Mangapapa Weir, Ruakaka Drop Inlet)

The outlet of Tunnel T2, which conveys the combined diversion from Omanawa Weir and Ruakaka
Drop Inlet, has a record from August 2016. All the eastern diversion sites have water level records
from June 2017. The exception is the Ruakaka Drop Inlet, where level recording began in October
2018. All sites have missing records (gaps) of up to several months notably between September and
November 2018 which we understand is due to ongoing challenges with capturing data in these
remote catchment locations.

Western Diversions (Opuiaki and Ngatuhoa Weirs, Tauwharawhara and Awakotuku Drop Inlets)

The K5 Power Station, at the terminus of Tunnel T5, has generation records from December 2000
that can be converted to rated discharge. Continuous level records at the Tauwharawhara and
Awakotuku Drop Inlets are available from May 2016. Water level data for the Ngatuhoa and Opuiaki
Weirs are available from 2013. However, there is a major gap of 1.7 years between March 2019 and
November 2020 in the Opuiaki Weir record. All other sites have missing records (gaps) of up to
several months.

Lower Scheme (Ruahihi tributaries, Mangakarengorengo Intake)

Gaugings at the four monitored Ruahihi Canal tributaries begin in 2012. The Mangakarengorengo
River has been gauged from 2009 and continuous level data upstream of the intake to the diversion
tunnels is available from September 2016, albeit with a large gap from January to September 2019. A
record of the residual flow below the ford is available from September 2020.

2.2.3 Power stations

The four Kaimai HEPS power stations all have generation-derived discharge records as follows:
¶ K5, from December 2000, however, many gaps in the record with a large 1.6-year gap from

February 2006 to November 2007. There is a flow bypass at K5 in case of station outages,
but data is available only from April 2021.

¶ Lloyd Mandeno, from October 2002.
¶ Lower Mangapapa, from November 2000.
¶ Ruahihi, from November 2005.

2.2.4 Lakes and canals

The three lakes within the Kaimai HEPS have water level records as follows:
¶ Lake Mangaonui, from April 2006.
¶ Lake Matariki, from March 2002.
¶ Lake McLaren, from March 2002.

All the lake level records have minor periods of missing data throughout the record, and some
anomalies whereby levels rise and fall by up to several metres over one or two 15-minute periods.

Water levels in the Ruahihi Canal and Lloyd Mandeno Canal are also recorded.

2.3 Summary of data availability

Figure 2.2 summarises the hydrological data availability for the Scheme components. The extent of
the horizontal bar represents the period of data available for the monitoring site. Missing data or
anomalous periods of data that have been removed are indicated by a tick mark on the horizontal
bar. Longer gaps are evident as breaks in the line.
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Figure 2.2 Period of data available for each hydrological monitoring site in the Kaimai Scheme. A tick mark
and/or a break on the horizontal bar a indicates gap in the record

The data availability plot shows that longer records are of the power station discharges and lake
levels. The shortest records are associated with river diversions and intakes, and given their length
(between four and nine years), may not be representative of the longer term average conditions.
Indeed, analysis of the longer Wairoa River and donor site records (see Section 3.3) indicate that the
last six years (2017 to 2022 inclusive) includes two of the driest years on record (2019 and 2020) and
two of the wettest years on record (2017 and 2022).

2.4 Hydrological nodes for assessment

For a hydrological assessment of the Kaimai Scheme, it is necessary to characterise the inflow,
diverted flow and residual flow regimes at the major diversion structures (weirs, intakes and dams)
and the discharge from the power stations. Residual flow is the flow downstream of the structure
and is comprised of spill flow and any residual or gated flow release. The assessment should also
include analysis of the water level regime at significant impoundments. Characterisation of the flow
regime at particular locations downstream of and within the Scheme is may also be important to
understand the nature and extent of hydrological alterations.

The ideal nodal locations for a hydrological assessment of the Kaimai Scheme, without considering
the limitations posed by the available hydrological data, are listed in Table 2.2 and shown in

Jan-2000 Jan-03 Jan-06 Jan-09 Jan-12 Jan-15 Jan-18 Jan-21

770105 Opuiake at Weir

770205 Tauwharawhara at DropInlet

770303 Ngatuhoa Weir residual

770305 Ngatuhoa at Weir

770405 Awakotuku at Drop Inlet

770504 K5 PS discharge

770507 K5 PS max availability

770805 Omanawa at Weir

770901 Ruakaka at Drop Inlet

771004 Omanawa T2 Outlet

771005 Mangapapa at Weir

771104 Omanawa Falls PS discharge

771107 Omanawa Falls PS max availability

771305 Mangaonui Dam

771404 Lloyd Mandeno PS discharge

771502 Lower Mangapapa PS discharge

771505 Matariki Dam

771605 Mangakarengorengo 250m u/s ford

771606 Mangakarengorengo below ford

771607 Mangakarengorengo above ford

771703 McLaren Falls Dam compensation

771705 McLaren Falls Dam

771707 McLaren Falls Dam spillway level

771708 McLaren Falls Dam recreational release

772004 Ruahihi PS discharge

SCAN of KMI_Scheme.mtd
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Figure 2.3, and comprise of 20 locations in the Wairoa Catchment. The table includes a description of
the available datasets for the location, where these exist, and their limitations.

Hydrological nodes have been grouped in three blocks: Western Diversions (6 nodes); Eastern
Diversions (5 nodes); and Mid to Lower Scheme (8 nodes). Each node (numerals 1 to 20) has a name
(location) and the datasets at the node are categorised into sub-nodes based on type (alphabets a to
e) as described below. Each node has between one and four sub-nodes:

¶ Type a inflow to the node
¶ Type b diverted flow from the node
¶ Type c residual flow below the node (which may include a metered residual flow in

 addition to spill flow) or the total river flow below power station tailrace
¶ Type d diverted flow entering the node (side inflow), including power station discharge

and tunnel outfall discharge
¶ Type e water level in lake or impoundment

Figure 1.1 (previous section) shows a map of the Scheme with the node names and numbers. Figure
2.3 shows the nodal locations and associated sub-catchments, while Figure 2.4 shows the sub-nodes.

Altogether there are 20 nodes with a total of 52 sub-nodes. Reservoir water levels are included for
the sub-nodes at Lakes Mangaonui, Matariki and McLaren. There are 11 sub-nodes with no data
(either recorded or synthetic) at the present time and these are marked by red font in the table
below. For the other sub-nodes, the available records have been used to characterise the water level
and flow regime. No synthetic data were generated for this assessment.

Table 2.2: Potential nodal locations for hydrological assessment of the Kaimai Scheme

Node
No.

Name Types Catchment
area (km2)

Comments

Western Diversions

1 Opuiaki at Weir a, b, c 55.7 Level above weir (1a) monitored from 26/3/2013. Gap from
8/3/2019 to 20/11/2020. Downstream of weir (1c) only have
spot gaugings and for compliance. Max. diversion (1b) limited
by T4 hydraulic capacity to about 5 m3/s

2 Tauwharawhara at
Drop Inlet

a, b, c 1.5 Level above inlet (2a) monitored from 23/5/2016. Max.
diversion (2b) limited by pipe hydraulic capacity to ~ 0.14 m3/s

3 Ngatuhoa at Weir a, b, c,
d

20.9 Weir water level (3a) monitored from 3/7/2013. Diversion (3b)
may be affected by Ngatuhoa Canal level and transients from K5
operation. Residual flow (3c) includes valved release recorded
from 1/5/2013 and rated spill flow. 3d is the discharge from
Tunnel 4. Diversion from the weir (3b) limited by capacity of K5
operating in conjunction with bypass (around 6 - 7 m3/s)

4 Awakotuku at Drop
Inlet

a, b, c 1.1 Level above inlet (4a) monitored from 23/5/2016. Max.
diversion (4b) limited by pipe hydraulic capacity to ~ 0.19 m3/s

5 Mangaonui at K5
Power Station

a, c, d 3.2 K5 generation discharge available from 21/12/2000. Bypass
record available only from 11/4/2021.  Total station discharge is
5d. 5a is Mangaonui Stream flow u/s of K5 tailrace (level logger
installed in early 2021). 5c is total stream flow d/s of K5 tailrace

6 Opuiaki above
Mangaonui confluence

a 97.1 This is flow in the Opuiaki River excluding the Mangaonui
Stream flow

7 Opuiaki above
Mangapapa confluence

a 110.2 Flow in the Opuiaki River excluding the Mangapapa River flow
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Node
No.

Name Types Catchment
area (km2)

Comments

Eastern Diversions

8 Omanawa at Intake
Weir

a, b, c 51.5 Level above weir (8a) monitored from 5/12/2016. Flow at exit
of T2, which is the Omanawa diversion (8b) plus the minor
Ruakaka diversion (9b), has been monitored from 19/8/2016

9 Ruakaka Drop Inlet a, b, c 2.4 Level data above inlet (9a) monitored from 12/9/2018. Max.
diversion (9b) limited by pipe hydraulic capacity to ~ 0.18 m3/s

10 Mangapapa at Weir a, b, c,
d

43.0 Weir water level (10a) monitored from (15/6/2017). Gaugings
done 100 m u/s of weir. Maximum diversion (10b) depends on
relative Mangapapa Weir and Lake Mangaonui water levels,
ranges from ~ 6.5 to 9 m3/s. 10d is the discharge from T2, which
is monitored from 19/8/2016

11 Omanawa at Falls
Power Station

a, d 69.0 The scheme is compact as the diverted reach about 200 m long
and no storage. 11a is inflow to scheme. Station discharge
record (11c) provided by Omanawa Falls Station operator starts
15/5/2016. Residual of 30 l/s is required by consent

12 Omanawa above
Wairoa confluence

a 85.0 There are several gaugings by NIWA. Node is tidally affected

Mid to Lower Scheme

13 Mangaonui Dam a, b, c,
e

4.7 13a is natural stream inflow plus T3 and K5 discharges. 13b is
diversion to T6. 13c is spill from Mangaonui Dam. 13e is lake
level, which is recorded from 16/4/2006.

14 Mangapapa at Lloyd
Mandeno Station

a, d 51.3 14a is the Mangapapa River flow u/s of tailrace (not recorded).
14d is power station discharge (data from 9/10/2002).

15 Matariki Dam (note
this is called
Mangapapa Dam in
LINZ mapping)

a, b, c,
e

54.2 15a is the inflow to Lake Matariki (equal to river flow below
Lloyd Mandeno PS tailrace). 15c is the flow below the dam (spill
flow only). 15b is the diversion to Lower Mangapapa PS
(generation flow from 1/11/2000). Lake level (15e) recorded
from 26/3/2002

16 Mangakarengorengo
at Intake

a, b, c 107.9 Flow monitored 250 m u/s of tunnel intake (16a) from
1/9/2016. Residual flow below weir (16c) monitored from
11/9/2020 but rating excludes high flows. Two tunnels, one
(0.91 m dia.) with high outlet and the other (1.22 m dia.) with
submerged outlet. Diverted flow (16b) is able to be calculated

17 McLaren Falls Dam a, b, c,
e

168.1 17a is sum of Mangapapa River (15b + 15c), Opuiaki River (7a)
and diverted flow from the two Mangakarengorengo tunnels
(16b). 17b is the discharge to Ruahihi Canal. 17c is the sum of
the spillway discharge and gated release, noting that the latter
is available from 6/11/2002. Lake McLaren water level (17e)
record available from 26/3/2002

18 Ruahihi Canal
tributaries

a Total 11.3 18a is the sum of the inflows, with the largest tributary (Trib 1)
representing 70% of the intercepted catchment. Water levels at
four locations available from around September 2012. Ruahihi
Canal spill flow originating from these tributaries is minor

19 Wairoa above Ruahihi a 304.0 This is the BoPRC gauge site no. 14130, with flow record from
3/9/1990. Note there are differing estimates of the catchment
area (307.14 km2 in Opus 2016 and 307.5 km2 in NIWA Site
Index, both of which appear to include a 3.4 km2 right bank
tributary that enters d/s of the power station tailrace)

20 Wairoa at Ruahihi
Power Station

c, d 304.2 20c is the Wairoa River flow below the Ruahihi PS tailrace given
by the BoPRC gauge site no. 14132 with data from 10/7/1993.
20d is the PS discharge, with data from 24/11/2005.



APPROVED DATE

PROJECT No.

DESIGNED
DRAWN

CHECKED

CLIENT

PROJECT

TITLE

SCALE (A3) FIG No. REV

NOTES:

REV     DESCRIPTION GIS         CHK          DATE

COPYRIGHT ON THIS FIGURE IS RESERVED       DO NOT SCALE FROM
 THIS FIGURE.

\\ttgroup.local\corporate\Auckland\Projects\1015509\W
orkingM

aterial\GIS\Kaim
ai Reconsenting\Kaim

ai Reconsenting.aprx    Layout: Layout1    2023-Jun-07 3:54 pm
    Drawn by ANVE

JUN.23ANVE

HYDROLOGICAL NODES AND SUB-CATCHMENTS

MANAWA ENERGY LTD
KAIMAI HEPS RECONSENTING

1:100,000 FIGURE 2.3 0

JUN.23ANVE

Basemap 50k Topo Maps: Eagle Technology, Land Information New Zealand

XXXX YYYY D/M/Y0 First version

LOCATION PLAN

0 1 2 3 4 5 (km)

A3 SCALE    1:100,000

LEGEND

KMI Hydrology Nodes

Block

Eastern Diversion

Mid to Lower Catchment

Western Diversion

Kaimai_AssetRoute

Sub catchments



APPROVED DATE

PROJECT No.

DESIGNED
DRAWN

CHECKED

CLIENT

PROJECT

TITLE

SCALE (A3) FIG No. REV

NOTES:

REV     DESCRIPTION GIS         CHK          DATE

COPYRIGHT ON THIS FIGURE IS RESERVED       DO NOT SCALE FROM
 THIS FIGURE.

\\ttgroup.local\corporate\Auckland\Projects\1015509\W
orkingM

aterial\GIS\Kaim
ai Reconsenting\Kaim

ai Reconsenting.aprx    Layout: Figure 5    2023-Jun-07 3:54 pm
    Drawn by ANVE

1015509

JUN.23ANVE

HYDROLOGICAL SUB NODES

MANAWA ENERGY LTD
KAIMAI HEPS RECONSENTING

1:50,000 FIGURE 2.4 0

JUN.23ANVE

Basemap 50k Topo Maps: Eagle Technology, Land Information New Zealand

XXXX YYYY D/M/Y0 First version

LOCATION PLAN

0 0.55 1.1 1.65 2.2 2.75 (km)

A3 SCALE    1:50,000

LEGEND

KMI Hydrology Nodes

Block

Eastern Diversion

Mid to Lower Catchment

Western Diversion

Kaimai_AssetRoute

Wairoa_River_Segments

Sub Node Definitions

Type a (e.g., 15a): Inflow
Type b (e.g., 15b): Diversion
Type c (e.g., 16c):  Residual (including spill)
Type d (e.g., 14d): Lateral inflow (incl. power station
discharge)
Type e (e.g., 17e): Lake level



14

Tonkin & Taylor Ltd
Reconsenting of Kaimai Hydroelectric Power Scheme – Hydrology Report
Manawa Energy Ltd

July 2025
Job No: 1015509.0000 v1

3 Wairoa Catchment

3.1 Overview

The Kaimai HEPS lies within the Wairoa Catchment in the Kaimai Ranges. This section summarises
the environmental setting, water resources and water use of the Wairoa Catchment, and includes an
outline of its geology, land use and rainfall. Where it enters the Tauranga Harbour, the Wairoa River
drains a catchment area of 460 km2. The river length is approximately 13 km from the harbour to the
Ruahihi Power Station, and a further 4.5 km to the McLaren Falls Dam. Within the Wairoa
Catchment, the Kaimai HEPS uses the water resources from four main sub catchments and eight
smaller tributaries (see Figure 3.1).

Figure 3.1 Overview of the rivers and streams within the Kaimai HEPS showing drainage
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3.2 Catchment characteristics

3.2.1 Main tributaries

The Wairoa River is comprised of four major tributaries:
¶ The Omanawa River upstream of the Wairoa River confluence has a catchment area of

85 km2, is located in the southeast part of the Wairoa River catchment and flows north.
¶ The Mangapapa River upstream of the Matariki Dam has a catchment area of 54 km2.It is

located in the southern part of the Wairoa River catchment and flows north.
¶ The Opuiaki River upstream of the Lake McLaren has a catchment area of 110 km2, is located

in the southwest part of the Wairoa River catchment and flows north.
¶ The Mangakarengorengo River upstream of the McLaren Falls has a catchment area of 109

km2, is located to the western part of the Wairoa River catchment and flows east.

Figure 3.2 shows the extents of the Wairoa Catchment and the catchment of its main tributaries.

Figure 3.2 Extents of the main tributary catchments (Omanawa, Mangapapa, Opuiaki, Mangakarengorengo)
within the Wairoa River catchment. Mean annual rainfall (1941 - 1970) contours also shown
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Table 3.1 summarises the approximate catchment areas, river lengths and average grade of the main
rivers.

Table 3.1: Wairoa River tributary catchment areas and characteristics

Name Catchment area (km2) River length (km) Average Grade (%)

Wairoa River catchment 460 16.5 0.4

Omanawa River upstream Wairoa River 85 24 2.5

Mangapapa River upstream Matariki Dam 54 23 5.8

Opuiaki River upstream Lake McLaren 110 27 1.8

Mangakarengorengo River upstream McLaren Falls 109 25 1.8

At a sub-catchment level, the flow yield and runoff response to rainfall of the different parts of the
Wairoa catchment are governed by a series of factors, including:

¶ Geology/soils and hydrogeology, as outlined in Section 3.2.2
¶ Land cover and land use, as outlined in Section 3.2.3
¶ Mean annual rainfall distribution, refer to Section 3.2.4

3.2.2 Drainage and geology

Figure 3.3 shows the geological units of the Wairoa Catchment.

Two volcanic plateaux form the wider Wairoa Catchment: the Whakamarama Plateau on the
western side of the catchment and the Mamaku Plateau on the eastern side of the catchment. The
Wairoa River valley forms the interface between the two plateaux. The flood responses of rivers
draining the Whakamarama Plateau are typically different to those draining the Mamaku Plateau,
reflecting the different geological influences of each.

The Whakamarama Plateau is characterised by Waiteariki Ignimbrite, which is often overlying older
Minden Rhyolites (3Briggs et al. 2005). Minden rhyolite is dense and extremely strong when
unweathered and forms a firm clay when weathered (4Briggs et al. 1996). There are several rhyolite
domes within the Whakamarama Plateau. As a result, Minden Rhyolites are associated with low
erodibility but high rainfall runoff resulting in flashier flood flows in rivers, for example the
Mangakarengorengo River. The Waiteariki Ignimbrite is up to 220 m thick.

The Mamaku Plateau comprises two distinct ignimbrite sheets, the Pokai Ignimbrite (potentially
corresponding to Waimakariri Ignimbrite described by several authors (5Burns and Cowbourne 2003,
Briggs et al. 1996), and the Mamaku Ignimbrite. Numerous spring flows, relatively constant
baseflows year-round, and lower peak flows are characteristic of the eastern catchment rivers due
to the porosity of the Mamaku Plateau ignimbrites.

The Pokai Ignimbrite is typically 20 m thick and has varying degrees of welding. The Pokai formation
is predominantly found along the southern side of the Wairoa River, extending to the Opuiaki River
and lower Mangapapa River. Around the Kaimai Scheme, particularly the Wairoa River and the

3 Briggs, R. M. Houghton, B. F., McWilliams, M. and Wilson, C. J. N. (2005): 40Ar/39Ar ages of silicic volcanic rocks in the
TaurangaπKaimai area, New Zealand: Dating the transition between volcanism in the Coromandel Arc and the Taupo
Volcanic Zone, New Zealand Journal of Geology and Geophysics, 48:3, 459-469, DOI: 10.1080/00288306.2005.9515126.
4 Briggs, R.M. Hall, G.J, Harmsworth, G. R. Hollis, A.G, Houghton, B.F., Hughes, G.R., Morgan, M.D and Whitbread-Edwards,
A.R. (1996): Geology of the Tauranga Area. Published in collaboration between University of Waikato, Institute of
Geological and Nuclear Sciences and Bay of Plenty Regional Council.
5 Burns, D. A., & Cowbourne, A. J. (2003). Engineering geological aspects of the Ruahihi Power Scheme, Tauranga.
Presented at the Geotechnics on the Volcanic Edge: New Zealand Geotechnical Society Symposium, Tauranga, March 2003.
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Ruahihi Canal, the Waimakariri Ignimbrite commonly forms vertical cliffs with case hardening due to
weathering (Briggs et al. 2005).

The Mamaku Ignimbrite is generally 70 m to 80 m thick but can be up to 130 m, and overlies the
Waimakariri/Pokai Ignimbrite (Briggs et al. 2005). The headwaters of all the Kaimai HEPS rivers and
streams in the eastern catchment have incised into the Mamaku Ignimbrite, and it is the dominant
geology underlying the Mangapapa and Omanawa Rivers. It is likely that the Kaimai HEPS headworks
tunnels were excavated through the Mamaku Ignimbrite.

Figure 3.3 Wairoa Catchment geology
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3.2.3 Catchment area and land cover

Land cover in the Wairoa Catchment (as of 2018) is predominantly pasture (59%), with the remaining
land cover split across indigenous forest (20% of catchment area), exotic forest (11%), and
Horticulture (7%), as shown in Table 3.2.  Less than 3% of the catchment is urban. The different land
uses within the sub-catchments are also included in Table 3.2.

The main sub-catchments of the Western and Eastern Diversions in the upper Wairoa are
predominantly indigenous forest or exotic forest. The mid to lower Wairoa sub-catchments are
characterised by more agricultural land uses of exotic forest, pasture or horticulture.

Table 3.2: Kaimai HEPS sub-catchments and land use composition

Indigenous
forest

Exotic
forest

Pasture Horticulture Urban Water

Eastern Diversions

Omanawa (including Ruakaka) 53 % 19 % 25 % 3 % - -

Mangapapa 59 % 21 % 20 % - - -

Western Diversions

Opuiaki 99 % 1 % - - - -

Tauwharawhara 100 % - - - - -

Ngatuhoa 89 % 7 % 3 % - - -

Awakotuku 50 % 49 % 2 % - - -

Mid to lower catchment

Mangaonui 34 % 41 % 23 % - - 2 %

Lake McLaren 19 % 6 % 67 % 4 % - 4 %

Mangakarengorengo 67 % 4 % 29 % - - -

Ruahihi Tributary 1 (Mairoa Stream) - 10 % 89 % 1 % - -

Ruahihi Tributary 2 (Otawhiti stream) 2 % 12 % 71 % 15 % - -

Ruahihi Tributary 3 7 % 12 % 8 % 73 % - -

Wairoa 20 % 11 % 59 % 7 % 2 % 1 %

3.2.4 Rainfall distribution

Figure 3.4 shows the mean annual rainfall distribution in the Wairoa Catchment. The map in the left
frame uses NIWA-interpolated annual rainfall totals, measured at climate station locations across
the country, to create a grid of average annual rainfall for each year from 1972 to 2016.  The mean
annual rainfall varies between about 1870 mm for the northwest portion of the catchment at the
Mangakarengorengo River Intake and 2140 mm for the Omanawa River at Weir in the southeast part
of the catchment.

It should be noted that there are other rainfall maps that show a different rainfall pattern, for
example the map on the right frame of Figure 3.4, which shows the rainfall distribution published by
the New Zealand Meteorological Service (NZMS) based on rainfall normals 1941 – 1970. This map
indicates higher rainfalls by about 12% compared with the NIWA map for 1972 – 2016 That is, based
on the 1941 – 1970 normals, the rainfall varies from 2060 to 2400 mm per annum, following the
same rainfall distribution pattern of lower annual rainfall in the northeast part of the Wairoa
catchment and higher rainfall in the southeast portion of the catchment.

Based on catchment water balance considerations i.e., the relationship between measured mean
annual runoff and expected annual rainfall loss (see Section 3.4), it appears that the NIWA (1972 –
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2016) rainfall map significantly underestimates the catchment areal average rainfall, and that the
older (1941 – 1970) rainfall contours are likely to be more representative.

Figure 3.4 Mean annual rainfall distribution across the Wairoa catchment, with sub-catchment boundaries
shown. Left frame shows rainfall contours from the MfE website for averaging period 1972 -2016.
Right frame shows the 1941-1970 contours estimated by the New Zealand Meteorological Service.

3.3 Wairoa River flow

3.3.1 Mean monthly flows, seasonality and inter-annual variability

The only long-term flow monitoring station in the Wairoa Catchment is located on the Wairoa River
about 500 m upstream of the Ruahihi Power Station (Site No. 14130). As it is sited above the power
station tailrace, it excludes the flow diverted from upstream tributaries and conveyed to the Ruahihi
Power Station. Table 3.3 presents a tabulation of the mean monthly flows for this site. Essentially,
the recorded flows reflect the residual Mangakarengorengo River flow below the ford (about 65% by
volume), spill flow and recreational releases from McLaren Falls Dam (about 20%) and flow from the
local catchment (about 16 km2) between McLaren Falls Dam the flow recording site.

Data from this site is useful for understanding the flood frequency characteristics of the Wairoa
Catchment and the inter-annual flow variability, as well as for checking overall water balance of the
catchment and the Kaimai Scheme. Otherwise, the flow regime is too modified by the Kaimai
Scheme to usefully inform the natural flow characteristics of the Wairoa River.

The mean and median flow over the period of available data (complete years from 1991 to 2022) are
4.17 m3/s and 0.72 m3/s respectively. It is notable that, by a large margin, the first five months of
2023 have been the wettest first five months of the year on record (almost 5 times the average), and
by including this period, the mean flow increases to 4.36 m3/s.
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Table 3.3 Wairoa River above Ruahihi mean monthly flows 1990 to 2023

Note: Values in red font indicate a gap in the data for that month or year. Values in green font are unaudited data.

Site No. 14132, Wairoa River below Ruahihi, is a virtual site created by adding the recorded flow at
Site No. 14130 (Wairoa above Ruahihi) and the Ruahihi Power Station discharge giving flow in the
lower Wairoa River below the station. Table 3.4 presents a tabulation of the mean monthly flows for
this site. Values in red font indicate a gap in the data for that month or year.

On year-to-year basis, the mean flow does not vary much, ranging from 22% less than the long-term
mean for the driest year (2020) to 32% greater than the long term mean for the wettest year (2017).
The mean and median flow over the period of available data (complete years from 1994 to 2022) are
16.30 m3/s and 13.31 m3/s respectively. It is interesting to note that based on this record, the last 6
years (2017 to 2022) has included the driest year (2020) and two wettest years (2017 and 2022) as
well as well the third driest year (2021) and fourth wettest year (2018).

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

1990 - - - - - - - - 2.02 4.15 11.98 0.96 -
1991 1.93 3.13 0.93 1.05 0.82 0.82 5.24 3.91 6.56 2.36 1.15 0.64 2.37
1992 1.38 3.15 0.90 1.59 0.86 1.63 6.93 7.32 3.27 ? 1.60 9.92 4.26
1993 0.95 2.27 1.65 1.74 6.20 7.79 0.71 0.54 0.81 0.87 2.14 1.99 2.30
1994 1.14 1.96 0.88 9.52 2.38 2.58 8.55 11.75 5.81 5.47 1.03 1.08 4.03
1995 1.00 1.05 3.67 15.81 3.93 4.42 9.41 5.08 2.48 2.81 2.91 8.62 5.12
1996 1.47 1.54 1.78 3.90 6.42 4.71 6.69 7.81 11.61 0.96 0.65 2.58 4.18
1997 2.20 1.47 1.37 0.81 8.25 4.78 1.68 0.78 10.75 3.13 1.77 1.17 3.18
1998 1.00 0.96 3.67 1.20 1.86 9.05 20.26 10.67 1.97 4.80 2.55 5.54 5.30
1999 1.21 1.06 1.14 2.10 ? 3.13 8.42 3.23 5.50 1.24 21.46 0.88 5.17
2000 1.10 1.00 0.94 4.21 2.67 6.52 3.73 3.86 1.95 1.42 1.34 1.47 2.48
2001 1.05 4.46 1.69 8.28 16.51 1.18 0.81 0.64 2.26 2.86 2.82 16.94 4.97
2002 1.93 1.40 1.12 4.34 1.46 5.63 4.89 0.90 1.35 0.88 0.82 1.62 2.19
2003 9.33 1.48 5.65 1.85 1.32 2.30 1.87 0.67 3.12 5.21 1.64 2.40 3.09
2004 1.41 17.02 2.69 4.03 8.28 9.16 3.15 2.69 1.64 5.73 4.37 3.98 5.25
2005 2.52 1.62 1.02 0.78 6.42 5.59 6.95 4.17 4.16 7.95 1.01 8.71 4.27
2006 11.26 1.04 2.15 6.06 11.36 1.83 2.18 11.94 0.98 1.33 0.93 1.24 4.50
2007 5.66 2.23 9.17 1.82 1.85 4.23 12.88 8.58 1.38 1.55 0.83 2.33 4.42
2008 1.10 1.47 1.11 12.05 4.39 6.86 11.12 10.77 4.68 1.89 2.09 2.03 4.97
2009 1.28 4.67 7.06 1.68 0.72 5.31 2.65 10.71 2.82 5.10 0.89 1.95 3.74
2010 4.13 2.80 0.90 0.73 6.42 9.34 1.61 13.40 10.05 1.12 0.81 4.08 4.52
2011 15.69 1.57 2.02 4.52 11.40 8.71 4.36 0.86 1.06 10.15 1.44 12.17 6.31
2012 ? 2.74 5.15 1.21 5.21 0.89 17.40 9.35 5.29 2.39 0.84 3.89 4.92
2013 1.04 1.22 1.05 7.48 3.57 6.66 0.71 5.34 2.91 0.98 1.70 6.67 3.28
2014 1.08 1.17 1.62 8.31 0.72 16.35 3.85 3.39 5.01 1.03 0.93 1.71 3.74
2015 1.01 1.02 1.12 2.54 1.75 3.24 5.32 5.11 7.65 0.96 1.04 0.85 2.63
2016 2.94 4.40 10.37 1.30 1.19 6.37 4.55 2.36 8.12 2.97 1.24 0.91 3.94
2017 1.16 4.03 17.69 24.02 9.83 2.96 6.02 8.09 4.69 7.69 1.67 0.96 7.41
2018 7.87 14.85 1.81 9.00 3.14 4.39 3.72 1.99 1.21 0.76 1.74 13.88 5.29
2019 1.22 1.16 1.03 0.66 0.48 0.76 6.75 3.19 5.36 2.30 0.82 2.22 2.17
2020 0.95 1.08 0.91 0.33 0.54 8.39 4.68 3.89 0.87 0.84 7.56 1.18 2.55
2021 1.14 1.61 0.93 0.79 0.57 7.89 2.39 0.72 4.74 4.19 1.99 6.09 2.71
2022 1.20 1.32 5.30 1.70 5.60 10.17 22.81 8.87 6.49 11.55 5.73 13.06 7.88
2023 37.17 14.11 2.76 1.64 39.60 - - - - - - - -

Minimum 0.95 0.96 0.88 0.33 0.48 0.76 0.71 0.54 0.81 0.76 0.65 0.64 2.17
Average 3.92 3.21 3.07 4.46 5.49 5.43 6.32 5.39 4.20 3.33 2.77 4.35 4.17

Maximum 37.17 17.02 17.69 24.02 39.60 16.35 22.81 13.40 11.61 11.55 21.46 16.94 7.88

Year
Annual
MeanSite No. 14130  Wairoa River Above Ruahihi (Node 19a): Mean monthly flow (m3/s)
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Table 3.4 Wairoa River below Ruahihi mean monthly flows

Note: Values in red font indicate a gap in the data for that month or year. Values in green font are unaudited data.

Figure 3.5 is a histogram plot of the monthly mean flows (flow for a particular month averaged
across all years) for both sites (above and below Ruahihi), which shows the seasonal pattern in the
flow behaviour. Figure 3.6 presents the series of annual mean flows at both sites for the available
record period. Where there is significant missing data, a gap is shown.

Figure 3.5 Wairoa River at Above and Below Ruahihi: mean flow distribution by month of year

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

1993 - - - - - - 10.54 10.86 9.72 9.08 ? 11.80 -
1994 10.12 10.50 8.93 20.48 12.91 16.45 24.01 ? 19.29 20.42 10.95 8.66 13.55
1995 8.37 9.16 13.54 32.64 15.42 19.70 28.04 20.15 15.05 18.22 ? ? 18.06
1996 12.73 12.88 13.01 17.56 20.18 18.85 23.97 24.79 27.95 13.10 11.39 14.46 17.59
1997 14.05 12.11 12.63 10.79 19.26 20.70 14.37 12.45 25.70 17.50 13.48 11.64 15.39
1998 9.60 9.71 14.70 11.23 13.79 25.01 38.24 25.97 15.38 18.54 13.19 18.75 17.92
1999 10.29 9.09 9.75 12.62 ? 17.80 22.58 18.27 18.21 ? ? ? -
2000 10.76 9.42 8.73 15.95 14.68 20.21 15.50 20.74 19.05 14.63 11.77 12.53 14.51
2001 9.98 16.34 11.74 20.91 33.07 13.19 11.80 10.83 13.33 15.96 17.15 ? 15.84
2002 13.43 10.37 9.36 14.27 ? 20.12 20.53 13.03 12.46 ? 10.01 12.42 13.62
2003 19.34 9.13 16.70 12.80 12.90 15.12 13.69 11.86 18.28 19.81 12.30 14.70 14.76
2004 10.81 31.32 13.21 12.75 23.78 25.48 19.17 17.72 9.38 5.83 12.07 16.33 16.39
2005 14.55 11.45 10.87 9.68 21.31 21.43 22.81 18.68 17.02 25.46 11.28 20.45 17.15
2006 22.76 11.70 12.14 20.96 27.37 16.58 15.17 26.87 11.74 11.80 12.86 9.20 16.64
2007 17.65 12.19 19.98 13.07 13.78 15.14 29.51 25.15 14.21 15.04 10.75 12.88 16.68
2008 9.56 9.80 9.93 23.95 17.15 20.11 28.69 29.94 18.85 15.45 11.67 12.15 17.31
2009 11.02 14.49 19.22 11.60 12.50 17.97 18.26 25.94 16.93 20.97 10.36 12.54 16.01
2010 7.15 12.34 8.38 8.41 19.14 26.90 13.42 31.89 27.15 12.31 9.49 13.77 15.87
2011 27.85 12.58 13.50 17.50 28.06 26.45 20.24 12.35 12.35 27.06 13.25 27.62 19.98
2012 ? 14.91 18.47 11.87 19.10 13.48 33.23 27.33 21.97 15.17 6.33 16.92 18.15
2013 11.48 10.04 9.71 20.19 19.27 23.83 11.66 17.82 17.29 13.08 13.53 18.60 15.55
2014 10.38 9.29 9.87 19.99 10.90 30.79 17.12 15.95 18.77 11.87 11.33 12.07 14.84
2015 8.60 7.93 8.01 12.78 13.22 16.47 18.43 19.76 22.24 10.08 10.34 8.52 13.04
2016 13.34 15.34 22.25 11.34 11.93 20.86 20.06 15.68 22.63 17.40 13.47 9.55 16.15
2017 9.22 14.16 33.08 40.76 25.07 16.02 22.83 23.92 23.20 23.53 15.04 11.16 21.53
2018 20.96 28.35 14.11 20.58 18.81 20.53 19.25 17.45 13.82 11.50 14.13 31.90 19.24
2019 12.42 10.28 9.51 10.24 10.30 12.83 22.00 19.28 19.61 15.64 10.71 13.24 13.87
2020 9.04 8.16 8.10 8.20 9.92 21.86 19.38 17.19 10.67 10.39 20.11 10.11 12.77
2021 8.25 8.90 8.00 10.08 9.45 21.35 15.23 11.80 17.34 17.62 13.98 18.02 13.34
2022 8.20 9.90 12.78 9.97 15.34 25.70 38.34 23.88 22.79 25.85 22.31 30.04 20.51
2023 53.54 29.67 16.62 15.29 61.22 - - - - - - - -

Minimum 7.15 7.93 8.00 8.20 9.45 12.83 10.54 10.83 9.38 5.83 6.33 8.52 12.77
Average 13.98 13.05 13.23 15.95 18.92 20.03 20.94 19.57 17.75 16.19 12.71 15.19 16.30

Maximum 53.54 31.32 33.08 40.76 61.22 30.79 38.34 31.89 27.95 27.06 22.31 31.90 21.53

Year
Annual
MeanSite No. 14132  Wairoa River Below Ruahihi (Node 20c): Mean monthly flow (m3/s)
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Figure 3.6 Wairoa River above and below Ruahihi – annual mean flow series

3.3.2 Flow hydrographs

Figure 3.7 plots the flow hydrographs of the Wairoa River flow, above and below the Ruahihi Power
Station, for the entire available record. More detailed hydrograph plots on an expanded time scale
(horizontal axis) are provided in Appendix B.

Figure 3.7 Wairoa River flow record: blue – Wairoa above Ruahihi; dark green – Wairoa below Ruahihi.
Eight flood events exceed 500 m3/s, on 11 Aug 1998, 1 May 1999, 28 Feb 2004, 24 Jan 2006, 15
Apr 2008, 29 Jan 2011, 13 Apr 2017, 29 Jan 2023
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Figure 3.8 is a hydrograph of the Wairoa River flow for a 2-week period (1 – 14 August 2020) that
illustrates the usual flow pattern during a non-flood period. Typically, generation flow ramps up and
down twice a day corresponding with the morning and evening peak power demand periods. These
peaking periods are sustained for a longer duration when inflows are higher e.g., from 7 – 12 August
2020 when there was a minor fresh (evident as the small peak in the “above Ruahihi” hydrograph).
The amplitude (full range) of the generation ramping is approximately 26 m3/s. Baseflow in the
residual Wairoa River was about 1 m3/s during this period.

Figure 3.8 Wairoa River flows for a 2-week period 1 – 14 August 2020. Blue – Wairoa above Ruahihi; dark
green – Wairoa below Ruahihi

3.3.3 Flow duration

Time-series plots of flows (hydrographs) may be condensed into flow duration curves, which are
effectively cumulative probability plots of the flow distribution, constructed from a complete ranked
series (e.g., from the highest value to the lowest value) of all the recorded flows. This flow duration
curve may be considered the unique signature of the flow record.

Figure 3.9 presents flow duration plots of the Wairoa River above Ruahihi and the Wairoa River
below Ruahihi for their overlapping record period July 1993 to February 2023. In Figures 3.10 and
3.11, a separate flow duration curve for each season (Summer = Dec, Jan, Feb; Autumn = Mar, Apr,
May; Winter = Jun, Jul, Aug; and Spring = Sep; Oct; Nov) is plotted in addition to the annual (all
seasons) (full year) curve for the Wairoa above Ruahihi and Wairoa below Ruahihi respectively.
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Figure 3.9 Wairoa River flow duration curves. Blue – Wairoa above Ruahihi; dark green – Wairoa below
Ruahihi

Figure 3.10  Wairoa River above Ruahihi PS annual and seasonal flow duration curves. Black – all seasons; red
– Summer; magenta – Autumn; blue – Winter; green – Spring. Period July 1993 to February 2023
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Figure 3.11  Wairoa River below Ruahihi PS annual and seasonal flow duration curves. Black – all seasons; red
– Summer; magenta – Autumn; blue – Winter; green – Spring. Period July 1993 to February 2023

3.3.4 Tributary flows

3.3.4.1 Overview

Manawa Energy’s monitoring data (see Section 2.2) has enabled relatively short records of inflow to
the diversions (eight in total) and discharges from structures, including dams and power stations, to
be estimated. These records (apart from generation discharge) typically have increased uncertainty
compared with those from flow monitoring stations maintained by regional councils or NIWA as they
are subject to lower monitoring standards and lesser auditing and post-processing efforts.
Furthermore, theoretical considerations (viz. hydraulic calculations) are typically used to construct
and/or extend stage-discharge rating curves instead of actual flow gaugings. In general, these
calculations are generally simplified representations of actual hydraulic behaviour at the structures,
which can be complex and dependent on more than just the recorded water level at the structure.

Also, given the relatively short tenure of the majority of the monitoring records (less than nine years,
the exceptions being the discharge from power stations and recorded lake levels – see Figure 2.2),
and the significant inter-annual variability of the flow regime over the past six to seven years (2017
to 2023, see Section 3.3.1), the recorded flows at the structures may not be indicative of the long
term average conditions. Broadly, depending on the period of record and gaps in the data, the
recorded mean flow could be from 8% lower and up to 8% higher (in the case of the
Mangakarengorengo River) than long term average.

Details of the available raw data and site information, and the derivation of the inflow records are
presented in Sections 4.3 to 4.6.

3.3.4.2 Flow hydrographs

Figure 3.12 plots the flow hydrographs for the Western Diversions. Ngatuhoa Weir flow is not shown
because it is not possible to easily separate the Ngatuhoa Stream flow from the total inflow arriving
at the weir which includes diverted flow from the Opuiaki River. Flows at the drop inlets are much
(two orders of magnitude) smaller, therefore, these are replotted separately in Figure 3.13.
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