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EXECUTIVE SUMMARY

Bay of Plenty Regional Council (BOPRC) and the local community aim to restore water
quality in Lake Rotorua with policies that include land-use controls within the Lake Rotorua
catchment. An accurate boundary of the Lake Rotorua catchment boundary is essential to
understand the hydrological system and put these measures in place. Therefore, BOPRC
contracted GNS Science and the National Institute of Water and Atmospheric Research
(NIWA) to define the Lake Rotorua catchment boundary and to quantify the uncertainty in
this boundary.

The boundary of the Lake Rotorua catchment defined in this report was developed in two
parts: a surface catchment boundary that includes most of the area between Kaharoa and
Mamaku township; and a groundwater boundary on the Mamaku Plateau. The surface
catchment was derived from topographic contours at a 1 m interval using the 2006/2007
LIDAR data collected by Rotorua District Council. The groundwater boundary on the
Mamaku Plateau was derived using multiple data sets including: topographic contours and
water budgets that used estimates of surface water flows (summarised by NIWA,
Appendix 1) and gridded rainfall, surface flow, and groundwater recharge estimates (derived
by NIWA, Appendix 2). The groundwater catchments of three spring-fed streams that drain
the Mamaku Plateau (Hamurana, Awahou and Waiteti) were also considered, as the
catchments of these streams provide a control on the location of the best-estimate
groundwater boundary across Mamaku Plateau. These two parts combine to describe the
“best-estimate Lake Rotorua groundwater catchment boundary”.

The best-estimate Lake Rotorua groundwater boundary (including Lake Rotorua) has an
area of 537.1 km?, and produces an estimated mean flow of 16.5 m®/s at Ohau Channel. This
flow is equal to the mean observed flow at Ohau Channel (Appendix 1). Likewise, estimated
groundwater catchments of Hamurana, Awahou and Waiteti streams produce average flows
(2.6 m¥s, 1.6 m%s, and 1.2 m*/s respectively) that are equal to average observed flows in
these streams. The best-estimate Lake Rotorua groundwater boundary is larger than the
surface catchment boundary by approximately 35 km?. Most of this land (33.2 km?) is within
the groundwater catchment of Hamurana Springs. The best-estimate Lake Rotorua
groundwater catchment boundary was derived at a resolution of 1:2000, as this scale is
suitable for policy purposes.

Uncertainty in the best-estimate groundwater boundary was estimated separately for the
surface catchment boundary and the groundwater boundary on the Mamaku Plateau. The
95% confidence interval for the best-estimate surface catchment boundary was an estimated
+20 m (i.e., between 20 m inside and outside the best-estimate boundary), which was
derived from an analysis of the catchment boundary. Uncertainty in the best-estimate Lake
Rotorua groundwater boundary on the Mamaku Plateau was an estimated +200 m in the
Hamurana Stream catchment, and -640 m and +740 m on the Awahou and Waiteti
catchments; these values represent +95% percentile differences, respectively, in the location
of the boundary.
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1.0 INTRODUCTION

Restoration of water quality in Lake Rotorua by Bay of Plenty Regional Council (BOPRC)
and the local community requires specific policies that aim to reduce the discharge of
nutrients (nitrogen and phosphorus) to the lake (BOPRC policies WL3B and WL6B; Bay of
Plenty Regional Council, 2014). These policies include land-use controls within the Lake
Rotorua catchment and therefore BOPRC water and land management policies within the
Lake Rotorua catchment are different to policies outside the catchment. A definition of the
Lake Rotorua catchment boundary is crucial because it identifies the land parcels that are
relevant to the policy.

The boundary of the Lake Rotorua surface catchment has been estimated by BOPRC
(Figure 1.1). However, the Lake Rotorua catchment extends beyond the surface catchment
boundary because the size of the surface catchment is less than required to generate the
observed inflows to the lake (White et al., 2004). This extension, plus the land inside the
surface catchment, is often termed the ‘groundwater catchment’ of Lake Rotorua. Estimates
of the area and location of the groundwater catchment (e.g., on the Mamaku Plateau; White
et al., 2007) was defined by:

. ground elevation estimates;
o groundwater budgets using land areas, rainfall maps and measured spring flow;

o the location of groundwater divides near Kaharoa and Mamaku township. However, a
groundwater divide is not defined across all the Mamaku Plateau because groundwater
level is measured at relatively few locations across the Plateau.

Surface and groundwater catchment boundaries have previously been considered in various
assessments of hydrology in the Lake Rotorua catchment (e.g., White et al., 2004; White
etal.,, 2007; Rutherford et al., 2008; White and Rutherford, 2009). However, these
boundaries are not suitable for policy purposes because they were not developed with
consistent datasets of ground elevation, rainfall, baseflow, and evaporation, and they do not
generally consider uncertainty in the input datasets.

This project aims to define the Lake Rotorua catchment boundary using the best-quality data
sets available and includes an assessment of uncertainty. The project defines the Lake
Rotorua catchment boundary in two parts: that which is defined by the surface catchment
boundary outside the Mamaku Plateau and that which is defined by the groundwater
catchment boundary in the vicinity of the Mamaku Plateau. The project was completed by
staff from BOPRC, GNS Science and the National Institute of Water and Atmospheric
Research (NIWA) staff.

Firstly, the surface catchment boundary was defined at a 1:2000 scale using topographic
contours derived from LIDAR digital terrain measurements as this scale is suitable for the
identification of boundaries at the paddock scale. Then, the groundwater catchment
boundary in the vicinity of the Mamaku Plateau was defined at the same scale by data
including: topographic contours derived from LIDAR digital terrain measurements, surface
water flows, groundwater budgets, groundwater level measurements, and estimates of
specific discharge in streams. Surface water flows and water budgets are described in two
NIWA reports including: estimates of average outflow from the Lake Rotorua catchment
(Appendix 1) and estimates of water budget components in gridded datasets in the Lake
Rotorua area (Appendix 2).

GNS Science Consultancy Report 2014/111 1
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Uncertainties in the location of the Lake Rotorua catchment boundary were calculated in two
parts: the surface catchment boundary uncertainty was assessed with a topographic
analysis; and an analysis of boundary position in the vicinity of the Mamaku Plateau that
includes uncertainties in surface flows (Appendix 1) and the locations of spring-fed stream
catchments. The boundary of the Lake Rotorua catchment, and uncertainties in this
boundary, are developed in this report as ArcGIS data sets.

Figure 1.1 Boundary of the surface catchment estimated by BOPRC (derived from Freeman, 2006) and
location of the Mamaku Plateau and the Lake Rotokawau catchment. Note that this boundary was
derived from Freeman (2006) by BOPRC. The derived map, referred to as Freeman (2006) in this
report, includes the Lake Rotokawau surface catchment in the Lake Rotorua catchment (White et
al., 2007).

GNS Science Consultancy Report 2014/111 2
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2.0 METHOD

The Lake Rotorua catchment has been defined in two parts (Figure 2.1):

1) the area located between approximately Kaharoa clockwise to approximately Mamaku
Village where the surface water catchment (including the Lake Rotokawau catchment)
is coincident with the groundwater catchment; and

2) the area located from approximately Mamaku Village clockwise to approximately
Kaharoa; the groundwater catchment is outside the surface catchment boundary
between these two locations.

The method aimed to: provide a best-estimate Lake Rotorua catchment boundary; and
estimate ‘maximum’ and ‘minimum’ Lake Rotorua catchment boundaries, by considering
uncertainty in catchment boundary estimates. Data that was used to estimate these
boundaries included digital terrain models, stream flows and water budgets.

Figure 2.1  Area of the Lake Rotorua catchment boundary defined by a topographic analysis (only) and the
area of the Mamaku Plateau. The locations of streams that are discussed in this report are also
shown.

2.1 BEST-ESTIMATE LAKE ROTORUA CATCHMENT BOUNDARY

The best-estimate surface catchment around the whole Lake Rotorua circumference was
derived at a 1:2000 scale from 2006/2007 RDC LIDAR data (Geosmart Limited, 2006). The
extent of 2006/2007 RDC LIDAR data includes most of the Mamaku Plateau (Figure 2.2).

GNS Science Consultancy Report 2014/111 3
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Figure 2.2 Extent of the 2006/2007 RDC LIDAR data shown by coloured rectangles and the area of the 8 m
DTM used to define part of the Lake Rotorua catchment boundary on the Mamaku Plateau.

The surface and groundwater catchment boundaries were estimated using 2006/2007 RDC
LIDAR data and a DTM derived at an 8 m grid from 20 m contours at the 1:50,000 scale for
the area outside the extent of the LIDAR data (Geographx, 2012). Various LIDAR datasets
have been collected by RDC including 2006/2007 and 2011. In this report, the 2006/2007
RDC LIDAR data was used because:

o as of July 2014, a DTM and 1 m contours for the 2011 LIDAR data were not available
because the data had not been processed by BOPRC; BOPRC estimated this work is
unlikely to be completed until March 2015;

o for the Mamaku area, the 2011 LIDAR data was captured to a higher specification than
the 2006/2007 data. Therefore, processed 2011 LIDAR should be used to assess
catchment boundaries (surface and groundwater) in the future. However, the 2011
LIDAR data was not captured to a higher specification than the 2006/2007 data in all
other areas.

GNS Science Consultancy Report 2014/111 4
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Manual surveying was used to check the quality of 2006/2007 RDC LIDAR data in the
Mamaku Plateau with ground-level surveys at three localities in the area of State Highway 5
and Maraeroa Rd (Figure 2.3). At each locality, ground levels were measured within an area
of approximately 20 m by 20 m. The mean difference between surveyed elevations and
LIDAR estimates was 0.24 m (54 measurements), which was within the rated expected
LIDAR accuracy of £0.35 m.

Figure 2.3 Location of survey measurements used to check the quality of the 2006/2007 RDC LIDAR data.

GNS Science Consultancy Report 2014/111 5
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2.1.1 Best-estimate Surface Catchment Boundary

Initially, it was intended to represent the Lake Rotorua surface catchment boundary with the
GIS polygon derived from RDC LIDAR data gridded at a 2 m interval, i.e., the ‘BOPRC 2 m
catchment boundary’ (Freeman, 2006). However, this polygon failed to consistently represent
the surface catchment defined by 1 m topographic contours calculated by Freeman (2006).

Therefore, a best-estimate surface catchment boundary was developed, at the 1:2000 scale,
from the BOPRC 2 m catchment boundary. In most instances, the BOPRC 2 m catchment
boundary was not altered because it matched the 1 m surface contours. The shapefile was
edited where the BOPRC 2 m catchment boundary did not match the 1 m surface contours.
The resulting best-estimate ArcGIS surface catchment boundary at a 1: 2000 scale was
named ‘Lake_Rotorua_SC_1 2000 12 May 2014'.

2.1.2 Best-estimate Groundwater Catchment Boundary

The Dbest-estimate groundwater catchment boundary was derived from a topographic
analysis in the area of the Mamaku Plateau between approximately Kaharoa in the north,
and Mamaku Village in the west (Figure 2.1). This analysis used the 2006/2007 RDC LIDAR
data and the 8 m DTM model (Geographx, 2012) outside the extent of the 2006/2007 RDC
LIDAR data (Figure 2.2).

The analysis was completed in several steps. Firstly, the boundary was estimated at a scale
of approximately 1:10000. An iterative procedure identified land areas that were part of four
specific land areas: i.e., the Lake Rotorua catchment and the catchments of three large
spring-fed systems that drain Mamaku Plateau (Hamurana, Awahou and Waiteti). The
catchments of these spring-fed systems were included in the procedure as they informed the
location of the Lake Rotorua groundwater catchment. The procedure was completed as
follows:

o a Mamaku Plateau groundwater boundary was digitised within the areas of the
2006/2007 RDC LIDAR data (i.e., 1 m contours) and the 8 m DTM model considering
groundwater catchment polygons estimated by White (et al., 2007);

o a Lake Rotorua groundwater catchment boundary was calculated by merging the
Mamaku Plateau groundwater boundary with the best-estimate surface catchment
boundary;

. potential groundwater catchment boundaries of Hamurana Stream, Awahou Stream
and Waiteti Stream were identified within the Lake Rotorua groundwater catchment
boundary, and were guided by: 1) the 2006/2007 RDC LIDAR data (i.e., 1 m contours),
and the 8 m DTM model; and 2) groundwater catchment polygons (White et al., 2007);

. water flow within four polygons (Lake Rotorua groundwater catchment boundary,
Hamurana Stream, Awahou Stream and Waiteti Stream) was calculated using GIS with
ROTAN_LITE gridded data sets of rainfall, ‘quick flow’ and ‘slow flow' (Appendix 2).
The four polygons are attributed with the ROTAN_LITE data for the areas they
encompassed using the ArcGIS ‘Intersect’ function. Then the actual areas for each
ROTAN_LITE grid polygon within the boundary polygons were calculated and the
attribute table for each polygon was exported to Microsoft Excel. Here the sums of
‘rainfall’, ‘quick flow’ and ‘slow flow’ were calculated for each of the four polygons in L/s
and in m*/s using the actual ROTAN_LITE grid polygon areas;

GNS Science Consultancy Report 2014/111 6



Confidential 2014

o observed mean flows at four sites (i.e., Ohau Channel, Hamurana Springs bridge,
Awahou Stream bridge and Waitete Stream bridge; Table 2.1) were compared with
calculated water flow within four polygons using GIS;

. the difference between calculated water flow and observed mean surface flows was
computed and the groundwater boundaries were adjusted; and

o the above process was repeated until the calculated water flow was within one decimal
place of observed mean flow.

Then, the best-estimate groundwater catchment boundary was calculated by adjusting the
groundwater boundary to a 1:2000 scale using the 1 m contours within the area of the
2006/2007 RDC LIDAR data. However, the boundaries of the three large spring-fed systems
that drain Mamaku Plateau were not adjusted to a 1:2000 scale because the primary
purpose of this report was to estimate the external boundary of the Lake Rotorua catchment.
The boundaries of the spring-fed systems are equal to the best-estimate groundwater
catchment boundary at the 1:2000 scale where they are coincident with the best-estimate
groundwater catchment boundary. Elsewhere, boundaries were guided by the 1 m contours
at a 1:10000 scale.

Table 2.1 Mean surface water flows, with uncertainty estimates (Appendix 1).

Mean flows in a 13 year period (m®/s)
SUCCIL -95% confidence in Mean +95% confidence in
mean mean
Ohau Channel 15.3 16.5 17.7
Hamurana 2.3 2.6 2.9
Awahou 1.4 1.6 1.8
Waiteti 0.8 1.2 1.6

Surface flows and specific discharge estimates in other catchments that discharge from the
Mamaku Plateau are also considered as these are relevant to groundwater catchment
boundaries in the Lake Rotorua catchment. Other catchments include: the Mangorewa River
which drains to the north of the Lake Rotorua catchment (Figure 2.4); and Waiomou Stream
and Waimakariri Stream which flow in the Waikato Region west of the Mamaku Plateau
(Figure 2.1). Flow statistics in the streams were from gauging sites 1174 3 (Waiomou
Stream) and 1158 1 (Waimakariri Stream), Waikato Regional Council (2009). Mean flows
and 95" percentile flows for the Waikato region streams are, respectively: 2.69 m*s and 0.74
m®/s (Waiomou Stream) with 4.34 m*/s and 0.17 m®s in Waimakariri Stream. In addition, a
site visit to the northwest Mamaku Plateau on 5" June 2014 allowed for a visual assessment
of surface flows and swamps (Figure 2.4 and Table 2.2).

GNS Science Consultancy Report 2014/111 7
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Figure 2.4 Low-flow gauging sites and flow measurements in the Mangorewa River surface catchment north of
the Lake Rotorua catchment. The locations of sites that were visited in June 2014 are also shown.

Table 2.2 Observed flow conditions during a site visit (5/6/2014), Figure 2.4.

Location of site visit

5/6/2014 Notes
A A swamp (east of the road) is impounded by the road. Manual inspection
of the road embankment indicates no culvert beneath the road.
B No flowing water and general swampy conditions
C Flow in culvert of approximately 10 L/s (visual estimate) towards the north
D No flowing water in a small ponded stream

GNS Science Consultancy Report 2014/111 8
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2.2 UNCERTAINTY IN LAKE ROTORUA CATCHMENT BOUNDARIES

Uncertainty in the Lake Rotorua catchment boundaries were assessed with the following:

o surface catchment boundaries were derived to represent ‘+95%’ and ‘-95%’ polygons
based on three alternative surface catchment boundaries that were derived from a 10
m DTM;

o groundwater catchment boundaries were derived to represent ‘+95%' and ‘-95%
polygons using a variety of alternative groundwater catchment boundaries based on
the location of groundwater divides, DTMs, ROTAN_LITE calculations, groundwater
flow direction calculations, estimated flows at four surface monitoring sites (Hamurana
Springs, Awahou Stream and Waitete Stream and Ohau Channel) and measurements
of specific surface water flows.

2.2.1 Uncertainty in the Surface Catchment Boundary

Uncertainty in the surface catchment boundary was assessed by:
. calculating three surface catchment boundaries based on a 10 m DTM;

o statistical comparison of the best-estimate surface catchment boundary with these
three surface catchment boundaries;

. calculation of the ‘maximum’ and ‘minimum’ catchment boundaries based on this
statistical comparison.

2.2.1.1 Catchment Boundaries Estimated from a 10 m DTM

Three software packages (Surfer, ILWIS and ArcMAP/ArcHydro) were used to calculate
tertiary surface catchment boundaries using a 10 m DTM derived from the 2006/2007 RDC
LIDAR survey.

Firstly, the 10 m optimal spatial resolution (i.e., pixel size) was determined for the DTM used
in these calculations. A workable pixel size had to be determined for the DTM as the length
of processing time and probability of success depended largely upon the size of the data set
being processed. The optimal pixel size was determined by running the first step in
catchment extraction (sink evaluation) and ensuring the run time was reasonable. The data
set size was also limited by the maximum size that could be handled by the ILWIS program.

The 2 m DTM was then resampled to the optimal pixel size (10 m) and exported as a
GeoTIFF file which was used as the input for conversion to the native format for both ILWIS
and Surfer. All processing was then done using their native formats.

The standard processing flow for each software package was then carried out on the 10 m
DTM with default gridding values for each package. These values were selected from menu
choices within the Surfer package (i.e., Map; New; Watershed Map; Figure 2.5);
ArcMap/ArcHydro and ILWIS required specification of stream threshold (500 pixels = 5000
m?) and minimum drainage length (100 m).

GNS Science Consultancy Report 2014/111 9
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Figure 2.5  Surfer menu choice for creating a catchment/watershed.

The outputs for Surfer and ILWIS were then converted into shapefiles and imported into
ArcMAP. However, the conversion/export from Surfer and ILWIS produced a shapefile that
was not clean, as the lines and polygons representing drainage catchments/watersheds are
not topologically corrected. For example, lines overlapped and therefore polygons included
overlaps and negative areas, an indication that vertex sequence was inverted. All these
errors were corrected and the shapefiles “cleaned” before they were used any further.

Catchments generated by the software were not automatically linked from headwaters to
locations of outflow. Catchment polygons were selected by overlaying the drainage network
and manually selecting only the polygons that drained in the same direction, based on the
direction of stream flow. To assist in the manual selection process, existing catchment maps
were used to make a preliminary grouping. After the catchments were identified, sub-
catchments were then joined (“dissolved” is the geoprocessing term) to form the larger
‘tertiary’ catchments.

2.2.1.2 Statistical Comparison of the best-estimate Surface Catchment Boundary with
the three Tertiary Surface Catchment Boundaries

The process to assign uncertainty of the best-estimate surface catchment boundary was
conducted as follows (e.g., Figure 2.6):

1) The best-estimate and ‘tertiary’ surface catchment boundaries were digitised at a 1 m
interval using ArcGIS.

2) The distance between each boundary point and the centroid of the best-estimate
boundary was calculated.

GNS Science Consultancy Report 2014/111 10
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3) The nearest tertiary surface boundary point to each best-estimate surface boundary
point was identified.

4)  The differences between centroid-point distances for all points in the three tertiary
surface boundaries were tabulated, and statistics on differences (mean, median, +95%
and -95%) were calculated. These statistics provide an estimate of the uncertainty in
the location of each best-estimate point on the centroid-point line (Figure 2.6).

5)  Aradial distance of the ‘maximum’ and ‘minimum’ surface catchment boundary relative
to the best-estimate boundary that envelopes the +95% and -95% distances was
defined.

6)  ArcGIS polygons of the ‘maximum’ and ‘minimum’ surface catchment boundaries were
drawn by applying the +95% and -95% radial distances to expand, or contract,
(respectively) the best-estimate boundary line polygon using the ArcGIS “Buffer”
function.

Figure 2.6 Best-estimate catchment boundary (A) with a demonstration of the locations of the ‘maximum’ (B)
and ‘minimum’ (C) catchment boundary locations.

2.2.2  Uncertainty in the Groundwater Catchment Boundary

Uncertainty in the groundwater catchment boundary was represented by land areas inside
and outside the best-estimate groundwater catchment. The ‘minimum’ Lake Rotorua
catchment boundary aims to match the -95%’ flows at four sites (Table 2.1). Likewise, the
‘maximum’ Lake Rotorua catchment boundary aims to match the ‘+95%’ flows at these sites.
The method to calculate the groundwater catchment boundaries assigned all the uncertainty
to the boundary of the catchment on the Mamaku Plateau. Therefore ‘internal’ boundaries
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(e.g., the boundary between Hamurana and Awahou groundwater catchments) were not
adjusted. The method is summarised in the following:

1)

2)

3)

4)

5)

6)

7)

8)

a ‘first estimate’ of the minimum groundwater catchment of the Ohau Channel was
made by calculating the ‘best-estimate:radial_minus’ polygon that is the ‘best-estimate
groundwater catchment’ boundary, shrunk by the radial distance uncertainty in the
surface catchment (Section 2.2.1) using the ArcGIS “Buffer” function. This procedure
sets the minimum groundwater catchment equal to the minimum surface water
catchment in the area outside the Mamaku Plateau;

‘first estimates’ of the minimum catchments of three spring-fed streams (Hamurana
Stream, Awahou Stream and Waiteti Stream) were calculated by clipping these spring-
fed stream polygons to the ‘best-estimate:radial_minus’ polygon;

land area and water flow within the four ‘first estimate’ catchment polygons were
calculated using GIS with ROTAN_LITE gridded data sets of rainfall, ‘quick flow’ and
‘slow flow' (Section 3.1.2) data for the areas they encompassed. Then the actual area
for each ROTAN_LITE grid polygon within the boundary polygons was calculated and
the attribute table for each polygon was exported to Microsoft Excel. Here the sum of
‘rainfall’, ‘quick flow’ and ‘slow flow’ were calculated for each of the four polygons in L/s
and in m%s using the actual ROTAN_LITE grid polygon areas;

observed mean flows at the four sites were compared with calculated water flow within
four catchment polygons;

the land area was calculated to remove land area (L, equation 1) from each of the four
catchment polygons to match ‘-95%’ flows at the four sites using typical specific
discharge for the Mamaku Plateau (equation 1);

L = 1000(C-Q)/M equation 1
land area to remove from polygon (km?)
calibration target (m?/s)
sum of ‘quick flow’ and ‘slow flow’ in the polygon

specific discharge over a Mamaku Plateau polygon, i.e., slow flow
+ quick
flow divided by area (L/s/km?)

=0 0Or

R=L/E equation 2
R distance to shift the boundary inwards (km)
E length of outer boundary of catchment on the Mamaku Plateau (km)

the distance to shift the boundary inwards was calculated (equation 2), and the ‘best-
estimate:radial_minus’ boundary was calculated using the ArcGIS “Buffer” function;

the sum of ‘quick flow’ and ‘slow flow of the new polygon was calculated and
compared with the calibration targets;

the above steps from step 5 were repeated until Q was within 0.1 m®/s of C.

As an example, -95™ percentile flow at the Ohau Channel is 1.2 m%s less than the
mean flow (Table 2.1) and the equivalent -95™ percentile land area is 24.8 km? less
than the best-estimate groundwater polygon (Table 2.3) This area is equivalent to a
boundary that is inside the best-estimate groundwater boundary by 0.48 km.
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9) then, the ‘minimum’ Lake Rotorua groundwater catchment boundary, that is consistent
with all four calibration targets (i.e., Ohau Channel, Hamurana Stream, Awahou Stream
and Waiteti Stream), was defined. This was done by selecting a boundary in each of
three segments (i.e., the groundwater catchments of Hamurana Stream, Awahou
Stream, and Waiteti Stream). In each segment, the selected boundary was either
the -95™ percentile Ohau Channel groundwater boundary or the stream groundwater
boundary, whichever was the closest to the best-estimate groundwater polygon.

To demonstrate with an example, the -95™ percentile Hamurana Stream groundwater
boundary is closer to the best-estimate boundary than the -95" percentile Ohau
Channel groundwater boundary (Table 2.3). Therefore, the ‘minimum’ Lake Rotorua
groundwater catchment boundary is represented with the -95" percentile Hamurana
Stream groundwater boundary in the Hamurana Stream catchment.

Table 2.3 Example of selection of polygon for ‘minimum’ Lake Rotorua groundwater catchment boundary.

Difference from mean/best-estimate polygon

Stream - - Polygon for
-95% flow Land area | Lineardistance | _ggo4 flow boundary
3 2 inside boundary
(m~/s) (km*) (km)
Ohau Channel -1.2 -24.8 -0.48 n/a
Hamurana -0.3 -7.4 -0.18 Hamurana

Awahou -0.2 -5 -1.25 Ohau Channel
Waiteti -0.4 -9.9 -1.87 Ohau Channel

The method used to calculate the ‘maximum’ Lake Rotorua catchment boundary was the
same as the above, but it calculated a ‘best-estimate:radial_plus’ polygon and compared this
with polygons to match ‘+95%’ flows in the four areas (Table 2.1).
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3.0 RESULTS

3.1 LAKE ROTORUA CATCHMENT BOUNDARY
3.1.1 Best-estimate Surface Catchment Boundary

The constructed best-estimate surface catchment boundary
(‘Lake_Rotorua_SC_1 2000_12 May 2014’, Figure 3.1) generally coincides with the
BOPRC 2m contours ‘BOPRC_2m_SC_2006" (Figure 3.2). However, minor edits to this
boundary were required to match the catchment boundary with 1 m contours, at the 1:2000
scale (e.g., Figure 3.3).

Figure 3.1 Best-estimate surface catchment boundary of Lake Rotorua. The surface boundary was developed
at the 1:2000 scale between the red dots.
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Figure 3.2 Example of where the best-estimate surface catchment boundary (ArcGIS file
‘Lake_Rotorua_SC_1 2000_12 May 2014’) is coincident with ‘BOPRC_2m_SC_2006’. The inset
shows the location of the example.

Figure 3.3 Example of where the best-estimate surface catchment boundary (ArcGIS file
‘Lake_Rotorua_SC_1 2000_12 May_2014') was edited from ‘BOPRC_2m_SC_2006’ to match
catchment boundaries estimated with 1 m contours at the 1:2000 scale. The inset shows the
location of the example.
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The best-estimate surface catchment boundary includes the Lake Rotokawau catchment
(see Section 1), but excludes a small area of the upper Puarenga Stream catchment
estimated by the ‘BOPRC_2m_SC_2006" surface catchment boundary (Figure 3.4) that is
probably outside the catchment of Lake Rotorua. This area is probably within the
groundwater catchment of Lake Rotokakahi because groundwater below the area probably
flows towards Lake Rotokakahi as topographic gradients from the area are largely towards
Lake Rotokakahi. However, the area may, in part, be within the groundwater catchment of
the Waikato region. This is because topographic gradients from the area are largely towards
Waikaukau Stream and towards Tumunui, relative to the topographic gradient in the upper
Puarenga Stream catchment towards Lake Rotorua. Therefore, groundwater may flow from
the area in the unsaturated zone towards Tumunui, and then to Rotohouhou Stream, or
towards the headwaters of Waikaukau Stream.

Figure 3.4 Best-estimate surface catchment boundary (ArcGIS file
‘Lake_Rotorua_SC_1 2000_12 May_2014’) and area of the upper Puarenga catchment (ArcGIS
file ‘BOPRC_2m_SC_2006") where groundwater probably does not flow towards Lake Rotorua.
The inset shows the location of the area.

The best-estimate surface catchment has an area of 502 km? (Table 3.1). Water flow in the
best-estimate surface catchment boundary is an estimated 15.0 m*/s, which is considerably
less than the observed mean flow of 16.5 m*/s at the Ohau Channel (Table 2.1). Therefore,
the groundwater catchment boundary is larger than the best-estimate surface catchment
boundary.
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3.1.2 Best-estimate Groundwater Catchment Boundary

The best-estimate groundwater catchment boundary (GIs file name:
‘Lake_Rotorua_GW_1 2000_9 June_2014’) includes a large portion of the Mamaku Plateau
(Figure 3.5). Within this boundary, the groundwater catchment areas are sufficient to supply
mean flows of three spring-fed streams (Hamurana Springs, Awahou Stream and Waiteti
Stream), Figure 3.6, Table 3.1. The best-estimate groundwater catchment boundary is larger
than the best-estimate surface catchment boundary by approximately 35 km? (Table 3.1),
and most of this land is located in the Hamurana Springs catchment (Figure 3.7 and
Table 3.2).

Figure 3.5 Best-estimate Lake Rotorua catchment boundary including the groundwater catchment on the
Mamaku Plateau.
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Figure 3.6  Groundwater catchments of Hamurana Springs, Awahou Stream and Waiteti Stream.
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Groundwater catchments of Lake Rotorua and three spring-fed streams (Hamurana Springs, Awahou Stream and Waiteti Stream) with catchment areas and estimated
water flows calculated using GIS and ROTAN_LITE data, rounded to one decimal point.

Area |Rainfall Slow | Quick | Sum of slow flow Calibration target,
Item Polygon «m?) | (m3s) flow flow and quick flow Table 2.1
(m3s) | (ms) (m3/s) (m3/s)
Best-estimate
surface water catchment Lake_Rotorua_SC_1 2000_12 May 2014.ply 502 31 8.6 6.4 15 na
boundary of Lake Rotorua
Best-estimate
groundwater catchment Lake Rotorua_GW_1 2000 9 June 2014 537.1 | 33.8 9.6 6.9 16.5 16.5
boundary of Lake Rotorua
Hamurana Springs
groundwater catchment GW_Hamurana_1 10000_9 June_ 2014 66.6 5 1.8 0.8 2.6 2.6
boundary
Awahou Stream
groundwater catchment GW_Awahou_1 10000 9 June 2014 38.6 2.8 1.1 0.5 1.6 1.6
boundary
Waiteti Stream
groundwater catchment GW_Waiteti_1 10000 _5_June_2014 34 2.3 0.8 0.4 1.2 1.2
boundary
Mamaku Plateau Basin Mamaku_Plateau_Central_10000_9 June 2014 | 12.4 1.0 0.3 0.2 0.5 na
Mamaku Plateau North Mamaku_Plateau_North_10000_5 June 2014 20.8 1.7 0.5 0.3 0.8 na
Hamurana Springs
groundwater catchment inside GW_Hamurana_SC_clip_10 June_ 2014 33.1 2.4 0.9 0.4 1.3 na

surface catchment
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Item Area (kmz)
Best-estimate surface catchment boundary of Lake Rotorua 502
Hamurana Springs groundwater catchment 335
Area outside surface catchment Awahou Stream groundwater catchment 1.9
Waiteti Stream groundwater catchment 0.1
Sum 5375

" Note that this sum does not equal the area of the best-estimate Lake Rotorua groundwater catchment (537.1 km?, Table 3.1). Three sources are responsible for the difference: rounding errors, location
of polygon points at the 1:10000 scale and the area calculation with GIS (Section 2.1.2). Areas are rounded to one decimal point.

Table 3.3 Groundwater catchments of Hamurana Springs catchment with areas and estimated water flows using GIS and ROTAN_LITE data, rounded to one decimal point.

. Slow Quick .
Area | Rainfall Sum of slow flow and quick flow
Item Polygon 2 3 flow flow 3
(km*®) (m™/s) 3 3 (m*/s)
(m™/s) | (m’/s)

Mamaku Plateau Basin Mamaku_Plateau_Central_10000_9 June_2014 12.4 1 0.3 0.2 0.5
Mamaku Plateau North Mamaku_Plateau_North_10000_5 June_2014 20.8 1.7 0.5 0.3 0.8
Hamurana Springs groundwater catchment )
o GW_Hamurana_SC_clip_10_June_2014 33.1 2.4 0.9 0.4 1.3
inside surface catchment B - - - - -
Sum 66.3" 5.1 1.7 0.9 2.6

' Note that this sum does not equal the area of the Hamurana Springs groundwater catchment boundary (66.6 km? Table 3.1). Three sources are responsible for the difference: rounding errors, location
of polygon points at the 1:10000 scale and the area calculation with GIS (Section 3.1.2).
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Three geographic areas are identified in the Hamurana Springs groundwater catchment
(Figure 3.7; Table 3.2):

1)

2)

3)

The Mamaku Plateau Basin appears as an area of internal drainage. The 1 m surface
contours indicate surface drainage towards the centre of the basin with low areas
coinciding with swamps mapped on the topographic map. The centre of the basin is
approximately 4 m lower that the edge of planar basin floor, as identified by contours of
the 2006/2007 RDC LIDAR data. The boundaries of the basin were identified by:
contours of the 2006/2007 RDC LIDAR data in the north, east and south; and by
contours of the 8 m DTM in the west. The basin-edge elevation is relatively low in the
west and north east, as indicated by ‘A’ and ‘B’, respectively (Figure 2.4). Ground
conditions in this area are swampy, however no surface flow was observed at these
locations during a field visit on 5/6/2014 (Table 2.2). Therefore, it is assumed that
slowflow and quickflow in this area (Table 3.2) all drain to groundwater.

Mamaku Plateau North, where the ground surface is relatively flat near the Mamaku
Plateau Basin and surface topographic gradients indicate that the ground slopes to the
north. Swampy conditions are common in this area, particularly north east of the
Mamaku Plateau Basin. It is assumed that slowflow and quickflow (e.g., Table 3.1) in
this area mostly drain to groundwater. This is because little surface flow is observed in
the area (i.e., ‘C’ and ‘D’, Table 2.2) and gauged surface flows in the upper Mangorewa
River catchment are all close to zero (Figure 2.4).

Hamurana Springs groundwater catchment is inside the best-estimate surface
catchment.

The sum of water flow estimates using ROTAN_LITE data (i.e., slowflow and quickflow) in
these three areas equals the 2.6 m%s (Table 3.3), i.e., the mean flow of Hamurana Springs
(Table 2.1).

The Waiomou Stream catchment probably does not require land in the Mamaku Plateau
Basin to produce the observed surface water discharge. This is because the specific
discharge of Waiomou Stream catchment (without the Mamaku Plateau Basin) is the same
as the Hamurana Stream catchment (with the Mamaku Plateau Basin), Table 3.4. However,
specific discharge estimates do not provide unequivocal identification of the destination of
groundwater outflow from the Mamaku Plateau Basin, see Section 4.

Table 3.4 Estimates of specific discharge for steams that drain the Mamaku Plateau.

Specific discharge (I/s/km?)*
St
ream Catchment without the Catchment with the
Mamaku Plateau Basin Mamaku Plateau Basin

Waiomou 39 33
Waimakariri 55 48
Hamurana 48 39
Awahou 41 31
Waiteti 35 na

! Mean flow estimates (Section 2.1.2) divided by catchment land area.
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Figure 3.7  Three land areas that make up the Hamurana Springs groundwater catchment.
3.1.3  Uncertainty in the Surface Catchment Boundary

Uncertainties in the minimum and maximum surface catchment boundaries are -20 m and
+20 m, respectively, as a linear measure. These distances are the approximate range of -95
% and +95% percentile differences between the best-estimate surface catchment boundary
and the three tertiary catchment boundaries (Table 3.5).
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Table 3.5 Differences between the best-estimate surface catchment boundary and the three tertiary
catchment boundaries. These statistics were calculated on 147,673 values.

Difference (m)
Item
Best-estimate - ARC Best-estimate - ILWIS Best-estimate - SURFER

mean 0.81 1.07 1.39

median 0.02 0.02 0.02
+95™ percentile 16.79 22.69 18.73
-95™ percentile -14.00 -20.29 -14.54
Standard deviation 73.65 89.16 74.80

The minimum and maximum surface catchment boundary GIS files are as follows:

o ‘Lake_Rotorua_SC 1 10000 12 May 2014 minus95perc’ which is the minimum
surface catchment boundary (or -95™ percentile).

o ‘Lake_Rotorua_SC_1 10000_12_ May_ 2014 plus95perc’ which is the maximum
surface catchment boundary (or +95™ percentile).

The resolution of the boundary is a scale of 1:10000. This resolution is less than that of the
best-estimate groundwater catchment boundary because the ArcGIS ‘Buffer’ function was
used to calculate the -95% and +95% boundaries (see Section 4.3).

Clearly, the land area of the three surface catchment polygons is insufficient to supply the
observed flows at Ohau Channel (Table 3.6). Therefore, it is likely that the groundwater
catchment of Lake Rotorua is larger than the +95% surface catchment.

Table 3.6 Estimates of land area and water flows for the best-estimate surface catchment polygon and the
-95" 9% and +95™ % surface catchment polygons.

_ Slow Quick Sum of Ohau Channel
ltem Aregl Ra|r31fall flow flow slow fI(_)W observed,
(km”) (m>/s) m3s) | (m%s) and quick Table 2.1
flow (m%s) (m3/s)
Lake -95% 499.1 30.8 8.6 6.4 15 15.3
Rotorua best-
surface . 502 31 8.6 6.4 15 16.5
estimate
water
boundary +95% 504.9 31.2 8.7 6.4 15.1 17.7

3.1.4  Uncertainty in the Groundwater Catchment Boundary

Minimum and maximum Lake Rotorua groundwater catchment boundaries represent the land
areas that provide for the uncertainty in surface water flows of Hamurana Springs, Awahou
Stream, Waiteti Stream, and Ohau Channel. These boundaries are relatively wide on the
Mamaku Plateau (Figure 3.8). Outside the Mamaku Plateau, the uncertainty in the
boundaries is £20 m, which is the uncertainty in the surface catchment (e.g., Figure 3.9).
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Figure 3.8 Map of the minimum, best-estimate, and maximum Lake Rotorua groundwater catchment
boundaries in the Mamaku Plateau area.
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Figure 3.9 Map of the minimum, best-estimate, and maximum Lake Rotorua groundwater catchment
boundaries in the south eastern catchment area.

However, Ohau Channel flows estimated with the -95th and +95th percentile polygons differ
from uncertainty in observed flows at this location (Table 3.7). Therefore, the derivation of the
-95th and +95th percentile polygons is described to demonstrate method (Section 2.2.2).
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Table 3.7 Land area and water flows for the best-estimate Lake Rotorua groundwater catchment polygon and
the -95th and +95th percentile groundwater catchment polygons.
. Ohau Channel

Area | Rainfall SO oLt Ohau.ChanneI observed,

Item (km?) mds) fIc;w fIc;w estm;ated Table 2.1
(m~/s) (m~/s) (m~/s) (m3/s)
-95% 523.5 32.8 9.2 6.7 15.9 15.3

Lake Rotorua best-
groundwater ) 537.1 33.8 9.6 6.9 16.5 16.5
estimate
boundary

+95% 551.2 34.8 9.9 7 16.9 17.7

The -95™ percentile groundwater catchment boundary is inside the best-estimate Lake
Rotorua groundwater boundary, however the distance between these two boundaries is
variable on the Mamaku Plateau (Figure 3.10). This is because the -95" percentile
groundwater catchment boundary on the Mamaku Plateau is a composite of the -95"
percentile boundaries of two catchments: Hamurana Springs and Ohau Channel. The -95"
percentile boundary of the Hamurana Springs catchment is selected because it is closer to
the best-estimate boundary than the -95" percentile boundary of Ohau Channel.

However, the -95" percentile boundary of Ohau Channel is chosen for the Awahou and
Waiteti stream catchments because it is closer to the best-estimate boundary than the -95™
percentile boundaries of these streams. For example, the -95™ percentile boundary of Ohau
Channel is approximately 640 m inside the best-estimate boundary (Table 3.8) whereas the -
95" percentile boundary of Waiteti Stream is approximately 3 km inside the best-estimate
boundary. The difference between these distances is largely due to uncertainties of surface
water flow. The uncertainty in Ohau Channel flow is 7 % (i.e., +1.2 m*/s of mean flow),
whereas the uncertainty in Waiteti Stream is 33% (i.e., +0.4 m*/s of mean flow), Table 2.1.
Alternatively, the -95™ percentile groundwater catchment boundary could have been chosen
to represent the -95™ percentile boundaries of Awahou and Waiteti streams. However, this
would have resulted in a step-wise boundary across the Mamaku Plateau that would make
little hydrological sense and would not represent the -95™ percentile boundary of Ohau
Channel.

The large uncertainty in Waiteti Stream flows is also demonstrated by the +95™ percentile
boundaries that are used to estimate the maximum groundwater catchment boundary
(Figure 3.11). Here, the +95™ percentile catchment boundary of Waiteti Stream extends
approximately 3 km west of the best-estimate boundary. The +95" percentile catchment
boundary of Ohau Channel is within approximately 740 m of the best-estimate boundary and
so is selected as the maximum groundwater boundary in the Waiteti Stream catchment.

Table 3.8 Approximate linear distance between -95th and +95th percentile Lake Rotorua groundwater

catchment polygons and the best-estimate groundwater catchment polygonl.

Approximate distance
between polygons

Approximate distance
between polygons

e (-95% and best-estimate) (+95% and best-estimate)
(m) (m)
Surface catchment -20 +20
Hamurana Springs -200 +200
Mamaku Plateau Awahou Stream -640 +740
Waiteti Stream -640 +740

' Note that the linear distances are approximate because a relatively smooth line results from iterative application of the ArcGIS
Buffer function (Section 2.2.2).
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Figure 3.10 The  minimum Lake  Rotorua  groundwater catchment boundary (i.e., ‘Lake
Rotorua_GW_1_10000_17_ July 2014 _minus95perc’) is coloured in solid blue. Also shown are the
polygons that represent the minimum groundwater catchments of Hamurana, Awahou, Waiteti and
Ohau Channel and the best-estimate groundwater catchment of Lake Rotorua (black line).
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Figure 3.11 The maximum Lake Rotorua groundwater catchment boundary (i.e., ‘Lake
Rotorua_GW_1 10000_17_July 2014 plus95perc’) is coloured in solid green. Also shown are the
polygons that represent the maximum groundwater catchments of Hamurana, Awahou, Waiteti and
Ohau Channel and the best-estimate groundwater catchment of Lake Rotorua (black line).
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4.0 DISCUSSION

4.1 GROUNDWATER CATCHMENTS OF HAMURANA, AWAHOU AND WAITETI

The principal aim of this project was to identify the Lake Rotorua catchment boundary.
However, the groundwater catchments of Hamurana, Awahou and Waiteti Streams were also
used to verify the location and uncertainty of the Lake Rotorua groundwater catchment
boundary.

Most of the area of the Lake Rotorua groundwater catchment boundary outside the surface
catchment boundary is associated with the Hamurana groundwater catchment (Figure 3.7
and Table 3.2). In comparison, the western boundaries of Awahou and Waiteti groundwater
catchments are approximately consistent with the Lake Rotorua surface catchment boundary
(Table 3.2). Hamurana Springs requires 1.3 m¥s of flow from outside the surface catchment
boundary (Table 3.3). Most likely, this comes from the Mamaku Plateau Basin and Mamaku
Plateau north (Figure 3.7).

Most water must leave the Mamaku Plateau Basin as groundwater outflow because surface
water outflow is minimal (Section 3.1.2). Possible destinations of the groundwater outflow are
to the catchments of Lake Rotorua, the Mangaorewa River (to the north), and the Waihou
River (to the west). The most likely destination is the Hamurana catchment, and
subsequently Lake Rotorua, because of the following:

o The Hamurana Stream catchment requires approximately 0.5 m*/s of groundwater flow
(Table 3.3) outside the ‘Mamaku Plateau North’ area and the Mamaku Plateau Basin
adjoins the north area (Figure 3.7). In addition, a Hamurana Stream catchment located
northwest of Hamurana Springs (Figure 3.6) is consistent with estimates of
groundwater flow based on a groundwater flow model (White et al., 2007).

o Mangaorewa River catchment is an unlikely for outflow, as a groundwater divide is
located in the vicinity of Kaharoa that appears to rule out the area in the Mangaorewa
Stream north of Hamurana (Figure 2.2). Additionally, base flows are very low, or zero,
in the upper Mangaorewa Stream (Figure 2.4).

) The Waiomou Stream catchment probably does not require land in the Mamaku
Plateau Basin to produce the observed surface water discharge in this stream. This is
because the specific discharge of this stream (without the area of the Mamaku Plateau
Basin) is the same as the Hamurana Stream catchment (with the area of the Mamaku
Plateau Basin) and similar to the Awahou Stream catchment (without the area of the
Mamaku Plateau Basin), Table 3.4. However, specific discharge estimates do not
provide unequivocal identification of the destination of groundwater outflow from the
Mamaku Plateau Basin. For example, the specific discharge of Hamurana Stream
(without the area of the Mamaku Plateau Basin) is the same as Waimakariri Stream
(with the area of the Mamaku Plateau Basin).

Two common groundwater catchment boundaries were chosen between the catchments of
Hamurana, Awahou and Waiteti. For example, Hamurana-Awahou and Awahou-Waiteti are
chosen between these three catchments based on 1 m contours derived from the 2006/2007
RDC LIDAR survey and groundwater budgets. In addition, lake-side boundaries were chosen
so that they are at a higher elevation than the main area of inflows (White et al., 2007) to the
streams. The resolution of these boundaries is less than the resolution of the Lake Rotorua
groundwater catchment (see Section 4.3).
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UNCERTAINTY IN THE LAKE ROTORUA GROUNDWATER CATCHMENT AREA

The uncertainty in the best-estimate Lake Rotorua groundwater catchment (Table 3.7) is less
than the uncertainty in the catchment area calculated in Appendix 1, because:

1)

2)

4.3

most of the Lake Rotorua groundwater catchment boundary is defined by a topographic
analysis of the surface catchment; the uncertainty in the surface catchment boundary is
+20 m (Table 3.8), which translates to a small uncertainty in catchment area ( +2.9
km?); and

the Hamurana Springs groundwater catchment occupies a considerable portion of the
boundary of the Lake Rotorua groundwater catchment across the Mamaku Plateau
(Figure 3.6). Therefore, the uncertainty in the area beyond the surface catchment is
mostly associated with the uncertainty in the area of the Hamurana Springs
groundwater catchment. Uncertainty in Hamurana Spring flow (+0.3 m?/s) is less than
that of Ohau Channel, (£1.2 m3/s), Table 2.1. Therefore, the uncertainty in the
catchment area for the Hamurana Spring groundwater catchment is less than the
uncertainty in the Ohau Channel catchment. These uncertainties are also
demonstrated in a comparison of the uncertainty of the boundary for Hamurana Spring
catchment (£200 m linear metres) with that of Awahou and Waiteti streams (+740 m
and -640 m linear metres), Table 3.8. Note that the uncertainty in the boundary for
Ohau Channel catchment was applied to Awahou and Waiteti streams as it is less than
the uncertainty in the boundary of these streams (Section 3.1.4).

RESOLUTION OF CATCHMENT BOUNDARIES

The resolution of catchment boundaries derived in this report is either:

1:2000 i.e., the surface catchment outside the Mamaku Plateau and the Lake Rotorua
groundwater catchment (Figure 3.1 and Figure 3.5, respectively). Note most of the
Lake Rotorua groundwater catchment is defined with the 2006/2007 RDC LIDAR DTM.
However, part is defined by the 8 m DTM (Figure 2.2). The boundary was defined at a
1:2000 scale in the area of the 8 m DTM, but this DTM has a poorer resolution than the
2006/2007 RDC LIDAR DTM.

1:10000 i.e., the groundwater catchment minimum and maximum (Figure 3.8 and
Figure 3.9 respectively) and groundwater catchments of three spring-fed streams
(Hamurana, Awahou and Waiteti; Figure 3.6).

The resolution of the minimum and maximum groundwater catchment boundaries are less
than 1:2000 because boundaries were calculated by iterative use of the ArcGIS ‘Buffer’
function (Section 2.2.2).
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5.0 CONCLUSIONS

Bay of Plenty Regional Council (BOPRC) and the local community aim to restore water
quality in Lake Rotorua, with policies that include land-use controls within the Lake Rotorua
catchment. An accurate boundary of the Lake Rotorua catchment boundary was developed
in this report by BOPRC, GNS Science and the National Institute of Water and Atmospheric
Research.

The “best-estimate Lake Rotorua groundwater catchment boundary” was developed in two
parts: a surface catchment boundary that includes most of the area between Kaharoa and
Mamaku township; and a groundwater boundary on the Mamaku Plateau. Uncertainty in the
best-estimate groundwater boundary was estimated separately for these boundaries. The
surface catchment was derived from topographic contours at a 1 m interval and the
groundwater boundary on the Mamaku Plateau was derived using multiple data sets
including: topographic contours and water budgets that used estimates of surface water
flows (Appendix 1) and gridded rainfall, surface flow, and groundwater recharge estimates
(Appendix 2). The groundwater catchment areas of spring-fed streams that drain the
Mamaku Plateau (particularly the Hamurana, Awahou and Waiteti in the Lake Rotorua
catchment) were also considered, as these catchments provide a control on the location of
the best-estimate groundwater boundary. The best-estimate Lake Rotorua groundwater
catchment boundary was derived at a resolution of 1:2000, as this scale is suitable for policy
purposes.

The best-estimate Lake Rotorua groundwater catchment boundary (including Lake Rotorua)
has an area of 537.1 km?, and produces an estimated mean flow of 16.5 m®/s, equal to the
mean observed flow at Ohau Channel. Likewise, estimated groundwater catchments of
Hamurana, Awahou and Waiteti streams produce average flows (2.6 m%s, 1.6 m%s, and 1.2
m®s, respectively) that are equal to average observed flows in these streams. The
best-estimate Lake Rotorua groundwater boundary is larger than the surface catchment
boundary by approximately 35 km? and most of this land (33.2 km?) is within the groundwater
catchment of Hamurana Springs.

Therefore, the area of the Hamurana Springs groundwater catchment is of key importance to
the identification of area of the Lake Rotorua groundwater catchment outside the surface
water catchment. The Hamurana Springs groundwater catchment was divided into three
areas (Figure 3.7):

1) The Mamaku Plateau Basin appears as an area of internal drainage that provides 0.5
m®s of flow to Hamurana Stream, i.e., all the flow that is net of rainfall and actual
evapotranspiration flows to groundwater. It was assumed that no surface flow leaves
this area as ground conditions at locations of possible surface drainage were swampy,
and no surface flow was observed at these locations during a field visit on 5/6/2014.

1)  Mamaku Plateau North provides 0.8 m*¥/s of flow to Hamurana Stream. This area is
relatively flat with surface topographic gradients indicating that the ground slopes to the
north. Swampy conditions are common in this area, particularly north east of the
Mamaku Plateau Basin. It was assumed that no surface flow leaves this area because
little, or no, surface flow was observed in the area during a field visit on 5/6/2014 and
gauged surface flows in the upper Mangorewa River catchment are all close to zero.

2)  Hamurana Springs groundwater catchment inside the best-estimate surface catchment,
which provides 1.3 m*/s of flow to Hamurana Stream.
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Uncertainty in the best-estimate Lake Rotorua groundwater catchment boundary, estimated
at the 95% confidence level, was calculated separately for the surface catchment boundary
and the groundwater boundary on the Mamaku Plateau. The 95% confidence interval for the
best-estimate surface catchment boundary was an estimated +20 m. Uncertainty in the
best-estimate Lake Rotorua groundwater boundary on the Mamaku Plateau was assessed
for each of the spring-fed streams in the Lake Rotorua catchment. This uncertainty was an
estimated +200 m in the Hamurana Stream catchment, and -640 m and +740 m on the
Awahou and Waiteti catchments; these values represent +95% percentile differences,
respectively, in the location of the boundary. The uncertainty in the Hamurana Stream flow is
less than that of the other two streams; therefore the uncertainty in the Hamurana Stream
catchment boundary flow is less than that of the other two streams.
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APPENDIX1 LAKE ROTORUA CATCHMENT BOUNDARIES PHASE 2 WATER
BUDGET.

GNS Science Consultancy Report 2014/111 34



Confidential 2014

GNS Science Consultancy Report 2014/111 35



Confidential 2014

GNS Science Consultancy Report 2014/111 36



Confidential 2014

GNS Science Consultancy Report 2014/111 37



Confidential 2014

GNS Science Consultancy Report 2014/111 38



Confidential 2014

GNS Science Consultancy Report 2014/111 39



Confidential 2014

GNS Science Consultancy Report 2014/111 40



Confidential 2014

GNS Science Consultancy Report 2014/111 41



Confidential 2014

GNS Science Consultancy Report 2014/111 42



Confidential 2014

GNS Science Consultancy Report 2014/111 43



Confidential 2014

GNS Science Consultancy Report 2014/111 44



Confidential 2014

GNS Science Consultancy Report 2014/111 45



Confidential 2014

GNS Science Consultancy Report 2014/111 46



Confidential 2014

GNS Science Consultancy Report 2014/111 a7



Confidential 2014

GNS Science Consultancy Report 2014/111 48



Confidential 2014

GNS Science Consultancy Report 2014/111 49



Confidential 2014

GNS Science Consultancy Report 2014/111 50



Confidential 2014

GNS Science Consultancy Report 2014/111 51



Confidential 2014

GNS Science Consultancy Report 2014/111 52



Confidential 2014

GNS Science Consultancy Report 2014/111 53



Confidential 2014

GNS Science Consultancy Report 2014/111 54



Confidential 2014

GNS Science Consultancy Report 2014/111 55



Confidential 2014

GNS Science Consultancy Report 2014/111 56



Confidential 2014

GNS Science Consultancy Report 2014/111 57



Confidential 2014

GNS Science Consultancy Report 2014/111 58



Confidential 2014

GNS Science Consultancy Report 2014/111 59



Confidential 2014

GNS Science Consultancy Report 2014/111 60



Confidential 2014

GNS Science Consultancy Report 2014/111 61



Confidential 2014

GNS Science Consultancy Report 2014/111 62



Confidential 2014

GNS Science Consultancy Report 2014/111 63



Confidential 2014

GNS Science Consultancy Report 2014/111 64



Confidential 2014

GNS Science Consultancy Report 2014/111 65



Confidential 2014

GNS Science Consultancy Report 2014/111 66



Confidential 2014

APPENDIX 2 LAKE ROTORUA CATCHMENT BOUNDARIES PHASE 3
WATER BUDGET CALCULATIONS
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