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Executive Summary

This study examines changes i n sedi osngdoast-section sarlepdatg tfrome
2022 to 2024 , assessed through both gravel and silt volumetric changes and corresponding changes in

mean bed levels. The findings are intended to inform river management decision making, particularly with

respect to the sustainable allocation and extraction of sediment resources.

The study area for this report is broken into three reaches:

1. Siltphase: 0.0 km i 24.3 km from the Manawat ¢ River c onfluence
2. Lower gravel phase : 24.3km 1 43.5 km fromthe Manawat ¢& River c onfluence
3. Upper gravel phase :43.5 km i 115.725 km from the Manawat ¢ River c onfluence

The reaches above follow the 2023 Gravel Resource  and Sediment Study (King, 2023) . The methodology

troua R

of this study also aligns with the 2023 st  udy, to allow direct comparison between the previous results. The

current study additionally analysed the upper gravel phase, which the 2023 study was unable to assess

due to insufficient  data. Cross-section -based volumetric change analyses have a considerable margin of

uncertainty that is difficult to quantify 1 these uncertainties have been minimised where possible and are

discussed within this report. For gravel volume calculations, only the cross -sections between 43.5  km and

69.06 km were analysed , as the large (>4 km) distances between cross -sections beyond this point would

produce unreliable results. However, the mean bed level analysis covers the full reach to 115.725 km.

Overall, the |l ower troua River (silt and | ower gravel phases)
whereas the wupper troua shows an overal |l i2024eeridd. oThissludygr adat i on
has found that i n the silt phase, net average annual sediment accumulation for 2022 12024 was

approximately 2 27,000 m? per year, representing a 360% increase compared with 2016 72022 . In the
lower gravel phase, netaverage annual  sediment accumulationis approximately 81,000 m? peryear i this

is an increase of >450% relative to the previous study period . In contrast, the  upper gravel phase shows
net average annual sediment loss of approximately 111,000 m?® per year. These results likely reflect the
impact of Cyclone Gabrielle on sediment transport , and it is likely that the river will require some time to

absorb this change.

Under the One Pl an, taleng-terno avaragRanmualr allocatde gravel volume of 10,000 m?3
per year upstream of Menzies Ford and 55,000 m? per year downstream  of Menzies Ford . For the period
from January 2022 to December 2024, 15,495 m @ was extracted from the reach downstream of Menzies

Ford under ATH-2006011146.02 , and 35,993 m?® was extracted from the reach upstream of Menzies Ford
under ATH -2004010097.01 . Both consents are held by Horizons Regional Council .

Previous gravel studies have | ooked at the changes 1in
surveys conducted in 1998, 2012, 2016, and 2022. Combining the findings of these previous studies with

the findings of this study has shown thatthelong -term average annual rate of sediment flux for the lower
gravel phase (i.e., gravel volume change downstream of Menzies Ford) is less than the One Plan  average
allocable volume. Between 1998 and 2012, the lower gravel phase was degrading at a rate of
approxim ately 20,000 m 3/year; between 2012 and 2024, it has aggraded at a rate of approximately 30,000
m?3/year, with a net average annual sediment flux of approximately 45,000 m 3/year when factoring in

gravel extraction.

Given th e potential net degradation in the upper gravel phase and localised areas of degradation in the
lower gravel phase  between 2022 and 2024, and the low annual average rate of net sediment flux in the
lower gravel phase between 1998 and 2024 , it is recommended to reduce the One Plan limit to 30,00
m3/year for the reach downstream of Menzies Ford . This is the same recommendation provided in the 2023

gravel study. There is currently not enough available cross -section data to estimate long -term change for
the upper gravel phase  /upstream of Menzies Ford.

When comparing sediment volume in 2024 to 1998, the silt phase has aggraded by approximately
2,19 8,000 m 3. Silt extraction may therefore be undertaken with guidance from River Management to
ensure that potential effects on local channel behaviour and stability are appropriately considered. It is
recommended to undertake an analysis of the impact of sediment aggradation on flood carrying capacity ,
particularlyinthe | ower {roua

A full river survey is recommended for 2029 1 2030, including all 2024 cross -sections to  maintain data
comparability. I n t h e-sedtiprpspacingtshowlduba standardised at approximately 400 m
for more reliable results . Before the next gravel study, obtaining an updated LiDAR survey is recommended
to supplement cross-section data and supporta trial Geomorphic Change Detection analysis
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Introduction

Catchment Setting
s situated

The troua River i

River. The river has a length of approximately 141 kilometres, and a catchment area of an estimated
910 square kilometres ( Figure 1). The headwaters of the river are located in the western Ruahine

sout hwest through Feil di

Ranges, with the mainstem  f | ng
Ra n g i leetwgen Palmerston North and Shannon.
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Figure 1
Map of the troua River catchment, which is within the Manawat g
-
troua River Gravel Resource a 5 /I\j\\ horlzons
REGIONAL COUNCIL

June 2026



The troua River from Apiti Road to the confl uetwe Rivewi t h t he
Schemes administered by Horizons Regional Council. From Apiti Road to Mahua Road is serviced by

the Pohangina -t roua Ri ver scheme which provides for erosion prote
a gravel bed, single thread meandering river, largely confined by dramatic alluvial terraces until

Taonui Road.

From Mahua Road to the confl uRwrcéhwi thotthei Masawai Eed by t
Manawat ¢ River Scheme for River maintenance, which include:¢
for flood protection. Mahua road to Kopane road is a single thread meandering gravel bed river. At

Kopane Road the channel ch  anges to a silt bed, with confined, relatively low sinuosity channel form.

Stop banks on both sides of the channel are continuous from State Highway 3 to the confluence with

t he Ma n aRivart ghd are considered to provide 1% AEP protection to the communities of the

adjacent floodplain (Blackwood, 2012).

The study area is split into three phases, each with distinct geomorphic character based on the

dominant grain size of the active channel and the valley confinement ( Figure 2). For consistency, the
present study will adopt the same study areas and cross -section distances as outlined in the 2023
study. Please note that cross -section distances refer to the distance (in metres) of the cross -section
stefrom the confluence wi t hsnedseedMaangthezdnielinRof thesfloo dplain ,
and benchmark refers to the cross -section distance in kilometres

Mangaweka
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[ ] Oroua Catchment

Phase

m— Silt

= Gravel (Lower)
Gravel (Upper)

Marton

UPPER GRAVEL PHASE:
Predominantly single-threaded
gravel-bed channel with regular
well-formed lateral gravel bars.
Partially confined by terraces.

Contains Crown Copyright Data
RStevens - 21/05/2026
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LOWER GRAVEL PHASE:
Predominantly single-threaded,
gravel-bed river. Partially
confined between stopbanks.

Palmerston Nharganu
North

SILT PHASE:
Single-threaded channel
with occasional silt/sandy
lateral bars. Confined |
between stopbanks.
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Figure 2

Phases of the troua River within the study area.
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Table 1
Photos of the tr o(capturRdhye Horizois aGatetsnent Operations and Science Teams)

Silt Phase

Near XS 7025m  (taken 21/02/2019 ) Near XS 22500m (taken 21/02/2019)

Lower Gravel Phase

Near XS 29125m (taken 12/05/2026 ) Near XS 43500 (taken 14/01/2026)

Upper Gravel Phase

Near XS 81740m ( taken 5/12/2023 ) Near XS 786 00m (taken 21/01/2025)
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Study Area

Silt Phase
XS 0000m i XS 24325m
The silt phase of the Lower troua ext ends Rivar athenchmark conf | uen
0.0 km to Kopane bridge at benchmark 24.8 km ( Figure 3), including cross -section sites 0000m to
24325m .
\ | Y26080m
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oA W N
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Silt 19500m
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\1 os’lggOOm Contains Crown Copyright Data.
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Figure 3
Map showing the extent of the silt phase of the study area, I o
The troua through the silt pthresaded chansel wath ocoasiohal sitisathdys i ng |l e
lateral bars. This reach occurs through the Taonui basin (Blackwood, 2012), which has been subject
to significant drainage infrastructure to enable agricultur al l and use. One of the | arges
Draind) di scharges into t&Roadbridyela appraxionately 4R a rkgy iaklmye the
confluence. The channel is confined between stop banks. On average, stop banks are 50 m set back
from the channel, bu tthis is highly variable in relation to the meander pattern of the river.
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froua River Gravel Resource a 8 horlzons
June 2026 m REGIONAL COUNCIL



Lower Gravel Phase

XS 24765m 1 XS 43500m

The gravel ph

Phase 2 ) starts from Kopane

bridge at

KEY:
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——— Gravel (Lower)

———— Gravel (Upper)

ase of

t he

bridge at benchmark 24.8 km and extends
benchmark 45.4 km ( Figure 4), including cross -section sites 24765m to 43500m .

to just below Mahua Road
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Map showing the

The
422 km,

troua
t he K

extent of

thénlowerwggvel phase

i witea St

\
34500m

33315m

the | ower gravel

is predominantly a single
ream tributar

Contains Crown Copyright Data.
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phase of the stud:
-threaded, gravel bed river. At
y joins the ¢troua

confluence, channel widening is observed as well as increased lateral bars with some sections
developing multi -threaded channels until 2

-3 km downstream.

At the top end of this r ea cshuthwesth edgefof thewsettlementrofsFeilding. t h e
From 38.57 km, land use is predominantly agricultural. There are some sections of stop banking
which become continuous at 30.0 km.
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Upper Gravel Phase

XS 45365m 1 XS 115725m

The upper gravel phase (also known as Gravel Phase 1 ) of t he t r oexendsR ifreneabove
Mahua Road at 43.5 kmto 115.7 km (Figure 5), including cross -section sites 45365m to 115725m .

Bridges N
9 101975meNealoom

—— Cross-Section ‘W 107690rh\ Sy ., 114355m

Phase
Silt 96440m )

- Gravel (Lower)

Ny

Gravel (Upper)

76935m,

73210m._"

Contains Crown Copyright Data.
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4§ 62120m
56700m, . /.59040m

54680m!; :5531 Sm
52890m, 554645m

4%52280m
\ 50260m

105m

020 05 \

%\ 45730m
Ny

0 2km

Figure 5
Map showing the extent of the upper gravel phase of the stud:

The troua théuppeugyakel phase is a predominantly single  -thread ed gravel bed channel
with regular well  -formed lateral gravel bars. Between 86.5 km to approximately 55.5 km, the channel
is confined in the north/ northeast by alluvial terraces. The surrounding land use is primarily
agricultural.

There has been no gravel analysis done in this reach of
cross section data. This report will be the first to undertake gravel analysis because of the recent

2022 -2024 comparable dataset. Note that for gravel volume calculations, this study analysed only

the 2022 and 2024 cross  -section surveys between 43.5 km and 84.68 km. Extending the analysis

beyond this point would require interpolating across very large distances between cross -sections ,

which would produce un realistic and unreliable volume estimates. In contrast, the mean bed level

t

h e

analysis covers the full reach from 43.5 km to 115725 km wupstream of the Manawat g

confluence.
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Previous Gravel Resource Studies
2012 Gravel Resource Study

The 2012 study , which assessed changes between 1998 and 201 2, concluded the following:

1 Between 1998 and 2012 , t here appears to be a general trend of degradation in the reach  from
Kaimatarau Road to just upstream of the confluence with the Kiwitea Stream, and an aggradation
trend down stream tothe Manawat ¢ confluence.

1 There is approximately 900,000 m3 more material beneath the active channel in 2012 than there

was in 1998 |, a large proportion of which is likely to be silt

1 It is particularly important to monitor the levels of aggradation in the lower half of the reach,
below Kaimatarau Road, as a continuation in this trend could lead to a loss of flood carrying
capacity in the river channel.

2019 Gravel Resource Study

The 2019 study, which assessed changes between 201 2 and 2016, concluded the following:

1 Consistent with the findings of the 2012 study, there was a trend of aggradation in the silt phase
(188,600 m?3 or 47,150 m3/yearon average) ,with siltation on the berm and a narrowing channel

1 Rates of aggradation in the silt phase imply the need for management activities to address
sedimentation in order to maintain flood protection levels.

1 Overall aggradation was indicated in the lower gravel phase (Reach 2). The upper gravel phase
(Reach 1) was unable to be analysed due to lack of data. Total gravel volume is estimated to
have aggraded by 94,100 m?2 across the gravel reach, or an average 23,525 mS3/year .

1  Aggradation volumes are positively correlated with Mean Bed Level, which increased on average
between 0 m to 0.2 m.

1 Net gravel volumes are calculated to be 10,000 m?3/year less than anticipated One Plan volumes,
therefore extraction volumes for the lower gravel phase (  Reach 2) should be reduced to 45,000
m?3/year for sustainable gravel management.

2023 Gravel Resource Study

The 2023 study, which assessed changes between 20 16 and 2022, concluded the following:

1 Overall,the silt phase net average annual sediment deposition is approximately 55,000 m3. This
isa 16% increase in average annual sediment volume accumulation compared to 2011 -2016.

1 Inthe study area of the lower gravel phase ( Reach 2)the study calculates a net average annual
aggradation of approximately 27,000 m3. This is approximately 40% reduction in net average
annual aggradation compared to 46,000 m3/yr 2011 -16.

1  The report recommends including the upper gravel phase (Reach 1) for the next study as the
2023 one only reports changes for the lower gravel phase (Reach 2).

1 Thereportsuggests the maximum allocable volumes be reduced to 30,000 m 3/yr with the caveat

that greater volumes may be appropriate after significant weather events if sediment stores
(vegetated bars) are mobilised in the upper sections of the reach.

. /_u.\ -
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Methodology

This study utilises  river cross -section survey s, which use repeated GPS measurements to model the
elevation change across the profile of a riverbed . Cross-section surveys have  historically been the
primary tool used by regio  nal councils to monitor changes in riverbed levels an d gravel transport
rates ; however, itis widely acknowledged that the sparse spatial and temporal distribution of cross -
sections , combined with the fluctuating way in which riverbed material moves, sets limitations 0 n
gravel volume changes calculated between cross -sections (Basher, 2006) . Figure 6 shows the high
variabilityof § r oua Ri v esection suveys , colour -coded to show data that was included in this
study . The long -term analysis compares data from 1998/1999, 2011/2012, 2016, 2022, and 2024

at cross -sections where survey data was available for all years. The short -term analysis compares
only the 2022 survey data with the 2024 survey data.

End of Upper Gravel Phase . -
110
man ow w ) . [
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I = = om . . 1 1
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ma w om . . . .
End of Lower Grave! Phase . . mam - w
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10 o : | |
: : i | |
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Survey Date

» Excluded from Analysis

- Used in Long-Term and Short-Term MBL and Volume Analysis

= Used in Long-Term (MBL Only) and Short-Term MBL and Volume Analysis
. Used in Long-Term and Short-Term MBL Analysis

- Used in Short-Term MBL and Volume Analysis

= Used in Short-Term MBL Analysis

Figure 6
Plot of the spatial and temporal distribution of cross -section surveys f orEachpoiatrepresenisa suReyv e
at that cross -section site.
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Area Under the Section

Foll owing the 2023 st udynexttrdsweveyedirn2024. TReipresent anahasis utilises
the 2022 and 2024 cross  Aection datasets, referenced to the NZVD2016 vertical datum. Cross section

offsets from the previous study were adopted where available. Hilltop Hydro - REACH was used to
obtain the area under the section (toa datumof 0 ). The defined offsets can be found in Appendix  B.

Offsets

Silt Phase

This study defines the extents of the active channel for the silt phase as the change in sediment
volume across the channel and river berms between the toes of the stop banks ( Figure 7).

137

3 el a & L 243 5] 23 303 313
— RL Soction s See 001500m on 11.Ape-2022 14:10.00

Figure 7
Typical silt phase cross section. Area under bed for volume change measured between toes of stop banks (King, 2023).

Gravel Phase

This study defines the extents of the active channel for the gravel phase s as the change in sediment

volume across the channel between the top of the active channel banks (Figure 8).
£
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Figure 8
Example Section with active channel indicated for volume calculations (King, 2023).
troua River Gravel Resource a 13 g “horizons
m REGIONAL COUNCIL

June 2026



Interpolated Volume

The mean average area under the bed for consecutive cross -sections is taken and multiplied by the
distance between the two sections to derive a volumetric change for the length.

0@ e "D € & 6 auf W
() Y OY 0 0 C
Where:

1 Viewis the calculated volume at a cross -section site using the more recent survey data

1 Vowis the calculated volume at a cross -section site using the older survey data
T Sis the downstream section distance froniverhe confl uenc
1 &is the upstream section distance fromRivche confluence
1  A:isthe area under the bed at the downstream section
1  A:zis the area under the bed at the upstream section

For the maps showing change in normalised volume, the normalised volume is the change in volume

(as calculated above) at that cross -section in m 3, divided by the distance to the next cross -section

in m . This value is reported in m  3/m change, as it is different from the raw area under the section

results because the change in area at the upstream cross -section influences the normalised change

in volume.

Mean Bed Level (MBL)

Hilltop was used to analyse each  survey of the individual cross  -sections. The extent of the offsets for

the mean bed level are setatthe base of the banks ( Clement & Fuller, 2020) or the high pointof a

lateral bar for single -thread sections (King, 2023) and covers the wetted channel and any mid -

channel bars (Figure 9). Inputting the left and right offsets found in Appendix C, the mean bed levels

of each year were obtained using the fiSection over Ti meo
Hilltop Hydro. The m inimum bed level is the lowest point along the cross -section within the bed

The change in mean bed level is calculated by differentiating the MBL between survey years

0Goe "mm 6 0 10 &0 10 60
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1 2 61
— RL Section at Site 001500m on 11-Apr-2022 14:10.00
RL Section a1 Site 001500m on 2-Feb-2016 11.00.00

8 101 121 11 161 181 201 2 21 21 F o 36

Figure 9
Example typical cross section silt phase. Wetted channel section for MBL following measures from 2019 report (King,
2023).
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— RL Section at Site 036770m on 13May-2022 10.00.00
RL Section at Ste 036770m on 1-Mar-2016 104500

Figure 10

Example Section from the gravel phase with active channel indicated for Men Bed Level calculations. Multiple thread
channel sections include both inverts. Single thread sections are taken bank to bank or bank to highpoint of lateral bar
(King, 2023).

Uncertainties and Limitations

This assessment is subject to several uncertainties and limitations that influence the interpretation

of results. These arise from data availability, field conditions , and natural variability within the river
system. Understanding these limitations is essential for placing the findings in context and for guiding

future monitoring and analysis.

The data collected by GPS-based cross -section surveys is highly accurate  for the time and space it

was captured ; a relatively small uncertainty arises from the  nominal accuracy of the survey
equipment and the  variation in topology across the uneven grain assemblages of a river bed (i.e.,
sampling on top of  versus next to a piece of gravel on the river bed ). T he median grain size should
be considered when assessing the vertical accuracy of the elevation points , Which (as per the 2026

. /l-l\\ -
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Natural Character Index Assessment ) varies along the river but is approximately a maximum of 45
mm .

The greatest limitation for this kind of sediment study arises from the spatial and temporal sparsity
of the cross -section s. To estimate the volumetric change in sediment in the river, the change in area
under the section between survey years is calculated and multiplied by the distance to the next
upstream cross -sectionto get change in volume. This method assumes that the change seen at the
cross - section site is representative of th at section of river . Particularly in a dynamic, gravel -bed river
such as the troua Rhnotthercase.t hi s is often

The further the cross  -sections are from each other, the greater the uncertainty when interpolating
between cross -sections. Astudyby Vale & Fuller (2009) of the Motueka River ~ foundthat the accuracy
of sediment budgets is maximised at a critical cross section spacing nhot exceeding 90 m , Which is
not practicable for regular surveying in a river as | ong as t he Vile&dullar (2B09N\alsa .
found that cross -section -based sediment analysis underestimated sediment transfer by c. 30% when
compared to a digital elevation model (DEM) analysis.

A DEM-based analysis can capture more information about changes between cross -sections, but
topographic LIDAR does not capture  elevation data in the wetted part of the channel and can be
heavily influenced by the groundcover and steepness of the terrain. However, it is possible to
minimise these uncertainties through combining bathymetric data where available and calculating an
error margin. Uncertainty analysis is not usually carried out for cross -section -based analysis, as it is
difficult to quantify. Regardless of this, a DEM  -based analysis requires two comparable DEMs, and at
thetimeofthiss tudy, t he 1t r o anyy hakone BEM (surveyed in 2025) that captures the whole

river, meaning across -section -based analysisisthe  most practicable method for estimating sediment
change .

To minimise uncertainties a  rising from the large distances between cross -sections, the volume
analysis for the 2022 -2024 comparison has an upper limit of cross -section 69060m. Above this point,
the distance between cross  -sections can be in excess of 4 km ,meaninga ny misrepresentative cross -
section s will have a disproportionately large impact on the overall sediment budget. Figure 11 shows
the distribution of distances between cross -sections for each of the river phases and highlights the
reduction in maximum cross -section distance when limiting the study to 69060m . The area under
the section and MBL results for all cross -sections has still been included in the results for reference.

The | ength of time between surveys varies both between and within the survey years ; for example,

surveys were undertaken in 2016, then 2022, and then 2024, showing an irregular number of years

between survey years.Because the troua River is so long, several mon
a full survey of the river ; for example, the 2024 surveys were captured during the period from May

2024 to November 2024 . To account for this variation in survey dates, the exact difference in survey

date s between survey years at each cross -section ( as a fractional year ) has been used to calculate

the rate of change . The variability of the timing between surveys and the range of survey dates

within each survey year means sediment may have been transported between sections during this

time, which could lead to  sediment being measured twice or not captured at all, depending on the

timing of cross -section surveys.

Given that the transition from gravel to silt bed substrate is gradual, it is likely that the sediment
volume change estimated for the silt phase will contain a small proportion of gravel flux. Further

analysis comparing the volumetric change in the berm v ersus between the top of the banks could be
undertaken to compare the amount of aggradation in the berm to the aggradation within the active
channel , as well as further grain size analysis to better understand the silt  -gravel transition.

Mean bed level analysis  and volume analysis  rely on the cross -section survey capturing the deepest
parts of the wetted channel, which is not always feasible depending on river conditions. If the wetted
channel is not fully captured, this can cause an overestimation of the mean bed level or area under

the section. Both analyses are also heavily influenced by the position of the offsets chosen during

the calculations, which is highly subjective.
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Figure 11

Box and whisker plot showing the distribution of distances between cross -sections surveyed in 2022 and 2024. The
orange box on the far right shows the improvements to the cross -section distances from limiting the upper gravel phase
volume analysis to the cross -section at 69060m, which is the first site to have a distance greater than 4 km to the next

upstream cross -section.

Since the most recent river survey was carried out in 2024 , a significant flood event occurred in
February 2026 which is not captured in this analysis. While this event had a lesser impact than
Cyclone Gabrielle in February 2023, the flood event did mobilise sediment and cause change s to the
channelin some places.  The short time span between these flood events highlights the usefulness of
frequent surveys of the full length of the river , particularly following large flood events.

Flow Record at Almadale Slackline, Oroua River
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Figure 12
FIl ow record at Al madal e Sl ackline, troua River, from Janua
February 2004 flood, Cyclone Gabrielle in February 2023, and the smaller flood peak in February 2026 which occurred
after the most recent survey data was captured.  Average recurrence int erval (ARIl)isthe estimated return period of

a given flood peak (ARl data from Horizons (2026) ).
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Silt Phase to Upper Gravel Phase

Afew ofthe cross sectionsin the t r o WRéver were not surveyed completely due to unsafe conditions.
The following cross sections were completed on 21 May 2025 following the 2024 partial survey: XS
2600 m, XS 3000 m, XS 3535 m, and XS 39715 m.

Cross -sections XS 73210m and XS 84500m have incomplete surveys due to unsafe field conditions,
and no follow -up surveys were undertaken to finish them. As a result, the true left final surveyed
point for each of these sections lies partway through the wetted channel (Figure 13). Both of these
sites are situated beyond the extent of the volume analysis for this study.

I n several |l ocations along the troua River, the cross secti
the top of the banks. To complete these profiles , the cross -section lines were extended using the
2025 Horizons DEM  (Figure 14), or,where onlyasmall extensionwas required , projected horizontally

along the existing alignment . The extended cross -sections are listed below:
XS 02125 XS 42755 XS 54850 XS 64405
XS 07985 XS 48285 XS 55315 XS 67230
XS 09800 XS 51970 XS 59040 XS 81740
XS 30720 XS 52890 XS 61755 XS 84680
XS 40700 XS 54710 XS 62120
073210m - 49
218
Survey Year
2022
e E — 2024
=
%: Data Quality
> 216+——7m——~N——FT—— 11 F——— 71— 1T 1% "1 = -~ Extended Data
3 —— GPS Survey
o
8 215 MBL Offsets
-8 2022
D
o 2024
214
Area Offsets
Top of Bank
213
o N 8 3 8 3 N =
Offset (m)
Figure 13

Example of a cross -section that has been extended in Hilltop in a straight horizontal line to maximise comparable data
between survey years.
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Figure 14
Example of cross -section 40700m showing the cross -section survey lines before and after extension of the 2024 left

offset using the 2025 DEM.

Results and Discussion
Short -Term Analysis i All Phases

As shown in  Figure 15, change in mean bed level varie s along the river,  with the greatest variation
seeninthesiltphase (approx. -0.5mto 1mof MBL change). The areaunder the section and volume
analysis (Figure 16 and Figure 17 respectively ) found that b oth the silt phase and the lower gravel
phase show a clear trend of sediment aggradation , with the upper gravel phase showing no clear
trend. Inthe upper gravel phase, t WO cross -section sites (XS 59040m and XS 73210m) show a large
decrease in area under the section of > -100 m? and after analysis of the aerial imagery and cross -
section data, are potential outliers . XS 73210m is outside of the limits of the volume analysis, but

XS 59040mhasa significant influence on the volume analysis results due to large distances between
neighbouring cross -sections.

The left bank cliff of both XS 73210m and XS 84500m had eroded after the cyclone, and it was not

safe to cross the river at either of these sections due to the depth and speed of the flow. Even if

these cross -sections were revisited now, the surveyor still would not be able to safely cross the river.

As aresult, both cross  -sections have incomplete surveys, with the true left survey points terminating

partway into the wetted channel. The apparent degradation at these locations may be aresult of the
substan tial erosion that occurred following the cyclone, the wide spacing between cross -sections, or
a combination of both factors.
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Change in MBL Between 2022 and 2024
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Figure 15
Change in mean bed level (MBL)  between 2022 and 2024, for all cross - section sites surveyed in both 2022 and 2024. The map beneath the plot shows the plan view of the river.
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Change in Area Under the Section Between 2022 and 2024
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Figure 16
Change in area under the section between 2022 and 2024, for all cross -section sites surveyed in both 2022 and 2024. The map beneath the plot shows the plan view of the river.
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Change in Volume Between 2022 and 2024
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At XS 73210 m, the river has shifted its position within the active channel after Cyclone Gabrielle,
meaning the survey path is at a different bearing to the wetted channel . As shownin Figure 18, the
survey in 2022  is near perpendicular to the wetted channel, whereas the survey in 2024 is almost
parallel to the flow for a large portion of the cross -section . This highlights the limitations of cross -
section surveys in  river reaches that have the capacity to be highly dynamic. As this cross -section is
upstream of the limits of the volume analysis, it does not impact the sediment budget.

XS 73210m == Cross-Section Survey 0 50 100m -”“‘:"[‘ﬁ‘u” A
Figure 18
Aerial imagery showing changes in channel position at XS 73210m between 2022 and 2024, leading to the cross -section
survey no longer being near  -perpendicular to the river channel. The river is flowing from east to west (right to left of
image).
At XS 59040m , gravel has been extracted from the cross -section site in between the 2022 and 2024
surveys. While the change in area under the section between surveys accurately reflects the changes
in the channel at that location, it is not representative of the entire reach between adjacent cross -
sections , which extends 2.34 km downstream and 1.97 km upstream of XS 59040m . As shown in
Figure 19, the sediment removal seen at XS 59040m is not continuous throughout this reach,
meaning the change in area under the section at this cross -section is likely to cause an
overestimation of the amount of sediment lost from this reach when it is used as part of the volume
analysis.

XS 59040m == Cross-Section Survey 0 250 500 m North” A

Figure 19
Aerial imagery showing changes to the channel at XS 59040m between 2022 and 2024. The river is flowing from north
to south (top to bottom of image)
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Benchmark (km)

By removing XS 59040m from the dataset and recalculating the volume changes, the net change in
volume for the upper gravel phase increases from -220,000 m 3 to 12,000 m 23, with a rate of net
change in volume of 5,000 m 3lyear, bringing the cumulative sediment change for the river to 714,000

m?3 (for the period 2022 to 2024). However, in doing this, the distance from the preceding cross -
section (XS 056700m ) to the next upstream cross -section increases from 2.34 km to 4.31 km. By
instead limiting the volumetric analysis of the upper gravel phase to XS 056700m, the net change in

volume for the upper gravel phase becomes 70,000 m 3, with a rate of net change in volume of
37,000 m 3/year, bringing the cumulative sediment change for the river to 772,000 m 3 (for the period
2022 to 2024).

Following the methodology of previous gravel studies, gravel extraction should be considered when

estimating sediment flux. Gravel that has been extracted from the river would otherwise have been
captured in the area under the section analysis, so as such it is added on to the calculated net
sediment change when estimating overall sediment flux . There are a number of active consents on
the troua River that al | ofevwHich gravg exmactier evalumesaaet fequined to
be recorded and submi  tted to Horizons.  As shown in Figure 20, gravel extraction records are often
provided as a monthly total for the entire consented reach, meaning it can be difficult to tell exactly

where and when gravel was extracted in rela tion to the specific cross  -section location and survey
date . This introduces another source of error when estimating total sediment flux , due to instances
of ambiguity around whether a cross -section survey was carried out prior to, during, or after
extraction.
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Figure 20
Plot showing the timings of each cross -section survey for the 2022 and 2024 ¢t
recorded gravel extraction  volumes (reported as monthly totals) . Each black point indicates a survey.

Gravel extraction records are summarised in Table 2. Extraction s that definitively occurred prior to
a cross -section survey in 2022 or after survey in 2024 ha ve been removed , as well as extractions
above XS 69060m (the limit of the volume analysis) . Where gravel extraction was reported to have
occurred in the same month as a cross -section was surveyed, this is indicated asa  + error value,
because it is uncertain whether gravel has been removed prior to survey.
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Table 2

Gravel extraction  from the 2019 and 2023 gravel studies, as well as extraction during the period between the 2022 and 2024 cross -
section surveys . The 2012 study did not discuss gravel extraction quantities. Extraction s above the limit of the volume analysis ( XS
69060m) have been removed. Uncertainties (%) indicate extraction records that were reported in the same month that a cross -
section was surveyed, where it is unclear whether extraction has or has not occurred prior to the survey.
Gravel Extracted (m 3)
Phase 2012 -2016 2016 -2022 2022 -2024
Total Annual Total  Annua 2022 2023 2024 Total Annual Average
Average Average
silt 3,450 3,600 + 360 7,050 + 360 3,530 +180
Gravel (Lower) 90,100 22,530 76,620 12,770 3,250 4,110 +660 7,360 + 660 3,680 +330
Gravel (Upper) 91,520 22,880 101,900 16,980 8950 +53 60 9,510 1,200 19,660 +5,3 60 9,830 +2,6 80
Total 181,620 45510 178520 29,750 8950 +53 60 16,213 0 8910 +1,020 34,0 70 6,3 80 17,0 30 #3,1 90
The estimated net sediment flux for 2022 to 2024 is approximately 520,000 m 3 of aggradation, with
530,000 m 2 of aggradation in the silt phase, 190,000 m 3 of aggradation in the lower gravel phase,
and 200,000 m 3 of degradation in the upper gravel phase. However, due to the potential outlier in
the upper gravel phase skewing the results and disproportionately increasing degradation, this value
for the upper gravel phase should be treated with caution. Table 3 shows the results of both the MBL
and volume short -term analys es, including significant change in volume budget for the upper gravel

phase when limiting the study to exclude the outlier in the upper gravel phase (XS 59040m).

Table 3
Results of the short -term (2022 to 2024) mean bed level (MBL) and volume study . Cross -sections where surveys were not
undertaken at either year are excluded, and the volume analysis excludes cross -sections above XS 69060m, where the distance
between cross -sections is >4 km. MBL values rounded to one decimal place, volume values rounded to the nearest 10m 3.
Mean Bed Level
Phase No. of
XS Net § MBL Average Rate of Net @
(m) per XS (m) (mlfyr)
Silt 65 2.6 0.0 0.0
Gravel (Lower) 64 6.2 0.1 0.0
Gravel (Upper) 60 4.2 0.1 0.0
Total 189 13.0 0.1 0.0
Volume
Net § AverageRate of Total Sediment Net Average Annual
Volume Volume per Volume Excavation Sediment Flux Sediment Flux
(m?) XS (m ®) (m3lyr) (m?) (m?) (m3Hyr)
Silt 65 523,790 8,060 226,640 7,050 = 360 530,840 =+ 360 265,420 + 180
Gravel (Lower) 64 178,420 2,790 81,100 7,360 = 660 185,7 80 + 660 92,8 90 + 330
Gravel (Upper) 43 -219,920 -5,110 -110,890 19,660 * 5,360 -200,260 *= 5,360 -100,130 *= 2,680
Total 172 482,290 2,800 196,860 34,0 70 = 6,3 80 516,3 60 = 6,3 80 258,1 80 * 3,1 90
Gravel (Upper)* 24 69,770 2,910 36,790 16,87 0 + 2,400 86,64 0 + 2,400 43,32 0 = 1,200
Total* 153 771,980 5,050 344,530 31,28 0 + 3,420 803,26 0 + 3,420 401,63 0 = 1,710
*Analysis limited to below XS 56700m
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Silt Phase

Volume Change

The silt phase shows an overall trend of aggradation

out of the 65 cross
approximately 524,000
per year. This is a substantial
estimate of 49,000 m?2 per year.

360 %

increase

(Figure 21), with degradation only
-section sites . Between 2022 and 2024, the reach experienced a net gain of
m?@ of silt, equivalent to an aggradation rate of approximately

compared

shown at 4

227,000 m?3

wi th

XS 4970 m experienced a significant increase in volume between 2022 and 2024, with a net gain of

approximately 25,500 m 3. In contrast,

XS 16500 m and XS 16900 m showed significant degradation.

This result may be attributed to the three sizeable weather events that occurred in 2023, the largest

being Cyclone Gabrielle.
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As shown in  Figure 22, flooding during Cyclone Gabrielle resulted in the draping of silt in the berm

area between stopbanks.

troua River Gravel Resource

June 2026

& 26

S

G horizons

REGIONAL COUNCIL

t hei20B2 evi ous



Google Earth

Imepe ©2025 CES /b \ » Imagee © 2025 CNES | Ak

Google Earth

20
18
16 019750m
22
20
18
£16- 020100m
314
el
7]
222
[0}
x
20
18
16 020400m
22
20
18
16 020725m
o N a Q @ = o N > @ S
[s) [« o o o o
Offset (m)
Survey Year 2022 —— 2024
Figure 22
Aerial imagery and cross  -section graphsshowingd eposi ti on of silt on the berm area be¢
River, just downstream of Kaimatarau Road , caused by Cyclone Gabrielle in February 2023 . White lines indicate cross -
section locations. The river is flowing from the bottom of the map to the top, with the true left on the left (East) and the
true right on the right (West). NB: the map has been rotated 180 degrees.
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Alongside the deposition of silt in the berm area, Cyclone Gabrielle also resulted in changes within
the active channel. Figure 23 shows that from 2022 to 2024, at XS 16900 m, substantial changes
have taken place. Aerial imagery from 2021 (Figure 24) shows a large peninsula extending across

the channel at XS 16900 m, which is consistent with the 2022 cross -section . The 2024 cross section
(Figure 23) shows that the peninsula had retreated by more than 30 m, the riverbed had risen 1 T
2.5 min places , and the true right bank had shifted about 5 m into the channel . Furthermore,t he
berm portion of the peninsula had built up by roughly 0.2 m, which is quite common in this area
after flood events  (C. Reid, personal communication, 17 June 2025 ). It was also determined that at
the beginning of 2019, approximately 9,000 m?2 of silt was removed from the beaches at XS 16500 m,
XS 16900 m, and XS 17200 m (A. Williams, personal communication, 19 June 2025)

The previous gravel study identified degradation in this section, and the current analysis confirms

that this trend has continued. Where overlapping DEMs are available for this section, a DEM of
difference analysis may be useful for estimating siltation in the berm area between cross -sections.
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Figure 23
Cross -sectional changes at 16900m from 2022 to 2024.

Figure 24
Aerial imagery from 2021 (left) and 2024 (right) at cross -section 16900m.
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Mean Bed Level Change

The silt phase results show considerable variability, with mean bed levels alternating between
increases and decreases across the reach ( Figure 25). Interestingly, these mean bed level changes
do not consistently align with the gravel volume results. In several locations, an increase in gravel
volume does not correspond to a rise in mean bed level; in fact, some cross sections have decreasing

mean b ed levels. This suggests that sediment behaviour in the silt phase may be influenced by factors
beyond simple volumetric change & such as local channel geometry, fine sediment redistribution, or
survey uncertainty as outlined in the previous section.

The 2023 study found a generally balanced average bed level across the entire reach, but larger bed

change levels at specific sections. This is seen again for the 2022  -2024 period, with a  pproximately
65% of the section's points falling within 0.2 m of change (negative or positive) which is within
natural variation (Whale, 2019).

Of the seven cross -sections showing MBL change > +0.5m, three of these (XS 2600m, XS 6575m ,
and XS 14550m ) appear to be outliers caused by missing GPS survey points within the wetted
channel. XS 10860 m shows a MBL lowering of 0.5 m, with the minimum bed level also lowering by
1.1 m; XS 22810m and XS 2155 Om both show an increase in MBL > 0.5m, with the minimum bed
levelrisingby 0.6 mand 0.7 mrespectively - however, there again appears to be limited GPS survey

points within the wetted channel atthese three sites . As discussed above, XS 16900m has undergone
significant channel change as a result of Cyclone Gabrielle, leading to an increase in MBL of 0.9m,
and an increase in minimum bed level of 1.2m.

Figure 25

Plot showing change in sediment volume and mean bed level (MBL) from 2022 -2024 for the lower gravel phase

( Lower { WMaumechanges are reported at each cross -section but represent change from one cross -section to

the next upstream cross  -section.

Lower Gravel Phase

Volume Change

The | ower gravel phase of the Lower troua has *sfgaw an over e
which is approximately 81,100 m 3/yr from 2022 to 2024. This trend is consistent with the 2023 study

and reflects an approximate > 450% increase in the net average annual gravel volume, rising from

14,500 m?3/yr. All previously degrading cross -sections, except for XS 43140, have shifted to
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