South Eastern Ruahine Scheme
Gravel Resource Study

January 2025

P

\'%
horizons

REGIONAL COUNCIL




Author
Bernadette Pancho
Graduate Design Engineer

Acknowledgements to
Staci Boyte
Julia Jung
Szabolcs Kosik
Michael Napier
Michaela Rose

Front Cover Photo
(Raparapawai Stream )

ISBN:
Report No:

CONTACT 24 hr freephone 05 08 800 80 Help@horizons.govt.nz www.horizons.govt.nz
Kairanga
Cnr Rongotea and
Kairanga -Bunnythorpe Palmerston North Taihape
Roads Palmerston North 11-15 Victoria 243 Wairanu Road
SERVICE REGIONAL | Avenue Taihape
CENTRES | Marton HOUSES DEPOTS
19 Hammon Stre et Whanganui Woodville
181 Guyton Street 116 Vogel Street
Taumarunui
34 Maata Street
POSTAL Horizons Regional Council, Private Bag 11025, Ma nawat ¢ Mail Cent FO06-9522929
ADDRESS  Palmerston North 4442
South Ea stern Ruahine Scheme Gravel 2 A~

Resource Study 202 5

nG horizons

REGIONAL COUNCIL


mailto:Help@horizons.govt.nz
http://www.horizons.govt.nz/

EXECUTIVE SUMMARY

This study examines the gravel resource in eight streams and one river that form part of the South
Eastern Ruahine Scheme. It is based on an analysis of cross -sectional surveys tha t have been
conducted in 2013 and the most recent one in 2019/2020. The purpose of this analysis is to

identify any trends of aggradation or degradation occurring in the gravel resources of the streams

and river.

This study examines each stream and river individually and looks at how the mean bed levels and
gravel resource have changed through time, and reported gravel volumes extracted to assess
sustainability of extraction volumes

Gravel reserves were established in the upper reaches of the streams and river in the South East
Ruahine Scheme. This served as a gravel storage in case it needed to be released. For instance,

when the downstream reach has a dearth of gravels, the gravel reserve upstream could be opened

to release the gravels downstream. Weirs were also installed throughout the scheme which

functions to control the flow of water and stabilise the river reach.

This report excludes the effects of Cyclone Gabrielle February 2023, following the completed survey

period.

The overall trend of the str eams and river analysed reported a degrading trend in gravel res ources
over the study period of 2013 1 2019/2020. In some cases survey information was too sparse to

consider all cross sections for the length of the river and analysis was focused specific re aches.

The Rokaiwhana stream had a clear trend of degradation with a significant drop in gravel volume of

138,782.75 m 3. The Tamaki River had seen a degrading trend in the lower reaches but was

generally stable trend in the middle to the upper reaches of the river. A total net loss of 64,481 m 3
was found to have occurred at Tamaki Stream, which is about 9,200 m 3 per annum of gravel
degradation. The Raparapawai Stream overall net loss of 1,470m 3 of gravel volume change. The
Oruakeretaki stream recorded a de grading trend with a net gravel loss of 15,220 m 3. The
Otamarahu stream had a net deficit in gravel volume of 653.5 m 3, The Kumeti Stream showed

there is a degrading trend with a net loss of gravel volume of 27,654.50 m 3 and the Otamaraho
Stream saw an ove rall degradation with a net loss of gravel volume of 18,116 m s,

The overall trend of the cross sections in the Mangapukakakahu recorded aggradation with the
total aggradation of 4,205 m 3 for the period. An aggrading trend was also recorded on the Manga -
atu a Steam with a net gain of 2840.30 m 3 from the period.

Aresurvey in 2025 T 2026 is recommended to be conducted for the South East Ruahine Scheme
streams and rivers including all the cross sections surveyed in 2019/2020. Additionally, it is
recommended tha ta more recent LiDAR (Light Detection and Ranging) be flown to enable DoD
(Difference of DEMs [Digital Elevation Model]) analysis. The DoD would enable a spatial
representation (morphology) of the gravel volume and change of gravel volume along the river
based on two DEMs (Digital Elevation Model) of different years.
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South Eastern Ruahine Scheme

Gravel Study

1.0 Introduction

The South Eastern Ru  ahine Scheme covers an area of approximately 630 km 2. The Scheme
includes that part of the Manawatu River catchment draining eastwards from the Ruahine Ranges

from the headwaters of the Manawatu River to the upstream end of the Manawatu Gorge. The

Manawatu River itself is excluded from the Scheme except for the portion above Kopua. The

eastern extent of the Scheme is defined by the boundaries of the Upper Manawatu and Lower
Mangahao Scheme. The western edge is largely the eastern boundary of the Ruahine For est Park.

The Scheme provides landowners, within the Scheme area, a degree of protection against channel
erosion, from gravel inundation of productive farmland, improvements to drainage and to some
areas a degree of protection against flooding (see below for location map).

1.1 Pre-scheme History

Prior to European settlement of the area , the eastern side of the Ruahine Ranges was covered in
dense and extensive forest. Pioneer settlement of the area bought extensive bush burning. Later

a large sawmilling ind  ustry developed following the arrival of the railway from Napier in the late

1870s. By the early 1900s the burning and milling had cleared extensive areas of land and largely

formed the present farming pattern that exists today (South East Ruahine Scheme Review, 2003)

The area between the Ruahine Ranges and the Upper Manawatu River is an alluvial plain. Over an
extended period of time sediment has been transported out of mountains to form the plain.

Before the area was developed for farming the forest ve getation provided substantial strength to
the stream banks and impeded the movement of alluvial material. The forest - covered alluvial fans
regulated the outflow of the stream bed load on to the plain.

Being composed of unconsolidated alluvium, the fans t ended to cause the water to seep
underground and remerge at th e base of the fans as springs. To better meet the needs of
agricultural farming drainage schemes were constructed. The construction of these schemes upset

the natural equilibrium maint aining ch annel gradients which  led to the streams  aggrading with
material being carried onto the alluvial plains, which had been developed into farmland.

The removal of the original forest and its replacement with pasture led to a significant reduction in
the stabi lity of the stream banks and also to channel widening. To combat this willows were
planted to reintroduce channel stability, however, the willows have created channel congestion

issues.
In summary, previously forested catchments which by the early 1920s m  ost of the lowland forest
had been removed and it is thought that during the 1930 , gravel debris movement, initiated by
mountain land  erosion, began. This erosion is attributed to the combined effect of deforestation,
introduced animals and climatic extre mes.
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1.2 History of the Scheme

During the early 1970s , detailed studies and specialist reports were prepared on the modes of

sediment transport, hydrology and gravel control  (South East Ruahine Scheme, 2003) . In1974 ,
investigation began into the work necessary to establish a Scheme. Following the investigation

works , the South -Eastern Ruahine Management Scheme 1980 -2000 was submitted in 1978
containing lon g term works requirements and a five -year plan of works for the period 1980 to

1985.

The investigations established that, in transporting sediment, the rivers in the Scheme play an

important role in the continuing process of landscape evolution. From time to time, catastrophic
events dump large amounts of detritus into the stream channels and thus give rise to most of the
problems associated with the management of the streams within the Scheme.

As part of the Scheme , three princip les were established forth e management of these
extraordinary sediment loads. These princip les were:
1  That river training works are designed to allow a majority of stream sediment to
pass through the river system. Stream works are to be designed to retain, retard
or remove only the  overload of sediment;
1 That the streams are systems that extend throughout the whole length of the
catchment and are an integral part of that catchment; and
1 That for the period  of 1980 -1985, greater priority be given to stabilising channel
and riparian lan  d than to the stabilising of upper catchment lands.

The findings of the Catchment Board showed that sediment was derived from two main sources.
These sources being:
1st Erosion of the upper catchment lands T the Ruahine Ranges; and

2" The erosion of sto red sediments in channel deposits, gravel fans and the flood
plain generally.

It was identified that the benefits of stabilising the upper catchment are longer term, while the

benefits of stabilising channel sources are more immediate. It is for this reas on that the Scheme
gave higher priority to stabilising sediments stored in the channels, valley throats and fans via weir
construction and management of gravel reserves.

The 2003 Scheme

A Scheme Review prepared by John Philpott (Horizons RC, 2003, as cited in Bell, 2016) found that
the programme proposed for the original Scheme had fAto a | e
that fAcontinuing with its implementation will ensure that

I't was al so noted t hoeettimédhanges may beirdqurédyto niedt the changing
needs of | andowners and in response to changes in weather

The 2003 Scheme Review found that fithe future direction of

thatenvis aged when the Scheme was established in 1981.0 It was:c
of the Scheme is fAto minimise the | oss in farm production
overflows and poor drainage whilst maintaining and enhancing wherever practic able the natural

state of the stream channels and surrounding environment.
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1.3 201 6 Gravel Study

The 2016 Sout h Eastern Ruahine gravel study was broken down into 9 streams or rivers. It has set
out the following points:

1. Manga -atua Stream
x  There has gene rally been a degradation of gravel since the 1994 surveys, but
no meaningful conclusion has been reached since there is a lack of directly
comparable surveys
2. Raparapawai Stream
x  No significant conclusion was made because of the irregularity of surveys
par ticularly in the lower reaches of the stream
3. Oruakeretaki Stream
x  Gravel resource above Top Grass Road has been relatively stable over the
study period. Significant degradation of the gravel resource immediately
downstream of Top Grass Road and the gravel traps have been seen.
4. Mangapukakakahu Stream
x  The period between 1997 and 2001 saw an aggradation that has been
approximately balanced by the degradation that occurred between 2001 and

2013.
5. Otamarahu Stream
x  From the surveys that have been conducted in th e gravel trap reach of the
Otamarahu Stream , it appears that generally speaking , the gravel traps are
working well and there is a gradual aggradation of the gravel resource in this
reach. However, there has been a significant degradation of the bed, and he nce
the gravel resource over a short reach at the downstream end of the study
area.
6. Kumeti Stream
x  Both the mean bed level comparison and the analysis of the changes in gravel

volume can be seen that the shingle traps above Thorburns Road have been
success ful in stabilising the gravel resource in the upper reaches of the stream
7. Otamaraho Stream
x  The long -term trend appears to be an aggradation of the gravel resource. This
is likely to be due to the gravel traps that have been installed in this reach of
the river. The surveys 6focus was only on a 3.2 km reach of the stream
immediately below the bush line. As such it is not possible to comment on how
the gravel resource in the lower reaches of the stream has changed over time.
8. Rokaiwhana Stream
x  Overall, betwee n 2002 and 2013, the surveyed reach of the Rokaiwhana
Stream has seen a degradation of gravel volume. However, this degradation is
confined to the lower reaches of the stream. The top 1 km of the surveyed
reach (below the bush line) has seen a build -up of gravel over this period.
9. Tamaki River
x  Between 1989 and 2013, overall the 3km reach of the river has lost
approximately 100,000 m 3 of gravel. However, due to the lack of survey
information it was not possible to say if this reduction in gravel quantity was
due to excessive mo vem ent of sediments downstream or a starvation of the
supply of gravel moving out of the Ruahine Ranges.

The 2016 gravel study did not specify what datum it was using, but it is assumed that when the
study was conducted, the Napier datu m was used . The present study uses the updated datum of
NzVD2016. Furthermore,the 201 6 study used different sets of offsets, therefore it is worth
mentioning that the values will yield different results with the present 2023 study
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2.0 Methodology

To dete rmine the change in the gravel resource of the South East Ruahine Scheme, the mean bed

level and gravel volume under the active channel was calculated using Hilltop Manager and

Microsoft Excel. This study analyses the 9 streams/river individually which can be grouped into 5
catchments as below:

Catchment 1: Manga -atua Stream

Catchment 2: Raparapawai Stream

Catchment 3: Oruakeretaki Stream, Mangapukakakahu Stream, Otamarahu Stream
Catchment 4: Kumeti Stream, Otamaraho Stream

Catchment 5: Rokaiwhana Stream, T amaki Stream

The catchment groupings are used to aid the conclusions.

Detailed discussion s can be found in the subsequent sections.

2.1 A nalysis of Cross -section survey data  for all streams

The active channel is defined in this study as the area thatincl udes the wetted channel and the
gravel beaches located above normal water levels. The mean bed level was assessed in this study
which considers the boundaries of the wetted channel. The One Plan (2014) defines active bed as
the bed of ariver  thatis inter mittently flowing and where the bed is predominantly unvegetated
and comprises sand, gravel, boulders, or similar material. Figure 2 below illustrates the channel
cross -section areas of analysis for a gravel cross -section.
14
12 —
M~ ————
1
10 I
|
— I 1
E g f !
5 / !
® [ |
L 1
- |
|
4 - 7 1
L 1 |
Bed ! 1
T e e 1 ]
________ Active Channel !
0
5 55 105 155 205
Offset (m)
Figure 2: Conceptu al channel ¢ ross -section for a gravel reach
Cross - sections were over -plotted and analysed in Hilltop Manager (see Appendi ces Atol ) to
determine the extents of the active channel at each cross -section location. In cases where visual

inspection was not fea  sible, historical aerial images using ArcMap were examined to determine

cross - section extents. Hilltop Hydro was used to calculate gravel volume and the mean bed level.

The cross sectional  fluvial surveys, defined offsets, and datum used can be found in th e Appendices
(Ato | of this report).
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2.2 Analysis of Gravel Resources under the Active Channel

Each period of the individual cross sections was analysed using Hilltop whereby the study period of
2013 and 2019/2020  was plotted using the over plot function on Hilltop Manager. A new set of
offsets were established due to t he dynamic s of the river, the recent fluvial surveys, and recent
aerial images. Bearing in mind the aforementioned definition s of the active channeland the active
bed, the offsets were dete  rmined using visual inspection of the over plotted cross sections. The
extents for the mean bed level offsets only cover the wetted portion of the channel, or the active

bed. The offset extents for the area calculation should cover the active channel or the wetted
channel plus the gravel beaches located above normal water levels. In cases w here visual

inspection is unclear , aerial images were used for confirmation. The left and right offsets can be
found in Appendix A to | . The datum for the purposes of this analysis was set as 0. The area under
the section of each year was obtained using the ASection o0\
Hilltop Hydro - REACH.

The volume was then calculated using the following formula:

Change involume = (A27 Al)[ Y (X371 X2) + ¥ (X271 X1)]

Where:
0 X1 is the downstream section distance from the confluence with the Manawatu
River

0 X2isthe distance of the cross -section of interest

0 X3 isthe upstream section distance from the confluence with the Manawatu River

0 Alistheareaund erthe sectionin 2013

0 A2isthe area under the section in 2019/2020
This formulawas the same formula used in the previous gravel study to maintain comparability of
analysis results . The mean average area under the bed for consecutive cross sections is t aken,

measured and multiplied by the distance between the two sections to derive a volumetric change
for the length of the river.

2.3 Analysis of the Mean Bed Level

Each period of the individual cross sections was analysed using Hilltop whereby the years o f
interest were over plotted. Inputting the left and right offsets found in Appendix A to I, the mean
bed I evel of each year was obtained using the fASection overl

tab of Hilltop Hydro.
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3.0 Manga -atua Stream

The Manga -atua stream has a catchment area of approximately 89km 2 above the Woodville -
Pahi atua SH2 bridge. Philpott (Horizons RC, 2003) found th
drain a very unstable catchment, which contributes large volumes of fine to medi um sized gravel to

the stream system."

k\?ﬁ. ¥

Figure 3.1: Manga -atua Stream with cross section locations
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3.1 Cross -Section Survey Data

Over the period 1971
surveyed at various times. Table

-2020 a total of 64 cross

Table 3.1 - Summary of Manga

-sections (see Appendix A 1 for locations) have been
2.1 summarizes the survey history of each cross

section.

-atua Cross Section Surveys 1971 -2019/ 2020

Cross Section
(Chainage (m)

Additional Info

Survey Date

Aug-71] Feb-72[Aug-72

Jul-73

Oct-74

Aug-76

Feb-83

May-91

0

800

Mar-94 | Jul-97 | 2013 |2020/2019

1610

2410

3220

3520

4220

Troup Bridge

5030

5100

5310

Broomfield Bridge

5480

5710

5980

6240

6380

Highway Bridge

i

6492

6604

6680

6716

6828

6880

6940

7052

7164

7250

7274

74409

7550

7850

8050

Range Bridge

8750

9190

9660

9960

Davey Bridge

10764

11579

12379

Hopelands Bridge

1318(

14180

Highway Bridge

14997

15790

16609

174009

18214

19019

196049

Lower Valley Bridge

20060

3
3

20520

20620

20980

2142(Q

21450

21900

22230

22370

22810

Upper Valley Bridge

2364(Q

23647

24444

24452

24782

25152

25250

2565(Q
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As Table 3.1 shows, notall cros s sections were surveyed in each year . The surveys conducted in
the early 1970s were mainly focused on the 6 km reach between Troup Bridge and Davey Bridge.
The 1974 survey then focused on the upper 12.5 km of the study reach.

This data was supplemented by the 1976 survey which looked at the full 25.7 km reach down to
theManga -at uadés confluence with the Manawatu River.

A survey in 1991 focused on the reach between the Lower Valley Bridge and the Upper Valley

Bridge. Thisreachwasre -surveyed in 1994 as we |l as the lower reach between Troup Bridge and
the Highway Bridge. This lower reach was surveyed again in 1997 as well as a couple of additional
sections to cover the reach to Range Bridge.

In 2013 , afull survey on the Manga  -atua was undertaken, covering sections through the whole 25
km study reach. Survey sections were chosen wherever possible to be at the same geographic
location as those surveyed in 1997 to provide a clear indication of changes in the river over time.

In 2019/2020, a full survey was con ducted that focused mainly on the cross sections surveyed in
1976 and all of 2013. This allowed for a better comparison of the changes and provided a baseline
for future studies of the stream.

3.2 Analysis of Cross -Section Data

3.2.1 Mean Bed Levels

Figure 3.2 below shows the change in mean bed level below State Highway for the year 2013 to

2019/2020. The figure shows an aggrading trend for all the cross -sections of interest but it is to be
noted that the maximum mean bed level changed id not exceed one m etre. A fluctuation of + 300
mm is considered to be within the range of natural variability that one would expect to see in a

gravel bed river.
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Figure 3.2 Mean bed level change at Manga  -atua Stream - below State Highway
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Figure 3.3 shows general stability in the middle reach of Manga -atua Stream except for the
negative spike atthe last cross section 8050  which resulted in  a bed degradation of 0.436m.

MangaatuaMiddle ReacliMean Bed Level Change
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Figure 3.3 Mean bed level change at Manga  -atua Stream - Middle Reach
Figur e 3.4 shows a fluctuating trend of decrease and increase in the mean bed level change for the
Manga - atua Stream above Range Bridge and a bed degradation of 0.614 m at cross section 19600.
There was no appreciable (i.e. greater than one metre change) bed de gradation or aggradation for

this reach of the  stream .

Mangaatuaabove Range Bridgéviean Bed Level Change

260 _— -
240 v ’
rd
> O .
’é 220 . % S ) ”,
— 200 S Z @ ,
: : s -
o > S S 7
L 180 o8 Ty J p—
3 gz 53 I g3
& 160 @ 2= / R
L T 4 _ m
S g 3 5 o
© 140 £ & g S g
o / S
= 120 ’
. - °
100 =
12370 14180 19600 20060 22810 24782 25152
Cross section chainage
2013 = « <2019-2020
Figure 3.4 Mean bed level change at Manga  -atua Stream - above Range Bridge
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3.2. 2 Gravel Volume

The change in gravel volume at Manga -atua Stream below the State Highway (see Figu re 3.5)
showed an aggrading trend throughout the cross -sections for the year 2013 to 2019/2020 . The
total aggrading net change in gravel volume for this reach is 11,322.90 m 3 which corresponds to
1,600 m 2 per annum of aggradation .
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Figure 3.5 Change in Gravel Volume at Manga -atua Stream - below State Highway
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The middle reach of Manga  -atua stream shows a stable trend involume from cross -section 6680

until 7850, however there is a significant drop at cross -section 8050 with  a degradation of 4,095
m 3. An overall degrading net change of gravel volume of 3,226.20 m 3 has been calculated for the
period 2013 to 2019/2020, which is about 450 m 3 per annum of gravel degradation.
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Figure 3.6 Change in Gravel Volume at Manga -atua Stream 1 Middle Reach
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The trend above Range Bridge at Manga -atua Stream  (see Figure 3.7) shows an alternate

degrading and aggrading trend. The gravel volume change can be seen as fairly constant, except
at the 19600 cross section which saw an abrupt drop of over 8,000 m 3 Atotal net loss of 5,256.4
m? has occurred for  this reach of the Manga -atua Stream. This corresponds to 750m 3 of gravel

degradation per annum.
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Figure 3.7 Change in Gravel Volume at Manga -atua Stream 1 Above Range Bridge
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4.0 Raparapawai Stream

The Raparapawai Stream has a catchment area of approximately 16 km

is around the vicinity of the gravel reserves.

been established from the bush line to Top Grass Road.
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Figure 4.1: Raparapawai Stream
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4.1 Cross - Section Survey Data

Over the period 1976

summarised in

Table 4.1.

-2020 atotal of 33 cross sections

(the locations of which can be seenin
Appendix B1) have been surveyed at various times. The survey history of these cross sections is

Table 4.1 - Summary of Raparapawai Stream Cross Section Surveys 197 6-2020

Cross
Section

Chainage

Survey Date

(m)

1976

1982

1994

1997

2002

2013 | 2019/2020

5710000

0

5710160

1600

5710240

2400

5710320

3200

5710400

4000

5710480

4800

5710560

5600

5710565

5650

5710575

5750

5710580

5800

5710590

5900

5710600

6000

5710650

6500

5710720

7200

5710800

8000

5710880

8800

5710960

9600

5711040

10400

5711120

11200

5711210

12100

5711280

12800

5711350

13500

5711360

13600

5711440

14400

5711520

15200

5711600

16000

5711670

16700

5711680

16800

5711760

17600

5711820

18200

5711840

18400

5711860

18600

5711900

19000

An extensive surv ey, covering 18.4 km of the Raparapawai Stream, was carried out in 1976. In
1994, 1997 & 2002 surveys were conducted that focused mainly on the upper 5.5 km of the study
reach and gravel reserves.
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In 2013 a survey was conducted that focused mainly on the ¢ ross sections surveyed in the 1990s
and 2002 as well as a number of other cross sections in the lower part of the study reach.

In 2020, a fluvial survey was conducted that covered almost all of the cross -sections in the entire
reach of the stream. These s ections were chosen to see how the stream has evolved over recent
years and to provide a baseline for future studies of the stream.

4.2 Analysis of Cross -Section Data

4 .2.1 Mean Bed Levels

Raparapawai Stream mean bed level change illustrated in Figure 4.2 shows a fluctuating trend but
not a significant one. The maximum change in mean bed level in this stream did not exceed 0.3m

which falls well with in the range of natural variability that one would expect to see in a gravel bed

river.

Raparapawai Mean Bed Level Change
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Figure 4.2: Mean Bed Level Change at Raparapawai Stream
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4 2.2 Gravel volume

Figure 4.3 below shows the change in gravel volume of Raparapawai Stream for the period 2013 to
2019/2020. The cross sections 8800 and 13500 exhibit a degrading and then aggrading movement
that balances out the generally stable catchment length  trend. There was an overall net loss of

1,470 m 2 amountingto 210  m?3 of degradation per year

Raparapawai Stream Change in Gravel Volume
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Figure 4.3: Change in Gravel Volume  at Raparapawai Stream
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5.0 Oruakeretaki Stream

The Oruakeretaki Stream has a catchment area of approximately 10 km 2 at the Mangapukakakahu
Stream confluence and 16 km 2 at Top Grass Road around the vicinity of the gravel reserves

Figure 5.1: Oruakere taki Stream with cross section locations
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5.1 Cross -Section Survey Data

Over the period 1976 -2020 a total of 21 cross sections
Appendix C1) have been surveyed at various times.

Table 5.1 summarises the survey histor

Table 5.1 - Summary of Oruakeretaki Stream Cross Section Surveys 1976

(the locations of which can be seen in

y of each cross section.

Cross | Chainage Survey Date
Section (m) 1976 | 1994 | 1997 | 2001 | 2013 | 2020
4910080 800
4910160 1600
4910240/ 2400
4910320{ 3200
4910400{ 4000
4910480 4800
4910560 5600
4910640 6400
4910720{ 7200
4910800{ 8000
4910880 8800
4910960 9600
4911040 10400
4911120| 11200
4911200| 12000
4911280 12800
4911360 13600
4911440| 14400
4911490| 14900
4911520| 15200
4911550| 15500

-2020
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An exte nsive survey covering approximately 14.4 km of the Oruakeretaki Stream was carried out

in 1976. The years 1994, 1997 and 2001 saw surveys which focused on  cross sections in the upper
3 km of the study reach. This upper reach covers the gravel reserve area between Top Grass Road
and the bush line. To enable a useful analysis of change in the stream over time, the 1994 cross

sections and a number of 1976 surveyed cross sections were re -surveyed in 2013.

In 2020, the cross sections originally surveyed in 2013 as well as a few cross sections surveyed in
1976 were resurveyed in 2020 to provide a baseline for future studies of the stream.

5.2 Analysis of Cross -Section Data

5.2.1 Mean Bed Levels

The Oruakeretaki stream has seen a fluctuating trend in the change o fmean bed level throughout
the period of 2013 to 2020. However, no appreciable mean bed level change was observed in that
it did not exceed one metre change. The maximum mean bed level change occurred in cross

section 12800 where 0.576m of degradation was seen.

Oruakeretaki Mean Bed Level Change
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Figure 5.2: Mean Bed Level Change at  Oruakeretaki Stream
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5.2.2 Gravel volume

The gravel volume change in Oruakeretaki stream has recorded the same trend as the mean bed
level change. The maximum change in gravel vol ume is at cross section 12800 with a net gravel
volume loss of negative 6,560 mS2. There was an overall degrading net gravel volume change of

15,220 m 3 which is approximately 2,100 m2 per annum of gravel degradation for the stream

Oruakeretaki Stream Change in Gravel Volume
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Figure 5.3: Change in Gravel Volume at Oruakeretaki Stream
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6.0 Mangapukakakahu Stream

The Mangapukakakahu Stream has a small catchment of approximately 6 km 2 above its confluence
with the Oruakeretaki Stream.

Figure 6.1: Manga pukakakahu Stream  with cross section locations
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