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FOREWARD

It is Council’s Policy to review the river and drainage schemes under its
management, to set the design standards to be maintained, identify
improvements, and develop future management strategies.

This review is wide-ranging, examining the erosion control and channel
management requirements of the whole Scheme, exploring funding options to
enable a greater expenditure on Scheme works without significant impacts on
the level of rating required. The review recommends a management strategy
for the Scheme for the next 15 to 20 years. It has also clarified the need for a
re-classification for rating purposes.

Following the adoption of the Scheme Review by Council in September 2001,
the recommendations of the draft review have been amended along with a
number of minor technical corrections and amendments to the body of the
report.

Many people have contributed to this technical review, which was prepared by
John Philpott, Consulting Engineer with particular input from Allan Cook,
Area Engineer.

We acknowledge the assistance from ratepayers with the investigation work,
the Liaison Committee for helping to target issues and review draft options,
and other horizons.mw staff for providing technical support and peer review.

P M Davies C J Lester
GENERAL MANAGER CHAIRMAN
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Pohangina - Oroua Catchment Control

Scheme Review
Summary Report

1. Introduction

This report summarises the objectives, processes, and outcomes of the
Pohangina - Oroua Catchment Control Scheme Review undertaken in
2000/2001. It sets out the recommendations adopted by the Council after
consultation with ratepayers and other affected parties. It brings together
the relevant reports and key documents, including Council meeting papers
(Annex A -D).

2. Overview of the Scheme

The Scheme provides landowners within the Scheme area, a degree of
protection against the adverse effects of changes in the alignment of the
Pohangina and Oroua Rivers and of erosion that can occur when the
unstable course sand deposits present in the catchment become exposed.
The Scheme also provides small areas with drainage and to a limited
extent, controls flooding of some of the low-lying river flats.

The Pohangina Oroua Scheme covers: the main stem of the Pohangina
River from its confluence with the Manawatu River to its confluence with
the Makawakawa Stream at Komako; and the Oroua River from its
confluence with the Kiwitea Stream to the Apiti Bridge. Minor works on
some of the smaller tributaries of the Rivers have also been carried out.

Early river control works focused on stabilising the Pohangina River into a
120m wide channel using tree bank protection works and continuous bands
of willows along each bank. Work in the Oroua River focused on
maintaining a channel width of 100m. Planting work was required in some
areas and in other areas work was required to widen the channel to achieve
this design width.

Soil conservation works carried out as part of the Scheme concentrated on
stabilising the Belmont and Goulters gullies and some other minor
tributaries of both the Pohangina and Oroua Rivers.

The Scheme commenced in 1967 but landowners had made significant
attempts to control erosion on the two rivers prior to that. Extensive early
work was also carried out in the sand country following a very severe
storm in 1935 that caused significant erosion in the unconsolidated sand
formations that bisect the Scheme arca.
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The Scheme has been funded by a combination of rates based on a
classification carried out in 1967 and Government subsidies which ceased
in the late 1980’s.

3. Purpose of the Review
The purpose of the review was to assess the present performance of the
Scheme and identify how it can be managed in the future to best meet the
needs of the ratepayers in a sustainable manner.

4. The Review Process
The Scheme review was undertaken by the Consulting Engineer John
Philpott with assistance from Consulting Engineer Gary Williams and
Area Engineer Northern — Allan Cook. Other Council staff provided
technical expertise with scheme operation, forestry information, survey,
draughting, rate information, document preparation and peer review.
Extensive community consultation took place including meetings with the
ratepayer liaison group, and individual ratepayers. A series of public
meetings were also held to explain the findings and recommendations of
the review to ratepayers.

5. The Draft Scheme Review

The draft scheme review was completed in June 2001. It included:

a. an examination of the hydrology, geology, sediment transport and
gravel extraction issues;

b. an examination of the factors influencing channel shape and the rivers
response to the actions of the Scheme;

c. an examination of the effectiveness of the Scheme to date,
d. the establishment of a set of design principles;

e. the application of those principles to the Scheme to determine a plan
for the future management of the Pohangina and Oroua Rivers;

f. an examination of the future of the Goulters Gully Forestry;
g. an examination of the Scheme drainage;

h. an examination of the equity of the existing classification and rating
system; and
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i. the presentation of the long term estimates for managing the Scheme.

On 19 June 2001, the Council endorsed the draft review for public
consultation (refer Annex B). Following a programme of consultation with
ratepayers and other affected parties in July and August 2001 (refer Annex
C), the Operations committee of Council considered verbal and written
submissions (refer Annex D). Council subsequently adopted the Pohangina
- Oroua Catchment Control Scheme Review at its 18 September 2001
meeting.

Minor Technical Amendments

A number of technical amendments have been made to the final report. It
is therefore important that the draft reports are not used for the
management of the Scheme.

Amendments to Recommendations

The Council adopted the Review with some minor amendments to the
review, and some amendments and additions to the recommendations.
These are set out in detail in Appendix A.

Final Report

The final Scheme review report is amended to include all the changes set
out in Appendix A. The final report is at Annex A.

Conclusion
The comprehensive nature of the Review, and the input from Scheme

ratepayers, has provided the Council with a sound foundation for the future
management of the Scheme for at least the next 15 to 20 years.
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Appendix A

POHANGINA - OROUA CATCHMENT CONTROL

SCHEME REVIEW
RECOMMENDATIONS FROM DRAFT REVIEW

(including adopted amendments)

RECOMMENDATIONS

Pohangina River

a.

adopt the Pohangina River design alignment as detailed in Section 12 of the
Review and as shown on Figure 9;

undertake the protection works in priority order unless flood damage requires
work on a reach of the river to be done out of sequence with its priority;

carry out changes to work priorities in the future if required using the principles
set out in the Review;

undertake the planting programme on each reach of the river along with the
protection works on that reach and layer and maintain existing trees as part of
this work;

assign any surplus funds in any year to planting and channel maintenance;

maintain beaches and clear vegetation to ensure the design fairway is kept clear;

obtain as far as possible, agreements with landowners in regard to protection
plantings.

Oroua River

h.

implement a $70,000 annual programme of river management works as set out
in Section 13 Table 11 of the Review;

undertake works wherever possible in accordance with the Oroua River Design
Parameters as set out in Section 12 table 10 of the Review;

prioritise protection works in accordance with section 13 table 12 of the
Review;

carry out changes to work priorities in the future if required using the principles
set out in the Review;
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k carry out planting works to create the 20 metre bands of willows as detailed on
Figure 11;

m.  obtain as far as possible, agreements with landowners in regard to protection
plantings.

Soil Conservation works
n. utilise the income from the sale of the Goulters Gully forest to:

o re-establish the protection forest as soon as possible in such a way as to
maximise erosion protection as well as future tree production; and

. assist with the funding of Scheme works spread over a 25 year period;

0.  prepare a detailed programme for forestry reestablishment for approval by the
Scheme Manager prior to the harvesting of the Goulters Gully forest;

Drainage

p.  maintain drains as part of the Scheme only where they provide benefit to more
than one property;

q.  fund all future Scheme drainage works through rates over those who directly
benefit from those works;

Maintenance
r.  maintain existing Scheme assets ahead of constructing new Scheme assets;

s.  always include the cost of ongoing maintenance works when preparing
estimates for new capital works;

Totara Reserve

L. discuss the future management or of the Pohangina River through the Totara
Reserve with the Manawatu District Council and establish a suitable
management plan and funding agreement for the maintenance of this section of
the River;

Non-Scheme Assets

u.  obtain funding for works required to protect assets where the owner of those
assets do not contribute to the Scheme from the asset owner unless otherwise
agreed to by horizons.mw and the Scheme ratepayers;
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share funding of protection works required to prevent riverbank erosion that is
threatening both non-ratepayer asset and ratepayer assets except where natural
river processes would be accepted if the non-scheme asset was not present. In
these cases the total cost of the protection works shall be fully funded by the
asset owner;

Consents Classification

Ww.

obtain a global consent to enable the protection works to be undertaken that are
not covered by the Regional Beds of Rivers, lakes and Associated Activities
Plan;

reclassify the Scheme;

carefully examine the issue of rating unclaimed accretion during the
establishment of a new rating system for the scheme;

Scheme Finances

Z.

aa.

bb.

CC.

increase Scheme rates by 2.5% in 2003/2004, by 2.5% in 2004/2005 and by
2.5% in 2005/2006;

manage scheme expenditure in line with the details set out on table 17 of the
review;

monitor expenditure of Scheme funds over the long term to maintain equity
within the Scheme; and

direct gravel extractors to beaches where gravel extraction would facilitate
general river management.
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EXECUTIVE SUMMARY

Objective of the Review

The objective of the Pohangina Oroua Scheme Review was to assess the present
performance of the Scheme and identify how it can be managed in the future to best
meet the needs of the ratepayers in a sustainable manner.

The Present Scheme

The Scheme provides landowners within the Scheme area, a degree of protection
against the adverse effects of changes in the alignment of the Pohangina and Oroua
Rivers and of erosion that can occur when the unstable course sand deposits present in
the catchment become exposed. The Scheme also provides small areas with drainage
and to a limited extent, controls flooding of some of the low-lying river flats.

The Pohangina Oroua Scheme covers the main stem of the Pohangina River from its
confluence with the Manawatu River to its confluence with the Makawakawa Stream at
Komako and the Oroua River from its confluence with the Kiwitea Stream to the Apiti
Bridge. Minor works on some of the smaller tributaries of the Rivers have also been
carried out.

Early river control works focused on stabilising the Pohangina River into a 120m wide
channel using tree bank protection works and continuous bands of willows along each
bank. Work in the Oroua River focused on maintaining a channel width of 100m.
Planting work was required in some areas and in other areas work was required to
widen the channel to achieve this design width.

Soil conservation works carried out as part of the Scheme concentrated on stabilising
the Belmont and Goulters gullies and some other minor tributaries of both the
Pohangina and Oroua Rivers.

Issues Considered in the Review

The review sets out the early history of the area and the development of the Scheme that
commenced in 1967. Landowners had made significant attempts to control erosion on
the two rivers prior to the establishment of the Scheme. Extensive early work was also
carried out in the sand country following a very severe storm in 1935 that caused
significant erosion in the unconsolidated sand formations that bisect the Scheme area.

The review briefly examines the geology, hydrology and sediment transport and gravel
extraction issues that relate to the Scheme. The review examines factors influencing
channel shape and the rivers responses to the actions of the Scheme.

The review examines the effectiveness of the Scheme to date, establishes a set of design
principles and applies those principles to the Scheme to determine a plan for the future
management of the Pohangina and Oroua Rivers. A long term estimate has been
prepared considering both future income and all works and non works expenditures.
The Appropriateness of the existing classification has been considered.
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Findings of the Review

The Scheme has managed to a large degree to stabilise the two rivers. However the
flood carrying capacity of both Rivers has not been maintained. Gravel build up and
encroaching vegetation has confined the flood flows placing undue pressure on the
protection works on the outside of bends. This has caused significant and reasonably
regular damage to the protection works and the consequential loss of productive land.

To a large extent this problem has been caused through the expectations by ratepayers
that all erosion damage will be repaired whilst at the same time limiting available
financial resources. These two factors have resulted in there being insufficient funds to
carry out both robust protection works and the necessary channel maintenance.

The soil conservation works have been very successful with both the sand gullies and
the minor tributaries being significantly stabilised. Very little work has been required in
these areas over the last ten years.

The analyses of past and proposed expenditure in the Scheme have shown that the
existing classification was reasonably equitable for the first 10 years or so but in the last
10 years the level of expenditure on the Oroua River has not been aligned with the
proportion of rates sourced from the Oroua ratepayers.

The Future Scheme

A set of design parameters have been established for both rivers and applied where
appropriate. A complete plan for the future alignment of the Pohangina River below the
Totara Reserve has been prepared. However, because the meander pattern in the Oroua
River is constantly being restarted from bend distortions and areas of harder materials,
Oroua River management cannot be significantly improved by following an overall
design channel. An overall plan for the Oroua River has therefore not been prepared.
Design channels have however been drawn up for representative reaches and these can
be used as a guide to management where applying these design channels would assist
river management measures, site by site.

Estimates have been placed on the cost of implementing the Pohangina River design
and on a level of expenditure considered appropriate to manage the Oroua River. Under
the programme of works set out in the review, expenditure on the Pohangina River
would be almost double the existing level for the next five years and then drop back to a
level very similar to the existing level. This will be possible because of the improved
alignment that will be created by the proposed works, the more robust works being
carried out, and because of the maintenance of the flood carrying capacity of the river
that will reduce the damage potential during flood events.

The estimate for the Oroua River proposes a level of expenditure forty percent higher
than at present. This will enable more robust works to be carried out along with a
programme of channel maintenance. It is expected that works will be required on an
ongoing basis on the Oroua River because of the inability to apply an overall design.

Vi1 @ Pohangina Oroua Catchment Control Scheme

horizons.mw Scheme Review

Your Regional Council



It is recommended that drain maintenance works continue in the scheme only where the
drains service more than one property and that close attention is paid to the ongoing
management of the Goulters Gully complex.

The review recommends that the income from the sale of the Goulters Gully Forestry be
used to replant and manage the ongoing forestry to provide protection to the unstable
sand formations and the remaining funds be used to fund scheme works over the next 25
years.

Conclusions

The Scheme has to a large extent achieved its original objectives of controlling and
preventing erosion in the Castlecliffian sand formations and in stabilising the Pohangina
and Oroua rivers as nearly as possible in the positions that existed in the late 1960s.

The original scheme envisaged that the ongoing river management work would
maintain a clear fairway along both rivers to maintain their flood carrying capacity. This
has not been achieved. The Oroua River over much of its length is still too narrow and
consequently large flood events cause considerable damage to established edge
protection works.

The Pohangina River generally has a channel width close to the original design, but
build ups of gravel and vegetation on the beaches have impacted on its flood carrying
capacity resulting in continual high levels of flood damage.

Significant increases in expenditure on Scheme works will be required over the next 6
to 7 years to carry out the necessary works and following their completion it will be
necessary to retain the level of expenditure at a level 40 to 50% higher than at present to
maintain these works and the flood carrying capacity of the channels.

The Pinus Radiata Forest planted to control runoff on the edges of the Goulters Gully
complex and make good use of land purchased by the Scheme, are now ready to be
harvested. Once replanting and forestry management expenses have been deducted, the
income from the sale of these trees will provide the Scheme an annual income. The
level of this income will depend on the proportion of the capital spent in the first 5
years. The Proposed expenditure plan for the Scheme will provide an ongoing level of
income of approximately $25,000.

The replanting of these trees will be vital to maintain the stability of the sand gullies and
careful management of the area will be required during and following the harvesting
work.

The proposed significant increases in scheme expenditure will be funded from the
forestry income as well as a small increase in Scheme rates.

The Scheme is being managed in a professional manner with a good balance of input
from a Liaison Committee made up of ratepayers within the catchment. The current
management system should continue being heavily guided by the river management
regime set out in this review. Failure to implement this management regime will not
only ensure a continuation of the existing level of flood damage but will probably see an
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even greater amount of damage occur as the flood carrying capacity of the channels
reduces further.

Recommendations
Pohangina River

a. adopt the Pohangina River design alignment as detailed in Section 12 of the
Review and as shown on Figure 9;

b.  undertake the protection works in priority order unless flood damage requires
work on a reach of the river to be done out of sequence with its priority;

c.  undertake the planting programme on each reach of the river along with the
protection works on that reach and layer and maintain existing trees as part of this
work;

d.  assign any surplus funds in any year to planting and channel maintenance;

e.  maintain beaches and clear vegetation to ensure the design fairway is kept clear;

f.  carry out changes to work priorities in the future if required using the principles
set out in the Review;

g.  obtain as far as possible, agreements with landowners in regard to protection
plantings.

Oroua River

h.  implement a $70,000 annual programme of river management works as set out in
Section 13 Table 11 of the Review;

1. undertake works wherever possible in accordance with the Oroua River Design
Parameters as set out in Section 12 table 10 of the Review;

| ] prioritise protection works in accordance with section 13 table 12 of the Review;

k.  carry out planting works to create the 20 metre bands of willows as detailed on
Figure 11;

L. carry out changes to work priorities in the future if required using the principles
set out in the Review;

m. obtain as far as possible, agreements with landowners in regard to protection
plantings.
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Gravel Management

n.  direct gravel extractors to beaches where gravel extraction would facilitate general
river management;

Soil Conservation works
o. utilise the income from the sale of the Goulters Gully forest to:

. re-establish the protection forest as soon as possible in such a way as to
maximise erosion protection as well as future tree production; and

. assist with the funding of Scheme works spread over a 25 year period,;

p. prepare a detailed programme for forestry reestablishment for approval by the
Scheme Manager prior to the harvesting of the Goulters Gully forest;

Drainage

¢q. maintain drains as part of the Scheme only where they provide benefit to more
than one property;

I. fund all future Scheme drainage works through rates over those who directly
benefit from those works;

Maintenance
s.  maintain existing Scheme assets ahead of constructing new Scheme assets;
I always include the cost of ongoing maintenance works when preparing estimates

for new capital works;
Totara Reserve

u.  discuss the future management or of the Pohangina River through the Totara
Reserve with the Manawatu District Council and establish a suitable management
plan and funding agreement for the maintenance of this section of the River;

Non-Scheme Assets

v.  obtain funding for works required to protect assets where the owner of those
assets do not contribute to the Scheme from the asset owner unless otherwise
agreed to by horizons.mw and the Scheme ratepayers;

w. share funding of protection works required to prevent riverbank erosion that is
threatening both non-ratepayer asset and ratepayer assets except where natural
river processes would be accepted if the non-scheme asset was not present. In
these cases the total cost of the protection works shall be fully funded by the asset
owner;
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Consents

X.  obtain a global consent to enable the protection works to be undertaken that are
not covered by the Regional Beds of Rivers, lakes and Associated Activities Plan;

Classification
y.  reclassify the Scheme and ensure that in the long term the funding obtained from
each of the catchments is in proportion to the expenditure in each of those

catchments;

z.  carefully examine the issue of rating unclaimed accretion during the establishment
of a new rating system for the scheme;

Scheme Finances

aa. increase Scheme rates by 5% in 2002/2003, by 5% in 2003/2004 and by 5% in
2004/2005;

bb. manage scheme expenditure in line with the details set out on table 17 of the
review; and

cc.  monitor expenditure of Scheme funds over the long term to maintain equity within
the Scheme.
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1. THE SCHEME

The Pohangina Oroua Catchment Control Scheme is essentially a ratepayer
collective managed by horizons.mw. It provides landowners within the
Scheme area, a degree of protection against changes in river alignment causing
a loss of productive land through erosion, and against the adverse effects of the
erosion that can occur when the unstable course sand deposits present in the
catchment become exposed. The Scheme also provides small areas with
drainage (by maintaining a network of drains), and to a limited extent, controls
flooding of some of the low-lying river flats.

The Pohangina Oroua Scheme area, shown on Figure 2, covers the main stem
of the Pohangina River from its confluence with the Manawatu River to its
confluence with the Makawakawa Stream at Komako and the Oroua River
from its confluence with the Kiwitea Stream to the Apiti Bridge. Both rivers
have their headwaters in the Ruahine Ranges. Minor works on some of the
smaller tributaries of the Pohangina River have also been carried out.

For the 1998/99' financial year the Scheme expenditure was $208,756, which
ranks as the 5" largest river control scheme operated by horizons.mw. Of this
total $67,039 was funded by a General Rate contribution. The remaining
$141,717 was funded by ratepayers and from interest off reserves. The relative
distribution of the $141,717 is shown in the Figure 1. The General Rate
contribution funded survey work carried out for the scheme review process and
the engineering management costs over above the 20% of works costs’. Details
of Scheme expenditure are set out in the chart in Appendix A.

1998/99 Scheme Expenditure

\
‘ flood provision Hydrology
‘ -

\
fund [ 15% ‘
22.0%

| disaster insurance }
1 0.4% \ 1
asset ?
management [

1 2.9% cost of work

57.3%

| valuation charges

/

0.2% [ | enineering
F administration  -management
costs 11.5%
4.3%

Figure 1. Relative Distribution of 1998/1999 Scheme Expenditure

" This year was chosen as it represents a more typical year in the recent history of the Scheme. The repair of severe
flood damage that occurred in November 1999 and April 2000 has resulted in a very atypical year.

2 Under horizons.mw ‘s new funding policy Review and Classification costs are fully funded from then general rate,
along with 20% of all other scheme costs.
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2,
2.1

HISTORY

Pre Scheme History of the Area

Early European settlement commenced in the Pohangina Valley in the 1840°s
although settlement in any number didn’t commence until the 1880°s. By 1898
many of the present roads had been formed but were rough and difficult to
negotiate in the winter months.

Over this early period, the initial development of farms located on the
unconsolidated sand area took place as the New Zealand dairy and meat export
industry was being established.

By 1906 a considerable proportion of the indigenous forest had been felled and
burnt and English grasses sown. After a few years the initial fertility created
from the ash declined and the pasture was invaded with fern and scrub. The use
of cattle and subdivision on smaller blocks helped to prevent reversion and a
rotation of cutting and burning scrub every few years generally kept the pasture
clear.

By the 1930’s increased runoff from the poor pasture and the decay of the tree
roots increased the land’s susceptibility to erosion. In 1935 an exceptionally
severe storm resulted in accelerated gully erosion in the unconsolidated sand
country. In each successive high intensity storm, further gullies began actively
eroding whilst more modest storms kept the erosion active once it had begun.

The 1859 survey maps of J T Stewart showed the Pohangina River as a narrow
(140m) channel meandering between heavily vegetated banks. 1906 to 1910
photographs of the area showed that the Pohangina River had become a wide
(350 to 370m) braided channel with eroded banks and little evidence of
indigenous or exotic riparian vegetation. Present Channel widths range
between 50 and 250 metres but are more commonly about 70 metres. Over
most of the channel length there are narrow bands of willow protection work
along both banks.

In 1944 the Manawatu Catchment Board was constituted under the Soil
Conservation and Rivers Control Act 1941 and almost immediately the Board
initiated research on soil conservation techniques within its district. The control
of erosion using engineering structures, vegetation and vegetative structures,
and improved livestock and pasture management techniques were investigated.

Prior to the formation of the Catchment Board river protection works had been
intermittent and dependent on finance available from property owners.
Considerable lengths of bank protection had been established along the Oroua
River with some had been established along the Pohangina River.

Pohangina Oroua Catchment Control Scheme @ 5

Scheme Review

horizons.mw

Your Regional Coun



The initial Pohangina Oroua Scheme report was produced in March 1964 and
no further river control work was carried out until scheme funds became
available in 1967. Soil conservation works continued over this intervening
period funded from the Board Works programme.

2.2 History of the Scheme

The Soil Conservation and Rivers Control Council gave financial and technical
approval for the Scheme in 1966.

The Scheme was established with two main objectives. These were:

e to control and prevent erosion in the catchment area and to achieve
maximum economic production taking a long term view; and

e to stabilize the Pohangina and Oroua river channels as nearly as possible in
their position at that time and to carry out work to stabilise the larger
tributaries. These included Beehive Creek, Coal Creek, the Mangoira and
Mangahuia Streams and the tributaries of the Pohangina running up into the
Ruahine Ranges.

Lesser objectives were:

e the control of flooding through the maintenance of the stopbank that
existing at the time the Scheme was established;

e the reclamation of large areas of bare shingle or areas covered in lupin; and

e the improvement of existing drains and the construction of drains into
swampy areas.

The financial approval was for $228,000 at a $3 for $1 subsidy and a further
$60,000 was given from the Soil Conservation and Rivers Control Council as a
special grant. The total amount was spent in a series of annual works
programmes between February 1967 and March 1978.

2.3 The Original Soil Conservation Programme

Two broad categories of conservation work were recognised as the programme
of scheme works was developed. These were farm benefits and community
benefits.

Farm benefits covered all work that was of direct benefit to individual farms.
This work was to be carried out with normal soil conservation subsidy under a
guidance provided by a Soil Conservation Farm Plan.
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Community benefit covered work with considerable offsite impact i.e. the
reduction of sediment input to the rivers. The work was to be carried out to
overcome serious erosion and the costs were to be borne entirely by the
Scheme. The objectives for this type of work were:

e the control of active erosion and major sources of sediment principally in
the Caslecliffian sand formations;

e the storage of erosion products; and
e the prevention of gully development.

Groenendijk® reviewed the soil conservation work completed in the first five
years and then again after the next five years in 1971 and 1977 respectively. As
a result of his reviews a number of changes were made to the gully planting
programmes, moving away from fencing to using larger planting protected
from stock with netlon sleeves. Gully structures had been successful but flood
detention dams proposed for steep narrow valleys had not proceeded on the
grounds that there were not cost effective. 160 ha of land had been voluntarily
retired in the first five years of the Scheme.

Concrete block drop structures were found to be successful in controlling gully
erosion as these gave almost instant results. A number of these were then used
in Culling’s Gully and the Goulter-Belmont Gully complex.

Details on the soil conservation work carried out up to 1979 is set out in the
1979 review by E C O’Connor and G G Brougham™ and in the two reports by
| Groenendijk 1971° and 1977°

The 1979 Review recommended that the works that were identified in the
initial Scheme, which had not been completed prior to the 1979 review, be
completed.

2.4 The Original River Control Programme

River Control work on the Pohangina River proposed to stabilise the channel at
a width of 120 metres, as nearly as possible in the alignment at that time by
means of tree bank protection where necessary and elsewhere by planting
willow and poplar to form a continuous growth 10 metres wide along both
banks. Plantations of trees were proposed to be planted behind the willows and

Gerald Groenendijk was employed by the Catchment Board as a soil conservator during the period of Scheme implementation
and was heavily involved in the soil conservation works within the Scheme.

Pohangina-Oroua Catchment Control Scheme Review , Scheme Design and Works 1980-1985, prepared in 1979.
Pohangina ~Oroua Catchment Control Scheme, Soil Conservation 1967-1971, MCB report unpublished. 1971.

Pohangina —Oroua Catchment Control Scheme, Soil Conservation. A review of the first 10 years of operation. MCB report
unpublished. 1977.
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in other suitable sites for groyne work in future years. These works were
planned to be carried out from the confluence with the Manawatu River to the
gorge at 21 Mile. Lighter work was proposed above that point to the Piripiri
Bridge.

Fencing work was proposed along both banks to exclude stock from growing
areas. Abandoned river channels were to be blocked off using groynes and
banks. Four areas covering 450 ha were to be drained.

Works on the Oroua River proposed to stabilise the channel as far as possible
in its position at that time. This would be achieved by thickening up and
improving the willow and poplar planting to form a continuous growth 10
metre along both banks particularly on the outsides of bends. The channel was
proposed to be 100 m wide and some trees would need to be removed to
achieve this. Planting of trees for bank protection was to be carried out as part
of the Scheme. These works were proposed to be carried out from the
confluence with the Kiwitea Stream to the London’s Ford at 25 mile. Lighter
work was proposed above that point to the Apiti Bridge.

Four areas covering 250 ha were to be drained.

Note only one large area is currently drained.
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3. GEOLOGY

The headwaters of the Pohangina and Oroua Rivers lie in the Ruahine Range.
This Range is made up of highly fractured and deeply weathered greywacke
(alternating siltstone and sandstone) that has been eroded into very steep land
of ridges and valleys. Away from the range the rivers flow within entrenched
valleys, cut deeply into synclinal folds in old uplifted peneplains (of marine
deposits). The faults of the uplifted Ruahine Range and the syncline/anticline
folding have a NE trend. The uplifted peneplains are tilted, and the deep
entrenchments expose, in places, thick deposits of coarse poorly consolidated
sands, along with layers of pumice and greywacke derived gravels. Severe
gully erosion occurs where these coarse sand deposits are exposed.

The primary supplies of river channel bed material are gravel from the
rangeland greywacke and sand from the exposed sand deposits of the
peneplains. There is a relatively low input of gravel from the Oroua River
headwaters, with the Pohangina River having a more eroded headwater, and
many tributaries coming from the range land along its course. On the other
hand, there is a much more substantial input of sand to the Oroua River, than to
the Pohangina River.
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4,

Hydrology

There is a steep rainfall gradient from the peneplains up into the Ruahine
Range, and the orographic influence of the range is stronger the more intense
the storm. Most floods occur in autumn and winter, from about May to
September, when monthly average discharges are high. However, intense short
duration storms can occur from January to March.

The flood flows of the Pohangina are relatively higher (per unit of catchment
area) than the Oroua, and while rainfall patterns generally affect the river
catchments in a similar way, the relative magnitude of flood flows down the
two rivers can be significantly different.

Flood flows follow complex patterns, with an interspersing of quiescent and
stormy periods. The available records, since the 1940s, show periods of
greater flood intensity around 1948-50, 1965-67, 1970-72, around 1975, 1979-
81, 1988 and recently from 1999. There was also a single large flood event in
1992, and another significant one in 1985.

Appendix B sets out the historical flood pattern for the two rivers.
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5. SEDIMENT TRANSPORT AND GRAVEL
EXTRACTION

5.1 Sediment Transport

The channel material of the Pohangina River is mainly gravel derived from the
Ranges, and re-worked down the channel. The material moves down in a
complex pulsing way, with continual channel change, of both bed and banks.
The cross section surveys carried out over recent decades show little in the way
of overall trends, with perhaps some slight degradation along the lower
reaches. Localised variations occur, especially at natural controls on the
channel migration, and at artificial constrictions, such as bridges.

There is a relatively lower input of gravel to the Oroua River, and the available
cross section data shows some overall degradation trend up to Te Awa. This
degradation has increased the undercutting of banks, with an associated trend
towards more asymmetric sections at bends. At the same time, there has been a
compensating silting along the channel banks, especially within the willow
edge vegetation.

The degradation trend is probably a response to channel confinement, and
except in very localised areas is not due to the extraction of gravel bed material
— which has not been excessive.

The large inputs of sand to the Oroua River, which have occurred along the
areas of exposed sand deposits, have affected the channel form downstream.
The erosion of bank material along this river gives rise to relatively high
suspended silt loads.

5.2 Gravel Extraction
The Pohangina River is a primary source of gravel for the Lower Manawatu
River. The lower part of the Pohangina River, downstream of the Saddle Road
Bridge and at the confluence are, or have been, sites of significant gravel

extraction. Gravel accumulates at these sites which are accessible and in
reasonable proximity to their end use.

There are a variety of potential adverse effects associated with over-extraction
from these sites, including:

e destabilisation of bridge sites;
e damage to scheme works; and

e starvation of the Lower Manawatu River of gravel.
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Several attempts have been made to assess gravel transport rates and volumes
for the Pohangina River including:

e channel efficiency surveys of the entire river carried out in the
1970’s and in the early 1990’s;

e gravel monitoring between Totara Reserve and Komako during the
late 1970’s and early 1880°s;

e gravel monitoring in the vicinity of the Saddle Road Bridge during
the mid to late 1980’s;

e basic monitoring surveys of the confluence area at various times.

From these surveys and monitoring, annual bed load transport rates have
been estimated to be:

e from the Channel efficiency surveys, ¢ 20,000 m’
e from the Totara Reserve monitoring reach, ¢ 18,000 m’

Because of the potential for over extraction from the Pohangina River
and its impact on the Lower Manawatu gravel resource, a maximum
annual extraction volume of 25,000 m® was set for the Pohangina River
in the Regional Beds of Rivers, Lakes and Associated Activities Plan.

The setting of a volume for the River does not provide any guidance on
how the available resource should be allocated, nor where extraction
should cease / be encouraged along the River. There is concern that most
of the extraction would be concentrated in the reach between the Saddle
Road Bridge and the confluence.

To ensure that this does not occur the future granting of gravel extraction
consents will be managed to ensure that:

e extraction volumes from this reach will be restricted and extractors
encouraged to find alternative sites on the Pohangina River; and

e extraction from berm and island areas be encouraged (as apposed to
active river extraction).
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6.

CHANNEL SHAPE

The rivers are relatively steep gravel carrying rivers, with varying channel form
depending on variations in sediment loading and riverside vegetation. The
channel form can vary over both space and time, from a single thread
meandering form, to semi-braided or a split channel form with quite long
relatively straight reaches. Thus, as the intensity of floods vary and the gravel
bed material moves down the river channel in pulses, the channel form
changes. During quiescent periods and where there is a relative deficit of
gravel bed material, the river channel will develop a well-defined meander with
a single thread form. During periods of more intense floods and where there is
a relative accumulation of gravel bed material, the river channel will develop a
semi-braided form, or if there is confining edge vegetation, the river will
respond by breaking out and forming long parallel channels around the
vegetation. This breaking out and development of long split channels is called
ana-branching, to give what is called a anatomising channel form. This form is
common along rivers where the spread of tall tree vegetation confines or
restricts flood flows, and disrupts the normal channel form adjustments.

The channel reaches that are semi-braiding, single thread meandering or
straight, vary along the rivers, although a particular form can predominate
along a given reach due to the presence of natural control features, such as
bluffs, or artificial constrictions such as bridges. In general, river management
should allow for the development of the full range of likely channel forms all
the way along the rivers.

There are different meander forms that are used by the rivers to make up the
different overall channel patterns, and the size and shape of these meanders can
be determined from empirically derived relationships as well as from a study of
aerial photography. The flood pattern of the rivers is reasonably well known
from the hydrological records, and the size of the bed material has been
assessed from samples taken along the rivers. Some general information on
river grades is given in the 1979 Scheme Review, based on cross section
survey data. Using this information on channel slopes, bed material sizes and
dominant flood flows, the widths of the various meander channels (in metres)
have been assessed. These are set out in Table 1.

Table 1: Pohangina River and Oroua River Meander Widths

Meander Type Oroua Pohangina
Minor threshold of motion meander 20m 30 m
(Smallest well formed meander)
Major threshold of motion meander 35m 60 m
(Longer slope adjusting meander)
Live bed flow dominant meander 65 m 110 m
(Overall active width meander)
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These widths are quite consistent along the managed reaches of the rivers,
despite changes in bed material size and channel grade.

The threshold of motion meanders tend to oscillate from one form to the other
down the river, with a continuous meandering starting from control points,
such as bluffs, break outs, bed accumulations etc, or artificial controls of
managed vegetation or structures. The overall flow dominant meander is less
well defined in these gravel bed rivers, but is the general form within which
single threads or semi-braiding patterns form.
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SCHEME & RIVER RESPONSES

The channels of the Pohangina and Oroua rivers have been confined by farm
development and river works over a long period of time, prior to the Scheme,
as well as by Scheme management. There have been on going attempts to
suppress the semi-braiding response of the river, and following breakouts, to
re-instate the single thread channel. Thus, following the larger flood events
when the river responds to its confinement by widening and/or breaking out,
river management has re-imposed a narrow single thread channel form. This
form will persist naturally, with a relatively low level of management, during
quiescent periods and along reaches of relative bed material deficit.
Difficulties arise as an aggradation phase moves into a reach, while the re-
instated protection works are again destroyed when the next period of intense
floods occurs.

Overlays of the river channels, taken from the 1985, 1992 and 2000 aerial
photography, indicate little overall change in the position and form of the
rivers. This similarity over time is however mainly due to the continual
management of the rivers. The original legal surveys of the channel of the two
rivers show how far the existing general river alignment has been displaced
from the position it was in when these early surveys were undertaken.

The Pohangina River, for obvious reasons, is more braided than the Oroua
River, and along this river there are reaches that have remained more braided.
This would be partly due to the level of management exercised, given
prevailing river conditions along a reach, and partly due to natural differences,
because of valley slope adjustments, bluff controls etc.

The Oroua River has been more confined and managed by vegetation, and
where there is semi-braiding it is less intense than on the Pohangina River.
The Oroua is more easily constrained by vegetation, but responds by
entrenching, and can develop deep asymmetric sections at overtight bends.

There is a general tendency for bank erosion to occur where the river channel is
narrow and of restricted amplitude, and where overtight bends have developed
due to either natural controls or because of the partial restraint of edge
vegetation. However, whether bank erosion is of concern depends on the
prevailing condition of the river (semi-braided or single thread) and the level of
management being exercised.
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8.

HAZARD AREAS

The areas of hazard from bank erosion, channel break outs and flooding are, in
general terms, well defined by the terrace system within which the rivers flow.
There is a major entrenchment due to the down cutting into the old marine
surfaces, with high terraces being formed along both sides of the rivers.
Within this major entrenchment there is some more complex terracing, and on
the valley floor there is some minor terracing from recent channel migration
and re-working of the valley deposits.

The overall risk area can be readily identified from aerial photography, using
stereo pairs to observe relief. The finer detailing of the hazards is more
difficult to achieve, although some recognition can be given to the minor
terracing on the valley floor.

The higher risk areas have then been defined from the aerial photography,
without field checking, to give a general risk identification, without any
specific division into risks from flooding, channel breakouts and bank erosion.
Any activities within these identified areas should then be assessed in terms of
the likely risks from these hazards.

The risk to the assets on the valley floor including productive farmland, roads,
bridges and farm access has been taken into consideration when prioritising the
proposed future works described in Section 12 and 13.

Scheme Review
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9. SCHEME EFFECTIVENESS TO DATE

Comparing the outcomes of implementing the Scheme over the past 34 years
with what was planned to be achieved when the original Scheme Plan was
prepared in 1964, will provide not only an appreciation of the success of works
carried out to date but also a guide as to what should be continued and what
could be changed to ensure the Scheme meets the needs of present and future
ratepayers.

The principle objectives of Scheme were:

e to control and prevent erosion in the catchment area and to achieve
maximum economic production taking a long term view; and

e to stabilize the Pohangina River and Oroua River channels as nearly as
possible in their position at that time and to carry out work to stabilise the
larger tributaries.

The works in the Scheme have been divided into two distinct activities
managed quite separately for a number of years. These are the soil
conservation activities that had a high profile in the early years and the river
control activities where nearly all the recent focus has been. This shift in focus
has been seen by some as the Scheme neglecting its soil conservation
responsibilities but the proven success of the soil conservation works and the
ongoing need for river control works justifies this shift.

9.1 Soil Conservation Activities

The original Scheme divided the soil conservation works into two categories:
being farm benefits and community benefits.

The farm benefit work has been carried out through the development of soil
conservation farm plans and has been funded by direct landowner contribution
and subsidised initially as “Board Work™ and more recently as part of the
horizons.mw’s Soil Conservation Environmental Grant Scheme. A large
number of Soil Conservation Farm Plans have been prepared for the Scheme
area.

Soil conservation works providing a community benefit have involved the
control of active erosion in the Castlecliffian sand formations, the storage of
erosion products; and the prevention of gully development. The majority of this
work has been funded by the Scheme.

The principal focus of the Community Benefit work has been on the
stabilisation of the Goulters / Belmont Sand Gullies and other gullies draining
to the Pohangina River where gully erosion was occurring in the
unconsolidated sand formations. Other work that has provided community
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benefit involved the stabilisation of the streams that feed to the Pohangina
River from both the steep unstable hill country to the west of the Pohangina
and from the foothills below the Ruahines to the east.

Goulters Gully Area

Land clearance for farming, the breakdown of the root material after 30 to 40
years and two intensive storms in quick succession in 1936 caused severe gully
erosion that cut through three properties and rendered nearly 200 hectares
useless in the area now known as the Goulters Gullies.

One hundred hectares of the gullies were placed in the control of the Manawatu
Catchment Board in 1958 and remedial work carried out on both Board and
Private land. Willow and poplar planting was carried out along with the
construction of detention dams and drop structures.

Fencing was carried out to keep stock out of the gullies where the nature of the
gullies enabled stock to enter. Further fencing was carried out as the gully floor
stabilised and the gully sides battered off giving access to stock.

Many of the early gully control structures failed as their foundations were
undermined and these were not replaced. One of these structures has survived
as it is surrounded by heavy planting. Any further grade control structures will
only work when combined with heavy planting.

Major work carried out as part of the Scheme, to productively utilise the
Scheme owned land and to control runoff, involved the planting of more than
40 hectares of Pinus Radiata forestry, the most recent completed in 1994 to
overcome problems in Face Gully. The planting of pines trees has significantly
reduced the runoff into the gullies at their heads and the gully control structures
referred to above have not been replaced, as there is no longer a need for them.

Care will need to be taken when the trees are harvested to ensure that runoff
does not start a new phase of gully erosion.

The majority of these forestry assets are now mature and plans to harvest them
are currently being prepared. Refer to Section 14 on the Goulters Gully
Forestry.

Following the stabilisation of the base of the gullies and the resulting
stabilisation of the gully sides, natural revegetation has occurred on the more
shaded sides of the gullies. The exposed sunny gully sides are still fairly bare
and wind and rain are now the main erosion elements. This erosion is however
very slow and not of great concern to the horizons.mw staff who manage the
gullies. The success of the erosion control work can be measured by the fact
that no works have been required in these gullies since 1994 other than the
control of animals.
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Details of the soil conservation work carried out up to 1979 are set out in the
1979 Review by E C O’Connor and G G Brougham’ and in the two reports by
Groenendijk 1971% and 1977°. Copies of the two unpublished reports are
included in Appendix C.

9.2 River Control Activities

The 1964 Scheme proposed to stabilise the Pohangina and Oroua Rivers as
nearly as possible in the alignments that existed at that time by carrying out tree
bank protection and tree planting works to form a continuous band of willows
along both banks of both rivers. Prior to the Scheme, protection works had been
carried out by landowners over fairly long lengths of river and some farmers
had attempted to get ahead of the river by planting up banks which could be
attacked in the future.

Pohangina River Channel Geometry

The Scheme proposed that the Pohangina River channel be 120 metres wide
between 10 metre wide bands of willow growth and that that the channel be kept
clear of weeds, logs and other trees. It was proposed that the entire length of
both banks be fenced to exclude all stock. Existing stopbanks were to be
maintained, and some abandoned river channels, that still carried floodwater,
were to be closed off.

Without carrying out extensive time consuming research into past reports, it is
not possible to readily determine what works were actually carried out in the
early stages of the Scheme. However it can be seen from the series of aerial
photographs taken in 1950, 1971 and 2000 set out in Figure 3 that the principle
objective of the Scheme has been achieved as a result of the works.

These photographs show that the river no longer has a wide braided bed and
below the Totara Reserve, it has been transformed into a relatively narrow single
thread channel, similar, in some extent, to the river around the time of the early
European settlement in the mid 1800s. In 1859, the Surveyor J T Stewart
described the Pohangina River as having a narrow (140m wide) channel
meandering between heavily vegetated banks. Above the Totara Reserve the
river is now much narrower than it was prior to the Scheme but is still generally
much wider than the river below the Reserve.

Even where the river has been narrowed up, a number of significant factors exist
today that did not exist in the mid 1800s that contribute to the need for the
ongoing high levels of expenditure to maintain the channel in its existing

Pohangina-Oroua Catchment Control Scheme Review , Scheme Design and Works 1980-1985, prepared in 1979.
Pohangina —Oroua Catchment Control Scheme, Soil Conservation 1967-1971, MCB report unpublished. 1971.

Pohangina —Oroua Catchment Control Scheme, Soil Conservation. A review of the first 10 years of operation. MCB report
unpublished. 1977.
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alignment. These differences include the change from a river flowing between
heavily vegetated river banks to a river edged with a relatively narrow band of
willows, and large vegetated gravel beaches that form and confine the river into
a deep channel on the outside of the bends.

[t can be seen from Figure 4 that as the channel has been narrowed up over the
past 30 years, the flood damage sustained has increased significantly for the
same sized flood events.

[t should be noted that the 1999 flood damage is very high because of the change
in the type and extent of repair work that has been carried out to repair the flood
damage that occurred in two significant flood events in 1999 and 2000.

The 1979 review indicated that the need for the high levels of ongoing
maintenance and flood damage repair were possibly due to shortcomings in the
original scheme design with respect to channel width, amplitude and radius. This
argument is supported by flood damage reports that state that bank erosion
persists in reaches with a narrow channel width and restricted amplitude.

Close examinations of the 1964 and 1979 Scheme reports however show that the
channel width and radius of curvature recommended in each report were very
similar. The only major difference in the two reports was the meander length.
The 1979 report recommended a meander length approximately 20% longer than
the 1964 figure. The meander length in the Pohangina River however is
constrained by the many bluffs and other fixed points on the river. The design
analysis carried out as part of this review has identified a very similar channel
geometry to that set out in the 1964 and 1979 reports and it would therefore be
reasonable to assume that the persistent erosion was not caused by a
shortcoming in the design but instead from a shortcoming in its implementation.

Investigation and design work carried out as part of this review, and design work
carried out following the April 2000 flood event'® identified that the critical
factor in ensuring that the Scheme is effective is the need to maintain an
effective river channel. That is one with the ability to pass flood flows without
concentrating a high proportion of the river’s energy into a very narrow band
especially on the outside of a bend.

In simple terms the Scheme has not created a river channel with a width of 120
metres with 10 metre bands of willows along each bank. In many areas the
channel is much narrower than 120 metres.

Section 12 sets out the proposed management plan that would ensure that such a
channel would be created and maintained.

' Extensive flood damage occurred during this flood and it was recognised that more comprehensive design was

required. This design work has formed the basis for the recommendations in this review.
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Pohangina River Tree Planting

Extensive tree planting has been carried out over the years along the edges of the
channel and even though the plan to create 10 metre bands of willows along
both banks has not been fully achieved, there is clearly far more edge protection
and willow planting on the Pohangina River than was there prior to the Scheme.

For various reasons however, in many cases the width and robustness of the
planting, on the outside of the bends where erosion has frequently occurred, is
inadequate.

Until relatively recent times many sections of the river had wide rough willow
infested areas adjacent to the channel in addition to the edge protection planting.
In many cases these areas were old river bed that had silted up and vegetated.
Farming practices however over the last 30 years and especially in the last 10
have resulted in most of these areas being cleared to enable the land to be
utilised for production.

The net results of this land clearance has been: to remove a tree resource for
protection works; to remove a line of defence that existed should the river
breach the line of the protection work; and to remove an area that filtered flood
debris from the flood flows thus reducing the debris deposits on the productive
pasture.

The need for increased production to maintain farming profitability has also
made landowners less willing to give up land to accommodate the 10m band of
riparian planting.

The Closing Off of Old Pohangina River Channels

By comparing the aerial photographs of 1968, 1971, 1980, 1985, 1992 and 2000
it was easy to see that the 1964 goal to close off old river channels was not really
achieved until the early 1980s. The 1985 photographs show a significant
reduction in the number of overflow channels and a much more confined single
thread channel was definitely evident by 1992.

Oroua River Channel Geometry

The Scheme proposed that the Oroua River channel be 100 metres wide between
10 metre wide bands of willow growth particularly on the outer side of bends. It
was also proposed that the entire river from the confluence with the Kiwitea
Stream to the Apiti Bridge be fenced to exclude all stock.

Extensive willow planting was carried out by landowners prior to the Scheme
and large areas of rough, undeveloped and heavily willow infested berm land
outside this planting has been progressively cleared over the years with a
noticeable increase in this clearance work quite recently.
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Because of this extensive planting, the Oroua River channel at the time the
Scheme was established was narrower than the design channel width over much
of its length. The Catchment Board’s Chief Engineer, Paul Evans, set the design
width at 100 metres (5 chain) and recognised that some willow growth would
need to be removed to achieve this width.

As with the Pohangina river, without carrying out extensive time consuming
research into past reports, it is not possible to readily determine what works
were actually carried out in the early stages of the Scheme. However it can be
seen from the series of aerial photographs taken in 1950, 1971, and 2000 set out
in Figure 6 that the river was narrowed up and confined between 1950 and 1971
especially in the lower reaches. It can also be seen from these photographs that
the early control works carried out prior to the Scheme and then by the Scheme,
have prevented major channel changes since 1971 in this particular reach. This
1s reasonably typical throughout the river.

In 1971 approximately 40% of the River had a fairway width of 65 metres (the
new design width, refer to Table 10 in section 13). Since that date the channel
has been further confined into a single thread channel and by 1992 only
approximately 30% of the river was at the design width. The only significant
alignment changes have occurred from meander migration.

With the exception of some small sections of willow clearance very little
proactive channel widening has been carried out in an attempt to create a river
that meets the original design.

The Oroua River in its present form is not able to easily move the alluvial
deposits it flows through and the channel meanders are constantly being
distorted and deflected. The meanders are thus less well formed than in the
Pohangina River with the meander pattern constantly being restarted from bend
distortions and areas of harder materials. This prevents major changes to the
meander pattern occurring, which to some extent limits the ability of the channel
to widen itself naturally over time.

An examination of the annual flood damage sustained by the Scheme between
1971 and 1999 shows that during the period from 1971 to about 1988 there was
a very low level of flood damage repair work carried out compared to the period
1989 to 1999. Refer Table 2 below.

Table 2: Flood Damage Repair Costs, Oroua River 1971 to 1999.

Period Oroua River Flood % of

Damage Repair Costs Total

Whole period from 1971 to 1999 $630,000 100%
1971 to 1988 (18 years) $133,000 21%
1989 to 1999 (11 years) $479,000 79%
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Figure 6 enables the comparison of flood damage and maximum annual flood
flows over this period. It is reasonable to conclude that the narrow channel width
was reasonably sustainable during the period when there were no significant
flood events. This narrow channel however has not been adequate to carry the
large floods that occurred between 1988 and 1992 and the channel widened out
considerably in places during those and subsequent events.

Extensive protection works have been carried out in the last 10 years to maintain
this channel and provide a degree of stability to the channel now that it has
widened out. It is important to note however that during the period 1971 to
1999, the flood damage that occurred did so where the channel was narrow and
the sections of the river where flood damage has been very light are areas where
the channel is close to the design width.

It is interesting to note that the annual average flood damage for the 12 years
since 19988/89 has been almost 6 times greater than for the period of 18 years
prior to that. It may be reasonable to assume that if the Scheme plan had been
implemented and the channel proactively widened, the channel would have been
able to handle the floods during the 1988 t01992 period and the expenditure over
the past few years could have been significantly smaller than what actually
occurred.

This may however be oversimplifying the situation. The intensity of farming has
resulted in landowners being more aware of the impacts of erosion on their
properties and has as a result demanded a greater level of expenditure on erosion
repairs. Whilst this has probably contributed to the increase in expenditure, a
wider channel more capable of passing the floods without placing undue
pressure on the bank protection works would have reduced the level of flood
damage.

9.3 Scheme Stopbank

The 1964 Scheme plan proposed that the stopbanks that existed at the time the
Scheme was established would be maintained. These are primarily in place to
control overflows during moderate flood events and were not put in place to
prevent flooding during large events. The Scheme has carried out maintenance
of a number of these stopbanks over the years and some have even been replaced
when severe erosion of the river bank has scoured them away. The cost of
maintaining these banks is very low and this work should continue. Any new
classification however should consider the beneficiaries and establish a system
to ensure those who benefit fund the cost of their maintenance.

Some stopbanks have been built by landowners since 1964 but these are not
considered to be scheme assets and have not been maintained by the Scheme.

The Scheme stopbanks are shown on figures 9 and 11.
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9.4

Scheme Drains

Four areas in the Pohangina Valley and four areas in the Oroua Valley covering

450 ha and 250 ha respectively were planned to be drained in the original
scheme proposal.

Drainage works have been carried out in four areas in the Pohangina Valley but

only one area in the Oroua Valley. Only one area in the Oroua has been rated for
drainage.

15.4 km of drains are maintained by the Scheme to service these areas on an as

required basis. Maintenance is generally carried out once per year. Refer figure
12 for the locations of these drains.
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10. RIVER DESIGN PRINCIPLES

Management of the rivers will be more effective, and less costly overall (taking
account of both farming costs and river management costs) when account is
taken of the natural processes of the rivers, and the way in which they respond
over time to natural variations and to imposed management changes.
Vegetation management should consider the natural spread of vegetation and
the way in which the channel form will alter depending on the nature and
extent of edge vegetation.

There are specific meander shapes that the rivers naturally follow, and these
shapes can be used to guide bank protection and river training works. Thus
when repairing protection works at bends, the re-established works can be laid
out to fit in with the width, radius and amplitude of the natural meanders.

Continuous protection works around the full length of a bend, to the curvature
of a natural meander, will be more effective than works that only repair the
gap, do not fit in with upstream and downstream conditions, and are not well
aligned.

The threshold of motion meander shapes can be used to lay out and align bank
protection works and vegetation buffer zones. However, the longer and wider
meander of the flow dominant form should be considered as well, as this
provides some guidance on the nature and spread of the semi-braiding response
during periods of more intense river activity.

The width of the natural meanders can also be used as a guide to the thickness
of vegetation buffer zones, as the size of erosion embayments is related to these
meander shapes.

A more comprehensive management of the rivers does not necessarily mean
heavier protection works, or the use of rock structures instead of vegetation
works. Vegetation management, with some strengthening in places, using
anchor weights or driven piles and cabling (in different arrangements) is likely
to be the only practical approach, except at major structures, such as bridges
and road formations. The effectiveness of vegetation works can, though, be
greatly increased by:

e carrying out more extensive works at one time;
e aligning the works to the natural meander shapes;
e allowing for channel migration and widening within the managed channel;

e having a continuous on going programme of buffer zone establishment and
extension (by planting & layering trees, fencing off from stock etc);
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e responding quickly to damage to protection measures, to maintain edge
consistency as much as practical; and

e carrying out channel clearing, channel shaping, beach raking, gravel
extraction, the management of invasive shrubs and trees etc — to allow
channel migration and form adjustments to occur with least distortion from
spreading vegetation and gravel accumulations.

36 @ Pohangina Oroua Catchment Control Scheme

horizons.mw Scheme Review

Your Regional Council




11. RIVER DESIGN APPLICATION

The design principles have been applied to the Pohangina and Oroua rivers to
draw up design channels and buffer zone areas to guide management of the
rivers. The meander form used has depended on the natural conditions of a
given reach, the effects of past management and the assets at risk. The rivers
can express different forms depending on the prevailing conditions, and as
conditions change the channel form will change.

Thus the design channels have been adapted to fit the prevailing conditions,
with a minimum of alteration, by using different forms and applying the
meander pattern (of width, amplitude and wavelength) to the existing river
channel. The natural meander forms are clearly evident in the river meanders,
and in general a design meander pattern can be fitted to the existing channel.
However, as river conditions change over time, the form of the river changes.
There can also be sudden changes in form.

The Pohangina River is a powerful enough river to actively move its bed
material and erode its banks, and relatively consistent and well-formed
meander patterns form along the river. The Oroua River is less able to move
the alluvial materials it flows through, and the channel meanders are constantly
being distorted and deflected. The channel meanders are then less well formed,
and the meander pattern is constantly being re-started, from bend distortions
and areas of harder materials.

In preparing the future design alignment and works programme for the
Pohangina River, three meander forms have been used.

11.1 The Threshold of Motion Meander

Where the river has formed a single channel, and is being relatively tightly
managed, then the smallest design channel, based on the threshold of motion
meander form, has been applied. This gives a well-defined channel that
meanders consistently (of similar meander amplitude and wavelength). This
design channel is lined by a constant width buffer zone around the outer
(erosion) side. The well-defined channel will still migrate downstream, and
some allowance has been made for this natural movement in the definition of
the channel and buffer zone areas.

This design channel requires the highest level of management, as a particular
channel position (of many possible channel positions) is being maintained.
Downstream migration will continue to occur, and an important part of river
management under this regime will be to minimise the generation of
distortions, by considering what is happening along a series of bends, and the
downstream response from management interventions at a given bend.
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11.2 The Flow Dominant Meander - type 1

Where there is a less defined and more mobile main channel within a wider
channel area, then a wider design channel has been applied, based on the flow
dominant meander width. This channel width provides sufficient space for the
active main flow channels to migrate, with a constant width buffer zone along
the overall line of channel movement. The buffer zones on each side contain
the channel meanders, but come under less pressure because channel migration
can occur, albeit within a confined space.

Under this management regime the buffer zones do not have to be repaired so
promptly, following erosion damage, so that reinstatement can take place over
a period of time. Thus wider buffer zones are used, but repairs are less
expensive as more gradual reclamation of eroded areas can be achieved using
mainly vegetative means. The wider channel is though more prone to re-
vegetation, especially by vigorous exotic species, and some regular channel
clearing would be necessary as part of this approach.

11.3 The Flow Dominant Meander — type 2

Where there is sufficient space available, and the river tends towards a wider
semi-braided form, then an even wider design channel, or fairway, can be
applied. In this case the fairway is wide enough to allow main flow channel
migration with a minimum of restraint, but sufficiently narrow to inhibit
channel splitting. The management approach is one of quite frequent but low
level interventions, mainly of channel clearing and re-vegetation of eroded
areas within the buffer zones.

Fully implemented, there is still a considerable management cost, although not
of heavy protection works. However, a lower level of management is possible,
by accepting some channel re-vegetation and less than consistent buffer areas,
and in this case without giving rise to much increase in the risk of major
breakouts. The channel form is likely to adapt to an ana-branching'' form,
with a relatively low risk of complete breakout beyond the defined river area of
channel and buffer zones. For the other design channels explained above, the
intensity of management suggested for this option would directly and
proportionally increase the risk of channel breakouts.

"' Ana branching is when the main flow forms a new channel away from the existing main channel and shortcuts quite
a long section of the main channel.
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12. THE POHANGINA RIVER DESIGN

A detailed design has been prepared for the Pohangina River up to the Totara
Reserve. All three types of design channels have been applied, in the
proportions detailed in Table 3, with transition reaches as required.

For the section of river above the Totara Reserve up to river distance 36km
(old river distance 21 Miles) the Flow Dominant Meander predominates. Very
little flood damage repair works have been carried out above the Totara
Reserve Bridge over the past 30 years and carrying out a comprehensive
programme of works in this reach of the river is probably not cost effective.

The design channels and buffer zones for the river below the Totara Reserve
are shown on aerial photographic plans. Refer to Figure 9, sheets 1 to 12.
These design alignments should be taken as a strong guide to management,
with the approach and intensity of management fitting the requirements of the
different channel forms.

Table 3: Meander Forms used for the Pohangina River Design below the
Totara Reserve

Meander Form Length of River
The Threshold of Motion Meander 11.2 km
The Flow Dominant Meander — type 1 9.4 km
The Flow Dominant Meander — type 2 1.2 km

Over time these design channel boundaries will need to be altered, and should
be reviewed in response to changing conditions. There is an important time
variation in channel conditions. The pattern of floods goes through periods of
high intensity and more quiescent times, and resulting changes in river
conditions over time, as well as in space along the river, must be taken account
of in managing the river.

Prior to the Scheme the River had a wide braided channel and if the “Flow

Dominant Meander regime” had been adopted at that time, the cost of |
managing the river would most likely be far less than it costs today. There 1
would however be approximately 250 ha less land in production. ‘

There is potential for the river above the Totara reserve to further narrow up as
edge vegetation encroaches and gravel beaches vegetate significantly
increasing the amount of bank erosion. It would therefore be prudent to carry
out channel management work to maintained the 110 metres wide channel.

Photographic plans of this section of the river are included in Appendix D. An
allowance has been made in the long term funding programme for $3,000 per
year for the first 5 years and then $5,000 every five years.

Estimates have been prepared to implement the design. These are based on the
cost of the various types or work carried out to repair the flood damage
sustained in the November 1999 and April 2000 floods. These recently |
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completed works were carried out to a higher standard than has been the case
in the past and are in line with the recommended works proposed to manage
the Pohangina River in the future. The estimates for managing the Pohangina
River are summarised in Table 4.

These estimates have assumed that the live tree bank protection that currently
exists would not form part of the new protection works. This will only be true
if it were lost to erosion before the new protection works were carried out or it
was not on the correct alignment. In many of the proposed works sites, the
works are generally on the correct alignment but will need strengthening,
extending to avoid them being outflanked, and the alignment improved. For the
long term funding programme set out in Section 20 it has been assumed that
30 % of the existing work will form part of the proposed new works.

One key factor affecting the ability of the existing protection works to provide
the level of protection proposed by this management option, is that at critical
times there has been insufficient funding to carry out the necessary planting,
the maintenance of that planting and the necessary channel maintenance. The
estimates in table 4 make provisions for each of those items.

Table 4: Estimate for Works Required to Implement the Pohangina River
Design below the Totara Reserve

Type of work Quantity of work | Estimated Cost

Capital Works Years 1 to 7

Tree bank protection (7otal cost) 4,400 metres $461,500
Beach removal and management $42,500
Vegetation removal (see note 1) $124,600
Planting 94 ha $38,100
Maintenance

Layering and Channel Maintenance Year1to7 $214,000
Layering and Channel Maintenance Year 8 to 15 $527,500
TOTAL $1403,200

Note 1: includes an allowance for stopbank set back at river distance 20.8 km (50% share with landowner)

Fundamental to the success of the recommended management option will
therefore be that all the proposed works are carried out including the planting,
the layering and the channel management work. Failure to carry out protection
works on one bend may put the works on the next bend downstream at risk of
being outflanked or damaged due to poor alignment of the flow.

Failure to plant and manage the buffer strips, and maintain the clear
fairway will result in ongoing high levels of flood damage with the
resultant uncertainty that this brings.

Protection works often fail when high velocity floodwater either breaks out
through the protection planting/buffer planting of returns to the river through
this planting. Wider buffer strips reduce the velocity of these flood flows with a
consequential reduction in damage.
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Landowners on whose property the protection works are being constructed will
be required to make available a strip of land between 30 metres and 50 metres
wide on which to plant the planted buffer strips. In many cases along the river
the buffer strip already exists but is narrower than that recommended in the
Review. The buffer strip needs to be only 30 or 50 metres wide in total and not
an additional 30 to 50 metres on top of the existing buffer strip width.
Landowners will be required to fence off the buffer strips to exclude all stock.

Where sections of the river bank are non-erodible, planting will not necessarily
be required. Where these areas are identified the master planting plan held by
the Scheme Manager will be amended accordingly. The final decision on
planting requirements lies with the Scheme Manager.

The work necessary to maintain the alignment of Pohangina River and the
integrity of the protection works has been separated into 30 different works
areas. The work at 7 of these has already been completed to a high standard.
The area directly upstream of the Raumai Bridge should be the responsibility
of the Manawatu District Council but has been included in the estimates at this
stage. The works in the remaining 22 areas involve protection works, planting
of the buffer strips, the fairway clearing and the maintenance of all the works.

Prior to the buffer strip planting on the left bank at river distance 20.8 km, the
stopbank shall be relocated to a new line on the inland side of the planting. The
cost of this work will be shared 50:50 between the Scheme and the landowner
and all future maintenance will be funded by the landowner.

12.1 Pohangina River Flood Damage Repair

The level of flood damage sustained by the Pohangina River will reduce as a
result of the proposed works. It is proposed however, that $10,000 will be set
aside annually into a flood damage reserve to fund the damage that will
inevitable occur during significant flood events. An additional $15,000 will be
set aside for the Oroua River.

In the past during years when only small floods occurred, about $19,000 of
damage has still occurred. The amount of the annual damage expenditure will
reduce quite quickly as the higher priority protection works are completed.
$10,000 has been allowed for in the scheme estimate to fund this more regular
damage in the future. The $10,000 is budgeted in the annual works budget.

12.2 Pohangina River Works Priority

It is clearly not possible to fund the entire programme in the first year, nor are
there sufficient physical resources to carry out the works. The works have
therefore been prioritised to ensure that the funds are spent where they will
give the greatest scheme benefit. Three factors were considered when
determining the priorities. These were:
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o the amount of work that has historically been carried out at each site.
The information is summarised in Figure 7;

° the land at risk if the works were not carried out; and

. the potential for the loss of alignment control.

Table 5 sets out the results of the analysis and the details behind this are set out
in Appendix E. The priority of each site is marked on the plans in Figure 9.

The River between rivers distances 9 - 10.5 km has been very stable for many
years despite the narrowness of the channel. The works proposed at this site to
establish buffer strips through the productive pasture to create a 110 metre
wide channel ranks 11" on the works priority largely because of the quality of
the land at risk if the river was to get out of control through this reach.

It is recommended that this reach of the river be maintained in its present form
but if a major breach of the existing protection works were to occur requiring
significant expenditure to control the rivers alignment, then work would be
undertaken in accordance with the appropriate design meander form.

12.3 Design and Priority Flexibility

The programme of works set out in Table 5 appears to be very prescriptive.
That is, it sets out what is to be done when and where. It is highly likely
however that flood damage will occur during the first seven years of the
proposed programme that may require the priorities to be adjusted. If damage
occurred for example in year 2 at a site programmed for works in year 5, it
would be sensible to carry out the year 5 programmed work and then rearrange
the works programme from then on. There is no reason why this could not be
done.

The real difficulty comes when there is a need to carry out works at a number
of sites on the programme but where the available funding is insufficient either
because the total cost is too high, the year’s budget has already been spent or
the emergency reserves are low.

At this point, a number of options are available. These are:

e leave the repair of the damage until the following year and reprioritise the
programmed works;

e take out a loan to fund the works and pay it back over say 10 years;

e take out a loan and pay it back as soon as possible by not carrying out any
capital works until the loan is repaid;

e take out a loan and pay it back through rating in the following year.

The first option could result in the damage being made worse during
subsequent floods. This risk is always there but would be made worse if the
repair work was left for an extended period.

The second option would result in less funds being available for the
programmed works because capital and interest payments would be required.
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The third option may be acceptable but would depend on the sites at which
works were carried out and how far through the Scheme was on the programme
of capital works. This option however may delay works at sites that give the
highest benefit to the Scheme and make it vulnerable to significant flood
damage.

The forth option would enable the programme to be kept on track but would
result in a very uneven and unpredictable rating cash flow for Scheme
ratepayers.

One solution to this irregular rate requirement would be to place more funds in
the emergency reserves on an ongoing basis. To place an additional $20,000 in
the emergency reserve fund each years would require a rate rise of about 10%.
This could be spread over 2 years and result in two years of rate increases at
10% then a 5% increase in the following year and then no more increases. At
year 2010 the rate reductions could still commence.

This still leaves the scheme vulnerable until the reserves have built up and then
following their drawdown until they are rebuilt.

Option four would result in the proposed Scheme works being implemented as
soon as possible by enabling the programme of works to continue. The sooner
the programme of works is completed the sooner the flood damage expenditure
is reduced.

Failure to adopt an option to fund the inevitable flood damage especially in the
first 3 to 4 years of the Scheme will either result in further rate rises to fund
increased interest payments or in areas of unrepaired damage.

12.4 Description of the Works

Figure 8 shows samples of the three different meander forms. Tables 6, 7 and 8
describe the works that will be carried out to maintain the river in each form.

12.5 Summary of Design Parameters — Pohangina River

Table 5 summarises the design parameters used for the Pohangina River.

Table 5: Pohangina River Design Parameters

Meander Form Channel Fairway Radius of Buffer Zone
width width Curvature Width

The threshold of 60 m 110 m 240 m to 30m "
motion meander form 360 m
The Flow Dominant na 110 m na 30 m
Meander — type |
The Flow Dominant na 180 m na 60 m
Meander — type 2

12 The 30 meter buffer width could be reduced to 20 metres for the threshold of motion meander form when the
standard of protection work is very high.
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Table 5: Pohangina River Future Works Costs and Priorities I |
[ ] Channel Maintenance
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14.50[ to [14.90] L 10 |good titled land 5 5 15 1 44,000
15.70| to [16.00] L 10 |good titled land 5 5 15 2 3,125
13.80| to | 14.20| R 9 road, titled land, alignment 5 3.5 13 3 45,500
3.50| to | 3.90| R 8 |good titled land 5 3 12 4 16,500
12.80| to [13.70| R 6 |road, bridge 5 3 11 DC 31,250
4.10| to | 4.40| L 8 |non titled yet good land 3 4 11 5 42,000
11.20| to [11.70| R 4.5 |good titled land 5 2 9.25 6 60,000
22.90] to [23.25] R 6 |good titled land 4 2 9 7 41,000
6.60] to | 7.00] L 1 |good titled land 5 3 8.5 8 38,000
20.50| to [21.60| C 6  [non titled right Good left 3 2 8 9 15,500
490 to | 540] R 5 |good titled land 2 3 7.5 10 58,250
9.20| to [10.30| C 1 |good titled land 5 2 75 11 ** 1,000
16.00] to [17.50] C 5 |no title R/B narrow land L/B 2 2 6.5 12 15,000
7.10| to | 8.20| C 3 [/bnontitled R/Brough 2 25 6 13 12,500
22.20] to [22.50] L 1 |good titled land 2 3.5 6 14 35,000
10.70| to [11.20] C 1 R/B non titled L/B small good land 3 2 5.5 15 1,000
19.70[ to [20.10] L 1 |non titled left 2 3 55 16 38,500
18.20| to [19.70| C 1 non titled L/B, bluff & narrow strip R/B] 2 25 5 17 2,500
11.90( to | 12.10| L 1 |good land small 2 2 45 18 20,750
540 to | 6.00] L 3 |bluff i 2 4.5 19 30,250
1.00{ to | 2.90| C 1 L/B poor. R/B upstm Good titled land 1.5 2 4 20 4,500
8.35[to| 870 R 1 0.5 0.5 15 22 29,000
6.00[ to [ 6.40[ R 1 |non titled rough 1 2 3.5 21 41,000 480}
The following works have been completed during 1999 and 2001 SUB TOTA| s626,125] $34,020| $660,145 $504,745

SUB TOTA| s229,920] s$4,080 5234,000

Works only to be carrried out if flood damage places the rivers alignment at risk [

Refer to Section 12.2 of the report TOTAL $856,045|  $38,100| $894,145

* %
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Meander Form

7 & 8 Flow Dominant
Meander Form Type 1

9 & 10 Flow Dominant
Meander Form Type 2

T i

Pohangina Oroua Catchment Control Scheme
horizons.m

Scheme Review
Your Regional Coun




Table 6: The Threshold of Motion Meander Form

General Description

A tightly controlled meander of radius either 240 metres or 360
metres and a channel width of 60 metres with the outside of the
bend protected with live tree bank protection. A clear fairway
110 metres wide around the bend will be maintained. A 30
metre wide buffer will be planted on the outside of the bend.

L

Bank protection

The bank protection on the outside of the bend must be strong,
continuous and extend far enough upstream to above the
thalweg crossover point.

The downstream extent of the work must be such that the river

is guided into the next meander but not so far as to totally
restrict meander migration.

2.

Outside of curve -
bank realignment

Maintaining the protection works on a too tight an alignment
will increase the chances of failure. If additional effort is to be
put into maintaining the integrity of the protection work it will
need to be on the design alignment.

This will require some existing protection works to be removed
but their removal must be seen as an integral part of providing
and maintaining the integrity of the works.

3.

Buffer strip planting

A continuous 30 metres strip of planting is required behind the
protection work extending upstream and downstream to above
and below the bank protection but tapering out to maintain the
channel width. Existing planting will be incorporated into the
new planting and layering carried out as required

The planting must be fenced off from stock by the landowner.

The 30 m strips of planting may be reduced to 20 metres where
the riverbank has a long history of being stable and there is a
limited potential for it to be attacked by the river in the future.

4.

Inside of bend beach
clearing

The full 110 metres of channel width must be maintained to
ensure that floods do not put undue pressure on the protection
works.

This will involve both the removal of vegetation on a regular
but as required basis and by maintaining the gravel beaches to
control their height. The latter will either require the beach to be
pushed into the channel or for the beaches to be moved back
from the edge of the water. The latter may be carried out by
commercial extraction.

D

General fairway
maintenance

This will involve maintaining the channel width between bends.
Failure to do this will cause an early or late cross over between
meanders and will cause an unsatisfactory alignment to form.

6.

Allowance for
meander migration

Meander migration will occur and it is important when
constructing or maintaining protection works that the rivers
desire for the meanders to migrate downstream is recognised.
Failure to do this will increase the risk of over tight bends
occurring with the inevitable increase in maintenance costs.

It will be important that landowners are made aware of the
likelihood of meander migration and its impacts on their assets.
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Table 7: The Flow Dominant Meander Form — Type 1

General Description A loosely controlled meander where the channel width provides
sufficient space for the active main flow channels to migrate,
with a constant width buffer zone along both sides of the overall
line of channel movement. A clear fairway width of 110 metres
will be maintained.

Ve A continuous 30 metres strip of planting is required along both
banks from one end of the reach to the other unless a cliff or
Buffer strip planting other hard natural feature makes the buffer strip unnecessary.

Existing planting will be incorporated into the new planting and
layering carried out as required

When this buffer is damaged during flood events it must be
replanted to ensure its effectiveness is maintained.

The planting must be fenced off from stock by the landowner.

8. This work will involve maintaining a clear waterway between
the buffer zones. This will involve keeping the fairway clear of
Fairway maintenance | vegetation and by preventing the build up of large gravel
deposits that confine the river and place heavy pressure on the
protection work on the outside of the bends. The latter is
unlikely to occur as long as the fairway width is maintained at
110 metres.

Table 8: The Flow Dominant Meander Form — Type 2

General Description | A loosely controlled meander where the channel width is
sufficient to enable the river to have a semi-braided form. In this
case the fairway is wide enough to allow main flow channel
migration with a minimum of restraint, but sufficiently narrow to
inhibit channel splitting. A wide buffer along the overall line of
channel movement. A reasonably clear fairway width of 180
metres will be maintained.

9. A continuous 50 metres strip of planting is required along both
banks from one end of the reach to the other unless a cliff or
Buffer strip planting | other hard natural feature makes the buffer strip unnecessary.
Existing planting will be incorporated into the new planting and
layering carried out as required

When this buffer is damaged during flood events it must be
replanted to ensure its effectiveness is maintained but not in as
high a priority as for type 1 meander forms.

The planting must be fenced off from stock by the landowner.

10. This wor<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>