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Executive Summary

NSW Fisheries, with funding support from NSW Agriculture, held a one day workshop at the Richmond
Room in Bdlinaon August 14™ 2002, to examine the pros and cons of the different styles of floodgates
and associated modifications available to land managers.

The workshop brought together arange of over 50 attendees including agency staff, local government
representatives, landholders, industry representatives, researchers, floodgate designers and manufacturers.
These included representatives from NSW Fisheries, NSW Agriculture, Department of Land & Water
Conservation, Nationa Parks & Wildlife Service, Queendand Department of Primary Indudtries, Sydney
Olympic Park Authority, University of Wollongong, University of New South Wales, Wetland Care
Audrdia, Manly Hydraulics Laboratory, Cane Growers Associations, NSW Sugar Milling Cooperative,
Kempseay Shire Council, Nambucca Shire Council, Clarence River County Council, Richmond River
County Council, Tweed Shire Council, Macleay Acid Sulfate Soil Loca Action Group, Rabhbit Plastics,
Audrdian Aqua Services, Waterman Australia, Batescrew and alarge number of dedicated landholders.

A range of various floodgate designs were presented by the manufacturers or those land managers that had
extensve experience in usng aparticular style. The advantages and disadvantages of each type was
highlighted and then discussed by the workshop participants. This teased out any particular Stuations
where one type of floodgate may be more gpplicable than others, in addition to providing other rlevant
details such asthe history of operationd performance, costings, OH & S and maintenance issues. A
generd discussion followed the presentations of additiond floodgate issues, which were then identified and
posed to the workshop participants.

The workshop also provided a tremendous opportunity to ‘ calibrate’ floodgate stakeholders level of
knowledge and understanding of floodgated systems. Combined with opportunities for networking with
folks from a diverse range of backgrounds, the day was a great success.

Some of the key findings and recommendetions from the workshop included the following points:

Floodgates are a key component in floodplain natura resource management, however awhole-of-
system approach incorporating active floodgate management may be of additiond benefit,

There are an increasing number of floodgate styles and modifications available to naturd resource
managers. The suitability of each type for any particular location needs to be determined on a case-by-
case basis.

There is aneed for more integration of stakeholders (farmers, engineers, agency staff, loca
government) knowledge in selecting the most appropriate style of floodgate and / or modification for a
particular system.

Automeatic styles of floodgate (including tidaly operated structures) which rely less on manud
intervention to operate are being ingdled in anumber of locations. These are able to maximise water
flow through the systlem without compromising landholders agriculturd needs, by minimising thetime
otherwise required in operating floodgates manudly.

Short term funding in natura resource management can lead to focus on short term environmental
outcomes, without maximising the potentid for on-going solutions.
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2. Workshop Introduction

Floodgates traditiondly operate passively as‘one-way’ structures by draining water from land on the
upstream side and excluding tida ingress from downstream.

When the water level behind the floodgate (upstream) is higher than that of the water in front of it
(downstream), the gate opens and upstream water is discharged. Water at the same leve either Sde of the
floodgate, or higher on the downstream side, causes the floodgeate to close thus restricting the movement of
water upstream. Floodgates aso prevent backflooding that could otherwise occur as aresult of rain
induced rises on the main river system.

Floodgates on the north coast of NSW date back to the late 19" century, with alarge number installed
through flood mitigation works after mgor floodsin the 1950’ s and again through the 1970's. These were
mostly funded by Federd : State : Locd Government intheratioof 2:2: 1.

In the catchments on the north coast, local Council’ s own and manage (maintain) the mgority of floodgates
within the flood mitigation systems. Many more privately owned floodgates are located on private drains
over the floodplains and are managed by Drainage Unions or individua landholders. The mgority of
floodgates are designed with atop hinged flap that sedls againgt averticd face. The flaps are made from
various materiasincluding wood, sted, fibreglass and duminium.

Floodgate structures are a dominant festure of NSW coagtal floodplain landscapes. They exclude tidal
flows, primarily preventing brackish or sdine water inundation of land, and prevent backflooding that could
otherwise occur from rises on the main river system. However the negative impacts of floodgate structures
on ecosystems have been shown to include:

Redtriction of fish passage,

Drying out of wetlands,

Proliferation of weed species,

Reduction in drought proof pasture refuges,
Exposureto ar of acid sulfate soils,
Reduced water quality.

This workshop, held on 14™ August 2002, was initiated by NSW Fisheries with funding support from
NSW Agriculture. Its purpose was to examine and review the available styles of floodgate and associated
modifications. The pros and cons of arange of designs were presented, which are further reproduced in
this documen.

The workshop was conducted as a series of short (ten minute) presentations with an additiona ten minutes
of question time at the end of each. Each presentation looked a one of the available styles of floodgate /
modification or addressed other relevant facets of floodgate management. The workshop concluded with
an hour long generd discussion of key topics and provoked some thoughtful insghtsinto the floodgate
management process. A copy of the day’ s agendais shown below:
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Time Presenter Organisation Topic
845|All Arrival / Coffee
900|Simon Walsh NSW Fisheries Welcome / Aims / Structure
905|Pat Dwyer NSW Fisheries NSW Fisheries Legislation overview
910|Simon Walsh NSW Fisheries North Coast Floodgate project
920|Bob Smith Wetland Care Floodgate evolution - overview
Australia
930|Raob Lloyd Clarence River County [Winches - Clarence
Council
950(Michael Wood Richmond River Sluices - Richmond
County Council
1010|lvan Sillitoe MASSLAG Macleay ASS Land Action Group
1030|All Morning tea
1050|Peter Wall Floodgate designer |Liquid levelling apparatus
1110|Greg Breckell / Alan |Floodgate designer/ |[Tidal operated floodgates

Cibilic DLWC
1130|Steve Posselt Floodgate designer |Waterman floodgate
1150|Dr Ben McDonald Uni. of NSW Saltshaker floodgate
1210|Mathew Johnston QId. Dept. of Primary [Side hinged floodgates

Industries

1230|William Glamore Uni. of Wollongong Automatic Smartgate
1250(All Lunch
1330]Andrew Bruce NSW Fisheries Research - Fish passage
1350|Scott Johnston Dept. of Agriculture Hydrology - ASS implications
1410|Peter Haskins DLWC OH & S issues / DLWC perspective
1430]Alan Cibilic DLWC Hotspot Program
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1450|Craig Copeland NSW Fisheries Afternoon tea / Discussion

1620[{Simon Walsh NSW Fisheries Conclusion / Acknowledgements

3. Legislation Overview
| ncreased Coordination of Floodplain L egisation

Pat Dwyer (NSW Fisheries)
Legidation provides aframework for what we do and how we do it.
Previoudy contradictory aims of legidation associated with floodplain works limited the ability to:

- Adequately consder impacts of certain works, and
- operate in a coordinated and halistic manner.

Inthistalk | discuss those pieces of legidation and the legidation that have recently replaced them.

I will highlight how with an improved framework landholders and adminigrators are better able to work
together to achieve sustainable outcomes for the floodplain.

The first piece of fisheries legidation for NSW was gazetted in 1865. It contained a provision that waters
not be stalled.

Saling was a very effective, dthough inefficient method of fishing whereby a net, brushwood or other
structure was placed across abay, inlet or creek a hightide. At low tide the fisher would collect the
Stranded fish.

Evidence to a Parliamentary Inquiry that was conducted in the early 1860s and ultimately recommended
the preparation of the Fisheries Act 1865 had highlighted that many species of fish moved into wetland
habitats to feed or breed. It wasfdt that a provison that waters not be stalled would protect not so much
the fish but the developing fisheriesin NSW.

This provision continued to be relevant and made it into the 1935 Fisheries and Oyster Farms Act. And
in 1979 a pendty of $200 was imposed.

Another provison in the 1935 Act required fishways to be provided in the construction of dams and weirs
etc.

While these sections would cover floodplain works 29 - sdling of waters, exempts anyone who is acting
under this or any other act.

Severd acts
- the Water Act 1912;
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- the Drainage Act 1939; and
- the Rivers and Foreshore |mprovement Act 1948

Contradicted the Fisheries and Oyster Farms Act and actively encouraged drainage of floodplains.

The Fisheries Management Act 1994, which is gill in place replaced the Fisheries and Oyster Farms
Act 1935.

Severd sections are relevant to floodplain management.

Section 218 provides the Minigter for Fisheries an opportunity to require structures that impede the
passage of fish be modified to minimise their impact on fish when they are dtered.

A requirement is placed on public authorities to notify the Minister of their intention to undertake such
works.

Section 219 is very clear with regard to obligations for those who propose to construct or dter afloodgate.
A permit from NSW Fisheries must be sought.

Those acts that ‘ contradicted’ the ams of the Fisheries Management Act have been progressvely
repealed and incorporated into the Water Management Act 2000.

Sustainable use of resources and the consideration of those resources in a holistic manner now form a
centra tenet of both the Water Management Act and the Fisheries Management Act.

The Water Management Act aso provides for the development plans that consider drainage and
floodplain management issues such as.

- exiding and natura hydrologica regimes;

- identification of existing drainage worksin the areg;

- ecologica impacts and impacts on water qudity, including cumulative impacts, of drainage worksin the
area.

While I’'m sure wé ll dl wait with interest to see how these plans develop at least we now share a common
objective - sustainability and have aframework for improving our management of the floodplain, having
consdered ecological, economic and socia needs of the floodplain.

NSW Fisheries Legidation:

NSW Fisheries has management responsbilities in regard to fish and fish habitat because of the legidative
provisons contained in the Fisheries Management Act 1994, Marine Parks Act 1997 and the Fisheries
Amendment Act 1997. Activities such asthe regulation of water flows, the erection of physicd barriers
such as dams and weirs, the congtruction of river and estuary management works, and dredging and
reclamation are of particular concern because of the potential oss of fish habitat and resultant decreasein
fish for the whole community.

Under the Fisheries Management Act 1994, the Minigter for Fisheries may require a person or apublic
authority to provide fish passage, through some form of fishway, if they dter, modify or congtruct a dam,
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weir or floodgate. Therefore, any proposd that requires construction, modification or dteration, which
requires some gpprova process by a public authority (including loca government) must be referred to
NSW Fisheriesfor determination.

Asworks associated with floodgates may cover avariety of activities from cleaning to complete
replacement, the following guidelines have been developed to guide managers of floodgates:

1

3.

The following activities will require notification to the Minister for Fisheries before any works are
carried out:

1.1 All floodgates which have gradually deteriorated (such that fish are able to pass through them) and
are proposed for repair.

1.2 All floodgates proposed for repair on creeks, rivers or other natural waterway.

1.3 All floodgates which currently exclude fish but which require mgor on ste works (eg. as might
occur with road upgrading).

1.4 Any new floodgates (or other congtruction) which impede fish passage.

Notification will not be required for:

2.1 Therepair of floodgates affected by acts of vandalism such as gate removal.

2.2 Therepair of floodgates damaged by accident

2.3 The repair of floodgates that are kept open by other materia such aslogs or rocks.

2.4 Floodgates do not involve awaterway (e.g. flood control structures on storage floodway's)
2.5 Minor repairs such asflap, hinge and sed replacement where guidelines 1 and 2 do not apply.

Where natification to the Minigter for Fisheriesis required the rlevant floodplain management authority
or owner of structure could proceed in two ways.

3.1 Assessment of environmentd issues on a Ste by ste basis. Thiswould incdlude individud Ste
assessment for each work requiring approva.

3.2 Development of a Best Practice Agreement with NSW Fisheries (aready implemented by
Richmond River County Council). This agreement will dlow an improvement in adminidration
arrangement and easer operation for authorities. The agreement would outline:

Assessment procedures
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Approvasfor 12 month or 2 year works programs
Protocols for opening and closing

Review mechaniams

4. Floodgate Project

NSW Fisheries & the North Coast Floodgate Project

by

Simon Walsh

Floodgate structures are a dominant festure of NSW coagtal floodplain landscapes. They exclude tidal
flows, primarily preventing brackish or sdine water inundation of land, and prevent backflooding that could
otherwise occur from rises on the main river system. However the negative impacts of floodgate structures
on ecosystems have been shown to include:

Redtriction of fish passage

Drying out of wetlands

Proliferation of weed species

Reduction in drought proof pasture refuges
Exposure to ar of acid sulfate soils
Reduced water quality

These impacts have been recognised by commercia and recrestiond fishers and NSW Fisheries for
severa decades and have often resulted in adverse media due to public disagreements between fishers and
landholders with floodgates, the sugar cane industry and floodplain management authorities,

Thelevd of impact was quantified in Williams et al (1996). This report provided a complete inventory of
al coastd barriers redtricting fish passage and tidd inundation in NSW. The report found 4,229 barriersto
fish passage and tidal inundation on the NSW Coast. Of these, 1,388 appeared to have some form of
mitigation potentid. These included 1035 floodgates (99% of the tota number of floodgates), with over
half of these floodgates (630) occurring on the North Coast of NSW (Tweed, Richmond and Clarence
Rivers).

The next step by NSW Fisheries was to organise a workshop entitled Floodgate Management from a
Fisheries Perspective in 1997. It was seen as an important initiative to discuss the large numbers of
floodgate Structures in coadtd rivers, their impacts upon ecosystems and the ways in which they could be
better managed. One technique for achieving this is active floodgate management, which is the controlled
opening of a floodgate during non-flood times for the purposes of alowing tidal water to enter the affected
waterway.

Thisthree-year project to address the issue was developed by NSW Fisheries based on the positive

outcomes of the workshop and the origind inventory of tidd barriers by Williams et al. (1996). It
commenced in early 1999, funded by the Natural Heritage Trust, NSW Fisheries and Kempsey and
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Tweed Shire Councils and was project managed by NSW Fisheries on behdf of the proponent, the North
Coast Regiond Catchment Committee. The aims of the project were to:

achieve sustainable land management on the coastd floodplains of northern NSW through the
development of amode approach to improved floodgate management;

improve coasta floodplain management practices, based on in situ trids of floodgate modifications or
remova.

This project identified 1004 floodgates on the north coast, from the Manning River a Taree north to the
Tweed River on the Queendand border. Each floodgate was audited and then prioritised in terms of its
ease of opening (landholder willingness) and overdl environmenta benefitsin doing so. 220 floodgated
Steswere assgned to a high priority ligting for further action. Of these, 36 Stes are currently being actively
managed, of which 16 are within the origind project area. The high priority list has been provided to each
of the six loca Council’ s within the project area, o that Councils can make better informed decisions with
regards to actively managing their floodgeates.

Each river catchment where possible, has dso been provided with two demondtration Sites, where active
floodgate management and its benefits can be seen by other landholdersin the catchment. Interest was
initidly dow in coming but has now snowbadled to the point where landholders from asfar afidld as
Queendand, South Australiaand Victoria are expressing interest in the project and changing land practices.
New styles of floodgate modification have been developed since the inception of the floodgate project and
are represented in some of the demondiration stes. Some of these are tidally operated and are less reliant
on human intervention to operate.

NSW Fisheries has aso provided teams of researchers to monitor the results of opening floodgates on fish
populations. Although the results are dtill forthcoming, initid trends indicate that active floodgeate
management has definite benefits for fish populations. The involvement of the Fisheries Development and
Research Corporation in conducting a number of research programs looking at the impacts of floodgates
has dso been facilitated by this project.
Sincetheinitia stages of the project, over 150 kilometres of waterway have now been opened (including
Clarence and Hastings catchments) through improved floodgate management. This has provided awhole
range of benefitsincduding:

improved fish passage for feeding, breeding and habitat purposes,

enhanced water qudlity conditions,

better management of acid sulfate soil aress,

reduced need for landholders to soray or dash weeds in drainage channds, as brackish water killsin-
drain weeds without affecting main crop or pasture paddocks,

alowed landholders greater control in manipulating their drainage systems.
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One key result for the project has been the continued support from loca Government for active floodgate
management. Thisis shown by in-kind support by Councilsin the project areato the value of $ 741, 287
since the project’ s inception.

Other key resultsinclude:
Over 200 landholders have been involved in floodgate management since the project’ s inception,
Out of 1004 sites on the North Coast all were desktop audited and 220 have been fully audited,

Theinitid project am wasto achieve 6 demondration Sites. There are currently 16 actively managed
stes with severd more currently in progress, afurther 20 stes are being managed in the Clarence and
Hastings catchments,

The project aimed to improve fish passage and this has exceeded expectations considering the opening
of over 80 km of water way that had previoudy been closed by floodgates within the project area.

Catchments outside the origind project area are d o actively demondtrating an interest in the goa's of
floodgate management. Extensive liaison and consultation has taken place between this project and the
relevant floodgate management contacts on Clarence River County Council and Hastings Shire Council.
The Clarence and Hastings catchments have atotal of 236 gates of which 95 have been audited as part of
thisproject. Twenty of these are being actively managed which has opened up over 80 km of water way
that was previoudy closed.

Another project outcome is recognition by the State Government of the importance of this issue. NSW
Fisheries has recently sought and gained an additiond $522, 950 funding from the Environmenta Trust to
follow up the success of thisinitid project by opening 50 floodgates over the next two years. The vaue of
in-kind contributions from Councils and NSW Fisheries will increase thisfigure to $ 767, 000 within that
timeframe. This money will be used to support Councils and landholders who have floodgates on the high
priority list and are keen to actively manage them. NSW Fisherieswill continue to provide an important
advisory and coordination role in the on-going active floodgate management process.

NSW Fisheries Floodgate Design Workshop 14/8/02 Page 12



NSW Fisheries Floodgate Design Workshop 14/8/02 Page 13



5. Floodgate evolution overview

Presentation by
Bob Smith
Wetland Management Consultant
Wetland Care Australia
bsmith @scu.edu.au
Tel. 02 6628 3472

Notes re page 2:

» WCA is a not-for-profit organisation dedicated to the preservation and rehabilitation of
wetlands throughout Australia.

» WCA maintains a team of 6 ‘wetland specialists’ based in Ballina servicing projects in
coastal and inland regions of northern Australia, backed up by WCA'’s head office
team of 12 in South Australia.

» WCA sees floodgate and drain redesign, in combination with wetland rehabilitation, as
the most cost-effective long-term solution to water quality and habitat problems
confronting coastal estuaries in Australia.

Notes re page 3 & 4:
» Floodgates should not be viewed in isolation from the total drainage scheme.
» They impact on fish passage, intensity of drainage, acid export, backswamp
groundwater and surface water hydrology, backswamp vegetation, weed growth etc.
» Secondary water control structures are normally required at the edge of the
backswamp to achieve certainty in outcomes from floodgate manipulation.
» ‘Set and forget’ designs are preferred to high-tech or labour-intensive designs.

Notes re page 5 & 6:
» Drain redesign like floodgate redesign is rapidly evolving, as illustrated at Mays
Swamp in Seven Oaks near Kempsey.
» Concepts for redesign of drains has moved from sills in drains to completely filling
drains and reinstating natural drainage lines through backswamps to remove
floodwaters without mobilising acid groundwater.

Notes re page 7 & 8:

» Floodgate design remained almost unchanged from the 1890s until 2000.

» Top-hinged flapgates have changed mainly in the materials used (copper sheathed
timber, zinc coated mild steel, aluminium, composite timber / GRP, plastics), rather
than basic design.

» Floodgate lifting devices are popular in cane growing areas as a means of improving
floodwater removal — and more recently as a means of flushing drains with salt water.

» Penstocks are used in the Clarence to hold water in backswamps in dry times.

» As outlined by other speakers, many new concepts have been proposed since 2000,
but most are still being trialed.
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AUSTRALIA -

Separating ‘Dryland’ and ‘Wetland’ Production Systems
by Bob Smith
Elevatio River Levee Upper Toe Lower Toe Toe Drain Headland Dry Dish Drain Backswamp Levee

n
m AHD

Fast Drainage

)

Laser Levelled
1.0 Fence
08 HWL_
0.6
0.4
0.2
0.0 Target GW level (contains acid)
-0.2
-0.4 LWL
-0.6 ——
-0.8 DRYLAND CROPPING AND GRAZING
-1.0 Old deep drain

New dish drain
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Common Couch Water Couch Soft Rush Tea Tree Regrowth Hill Slope

<:| <:| Slow Drainage
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Evolution of In - Drain Water
Control Structures at Mays
Swamp (Kempsey)

by Bob Smith

Te

ALUSTRALIA -~

Strengths/

Weaknesses

Concept 1. Earth Sl

Low cost
Easy to install

Crest remains wet
Prone to erosion
Cannot raise or lower water levels

05mAHD \ /

Concept 2. Dropboard Culvert

Can raise and lower sill to suit season
Moderate cost

Need specialist equipment to install
Difficulty in removing and resealing

0.5mAHD
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Concept 3: Elevated Culvert o
Allows water diversion to backswamps
(environmental flows)

\ / - High Cost

Can be used for diverting
environmental flows

05mAHD

Concept 4: Sill with Spillway Moderste - High Cost

— —

0.5mAHD

Concept 5: ReinstateNatural-\Veins-&BackfiH-Drains

High Cost

0.5mAHD

Prepared by Robert J Smith & Associates - August 2002
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6. Winches — Clarence

Presented by:
Rob Lloyd
Clarence River County Council

History

Flood mitigation drainage works date back well into the 19" Century, and for dmost as long there is
evidence of the use of winches to position and open gates. For most of thistime, these activities have been
haphazard and uncoordinated, however the recent past, since the 1950s was much different. During this
time many of the floodgates where fitted with lifting mechanisms around the time they were congtructed. In
most cases this involved the use of a cane winch mounted to one side, pulleys hug off alog, which rested
on the Sdewdls of a box culvert and cables attached to the floodgates. These winching mechanisms were
usudly only fitted to box culverts, there are few instances of floodgates on piped outlets being opened with
permanent winching systems before the mid-1990’s.

During the early stages of the Clarence Hoodplain Project (CFP) the usud mechanism of opening
floodgates was Hill in the traditiona horizontal fashion, by use of a gantry structure built out over the top of
the gate and a Sde mounted pulley sysem. There were dso many variations on the log beam gpproach,
with a sted beam sometimes being used ingtead of a timber pole. Alternatively a gantry system was built
out in front of the gates and the person doing the winching would stand out on the gantry and operate one
winch per gate.

Although not a new idea, the verticd lifting gantry was not commonly used to open the main gates (those
between drain and recelving waters) until fairly recently. This gpproach involved using a gantry mounted
directly over the hinge points of a gate to lift the gate Straight up across the front of the pipe. Although this
gpproach does give a greater degree of flexibility with respect to water interchange, it does have a mgor
draw back. Due to the gate ways resting againg the pipe or headwall, closing or opening the gate when
there was more than a dight difference in head pressure is difficult. This is especidly so for the closing
process where the winching systems used do no provide a positive closing force. One possible suggestion
a the conference to dleviate this is to do away with the winch for opening a closng the sysems and
replace it with a worm drive of screw mechanism. In this way a positive closing force could be applied to
over come the pipe to floodgate friction.

Since the mid-1990's, there has been a rgpid expansion in the desgn, ingdlation and use of winching
mechanisms for the opening of floodgates.

Presentation

The presentation is designed to show the different floodgate opening systems, which rely on winchesfor as
part of their opening mechanism.

. - This dide shows a large series of box culverts
where the origind log span has been retained. The
origind winch has been removed from the site and new
horizontal gantriesingtaled on 4 of the 7 gates. A new
and safer winch has aso been ingtdled to operate the
1 gantries.
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- The above dides show a box culvert where the origina log span has been retained and new pulleys and
winch box ingdled. What this shows is thet in many cases the structurd longevity of this form of opening
device often outlives the moving parts of the syssem . The reason the gates on this system ceased to be
opened was due to a lack of maintenance on the moving parts. Inmost casesthis fallure of the operations
parts of opening devices can be atributed to the lack of a proper maintenance program, which in turn can
be related to insufficient funding.

- These dides show a box culvert where a wire cable span has utilised. These systems are especidly
useful on box culvertsin areas with access difficulties such as degp drains or overhanging vegetation.

= Thisdide shows awinch box and stand. Thewinch
here is a heavy duty 800kg line rated apparatus.
Although this is over engineered for its requirements it
has been found that with floodgates, using higher rated
equipment is important to prevent the falure of winch
breaking systems under load. Also of importance is
the protective box which is secured over the winch to
prevent unauthorized operations and theft of the
vauable equipment.
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This dide shows a box culvert where
the origina log span has been replaced
by a dainless sted beam and new
winchingdled ®

- This dide shows a box culvert where a gantry system
has been inddled dlowing the operators to walk out and
maintain the pulleys and cables. This sysem has definite
advantages from a maintenance perspective.

These three dides show a box culvert where the
origind log span has been replaced by a horizontd
gantry congtructed of stainless stedl.
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This dide shows a piped system where horizontal gantries have been constructed as extensions off the end

of the pipes ® g T e .-I'_" ‘ :

_ — This dide shows a piped sysem where a verticd lift gantry has
been condructed. In this system the vertical gantry is a top pulley

system with the potentid to create large turning moments around the
§ end of the pipe which can twist or crack the pipe.

- This dide shows a piped sysem
where verticd lift gantry has been
condructed. In this sysem the
vertical gantry is a over and under
bottom pulley system which gresatly
reduces the potentid to creste large
turning moments around the end of
the pipe. This is a much improved
form of verticd lift sysem
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- These two dides show a piped sysem where verticd lift gantry has been congtructed on the upstream
sde of the systems to form a penstock. These systems dlow for continud inflow of water while restricting
outflows to when the gate is lifted

- These dides show a beam lifting device, which operates in a Smilar manner to the log, and wire systems
shown earlier. The difference here is that a tidaly operated floodgate has been built into the mechanism.
This shows that multiple opening systems can be combined.

Pros and cons
Essentidly there are two basic gpproaches to opening a floodgate, horizontal and vertica. There are strong
and weak points to both gpproaches, and they are suitable to different gpplications. Asit was highlighted at

the workshop, perhaps the weakest point is the reliance on awinch design. It was determined that a screw
mechanism may be the best option for avertica gate due to its ability to gpply a positive closing force.

Horizontal

The horizontd opening gates are those that use the gates naturd method of opening by rotating the gate
around the top hinges.

The main benefits with these are:
= Eader to open the gate againgt a head of water
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=  Simpler operation
= Pogtive and dependable closure no matter what the head differentid,
=  More compatible with tidal gates and mini duice gates

The main shortfdls with these are:

= Difficulty in leaving the gate partidly open on piped systems due to the resultant turning moments
around the end of the pipe.

Vertical
The vertical opening gates are those that lift the gat€' s top hinges retaining the gates natural opening.
The main benefits with these are:

=  Ability to leave the gate partialy open and act in the same manner as amini duice gate
= Ableto totdly remove the gate from the water column during discharge

The main shortfdlswith these are:
= Difficult to open the gate againgt a head of water
=  More complicated operation

= Not as dependable during closure, no matter what the head differentid,
»  |esscompatiblewith tidd gates and mini duice gates

Workshop Discusson Points

Horizontal gates
can open a any tide dthough more difficult a high tide

Vertica gates
can be caught open or closed particularly on high tides
this leads to more conservative behaviour from floodgate operators

Recommendation
combine horizonta or vertica gates with tidally operated modifications to maximise benefits
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7. Sluices — Richmond
By Michad Wood of Richmond River County Council

Introduction

Suices or dide windows are basicdly a hole cut within the floodgate with a covering plate which can be
adjusted to dlow for varying amounts of water to pass through. In the Richmond this syle of gate is
proving successful a a number of Stes improving water quaity and habitat vaues without adversely
affecting landholders. The gate fits flush within the top hinged flap gates and does not affect the floodgate
performance.  Aluminium gates reduce maintenance are lighter and not as prone to rust as with the
conventiond sted gates. Following is listed some of the main points on the use of duicegates experienced
over the past three years.

Sluicegates can be retro-fitted to existing getes

The degree to which each duice gate is opened varies from dte to Ste. A safe operaiond leve is
determined over atweve month trid period in consultation with the key stakeholders and isincluded in
a management plan for that particular drainage system. This gpproach is conservative but provides for
long term tidal exchange. which aso reduces the need for floodgate managers to continudly adjust the

duice gate opening
Suices dlow for prolonged fish passage and water qudity exchange
Suice handles can be removed to prevent vandalism / unauthorised openings and closing

Threaded screw handles can operate the winding up or down of the duice window in al conditions /
water levels

As mentioned above duice gate openings in the Richmond are generdly trided for a 12 month period
to dlow for seasond variationsin ranfal, flooding etc as well as various stages of the agricultura cyde.

This type of modification has been indaled with success a a number of locations in the Richmond

River catchment including Sneesbys Lane, Dungarubba (see figure 1 below), Bagotville Barrage and
Thearles Drain at Swan Bay.
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Figure 1: Aluminium duice gate and floodgate Dungarubba Cregk

Workshop Discusson Points

opening and timing of duice (dide) gates is sSgnificant in respect to dimatic conditions, agricultura
cydesand tida heights

can cdculate size of gate required
can be made in Councils workshop or contracted out

the cost varies depending on the gate size. If fabricated using aduminium the cost ranges from $4,500
for agate like the one pictured above through to larger gates which cost approx. $10,000

Smdl mini-stainless window with brass screw duice for $2,000

maintenance of floodgates is an on-going issue for councils and landholders whatever the style of gate
dthough it may wel be functiond needs to fit within the flood mitigation system and not result in
Councils servicing and maintaining an eclectic infragructure

Looking at nylon sides to reduce friction for dides

Pneumatic / ar pressure mini-duice aso an option?
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8. Macleay ASS Land Action Group

By MASSLAG President - Ivan Sillitoe

The Macleay Acid Sulfate Soils Land Action Group (MASSLAG) is composed of locd landholdersin the
Macleay catchment, in addition to incorporating members from State agencies and local government staff.

The primary role of MASSLAG isto minimise the impacts of acid sulfate soils on agricultural productivity
and environmenta outputsin the Macleay. Largely through a“hands-on” approach, MASSLAG has
targeted and been involved with:

Active floodgate management,

Water quaity monitoring,

Ingtalation of drop boards,

Holding field daysto illustrate Best Practice in floodplain management (ie. reed buckets),

Trids of revegetating scald aress,

Submitting funding gpplications and sourcing additiona funding to carry out the works outlined above,
Rasng awareness of ASS issues with landholders and Drainage Unions.

MASSLAG has been involved with and made comment on, a number of projectsincluding the Macleay
Foodplain Project with the god's of improving acid sulfate soils management, water quality improvements
and water level management. Additiond involvement has been with:

Foodplain Risk Management Committee,

Coastd and Estuarine Management Committee,

Swan Pool Management Plan,

Frogmore / Darkwater Water Qudity Rehabilitation Project,
Upper Belmore Hoodplain Management Study,

Lower Macleay Floodplain Management Study.

In the congtruction and use of floodgate modifications, MASSLAG' s Presdent Ivan Sillitoe has devel oped
plastic moulded gates. These flapgates are extremey light which makes ingtdlation on-ste much essier.
They are ds0 environmentaly friendly asthey are congructed from recycled plastic and are dl Audrdian
made.

The plagtic flapgates intended for the Locke at Kinchela Creek are priced at around $1200 for
congtruction, ingtdlation and fitting. This particular Ste dso has a gainless ged frame and hinges.

Ivan has dso congtructed plagtic headwalls and pipe culverts which come with dl the advantages
mentioned above and are priced at around $5,000 for a4 ft diameter system. .

Other points raised regarding floodgate systems include a recommendation to make any modifications as

sample as possble. Thiswould lead to reduced need for wearable, moving parts and so streamline any
future maintenance needs.
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Another factor wasthat it is dso better to make al floodgate modifications compatible with other such
examples on the floodplain. This meansthat if a component is missing or damaged from one gate, another
can be readily sourced without delay.

Workshop Discusson Points

Can be fitted to recycled plastic pipes
Would it float? Differentia pressure more significant, could add weight to gete if necessary
Fiberglass gates could flap and increase damage

Leve of lowest low tide AND invert base determine how much the drain drains
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9. Auto Flow Gate

By Peter Wadll of Austrdian Aqua Services

Farmer / User friendly: higher water indde height overrides water outside, & any height

Reliable — proven performance, trialed for one year on-site, reference letters from Council, land holder,
Dept. of Ag.

Price competitive — check our quotes

Ingtalation service provided

Easy to fit, even to uneven surfaces and old gates

New ingtdlation no headworks required, saving mgor costs

Qudity materias used with guarantees

No hinges, dides etc to get stuck or jammed with reeds, grass, sticks, etc no pressure edges
Fully adjugtable from full flow to no flow

Sze not a problem from 100mm up

Different profiles to suit unlimited variations

Can retrofit to existing gates, flaps, side hinged or duices
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Water entering gate is taken below surface to avoid debris, rubbish (and mangrove seeds if required)
Species friendly with flow through same orifice in both directions attracting Species moving up stream

Positioned correctly no need for drop board weirs etc to maintain water level above Acid Sulphate Soil
profile

Tranducent and / or light reflective materids used if required
Easy to fit with monitoring equipment eg. Temp, pH, EC, DO inferred etc

Adaptable for High Flow Low Head Hydro Electricity Generation

Auto How Gate “Plus’ Modd

Features
All Auto How Gate features
13 H ng!
Automatic variable balasts and if needed adjustable from Ste or remote location with manua and computer
controlled system..
Thisgives asdection of drataleves of input water
Thisgivesavariance of tidal range that can be dtered for many reasons
Water can be monitored eg. fresh / dt, EC, pH, DO, temp etc and height

Top Lid Pipe Balast optiond safety extra

Auto Flow Gate “Dua Plus’ Modd

Features
All Auto Flow Gate features & “Plus’ features
Dud Plus extrafeaturesinclude:
Water internd mix and match from different stratalevels with testing as above on or off site

Allows to contain or release combinations of regulated flows from various strata’ s of both insde and
outside the Auto Fow Gate

Many more combinations available, give us your problem to solve.
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Workshop Discusson Points

Impact of accumulated mud etc in pipe? Limited due to ar volume in pipe, best in alarge diameter pipe

Cogt? $6, 000 for ingtallation of pipe seen in brochure, would be cheaper now.
Maintenance requirements? Nonein last 12 months necessary.

Fish passage? No sampling has been undertaken, however they have been observed fredy swimming
through the pipe.

Prawn passage is important and needs to be considered, square pipes would improve fish passage and
habitat features could be placed in the pipe.
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10. Automatic Tide Floodgate

By Greg Breckell of Rabbit Plastics

Developed by Greg Breckel after discussons with Thor Aaso (Hastings Shire Council) of afloodgate
modification initidly developed by afarmer in the Manning catchment

The float opens and closes the window within the main gate according to a predetermined water level
outsde the gate raising / lowering the float accordingly

Thislevel can be adjusted by changing the operationd level of the float if desired.
The window can be secured closed as afallsafe mechanism
Designs have been tested in a specially constructed test tank at workshop

Congtructed from auminum components and reinforced plastic float at the Kempsey workshop, this
design can be fitted to order

Costs around $5,000

Workshop Discussion Points

Maintenance? Gates are self-cleaning due to tidd flushing eech sde

Potentia for gate damming as wavdets lift float (and gate) up and down? Can use alarger float to
minimise chances of this occurring

Costs? Plagtic headwalls (30 kg) = $165
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Float $12 — if removed gate closes
450 mm diameter pipe $350

Gate itsdlf ~ $800
1.5 metre pipe with mini-gate 500 x 800 mm = $5,000

Limitation — may need drop board in the system to retain water
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11. Waterman Floodgate

Stephenson Tide Gate Trial

The test location was on a typical headwal on Pamers Channd which is between the Yamba Lakes and
the Clarence River. It isin asugar cane growing area. There were two exigting 66"x66" flap gates that had
been in operation for about 30 years. These are zinc gorayed double hung Y2 plate seding direct to the
concrete with large J-bulb sedls.

The object of the new gate is to dlow fish passage and salt water interchange while keeping the upstream
level a no more that 100mm above low tide. The salt water interchange is important to keep weeds out of
the channel and to reduce impacts of acid from the acid sulphate soils discharging to the river during high
rainfal. Tidd range is about 600mm.

Waterman has managed to achieve the god with a 1675x1675 duminium flap gate seding to the wall with
smal Jbulb backed with 25 thick foam neoprene, a 400x400 smdler flap gate incorporated in the main
gate and a 316ssfloat.

The float has an adjustable hook and is on a much larger radius than the 400mm flap that it picks up. Thus
there isapoint as the tide comesin, that the hook will not engage the float. In other words, as the tide fdls,
the float lowers until it latches onto the gate. This is currently set at just aove mean low tide but the tide
often drops below this. When the tide turns the float will start to pick the smal flap up at about mean low
tide and hold it until it drops a a point 100mm above this. The flap opens to about 2/3 open but thisvaries
somewhat. Because the main gate is much lighter than the previous mild sted gate, it alows water out of the
drain more eadly and the net effect on level in the drain &fter the ingtalation of the Stephenson tide gate
was negligible.

Importantly the worst case failure mode is that the gate will operate identically to the gate that was
removed. Thisisa critical design function for the landowners.
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First attempt to operate on
an existing gate January
2002

Aluminium bridge
with worm drive boat
winches

Gate and float lifted
up from bridge
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Standard Flood Gate Stephenson Tide Gate

H

Low Tide

Standard Flood Gate Stephenson Tide Gate

H

Incoming Tide

Standard Flood Gate Stephenson Tide Gate

High Tide

NSW Fisheries Floodgate Design Workshop 14/8/02 Page 39



Float after picking up small gate - about
half open

Latch rope
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Workshop Discusson Points

Can the float be made chegper? Y es, can reduce its overdl Szeto do this.

Cogt? 1700 mm gate with float and ingtallation $7,000
Better to ingal anew gate than retrofit an existing system

Clarence River County Council dso recommend fitting new gates when adding modifications
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12. Saltshaker Floodgate

Ben Macdonald®, Jodie Smith' and Jimmy Dixon?

! School of Biological, Earth and Environmental Sciences, University of New South Wales. Email:
benmacdonal d@unsw.edu.au

2 Marrison Hydraulics Pty Ltd, PO Box 742, Lot 2 Quarry Road, Murwillumbah NSW 2484.

Introduction

Groundwater discharges from coastd acid sulfate soils are currently polluting many rivers and estuaries
(Astrém and Bjorklund 1995; Hooli et al. 1993). Artificid drainage of Audrdia s coastd floodplains has
contributed to oxidation of potentia acid sulfate soils (PASS) and enhanced the export of oxidation
products from the soil profile to the adjacent rivers. The impact of these discharges has been catastrophic
on river ecology within acid sulfate soil catchments and have been linked to large scde fish kills (Easton
1989).

Iron monosulfides or monosulfidic black oozes (MBO's) are trangitiona meta sulphide mineraswhich
form typicdly in areas with reducing conditions where there is alarge supply of soluble iron and sulfate, and
available organic matter. Iron monosulfides, not surprigngly formin drains within acid sulfate soil areas. The
satshaker floodgate was designed to reduce the risk of iron monosulfide oxidation, which releases acidity

and metds into drain waters.

Scope of the problem

During the dry season (April to November), when evaporation

exceedsrainfal, many drains dry out exposing theiron '_T & _: o =
any ry posng ."- ol

monosulfide basal sediments to the atmosphere. These LA

sediments subsequently dry out, shrink and partidly oxidise, oy

and there is also deep cracking into the underlying PASS = g i =

(Figure 1). Iron monosulfide oxidation can cause asevere .

decline in downstream water qudity (Sullivan and Bush 2000). _* .
After an extended dry spell within the Tweed River valley, a ke

rainfall event (43 mm) flooded the dry main drains within a Figure 1 A typical crain o

McLeod's Creek sub-catchment (Figure 2), but did not raise e s Creck during the

the watertable to the surface.

NSW Fisheries Floodgate Design Workshop 14/8/02 Page 42



During this event 37kg H,SO, was exported from the catchment. It is
probable that the bulk of the acidity was generated by partia
oxidation of iron monosulfides in the drains and pyrite dong cracks
within the underlying PASS,

If dl of the monasulfides within the main drains of the McLeod's
Creek subcatchment oxidised, 100 kg of soluble ferrousiron and
100 kg of H" would be produced. Thisiis the worst case scenario
and is unlikely to happen under the current climate and management
conditions. But nonetheless, iron monosulfides are amgor risk to the

water quality and downstream ecology. poyez Measods

saltshaker location.

Current management of iron monosulfides has focused on maintaining
adaic water level and preventing oxidation within drains during the
dry season. The main problem &t this Site was that the mgority of the

farm is below mean high tide.

Saltshaker Floodgate

The sdtshaker floodgate (Figure 3) is essentialy a Teflon disc, which
can swivel on abolt through anew or a pre-exigting floodgete. Holes
are drilled through the Teflon disc and the floodgate to dlow water
passage. Figure 4a shows the closed position and Figure 4b shows
the open position. The opening and closing of the gate can be manua

or dependent on the water level on ether side of gete. If the opening
Figure 3. Saltshaker

mechanism is vandalised the sdtsheker will autometically close. floodgate.

Water Quality Effects

Since ingdlation, the landowner, Mr Robert Quirk, has been able to
prevent the drying out of main drains within the sub-catchment. This

has reduced the flux of oxidation products from the iron monosulfides.
The saltshaker floodgate has aso been used to treat acid discharge
after larger ranfdl events. The main drains within the 100ha sub-

catchment quickly become acidic once pumping ceases (i.e. surface

waters are removed). When the gate is opened, water qudity quickly

Figure 4 Salt
shaker schematic
closed and oben
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improves in the sub-catchment (Figure 5). Figure 5 shows the water qudity at the discharge point, the

lowest part of the subcatchment.
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Figure 5 Water quality downstream of the salt
Conclusions

The sdtshaker floodgate is an effective and safe way of maintaining drain water levels within flood prone
land. It has been successful in preventing the oxidation of iron monosulfides during periods when
evaporation exceeds precipitation, and it can aso be used to manage and neutralise acid discharge.
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Workshop Discussion Points

mesh gate on the outside of the saltshaker

20mm holes limiting for fish passage

NSW Fisheries Floodgate Design Workshop 14/8/02 Page 44



drictly designed for water qudity improvements
Suitable for cane farm drain Stuations rather than natura cregks

Presently operated manually, can be operated by upstream / downstream floats

Cost = $2,000 plus labour
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13. Side hinged Floodgate

Investigating the Environmenta Berefits of Modifying FHoodgates on Cane Farm Drainsin the Maroochy
River Caichment by Mathew Johnston

Funded by the National Heritage Trust under CASSP
Contributing Members include:

Department of Natural Resources and Mines,
Maroochy Shire Council,

Environmenta Protection Agency,

Maroochy Land Care Group,

Bureau of Sugar Experiment Stations.

Aims of Project

Document and trid novel floodgate modificationsto:
Increase tidd flushing of drains to improve water qudity
Increase accessibility of drain habitat to fish and crustaceans
Reduce occurrence of choking fresh water weeds

Sampling Sitesin the Maroochy River Catchment
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Side hinged floodgates
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Number of Fish per Seine Tow Upstream and Downstream of FHoodgates

Possible Advantages of Side Hinged Floodgates

o Easy to open — requires less water pressure. Once open — stay open until tide turns.
o Doors open wider than top hinged floodgates
o Simple, chegp and no increase in maintenance — good selling points

i Vanda resistant — no obvious modifications or obtrusive structures

Possible Disadvantages of Side Hinged Floodgates

o Problems with debris getting caught in gate

o Not suitable on large rivers — currents, boat wash
o Requires structure to prevent over opening
Condusons

Suitable as floodgates on channd's set back from main river,
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Possibly requires some sort of retarding device to hold open alittle longer,
Requires a structure to ensure gate doesn't over open.

14. Automatic Smartgate E Wnbarsity of Mollsagong
William Glamore
University of Wollongong
Background

Three year research project examining the impact of floodgate manipulation on water quality.
Commenced in 1999.

Located in the Broughton Creek Hotspot.

2500ha of high risk acid sulphate soils.

Stage One: Basdline data and methods for opening gate.
Stage Two: Modify floodgate and water qudity indicators.
Stage Three: Improved gate design and FEM simulations of acid trangport and saline foraing.

Pre-modification- Two Stage Model
Stage One involved determining appropriate freeboard levels (tidal heights) within the drain.
Stage Two involved weater quality smulations using an agueous geo-chemica model, PHREEQC.

Floodgate M odification - (Verticd Lifting gates)

Verticd lifting floodgates were designed to:
Allow dense sdline water to intrude from
the bottom.

Be easily controlled and/or manipulated.
Redtrict tidd flushing if necessary.
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Vetica Winch Gates

The smart gate control system was designed to:

Permit a specific amount of water within the drain based on redl-time environmental conditions.
Multiple triggers.

Optimisetidal buffering in extreme low-lying conditions.

Be remotdy controlled by offsite managers through did- up technology.

Have cdl-out capabilitiesin case of emergency.

Operate on asmple 12V battery with low maintenance.

Typica Operation:

Gaeisopento dlow tidd intruson

Datalogger readings inform system that the tide is rising.

When trigger leve is reached the control system switches on the DC motor and the gate is closed.
Gate reopens when acceptable levels return.
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Can be modified to alow for larger apertures.

In future models, a gas bubbler system will replacein
dream data loggers, thereby diminating fouling.

Costs range from 9K to 17K pluslabour dependent
on data loggers, size, GSM modems, motor, etc

Workshop Discussion Points

Gate monitored / opened by Shoahaven Council

Electrica instruments located well above potentia flood height
Winch gate/ duice for $300

Can regulate a predetermined flow through the geate

Before gate was opened no fish were seen, minutes within opening fish were observed in the drain
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15. Research findings — fish passage

Fish passage issues relevant to estuarine floodgates, and preliminary research
results

Andrew Bruce and Fredereike Kroon*

NSW Fisheries, Port Stephens Fisheries Centre, Private Bag 1, Nelson Bay NSW 2315
* CSIRO Land & Water, Long Pocket Laboratories, 120 Meiers Rd, Indooroopilly Qld 4068

Introduction

Natura mangrove creeks and coasta sadtmarsh swamps are important nursery areas for many fish and
invertebrates. They offer structura complexity, shelter and food sources not reedily available in other
coastd aress.

It has been estimated that well over haf the NSW tota commercid fisheries production by weight condsts
of speciesthat are estuarine dependant at some stage in their life history (Pollard and Hannan 1994).

Much research has been done in Audrdiainto the need for fish passage and fishways since 1985, but it has
been mainly focused on barriersin freshwater streams and to alesser extent tidal barriers.

Structures such as vertica dot fishways and rock ramps can dlow successful fish passage, and are being
congtructed on an increasing number of barriers across the country.

An effective fishway has been defined as being able to pass at least 95% of dl fish gpecies and individuas
attempting to past the barrier, and operate in a least 95% of the likdy flow conditions. However, little
research has been done on the impact of floodgates on estuarine fish populations until recently.

Research based in the lower Clarence in the mid 1990's proved what was expected: fish habitat in flood
mitigation drains and especidly above floodgates had more intensive surrounding land uses, less naturd
native fringing vegetation, and overdl were more highly disturbed than naturd creek systems (Pollard and
Hannan 1994).

Smilaly, higher fish numbers and geeter species diversity were found in naturd creek systems than in

drains above floodgates, and gated drains were dominated by primarily freshwater species such as
gudgeons and introduced gambusia.

Fisheries Floodgate and Acid Drainage research project

a) Fiddwork
In 2000, the Fisheries Floodgate and Acid Drainage research project commenced, led by Dr Fredereike
Kroon.

NSW Fisheries Floodgate Design Workshop 14/8/02 Page 52



Jointly funded by NSW Fisheries and the Fisheries Research and Development Corporation (FRDC), this
three year project has as one of its ams, to hep develop guiddines for the desgn and management of
floodgates and drainage systems, by opening a number of floodgates and recording changes in invertebrate
and juvenile fish populations in the drains above them compared to naturd ungated creeks in the same
arees.

Water qudity and habitat characteristics were recorded, and fish and invertebrates were sampled using
saine nets a 13 stes from Brushgrove and the upper Coldstream River to Thorny Idand near Yamba. Only
fish juveniles were targeted, as these were considered the most important life stage for this project, and can
be caught quickly and effectively with smdl haul saine nets.

Sites consisted of three categories:

- Five control Sitesat natural ungated creeks,

- Sx experimentd floodgated sites which were fitted with winches to alow the gates to be lifted,
- two floodgated sites that were left closed.

All eight gated Stes were left closed for the first Sx sampling trips to provide us with a year of data on
unmanaged floodgates, after which time it was planned for the 9x experimentd gates to be regularly
opened by the landowners as often as they could. This was usualy done for an hour or two at the art of
therunintide

Sites were sampled every two months, the find vigt being in May of this year.
Preliminary results

The results presented here are based on the firgt hadf of the study data only. The find report is due at the
end of thisyear.

During the firg hdf of the sudy, on average five times the number of fish and crustaceans were caught at
control Stes compared with closed stes, with catches a the experimenta Stes being 50% greater than
closed stes (figure 1).
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Figure 1. Average number of fish and crustacean individuals caught per site during dl trips from
July 2000 until September 2001, grouped by site category.

Other invertebrates have been excluded from these figures to highlight the fish and crustacean numbers.

There were delays in getting the winch equipment fitted to severd of the experimental gates, so at this tage
the catches from these Stes dtill closaly resembled the closed Site numbers.,
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Figure 2. Average number of fish and crustaceans caught per site (July and Sept only, 2000 &
2001), grouped by site category.

Catch numbers were compared between the same two months 12 months agpart, as at this stage we only
had duplicate data from July and September trips (figure 2). There was a huge difference in the catches at
the ungated control Sites between the two years, a natural occurrence probably due mainly to increased
recruitment following the flood event in early 2001.

The catches at closed Stes remained virtudly the same during these two months from one year to the next,
but the experimentd dite catches appear to mirror on a smaler scae the control Sites, with catches nearly
five times greater the second year.

As dtated previoudy, these results are based on preliminary data only, but hopefully show trends that will
be vdidated with the andyss of the full data set.

Individual species catches were dso compared between two Sites close together, one gated and one
ungated (figure 3).

The firg paired columns show differences between the catches during the first 6 visits when the gated ste

remained closed. The naturd Ste had large numbers of juvenile commercid species such as bream, mullet
and prawns, as well as huge numbers of smal shrimp compared to the gated Ste, and odd other

NSW Fisheries Floodgate Design Workshop 14/8/02 Page 54



commercidly and recregtiondly important species such as tailor, trevaly, tarwhine and flathead. At the
gated dte, large numbers of the primarily freshwater species of gudgeons and introduced gambusia
maosquitofish were found.

The second paired columns show the catches at the first vigt after the gate was opened. This time good
numbers of bream and sea mullet were found in the gated Site for the first time, aswell as a big catch of
smal shrimp, relatively absent from al previous gated Site catches.

July 2000 - July 2001 Sept 2001
(6 visits) (1 visit)
Stranges Morroro Ck Stranges Morroro Ck
(gated) (ungated) (gated) (ungated)
blackfish 2
blue-eve 481 708 63 4
bream 4 193 95 4
dumpling squid 4
eels 4
flathead 1
flat-tailed mullet 1 1152 24
flounder 1
fortescue 3
gambusia 3834 5 9
aarfish 22
glassfish 1065 20 8
gobies 2353 1099 560 79
gudgeons 12676 153 4632 47
herrinas 7
leatherjacket 1
olive perchlet 36 15 5
other est. fish 109 5
prawns 31 2870 2 389
sea mullet 6 226 210
shrimp 75 58822 13343 845
tailor 2
tarwhine 9 1 1
trevally 1
Total 19501 66467 18943 1406

Figure 3. Selected fish and crustacean species changes within a managed gated site. Prawns grouping
congsts of predominantly school prawns, shrimp grouping is dominated by the common Acetes shrimp;
gudgeons consst of mainly empirefish, striped and flathead gudgeons, and gobies are mainly blue-spot and
Tamar River species.

Final resuts

Andysis on the full data set has recently commenced, results so far indicating distinct community differences
between non-gated, unmanaged gated, and managed gated sites (figure 4.) The four upper catchment gated
Stes have been omitted from this anadlysis due to their being dominated by freshwater species.

The closer the symbols are together, the more smilar are the communities. Before opening of the gates, the
non-gated Stes are dl very amilar to each other, but different from the gated sites. After opening, thereis
an even greater difference between the non-gated and unmanaged gated Sites, with the communities at the
managed gated Sites faling between the two other groups.
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Figure 4. Norn+metric multi-dimensiona scaling (nMDS) ordinations of pecies assemblages
for 9 sampling locations in the Clarence River floodplain, before (left), and after (right) opening
of floodgates. The ordinations are based on log (x+1) transformed abundances and Bray-
Curtis amilarities. Squares are non-gated drainage systems, circles are floodgated drainage
systems (un-managed), and triangles are floodgated drainage systems (managed).

b) Raceway experiments

Experiments are dso being run a Port Stephens to seeif juvenile fish and prawns avoid low pH water and
therefore limit their choice of nursery habitat. Trias of hatchery bred snapper, wild bream, bass and school
prawns are continuing.

The raceway was st up with two parale sreams of the same water, one with sulphuric acid added to
lower the pH, and the behaviour of the fish and prawns was observed.

Preiminary results for snapper indicate that lowering the pH to only 7 from the naturd seawater pH of 8.1
causes them to avoid the lower pH side 95% of the time (figure 5).

Snapper juveniles do not usudly venture as far into estuaries from the ocean as the other three species

investigated, so it is underdandable that they may have less tolerance to minor pH changes. So far it
gppears that the other two fish species avoid water below pH of about 6.
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Summary
Much anadlysis remains to be performed on the data, but severa points are becoming apparent:

As previoudy discovered, aguatic communities seem to be very different between unmanaged gated
and non-gated systems.

Floodgates act as an effective barrier to most estuarine fish and crustaceans.

If floodgates are opened regularly, juveniles of estuarine fish and prawns, including commercid and
recreational species, are likely to move into the drainslooking for food and shelter.

Communities within gated systems may quickly revert back to their previous date if gates are not
opened regularly.

Given a choice, juvenile fish may avoid entering water with pH only margindly lower than normd,
possibly limiting their choice of nursery habitat.

Preliminary conclusions

Manually operated floodgates can alow fish passage, but need to be opened regularly to be effective,
therefore automeatic gates need to be investigated further.

As dtated earlier, by definition an effective fishway should be able to pass at least 95% of dl fish gpecies
and individuals attempting to get past the barrier, and operate in at least 95% of the likely flow conditions.
Hoodgeates in tidd Stuations can dlow fish and invertebrates to passively drift through the open gate on an
incoming tide, without having to fight a strong current flow, but some species may prefer only to enter
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agang amild flow, not with it. A large opening speeds water exchange and reduces the velocity of water
passng through it, dlowing fish with lower svimming ability to negotiate the barrier. The mogt effective gate
design needs to consider the needs of al specieslikely to be present.

Research from freshwater fishways show that some species prefer to move at night, some during the day,
some on the surface and some adong the sdes and bottom of a channe, so an effective design for
floodgates probably needs to address dl of these different strategies by being as open as possible to alow
in plenty of light, and have an opening that covers as much of the water column as possible,

Higher sdlinity water is more effective a buffering acid discharges than fresher water. Asthis water isdso
more dense and may form a sat wedge at the bottom of the water column, it makes sense for water quality
improvement also to have gate openings as close to the channd base as possible.

Tiddly operated floodgate modifications of various desgns are gopearing and being inddled in various
locations around NSW and across the country. At present, their effectiveness a dlowing fish passage is
unknown gpart from occasond observations of surface fish. It is important thet the different designs are
investigated now and the mogt effective design possible is widdy utilised before too many gates of inferior
desgn aeingdled.

The mogt effective gate for fish passageis of course no gate a dl, and in some Stuaions it may be possble
to remove the barrier dtogether.

Once juvenile fish and crustaceans have got pest the floodgate, can they survive and grow to eventualy
recruit into the adult populations? The answer depends mainly on the two factors of water quaity and
habitat, which in turn affect the food sources that will be available to the juveniles. Water qudity should be
improved greetly with the regular opening of the floodgate, but habitat improvement is not o easy. If
possible, riparian vegetation especialy mangroves should be encouraged to establish in places on a least
the northern or western Sde of adrain to provide shade and habitat.

Although having the potentid to supply useful subgtitute nursery habitat for fish and invertebrates, it is
unlikely that many flood mitigation drainage sysemsin their present form would provide optima conditiors.
The number of naturd mangrove creeks and estuarine swamp systems in many NSW estuaries have been
dramatically reduced, and the possibility of re-establishing large natural wetland reserves probably needsto
be investigated closer if mgor improvements to the fish stocks of NSW estuaries are to happen.

References
Pollard DA and Hannan JC (1994) The ecological effects of structura flood mitigation works on fish habitats

and fish communities in the lower Clarence river system of south-eastern Australia. Estuaries 17, 427-
461.
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16. Research findings — hydrology

Floodgate and drainage system management: opportunities and limitations.

An acid export perspective.

S.G. Johnston®, P. Savich® and P. Hirst®
A NSW Agriculture, Grafton Agricultural Research Station, PMB 2, Grafton, NSW 2460, Australia.
B NSW Agriculture, Wollongbar Agricultural Institute, Bruxner Highway, NSW 2477, Australia.

Abstract

Active floodgate management is being promoted as a means of improving export water quality from coastal
floodplain drains. While there are opportunities to improve in-drain water quality through floodgate opening,
limitations and complexities exigt, particularly in acid sulfate soil (ASS) backswamps. Results from field based
short duration floodgate opening experimerts are examined in this paper. Opening floodgates can improve in-
drain water quality through dilution, exchange and neutrdisation, but is often followed by relatively rapid
reversion to pre-opening conditions following gate closure. Trials have dso demonstrated short duration
floodgate opening may, in certain circumstances, increase the export of acidity by recharging the near drain
groundwater zone during the opening phase, followed by gate closure and discharge of near-drain ASS
groundwater back into the drainage system. Such effects are the result of complex interactions between site
specific variables and suggest that meaningful reductions in acid export via short duration floodgate opening
may be difficult to achieve without intensive management and aclear, site specific understanding of dominant

acid export processes and pathways.

Opening floodgates may ater mean longitudina drain water gradients, reducing net drainage rates or causing
net inflow and slowing the rate at which water is removed from floodplain storage basins. Floodgate opening
induced tidal overtopping of sdine water is a significant agricultura risk in low elevation ASS backsvamps
and is amagjor impediment to prolonged floodgate opening in these systems.

In many drained coastal acid sulfate soil backswamps, acid export is dominated by groundwater flows, in turn
influenced by local groundwater gradients and the hydraulic conductivity of adjacent ASS soils. Results
indicate that in ASS backswamps there is a site specific groundwater elevation range within which most acid
groundwater transport occurs. This range can be defined by topography and tida minima. Reducing
groundwater seepage rates when the backswamp water level is in this éevation range via in-drain water
retention structures is likely to be far more effective at reducing acid export than floodgate opening alone.

Strategic placement of in-drain structures such as weirs, drop-board culverts or penstocks combined with
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opportunistic floodgate opening may be an effective means of manipulating groundwater water gradients,
containing shallow acidic groundwater and reducing acid export from ASS backswamp systems.

Introduction

Thousands of square kilometres of coastal floodplains in NSW are underlain by acid sulfate soils (ASS)
(Naylor et al, 1995). In many coastdl floodplain backswamps the sulfide layer is close (~1m) to the ground
surface (Rossicky, 2001) with relatively thin fluvia capping (Waker, 1972) and large reserves of actual
acidity are contained in the upper soil profile and shallow groundwater. There has been extensive ateration of
coadtal floodplain hydrology through drainage and flood mitigation works since European occupation (White et
al, 1997; Tulau, 1999). It has been demonstrated that floodplain drainage systems, particularly those in ASS
backswamp landscapes, can export large amounts of acidity and other sulfide oxidation products to the
estuary (Sammut et al, 1996; White et al, 1997; Blunden et d, 1999; Cook et a, 2000a; Johnston et al, in
press). Effective land or drainage management changes aimed at reducing this export of acidity require clear
understanding of drainage systems and their role in both receiving and rapidly transporting acidic products to

adjacent estuarine systems.

A number of studies have led to the development of management techniques and principles aimed at reducing
the drainage export of sulfide oxidation products (White et al, 1997; Blunden et al, 1999; Cook et al, 1999).
Strategies for managing existing soil and groundwater acidity can be grouped under four main categories,
containment, dilution, neutralisation or transformation (Atkinson and Tulau, 1999). Active floodgate
management is essentially an in-drain dilution and neutralisation technique based on alowing periodic tidal

exchange back into the drainage system behind what are normally one way tidal exclusion barriers.

While active floodgate management is being promoted as a potentia tool for improving drainage system
export water quality (Savich and Chin, 1999; Haskins, 1999) there has been relatively little published field
based research into it's effectiveness to date. There is a need to evaluate the effects this strategy may have
upon in-drain water quality and the processes responsible for transport of acidic products from the soil and
shallow groundwater into drainage systems and estuaries. The effects of active floodgate management upon
drain water quality, acid export, shallow groundwater hydrology and floodplain agriculture are being assessed
through research on the Clarence River floodplain. Some preliminary results from short duration floodgate

openings are examined in this paper.

M ethodology
Sudy Areas

The two study areas are Blanches drain & Maloneys drain, both on the lower Clarence River

floodplain (Fig. 1). The Clarence River is the largest coastal catchment in NSW and the floodplain
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below Grafton is 2,620 km? and underlain by an estimated 530 km? of high risk acid sulfate soils
(Tulau, 1999). Blanches drain is located on Everlasting swamp and Maloneys drain is located on
eastern Shark Creek (Fig. 2). Both Everlasting swamp and the Shark Creek floodplain basin are
Holocene sub-embayment infills (Sullivan and Lin, 1999) and contain large areas of low elevation

(<0.2 m AHD) drained ASS backswamp.
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Fig. 1 a) Clarence River catchment and b) lower floodplain study site locations and associated ASS backswamps”

(*Milford 1997).

Drainage System Water Quality

Hourly measurements of dissolved oxygen, pH, Electrica Conductivity (EC) and temperature were made
with Greenspan CS304 submersible data loggers (SDL). Two SDL’s were installed in each drain about 0.3m
below minimum low tide level, one near the floodgates and one near the backswamp margin (Fig. 2). SDL’s
were cleaned, maintained and calibrated every 28-32 days. Spot measurements of in situ drain water
dissolved oxygen, pH, EC, Temperature and Eh were recorded at the time and location of sample collection
using freshly calibrated portable field equipment. Drain water samples were collected immediately upstream
from the floodgate culverts and at the backswamp SDL on a regular basis during export events with higher

sampling frequency according to outflow volumes. Sampling was timed to coincide with tidaly influenced
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outflow periods where possible to ensure accurate representation of outflow water. Samples were analysed
for a number of parameters including titratable acidity, total and dissolved Fe and Al, Chloride and Sulfate
(APHA, 1995).

Fig. 2. Blanches and Maloneys study sites, showing the location of submersible data loggers / flow /
drain water level monitoring stations (A-B), piezometers, drains, floodgates and ASS backswamp”

margin (*Milford 1997).

Discharge and Flux estimates

Drain flow velocity was measured using a Starflow Doppler sensor (located at the drain floodgate
culvert) with a velocity range of 0.021 msec™ to 4.5 msec™ and a factory reported accuracy 2% of
measured velocity. Drain culvert dimensions and Starflow sensor location were surveyed to AHD.
Cross checks undertaken using a calibrated current meter in the Doppler field of view under a
range of flow conditions (>1 to ~0.1msec™) yielded flow velocities within +/- 10% of Doppler sensor.

Daily drain discharge (Qq) was calculated using SQn = Vh*A,; where Vi, = mean hourly flow velocity,
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A, = mean hourly cross-sectional area of water in culvert. Daily estimates of acid and other sulfide

oxidation product export were made using discharge and drain water chemistry data.

Drain and groundwater levels

Drain water level measurements were logged every hour immediately inside and outside the floodgates and
near the backswamp margin using a Dataflow capacitance probe and 392 logger (accuracy +/- 0.01 m)
housed within a 0.05 dotted PVC pipe and surveyed to AHD. Groundwater levels were monitored on an
hourly basis using identical equipment in a series of 5 piezometer wells located in the ASS backswamp
perpendicular to the drain (Fig. 2). Full calibration and maintenance of probes was undertaken every 60 to 90

days.

Soils

A detailed morphologica description (McDondd et al, 1998) of the backswamp soils to a depth of at least 1.5
m below ground surface was undertaken at each piezometer well site, which was surveyed to AHD. Samples
taken a 0.2 m depth increments from representative profiles (Everlasting swvamp n=8, Shark Creek n=3)
were analysed for Total Actua Acidity (TAA) (Ahern et al, 1998; Lin et al, 1999) and reduced inorganic
sulfur species (Sc;) (Sullivan et al, 2000), pH, EC, Chloride and Sulfate (Rayment and Higginson, 1992).

Results and Discussion

Soils and backswamp surface morphology

The soils a both sites are ASS, with a 20-30cm organic rich surface horizon underlain by sulfuric horizons
with iron and jarosite mottling. The ground surface elevation at both piezometer transects ranged from ~0.2 to
0 m AHD and the sulfide layer at both sites was approximately 0.8-1.0 m below ground surface. The reduced
inorganic sulfur content in the upper 0.6m of the sulfide layer a both sites was around 2% (Sc; ). Both sites
showed low soil pH (3-4) in the oxidised sulfuric horizons above the sulfide layer. Mean profile TAA results
were depth integrated to yield an estimate of total actua acidity per hectare, with Maoneys about three
higher at 81 tons H,S0,* ha* compared to 25 at tons H,S0,* ha™ at Blanches.

Dilution, Neutralisation and Exchange

The primary initid effect of opening floodgates is to dlow influx of estuarine water and the processes of
dilution, neutralisation and exchange to take place. Seawater has a neutralising capacity in the vicinity of 2
mmol I* and estuarine water is often much less depending on the degree of dilution with upper catchment
water and catchment geology. This influx may result in raising of drain pH via acid neutraisation and dilution
(Fig. 3), raising dissolved oxygen levels (Fig. 4) or moderating extreme diurnd fluctuations in dissolved oxygen
resulting from in-drain photosynthesis / respiration cycles. Other effects include ateration of salinity regime to
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more closely reflect tempora estuarine dynamics and moderation of daily temperature extremes.

Analysis of over 17 individual floodgate opening events ranging from 1 to 7 days duration shows a
number of emerging patterns;

1. Genedly an improvement in logged in-drain water quality (pH, DO) during the opening event.

Fig. 3. Changes in drain water pH and drain water level associated with floodgate opening events.

Blanches gate opening 13 and Maloneys gate opening 2.

2. The magnitude and spatid extent of improvement due to opening is largely dependent on the interaction

between both the volume and qudity of drainage outflow water and in-flowing estuarine water.
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Increasing lag times and attenuated extent of improvement with increasing distance from the estuary are
common features as are partial mixing and ‘dug’ displacement.

3. Thereisrdatively rapid (hrs to severa days) reversion of in-drain water quality to pre-opening conditions
following gate closure (Figs. 3 and 4).

4. Changes occur within the context of highly dynamic and variable systems and opening induced

improvements are not always clearly evident.

Fig. 4Changesin drain water DO and drain water level in relation to influx volume of estuarinewater (ML day™)

during floodgate opening phase. Blanches drain opening 5 and Blanchesdrain opening 8.
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Many chemical, biological and seasona factors influence key water quality parameters such as pH and
dissolved oxygen (Stumm and Morgan, 1970) and in a number of instances the observed change that may be
attributable to short duration floodgate opening is Satisticaly indistinguishable from background variation.
Broadly speaking, the extent and persistence of improved in-drain water quality will be largely dependant
upon the frequency, magnitude and duration d floodgate opening. Short duration openings, even with large
influx volumes (Fig 4), often appear to bring about relatively short lived effects. Research into the effects of

smaller volume, but longer duration openingsisin progress.

Enhancing Acid Export

While improvements to in-drain water quality may occur during the floodgate opening period, under certain
circumstances short duration floodgate opening has the potentid to enhance the export of acidity from the
drainage system. Detailed monitoring during a floodgate opening event in Maoneys drainage system
demongtrated this can occur. The following outlines the sequence of events and key features associated with

this opening enhanced export. Figures in brackets are derived directly from the Maloneys system.

1. Groundwater in backswamp ASS close to the minimum ebb tide influenced drain water level [-0.2m
AHD]. Limited opportunity for effluent groundwater gradient to develop and minima seepage of

groundwater to drainage system occurring.

2. High hydraulic ®nductivity (K) soils in upper 1m of backswamp ASS profile [~19m day™]. Shallow

acidic groundwater rich in sulfide oxidation products.

3. Development of influent groundwater gradient during flood tide cycles of the floodgate opening phase.
Recharge of groundwater in near drain zone [by ~0.12m at 10m] (Fig. 5) to a point above minimum ebb
tide drain water level. Dilution of shalow groundwater with influx water occurring in the first few meters

adjacent to the drain, dteration of shallow groundwater chemistry (Fig. 6).

4. Gate closure and development of effluent groundwater gradients and groundwater seepage into the
drainage system on ebb tide cycles. Trangport of sulfide oxidation products with this seepage water and
relatively rapid (severa days) reversion of near drain shallow groundwater chemistry (Fig. 6).

During this opening event there was a net influx of about 28 ML of estuarine water and groundwater levels
rose in relation to tidal influence across the backswamp, up to ~300 m from the drain, even though there was
no direct surface overtopping. While much of this rise may be attributable to pressure transmission (tidal
forcing) across the aquifer (Sun, 1997; Hughes, 1999), dtered shalow groundwater chemistry (Fig. 6) show
there was appreciable dilution of shallow groundwater with estuarine influx water in at least the first few
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meters adjacent to the drain.

Fig.5. Changesin estuary water level (outside floodgates), drain water level (inside floodgates), ground water level
(backswvamp — 10m from drain) and acid flux associated with M aloneys floodgate opening 2. Noterechargein near

drain ground water during opening phasefollowed by draw down and enhanced acid export after floodgate closure.
While the actua amounts of acidic products exported following this opening event were quite small (max
~770 mol H+ day™) it demonstrates the principle of near drain zone recharge followed by seepage of ASS
groundwater back into the drainage system associated with a short duration floodgate opening event. The
potential for such an interaction to occur in any given system will depend on a number of factors including;

a) The chemistry of both the shallow groundwater and estuarine influx water.

b) The degree to which the near drain water table is raised above the minimum low tide level experienced in

the backswamp ASS section of the drainage network.

¢) The hydraulic conductivity (K) of the adjacent ASS soils, particularly in the sulfuric horizons.
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Fig.6. Changesin shallow® ground water chemistry (Titratable acidity, dissolved Feand Eh) in near drain zone (0-
25m) associated with M aloneys floodgate opening 2. Note dilution in first few metersduring opening phase and

recovery soon after floodgate closure. [* <0.6 m below ground surface].

The hydraulic conductivity of ASS is a particularly important factor influencing the dynamics and rates of
groundwater seepage into adjacent drainage systems (Cook et al, 1999). While the texture of the backswamp
ASS a this gdte is predominantly silty clay and would be expected to have quite low hydraulic conductivity
(Boulding, 1995), the existence of a significant macropore network (dominated by relic root channels and bio-
pores) means this site has relatively high K soils. Observations made during pit and bore hole excavations
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revealed large numbers of macro-pores (some >20mm diameter) extending down into the sulfide layer. The
macropore network displays high connectivity in the horizontal plan and is capable of transmitting large
volumes of groundwater to the drain under relatively small head pressures. Pore count surveys at this site
revealed >120 per nt of readily visible (>2mm diameter) tubular macro-pores on drain side seepage faces in
the 0 to -0.2 evation range, with approximately 25% of these >10mm diameter. Pores were coated in ferric
iron and direct seepage rate measurements on large (~20mm diameter) pores showed them capable of
continuously discharging groundwater at around 0.03 L sec™ under approximately 0.1m head pressure. Pore
discharge rates were maintained even after yielding many tens of litres of water in seepage rate experiments
and individua pore water chemistry showed little variation over the duration of measured discharge. Both
these results suggest high pore network connectivity.

An identical opening event at a smilar site, but one with low hydraulic conductivity ASS, and / or ardatively
high and stable drain water level with low tidal amplitude after floodgate closure would likely result in far less
acid groundwater seepage into the drainage system. The principles in operation are only transferable within

context of the individual site characteristics.

Reducing Net Discharge

Opening floodgates can aso reduce the net drainage rate or cause net influx of estuarine water by reducing
and potentidly reversing mean the longitudina drain water gradient. This is demonstrated at Blanches drain
(Fig.7) with large openings clearly capable of causing significant influx and alteration of the mean longitudina
drain water gradient. Slower drainage rates will enhance the retention time of water in floodplain storage
basins increasing the potentia for evaporative efflux rather than drainage. However, this effect will largely be
confined to the floodgate opening period and may be of limited overal significance in context of short duration

floodgate opening events.

NSW Fisheries Floodgate Design Workshop 14/8/02 Page 69



Fig. 7. Rdationship between net daily discharge (Q) and mean daily longitudinal drain water gradient,
Blanchesdrain. Note; negative values of Q associated with net influx due to floodgate opening events.

I mpediments to floodgate opening

One of the key impediments to a higher frequency, magnitude and duration of floodgate opening eventsis the
risk of saline overtopping in adjacent land used for Agriculture. This is most relevant to low elevation ASS
backswamps, which represent some of the most significant acid exporting landscapes on NSW floodplains.
Low elevation ASS backswamps such as Blanches and Maloneys are up to >0.6 m bel ow spring tide maxima
experienced at their floodgates. Thus there is ample opportunity for tidal overtopping to occur. Estuarine
water with high marine salt concentrations is relatively common at both study sites. Many low elevation ASS
backswamps in NSW are in a smilar relative topographic/tida maxima context, depending on their location
and local estuarine tidal dynamics. Extensive periodic migration of the sat wedge is a common feature on al
Northern NSW estuaries due to the highly seasonal rainfall distribution. Tidal forecast charts are one of the
main management tools currently used by land holders to manage the risk of overtopping ie; by opening gates
during neap tide phases only. However, tidad anomdies are a relatively common feature on the NSW
coastline and may lead to ocean tides in excess of >0.5m above predicted. This combination of features has
sgnificant implications for floodgate management. Higher frequency and duration of floodgate opening within
the current Agricultura land use context on low eevation ASS backswampsis only likely to occur when there
is a high degree of surety in water level control. This can be partly achieved through types of opening device
such as duice gates and mini-tidal gates plus also secondary retention / exclusion structures that may alow

sdinetidal water to be confined to sections of the drainage system with high sides.

Acid export prevention: Containment in profile

While the in-drain dilution and neutralisation associated with floodgate opening may provide water quality
benefits, it is unlikely to cause a significant reduction in acid export loads from chronically discharging ASS
backswamps. This is because by itself it is unlikely to prevent shalow groundwater seepage, which is the
most significant pathway viawhich acidity is transported to drains. In many ASS backswamps, most export of
acidic products is occurring via groundwater directly seepage directly into drainage systems (Sammut et al,
1996; Blunden et al, 1999; Cook et al, 2000b; Johngton et al, in prep). While this generaly represents a small
component of the overal water balance, the concentration of acidic cations in this groundwater, particularly
ferrous iron and duminium, is often very high (Cook et al, 2000b). For example at Maoneysin 2001, more
than 80% of the total acid export discharged with only 13% of the tota outflow volume. Mogt of this export
took place after surface water had preferentially drained from the site. A more effective strategy for
minimising acid export would involve containing the shalow acid groundwater within the backswamp

landscape, preventing it from being transported to drainage systemsin the first place.

The rate at which shallow ASS groundwater is transported to the drainage system per unit area of drain bank
depends largely upon the hydraulic conductivity of the adjacent ASS and magnitude of the effluent
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groundwater gradients. In sites with high K, such as Maloneys drain, the rates of lateral seepage to the drain,
particularly via macro-pores, can be quite significant even with small gradients. The magnitude of the effluent
groundwater gradient at this Site is strongly affected by the water level in the drain adjacent to the ASS. In
turn, this is influenced by the loca estuarine tidal dynamics and the magnitude of tidally related drain water
level draw down during the ebb tide phase (Johnston et al, in prep).

Acid flux estimates from the Maloneys drainage system suggest there is a relatively narrow elevation range
within which most of the acid flux is occurring (Table 1). Data shows ~80% of the total export flux of acidity
occurred while the backswamp water level was within a 0.4m ‘window’ which can be defined by topography
and tida minima. The upper boundary of this ‘acid export window' (0.3m AHD) corresponds to the upper
levels of the ASS backswamp plain plus aout 0.1m, while the lower boundary (-0.1m AHD) corresponds to
the approximate mean minimum low tide level experienced in the backswamp section of the drainage
network. The concentration of acid export while the groundwater is in a narrow elevation range is directly
related to the main pathway of acid export being groundwater seepage. Significantly, this provides a clear

target window on which to focus management efforts.

Table 1: Percentage of total acid flux yr* in relation to backswamp water level
€levation range at time of flux. Maloneysdrain, 2001.

Backswamp water level elevation range” Acid flu
(mAHD) (% of total export® for 2001)
>0.7 30
0.7-06 15
06-05 20
05-04 59
04-03 6.2
03-0.2 155
02- 01 37.7
0.1-00 212
00--01 6.9
-0.1--0.2 0.2

A Mean daily water level measured at piezometer well 10m from drain in ASS backswamp.
B Based on daily estimates.
“Tota acid flux for 2001 ~1.08* 10° mol H'.

While soil ripening and structural development may enhance the K of near surface horizons over time (Dent,
1986), the hydraulic properties of the soil are a relative congtant. Water levels in this ASS backswamp will
periodicaly fluctuate through this ‘acid export window’ elevation range (0.3 to —0.1 m AHD) depending on
seasona rainfall, inflows and evapotranspiration. Extensive drain shalowing and infilling would reduce the
area over which groundwater seepage could occur and would be quite effective at reducing acid export.

However, this is unlikely to be socidly or economically paatable without some incentives. An dternative
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approach would be to place a water retention structure in the drainage system, alowing controlled
maintenance of high and stable drain water levels while the backswamp water levd is in this ‘acid export

window’ (Fig 8).
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Fig. 8. Schematic representation of groundwater seepagein high K ASS and effects of retention structureon reducing
seepager ates.

This strategy would decrease the magnitude of the effluent groundwater gradient, thus reducing groundwater
seepage to the drainage system, in a similar fashion to that reported by Blunden et al, 1999. While it may not
prevent low pH drain water developing behind the retention structure, it will reduce seepage rates. Thiswill
effectively act as a ‘brake’ on the system, increasing shallow groundwater 10sses via evapotranspiration. This
is essentially a form of containment strategy and is likely to be a far more effective method of reducing acid

export than floodgate opening aone, particularly in an ASS backswamp with high K soils. This strategy is
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obvioudy most applicable to grazing landuses and poorly suited to cane given it's greater requirement for
subsurface drainage. The potentid may exist in some systems to combine this strategy with drategic
floodgate opening to yield greater in-drain water level control during non-flood periods and further enhance
water quality outcomes.

Conclusions

Floodgate opening in ASS backswamps can lead to improved in-drain water quality, but there are also
substantia limitations and complexities, particularly in relation to short duration opening events. While dilution,
neutralisation and exchange can improve in-drain water qudlity, this is often followed by reatively rapid
reversion to pre-opening conditions upon floodgate closure. The extent of improvement will be largely
dependant upon the frequency, magnitude and duration of floodgate opening and the relative interaction
between both the volume and qudity of drainage outflow water and in-flowing estuarine water. Field trids
have demonstrated the potential for short duration floodgate opening to enhance acid export by causing
recharge of near drain groundwater during the opening phase and enhanced seepage of acidic shallow
groundwater to the drainage system after floodgate closure. This is more likely to be an issue in ASS soils
with high K and very poor groundwater quality.

Floodgate opening can lead to reduced net floodplain drainage rates for the duration of opening by atering
longitudinal drain water gradients and may lead to significant net inflow in dry periods. Overtopping of sdine
tidal water represents a significant risk to agricultura land in low elevation ASS backswamps and is a magjor
impediment to high frequency and duration floodgate opening in such systems. This has the potentia to be

managed with water exchange device designs that allow greater surety of water level control.

A containment strategy to reduce acid groundwater seepage rates based on decreasing effluent groundwater
gradients via maintenance of high and stable drain water levels, is likely to prove far more effective at

reducing acid export than floodgate opening aone.
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17. DLWC perspective/ OH & S
Speech notesfor:

A DLWC PERSPECTIVE

Peter Haskins

BACKGROUND

DLWC has along association with the work surrounding the design, maintenance and modification of
Council-operated floodgate structures. This derives primarily from the Council access funding available
under the State-only FHoodplain Management Program.

Since 1992 the Program has dlowed for significant improvements in the design and operation of floodgates
to enhance environmenta outcomes and has more recently been expanded to include provison of OH& S
modifications as more floodgates become actively operated by non-Council personnd. Prior to thistime,
the emphasisin works primarily addressed outcomes relating to engineering issues of operationd efficiency,
routine maintenance and structurd integrity.

ORIGINS

The Department of Land and Water Conservation (DLWC) is an organisation developed from the merger
of the former Department of Water Resources, the former Department of Conservation and Land
Management, and the Water Services Policy Division of the former NSW Public Works.

It can trace its links back further to the former NSW Lands Department, the former Soil Conservation
Service of NSW and other bodies. As such, it is a composte entity with a history of specific responsibilities
for administering arange of Acts, Regulations and policies. The bringing together of these responsibilities,
while it has removed sgnificant overlgps and duplication of functions, has aso resulted in what may appear
to be potentidly opposing management priorities.

PRIORITIES

The priority goas of DLWC have been summed up in the phrase “Clean, healthy and productive
catchments’. This recognises the community expectations of the condition and values of various
landscapes within the catchments. Achieving those expectations is a balancing task sometimes made
difficlt when productivity, in social and economic terms, is viewed againgt the concept of pristine
environments implied by measures of deanliness and hedth.

NSW floodplains, and particularly the northern coasta floodplains, have been devel oped as productive
resources for more than 150 years. The backswamp environments of the floodplain landscape have been
increesingly developed over this time with the trangtion from timber getting to dairy and mixed farming.
Cropping of sugarcane in the lower parts of the floodplain represents perhaps the most intensive and, at the
same time, the most productive rurd activity. It isan activity dependent on drainage works to produce a
suitable cropping environment and for flood mitigation.
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Severe flooding in the 1870s (Williams and Porter in Tulau, 1999) prompted government participation in
coordinated drainage works in the early 1900s and laid the foundations of a relationship between
government and the rura community that continues to this day.

Therdaively smdler scaeinitia drainage works that were carried out up to the 1940s were followed by
deeper and larger drainage works as more funds and horsepower became available. These took place
mainly in the 1960s and continued into the 1970s, in the wake of mgor flood episodes in the 1940s and
1950s, dlowing further development of even the most low lying areas as swamps became pasture land and,
in many cases, ultimately crop land.

The environmental awareness of the day was considerably lower then, and swamps were generdly
perceived asfar from clean and certainly as unhedthy. The immediate productivity gods were achieved by
the drainage works, with permanent access, reduced post-flood inundation periods and the apparent
creation of wealth, employment and a sustainable resource.

WARNING SIGNALS

Notwithstanding the hopes and aspirations of al concerned with the promotion of drainage, and the fact
that drainage had been firgt officialy sanctioned and encouraged by an Act of Parliament in 1865,
cautionary voices had warned of the need for care in the development of the floodplain soils. The
subsequent Water and Drainage Act 1902, in the overriding spirit of the day, none the less encouraged
both flood mitigation works to protect existing assets and drainage works to creste further assets on the
floodplains.

Mackay, as early as 1885, reported the andlyss and adverse presence of ‘reduced iron’ in the clay soils of
the floodplains. He was to be followed in 1910 by Jensen. The latter’s monumenta * Soils of New South
Wales' records no less than 72 references which, with the wisdom of hindsight, establish the presence of
acid sulfate soils in the floodplain. Equaly importantly, Jensen identified the aquatic weed issues that were
a0 affecting the drainage systems of the day, and graphicaly supported them with commentary and

photographs.

Remarkably, perhaps because of prevailing climatic patterns, World Wars and increasing rura prosperity,
amost no further record of specific concern with acid drainage can be found for the next 50 years. The
rapid loss of wetland and estuarine habitats raised clusters of concern but failed to achieve widespread
recognition in either government or the community.

By 1960, Walker was addressing the potentid impact of drainage and exposure of ‘cat clays on water
quality and production in the lower Macleay. Waker's clear recognition of the potentia for damage by the
draining of what we now refer to as acid sulfate soils went unheeded in the push for drainage.

In 1976, when most of the deep drainage projects had been completed, the then Department of Public
Works N.SW. issued staff with Manua No. T~01. ‘Design of Flood Mitigation Structures'. This
carried the very clear caution not to drain coasta floodplain soils too deep:

‘Artificial drainage of low lying areas requires a knowledge of the soils of these areas. Certain
strata in back swamps may produce salt and acid on exposure to the atmosphere and hence
excessive drainage to depth of these areas could bring about large increases in salinity and acidity
by aerating significant thicknesses of these strata. The lowest allowable limit for the drainage of
these areas would be the upper limit of these strata.’
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Fish kill events plagued coastd estuaries throughout the 1970s and into the 1980s, drawing community
attention with their high visua impacts. Speculation was rife in the media, with blame being largely laid on
illegd dumping in creeks and farm chemicd usage despite the familiar recognition of *summer flood
conditions by many farmers in the more northern coastal floodplains. The spectacular clarification of the
Tweed River that followed amgor rainfdl event in March 1987, with a coincident kill of awide range of
aquatic organisms, was recognised and documented by Easton (1989) as an acid sulfate runoff event.

Thislatter event and its causal connotations triggered the wider recognition of the potentia downside of
deep drainage in the coastd floodplains and with it the search for compromise between productivity and
the protection of the environment.

MIXED CONCEPTS

Floodplains and backswamps aren't necessarily what the whole community thinks of as clean hedlthy or
productive, even if their virtues are extolled in these terms by some. Just as the community is divided into
various sectors, so isthe opinion and knowledge about the floodplains and backswamps.

The undeniable agriculturd productivity has been achieved a a cost of lost habitat, virtudly irreversble
change in ground conditions and the interruption of the floodplain cycle of renewa and replenishment. Their
naturd environmenta range of functions has been dmost whally replaced by predominantly socid and
economic functions. Adverse impacts, such as acid drainage discharges, largely impact on receiving waters
and have limited direct effect on stes from which they emanate.

Three principal State policies— the Flood Policy, the Estuary Policy and the Weirs Policy — recognise the
inherent conceptua conflicts in management of the floodplain resource. The former is primarily focused on
reducing the impact of flooding on the individud while the two latter expresdy address the protection of the
environment. Reconciling the outcomes is a demanding task, particularly when an action under one palicy is
potentialy contradictory for an objective of another.

FUNDING

The Floodplain Management Program (FMP) administered by DLWC provides funding for a range of
flood mitigation works that has increasingly broadened in scope to include environmental enhancements to
exiging schemes. Nonetheless, the funding available comes with alimiting contral in the form of a priority-
Setting mechanism and the further restraint of requiring a contribution from loca government.

While other sources of funding outsde the immediate control of DLW C do exist and, over time, represent
very subgtantia expenditures, the commitment of FMP funds over the last decade to specificaly remedy
adverse environmenta outcomes of past drainage and flood mitigation works is very significant.
Expenditures have been approved for works from the most basic studies, to comprehensive management
plan development, water quality monitoring, structural modifications (with gppropriate Occupationd Hedth
and Safety standard compliance) and ongoing community involvement & al levels

For mgjor projects, such as the Tuckean Swamp (Bagotville Barrage) where the floodgates have been
modified and atrid is currently in progress, costs are gpproaching seven figures and the process has
required more than eight years of commitmert by local government, State agencies and, most importantly,
the cane growing industry. Other projects of asimilar scae have required equdly large sums to be invested.
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The development of the Acid Sulfate Soils “Hot Spots” Program has the potentid to build on the
investment created by FMP funding. Currently in Stage 1, this Program foresees an averaged investment of
some $500,000 in each project, and while the Program is administered by DLWC the ongoing funding into
Stage 2 is dependent on red achievement in the present Stage.

KEY ISSUES

The trend in environmental modifications to existing sructures and drains is to achieve acompromise
between retained productivity vaues and improved environmentd vaues. The two are not mutudly
exclusve, however they cannot be addressed in isolation from each other, or from the consderations that
thelocd government must have in respect of the burden of respongbility for the maintenance of existing
levels of flood protection.

For DLWC, the issues of retaining the integrity of the flood mitigation scheme, its essentid smplicity and
the maintenance systems have to be baanced againgt the functiondity of the system with proposed

changes. For ingtance, will it replicate the pre-works system effectively, are the skills necessary to make the
changes work truly in place (ie will saltwater enter former freshwater areas, can operators be trained in safe
opening sKills, is the modification practical and reliable in engineering terms?)?

To these issues must be added wider considerations of the repair of degraded land itself associated with
past practices, integrated planning for long term future land use and the avoidance of unintentiond future
damage.

THE FUTURE

The protection of the State' s floodplain resources is one now affecting effecting a very wide range of the
community at large, industry, academia, State government agencies and loca government. The more
closdly dl parties can work together, the more quickly effective, timey and wearable solutions can and will
be found.

It is more than Smply a matter of lifting the floodgates or shdlowing the drains.
DLWC supports the composite modd of research, assessment, tria, monitoring and modification of

exiging (and future) drainage and flood mitigation works. Experience has taught us dl at al levelsthat there
isno smple UNDO button when an unexpected factor enters the environmenta equation.
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18. NSWASS Hotspot program overview }
h a4

OBJECTIVES
To reduce the duration, frequency & intengity of acid discharges from the nominated hot spots, by:

® \vorking cooperatively with stakeholders to make incremental gainsin reducing acid discharges to meet
agreed environmental goas

® deveoping site specific solutions
® monitoring results, assess strategies, refine future strategies for short & long term management

® promoting community awareness

Stage 1 projects

® Cudgen Lake (Tweed catchment)

® Everlasting Swamp (Clarence catchment)

® Collombatti-Clybucca (Macleay catchment)

® Upper Maria- Connection Ck (Hastings catchment)
® Partridge Creek (Hastings catchment)

® Moto-Ghinni Ghinni Creek (Manning catchment)

® Broughton Creek (Shoahaven catchment)

Sage ltimeline

©2000/01 - $3.4 million announced, local government site managers identified & contracts developed

©2001/02 - NSW Technica Committee established, initial contact made with property owners, concept
plans developed, additiona studies completed (eg eevation surveys, soil assessments, groundtruthing)
draft management plans under development, monitoring commenced

®2002/03 - management plans completed, development approval obtained, EIS's completed where
required, works designed & constructed, monitoring continues, projects completed

Role of ste managers

® manage day to day progress
® establish, support & host community reference group

®|ead community consultation & negotiations with property owners
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® vrepare management plans
® manage consultants
® seek development approvals

® supervise implementation of works

Role of DLWC

® broject manager

®final decision maker on strategies and implementation
® support site managers

® provides planning and technical advice

® supports Technical Review Committee

® monitoring

® communications

®|iaises with Environmenta Trust, ASSMAC, Water Management Committees, Catchment Management

Boards, Water CEO's

Role of Technicd Review Committee

review initial options & endorse concept plan
® review draft management plan & provide comment
® endorse fina management plan

® report to DLWC

Role of Community Reference Group

® i hdicate community wishes
® review draft plans & recommend preferences
® provide opportunity for informal stakeholder liaison

® report to site manager
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Cudgen Lake, Tweed Shire - Eastern area showing discontinued golf course

Everlaging Swvamp - Teal Lagoon, March 2002
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CHARACTERISTICS

® 800 ha, high drainage dengity (90nvha)
e ~ 25 mm average tida range a Cudgen
Lake

e 1 discharge point, no mgor floodgates
e persgent scads mgor fish kills at
Cudgen Lake

e motorway construction provided
capping & dewatering at Ste

e high vaueland use

MANAGEMENT

e 14 management units. grazing, cropping,
nature reserve, roads and recreation open
space

® main options. drainage redesign (eg 13
km drain in-filling), scald reclametion,
drategic liming, best practice cropping (eg
laser grading, BP drain maintenance.)

e Strategic liming by mobile rock lime
crusher, for drainage applicationsto polish
discharges

CHARACTERISTICS

e 3,000 ha, most high value wetland

e averageland devation ~-0.1m AHD
e extremely poor groundwater, little
discharge

e post-flood scalds

e 14 discharge points
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Little Broadwater, May 2002

Collambetti — Clybucca
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MANAGEMENT

e 9 management units, grazing and
cropping

® main option: water discharge
management by bunds and weirs to
enhance wetland vegetation & minimise
scad development and duration

o floodgate modificationsto alow
backflooding

CHARACTERISTICS

e 2981 ha

e protracted low pH drain discharge
e 1 primary discharge headworks

e 1.6mtidd range

® persstent scalds

e |and devation ~1.0m AHD

e modly grazing land

MANAGEMENT
® 4 management units

; "f | @ main options: tidal exchange at primary

headworks, scald remediation via surface
water & stock management, increase drain
water levels to reduce groundwater in-
flows

e largely cooperative landowners

e some drainage redesgn is likey
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Partridge Creek

’HARACTERISTICS

Y @ 542 ha, ~ 90% Council-owned
_JWW" e averageland devation ~ 0.1m AHD
# e repeated acid discharges

® post-flood scalds

e 1 mgor discharge outlet

e proposed effluent trestment Ste

o identified threatened species

Discharge from Partridge Creek

MANAGEMENT

® 2 management units

e man option: establish 70 ha effluent treatment
pond (re-establish pre-drainage hydrology) &
neutralise with lime as required

e review and redesign drainage system at other
problem Sites, including dropboard weirs

e congruct 1.85 km levee with water control
welrs

e contain groundwater

CHARACTERISTICS

e 3882 ha

e 55 discharge points, 78 landowners

e cumulaive acid discharge from tidd pumping at
52 headworks

® persstent scalds

e 55 drainage systems

Scad at south Moto
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Moto Coopernook swamp April 2001

MANAGEMENT
52 management units:
15 km drainage redesign
surface & groundwater containment viain-drain
welrs
tidd exchange at some floodgates
scald reclamation

CHARACTERISTICS
4,496 ha, large areas native vegetation
average land devation ~ -0.1m AHD
protracted low pH discharge
minor scald devel opment
13 discharge points

Anderson’ sdrain, tria sandbag wer

acid containment is main technique

tida exchange a floodgates for neutraisation and
dilution

raise drain weter levels to reduce groundwater inflows
trade-offs required for landowners where agricultura
productivity is compromised
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Broughton Creek

Smart gate dtevist

CHARACTERISTICS
2,500 ha, inc. high value agric & commercid
land devation -0.5to +1.0 m AHD
continud low pH drainage
sverefish kills
19 main floodgated drains

MANAGEMENT
12 main management units
~2 km drain in-filling
tidal exchange at automated floodgates
df-tilting weirs for water level management
BMP drain management
property ownerswilling to participate
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Comparison of hot spot project sites

Hotspot Site Area (ha) Average Land Use | Other Site M anagement
M anager Elevation Characteristics | Techniques
Cudgen Tweed Shire | 800 ~+15m Sugar Cane, | 25 mmtidd drain in-filling;
Lake Coundcil AHD Grazing, Tea | range; drains land use
tree, without changes,
Recregtion | floodgates; severe | plantation
fish kills, high forestry
drainagedensty | proposals;
(90 m/ ha); no laser grading;
centralised Srategic
drainage planning; | liming; 5 key
property
OWnNers,
compensatory
wetland
(Reserve).
Everlasing | Clarence 2900 ~-01m Wetland esuainetidd acid
Swamp River AHD grazing, pre-1927 (salt containmen;
County Sugar cane, | exdusonwer scad
Council Teatree, congtruction); remediation by
Wetland mogtly SEPP 14 | water
lagoons coastd wetland; | management -
low dengty bund
drainage congruction &
(11m/ha); 14 dropboards,
discharge tiddl
headworks, floodgates &
floodgate
winches; fish
passage
ggnificant;
BPM.
Collambaiti / | Kempsey 2981 ~+1.0m Grazing / 1 primary tida exchange
Clybucca Shire AHD or 0.3 | Dairy, discharge a primary
Council Improved headworks; headworks;
pasture protracted low increased
pH drain drain water
discharge; scald | levesto
development; reduce
1.6mtida range; | groundwater
in-flows,
Partridge Hagtings 542 ~+0.8m 10% grazing, | repeated acid construct 1.85
Creek Coundil AHD Coundil dischargesfrom km levee and
owned, one mgor outlet; | water control
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proposed threstened welrs, re-
effluent Species cregte 70 ha
trestment occurrence; wetland for
90% Council effluent
owned land; trestment;
contain
groundwater;
draegic liming
as required.
Moto / Greater 3882 ~+0.5m Grazing 55 discharge Tida exchange
Ghinni Taree City AHD points, 78 at some
Ghinni Council landowners, floodgates;
cumuldive acid surface and
discharge from groundwater
tidd pumpingat | containment;
52 headworks; scad
persstent acid remediation; ~
scalds 15kn drainage
redesign
Upper Maria | Kempsey 4496 ~+1.0m Grazing, 13dran tidd (inc
River Shire AHD Native discharge points, | autometic)
Coundcil vegetation somewith exchange at
protracted low floodgates;
pH discharge; acid
minor scad containment;
development; increased
previous aguetic | drain water
lifekills levelsto >
groundwater
level
Broughton Shodhaven | 2500 ~+0.7m Improved 19 main floodgate | tidal exchange
Creek Shire AHD pasture, dructures; high a automated
Council Dary & vaueagriculturd | floodgates,
grazing, and commercid water leve
Indugtrid aress, severefish | management
effluent kills, continud low | viasdf-tilting
pH drain weirs, ~ 2km
discharges dran in-filling;
BPM.
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Implementation

These large scale projects demondtrate that the economic imperatives of property owners influence
their willingness to implement ASS remediation techniques developed from Ste-specific sudies.

Site managers are required to match technical solutions to the needs of property ownersin order to
gain the best environmenta outcomes.

Trade-offs and other incentives assst Ste managers to secure optima environmental gains on private
property.
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19. General discussion / conclusions

Manud vs. Automatic gates

Suitability for any particular style needs to be determined on a case-by-case basis

If manud syleis used, to be effective it needs to be dmost always open — benefits rapidly deteriorate
once gate is closed again

Need to consider the requirements of the floodgate manager, don’t want to be congtantly attending
floodgates with other on-farm priorities

Influence of potentid flood risk
- low risk for manua
- higher risk for automatic (use manud backup at these times)
All gates need a manud override system
Whatever the management regime of the gate, it needs an ‘owner’ for maintenance, operation etc.
Landowners like to have the ability to manage open gates
Even gandard flap gates have bugs
Preferable to have smal openings for long periods than big openings for short periods
Need to investigate system of phone call back up to warn landholders of impending rain, floods etc.

Automatic gates reduce the workload for landholders

When replacing gates need to consider advice from Fisheries, engineers, and landholders etc for their
input
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Some landuses and landscapes are more sengtive than others to sdine intrusion and this too should be
acondderation

Holigic System Management

Need to consider the whole subcatchment of the drain, what will happen further upstream?
Condder exchangein drain

Porosity of soils

L andscape features — habitat vaues

Because some drains are over-engineered the establishment of mangroves (where shdlow sdes exist)
may not be detrimenta

Investigate the redesign of whole drainage sub-catchments rather than just ingtaling a gate
Difficulty isthat infrastructure is established around an existing drainage network

Drains designed to remove flood flows

Natural creek systemsto connect / drain backswamps

Moddling sub- catchments

Congder landuse change and possibilities to return to more natura drainage patterns
Potentid impacts of sealevel change

Short term funding cycle reduces long term potentia for on-going success, doesn't fit natural resource
management

Management plans for gates are not dways benchmarked
What effort is being put into maintaining landholder agreements for the continued management of gates

Partnerships to manage floodplains / gates
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