Chickiba Lakes
Acid Sulfate Soils and Wetland Management Plan

EWS06-07

Prepared for Ballina Shire Council and funded &y th
Northern Rivers Catchment Management Authority

June 2006

RICHMOND
RIVER
COUNTY —
COUNCIL N\, {

) - / &

S OLUTILONS o
ba\lu_r\a
AP .
\_ Northern Rivers
CMA CATCHMENT MANAGEMENT AUTHORITY




Table of Contents

A 1 Yo [ [od 1 o o PSR 5
1.1. Chickiba Lakes Acid Sulfate Soil and Wetlandidgement Plan..............ccccciiiiininnnnnn. 5
O AV ox [0 IS0 | £= 1= Yo | PSSP 5
I T O = ] = | IV AY =1 1 = o £ 7
1.4. Legislative and POlICY framEWOIK ........ o e 9

2. Chickiba Lakes Management Ar€a........ccoooeioiioioiieeeeee e s 9

3. Acid Sulfate Soils at Chickiba LaKes...........coooiiiiiii e 10
3.1, PreviOUS Site ASSESSIMENTS .......ciiiiiuiiieeieieeeeetiti e e e e e eeeaatar e e e eeseeeanaessta e aeeeeaesnnnnes 11

3.1.1. North Coast Wetlands Assessment — Chickds Betland ..............cccoooeiiiinnennen. 11
3.1.2.  ASS sampling for the Chickiba Lakes Bird \MgdArea ...........ccooeeeeiieieiiiienieneen i 11
3.1.3. Chickiba Wetlands Acid Sulfate Soil Managatrflan ... 13

Y| (O P = 1o (] €151 (o PP PP PPPPUPP PPN 13
o I | (=3 B =S Tox ] o) £ o P PP 13
N € 1= To ][0T |V PP 14
R T O 11 0= 1= PP P PP PPPPPPT PPN 14
4.4,  Catchment CharaCleriStCS ........ccuuvueeeeeeiiiiiie it e e e e e e ee e s 14
T o] Jo o | =T o] o AP PPPPPPPPTPP 15
T o 1Y 1 £0] o0 Y 15
4.7.  FAUNA AN FIOTA...... et e e et e e e e e e e et e e eeee s 16
4.8.  CUITENTIANG USE ...ttt ettt e e e e e et e e e e s ettt e e e et e e e e s e abbbneneeeeeeee s 16
4.9.  Drainage and FIOOOING ... .. uuuuuuuuues e eeeeeaeesnsnnsnnsnsensennsnnnnnesnnnnsnnsssssssssssssessssnsssmmnmnn 17

5. Chickiba Lakes Management UNItS............uuuuuuuumuumemiinnenntuienens i sassassssesssssensnenesenenessnnnenes 18
5.1.  Chickiba East WeLland................o et 18

5.1.1. Acid Sulfate SOil ASSESSIMENT ........ e e e eeeeeeanen 22
5.1.2. Recommended ACLIONS .........iiiiiiic et s eee e e e e e e e e e e 26
5.1.3. Implementation REQUINEMENTS ........oooii i 27
5.1.4. Acid Sulfate Soil Mitigation SIrAtEQIES ceeeer vviieiiiiiiiiiiieiiiiieiieie et err e e e ee e 28
5.2.  Chickiba Wetland (WESLEIN) .....o.eeeiiieeeeeee e 29
5.2.1. Qualitative ASS @SSESSIMENT........iicecceeeee it e e e e e e e e e e e eeeerneaes e e eeeeeees 30
5.2.2. Impacts of Stormwater on the Chickiba Westldd...............ccoooiiiiiiiiiiiiii e e 31
5.3.  Chickiba Lake and "Southern Cross" Wetland..................eueiuieiiiiiiiiiiiiiiiiiieeeeeeeeeeeeeee 32
5.3.1. Southern Cross Wetland ...........oouiemei e e 33
5.3.2. CRICKIDA LAKE ......ccceieieeii et eee e e e e e e e e e et e e e e e eeearaa 33
5.4, PrOSPECE LAKE .....ceeiiiiiiiiiiiiiiettt i s+t ee e et e e e e e e e e e e e e e e e e e e e e e e e e e aaa e e e s s s s e e e e e e e e e e e e e e e e e e e e e e e e aaaaaas 35
5.5.  Property to north of Angels Beach Drive ... 37

6. Stormwater Management Options - Water Sensitive Urln Design (WSUD)..............ccc.cee.. 38

7 O o Tod 113 o U 41

S T (= (=] =7 o =PSRN 42

Chickiba Lakes Acid Sulfate Soils and Wetland Maragnt Plan 2



Table of Figures

Figure 1: Acid Sulfate Soil Map for the StUdY @r@a.............uueuuuiiiiiiiiiiiiiiiiemne et eeeeeeeeeeees 6
FIQUIE 20 STUAY AI@ .. ..o e e 10
Figure 3: Chickiba Lake area showing ASS sampliBigfiS. ..o 12
Figure 4: Aerial photo of study site with land 20 ... 14
Figure 5: Schematic diagram of Chickiba East Melede\Wetlands natural hydrology and hydrologic
Changes POSE-UIDANISALION. ..o 16
Figure 6: Aerial photograph of the Study area..............ueveiiiiiiiiiiiiiiiiiii e 17
Figure 7: Main features of the Eastern Chickibal 8L ..., 18
Figure 8: Simple diagram of sandbag WeIr. .........c..oeiiiiiiiiiiiiiie e 21
Figure 9: Chickiba West Wetland fEAtUIES .....ccucueuiiiiiiiiiiiiiiiiiiiiiiiiiiiviieviv e veereee e e e eeeeeeeeeeeeeeees 29
Figure 10: Chickiba Lake and SUITOUNGS ..........uuuuuurumriiiiieiiiiiis s sasssssseassssesnesessnsnsnsnenenes 32

List of Plates

Plate 1. Typha and Phragmites dominating the Ba§thickiba Wetland. Sparse melaleuca canopies in

L0 [ o= Tod 1o £0] 0 T TR UUTUURUURRURRPRRRRRS. 91
Plate 2: Open water zone with Azolla cover in ChiaekEast Wetland................ccccccvvniiieemmeneeeeenee. 20
Plate 3: Position of Pipe DEIOW WALET. .......cuumeuiiiiiiiiiieee e 21
Plate 4: Chickiba West Wetland from the sportgifi@oking southwest. ..........ccccvvvvviiiimccceereennnn. 30
Plate 5: Windthrow in the Chickiba West Wetland................ooviiiiiiiiiii e 31
Plate 6: Erosion area along the foreshore bankimk®a Lake. ............ccccoovvviiiiiiiiiiiiceeeeie 34
Plate 7: Second erosion area along the foreshodeddaChickiba Lake. ...........cccooeveiiii s veeene 34
Plate 8: Area of salt couch stabilising the DanK ..............eu e 35
Plate 9: Area of erosion at ProSPECE LAKE. . cevvereeriiiieiiiiieiieiiitieiserisssinneneeseeeeeseeseeseeeeeeereereree 36
Plate 10: Stormwater pipes discharging into Prasp@ke..............coovviiiiiiiiiiiiee e 37
Plate 11: Example of a constructed stormwater wetia a residential situation (location: Evans Head
[N IS AT PP TP PP OPPPTPPPPRPPPY 40
Plate 12: Stormwater pipe in elevated position 1&&arthern Cross School - suitable for a constructed
Wetland treatMENT SYSIEIM ... ..ottt erere e e e e e e et e eeeeeeeeeeeeeeeeeeeeeeeeeeees 40
Date Revision Author Checked
12/07/06 A RM, DP KDS

Chickiba Lakes Acid Sulfate Soils and Wetland Maragnt Plan 3



Executive Summary
This Plan assesses and sets out the requirememsif@gement of any site disturbance associatdd wit
infrastructure maintenance (mainly drain clearinggtland rehabilitation works, and other minor weork
that may impact on Acid Sulfate Soils (ASS) in @leckiba Lakes area at East Ballina. The aim o thi
Chickiba Lakes Acid Sulfate Soils and Wetland Maragnt Plan is to undertake an assessment of the
present ASS status of the defined sites, and peofidure management recommendations for the
Chickiba Lakes area.

The study area is classed as an ASS landscapesieebayvations are below 5m AHD, ASS soil risk

maps predominantly categorise the area as Clas® 2nelaleuca forests and tidal lakes of the area a

commonly found in ASS landscapes, and the presehestuarine sediments, geological history and
location is favourable for pyrite formation. Asseests were undertaken for five management units to
assess in more detail the presence and managefrid50

The wetlands and waterbodies have been segmenttt lmyusters of residential areas, sporting fields
and associated infrastructure. Residential housinobdivisions are the dominant land use with
stormwater directly discharged from the urban arats the wetlands and lakes through about thirty
stormwater pipes. The adjacent urban developmes drastically changed the natural hydrology of
the wetlands.

Visual indicators of ASS impacts were not foundidgrsite assessments. However, the northern end of
the Chickiba East Wetland featured a hydrogen $i#plsmell indicating the possible presence of
Potential Acid Sulfate Soil (PASS) conditions.

The soil sampling results for Sites 1 and 2 shoat BASS levels were low from the soil surface to 1m
depth. The first metre from the soil surface waegarised as containing actual acid sulfate sB#sSS
results in the surface layer of organic matteritg $ was above the action criteria and therefooeld/
require appropriate management if disturbed. Smmh@ing at the three sites provided inconclusive
quantitative evidence of the depth of the ASS ldyssughout the wetland.

Due to the shallow disturbance from the proposedksyothe likely neutralising capacity of the
downstream vegetation and waterway, the relatisalgll size of the wetland, and low level of potahti
disturbance, it is unlikely that significant negatiimpacts from ASS would occur downstream of the
study area for the proposed works. However, thissdoot avoid the need for best practice for ASS
management, and effective techniques are recomrddndreanage the proposed works.

It is recommended that the proposed drain cledsengndertaken at the northern side and southeen sid
of Angels Beach Drive at Chickiba East Wetland.sT$hould follow the methodology used for previous
drain clearing at this site, i.e. minimal disturbancareful monitoring, and appropriate liming vweher
indicated. Required liming rates are recommendadaddition, further clearing from the nominal
SEPP14 boundary to the open water area is reconedeimdthe interest of remediation of severe
damage to the wetland resulting from excessivedatian and water depth.

It is recommended that proposed drain clearingreg site on the south-east side of Chickiba East
Wetland be undertaken. Removal of built-up sedisiémtthe drain should not disturb the ASS layer.
Removal of weeds and shallow scraping of soil emgtormwater flow path is recommended to improve
stormwater management at this site. In additiotyréuassessment of stormwater drainage redesign
during infrastructure renewal is recommended.

Chickiba Lakes Acid Sulfate Soils and Wetland Maragnt Plan 4



It is recommended that erosion works at Chickibd Bnospect Lakes be undertaken. The preferred
option is to regrade the slope of the foreshoreatkiment. This should replicate a gradient of adjace
areas showing no erosion and healthy vegetatioerc@&tabilisation of the redesigned bank with salt
couch or other desirable native species is recordeten

1. Introduction

1.1.Chickiba Lakes Acid Sulfate Soil and Wetland Managment Plan

Ballina Shire Council commissioned EcoWater Sohdido undertake an Acid Sulfate Soils and
Wetland Management Plan for the Chickiba Lakesystr@a in the context of planned works in the
area. Substantial residential development with @ased roads and drainage has been carried obein t
study area over the last twenty years, some inlyavg melaleuca wetland areas. This Plan setslait t

requirements for management of any site disturbagssociated with infrastructure maintenance,
wetland rehabilitation works, and other minor wottkat may impact on acid sulfate soils.

1.2 Acid Sulfate Soils

Acid Sulfate Soils (ASS) occur mainly over low-lgircoastal areas, predominantly below 5 metres
above Australian Height Datum (AHD). These soilsyrba found close to the natural ground level but
may also be found at depth in the soil profile. A§Barticularly found in coastal wetlands.

Under anaerobic conditions maintained by permagenindwater, iron sulfides are stable and the pH is
often weakly acid to alkaline. ASS only becomesabfem when they are disturbed and exposed to air.
When iron sulfides are oxidised, sulfuric acid feriaend the soil becomes strongly acidic. Typically,
excavating or otherwise removing soils or sedimemignipulating water levels or filling land, causes
disturbance of ASS.

The exposure of ASS to oxygen (e.g. by drainageawtion or filling) usually results in productiomh
sulfuric acid and toxic quantities of iron, alumim and other heavy metals, in forms that can be
released into waterways. These ASS products examyahigh oxygen demand in the water bodies.

The acid also corrodes concrete and steel infretsirel and, together with the metal contaminants, ca
kil or damage fish, other aquatic organisms, ardive vegetation, as well as cause extensive
degradation of waterway ecological function (Ahetral., 2002).

All disturbances to the groundwater hydrology orface drainage patterns in coastal areas below 5
metres AHD, including the subsoil or sediments Wweton AHD where the natural ground level of the
land exceeds 5m AHD, should be investigated, anerevfustified should be designed and managed to
avoid potential adverse effects on the natural baidt environment (including infrastructure) and
human health from ASS (Stoekal., 1998).

The elevation of the study area under investigagdmelow 5m AHD and ASS risks maps classify the
area as predominantly Class 2 (Figure 1).

The NSW Acid Sulfate Soil Manual was the guidinguiment to assess the presence and status of ASS
for this management plan.

Chickiba Lakes Acid Sulfate Soils and Wetland Maragnt Plan 5



e a— ) aa
B g

kg g

Fror e T e BB
Frerl By WP e SR 6 E 5 R

1 e TN

oY TS T T AT D LCE L B,
3 erE Sy ansn P wnenase 8 b 50 [ ased Sp0nd

FONG Ty S AT ™
3 frafe beta FESE

TR R
FYEE O N FE DS & PR 0 [ ke S
wwlew

5 PR A I B e
bt | iy ARCim amn b D Yo d and

3

M Gl
LT
e o

= o
L] 1
wee Chickiba Catchment - LEP Acid Suiphate Soll Map 3
L]
b [P | Feied jiiﬂ'ﬁfm
s a B daa e - - sivsom | L

Figure 1. Acid Sulfate Soil Map for the study area.
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Project Objectives
The aim of theChickiba Lakes Acid Sulfate Soils and Wetland Management Plan is to undertake an
assessment of the present ASS status and provige fmanagement recommendations for the Chickiba
Lakes area.

Any works involving the disturbance of ASS mustesssthe risk associated with disturbance through
the consideration of both on-site and off-site istpaln the Chickiba Lakes area, the possible tygpes
disturbance are drainage works, wetland rehalditatvorks, lake maintenance, and minor erosion
control works.

To achieve the Plan aim, the following actions weagied out:

> Undertake an assessment of the ASS status ofutg atea and provide future recommendations
for sustainable management.

> Undertake site investigations of the study area assessment of impacts of any works on ASS
and drainage through both desktop assessment ejadipsite inspection

> Undertake soil sampling at designated sites toro@te sulphide depth through wetland area.
Relate this to the invert levels of the major dsain

> Compile an ASS management plan for the study apgaring site characteristics, drainage and
flooding, lake pipe discharge and maintenance, l&keshore erosion, ASS mapping and
sampling, land use and infrastructure, identifiedufe earthworks issues relating to ASS,
performance indicators and recommended actionsnaplé mentation requirements.

>  Provide recommendations for wetland ecosystem ritadlon and preservation in association
with ASS drainage.

1.3.Coastal Wetlands

Coastal wetlands in areas undergoing urbanisatiersabject to environmental stresses at a number of
levels, most notably in their water regime. It isllestablished that catchment urbanisation cath lea
significant changes to the hydrology in, and astedi increased pollutant export from, wetlands.

Hydrologic and hydrodynamic characteristics that effect the environmental value (and ecosystem
health) of natural wetlands in urban environmentdude flood frequency, depth and inundation period
and other flow-duration responses such as veldaityeases. Often the “drying” frequency is as
important as the inundation frequency in presentireginherent values of natural Australian wetlands
(McComb and Lake, 1990).

Complex interactions between components and alesato natural cycles and processes, as a refsult o
urbanisation, can result in a wide variety of clemtp a natural ecosystem. These threats can irapact
physical, chemical and biological attributes of thetland. Downstream aquatic ecosystems such as
estuaries are also impacted by these changes,xtonpte, the possible risk of fish kills through
disturbance of acid sulfate soils in natural wetkn

Threats to wetland function result, primarily, from
alterations to hydrology
physical disturbances as a result of altered hgdrol
alterations to the chemical and physical propedfebe substratum (in particular, changes to the
wetting and drying pattern)
direct encroachment on the wetland ecosystem

Chickiba Lakes Acid Sulfate Soils and Wetland Maragnt Plan 7



Land clearing, filling and artificial drainage atgpical practices that directly encroach on wetland

systems. These threats from urban development @am the following specific impacts on a wetland

system:
- redistribution and loss of vegetation communities,

deterioration of both water and sediment qualitshimi the wetland,

deterioration of water quality and modificationvediter volume flowing out of the wetland, and

loss of individual species and biodiversity or ofpas to species composition (McComb and

Lake, 1990; DLWC, 2000).

In addition, sulfidic soils are particularly founchderlying coastal wetlands. Therefore, changdatedo
hydrologic and hydrodynamic characteristics of @lanel can cause changes to the status of acidesulfa
soils.

Importance of Melaleuca Wetlands
Melaleuca wetlands are among the most productipestpf ecosystems. They are dynamic, transitional
environments that link terrestrial and aquatic gsteans and are consequently highly variable inrthei
nature. Vegetating the interface between land astgnyvthey provide a number of unique benefits such
as:

Biological diversity

Nursery and breeding grounds

Catchment water quality

Biological productivity

Nutrient recycling

Flood mitigation

Groundwater recharge

ASS control

Research and education; and

Aesthetic, social and cultural values (Adam, 1985).

Melaleuca quinquenervia (paperbark) is the dominant species in north-eadtew South Wales. Prior

to European settlement melaleuca wetlands weregxtein distribution, providing wide buffer zones
between shorelines, estuaries and coastal riveoseqting these waterways from sediment loads and
nutrient runoff. Clearing of these wetlands foraluactivities and more recently for urban developtme
has removed these protective buffer zones (Gregnl@9g).

It is estimated that 50% of freshwater inland amastal wetlands have been lost since European
settlement (Sainty and Associates, 1996). Remaiwetiands are vulnerable to degradation problems
affecting both water and land such as water polfutind vegetation clearance. State Environmental
Protection Policy Number 14 (SEPP 14) provides sprogection for remaining coastal wetlands (NSW

EPA, 1997). This policy was introduced in 1985 wngerve wetlands in the face of escalating

development pressure on the NSW coast. The Chidléisa Wetland is protected under SEPP 14.

Chickiba Lakes Acid Sulfate Soils and Wetland Maragnt Plan 8



1.4. Legislative and Policy framework

Provisions in Local Environmental Plan

Recent changes to Ballina Shire Council’s LocaliEsmmental Plan now require development consent
to be obtained for certain works on lands whereetligea potential to expose acid sulfate soilfiegiby
excavation or by lowering the water table.

The need for development consent is dependent envtitk proposed and the risk class of the land,
which is identified on maps held by Council.

SEPP 14 — Coastal Wetlands and other planning insiments
Land mapped by SEPP 14 coastal wetlands definegnadésd development, pursuant to Section 29 of
theEnvironmental Planning and Assessment Act, as:

Clearing of the land

Constructing a levee on the land

Draining the land

Filling the land

Other instruments are the Regional Environmentah Rhd SEPP 26 (Littoral Rainforests) (Stehal.,
1998), and Section 49 Planning Certificates andl Atilfate Soils Planning Maps.

2. Chickiba Lakes Management Area

The Chickiba Lakes area consists of a remnant medal wetland that has been divided by past urban
development into three parts. The wetland as aewvals fragmented by earlier construction of a sport
field in about 1993-4, several residential houssapdivisions and the Southern Cross School. Angels
Beach Drive traverses the northern edge of theysaueh with cleared wetland and salt marsh present
the northern side of the road (private propertgeGonsultation below).

The other areas consist of a natural lake (Chickddee) with rehabilitated bird roost and a congiedc
lake (Prospect Lake). Figure 2 shows the study amdadenotes stormwater drain inlets to wetlandis an
two drains for which maintenance removallgpha orientalis andPhragmites australisis proposed.

The site under investigation has been divided fiseomanagement units. These management units have
been determined by specific hydrologic charactedsbf the areas. The management units are as
follows:

Unit 1 — Eastern Chickiba Wetland

Unit 2 — Western Chickiba Wetland (west of Chickiba Sporting Field)

Unit 3 — Chickiba Lake and Southern Cross Wetland

Unit 4 — Prospect Lake

Unit 5 — Property to the north of Angels Beach Drie (Unit 1 drains into this site)

Chickiba Lakes Acid Sulfate Soils and Wetland Maragnt Plan 9
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Figure 2: Study area

3. Acid Sulfate Soils at Chickiba Lakes

The study area is considered a potential ASS |lam#sbecause elevations are below 5m AHD, ASS soil
risk maps predominantly categorise the area ass@amelaleuca forests are commonly found on ASS
landscapes, and geological history and locatiofaveurable for pyrite formation. Assessments were

undertaken for each management unit to assess ia d®ail the presence of ASS. This involved
desktop and visual assessments of the managenea# and included ASS sampling in the Chickiba

East Wetland.
The following visual indicators for ASS were asseks
Unexplained scalding
Unexplained death or disease in aquatic organisgadigh kills
Formation of jarosite and other acidic salts inesqu or excavated soils

Areas of green-blue water or extremely clear wigigicating high concentrations of aluminium
Rust coloured deposits on plants and on the bahkfains, water bodies and watercourses

indicating iron precipitates
Black to very coloured waters indicating de-oxygema(Stoneset al., 1998).
10
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None of the abovementioned indicators were fourrthdwsite assessments. However, the northern end
of the Chickiba East Wetland featured a strong bdgein sulphide smell indicating the possible presenc
of PASS conditions. This indication is supportediy results from a grab sample. Potential acithtaul
soils in the surface layer of organic matter (sebld 7) were above the action criteria and theeefor
would require appropriate management if disturbed.

3.1.Previous Site Assessments

3.1.1. North Coast Wetlands Assessment — Chickiba East Wahd

A wetland assessment was undertaken on tfle@R®ctober, 2004. As part of the assessment & piel
and peroxide test (ASS field kit) was undertakenetermine the likely presence and severity of ASS.
The results from the testing are shown in Table 1.

Table 1: pH data table for Chickiba East Wetland.

Sample Sample depth PHsield PH+ox Reaction
code (cm) rating
1 unknown 5.5 4.0 Moderate
2 unknown 6.0 2.5 High
3 unknown 5.0 3.0 Low
4 unknown 5.0 2.0 Slight

The North Coast Wetlands Assessment for the Chackibst Wetland has interpreted these results as
identifying “high quantities of natural occurringid currently locked up under pooling water andtpea
layer’(Brideson, 2003). In addition, vigorous bubgl of sulfide gas was observed during the
assessment.

It is important to note that the Field pH and pédextest can be a useful indicator but not a stuleti

for laboratory analysis in the identification of 8SIn addition, soils containing high organic matte
(such as peat, surface soils, mangrove/estuarirds,nand marine clays) require care to be exercised
when interpreting the results as high levels ofanrg matter and other soil constituents particuylarl
manganese oxides can also cause a reaction (&tahgl998).

The results from the wetland assessment are iinkcand laboratory testing would be required to
confirm the presence and severity of ASS at thekilbé East Wetland.

3.1.2. ASS sampling for the Chickiba Lakes Bird Wading Area

On the 24 of July, 2003, ten samples were taken in the hiadling area at Chickiba Lake. These
samples were analysed with the POCAS method andn@bm Reducible Sulphur technique. Figure 3
shows a plan of the Chickiba Lake with the ASS aginate sampling points.

Chickiba Lakes Acid Sulfate Soils and Wetland Maragnt Plan 11
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Figure 3: Chickiba Lake area showing ASS sampling @nts.

The results of the ASS sampling at Chickiba Lalesiown in Table 2. One of the ten samples (Site B,
0.5m depth) was classified as Potential Acid Sel&il. The other samples did not exceed the trigge
values set in the NSW Acid Sulfate Soil Manual.

The Total Actual Acidity (TAA) values show Sample(®2 and 0.5m depth) and Sample C (0.2m
depth) were less than 5.5 and therefore givenauledéd liming rate. TAA is a measure of the soil’s
existing acidity prior to oxidation of sulfidic nmexial. Peat/swamp soils, coffee rock and Podosols,
characterised by having high organic matter, mase laasignificant TAA due to organic acids. These
TAA results are inconclusive in identifying the gales taken as Actual Acid Sulfate Soils.

Table 2: Results of Acid Sulfate Soil analysis fdbird wading area, Chickiba Lake.

Potential Actual .
Sample site | Texture el s U |E§:‘glg:n?g Neﬁ(t::g:itzm Neﬁ‘t::g:gin calt?aeiion
P (M | (He) | (mole Hikg) Sulfur it 9 i 9 kg
o . .
(=) (kg lime/r?) | (kg lime/nd) | CACYM)
Site A Coarse 0.2 4.79 0.081 0.003 0.1 4.8 4.9
Site A Coarse 0.5 5.34 0.010 0.006 0.3 0.6 0.9
Site B Medium 0.2 8.25 0.000 0.006 0.3 0.0 0.3
Site B Coarse 0.5 9.09 0.000 0.059 2.6 0.0 2.6
Site C Medium 0.2 5.06 0.042 0.007 0.3 2.8 3.1
Site C Coarse 0.5 7.95 0.000 0.008 0.3 0.0 0.3
Site D Coarse 0.2 6.80 0.000 0.004 0.2 0.0 0.2
Site D Coarse 0.5 6.20 0.000 0.004 0.2 0.0 0.2
Site E Medium 0.5 6.55 0.000 0.011 0.5 0.0 0.5
Site F Coarse 0.5 6.54 0.000 0.002 0.1 0.0 0.1

Chickiba Lakes Acid Sulfate Soils and Wetland Maragnt Plan
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3.1.3. Chickiba Wetlands Acid Sulfate Soil Management Plan

Preliminary Assessment of site works

A preliminary assessment was undertaken on thef Dctober, 2003 for the proposed drain clearing
works at the Chickiba East Wetland discharge diEie. drain is located to the north under Angels
Beach Drive into Lot 66.

Preliminary assessment of the works within theeatutdtain involved recognition of acid sulfate soil
indicators and on-site pH field and gHhydrogen peroxide test). Three soil samples waen along
the course of the drain at 10cm depth for pH tgstit most the Peroxide reaction was only slighttwi

a small change in oxidised pH. No soil surfacedattirs or water indicators were present (see Aggend
2 for results).

Two soil samples were also taken at each of treethampling sites at Ocm and 20cm depth. Fieldsnote
taken at the time of collection indicated high ariganatter levels in the samples. Analysis of tixe s
samples for Total Actual Acidity (TAA) and Total featial Acidity (TPA) revealed five samples not to
be PASS and the one sample at Site 1 (20cm deptigve a small quantity of PASS.

The laboratory results provided liming rates (kd>Ca eq/n?) based on neutralising calculations
(Appendix 2). The quantities of lime required an@imal but were used for the works.

4. Site Characteristics

4.1.Site Description

The area under investigation is located north efRichmond River estuary and east of North Creek. |
is bordered by Angels Beach Drive to the north aesidential subdivisions to the south. The
undeveloped area is dominated by melaleuca wetlamdishe two lakes, Prospect and Chickiba.

The study area is divided into a number of landezaihat are described in Table 3 and shown in &igur
4.

Table 3: Land zoning for study area encompassing Ults 1-5 (Figure 3).

Unit Lot No. Land zoning Notes
1 Lot 207 DP 85131¢§ 6a — open space
2 Lot 406 DP 755684 7a — environmental protection
3 wetlands
4 2a —residential living area

1d — rural-land investigation
7L — environmental protection

habitat
5 Lot 66 DP 755684 7a — environmental protection  Including road
Lot 306 DP 755884 wetlands reserve and Angels

Beach Drive.
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4.2 Geology

The geology of the Ballina Shire is dominated by tolcanic history of the region, the
Richmond River system and proximity to the coastade. These relate, respectively, to
the Alstonville Plateau composed of the iron- aluénium-rich Mt. Warning volcanics,
the alluvial plain areas and the coastal and dwyatems north and south of the
Richmond River.

North of the Richmond River, soil-forming processes generally coastal in influence.
Quaternary estuarine alluvial soils are overlain dyd/or mixed with Quaternary
(Pleistocene) sands. The sands are generally Aediainating from the adjacent beach
ridge systems (Morand, 1994). Holocene estuarinediions and organic matter
provided the other elements of the sulfidic soils.

4.3 Climate

The climate of the region is subtropical with relaly high rainfall predominantly in the
summer months. The Ballina Shire has a high meamuanrainfall of 1654mm
(Australian Bureau of Meteorology, 2006). The migyoof rainfall occurs from February
to June.

4 .4. Catchment Characteristics

The study area lies in a catchment between the doogystems of Shelley and Angels
Beach to the east, Chickiba Creek to the north, Mdodh Creek to the west. The area



features ecosystems such as mangroves, saltmasekdieuta wetlands, coastal heath and
lakes. The highest point in the catchment is dyghigher than 20m AHD and the lowest
at sea level (AHD).

A considerable area has undergone urbanisation swthdiscrete subdivisions. The
Ballina Golf Course is located in the south-eashepadjacent to a commercial complex
and the Southern Cross School is located southeoBbuthern Cross Wetland.

4.5. Topography
The lower area is characterized by flat low-lyireglisnent basins. Shallow water tables
fluctuate from above the surface to 100-200cm betbe surface. Sediments have
accumulated from a number of processes:
Deposition by suspension from rivers
Washover sand deposition as extensive sheets
Aeolian reworking of exposed sand surfaces to prediack dune flats
Channel-fill deposition of flood tidal delta orig{iiMorand, 1994).

Slopes are generally 0-1%, relief is 1-2m and dlemas 1-10m. Drains have modified
the natural drainage pattern and tidal effects rmadgo impede drainage in some
conditions.

4.6. Hydrology

Before urbanisation, the areas less than 5m AHDt irlady were frequently flooded up

to 1m with 4-6month drying phases. The melaleuctiawd areas would have flooded in
high rainfall events and slowly released surfacéewaver a few days to a week into
Chickiba Creek. Areas above the 5m AHD elevatior I(particularly in the east) are
situated on highly permeable sandy soils and thezefinimal surface runoff with

higher levels of groundwater recharge would havaioed.

The hydrology has changed considerably due to udearlopment in the catchment. At
present, significant areas of the catchment aresimpus (e.g. roads and roofs) which
results in less infiltration and higher quantitegssurface runoff at discrete points into the
melaleuca wetlands.

Figure 5 is a schematic illustration of how the tojdgy of natural melaleuca wetlands
and wetlands are affected by urbanisation. Thewatfockness estimates the increase
quantity of stormwater entering the wetland aftasicbment urbanisation. In turn, water
levels generally rise rapidly in wetlands with adjat urban development and drying
phases are less frequent and shorter in duratieer ne, compositional and structural
changes occur in melaleuca wetlands such as thekiGai Wetlands because of
significant changes in hydrology.
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Figure 5: Schematic diagram of Chickiba East Melaleca Wetlands natural hydrology and
hydrologic changes post-urbanisation.

4.7 Fauna and Flora

The vegetation of the area under investigationrésl@minantly Broad-leaved paperbark
forests that adjoin the Chickiba sports field andn@amber of surrounding urban
developments. The native plants Bangalow palArghpntophoenix cunninghamiana),
black wattle Acacia melanoxylon), and cunjevoi Alocasia macrorrhiza) exist in some
areas, and a number of garden escapees such asaldr@ntana camara) andImpatiens
are found on the fringes of the paperbark wetlamds areas of disturbance.

Due to urban encroachment in the wetland and dpueat in the surrounding areas the
Chickiba East Wetland has experienced drastic awang natural wetland hydrology.
This change is most noticeable at the bottom ofwh#and where surface water to an
estimated depth of 80cm is permanent. This hasedasigecies change in the SEPP 14
wetland withTypha orientalis andPhragmites australis, with somelLepironia articulata,
colonising in areas of permanent to semi-permavwerer.

The Chickiba Lakes waterbodies are tidal and tloeee$alt species predominate. These
include salt couchSporobolus virginicus) and patches of grey mangrovedvitenna
marina). Chickiba Lakes has a bird roosting site for aetg of migratory shorebirds that
include such species as the Pacific Golden Pldvastern Curlew, Curlew Sandpiper,
Terek Sandpiper and Grey-tailed Tattler.

4.8 Current land use

The wetlands and waterbodies have been segmentdte lpjusters of residential areas,
sporting field, and associated infrastructure. &esial housing subdivisions are the
dominant land use with stormwater directly discledrdrom the urban areas into the
wetlands and lakes through almost thirty stormwpiges of varying size and condition.
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4.9 Drainage and Flooding

A drain has been constructed along the western efdipee Eastern Chickiba Wetland. In
other areas stormwater pipes discharge directly ine melaleuca wetlands and lakes.
Stormwater flows leave the study area by threeesouhrough a stormwater pipe at the
Chickiba Eastern Wetland, located under Angels Bé&xive, and under two bridges for
Chickiba Lake and Prospect Lake. The stormwatevsimto the wetlands and lakes are
shown as arrows in Figure 2. Figure 6 shows aralggioto of the study area.

!

Figure 6: erial photograph of the study area.
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5. Chickiba Lakes Management Units

5.1. Chickiba East Wetland

The eastern wetland drains a catchment of abouteS@ares extending from the south,
from just west of Black Head. Angels Beach Drivpaates the wetland on the south
side of the road from the cleared wetlands and mealish complex on the north side
(private property). The wetland is classified un8&PP 14 legislation, and as 7A Zone
under Ballina Shire Council's Local Environmentdhr? The main features of this
wetland section are shown in FigureThe "Open Water" zone marked is characterised
by an absence of plants but the water is usualrgreal in the small native feAwolla.

Chickiba East Wetland
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Figure 7: Main features of the Eastern Chickiba Weland.



During 2002, the Chickiba East Wetland was assefsseztological health and condition
(Brideson, 2002). Comments had also been receix@ud the community about the
obvious dieback of the melaleuca forest which cdddseen easily from Angels Beach
Drive.

The assessment found that the northern part ofvedteand was in very poor condition
due to changes in the hydrological regime (seeePlatand 2). Substantial volumes of
untreated stormwater runoff were flowing into thetland, and outflows were restricted.

This process had led to a change in species anditions in the wetlandTypha and
Phragmites were found to dominate the lower areas of theameltl and were choking the
culverts and drains that were constructed to allater to flow out of the wetland.

Phragmites and Typha are native species, but in this context are arc@or of damage
because these reeds would not normally grow soetieris this wetland under the
melaleuca canopy. Anecdotal evidence and observaficthe similar landscape nearby
suggest the wetland was dominated by melaleucalenF#&rees and instances of
windthrow were common, indicating waterlogging loé tmelaleuca forest.

Plate 1: Typha and Phragmites dominating the Easter Chickiba Wetland. Sparse melaleuca
canopies in the background.
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Plate 2: Open water zone with Azolla cover in Chiclba East Wetland.

Site inspections indicate that drainage of surfaaters is inhibited mainly byypha and
Phragmites blocking the drain outlet added to the build-up stbwly decomposing
organic matter at the bottom edge of the melalevstdand and in the drain. This build-
up of material is likely to have caused a chokenpat the bottom edge of the wetland
that precludes surface water naturally drainingnditions are dangerous for personnel
for site inspection in places because of the deptiater and fallen trees.

In March 2004, after preparation of a Review of Emvmental Factors and approval

from the Department of Infrastructure, Planning &ladural Resources, part of the drain
was carefully cleared of some of the reeds. Momtpof water levels and vegetation

condition was undertaken on a monthly basis by Cibsiaff to assess the success of the
drain clearing in restoring the wetland.

It was noted that increased flow velocity occurmedhe drain after clearing and some
reduction in water level occurred, however, it wad practical to monitor water level

changes after the removal of reeds from the drailB(ideson, pers comm.). Repeating
the reed clearing of the drain will be requireddd in rehabilitating the wetland,

although a risk of ASS disturbance is incurred Iy potential lowering of the water

table.

In addition, it is considered that clearing of thlecking organic matter from within the
"bottleneck” of the wetland outlet is required ttma a decrease in water depth for safe
access to allow closer inspection of the physitaason.

One method of achieving this is to install an imewater control structure in the outlet
drain at about the point previously designated hes rtominal limit of works so that
clearing could be extended upstream to where itldvbacome effective in lowering the
damaging water depth.
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Such a structure would not be permanent, but wdiddadjustable, low-cost, and
removable. A sandbag weir can be used in this tetugFigure 10). This weir would
allow water depth to be maintained while furtheaidrclearing occurred, after which the
depth could be lowered by removing sandbags.

Sandbags inset into drain
walls to prevent scouring

.."‘ A
N

\‘L = ¥ ‘ I d
A,
) Sl Geotextile sheet
End-section pinned beneath
sandbags

Figure 8: Simple diagram of sandbag weir.

A further issue involves a stormwater pipe outldétiaged on the wetland eastern

boundary (Figures 2), and proposed for clearinge Pipe invert is about one meter

below ground level, and the outlet has a very bahidissipation zone (Plate 3). The grade
line of this stormwater pipe appears to be inappatg for the development.

Large pipe
under water

Plate 3: Position of pipe below water.
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The ground-level outlet discharge area is a weésbiad (mainly Lantana and umbrella
trees) clearing within the melaleuca forest. Theresome regrowth of small Bangalow
Palms in the drainage path. The following pointsratevant:

The need for interim clearing of the discharge patlthe interest of residents'
safety and amenity is clear

The proposed area for clearing has been clearatieinpast and is presently
covered in weeds

There are no visible signs of ASS impacts from pastrations

Clearing of weeds is likely to involve only surfasal disturbance

Deeper clearing to extend the ponded area is likelyncrease ASS impacts,
problems of mosquitos, possible algal blooms, aardape to the forest

The weed infestation probably results from the rahgpitself allowing sunlight
into the wetland

A longer term sustainable strategy could includgeasment of re-design of the
drainage system in this area, including employn@nWater Sensitive Urban
Design principles. In the short term, re-plantirigrelaleucas with interim weed
control may provide an efficient stormwater disdeampath with shading of
weeds.

5.1.1. Acid Sulfate Soil Assessment

The ASS assessment of the Chickiba Melaleuca Wetialiowed theNSW Acid Sulfate
Soil Manual (1998), theGuidelines for sampling and analysis of lowland Acid Sulfate
Soils (ASS) in Queensland (1998), andAcid Sulfate Soils Laboratory Methods Guidelines
(2004).

This assessment was undertaken to provide a foondat the effective management of

the impact of reinstating more natural water levels the ASS status of the site.

Reductions in water levels are required to rehiadi the melaleuca wetland and this
action has the potential for a negative impact owrtstream aquatic ecosystems by the
possible production of ASS by-products.

Preliminary assessment within the Chickiba wetlandolved inspection for ASS
indicators, and onsite soil pH (field) and oxidispH field-testing using Hydrogen
Peroxide.

For the ASS assessment, six soil samples were fatenwithin the Chickiba wetland
area on December 12, 2005 and tested for the meseh acid sulfate using the
Chromium Reduced Sulphur technique, as laid othenAcid Sulfate Soils — Laboratory
Methods Guidelines by Aheret al., (2004) and recommended by Michael Wood,
Richmond River County Council (pers comm., 2005)

Difficulties were encountered in sampling at oneebsite below the cycle/walk path as

originally planned. The depth of permanent watemfb at the designated site made it
impracticable for soil sampling.
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Safety issues were also identified for this borehblat was under fairly deep opaque
water with fallen trees. Therefore, samples wekernaat the nearest site possible and a
grab sample from the permanent water was adddgtsampling.

5.1.1.1. Acid Sulfate Soil Sampling Methodology

Two bore holes were dug at strategic points inEastern Chickiba Melaleuca Wetland.
The sample positions were chosen in the landseapeflect practical access constraints
as well as the likelihood of intersecting ASS ieégent. The sampling protocol followed
the sequence of:

Using auger to dig bore hole.

Samples taken at 0-10, 25, 50, 75, and 100cm.

All samples were tested for pdd and pHux in the field.

Samples at 0-10, 50, and 100cm were placed inladsbag and stored on ice.

Samples were then taken to the Environmental Amsalyaboratory at SCU for

analysis using the Chromium Reducible Sulfur suite.

5.1.1.2. Acid Sulfate Soil Field Analysis

An Acid Sulfate Soils Field Kit was used to detemmpHieiq and phbx immediately after
the soil samples were extracted. The following éabhows the results of the field

analysis.

Table 4: pHseig and pHeox results from the Eastern Chickiba Wetland.

Sample Sample Sample depth PHyield PH ox Reaction

site code (cm) rating
1 la 0-10 6.39 4.1 Low
1b 25 6.2 4.8 Low

1c 50 5.9 5.3 No reaction

1d 75 4.96 4.6 No reaction

le 100 4.9 4.7 No reaction

2 2a 0-10 4.6 4.6 No reaction

2b 25 4,78 4.25 No reaction

2c 50 5.15 4.5 No reaction
2d 75 6.0 4.9 Low
2e 100 6.1 4.6 Low

Soil characteristics for each sample taken fromBastern Chickiba Wetland are shown
in the following tables. The soils are generallyam@cteristic of wetland environments,
and ASS landscapes. Indicators of ASS conditionsldvinclude iron oxides or jarosite
on soil surfaces, and characteristic plants.
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Table 5: Soil characteristics at sample sites in thEastern Chickiba Wetland.

Soil Sample la 1b 1c 1d le
Depth (cm) 0-10 25 50 75 100
Sandy Sandy
Texture Sandy clay clay Sandy clay| clay Sandy clay
Structure massive massive massive massjve massive
Colour dark grey g?é; dark grey brown brown
Water table at surface - - - -
Pre_sen_ce of ASS absent absent absent absent absent
indicators
Presence of
CaCOse.g. shell absent absent absent absent absent
grit
General Wet soil with Low root Some fine
high root ) - roots, 20-30%
Comments . density
density sand
Table 6: Soil characteristics at sample sites in thEastern Chickiba Wetland.
Soil Sample 2a 2b 2C 2d 2e
Depth (cm) 0-10 25 50 75 100
Organic silty| Organic .
Texture clay silty clay Silty clay Sandy Sandy
Structure massive massive massive sm_gle sm_gle
grained grained
Colour dark brown | dark browr] dark brown|  grey/yellow grefgw
15cm
Water table - below soill - - -
surface -
Presence of
ASS indicators absent absent absent absent absent
Presence of
CaCOseg. absent absent absent absent absent
shdl grit
. Low root
General Wet S.o" density,
Comments with high i organic matter i i
root density 9
found
5.1.1.3. Acid Sulfate Soil Laboratory Results

Laboratory results from Site 1 and 2 are shownahl& 7. The results show that samples
tested for reduced inorganic sulfur percentagesc(yoBere below the trigger value of
0.06 (medium texture). This indicates that Potét@ad Sulfate Soils (PASS) were low.
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Net acidity results show samples were above thieractiteria set at 36 mol #tonne.
Therefore, samples are classified as actual AS®radiog to the Acid Sulfate Soil
Manual action criteria.

The results for Site 3 (Table 7) show reduced ianig sulfur percentages (%Scr) that
triggers the action criteria. This grab sample frilv@ sediment surface of the open water
area has a pH of 7.99 and no actual acid sulfatésgoresent in the sample due to a TAA
result of O.

Table 7: Acid Sulfate Soils laboratory results.

VA I}r?g%:neig I}r?g%fneig Net Acidity caltmeiion
Sample site Texture TAA (pHke) +(mole Sulfur Sulfur +(mole (kg
Tz (%Scr) (mole H/tonne) 1T GENE) CaCQ/m’)
Method No. 23A 23F 22B a- 22B
Site 1la Medium 4.38 170 0.026 16 186 7
Site 1b Medium 4.49 40 0.005 3 43 5
Site 1c Medium 4.45 60 0.008 5 65 7
Site 2a Medium 3.41 380 0.022 14 394 8
Site 2b Medium 3.89 105 0.031 19 124 12
Site 2c Medium 4.10 65 0.014 9 74 8
Site 3 Coarse 7.99 0 0.053 33 33 5

5.1.1.4. ASS Summary and implications

The results show that PASS levels were low fromsibié surface to 1m depth. The first
meter from the soil surface was categorised asagung actual acid sulfate soils under
the action criteria set by the NSW Acid SulfatelSManual, however the relatively high
pHselw values of 4.6 to 6.4, low Reduced Inorganic Sulfevels (Table 7), the
permanently high water table, and the presencegbf ¢trganic acidity commonly found
in low-lying coastal wetlands indicate that the pénresults were most likely anomalous
and related to natural organic acidity and theeefaave a low ASS risk.

Site 1 was located on the edge of the open watea &adjacent to the installed
piezometer) due to difficulties of sampling andesgfissues in the permanent water.
Therefore, a further grab sample was also taken tie edge of the permanent water at
the northern end of the drain in the wetland. Arogen sulfide smell was evident at that
point during site assessment, and the Reduceddnmrulfur results from that sample
indicate that PASS exists in the surface sedinsgrl

The most likely explanation of this result is tllaé surface sulfur developed from the
lowering of natural water levels by drainage duringnstruction of surrounding
developments in the 1980’s, followed by permanemindation, with anaerobic
conditions, as obstructions to outflows developéith the construction of the road, sport
fields, and the growth of reeds and rushes in pdiceelaleucas.

The implication of these findings is that althoumlhow risk of ASS impacts exists, any

changes in water level and/or disturbance of sedtimethe northern end of the wetland
will require appropriate ASS management. This womalve a maximum liming rate of
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2.7kg CaC@m® for sediment removed in drain clearing outsidethef wetland and a
liming rate of 5kg CaC@m® for drain clearing undertaken within the ChickiBast
Wetland.

Sediment and materials removed should be managedditg to the NSW ASS Manual,
i.e. the most favoured option is to bury the maten anaerobic conditions, preferably
below the water table. Other options include ramxitation and neutralization under
controlled conditions.

5.1.2. Recommended Actions

The recommendations for the Chickiba East Wetlardeovided for three time scales —
short-term, medium-term and long-term.

Short-term
Begin a careful removal of accumulated vegetatiorthie drain outside of the
SEPP 14 wetland as carried out previously in 2#88jinning at the Angels
Beach Drive culvert
Consider an EIS, REF or appropriate document tewallfurther ASS
management, exotic vegetation control and hydroldgremediation measures
into the SEPP 14 boundary
Assess placement of a water control structure sgch sandbag weir at a point
outside the nominal SEPP14 wetland boundary tolenalbre control over the
level of water in the northern zone of the wetland
Undertake further removal of accumulated vegetadion build-up of sediment in
the outlet zone of the wetland
Consult with the NSW Department of Planning regagdiptions
Locate a photo monitoring point at the bottom oé tiwetland in order to
document changes in wetland structure and compaositier time
Consider addressing stormwater impacts (pollutamtd stormflows) on the
wetland with on-ground works and associated managepians.

Medium-term

- Following lowering of unnatural water depths in thetland, wait and observe for
natural regeneration as a first option;
Consider planting melaleucas and other shadingtagge along Angels Beach
Drive drain to reduce severe terrestrial weed (Baya grass) problem through
shading;
Consult with nearby residents;
Consider the need for better stormwater management.

Long-term
Assess feasibility of widening and/or shallowingidrto restore better wetland

function;
Assess natural regeneration rate and weed infestati
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Recognise damage to wetland from partial clearicygle/walk path, road,
inundation, weeds, and apply remediation strategiex time in response to
results of works.

5.1.3. Implementation Requirements

The proposed works consist of strategic stages¢omplish a common environmental
objective of lowering the surface water levels witthe wetland to near natural flow

levels. Each stage should be conducted with a cseffi time span to allow the

hydrological and ecological conditions to effectwvehange and adapt to the natural
conditions. Included in the implementation requiesmts are recommendations to
effectively manage ASS on the site.

Sagel

The proposed works within the first stage entasl thmoval of reeds in the drain near the
road culvert on both sides of Angels Beach DriveisTinvolves a 30m long section of
the drain parallel to Angels Beach Drive on thetsaide and a section of drain on the
north side of Angels Beach Drive. The works wilvaive the removal of the reeds
(Typha andPhragmites) and weeds that currently grow in and block therdand culvert
on either side of Angels Beach Drive.

Sage 2

It is recommended that once Stage 1 is completeahtamporary water level control
structure such as a sandbag weir be installeddamrevater levels close to present levels.
Removal of a further 35m section of reeds in th&mdias far as the open water area
would then allow inspection and assessment of lillekbge area downstream of the open
water area.

Water levels could then be lowered by removing bagd from the weir a layer at a time
under controlled conditions. Visual and instrumsmtvey would then be more practical,
following which a more detailed plan for water ®ldontrol could be devised. It is
recognised that removal of vegetation further @astr to the open water will incur
constraints associated with the SEPP 14 Policy.évew the SEPP 14 wetland has been
severely degraded by the identified process ofssice inundation and water depth, and
unless these processes are remediated the degraddtkely to continue.

An excavator should remove the reeds and weedg asieed bucket as in the previous
operation, allowing sediment and water to filterotigh holes, thus remaining in the
drain. It is expected that some accumulated sedifntem the drain substrate will be

attached to the reed roots as they are removed.

Monitoring Locations

The depth gauge and 75mm piezometer currentlyliedtat the upper end of the wetland
will monitor surface waters and groundwater leveiwever, due to the distance
between this monitoring location and the stagedkwatr is recommended that a depth
gauge be installed at the bottom of the wetlandcadijt to the area of works.
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The open water area dominated Azolla (see Plate 2) is located 6 metres into the
wetland from the western corner and the drain theveld be a suitable location for a
depth gauge.

Photo monitoring should continue, especially of thygen water zone and area of
melaleuca dieback.

Water Quality Monitoring

Monitoring of pH levels near the road culvert iridr should continue. Monitoring of pH

following reed removal is essential, and shouldtiomre while any changes to water level
are being effected. A general pH level of at léastwould be desirable, but prior pH
testing would establish baseline values from wtgabstantial deviation would require
remediation such as greater liming, or a higheewtatble.

Monitoring Frequency

After works are completed the depth gauges shoalanbnitored fortnightly and the
water quality monthly, while photographs shouldthken at 3 monthly intervals from
designated photograph points.

Performance indicators

The photo points, depth gauge, piezometer, andalviagasessments will provide an
indicator of performance. In the short-term watarels need to be reduced to between
the soil surface and 100mm below the surface atnitrthern end of the wetland.
Therefore, permanent surface water and open wagas avill recede to or below the
surface level. Following this action, longer termrfprmance indicators should include
the improved health of the melaleuca trees andralatageneration after the reeds die
back to a more natural balance.

Contingency procedures

A possible extreme event would be a large floodhivegsout the water control structure.
In this event, simple replacement of the struc{teeommended sandbags) within two
weeks will prevent any serious ASS impacts.

If natural regeneration over the long term does oumur even though the water levels
recede to recommended levels then it may be adeitalplant melaleuca seedlings in
bare areas.

5.1.4. Acid Sulfate Soil Mitigation Strategies

Consideration of alternative methods to be usedHerproposed works (such as more
outlets beneath Angels Beach Drive) has indicalésl staged procedure of works and
installation of water control structure is the begtion for environmental management to
restore the natural health of the wetland and gpat@ly manage Acid Sulfate Soils.
Monitoring of works by an environmental officer iecommended to ensure effective
management. This requires water quality testingwasuthl assessments.
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5.2 Chickiba Wetland (western)

The western wetland (Plate 4 and Figure 12) draimstchment of about 20 hectares

extending from the south. The Angels Beach Driveasates the wetland on the south
side of the road from the cleared wetlands andnsaftsh complex on the north side.
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Figure 9: Chickiba West Wetland features

The Chickiba West wetland is classified as 6A Zenepen space under Ballina Shire
Council's Local Environmental Plan.
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Plate 4: Chickiba West Wetland from the sports fiedl, looking southwest.

The Chickiba West Wetland has been reduced, cahfimed fragmented from the other
wetlands in the complex by the construction of@éckiba Sporting Field, by fill placed
between the wetland and Chickiba Lake, the AngeiacB Drive to the north, and urban
development above the wetland. This has createdtanmgular wetland with one discrete
inlet and one discrete outlet. Due to the urbaitisabove the wetland, increases in peak
discharges from storm events are common due teases in impervious areas and
therefore increased runoff and reduced infiltratogroundwater.

5.2.1. Qualitative ASS assessment

A desktop and initial site assessment of the ChahklVest Wetland was undertaken. The
presence of Acid Sulfate Soils are most likely preesat this wetland because elevations
are below 5m AHD, ASS soil risk maps predominarmidyegorise the area as Class 2
(Figure 1), melaleuca forests are commonly found38 landscapes, and the presence
of estuarine sediments, geological history andtlonds favourable for pyrite formation
(Stone et al., 1998). No visual indicators of AS@ept for the presence of melaleucas
were found.

It is suggested that soil sampling be undertakequiantify the presence and status of

ASS at this site if any future proposed works akely to disturb any potential acid
sulfate soils.

Chickiba Lakes Acid Sulfate Soils and Wetland Maragnt Plan 30



5.2.2. Impacts of Stormwater on the Chickiba West Wetland

One impact of increased stormwater runoff into aodsibly restricted drainage out of
the wetland is shown in Plate 5. A number of meiedetrees have fallen over which is
most likely due to more frequent wetter periods simorter drying cycles.

~ o e X -

Plat_e 5: Windthrow in the Chickibé Weét Wetiénd.

AL

Given the situation in the Chickiba West Wetlandthwncontrolled stormwater inputs
and the possibly restricted outlet, similar impactsvarying degrees to those in the
Chickiba East Wetland may be expected over timethas wetland degrades from
excessive inundation and other factors such agentitoads.

A step-by-step process is recommended to effegtivelnage the long-term health of the
Chickiba West Wetland. Firstly, the wetland sholdd protected from increased
stormwater peak flows and nutrients.

Integrating Water Sensitive Urban Design (WSUDhgiples and technologies into the
catchment will provide retention and treatment fighéhat assist in reducing the impact
of increased stormwater into the wetland. Reductérflows near the source, and
discharge controls such as sedimentation basinggnéad detention basins, and
constructed wetlands, retrofitted to the urban $aage may be very effective in
protecting the health of the Chickiba Lakes. Somangles are given below in the
sectionStormwater Management.
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5.3 Chickiba Lake and "Southern Cross" Wetland
The features of the Chickiba Lake and associatéthmearea are shown in Figure 15.
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Figure 10: Chickiba Lake and surrounds

Chickiba Lakes Acid Sulfate Soils and Wetland Maragnt Plan 32



5.3.1. Southern Cross Wetland

A desktop and initial site assessment of the Sontkd¥oss Wetland was undertaken.
Acid Sulfate Soils are most likely present at tistland because elevations are below
5m AHD, ASS soil risk maps predominantly categotise area as Class 2 (Figure 1),
melaleuca forests are commonly found in ASS lamEssaand the presence of estuarine
sediments, geological history and location is faable for pyrite formation (Stone et al.,
1998). No visual indicators of ASS except for thesence of melaleucas were found.

It is suggested that soil sampling be undertakeguantify the presence and status of
ASS at this site if any future proposed works akely to disturb any potential acid
sulfate solil layer.

5.3.2. Chickiba Lake

ASS assessment

See section 3.1.2 ASS sampling for the ChickibaekaBird Wading Area for details of
previous ASS investigations undertaken at the Biatling Area to the north of Chickiba
Lake.

It is suggested that further soil sampling be utaden to quantify the presence and status
of ASS at this site if any future proposed works Bkely to disturb any potential acid
sulfate solil layer.

Lake Foreshore Erosion
Lake foreshore erosion at Chickiba Lake has beemntiiied by Council as an issue. Tidal
movement of water in the lake has apparently caasagnber of sections along the bank
to erode, in particular the areas shown in Platasdb7. After site investigation two main
options have been identified to protect the forest@nks from erosion. These are:
1. Reshaping the foreshore bank to a suggestetdder followed by replanting
bank with salt couchPhragmites spp., and/oduncus krausii. This will stabilize
the bank as shown in Plate 8. It is recommendedthigaslope for the erosion
areas replicate the area of salt couch shown ite BlaA topographic survey is
also recommended.
2. Hardening the bank with concrete training wdlsge logs, gravel baffles, or
alternative erosion reduction measures.

Option 1 is recommended.
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Plate 6: Erosion area along the foreshore bank t iickiba Lke.
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Plate 7: Second erosion area alon tefoehoret ChickiaLake.

Chickiba Lakes Acid Sulfate Soils and Wetland Maragnt Plan

34



e
Plate 8: Area of salt couch stabilising the bank

Lake Pipe Discharge and Maintenance

Stormwater discharge into the lake is likely tochesing longer term damage to the lake
ecology through nutrients and regular introductioh unnaturally high flows. The
flushing efficiency of the lake inlet/outlet woulgquire detailed assessment to gain a
deeper understanding of processes and impacts, best practice approach is to reduce
discharges whenever possible. The most sustairegigeoach is to carry out WSUD
assessment - rainwater tanks, preservation ofalaystems, and 'ecotechnology' such as
constructed wetlands where possible.

5.4 Prospect Lake

Prospect Lake is located at East Ballina and i$ pla constructed lake system that
drains into Chickiba Creek. Prospect Lake is a popswimming spot for local residents
of the adjoining residential area as well as sttelérom the nearby high school and
triathlon club.

Qualitative ASS assessment

A desktop and initial site assessment of the Chackest Wetland was undertaken. The
Acid Sulfate Soils are most likely present at tosistructed lake because elevations are
below 5m AHD, ASS soil risk maps predominantly gatgse the area as Class 2 (Figure
1), estuarine sediments are present, and the dgealdgstory and location is favourable
for pyrite formation (Stone et al., 1998).

It is suggested that soil sampling be undertakeguantify the presence and status of

ASS at this site if any future proposed works akely to disturb any potential acid
sulfate soils.
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Lake Foreshore Erosion
Lake foreshore erosion has also been identifiecirasssue at Prospect Lake. Tidal
movement of water in the lake has caused sectiomg @ahe bank to erode, in particular
the areas shown in Plate 9. After site investigaticmmumber of options are recommended
to protect the foreshore banks from erosion. Tlaese
1. Reshaping the foreshore bank to a designed &tibl replicating adjacent areas
of no erosion and healthy vegetation. This shoelddtiowed by replanting bank
with appropriate species such as salt co®tinagmites, or Juncus krausii. This
will stabilize the bank as shown in Plate 8.
2. Hardening the bank with concrete training wdlsge logs, gravel baffles, or
alternative erosion reduction measures.

Potential costs for these options approximate t$H#®nf for reshaping and planting,
and $100/m for concrete walls.

Plate 9: Area of erosion at Prospect Lake.

Lake Pipe Discharge and maintenance

Stormwater discharge into the lake is likely tocaesing longer term damage to the lake
ecology through nutrients and regular introductodrunnaturally high flows (Plate 10).
The flushing efficiency of the lake inlet/outlet uld require detailed assessment to gain
a deep understanding of processes and impacts, et practice approach is to reduce
discharges whenever possible. The sustainable agpris to carry out most WSUD
assessment - rainwater tanks, preservation ofalatystems, and ecotechnology such as
constructed wetlands where possible.
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Opportunities exist at the site for retrofittingmaater tanks on nearby houses, swale
technology during infrastructure upgrade, and cogtd wetlands. See Section 6 for
more details on stormwater management using Watesi®/e Urban Design.

Plate 10: Stormwater pipes discharging into Prospéd.ake

5.5.Property to north of Angels Beach Drive

Council proposes to remove vegetation from a shatleain on the north side of Angels
Beach Drive. The drain is located on a 20m widevorooad reserve that runs parallel to
Angels Beach Drive (40m wide) on one side and D&tewart's land on the other side
(Ballina Shire Council, 2006). The works and sulbser potential changes to drainage
patterns incurred the requirement to consult gmslowner.

Report of on-site meeting with Dr. Peter Stewart, wner of property north of Angels
Beach Drive (Stewarts Property, Unit 5) regarding dain line proposed for clearing.

David Pont met with Dr. Stewart on his propertygbruary of 2006. The proposed drain
clearing was discussed, as were other issues nglati drainage on the property,
particularly regarding water management at the evasénd of the drain line, closer to
Chickiba Creek.
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The drainage issues in this area have implicatfonshe quantity and management of
water from the Chickiba wetlands and urban areashensouth side of Angels Beach
Drive. The following main points of discussion aeported:
» Dr. Stewart authorises the drain clearing workslescribed for the purpose of
facilitating infrastructure management
* he would like consultation if any substantive chestp the plan are proposed
* he is concerned about the present drainage arrargeran the property near the
road - particularly salt intrusion onto the propeind blocked drains nearer to
Chickiba Creek. These issues however overlap witlent interaction with NSW
Fisheries regarding removal of floodgates.
* In general Dr. Stewart desires a fresher watemregdn the land near the road,
with less salt.
» Dr. Stewart stated that there is uncertainty ragargpast boundary alignments
and fences during road and drainage constructidrhanwould like resolution of
the exact boundary.

The drain location has been assessed by Balline Slwuncil and defined as part of the
20m wide crown road reserve that runs parallel ngels Beach Drive (40m wide). It is
recommended that further consultation between tteparties and Council should still
be undertaken in relation to any drain works agitiaén is close to Dr Stewart's land.

6. Stormwater Management Options - Water Sensitive Urban
Design (WSUD)

Since the late 1990’s there has been an increasintper of initiatives to manage the
urban water cycle to protect downstream aquaticsymstems. These initiatives are
underpinned by key sustainability principles of @atonsumption, water recycling, and
environmental protection. Urban stormwater manalgeth as a resource and for the
protection of downstream aquatic ecosystems isyaekement of WSUD (Melbourne

Water, 2005).

In response to the changes in stormwater managerBatiina Shire Council has
implemented Development Control Plan No.13 Storrawdflanagement (DCP 13).
Based on the principles of Environmentally Sustai@maDevelopment (ESD) and the
Urban Storm Water Strategy, Ballina Shire CounBSC) has adopted the stormwater
management objective for new urban developmentstieae shall be no net increase in
the average annual load of key stormwater pollstamd peak discharge flow rates,
above that occurring under existing conditions.sTéondition specifically applies to all
sites that have a sensitive receiving environm@ibért and Sutherland, 2004).

However, a large portion of Ballina Shire is alngateéveloped to some level, and the
major opportunities for the inclusion of WSUD widbme as part of the redevelopment
and ‘retro-fitting’ of existing areas. Some desifymitations apply to incorporating

WSUD into existing developments, however the opputies and costs associated with
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retro-fitting are not considered major constratotshe implementation of WSUD control
measures. Included in DCP 13 is the objective tdcéively protecting sensitive areas
such as SEPP 14 wetlands from adverse of impactdah stormwater.

The study area under investigation has a numbesppbrtunities to retrofit WSUD
technologies to protect the health of the SEPP é#lawds. Examples are given below.

Rainwater Tanks

Mains water is treated to drinking standard, thourgreality only a small percentage of
the drinkable water entering a house is used fokohg purposes. Uses such as toilet
flushing, hot water, laundry and outside utilisé®w 90% of the total domestic water.
These uses do not require high quality water, ardtberefore be supplied by sources
such as rainwater and stormwater. This can sigmiflg save money from water supply
as well as reducing stormwater flows from the prop€WSUD, Practice Note 4)

Rainwater tanks are considered beneficial sournga@s as they act as detention systems
for storing rainfall that would normally have to lenveyed to a point of discharge,
reduce the amount of stormwater that requires rreat, and reduce the demand for
potable water supply to households. The tank wederbe used for toilet flushing, hot
water in laundry, kitchen, and bathroom, and fboatdoor uses.

Constructed Stormwater Wetlands

Constructed wetland systems are shallow, extensiwvegetated water bodies that use
enhanced sedimentation, fine filtration, and palhiit uptake processes to remove
pollutants from stormwater. Water levels rise dgrirainfall events and outlets are
configured to slowly release flows, typically oweree days, back to dry weather water
levels (Melbourne Water, 2005; DLWC, 1998). An exdarof such stormwater wetlands
is the Airforce Beach wetlands at Evans Head, NS\&té 11).

Throughout the study area suitable sites for coostd wetlands are limited, given the
tendency for stormwater pipes to be located lowh& environment, discharging either
into the lakes or the natural wetlands. Howevemeoutlets such as the stormwater pipe
located near Southern Cross School (Plate 12) geesvan opportunity for a constructed
wetland to help reduce nutrients, sediments aneéssiee peak flows of water from
entering the receiving environment.
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C . s
Plate 11: Example of a constructed stormwater wetlad in a residential situation (location: Evans
Head, NSW)

Plate 12: Stormwater pipe in elevated position neaBouthern Cross School - suitable for a
constructed wetland treatment system
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Sedimentation Basin

There are two practical options for sediment badimsy are either relatively deep open
water bodies, generally permanently holding watea @epth that is not preferred by
wetland plants, or drying basins such as ephemerténds. Both have advantages and
disadvantages. They mainly provide sedimentatiosuspended solids and diffuse the
stormwater energy entering the wetland.

Swales

Swales are open, vegetated channels that remoyersied solids and sediment in
stormwater. The density and height of the vegetatiithin the swales determine the
removal efficiency, with thicker vegetation (suchlang grass, sedges or reeds) slowing
water velocities and removing more solids thanrteimshorter vegetation (such as mown
grass) (CRC Catchment Hydrology, MUSIC V.3 Manal05).

Swales can be incorporated into the broader Chackdkes area, by removing segments
of stormwater pipes and constructing swales aspagement mode of stormwater
conveyance. This retrofitting practice can be ladiby the depth of the pipes, so detailed
investigations of the location of pipes earmarlete removed must be carried out.

Buffer Strips

Buffer strips are densely vegetated troughs thatiapze in heavy sediment removal
from urban stormwater and runoff. Buffer strips aypically integrated with other
stormwater management systems to serve as a ‘bb#ereen impervious areas of a
catchment and a treatment device or receiving wdteeek, stream or wetland).

Buffer strips feature vegetation that stands talan the maximum treatment flow water
levels under normal conditions. This vegetatioapable of withstanding and slowing
design flow velocities of stormwater or runoff enmg the buffer strip, promotes an even
distribution to encourage effective retention ohise sediments, and is to be of sufficient
density to provide good filtration. As well as cobtting to improving the quality of
recycled stormwater, buffer strips also contribtwethe aesthetic value and visual
amenity of the area.

7. Conclusion

Although limited funding was available to provide@mprehensive ASS sampling
regime the study area is classed as an ASS larelsCambined ASS samples taken
during this study and previous assessments sh@& gdamples out of twenty three were
above the trigger values for PASS. The ASS reshitsv that actual ASS was present in
some areas. The results highlight the spatial baityaof acid sulfate soils. The sampling
regime did not provide conclusive results on tlaust and variability of ASS (due to
available funds and the large area under studyyeder, this does not preclude the need
for best practice of ASS management for site distnces. This Management Plan
recommends management practices to address thesggisturbances of ASS.
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Appendix 1

Southern Cross

Southern Cross Scho

D

Pipe numbers East Chickiba| East Chickiba| East Chickiba East Chickiba School Wetland Wetland
1 2 3 4
5 6
Pipe Pipe (a) 600
diameter 900mm 900mm 375mm 900mm (b) 375 375
Clear water, Pi(ra]:/r;]?tnaetr;(t)vv\\:?g\a/réloilgal i
no algae, drain  Dry, weed . Erosion, loose rocks . .
Clear but , environment, weeds, : . Grass covering pipe,
Present : mostly clear | infested, and , : covering pipe, and
" vegetation : . possible mosquito .. may have small flows
condition o of vegetation,| drain half : 30m swale connects ,
building up breeding area, and . during storm events
and some blocked : - : pipe to wetland
; sediment building up in
scouring
deep pool
Slope below 1% 0% 0% i 206 3%
pipe outlet
Sensitive Cunjevoi Bangalow
vegetation (Alocasia - Pglm - No native vegetation -
9 brisbanensis)
Typha .
Weeds orinetalis, Impatiens Rlagweed, Impatler_lce _and Grass Grass
. : antana wandering jew
impatience
Organic Median i i i i
loads
Sand loads - - High - -
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Southern Cross . . .y .
Pipe numbers | School Wetland Chickiba West Chickiba East Chickiba East Chickiba East
7 8 9 10 11
. Not able to find
Pipe diameter 750mm Pipe (a) 400mm 500mm stormwater Smth(_ered. by
(b) 900mm gi i wandering jew.
ischarge pipe
Present Overgrown, Weed infested | No head wall on . Located along swale
- blocked by : : Lost in lantana .
condition mainly para grass pipe, broken end drain.
grass/weeds
Slope below Good sitefor I mprovements -
. 0% 0% 0% constructed .
pipe outlet Shallow and widen.
stormwater wetland
Sensm_ve Melaleucas Wattles Melaleucas,
vegetation Bangalow palm
Grass,
Weeds impatience Para grass Senna, and lantana
Organic loads - - -
Heavy sediment
Sand loads - build-up -
(sand/silt)
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Appendix 2

Preliminary Works — results of ASS soil analysis

The following tables shows the ASS results obtailoegrevious drain clearing at the
drain located to the north of Chickiba East Wetland

Reduced
. Inorganic TAA TPA TPA TPA (kg
Sample site gt Sulfur TAA (PHe) (mole H/kg (PHw) (mole H/kg) | (H.SQytonne)
(%Scr)
Site 1a Medium 0.016 5.01 0.000 5.01 0.026 1.3
Site 1b Medium 0.081 3.81 0.000 3.81 0.155 7.6
Site 2a Medium 0.006 4.42 0.002 4.42 0.078 3.8
Site 2b Medium 0.006 5.49 0.000 5.49 0.001 0.0
Site 3a Medium 0.007 3.22 0.032 3.22 0.289 14.2
Site 3b Medium 0.020 3.14 0.040 3.14 0.310 15.2
Lab. Neutralising Neutralising Neutralising Neutralising
8 Bulk calculation (kg calculation (kg calculation (kg | calculation (kg
sEmplEEe | TEWE | popey, lime/n?) lime/n?) lime/n?) lime/n?) CRllLRns
(DW/m) Based on CRS Based on NAGP | Based on TAA | Based on TPA
Site 1a Medium 0.53 0.3 0.0 0.7 Not PAS$S
YES PASS
Site 1b Medium 0.73 1.8 -5.8 0.0 55 but ve
NAGP
Site 2a Medium 0.79 0.1 0.1 3.0 Not PAS$
Site 2b Medium 0.70 0.1 0.0 0.0 Not PAS$
Site 3a Medium 0.1 0.1 0.9 7.9 Not PAS$
Site 3b Medium 0.3 0.3 0.9 6.8 Not PAS$
The following table shows the field results of pi$& field testing.
Sample Sample depth PH el PH ox Reaction | Mottles, iron
code (cm) rating & jarosite
stains
1 10 6.5 inconclusive None Not present
2 10 6.2 5 Slight Not present
3 10 6.2 5.5 Slight Not present
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Chickiba Wetlands Works Neutralising Calculation Summary

The following table shows the liming rates requifedprevious drain clearing at the
drain located to the north of Chickiba East Wetldhis recommended that 2.7kg!of
lime be used in any future drain clearing at thtis. s

Sample Site
and
depth (cm)

Neutralising
Calculation Kg
Lime/m®

(based on %Scr)

Neutralising
Calculation
Lime/m?®
(based on TAA)

Final Neutralising
Calculation
Lime/m?
(%Scr +TAA) x 1.5
safety factor

Sample 1a — Ocm
Sample 1b — 20cm
Sample 2a - Ocm
Sample 2b — 20cm
Sample 3a - Ocm

Sample 3b — 20cm

0.3

1.8

0.1

0.1

0.1

0.3

0.0

0.0

0.1

0.0

0.9

0.9

0.45

2.7

0.3

0.15

15

1.8
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