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1 Introduction

One of the outcomes required under the East€ape York Water Quality Improvement Plan (WQIP)

Aa  aSd 2F FdzZA RSt Ay Sa i kbuaticd RRNBEREBES Yi KtSNIO (i DA INR 3/ Yy
fresh and estuarine surface watesbthe region. This document aims address that need. It

describegyuideline derivation methodologies, provides a compilation of available data and proposes

a set of draft guidelines. The spatial scope of this report is the same Estheomponent of the

WQIP i.e. the eastern catchments@épe York from Jacky Jaskuth to the AnnanRiver(Figurel

andFigure2; Appendix L Marine water quality guidelines are also being developed as input to the

WQIP by GBRMPA in collaboration with Cape York NRM, EHP, DSITI and other

Water quality guidelines have traditionally been taken to mean guidelines for phgisarical

indicators such asoncentrations oflissolved oxygen or nitrogeand phosphorus In more recent

times, the scope of water quality guidelines has been egpdrto include a more holistic range of

indicators of ecosystem healind A y LJ- NI A Odzf | NE 6A2f 23A0If AyRAOI i
guidelines in this report include indicators of fish and macroinvertebrate heailth in addition,

indicators of ripa@nextent. These are all important components of freshwater ecosystem health.

The one key componemif ecosystem health not covered this report is flow.Maintenance of

adequate environmental flows is critical to freshwater ecosystem health but u@deensland
legislationthe issuds covered under the Water Resource Planning process. A Water Resource Plan
is currently being developed for the whole of Cape YWekinsula (CY®)at will address

environmental flowequirements In addition, an indepndent assessment has been undertaken on
water resources in the Lakeland Downs agricultural region. The results of this work will be reported
separatelyand may be included in future versions of the Guidelines report.

This report is limited to surface friewaters and does not cover groundwater or groundwater
dependant ecosystems (GDEg&)ater quantityissues related to groundwater will be covenaader
the Water Resources Plavhile quality issues and quality guidelirfes groundwaterwill be covered
in a separate report.

Thisreport ismainlyfocussed on surface freshwaters but does also incredemmendations on
estuary water qualitguidelines Data for Eastern Cape York estuaries is very limited in terms of
sites, extent of data and the range of iodtors. The majority of estuary data has been collected
from the Endeavour, Annan and Normanby rivevigh the most thorough dataset from the
EndeavoufHowley et al 2012)Guidelines derived from the Endeavairould beappliedwith
cautionto other eastern CYP estuaries until further sampling has been condudstiiary specific
guidelines havalsobeen derived for the Normankyiver

Cape York is a large region with a diversity of landforms, river types, and land use intensity. While
extensive freewaterand/or estuary water qualitgatasets exist from some eastern Cape York
rivers, such as the Annan, Endeavour and Normanby Rivers, there is a paucity of data from many
other river systems, particularly those in the northern region. In these casdsligs have been

set based on a small dataset, or derived from combirmeelr datasets. These guidelines should be
applied with caution and further sampling is recommendedtheserivers



2 Guideline derivation

2.1 ANZECGGuidelines framework

Under the ANZECGuidelinedramework(ANZECC & ARMCANZ, 2Q0&ferred to hereafter as

ANZECC Guidelineguidelines are derived by two principal methods. The first is the direct effects

approach, in which the lethal and slgthal impactson biotaof a substance aa physicechemical

characteristic of water quality are assessed through some form of laboratory testing. Based on the
NEBadzZ Ga 2F dSadAay3a I aal &SRMCANEIOR SThis\aytoach 8 RS NRA OSF
mainly applied to anthropogeniar natural toxicantsand sometimeso physicechemical indicators

such as dissolved oxygen.

Thesecon? | Ay | LILINR I OKY R & dgifrénEefandgs dfvaluéskoSan indicator and
use this to derive a guideline. This approach is applied tetoxin pollutants physicachemical
characteristics anthanybiological condition indicatorslt involves assessing indicator values in
largely urimpacted(reference)systems and using these to derive a guideforemodified systems.

The default ANZECG&Uidelnesapproach to deriving a reference based guidefimeslightly to
moderately disturbedvatersis to determine the 80 percentilevalue(or 20" percentile if this is
more appropriate) of an indicator in an unimpacted system and use this as the gaid@lis 80
percentile guidelings designed tde compared with median (30percentile) values in waters being
assessedThe difference between the %0and 80" percentile allows for some level of natural
variation butthis approachsuffers from theobjection that it can potentially allow median values in
test waters to deteriorate to the point where they are equivalent to thé @rcentile values before
any breach of a guideline occurs. This idsi@enmore problematic when reference systemea
unavailable and the 80percentile guideline is derived from an already impacted water bodly.

For waters that areffectively unmodifiedhigh ecological valugHEV)the ANZECGuidelines

recommend that no deterioration of water quality should occlihe ANZECGuidelinesdoes not

ALISOATE K2g ay2 OKI y IststiciethodiisRresered in thé Quaehskhird 6 dzi |
Water Quality Guidelines (2009). This proposes ¢thatchangé should be assessed as no change

to the 20/50/80" percentilesof existing water quality.

Many Cape York rivers and estuaries, particularly those in the northern region, are considered to
have HEV status. ANZECC (2000) defines HEV as fatlaytisconservation/ecological value systems
- effectively unmodified ortber highly valued systems, typically (but not always) occurring in
national parks, conservation reserves or in remote and/or inaccessible locafibescological
integrity of high conservation/ecological value systems is regarded asdnéabiZéc C2000; 3.110)

According to the ANZECC Guidelin@aese(HEV)waters are afforded a high degree of protection

by ensuring that there is no reduction in the existing water quality, irrespective of the water quality
guidelines ! y RVhefe there are few biogical assessment data available for the system, the
management objective should be to ensure no change in the concentrations of the physical and
chemical water quality variables beyond natural variadi®hNZEC2000;3.111)

The ANZECC framework has bearried through into the Queensland Environmental Protection
Policy (Water) 2006 EPP Water. The EPP Water also recognises that for slighty disturbed systems,
the management intent is to improve their physichemical water quality back towards HEV level
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2.2 Basis of guidelines for Eastern Cape York waters

2.2.1 Freshwaters other than the Normanby

This guideline document presents the existing 20/50Y@@rcentile values for physiechemical and

biological indicators (in each major basin) to be used as the fmasisnbient water quality

guidelinesBased on the results of monitoring to datmnservatiorareadesignationsand the

relatively low levels of developmentany of the Eastern Cap@orkfreshwaters(particularly in the

northern region)are likely to le classified as unmodified/HEVhe management airfor these

systemsh & ay 2 RS SN 2waterdj dz f ATINE Y AFRIRE (iKYS3 T dzi dzNB ¢ !
would be based on no change to existing 20/5078@rcentile values.

For slightly to moderaly modified systems in southern CYP, such as the Annan and Endeavour
Rivers, ambient water quality is still considered to be relatively unmodified and the management
aim is still to maintain current conditions. The effects of land disturbances in thesmsyare
primarily observed during flood events, when sediment and nutrient concentrations are elevated.

Where there was insufficient nutrient data for a catchment, generic values were derived from DSITI
data collected during the dry season in R2id14 baed on average values across a range of
catchments. This approach was considered to be acceptable due to the low level of variation
between most catchments. The main exception to this was the Claudie where significantly different
nutrient concentrationsvere recorded. Thus, the Claudie has its own specific guidelines. The
Pascoe, Endeavour and Annan catchments also had much larger nutrient data sets and so
catchmentspecific guidelines were set for these catchments.

There is insufficient event flow data establisheventguidelines for most rivers in Eastern Cape
York, with the exceptionf Normanby Basisub-catchments However, some event data exists for
the Annan and Pascoe Rivers, and intezirantguidelines have been set for these systems. The
management aim for the Pascoe is no change to the existiemt 20/50/80™ percentile values. For
the Annan river, 25% reduction targets have been set for event flow suspended sedintknt
particulate nutrientconcentrations based on the level of soil diftance and estimates of
anthropogenic impacts on water qualippservedduring flood events.

2.2.2 Freshwaters of the Normanby basin

Normanby Basin water quality guidelines are divided into dry season base flow, wet season base
flow, and flood event guidelines #isere are significant variations in water qualipnd water quality
impacts between the periodsDuring the dry season, nutrient and suspended sediment
concentrations at most Normanby Basin sites (with the exception of the upper Laura River), are
believed to be close to reference condition. Therefore, the management aim for dry season base
flow conditions at most sites is to maintain the current condition (no deterioration to the existing
percentile ranks). Suspended sediment concentrations are sigmifjcalevated during flood events
due primarily to accelerated erosion. Nutrients and suspended sediment concentrations remain
elevated at some locations during wet season baseflow.

Water qualityin the Normanby Basihas been impactetb varying degreeby human activity
including grazing, horticulture and clearing for roads and fendhere arefew suitable reference
siteswithin the Basirand sofor manylocationsit is not possible to derive guidelines based on
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reference water qualitgites Instead & { | NIBrivéter gualityimprovementsunderbase flow
conditions(where requiredare based on a step improvement in water qualitgm the existing
20/50/80" percentile valueso the 10/40/70" percentiles. The guideline tableshow the existing
20/50/80" percentile ranks as current condition, and where improvements are recommended, the
10/40/70" percentile values are presented as tiaegetsfor water quality improvementsThe

majority of the recommended bad®w target reductions apply to wet ason basdlow guidelines.
However, a0" percentile dry season reduction target for nutrients has been applied to the upper
Laura where elevated nutrient concentrations have been observednpesnd.

Where limited dry season or wet season b#less nutrients or suspended sediment (SS) data was
available for the West Normanby and Normanby River at Battlecamp, guideline values from the East
Normanbyhave beerassigned to these systems

For the flood event guidelines, short terfn year)reductioncdtargetse areto achievea 25%

reduction of sedimenand particulate nutrientoncentrationdn the upper Normanbgub-

catchments the erosionand horticultural laneused K 2 (i & LJ2 0%réduction i the lbwerm
catchment(Kalpowar Crossingnd estuariesThese shoriterm reduction targetsre based on what

is considered practical to achieve within theg@ar implementation timeline for the Eastern Cape

C2N] 2vLite ¢KS f2y3ISNI GSNY G202SO0GA@Saeg OFft F2N
nutrient load reduction in 15 years, and a 30% refilut in 22 yeargnot calculated in this

document) Longer term objectivei§ I @S 6SSy Sadlof AdKSR daNPal3R y2¢y S a
water quality condition and requirements for aquatic ecosystems. The reductigettafor most

sub-catchments currently apply to suspended sediments and particulate nutrients only. However,

the reduction targets for the Upper Laura River apply to both suspended sediments, dissolved

inorganic and particulate nutrients due to the prese of both sediment erosion and fertiliser run

off in this subcatchment. Thesediment and nutrient concentration reduction guidelines correlate to

the load reduction objectives set out in the Eastern CY Ve@dRletermined to bappropriate by

the Cape drk WQIP Science Advisory Panel

Normanby guideline tableg ébles 11a to 11d present bothcurrent condition 20/50/8¢ percentile

values and, where improvements are required, thet season target0/40/70" percentiles or the

10%da S y6fFa @ a GaBde%%upper catchmenflood eventreductiontargetsas described above.

2 KSNBE OGKS YIyYylF3aSYSyd AY A& a)tecuRéticdbifo® NI GA 2y FN
20/50/80" percentile values aradoptedas the guidelineand asessment of compliancebased

on no change to existingercentile values.

2.2.3 Estuarine waters

Water quality data for Eastern Cape York estuaries is linitsites in the Annan, Endeavqur
Jeannieand Normanby Riveml of which are in the southeror centralareaof the Eastern Cape.
Limited or no data exists for estuaries in northeastern Cape Yidrk.most comprehensive data and
extent of sites arérom the EndeavouRiver therefore guidelines have beearstablishedased on
this data. The@mbientguideline values are derived frothe 80" percentile valuegrom the
Endeavourwhichare largely the same as the already publiskgdleavour river estuamyuidelines

in the Queensland Water Quality Guideliri@f09) Assessment ofanpliance woulde based on
comparison with median vaés from a test siteHowever, guidelines are not applicalderinglarge
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flow events.The limited data from the Jeannie suggests that in smaller estuaries, poorer water
quality mayalsooccur naturally at times of low flow. Therefore, application ofiasihe guidelines
needs to be undertaken with due consideration of such natural variation.

The Endeavour estuary guidelingsouldbe used with caution as interim guidelines for other
eastern Cape York estuari@gith the exception othe Normanby. Further sampling is required to
establish estuarine guidelindsr the remainingestuaries

Guidelines for the Normanbestuary have been derived froa limited dataset collected from two
sites; one at the mouth of the Normanby River estug@yclosed coastal/er estuary)and one site
approximately 5 km upstrearfmid-estuary) Due to the lack of data beyond 5 km upstream and the
limited number of samples, these guidelines are considered to be indicativenapaot apply to
the mid- or upper estuary The amhént guideline valuegor the Normanbyare derived from the 80
percentile valuesasdescribed fothe Endeavour guidelineglthough ambient concentratioris

the Normanby estuargre likely to be elevated due to the-geispension of sediments depositad
the estuary during flood events, reducing the existing concentrations (and available sediment
supply) is not practical, therefore trembientguidelines aim to maintain current 8@ercentiles.
However, Normanby estuary flood water quality targetsénaeen established based on a 10%
reduction of current sediment and particulate nutrient concentrations, in line with WQIRoénd
system load reduction targets for the Normanby.

Based on flood event monitoring in the Annan estuang the level of disturkrace in the Annan
catchment flood water quality reductio targetshave also been set for the Annan River estuary. In
line with the WQIP engf-system load reduction targets and objectives for the Annan river, short
term (7 year) targets have been set fot@% reduction in sediment and particulate nutrients.
Ambient water quality guidelines for the Annan are the same as the Endeavour guidelines as there
were no significant differences between the two rivers under ambient conditions.

2.3 Spatial zonation of gu idelines

2.3.1 Freshwaters

Due to the natural variation in water quality, water quality guidelines need to be specific to defined
regions and/or water types. The extent to which regions/water types need to be subdivided in
theory depends on the extent of watguality variation. In practice it is more often determined by
the availability of water quality data and assumptions often have to be made about quality in areas
where no data exists. (These assumptions can be amended whenever additional data becomes
avalable).

For the purposes of the Eastern Cape York guideline exercise, a decision was made to make an initial
spatial subdivision based on the main drainage basins. Some of the largenbersirigrther

subdivided into individual catchments even sukcatchments(Table 1) Within these subdivisions,

the question of water types was considered. The ANZEGdelinegdefault is for freshwaters to be
divided into upland streams (steeper streams with rocky or sandy substrates) and lowland streams
(flood plan type meandering streams with mostly muddy sediments). An arbitrary default split
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based on a 150m height contour is suggested but this has often been found to be inappropriate in
Queensland catchments.

For the EasterCape an alternative to the upladilowland splitwas to utilise the results of the
Walking the Landscap&/QIP sukproject. This exercise stdividedcatchmentsnto a series of
landscape zones and theseuld potentially be aligned with guideline values. This approach was
attempted butdue to the general paucity avater qualitysites in most catchments its potential was
not realised I nearly all catchmentguideline values were simply applied to the whole catchment.
With the exception of the Normanby, water quality did not varyagkgacross or within most

streams in the Eastern Cape. However, further samplitidp@necessary to validate this approach.

The final guideline tables present guideline valueswhsubdivison. Thus there is a hierarchy
from drainage basihbcatchmenfhsub-catchment (if applied) Tablel below details the spatial
subdivisions adopted for the Eastern Cape

Table 1: Spatial subdivisions adopted for Eastern Cape York freshwater systems

Drainage Basin Catchment Subcatchment

Jacky Jacky All

Olive Pascoe Pascoe
Olive

Lockhart Claudie
Lockhart

Stewart Stewart
Massie Ck
Breakfast Ck

Normanby Normanby Laura Rivefupperé& lower)
Normanby East Normanby
Normanby West Normanby
Normanby NormanbyRiver Battlecampregion
Normanby Normanby RiverRinyirru NP
Normanby Deighton River
Kennedy Kennedy River
Kennedy HannRver
Kennedy Jungle Creek

Jeannie Mclvor
Jeannie
Starke

Endeavour Endeavour
Annan AnnanRver
Annan Wallaby Creek

1 Spatial subdivisionf®r the Normanby River are presentedfigure3 (Appendix 1)
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2.3.2 Estuaries
There are three spatial zones defined for estuaries in the Queensland Water Quality Guidelines:

1 Enclosed coastal/lower estuary (ECt s includes coastalaters that are to some degree
enclosed (e.g. embayments) and the lower reaches of estuaries in which there is significant
daily tidal exchange with adjacent coastal waters

1 Mid estuary (MEJ; this is the main body of the estuary but excluding the most detvaam
reaches. The exact boundary between ME and ECLE waters cannot be precisely defined as
the extent of tidal exchange varies depending on the morphology of individual estuaries.
However, in general terms, locations where the median conduciivig®duS/cmwould be
mid estuarine. This may equate to about 4km from the mouth but this should be assessed
on a case by case basis

1 Upper estuary (UE)this categonyjs designed to be applied to the uppermost reaches of
long estuaries. It is not applicalile Eastern Cape York estuaries except the Normanby.

2.4 Flow stratification of guidelines

2.4.1 Freshwaters

The physica&chemical properties of freshwaters are strongly influenced by flow, mainly by event high
flows but also by periods of nil flow. Event flows enaracterised by overland flow in the

catchment which introduces loads of particulate atigsolvedpollutants to the waterbody.

Defining guidelines for event flows is problematic as concentrations during events vary rapidly over
short time periods. Dung nil flows, water bodies stagnate and this often results in a deterioration

in water quality, depending on the length of the dry period and the size of a waterhole. Again,
deriving guidelines for this condition is difficult and in general, guidelingegaderived for base flow
conditionsmay not applto nil flow conditions.

Themajority of data for Eastern Cape Yatkeamswas collected undebase flow conditions and so
for most streamgyuidelineshave only been derivefibr theseconditions. Basedlv is commonly
defined as that portion of the flow that is less than the"Bgile value of the flow duration curve for
a stream. However, a more general definition is that baseflow excludes flows during and
immediately following heavy rainfall, when olamd flow is still having a major impact on water
quality. During baseflow, stream flow is principally fed by springs, groundwater ausfate
seepage.

The large sample set for sorsab-catchments in the Normanby Basin allowed variations
between we season and dry seasdraseflowwater quality to be distinguishednd guidelines have
thus been derived foboth baseflomwet season and baflew dry seasonThe dry season is
considered to be between May to November while the wet season generally lastfecember to
April. However, considerable annual variation in rainfall occurs anddrtcedentrainfall and
river discharge should be considered before applying the guidetmésese sites

For most of the streams and indicators considered inrdyort, there is insufficient data tderive
flood event guidelined-Hdoweveragainthe much larger datset for the Normanby catchmertlowed
for comprehensive event guidelinés be establishedSome event data islsoavailable for the
Annan and Pascdrivers and event percentile values have been calculabaged on theséimited
datasets Theseacan be used aimterim guidelinesbut may not represent the full range of flood
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event conditiongn these 2 river systemsAdditional event sampling is reqeid to establish
accurate event guidelines for these rivers

Oneindicator for which there is a reasonable amount of event data in most streams is conductivity
The relationship between conductivity and flow is different to that of naiker indicators.
Conductivity is generally fairly consistent during high and moderate flows but often increases
markedly during very low or nil flow$hereis often a very consistemelationship between

conductivity and flow Thusthe approach applied herfr conductvity was to derive one guideline

to cover high, moderate and moderately low flows and a second guideline for very low to nil flows.
However, this approach was only agplto catchments with larger data sets.

The partition between the high and low fofor conductivity was determined on a seguantitative

basis. In many streams, the relationship between conductivity and flow could be reasonably
approximated by a logarithmic curve. An example of this is given below for the Pascoe River at Falls
Creek The separation between high and low flow was taken from the (estimated) inflection point in
the logarithmic curve. Under this approach, the flow inflection point is different for each location.
However, this provides a much more precise value thamplsimsing the 90%ile of flow rates, which

is often used as a generic separation point where less field data is available.

For some locations, the relationship was less amenable to a mathematical approximation, but in all
cases conductivity was lower at hiffows. In these cases the separation between high and low flow
was estimated subjectively from the flow/conductivity plot.

250

y =-9.506In(x) + 109.88
R?=0.615

200

150

100

Conductivity (uS/cm)

50

0 5 10 15 20 25 30 35 40 45 50
Flow (cumecs)

Flow conductivity relationship for the Pascoe Riv@rFall Creek
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Thefreshwaterbiological guidelines are applicable only faling at least one month of baseflow
conditions. Event flows have a major disruptive effect on the biota, particularly the
macroinvertebrates, and postvent populations may beeducedfor some weeks.

2.4.2 Estuaries

Given the very limited data set, no attempadhbeen made to derive event guidelines for estugries
with the exception of the Normanbgnd Annan riversGuidelines foother estuarieshave been
derived based ohaseflowdataonly, with extreme events excluded from the data sethese
baseflowguidelinesare therefore notapplicable under significarfitood event conditions.

2.5 Indicators

2.5.1 Freshwater

Indicators for which freshwater guidelines were developed were selected based on (a) a
determination that the indicatocouldprovide useful information ash(b) availability of data.
Guidelines were determined for four main indicator groups:

1 Physicechemical

1 Toxicants

1 In-stream biologic#l
1 Riparian habitat

Further work is required on the istream biological and riparian habitat indicators. These sestion
will be updated in futurecevisions of the Water Quality Guidelines report.

The following sutsections detail the indicators in each of these groups.

2.5.1.1 Physico-chemical

In freshwaters, physicohemical indicators (i.e. traditional water quality indicatasg strongly

influenced by the flow regime. In an ideal situation guidelines would be developed for a range of

flows. However, the available dafiar Cape YorKictated that flow stratification of guideline values

0S fTAYAUSR (2 oRANEKE OF { 0BSey [yKR ad ORSANBFSE 2 F a4 SLI N
for a few indicators and, apart from conductivity, only in the Normanby catchment.

Water quality under nil flow conditions i.e. in stagnhant waterholes was not assessed. Water quality
under sut conditions can vary widelyarticularly in smaller waterholemnd particularly after long

dry periods. Theapplication of guidelines under such conditions is very problenaaiitit is
recommended in this report that only toxicant guidelines shouldpplied under such conditions.

Table2 details physicechemical indicators for which guidelines were developed. It also specifies
which flow regimes were covered for each.  The last column in the table provides comment on the
extent of availablelatafor the indicator.
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Table2: Freshwateiphysicachemicaindicators

Indicator

Conductivity

Catchment

All

Base flow

guideline

Yes

High flow guideline

Yes

Comment

Fairly extensive data in
many catchments

Major ions

All

Yes

No

Fairly extensive data in
manycatchments

Turbidity

All

Yes

Normanby sub
catchments only

Limited data in most
catchments

SS

All

Yes

Normanby, Annan &
Pascoe catchments

Limited data in most
catchments

Hardness &
Alkalinity

All

Yes

No

Fairly extensive data in
many catchments

TotalN and P

All

Yes

Normanby, Annan &
Pascoe catchments

Limited data in most
catchments except
Normanbybasin

One event dataeteach
for Pascoe and Annan

NOx NH3,FRP

All

Yes

Normanby, Annan &
Pascoe catchments

Limiteddataexcept
Normanby and
Endeavour bdss.
Generic guidelinebased
on Endeavour Basin datg
were applied to
catchments with
insufficient data

Dissolved
oxygen

All

Yes

No

A generic guideline base
on data from a very few
sites. Only to be applied
when there iclearly
noticeable flow in aiver.

Chlorophylta

Normanby,
Annan

Yes

Not Applicable

ChlorophyHa is highly
diluted during floods but
can bloom in the post
flood period

Particulate
N &P

Normanby,
Annanand
Pascoe

No

Yes

Indicative guideline
valuesonly for Annan and
Pascoe
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2.5.1.2 Toxicants

These include both anthropogenic toxicants (herbicides, insecticides etc) and naturally occurring
toxicants (metals) Since there is no research on the toxicity of these substances specific to Cape
York aquatic plants and animalse ANZECC @lelines have been adoptddr toxicants The
guideline for 99% level of species protection is recommendéukre monitoring fotoxicantshas
occurredin Cape Yorlgoncentrations have generally been very low or wiatect (See Howley

2010, Howley 2012).

2.5.1.3 Biological Indicators

In-stream hological data for the Capéorkis extremely limited. However, a reasonably extensive
survey of fish and macroinvertebratesCapeYorkwas undertaken in mi@014. This covered many
of the Eastern Cape catchments. &h®n this dataguidelines for a limited nubver of biological
indicators havébeen derved. Like the physiechemicalguidelines,n most catchments it has been
assumed that current condition is close to reference condition and therefore the guideimply s
reflect existing condition. As with physichemical guidelines, the aim is that thesiould beno
deterioration compared to this existing condition.

Table3: Biological indicators and guideline metrics

Indicator group Indicator Guideline metric Application

Macroinvertebrates Taxa richness 20/50/80 All catchments

% tolerant taxa

% sensitive taxa

SIGNAL

Fish Spp richness 20/50/80 All catchments

Presence of exotic| Presence/absence All catchments
species

2.5.1.4 Riparian habitat

The Geat Barrier Red monitoringprogram collects remote sensing data on riparian extent from all
east coast reef catchments. Data for existing riparian ext@périan losandripariancontinuity for
major streamsare provided in Tabl&3in the guidelins section of thereport. There is considerable
uncertainty over the actual extent of the prdearing forested riparian area. For this reason, the
riparian loss statistics are takémm the 1988 to 2013 periodThese values can be used as a
baseline for comparison witfuture condition. All of the catchments have largely intact riparian
zones andhe management ainisto ensure that theras no further decrease in riparian extent or
continuity.

Research in the Normanby catchment has shown that a significant propartithe sediment load,
and most likely a large percentage of the anthropogenic{aadoming from small ephemeral
channelgBrooks et al 2013) Thereforeit is important to ensure that riparian zones remain
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undisturbedin these areas, which are oft@verlooked in assessments of riparian zones and
development applications. It is therefore proposed tlaminimum 50 m riparian zone be
maintained for first order streams in Eastern Cape York catchments.

The indicators and metrics used for riparian extesed in this report are detailed in Table 4 below.
However further discussion is required to establish appropriate guidelines for Eastern Cape York

riparian zones Futureguidelinesneed totake into account stream sizegil typeand topographyto
determine the buffer area required to minimise erosion and protect aquatic ecosystems.

Table 4interim Riparianindicators and Guideline Metrics

Metric

Indicator

Extent of 100 metre
forested riparian
buffer acrosghe
catchment

Riparian
Habitat

Change in forested

riparian buffer extent
between 1988 and
2013

Guidelines  Application

from existing
riparian buffer
extent

No change

All catchments,

stream order 2, 3
and 4

Extent of 50 metre
forested riparian
buffer across the
catchment

Change in forested
riparian buffer extent
between 1988 and
2013

No change
from existing
riparian buffer
extent

All catchments,
stream order 1

Continuity of riparian
zone

Patch Size and
Connectivity Index
(PSCI)

All catchments

2.5.2 Estuaries
For estuaries guidelinesvere limited to physicechemical indicatorgéTable 5pas these were the only
indicatorsfor which data were available

Table 5: Physic€hemical Indicatorsor Eastern Cape York Estuaries

Good datesetsare available for the Annan
and Endeavour estuaries. A limited data se
is available for the Jeannie R estuary and (
set of samples for the Starke R estuary.
There is also a limited data set for two site
in the Normanby R estuary which includes
both base flow and flood event data. This i
all the known water quality data for
estuaries in Eastern Cape Y.ork

Indicator ‘Base flow Event Comment
guideline Flow

Turbidity Yes yes

Suspended Sediment| No Yes

Total N & Total P Yes Yes

NOx NH3,FRP Yes Yes

Dissolved oxygen Yes No

Chlorophylta Yes Yes

ParticulateN and P No Yes
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2.6 Scope of dataavailable for guideline development

Tabless & 7 provide metadata for all available (to the best of our knowledge) physhemical data
in Eastern Cape York, for éaaf the major drainage basinghe numbers of records ilutle both
baseflow and event flow dataalthoughfor most systems, with the exception of the Normanby,
Annan and Pascoe Rivers, all or most samples were collected durinfidvageriods.Thedatasets
utilised to determine water quality guidelines arstéid in Appendix B.
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Table 6a: Water Quality Metdata for Eastern Cape York Freshwatensumbers of records for each indicator

Drainage Catchment No. long EC Turbidity Colour pH Alkalinity/ SS Major SO4
Basin term sites Hardness cations/ SAR
Jacky Jeky | Harmer Ck 0 16 16 8 16 8 7 5 8
Olive Olive R 1 20 19 7 20 7 7 5 7
Pascoe
Pascoe R 2 151 107 59 142 83 65 80 48
Lockhart Claudie R 0 2 2 2 2 2 2 2 2
Lockhart R 0 2 2 2 2 2 2 2 2
Stewart Stewart R 0 57 48 12 53 22 19 22
Massie Ck 0 1 1 1 1 1 1 1 1
Breakfast Ck 0 1 1 1 1 1 1 1 1
Normanby | Laura river 6 287 226 26 198 33 153 32 34
East Normanby 1 140 149 40 132 67 107 67 29
West Normanby 1 36 37 12 32 30 56 30 30
Normanby River 3 246 208 29 | 226 29 105 29 29
(mainstem)
Kennedy River 1 29 13 12 25 24 22 24 7
Hann River 1 111 86 42 102 46 54 54 23
Deighton River 1 23 21 10 21 20 21 20 6
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Table 6a: Water Quality Metdata for Eastern Cape York Freshwatensumbers of records for each indicator

Drainage Catchment No. long EC Turbidity Colour pH Alkalinity/ SS
Basin term sites Hardness

Major

cations/ SAR

SO4

Jungle Creek 1 37 14 16 33 24 28 25 7
Jeannie Mclvor R 1 41 31 20 34 34 30 34 11
Jeannie R 1 19 15 4 15 11 12 11 2
Starke R 1 29 25 13 25 25 25 25 13
Endeavour | Endeavour R 2 145 89 28 139 47 44 46 17
Annan R 3 260 199 85 254 107 123 106 76
Wallaby Creek 1 36 42 39 0 0 0 0

Table6 (): Water Quality Meta-Data forEastern Cape Yofkeshwaters; number of records for each indicator

DrainageBasin Catchment TN TP NH3 NOx FRP PN

Jacky Jacky Harmer Ck 6 6 4 4 4 0 8 0

Olive Pascoe Olive R 4 4 2 2 2 0 13 0
Pascoe R 51 55 47 47 47 35 72 0

Lockhart Claudie R 2 2 2 2 2 0 0
Lockhart R 2 2 0 0 0 0 2 0
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Table6 (): Water Quality Meta-Data forEastern Cape Yofkeshwaters; number of records for each indicator

DrainageBasin Catchment TN TP NH3  NOx PN

Stewart Stewart R 1 1 0 0 0 0 31 0
Massie Ck 1 1 1 1 1 0 0 0
Breakfast Ck 1 1 1 1 1 0 0 0

Normanby Laura River 186 189 185 185 185 41 156 85
East Normanby 86 85 76 97 74 33 74 20
West Normanby 40 40 35 36 35 30 6 0
Normanby Rivefmainstem) 136 136 112 136 112 202 106 45
Kennedy River 0 0 0 0 0 0 1 0
Hann River 8 12 1 1 1 0 54 0
Deighton River 0 0 0 0 0 0 0 0
Jungle Creek 0 0 0 0 0 0 0 0

Jeannie Mclvor R 9 15 19 15 21 0 2 0
Jeannie R 4 4 3 4 4 0 4 3
Starke R 1 1 0 0 0 0 0 0

Endeavour Endeavour R 56 56 54 54 53 0 93 0
Annan R 182 195 17 136 146 17 131 58
WallabyCr 27 27 0 27 26 0 37 29
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Table7: Water Quality MetaData forEastern Cape Yo#kstuaries

Drainage Catchment No. of Number of records for each indicator

Basin SIES -~
EC DO Turbidity SS pH TN, NOx, Chla
TP NH3,
FRP
OlivePascoe| Pascoe 1 0 0 0 9 0 9 9 0
Endeavour 6 284 | 269 243 0 278 | 199| 196 159
Endeavour
Annan 2 119 | 115 73 26 121 | 111| 110 95
. Jeannie R 4 20 19 20 0 20 24 24 21
Jeannie
Starke R 4 4 4 4 0 4 4 4 4
Normanby | Normanby 2 34 29 39 14 33 | 43 43 18

3 Guideline tables
Theguidelinetablescontained in this section are:

Table8(a) and 8(h)Freshwater guideline percentile values (20/5088ercentiles of current
water quality)for the selected physicohemical indicatorfor basefow conditionsfor all
catchmentsexceg the Namanby. Where less than 10 data values were available, only tfe 50
%ile values are provided.

Table 9: Freshwater guidelineggentile values for physiechemical indicators under event flow
conditions forthe Pascoe and Annan rivers

Table 10: Freshwater guideline values for conductivity under high flows and base flows for
catchments (where sufficient data was available)

Table 11ato 11d: Freshwater guideline percentile values for the Normasbgeason andry
season baseflows and event conditions

Table 12: Guideline percentile values for estuaries (base flow)
Table 13: Guideline percentile values for Normanby River estuaries (flood event)

Tablel4: Freshwater gidelinepercentilevalues for biological indators¢ TO BE COMPLETED IN
MAY 2016 WHEN DATA BECOMES AVAILABLE

Table B: Riparian zone current condition for all catchments
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ables(a ater gideline pe s or physiathe dica der ba 0 d orranb
Ba 3 s Yoile offe olo D 3 d AR 3 0 a oY
aze . . 0 0 0 . 0 0
aCoO ®
Jacky All 20 44 0 3
Jacky All 50 46 9 6.0 7 4.0 0 0 0 0.8
All 80 6 5 5.4
N 16 16 8 16 6 8 5 7 5 5 5 5 5 8
Olive Olive 20 60 0 5
Pascoe Olive 50 4.4 6.4 6.0 6 0 0 0.8 0.4 6 0
Olive 80 0 0 6
N 20 19 7 20 7 7 5 7 5 5 5 5 5 7
Pascoe
Pascoe
Pascoe

151

107

59

142

84

83

79

65

80

80

75

81

81

48
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Lockhart

Claudie

20
50
80

Lockhart

20
50
80

Stewart

Stewart
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able8(a): Freshwater gideline pe 0 or physiechemical ind der ba ongexcluding ormanb
Ba 3 % offe olo D 3 d AR 3 0 a oY
aze g/L a . 0 0 0 . 0 0
aCoO ®
Stewart Massie 20
50 of:
80
N 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Jeannie Mclvor 20 0 0 / 6 $ 0.9 0 4.4 0 0
50 0 0.0 6 0 0.9 0.0 6 6.4 4 8 0
80 80 6.0 0 3 6 0 0 $ 3 6.4 §
N 41 31 20 34 34 34 34 30 34 34 32 34 34 11
Jeannie
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able8(a ater gideline pe 0 or p s dica der ba onditiongexcluding ormanb
Ba 3 s Yoile offe olo D 3 dne AR 3 0 a oY
s g/L a 3 . 0 0 0 . 0 0
aCoO ®
Starke 20 96 0 0 0 0 / 0 3 6 O s 0 0
50 / 0.0 7 4.0 0 6 0 3 3 0.6 6 4
80 40 9 0.0 5 0 4.4 3 0.0 4.64 4 3.8 4 8..0
N 29 25 13 25 25 25 25 25 25 25 25 25 25 13
Endeavour| Endeavour | 20 96 0 0 6 0 0 $ 0 3 0.6
50 4.8 0 0.0 0.0 3 6 0 0 0
80 4 6.8 / 9.0 0.4 / 0.0 4 0
N 145 89 28 139 47 47 46 44 46 46 42 46 46 17
Annan

179

107

85

170

105

107

105

102

106

107

103

106

107

76
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Table8(a): Freshwater gideline percentile values for physiechemical indicatorsinder base flow conditiongexcluding the Norranby)

Basin Catchment %ile EC Turbidity = Colour | pH | Alkalinity Hardness SAR SS Ca Mg K Na Cl SO4
uS/cm NTU hazen mg/L as mg/L as mg/L  mg/L mg/L mg/L mg/L mg/L mg/L
CaCO3 CaCo3
Wallaby 574 1.7 ID 6.34 ID ID ID ID ID ID ID ID ID ID
Cred 61.0 | 3.0 ID |665| ID D |D| D | D| D] D] ID| D] ID
63.9 5.9 ID 6.93 ID ID ID ID ID ID ID ID ID ID
36 42 ID 39 ID ID ID ID ID ID ID ID ID ID

Table 8(b): Freshwateruigeline percentile values fgphysicachemical indicators under base flow conditions (excluding the Normanby)

Basin Catchment  %ile TN NOx FRP NH3

Hg/L pg/L

Jacky JacKy

Olivet
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Table 8(b): Freshwateruigeline percentile values fgphysicachemical indicators under base flow conditions (excluding the Normanby)

Basin

Olive-
Pascoe

Catchment

%ile

TN TP N[@) FRP NH3

Ho/L Ho/L Ho/L Ho/L Ho/L

Pascoe

16 20 12 12 12 72 0

Lockhart

Lockhart

Claudie

Lockhart

Stewart

Stewart
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Table 8(b): Freshwateruigeline percentile values fgphysicachemical indicators under base flow conditions (excluding the Normanby)

Basin

Catchment

%ile

TN

Ho/L

TP

Ho/L

NOXx

Ho/L

FRP NH3

Ho/L Ho/L

Massie

Jeannie

Jeannie

Mclvor

Jeannie

Starke
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Table 8(b): Freshwateruigeline percentile values fgphysicachemical indicators under base flow conditions (excluding the Normanby)

Basin Catchment | %ile TN TP N[@) FRP NH3

Ho/L Ho/L Ho/L Ho/L Ho/L

Endeavour | Endeavour 20 / 0 6

(o]
o
)
O
N
o
O
O

n 56 56 54 53 54 93 0

Annan 20

Endeavour | Wallaby Cr 20

1 Generic nutrient guidelinelsave been applied based on a combined river dataset
2 In catchments where there is insufficient data to derive upper and lower DO guideline values, indicative values cand&atarther
catchments where there is more data. Under extended nil flondd@ms, DO can be highly variable and guidelines may not be applicable.
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O O 0 0 O O 0 O
Olive Pascoe 20 8 0 0 3 6 0
Pascoé (current
condition) 50 / $ 0 9 3 0
80 O 0 40 4 0 A8 0
Target= maintain
current condition n 32 28 28 28 28 28 31 31

Endeavout | Annan River 20
(current 50
condition)
80
n 20 21 21 19 19 19 15 15
Annan River 20 32 100 029
Target = 25% 50 56 135 45
reduction
80 118 384 88
1 Values are basegrimarilyon one wet season. Further sampling is required to characterise the full range of event concentrations.
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Tablel0: Guideline values for conductivity at high and low flows

Basin Catchment Location EC guidelines
High to moderate flow guideliney(S/cm) Low flow guideline
Flow range Guideline value Flow range Guideline value
(cumecs) (uS/cm) (cumecs) (uS/cm)
Jacky Jacky | All <75uS/cm for all flow ranges > nil
Olive Olive <90uS/cm for all flow ranges > nil
Friseer Pascoe Fall Ck >0.5 <120 <0.5 120200
Pascoe Garraway Ck <100uS/cm for all flow ranges > nil
Lockhart Claudie <320uS/cm for all flow ranges > nil (low reliability)
Lockhart <250uS/cm for all flow rangs > nil (low reliability)
Stewart Stewart Telegraph Rd >1.4 <150 <14 150275
Massie <100uS/cm for all flow ranges > nil (low reliability)
Normanby | Laura river Coalseam gauge >1.1 <400 <1.1 60-1400
East Normanby | 105105agauge <305for all flow ranges
West Normanby | 105106A gauge <250 for all flow ranges
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Tablel0: Guideline values for conductivity at high and low flows

Basin

Catchment

Location

EC guidelines

High to moderate flow guideliney(S/cm)

Flow range
(cumecs)

Low flow guideline

Guideline value
(uS/cm)

Flow range
(cumecs)

Guideline value
(uS/cm)

Normanby River| Battlecampgauge <410uS/cm for all flow rangers

Normanby Kalpowargauge >20 <100 <20 100220
Kennedy River | 105103A gauge <270uS/an for all flow ranges
Hann River 105001B gauge <115uS/cmfor all flow ranges
Deighton River | 105104A gauge <225uS/cmat all flow ranges
Jungle Creek 105002A gauge <70uS/cmat all flow ranges

Jeannie Mclvor Elderslie >1 <175 <1 175250
Jeannie <230uS/cm for all flow ranges > nil (low reliability)
Starke <200uS/cm for all flow ranges > nil

Endeavour | Endeavour >.075 <150 <.075 150-300
Annan >1.3 <80 <1.3 80-140
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able o deline pe e or p ato der ba O 0 o Ba
a e % DIC 0lo D 3 ard A a 0 a 04
AZE 0 0 0 0 0 0 0 0
O aCO
Deighton 20 3 0 0 3 0 I / 0 0
50 0 4 0 3 0
80 0 0 0 0 48 0 3 0
n 23 21 10 21 20 20 20 21 20 20 20 20 20 6
Junde Cr
Hann R. 20 40 6 5 4 / 0 0 0 9 3 0
50 4 O 0 0 3 0.4 0 0 9 0.0 0.0
80 0 40 S S 0 0.8 0 0 6
n 111 86 42 102 46 53 52 54 53 54 49 55 55 23
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o10)(S a de e pe > O P alo el Oa O a DA
a e 0 DIC 0I0 0 3 O A a 0 a 04
VA S 0 O 0 0 0 0 O
O O
Kennedy River 20 3 6 0 Z 3 $
50 0 0 O 40 0.8 O 4.9 3
80 9 9 9 6 0 / 3.0 6.4
n 29 13 12 25 24 24 24 22 24 24 24 24 24 7
Laura R 20 6 0.9 4.8 4.8 9 4.9 0
50 00 8 0.0 S 4 0
80 4 0 0 S 4.0 S S 00 08.4 4.0
n 52 101 26 52 33 33 33 33 33 32 33 33 16
East Normanby | 20 0 $ 0.0 9 O
50 0 0 6.0 0
80 A0 6 Vi /]
n 118 112 35 115 55 55 55 52 55 55 53 55 55 27
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AalDIE A e e perce - Or p SIre A ager pase 110 OnNaito O ANV ba
a e olle DIC 0lo D 3 aradne AR a 0 3 O4
VA 9 a O O 0 0 O O O
O aCO
West Normanby | 20 / 0 0 9 0 5
50 0 / Vi / 4.8 / 38 0.0 0
80 / 6 0 3.8 6.8 6 0
n 31 24 12 27 30 30 30 30 30 30 30 30 30 10
Normanby
Battlecamp
n 107 77 29 97 50 50 50 47 50 50 47 50 50 23
Normanby 20 0.6 / Z 0 6 4 0
Rinyirru NP o0 < / 4/ 4 26.0 O
80 40.4 6 0 0.6 / 0
n 44 66 29 44 29 29 29 77 29 29 29 29 29 29
1 Base flow for this table applies to both wet season and dry season base flow conditions. However, unique wet seasondaséifjoseason

base flow guidelines have been designated for EC, pH, turb&and nutrients forthe Laura River, East Normanby, NormanbB&tlecamp and
Normanby RiverRinyirru NRvhere sufficient data was availablRefer toTablellb and 11levet and dry seasoguidelinesfor these parameters
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Table 11(b): Guideline percentile s for physicechemical indicators under dry season base flmenditions (Normanby Basin)

Catchment %ile EC DO Turbidty SS Chlora TN TP NH3 NOx FRP PN PP

pH
uS/cm % sat NTU mg/L ug/L Mo/l po/L | pg/l pg/L pg/L | pg/L pg/l

Lower Laura Rivér 51
(current condition) '

Target = maintain
current condition

Upper Laura River 20 g9 870 3 0 0 9 /
(current condition)
50 3.4 0 3 0 3 0 0 D D
80 [ &1e 9 3 876 / 0 9
n | 38| 38 38 38 5 33 33 |3 | 3 | 3| 35 0 0
Upper Laura Rer 20 0.8 210 | 13 1 1 3
Target = 18 %ile 50 1.5 280 | 22 | 4 2 5 ID | ID
nutrient reduction
80 25 600 | 36 9 5 9
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East Normanby
(current condition)

Target = maintain
current condition

20

50

80

82

15

base flmonditio ormanby Ba
D 0 Dp P DP
g 0 0 0 0 0 0
09 Vi
0 4 D D
10 9 5 6
24 | 28 | 21 | 16 | 20 1 1

West Normanby
(current condition)

Target = maintain
current conditiorf

Normanby-Battlecamp
(current condition)

Target = maintain
current condition




N

Table 11(b): Guideline percentile s for physicechemical indicators under dry season base flmenditions (Normanby Basin)

Catchment %ile oH EC DO Turbidty SS Chlora TN TP NH3 NOx FRP PN PP

uS/cm % sat NTU mg/L ug/L Mo/l po/L | pg/l pg/L pg/L | pg/L pg/l

Normanby Rinyirru NP 60
(current condition) '

Target = maintain
current condition

Dry season is generally between May to November, however will vary annually and should be assessed based on rainfasdirgad disc
Figure3 shows the designated boundaries for Upper Laura and Lower Laura regions, as well as other Normanby River guideline boundaries

n = number of sample$Vhere n <10only median target values are listed as indicative guidelifuether sampling is necessary to establish
baseline conditionm<4 = Insufficient Data (ID) for setting even indicative guidelines

Interim guidelines derived from East Normanby current condition dugagofficient data for some paramete(s bold)at these sites
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Table11(9: Guideline percentile values for physiahiemical indicators under wet season base flawenditions (Normanby Basin)

Catchment %ile

EC DO Turbidity SS Chlora TN TP NH3 NOx FRP

o
uS/cm| % sat NTU mg/L ug/L Mo/l po/L po/L pg/L pg/l

Lower Laura Rivér 7_2‘ 156 ‘ 69 8 5 232 <10
(current condition) 50 7.6‘ 232 ‘ 18 15 21 320

80 30

n 16| 13 | 14 34
Lower Laura River 20 5 4 206 | <10 | 1 2 <1 | 43 | <10
Tt e = 50 14 | 12 | 20 |300|<10] 4 | 6 | 2 | 100] <10
10" %ile reduction 80 33 25 352| 20 | 8 | 43 | 4 | 138 <10
Upper Laura River 20 g 699 / / 3 3 0
(current andition) 50 : 80 | &8 : 60 : 8 60 0

80 3.6 880 | O : / 8 8 46 9

n 15 12 13 18 12 10 25 25 23 23 23 7 7
Upper Laura River 20 2 7 1.9 244 | <10 | 1 1 2
et eandlien = 50 4 9 | 27 |326| 26| 4 | 4 | 6 | 42 | <10
10" %ile reduction 80 8 12 | 40 |444| 45| 7 | 5 | 16
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Table11(9: Guideline percentile values for physiahiemical indicators under wet season base flawenditions (Normanby Basin)

EC DO Turbidity SS Chlora TN TP NH3 NOx FRP PN PP

—
Catchment ile oH

uS/cm| % sat NTU mg/L ug/L Mo/l po/L po/L pg/L pg/L pg/l pg/l

East Normanby 6.9 ‘ 77 ‘ 8 120 17
(current condition) 50 7.2 ‘ 83 ‘ 84 18 : 210

80 7.4 ‘ ﬂ 30

n 23 21
East Normanby 20 4 3 102 | 16
Target condition = 50 6 17 ID | 144 | 22 80 | 20
10" %ile reduction 80 15 28 350 | 32
West Normanby 20 00 3

50 4 0 3 0 D 90 60 3 0 0 40
(current condition)

80 3 0 / 170 8

N 12 4 1 10 19 0 10 10 8 8 8 8 8
West Normanby 20 11 10 260 | 30
Target condition = 50 13 20 D [ 350 50| 7 | 18] 9 |100]| 38
10" %ile reduction 80 o1 33 450 | 73
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adDIE O aeline perce € vValue orp 0[S O aiCalo e C eason base flavonditio O adllDy ba

3 e Opile DO bid OFa P O RP P PP
0
%% Sa 0 0 0 0 0 0 0 0 0
Normanby-Battlecamp 20 0 0 06
(current condition) 50 - 2 0 E o : 2 D D 2 D
80 /] 30 O A/ 48
n 20 20 1 17 13 1 2 2 1 1 1 0 0
Normanby-Battlecamp 20 5 5
Target condition = 50 14 22 ID 210 | 28 4 5 5 100 | 25
10" %ile reductiorf 80 41 40
Normanby Rinyirru NP 20
(current condition) S0
80
n 4 2 2 20 44 0 49 49 49 49 49 47 47
Normanby Rinyirru NP 20 32 6 234 | 20 7 8 2 15 10
Target condition = 50 43 19 ID 330 | 30 11 17 4 74 19
10" %ile reduction 80 74 34 387 | 37 16 26 6 123 | 30

Wet season is generally December to April, however will vary annually and should be assessed based on discharge and i@inéaéden
Figure3 shows the designated boundaries for Upper Laura and Lower kegi@ns, as well as other Normanby River guideline regions

3 n = number of samplesVhere nis between 5 and 1,0nly median target values are listed as indicative guidelifuether sampling is necessary to abtish
baseline conditions. n <4 Insufficieit Data (ID) for setting even indicative guidelines.
4 East Normanby wet sease@urrent conditionhave been applied tthe Normanby Battlecamparget valuesvhere insufficient data exist®old numbers)
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Table 11(d): Guideline percentile values for physatemical indicators under flood evehtonditions (Normanby Basin)

DO Turbidity SS TP NH3 NOx FRP PN PP

Catchment %ile pH| EC

uS/lcm %sat NTU Hg/L

Lower Laura Rivér

(current condition)

Lower Laura River 20 40 74 224 | 45

50 | NA| NA NA 106 157 | NA | NA| NA| NA | NA | 334 | 86
Target

25% reductior? 80 216 352 635 | 122

Upper Laura River

(current condition)

Upper Laura River 20 42 31 24 | 12 | 110 | 30

50 | NA| NA NA 67 76 NA | NA| NA| 81 | 21 | 210 | 68
Target

25% reductiort 80 152 179 187 | 30 | 441 | 107
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Table 11(d): Guideline percentile values for physatemical indicators under flood evehtonditions (Normanby Basin)

Catchment %ile pH EC | DO Turbidity SS TP NH3 NOx FRP PN PP

uS/cm %sat NTU

East Normanby 6.4 ‘ 3 164 40

(current condition) : 300 50
8 1200 348

n
East Normanby 20 47 70 123 | 30
Target 50 [NA| NA | NA| 99 | 157 | NA | NA | NA | NA | NA | 225 | 38
25% reductiort 80 151 | 330 900 | 261

West Normanby 121 ‘ )

(current condition) - 265 ‘ 870

552 ‘1150

West Normanby 20 91 285 | 83
Target= 50 | NA| NA NA 140 199 | NA | NA| NA | NA | NA | 315 | 113
25% reductior? 30 14 665 | 218

43



Table 11(d): Guideline percentile values for physatemical indicators under flood evehtonditions (Normanby Basin)

TP NH3 NOx FRP PN

Catchment

Normanby-Battlecamp

%ile pH| EC

uS/cm

DO  Turbidity

% sat

NTU

SS

PP

Ha/L

134

" 240
(current condition)
n 9 7 2 10 27 17 | 18 | 17 | 16 | 17 | 13 | 13
Normanby-Battlecamp 20 54 99 380 | 101
i 50 | NA| NA NA 63 237 | NA | NA | NA | NA | NA | 585 | 180
Target=25% reductiort
80 139 516 1302 | 582

Normanby Kalpowar

(current condition)

n 27 22 3 48 157 | 150 | 161 | 149 | 140 | 149 | 137 | 137
Normanby Kalpowar 20 51 22 83 18
i 50 | NA| NA NA 82 40 | NA | NA| NA | NA| NA | 144 | 36

Target = 1@ reductiort
80 142 72 225 | 54
Normanby Kalpowar 20 46 19 74 | 16
. 50 | NA| NA NA 73 35 NA | NA | NA | NA | NA | 128 | 32
Longterm Objective= 80 6 e 500 | 48

20% reductior?

A WDN PP

Event flow can include any flows during amdmediately following heavy rainfall, when overland flow is having a major impact on water quality.

Figure3 shows the designated boundaries for Upper Laura and Lower Laura regions, as well as other NormaghyjdBiimer boundaries

Reduction goal applies to suspended sediments and particulate nutrients due to erosion in {b&tclument.

Reduction goal applies to both suspended sediments, dissolved inormjamigenand particulate nutrients due to sedimentasion and fertiliser rusoff in the subcatchment.
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Endeavour Basir

Enclosed coastal/lower estuary (ECL

20
50
80

Mid estuary (ME)

20
50
80

Normanby Basin

Enclosed coastal/lower estuary (ECL

20
50
80

Mid estuary (ME)

20
50
80

D DO
O 8.4

Q 00 O

114 110
4 3
§ 34.0

61 60

8.0

8 80

12 12

8.0

12 12

119

63

12

A0

12

44

13

13

78

44

13

13

77

44

13

13

77

44

13

77

44

13

13

51
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Table B: Guideline percentile values for physi@emical indicators in the Normanby and Annan Rigstuaries under flood event conditions

Basin Estuary water type Y%ile Turbidity SS TN TP NH3 N[@)% FRP PN

Enclosed
coastal/lower estuary

Normanby Basin

‘ ‘ NTU ‘ Hg/L  pg/L  ug/l  pg/ll pgll
Event Flow ‘

(current condition)

n 11 10 13 13 13 13 13 9 9
Enclosed 20 26 12
coastal/lower estuary 50 38 50 122 13
Target (shortterm) = 80 64 76
10% reduction
Enclosed 20 23 10
coastal/lower estuary =0 34 a4 109 11
Longterm Objective= 80
20% reduction 2 el

Mid estuary 20
(current condition) 50
80
n
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Table B: Guideline percentile values for physiahemical indicators in the Normanby and Annan Rigstuaries under flood event conditions

Basin Estuary water type | %ile  Turbidity ~ SS TN TP NH3  NOx FRP PN PP

‘ ‘ NTU ‘ mg/L  pg/l  pg/l ug/l pg/l pg/l pg/ll gl

Mid estuary 20

Normanby Basin | Target (shoriterm) = 50 59 52 225 63
10% reduction 30

Event Flow
Mid estuary 20
Longterm Objective =| 90 53 46 200 56
20% reduction 30

Enceavour Basin | Enclosed 20
coastal/lower estuary

Annan River S0

current condition
Event Flow ( ) 80
n

ECLE 20 37 38 119 36
Target (shotterm) = 50 83 110 189 72
10% reduction 80 189 164 475 97
ECLE 20 33 34 106 32
Longterm Objective = 50 73 97 168 64
20% reduction 80 168 146 422 86
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aplels aelinegpercentilievalues torre aterpiological Indicatorgs TO B O D DATA BECO A\V/2\|WA\= A 016
Ba a e Onlle a O erteprale
oo D S Presence o
» A .40
Jacky Jacky | Harmer Ck 20 BD BD BD BD BD BD
Harmer Ck 50 BD BD BD BD BD BD
Harmer Ck 80 BD BD BD BD BD BD
N
Olive Pascog Olive 20
Olive 50
Olive 80
N
Pascoe 20
Pascoe 50
Pascoe 80
N
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aplels delineperce O erbiologica dicato OB OMP D DATA B O ANV/A\| WA\ = A 016
Ba a e e a O erteprale
0]o DP e Prese e o
> eXx0O

Lockhart Claudie 20
50
80
N
Lockhart 20
50
80
N
Stewart Stewart 20
Stewart 50
Stewart 80
N
Massie 20
Massie 50
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Tablel4: Guidelinepercentilevalues forfreshwaterbiological indicator TO BE COMPLETED WHEN DATA BECOMES AVAILABLE INI MAY 2016

Basin Catchment %ile Macroinvertebrates Fish
Spp Spp richness Presence of
S ESS exotics
Massie
Normanby 20
50
80
N
Jeannie Mclvor 20
Mclvor 50
Mclvor 80
N
Jeannie 20
Jeannie 50
Jeannie 80
N
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aplels delinepercentile O erbiologica dicato OB OMP D DATA B O ANV/A\| WA\ = A 016
Ba a e e a O erteprale
0]o DP e Prese e o
> eXx0O
Sarke 20
Starke 50
Starke 80
N
Endeavour | Endeavour 20
Endeavour 50
Endeavour 80
N
Annan 20
Annan 50
Annan 80
N
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Table 15Riparian zoneurrent condition for all catchments

Basin Catchment | Existing forested % loss of forested riparian area Continuity of riparian zone
riparian zone (Ha) between 1988 and 2013 (PSCI)
Jacky Jacky| All 49780 0.000 94.9
Olive Olive 55912 0.009 94.3
Pascoe
Pascoe 71694 0.010 100
Lockhart Claudie
85962 0.037 100
Lockhart
Stewart Stewart
84239 0.043 97.4
Massie
Normanby | Hann 185494 0.270 100
Normanby 344313 0.334 100
Jeannie Mclvor
Jeannie 90271 0.210 96.1
Starke
Endeavour | Endeavour
66925 1.816 100
Annan
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4 Limitations and Recommendations

Eastern Cape York rivers cover a wide range of landscapes with varying geology, topography,
vegetation and climate as well as varied types and intensity of landtusahérefore difficultwith

the limited water qualitydata available fosomerivers to establish water quality guidelines with a
high degree of accuracy. This is particularly the case for the northeastern Cape Yorkmivers
estuaries Hence in accordance with national protogoa conservative approach has been taken to
derive guidelines that reflect the current (unmodified) nature of the water qualityainly through
the use of 10tH60th-80" %iles of data Water quality dataetsfrom the Normanby Basin and the
Endeavour Bsinare much more comprehensive, collected over many years, from a range of
different sites and with a high level of quality contapplied tolocallong-term monitoring

programs. However, even in these river systems, there are tributaries which havepbeen
characterised. In the Normanby Basin, the western tributaries (Habibasir) and distributaries
(Bizant and Kennedy estuaries), as well as the Deighton River in the central catchment, have only
limited datasets. Water quality guidelines have heen established for some parameters for these
systems and further monitoring is requiredassesgpotential impacts from changing land use in
these areas.

Flood event conditions have also been poorly characterised for most Cape York systems, athough i
is during floods that the majority of pollutants¢ludingsediments and particulate nutrients) enter

the rivers and are discharged to coastal environmertd-event monitoring ithe Endeavour

Basin and Pascoe Riwrstems has been limited to sieggamplesollectedduringan eventor more
intensivemonitoring across only one or two flood events. A comprehensive flood event dataset
(collectedduring multiple event®verfour wet seasons) exists for the LauXarmanby sub

catchment, but not for thevestern Normanby Basin tributaries. Further flood event monitoring

using continuous dataloggers is recommended to more accurately characterise event water quality
and calculate loads at eastern Cape York gauge sites.

Recommendations:

9 Additional baseflav and event water quality monitoring in the rivers and estuaries of north
eastern Cape York Peninsula and the western Normanby ®esgtablish guidelines for
monitoring potential water quality impacts from future land use changes

1 Collect enough dataotdevelop baseflow guidelines for both wet season and dry season
conditions,due to theseasonal variations observed in thgistingwater quality datasets.

1 Use of continuous dataloggers in addition to mararad or/ automaticsampling (as per
Shellberg eal, 2015) for characterisation of flood event concentrations and calculation of
loads

9 Additional local monitoring upstream and downstream of proposed land use developments
o0l &SR 2 yfteeodr®@FARNWEI O Q YSGK2R&a 6! b%9// k! wa/ !
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Figurel: Eastern Cape York Water Quality Monitoring Si{@srthern region)
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Figure2: Eastern Cape York Water Quality Monitorg Sites (southern region)
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