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Assessment of impacts on the aquatic ecology of the Glenavy River and Lough Aigegidum June 2009

1. INTRODUCTION

Rose Energy Ltd submitted a planning application in June 2008 (reference S/2008/0630) for a
biomass fuelled power plant on a site off Ballyvannon Road, near Glenavy, adjacent tousteiahd

plant of Ulster Farm Bgroducts. The proposed development will involve a discharge of waste water
at ca. 2°C above ambient temperatwi a SUDS lagoai ca. 65m™>.h througha 0.3m diameter

pipe into the Glenavy River atsh Grid J130 727

There is little published information on the aquatic ecology of the Glenavy River, and its likely
sensitivity to heated discharge. HowevenetGlenavy riveis designated a satlmortiél rivefunder

the EEC Freshwater Fish Directifi#=C, 1978)which is applied in Northern Ireland as The Surface
Waters (Fishlife) (Classification) Regulations (Northern Ireland) Da@to this designation, certain
environmental quality starards are defined, e.g. dissolved oxygen, pH and some heavy metal and
nutrient concentrations. The directive, as implemented in Northern Ireland also states that where
thermal discharges exist, temperatures measured at the edge of the mixing zone (nhs this

undefined) should not exceed the unaffected temperatures by >1.5°C.

An earlier walkover study and desktop rep@karrod, 2008)ndicated that the lower Glenavy River
adjacent,upstream and downstam of the proposed development site support@dtential habitat

for juvenile and adult salmonid&ampreys andther fishes. Intis report, Harrod also identified a
requirement for an assessment of water chemistry, and fish and macroinvertebrate community
structure in order to assess the likely impact of any proposed discharge. Subseqteng¢ghool of

Biological Sciences, Que@@ | YA OSNEA G & X . Stb ndaitakg a ygdioag sSORY YA & & A 2
to characterise various aspects of the ecology and physicochemistry of the river and its sensitivity to

any discharge.

This addendum to a previous repofiarrod, 2008)uses relevantinformation gatheredduring
surveys conducted to datéHarrod, 2009a; band by other partiesdetailing the likely chemical
status (Water Development Services, 20a¥ the discharge and the behaviour of the plume once
discharged into the Glenavy Riv@tR Wallingford, 2009p assess the likely ecologidaipacts of

the proposed discharge.
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2. THE GLENAVY RIVER

The Glenavy river is a short (ca. 23 krflogder river formed by the convergence of the Rushyhill
and the Stonyford RiversAt 44.3 kni, the Glenavy catchment iselatively small(Environment
Agency, 2006)initially drainingupland areas to W of Belfast (White hill) and then improved
agricultural areas. Approximately 18 km from tN&A @& AtheGlenavy Rer passes through
Glenavy, a village with a populationed. 1070 individualsMww.nisra.gov.uk and finally flows into

Lough NeaghThe proposed development site is located ca. 2 km above the point where the river
enters the Lough, and is situated downstream of a largtural waterfall (Fig 1), known locally as
the leap(Watson, 1892)

Tablel: Location and desdptions of sites sampled as part of the current study

Site Latitude  Longitude Description

Site 1 54°3521"N 6°14'40"W Upstream of Ulster Farm Byoducts (UFBP) plant

Site 2 54°35'22'N 6°15'9"W Adjacent to proposed development & downstream of existin
URBP discharge

Site 3 54°35'39"N 6°15'35"W a22NBQa FTINV¥O® 52yaiNBIY

Between February and May 2009, series ofphysicochemical parametersave been recorded
monthly at three sites (Table bpth in-situ and via an external analgtl laboratory Measurements

of water velocity (m.3), water depth (+ 1 cm) and wetted width (+ 1cm) were also recorded
monthly. Water temperature (+ 0.01°C) was continuously recorded using data loggers. Fish
community structure was examined at each site 1819 March 2009 and May 19 2009 through

guantitative electrofishing.

2.1 Pollution sensitivity of fish community

The results of these and previoutudies (Crozier and Ferguson, 1986; Winfield and Wood, 1988;
Harrod, 2009a; b)have revealedthat the Glenavy Riversupports a moderately diverse fish
community (Table). Although brown trout are probably the dominant fish species resident through
the year, the May 2009 fish survey revealed a fish community domihhy cyprinid fishes (roach
and gudgeon) that hadeeminglymigrated upriver from Lough Neagh in order to spavfHarrod,
2009b) The presence of spawning cyprinids, juvenile salmonids, -boditkd eels and.ampetra

spp. in the lower Glenavy River reveals that this section of the river is important habitat for early life
stages of several speciesfish. As such, the fish community is likely to be very sensitive to pollution
as the intoleranceof early lifestages of fish to pollution is well recognisédristensen, 199).
Salmord eggs, larvae and juveniles are particularly sensitive to pollution, partly due to the pollution

intolerance ofthis family(Alabaster and Lloyd, 198ahd partly due totheir longdevelopmenttime

O«
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(Crisp, 1981; 2000¢lative to cyprinid fishes, which hatch rapidMills, 1981) Salmonid fishes have
low tolerance to thermal pollutiorfGraham and Harrod, 2009nd require elevated water quality
levels e.g. high concentrations of dissolved oxygen, low suspended sediamehtnutrient
concentrations, and are sensitive to heavy metals where buffering capacpi @ low(Alabaster
and Lloyd, 1980)

The presence of juvenilamprey andsalmonids indicates thalthoughadult individuals have not
been encountered yet, they are likely to be resident in the lower Glenavy Rivektended periods
prior to spawning. Although less sétige to pollution than early life stages, these adult fishes still

have elevated water quality requirement8labaster and Lloyd, 1980)

Table2: Fish community structure of the Glenavy Riv2009as assessed by Harrq@009b)

Fecies Latin name Comment
Atlantic salmon Salmo salar Presence ofsmolts recorded. Apparent use of rive
below the Leap falls as salmon spawning/nurs
habitat.
Brown trout Salmo trutta Present in considerable densitigsx n @ MZDI, buk

largely juvenile life stages (225 mm). Dominated
fish community in March 2009. Some evidence
presence of different morphotypes.

European ek Anguilla anguilla Present at Site 1 (most upstream site surveyed)
moderate numberg0.049 ind.nf).
Gudgeon Gobio gobio Use of all three sections as spawning habitat in ©h
2009
Lamprey Lampetra spp. Single transformer individual recorded in March 20(
Indicates presence of spawning and ammocor
habitats.
Rainbow trout Oncorhynchusykiss  Single, heavily damaged individual recorded at Site

March 2009. Possibly washed downstream frc
Stonyford reservoir.
Roach Rutilus rutilus Not recorded in March 2009. Present in large humb
(55% of catchyominating all three sites during ey
2009, using river as spawning habitat
Stone loach Barbatula barbatula  Single individual captured in May 2009.
Three spined sticklebacl Gasterosteus aculeatus Present at all three sites.

Apart from the natural, selfustaining fish community residein the Glenavy Rivethe Glenavy
Conservation and District Angling club have stocked the Glenavy River with adult and juvenile

salmonidsduring Spring 2009

Project B655BBC{ OK2 2t 2F . A2t 23A0Ift {OASyO0Sas vdsSSSyQRaghof MOSNEAGES . St FI &



Assessment of impacts on the aquatic ecology of the Glenavy River and Lough Aigegidum June 2009

2.2 Water quality

The Glenavy Rer is routinely monitored by the Environment and Heréagervice foboth biotic

and abiotic indicators ofvater quality at a series of locations along its length, including the Leap
Bridge (Irish Grid Reference: J1325), ca. 1 km upstream from the proposed development site.
Table3 details the results of reent (20032006)assessmentsnder the General Quality Assessment
(GQA) scheménvironment and Heritage Service, 2Q00heseindicated that water quality atthe
Leap Bridgaevasslightly impacted by pollution (Tab8), but that it compli@l with the requrements

for salmonid fishes under the EC Freshwater Fish Directive

(http://www.ehsni.gov.uk/water/quality/rivers/river _results.htm

Table 3: Results of recent General Quality Assessments of water quality at the Leap Bridge
(http://www.ehsni.gov.uk/water/quality/rivers/river_results.htm)

Assessment scheme 2003 2004 2005 2006
Biological GQA C C B C
(fairly good) (fairly good) (good) (fairly good)
Chemstry GQA D C C C
(fair) (fairly good) (fairly good) (fairly good)

The resultsto date of the ongoingmonitoring study(Harrod, 2009bshow evidence of nutrient
enrichment (Table 4), typical for lowland rivers in the Lough Neagh catchnadtitough
concentrations of bth total oxidised nitrogen and nitrate are higher at Sites 2 andeRtive to
concentrations at Site 1i.€. theyincreasedownstreamof the existing UFBP dischargiere is little
evidence of majomshifts in most chemicgbarameters between the three sitesampled Median
water hardness (as Cagfavas modertely high at all three ites (<100 mg.1). It should be noted

that sampling has been conducted through late winter and early spring, under relativel§yidwgh
conditions. As such, the results gained so far might not reflect periods of low water quality, which

often occur in thesummer.
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Table4: Median values (n = 4) of various water chemistry parameters gathameghthly between February
and May 2009. For full details see Harr¢2009b)

Parameter Site 1 Site 2 Site 3
BOD 5day (mg?) <2.9 <2.9 <2.9
Dissolvedorganic C (mg’) 6.09 5.9 5.94
Temperature (°C) 8.42 8.4 8.45
Conductivity (uS.cn) 195.5 1925 2125
pH 8.12 8.19 8.12
Dissolved oxygen (md) 10.8 8.85 13.3
Suspended solids (md) 7.9 7.6 7
Chlorophyll (ugd1) 6.9 7 8.1
Ammoniacal N (mg N% 0.105 0.075 0.075
Total oxidised N (mg NY) 0.88 1.9% 1.98
Nitrite (mg N.I%) 0.015 0.02 0.02
Nitrate as N (mg N 0.86 1.93 1.96
Free ammonia (mdf) 0.002 0.002 0.0015
Orthophosphate (mg P7) 0.1 0.105 0.095
Total P (mgf) 0.145 0.155 0.15
Hardness as CaCO03 (ny.| 119 120 118
Bromide (mg.t) 0.053 0.047 0.0475
Chloride (mg:f) 21.25 21.55 21.25
Fluoride (mg.T) <0.05 <0.05 <0.05
Sulphate (mg: 11.5 175 175
Calcium (mg) 27.15 27.4 27.05
Magnesium (mg:h 12.35 12.45 12.3

The results of macroinvertebrate sampling in March aralyM009 also indicate that at each of the

three sites sampled, the GlenaWiveris moderately impacted by organic pollutigifable 5)

Statistical comparisons have shown no evidence of any significant difference in biotic (BMWP or

ASPT) scores between tti@ee sites(Harrod, 2009h)

Table5: Mean (+ SD) BMWP and AS§tbresrecorded from the three study sites in Marcand May2009.

March 2009 May 2009
Measure Site 1 Site 2 Site 3 Site 1 Site 2 Site 3
BMWP 30.0 32.7 27.3 46.0 32.3 42.7
(x11.1) (3.5 (3.2 (x12.1) (x15.7) (x8.3)
Average Score per Taxor 4.6 4.3 4.1 5.3 4.5 51
(x0.6) (x 0.58) (£ 0.36) (x0.61) (x0.50) (x0.75)
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Monthly analyses of heavy metal concentrations at the three sites have been conducted between
February and May 2009 (Tab®. They reveal that althougthe median concentrations amhany

metalswere below detectable limits, some were elevated, e.g. aluminium, copper, iron and zinc.
However, under thegH and hardness conditions apparent in the river, these levels are below those

likely to prove harmful to aquatic lif@dlabaster and Lloyd, 1980)

Table 6: Median heavy metal concentrations at three sites located on thewler River Glenavybetween
Februaryand May2009.

Parameter Site 1 Site 2 Site 3
Arsenic (1g.I") <1 <1 <1
Thallium ig.™) <1 <1 <1
Cobalt (1g.1") <1 <1 <1
Vanadium (1g.1") 2.3 2.45 2.3
Aluminium (ug.I") 238 315 305
Cadmium fg.") <Q1 <0.1 <0.1
Chromium (1g.I") 1.05 1.15 1
Copper [19.1 4.55 4.15 4.75
Lead fug.I'") <2 <2 <2
Nickel (1g.") 2.6 3 2.7
Zinc (1g.1") 10.9 8.4 12.3
Iron (ug.I") 476.5 580 541
Manganese |ig.) 27 35.5 32.5
Mercury (ig.I") <0.01 <0.01 <0.01

2.3 Flow and temperature variation.

A previous studyHarrod, 2008 provided analysis oflata (Fig.1: Table #rom gauged river flows
(2001:2008) and ca. monthly water temperatures (262007) from the Leap Bridge (Dr Bob Foy
(AFBI)It should be noted that the flow statistics shown in Table 7 are were notably Idwaerthose
generated from a longer time series reflecting flow data from the same location betweer1BB8L
(HR Wallingford, 2009H-R Wallingfad estimated @, as 1.71 ms’, mean flow as 0.77 fs" and
Q95 as 0.098 s’
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Figurel: Variation inflow (daily) and water temperature (monthly) for the Glenavy River at Leap Bridge
2001-2007/8.

Table 7. Summary statistics for Glenavy Rivdlow (2001-2008) and water temperature (2062007)
recorded at the Leap Bridge.

Percentile Flow(m®S") Water temperature (°C)

1 0 3
5 0.02 4
25 0.11 7
50 0.25 10
75 0.52 14
95 2.04 16.3
99 4.58 173
n 2471 79

2.4 Chemicakharacteristics of the discharge

Table 8 summarises severahemical characteristics of the effluent to be discharged into the
Glenavy Rivesupplied to QUB by Rose Energy. These values include estimates of discharge prior to
any treatment and estimates of discharge quality required to fudfil Integrated Pollution

Prevention and Control (IPPE) assessmerfiWater Development Services, 2009)

Project B655BBC{ OK2 2t 2F . A2t 23A0Ift {OASyO0Sas vdsSSSyQRagBof MOSNEAGEST . St FI &



Assessment of impacts on the aquatic ecology of the Glenavy River and Lough Aigegidum June 2009

Table8: Chemical characteristics of the proposed efflu@Mater Development Services, 2009)

Discharge priorto Estimate of required discharge qualit

Parameter Unit treatment based on initial IPPC H1 impact dat
pH 8
Conductivity ms.cm’* 731.9
TDS mg.I* 452.7
Ca mg.I* 93.8
Mg mg.I* 225
Na mg.I* 44.8 65
K mg.I* 9.5
Al mg.I* 0.4 0.005
NH, mg.I* 0.1 0.0150.3
Sr mg.I* 0.3
Ba mg.I* 0.0 0.013
Fe mg.I* 1.1 0.38
Mn mg.I* 0.1 0.01
F mg.I* 0.1 1.9
CcQ mg.I* 383.3
HCQ mg.I* 388.6
sQ mg.I* 43.4 153
Cl(assumed chloride  mg.I* 59.7 96
NO; mg.I* 1.1 6.7
SiQ mg.I* 0.5
Total Hardness mg.I* 350.7
Suspended Solids mg.I* 39.4 9.6
PQ mg.I* 9.8 0.038
Zn mg.I* 1.8 0.028
Detergents mg.I* 0.2

2.5 Behaviour of discharge plume and dilution effluent (HR Wallingford, 2009)

Using the likely effluent characteristics shown in Table 8, river water quality data from Harrod
(2009a)and various other informatiorkiR Wallingford2009)modelledthe dilution and dispersion

of the discharge from the proposed plaait a range of river flows (between 0.07st and 1.75 m.s

1. As noted by HR Walgford, the concentrations of some chemical parameters are actually greater
in the Glenavy River than in the expected effluer#nd in these cases the discharge is unlikely to
have any negative effecFurthermore, theynoted that their models only inatled the cooling water

and treated effluent (i.e. no additional surface raff) and that their model represented a wofst

case scenario.

lw 2FffAYy3IF2NRQA NBadzZ G6a AYRAOFGSR GKIG dzyRSNJ
temperature falls belowhe 1.5 °C thresholdefined by the Freshwater Fish Directiéhin 0.2 m

of the outfall. They also provide information on the likely behaviour of the heated effluent plume in

O«
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the river, and at river flows >0.25i8", the temperature of the plume falls te1°C above that of
ambient within 10 m of the discharge. However, they note that under very low flows the plume

temperature could remain >1°C above ambient for 200 m from the discharge point.

HR Wallingford2009)also modelled the dilution of the effluent plume (Fig. 2), and as expected this
is heavily dependent on river flo(ig. 2, with very little dilution under the lowa flow conditions
According to HR Wallingford, most constituents of the effluent will be at, or close to that of ambient
river water. Whilst some others will need dilution of a factor of less than ten to approach ambient
river concentrations, other willequire significantly more, e.g. fluoriderhere adilution factor of 38

requiredwould be required to reach a concentration of 0.05 mg.|

HR Wallingford alsestimatedbulk dilution factors, which represent the maximum dilution achieved
following compéte mixing between river and effluent watender a series of flow values. These are
shown in Fig. 2B, and show that undew flow conditionso », JT.@) thevmaximum dilution

factor that can be expected is 7.
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Figure2: A) Predicted nfluence of flow and distance on the level of dilution of effluent in the Glenavy River
B) Estimates of bulk dilution under different river flows. NBongterm mean river flow at the leap bridge
between 19711998 = 0.77ms".
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HR Wadingford also modelled the behaviour of the plume in terms of its size relative to the river

OKI yySt 6CAIdP o0vd ¢KSe& EINFR widih of thekpluine Willlincréiked S NJ T £
from ca. 0.50.6 m at 10 m downstream from the outfall to da5-2 m at 200m from the outfall. At

low flows, the initial width of the flume will be wider (Fig. 3), and its spread across the channel

further downstream will occur at a slower rate.

Figure 3: Graphical representation of theredicted halfwidth (m) of the effluent plume as a function of
river flow rate and distance from the outfall (HR Wallingford, 2009).
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