MARINE POLLUTION MONITORING MANAGEMENT GROUY

COMPREHENSIVE STUDIES FOR
THE PURPOSES OIF ARTICLE 6 & 8.5
OF DIR 91/271 EEC,

THE URBAN WASTE WATER
TREATMENT DIRECTIVE

SECOND EDITEON

Report prepared for the United Kingdem Urban Waste Water Treutment
Directive Implementation (Group and Environment Departments by the Group
Coordinating Sea Disposal Monitoring, 18th November 1993, Revised Edition
issped 13th Janvary 1997,

Published for the Comprehensive Studies Task Team of GCSDM by the
Departinent of the Environment for Northern Ireland, the Environment Agency,
the Scottish Eovironment Protection Agency and the Water Scrvices Association,
13th January 1897,

REP Marine Pollution Monitoring
MPMMG Managsment Group

COoM Comprehensive Studies for the
Purposss of Aticle 6 & 8.5 of Dir
81/271 EEC | The Urban Waste

HOIG
10238  Research Report Collection



FOREWQORD

Tus is the second edition of the repan which was
first issued by Wwe wean on 1% Febresey 1999 Dt ity
ongingl form the report was endorsed by buth the
Group Coordinating Sea Disposal Monitering wud the
Marine Polflution Monitoring Management Group
hefore 11 received approvil by the UK Epvironmem
Depariments. This sceond edition of the repon hay
the endomsement of the Group Coordinating Sca
Digposal Monitoring, N bas 2lse been accepted by
the Urban Waste Water Trestment  Directive
Implemeniation Group and the UK Environnen
Depardments 25 mecling their reguirements for @
standurd methedofogy for applicetion throughout the
United Kingdom.

The revisions made 1o this report v beon
itroduced w elandly o nember of matters wiich have
caused confusion o users.  Dotails of the muin
chanpes are provided in the preface which follows,
Simple changes to o few words are not mentioned
and it is emphasised wat the criserls upon which
judgements should be based are unshered.

The enviommental quakily issues redsed should be
aidressed in every swdy.  The report speciiies
siindards of  environmental  quadily which  are
intendad sy clear puidance. Ui N0l necessary o use
the metudalogy iven i the repan in eviduating e
issues and measurss against the smodards. The
ouidance  on methodelegy  is oot prescriptive,
allematives may be used,

The puidance offered may be subject 1o review o1 the
aht of further experience,  Iu the meatime the
sevretary 19 4he Task Team cun he approwched should
assistunce be required in imtemrelalion

Comprehensive Studies Tusk Team,
Junuary, 1996,



PREFACE

In order woassist the reader, this preface lisis the major clumees which have been made w e first
version of the repoen, Very minor changes, soch as single word chwges or whdinons, are not delatled
here, The main changes which have been made are:

. it has been stated that the methodologies given in Gw repont appdy (o Article 6 o5 well a5
Articke 8.5 stodies (section 1.3}

- it has been stated that the degree of confidence which 2 study must provide should be
propontionate 0 any polental impact a discharge may baeve (seciion 1.9)

. draft versions of e certificate to be issued by (he repulator, the framework fommat for the
report and the format for the 1-2 pape summoary have been annexed (section 1,19, annexes 2-4)

. tatile 1 (hnformation on sewage efffuent) has been removed and i1 has been stated thy ghe
nuirient removal hetween prinary and secondary reaimend must be addressed (section 2.5.3)

. i has beon clanfied that comprebensive studies are destened o cxamine e relative effect
between primany and secondary treatment,. The designation of Less Semsiiive Arcas i a
sgparate issue and needs to be considered apart from comprehensive siadies (section A1)

* Eyperutrification exists when winter vajees of nuteient concentrations, outwith any area of
Jucal effect, sipnificanily excced 12 mmol DAIN m? (sections 3.3.2, 6.2.9). There has
previcusly been confusion over whether summer or winter values were 10 be used

. reference has been made o winler molar rafios of DAIN w dissolved sitica as these may be
usefulty applied where hypemutnfication is suspected {section 3.3.2)

. both nutdents and chiforophyli should be expressed as spatial xverages over the area being
considered {section 3.3.2%

v the femn chlorophyll and methods of extraction have been clarified {secton 6.1.5)

. for the vield of phytoplankion from nutricnd (g3, use of the median value s recommended
{sections 6.2.5.1, 6,211

. it ig recogmised thal benthic sampling v hard or mixed ssbstnies is diffical; herefore
allernative methodelogy and procl s permissibie, but studies mast 516 be carded out {section
7424

. e ese of o new moded (BeniDss), which predicts organic carbon deposizion an the seabed and

ussociated benthic changes, is recommended (section 7.2.3)

. benthic idemification should be carried ouwt to species tevel wherever possible, ldeally o sieve
mesh size of (L5mm should be esed for sumpling the benthos (Imm is aecepable wnder cenain
gircumstances) and the best tee to sample the benthos is berween February and May fsecton
734
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INTRODULTIONN

The Urban Waste Water Treutmrent Directive (UWWTD) requires the provision of sewerape
systemrs for ol agplomertions Jarger than 2000 populwtion equivatent {PEY and sewaee
reaument for agalemerations larger than 2000 PE discliraimg 10 fresh waters and estuaries
and for preater than 10048 PE discharging 1o coastal waters,

The ubyective of the Direclive is 1o postect the envirommend from being adversely affected by
the disposal of insulficient!y treated urbun wiaste wiier, I most cases secondery trealment
s the presenbed fevel of treatment and thwerefore it follows it secondary treatment is
presumed sulficient in most cases 1o prodect the eavironment from these adverse effects. In
the case of Sensitive Arcas additonral treatment is needed bt in Less Sensilive Areas it ig
recagnised Hul primary treatmend can be sufficiend to protect the enviroiuseat friom adverse
effects. The absence of adverse offects must be demeonstraed by s "comprehensive study”.
The ohjective of the comprehensive stedy is 10 demonstrate thal primany irepment, as
compered (o e norm of secondary treatmant. 18 sufficient i cenain circursstances,

The Directive does not defing adverse effects, Newther dogs i preseribe the comext of
connprehensive studies, Inorder W define such effecis and the netere of necessary studies dwe
Emvironmaen Departments regquesied that the Manne Peilution Monitering Managesient Group
{MPMMOG) repont on iy matter, The MPMMG romitied the task (o e Group Cooedinating
Ses Disposal Monitonng (GCSDM), Thic repont has been prepared by the Task Tearn set up
by GCSDM W felfil the ramit. Membership of the Task Team is given a1 Annex 1.

in considering the provision of 4 lesser standard for those discharpas made 1o areps ydentifiod
18 I0SS Senstuve it s essentiyd thay proper safeguards are established. The Directive provides
Uizse Urough Anlicle & and Anicle 153

La Relevant discharaes must receive at least primacy treatment to specifisd standards (A
6.3,
)] Fmust be proven by comprelensive stodies tha any such dischuares will oot adversely

atfcet the covironmient (AT 6.2

(] The idemification of Less Sensitive Arzas will be reviewed at intervals of ot mose
twn four years (A 6.4)

i) Decisions on Less Sensitive Arcas witl be subject o seretiny by the Commission wihio
iy ke appropricte proposats o the Councdl (A 6.2 & 0.3

(el Monttoring of Eess Sensilive Areas is required (A, 15.73),

The gubdnee angd nretindolowies given in iy docoment apply @& Anicle 6 ag well as Anicle
#.5 studies. The degree of confidence which o stedy must provids stiould be proponiosisie
to any polealdl inpact & dischares may have,

Given it the discharges under considerztion are principally Of orounic matter these are
adeguite sufeouards, The effecs of orpanic discharae in seneral and sewase in padicedsr arg
reversed following cessation of discharpe. lohe absence of imeversible chonee and with .
MORoNNg reeine i place then no long-eom damage will arise fron orezscic magier,
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Motwitttanding the security offered by the Directive futther sufeguards huve heen
incomaned inlo the United Kingdom gpproachs

() Less Sensitive Areas will only be wentificd around specified existing and proposed
discharges, 0 that cach case will be cxamined on Hs merils i comprebensive
studies carricd out Tor cach discharpe.

i} Alb relevant discliraes will be discharged oflshore so tha a mindmum initiat dilution
of fifty is achieved at the surluce or al o pyoecline for 95% of the time.

The scope pnd quality of the comprehensive studies are integral 1o successfol implementation
of Anicles 6 and 8.5, Tiis report sets ovt the nature of the studies 1o be conducted subsequent
1o the identification of Less Sensitive Arcius,

by congidering such studies it iz essentiad that the basie raure of he matter s clearly defined.

Articles 6 and 8.5 allow the discharge of primary treated cffluent, as opposed 1 the norm of
secondary treated efffuent, 10 areas identified as lesy sensitive, Anticle & appties 1 discharges
[rem apefomerations of between WAO00 wnd 150,000 PE o coastal walers and those from
geelomerations of between 2000 and 10,000 PE o estuarics. Artcle 8.5 epplies 10 discharges
from sgriomerations of preater than 130,000 PE o coastal waters.

Articie 6 inplies that only the margingl incresse in discharge load from promary compared
with the nommal standard of secondary treatment needs to be considered.  For example the
difference in solids discharged for a PE of 56,000 is onty 1.15 1onnes per day (td™). Studies
must therefore be canable of & high degree of diserinination,

Articte £.5 js worded slightly differenily than Anticie 8 snd states that i2 muest be demonstrated
ihat "more advanced trestment will not produce any erviroimmenial benels.”  Due to the
larger potenuil impact of such discharges, & high dearce of confidence in the results of the
study s required.

Studiag must alsoe hove tegand W all potential effects i respect af the muarginal pollution load
differences ceferred 100 There are three main considerations regarding potential effects.

(i) Cwvenll loading o the sea areq and i effeets including dhose on adjacen watars,

(b} Far-fickd bot "tocsl” effcors such as enbioneed phytoplinkion growth and sofids
deposition remacie from the outfall

iy Bocal effzcis In the vicinity of the ouldet, e, depasition of prerticulite oroanic matter.
Sredies must take account of all of diese consideraions,

Trans-boundary effects ot adjacent waler masses can be assessed through g knowledse of
relative pollutamt oads. pollutant transport and e overall quatisy of the sea areals) in
gquestion,  The daia peeessary for assessmen: are pensrally avaiiebis throurt: PARCOM
programmes and previous water and biolopical guaiity moniworing. Thess may be brousht
logelher through simple modelling stodies,  Currew stedies of panicular value are the
Coniingous Plankton Recorder Programme, the Uk Nationad Monitoring Prooramme and the
MILA studies around e Enclish and Weish coasts utilising remots sensing wechnigquay with

1-3
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groend truth ohservations.

I idertificd Less Sensitive Aras where discharge(s) afready receive primary treatment, a
refatively simple environmental assessment should estiablish whether of not "no adverse
effec1s” oocur

Given the scope of the Tactors under consideration and also tt the discharges in guestion wne
undikely w exist in the desired lonm @ the present ume, studies are required 10 be predictive
in the {imst instance., Only the post discherge monitoring will absolotely estabdish whether or
nol primary treatment was sufficient o prevent adverse effects.

1t is also considered that the discharges in question will bave fiide effect and that marginal
differences between primary and secondary reatment could be difficult o quantily. Given
{:at i most cases the discharpes in question are wrcated o present, offects are likely o
disappenr with primary irestiment, Nevertheless studies arg reguired to demeonstrate that
primary eeimend alone i85 accepuable under the terms of the Directive. Taken overadl
comprehensive stadies will comprise & coneeptual frapework of feldwork o estublish
parameters, one or moce predictive models and post-discharge monitwsing of predicied effects.
A Duwchart i3 given in Figure 1 which asks the most impotant guestions in dentifving Less
Sergilive Arvcas and therealter refers o the methodoiogy negessary 10 prove that an area will
not be adversely affected by o discharge which is subject to treaunent fess stringent tian
sccondary reatment, Where technical questions are asked, numbers refer w0 the section in
which the appropriate predictivefinvestigative approach is outfined.

The approach described at 1.13 has been adopied, recognising tut not all of the techtiques
propascd are fully validated and are subject 1o development, The methodology proposed will
be the subject of coitinvous review, It is considered that GOSDM should be charped with
review and dovelopoent of the methodolosy.

In many instances potential sites will huve been the subject of previous studics or there may
well be continuing monitorng at sueh sites. Where te datz are suitable for establishing
compliance with the standards prescribed in Cheper 3 they may be utilised in the
comprehensive study, either substituting for the work proposed here or used o addition 1o it

1t is eonphasiscd that application of the lesser treatment stindard allowed by Articie 6 and 8.5
can only be undertaken within the existing framewaork of setting discharge control panimelers
o achieve desired water guality objectives, There 13 no guesiton of comprehensive stedies
subsiituting for cursent evaluation and contmol measures simed 3 proleciing recreational,
fisherics or nature conservation uses of receiving woters.

The wetmicad repont which [oflows describes e natwre of the efflucnls o question, he
snvirorumentad risks identified and the methods of stedy.

In grder 1¢ try and harmonise repoming for comprehensive stsdies, 4 soup with
represeptzives from the Depanment of the Environment (DoE), DoE MNorthemn Ireland,
Scowsh Office, Nationat Rivers Authority, fver purification boards and the Waler Services
Assoecianion fizs considered standard reporiing formats,  Amnex 2 shows o cedificae 10 be
issued by the regulater on completion of a comprebensive study, Annex 3 aives a framewaork
format for the repor to be preduced by the discharser and Annex 4 is a format for the ong
o 1w page summary which is 10 he produced by the reguteior and submitted o the relevarn
depariment,
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NATURE OF EFFECETS REQUIRING PREDICTHN
latrabetion

Section 1 makes U clear that, aithoueh proper safeguards ore requircd wiere 2 Jesser standard
of sowope tieamient 18 40 be permined. the potentinl difference it efflueny quatity between
primary and sccondary treatment is refatvely small, and e parameters concerned are of
pnmediue rother than bone-rerm sienificance. OF the vpicat sanitary determinands affectad
differenly by primoary and seeondary treatment, only Bochemice] exyveen demend (30D,
suspended sotids (S5) and fsecul colifoms sre substontially reduced alier seconduny treatment.
The differences observed in dissolved nutrients (N and Py occwsioned by sseondary ther gian
primary frcatment arc of a fesser magnitude, Toxicily des W sewase constiiLems Camnionia,
detergentsy may e reduced by secondary treaument, while toxicity doe w trde discharees
showld be controlled throueh nommal consenting procedurgs, Toxicly issoes are deualt with in
gsectiom 2.2 below. Microhist sgues are deall wilh in section 2.3, Acsthceic criteria are also
iffected by the depree of treatment, hiese are discussed of 2.4,

Few scwape discharees are made o walers sy soinfluenced by wiher, neighbouring
discharges. Sudies w prodicn degeee of Bupact will necd w define the ceographicd) scops of
aocandzdale discharge and the inpagt of olher dischoroes within e ared. This subject is
crplonsd B osections 410 7,

Estuarine and coastul receiving environmens are physically difTerent in important respects,
Sudinity ranges, tidal current velocities, dispersion, poniculsie deposition patterns and hoee
we nawre and complexity of predictive tools required ase differsol Biotogicnl ard other
asports are alse consequoently different: estuarnies are a focus for lish misrming betwesn fesh
and maring waiers and a nursery area for many twacae {ish specics while coasta) walers s
less physically constrainjng, the sheltercd natore of cstuarivs epcouriages a4 high bevel of
recreational vse and Interddad accas have impontance for walerside binds.

Tuxicity

For domestic sewage efffuents the mzin oxic component is anuvonis,. Concentrations of
ammonid can be reduced sebstanially 1o secondary reated efffaent (y o w 90453 by the
actien of nitrifving bacterid, however the majonty of sccondery sewage tearsent plants do
not nitify valess specifically desisned w do soo I hovwever, sucl: o redoction in amaonia
loading 15 reguired 1 mieel an Eovironmental Quality Standacd (EOQS) i be reoziving water,
fur instance to profzet migrigery fish pussing throush an estuary, then gis issee s properly
deats with through the aomual conssning process. EGES availibis tur diey pemsistenn of
aculely loxio subslaces, are appicd W el selovanl confrelizd waters, and shouold be me
irresnective off Arlicle & roguirsmaernss,

Qualifying szwage discharocs contziring trade wasles should be subject w0 o deprous
eomsenting proccdare. bul specific wxicily wsessmenl ootions in relmion 0 less sensitive
candidature need ot be undenaken.,

Microbial Contaminatinn

Althougl faecud coliform beclerad concentrations are roduced oy s Jeast an order of

muzilede during secondary renmen:, e eflect on pethogenio Dacteris and vinises is less
well understosd, Bacterial standards sre relevan to the queality of hathing wieers, sheilfish
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wilers ang olher areas where waler contisct spons may demany simifar standards in thie fulure.
Outside these areas Escherichia cofi mnd faccat colifomn numbers are nit relevant, The level
of treatment needed o proveet bathing walers andfor shelllish waters will e cstabiished
independently of this Directve and therefore bacteriad numbers are not considered in detail in
this assessmeny,

Aesthetic Considerations

Sewapge effluents are less dense than sea water. Unless there is adeguale dilution at the point
of dischurse o surface slick will form which 15 visua! evidence of the discharge. Slicks may
alzo be discoloured, have high bacterial concentrniions and give rise o odour problems, The
presence of fs in the effluent can enhance slick formmion and pive rse to flaating
panticulates, te.p. Newton (19735), SCOWRP (19727). Once o density shick has formed mixing
is irhibited and advection can transport the poorty dileted effluent 0 recreational or other
arcas where it can exert an undesirable effeel. Whilst secondany treatment docs not affect the
deagity of the discharge it produces a less offensive Hguid than primary effluent and is
unfikely W pive fdse 10 nuisanee,

The generelly accepted initial ditution value preventing densiy slick formadon is 5001
Althoueh dus vajue s recommended as puidance, docal circumstances must zlways be
cosidered. The ¢fjective 18 to prevent the fermation of density slicks and engure pood
miixing.

Water Quality Parameters Relevant to Articles 6 and 8.3

The following parameters are assessed for predictive and monitoring needs:

Einchamical Oxyoen Demand

Eudh particulate and dissolved organic malter condinibme to an exygen demand wilin the water
column. Paiculste organic matier serding al te sedimeni-weter interfice may also contribute
wr sediment oxypen demand {sce 252 Sccondary ireaiment removes up o 90% of BOD
Trean primary (seitled oniy) effiuent, an improvement of abowt one order of magnitede, Such
a reduciion in organic inpul coutd be significant and where field dawn are facking predictive
sindizs are needed o model e effects on dissolved oxygen concentrations in the receiving
wialer. This 15 considered in desail in seftion 5,

Susnended Solids

Suzpended solids losding includes paniculate carbon, and muy be responsible foc mponam
etlects both in the water colemn and at e sediment surface. Sccondary treatment removes
0 809 of 535 from pomary effluent, but the impact of sech o removal will be difficult 10
axseRs i he comext of a0 environment seceiving substantial particulate input from non-sewase
siurges. The difterence made by secondary treatment @5, however, substunia? and the impact
af 35 mest be congidered.
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For smaller individus] discharees, de principle cavse of change in the bembic macrofaung is
likely 10 be the mesult of suspended solids sentling on the sea bed. There are several wiys in
which tis may affect the benthos:

iy physical: panicles in sufficieny quandity may induce changes i species composition
or refative abundince as 3 result of physicab merference with eg. feeding or tube-
building ctivities;

iy rhysico-chemicul: & ewsl o slable areas, s Weld up of Oreanic maier within
sediments may, through microbial acton, result nan tacreased oxygen demand.
Chemical changes associaled with anaerobic melabolism may increase the wxicity of
sedimenys, eesudting in the favouring of moee dolerunt or sdupable tuxa over others;

ikiy chemical: accumulalion widnn sediments of cetatn paricle-hound conaminuns, i
preseat o Sufficiently high concentrations in & sewage discharge, may induce o toxic
TeRPOIEE B " Sensitive”™ spoecies:

vy argsnic: inpats of orsanic maier may paovide o dizect food source tor cerlain Behic
macrofamnl taxa, which may then e Givoured over elwecs.

There 35 4 strong ikelibwod of inferagtion betweets some or all of the ahove, Their relative
npneznce will vary according 1o the nature of e discherpe and the nature of the receiving

gnvironmend.

Erigspived Nulrtents

These are oily of interest insofar as they may ¢auge eutrophication. Eutrophication iz defined
by the Birective as:
the enrichment of water by natricis, especially compounds of nitsmpen andfor
phosphorug, causing an acceleraied growd of abrae and higher fornms of plane life o
progleee an undesirable disturbanee 1o the baduice of oreanisms present in te water
concemad.
Guidange on the identilcalion of cutrophication is given o the secomd consuliation paper
“Consultation paper oo methwdology for identifying Sensttive Arcas (Urban Waste Water
Trestrment Direclive) and designating vulnerable zones {Nitnees Directive)”,  Chlorophyts
COTCEILrAtion 5 4 convenient measure of e abundinee of planstonic aleae. It will be esad,
in s respect, a5 the main indicaior of e poentialy evirapbving eflects of a waste water
discharge. since i1 can be messured simply and unumbizucuesly, Establishing the occurrence
ol significunt changes i the bulasee of panktonic 21zl species doss nen seain feasible i te
PHERCOL CONICXL.

Dissolved  Availuble Irorganic Nitrogen {DAIN} and Dissolved  Avsilable Inorganic
Fhpgphoras (DAIP) play 3 crucial role in phiptoplukiion growdlr i surfuce  waters,
Hypemutrification is of polentds concem in coastad waters where nuisancs Hooms of algas
wiraid cause sesttetic and possibly toxicity problems.

In considesing comporehonsive stedies the question of relutive nolgenr removal betwesn
primary acd secondany trestment must be addressed.



Actisinzisimitive Coplesl

IdenGfication of less sensitive states for an ared of reeciving water and the demonstration of
re adverse environmentad effect in relation o o specilic discharge, will depend altimately upon
answens to technical guestions conceming the impact of BOD, 85 and nuirients, nevenheless
administralive questions have also 1o be answered. The necessary sequence af decisions is
wided by a fNlowehan which is shown i Figure 10 Where technical questions are asked,
numbers refer to the section in which the sppropriate predictivednvestigative approsch is
cudiined.
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STANDARDS USED TO DEFINE ADVERSE EFFECTS
Introduction

The Directive stades thal comprehensive stedies mivst show thal no advemse eifects will be
caused by discharges, subject (0 reatment legs sinngeni than secondary (minimoem primary}),
tr Less Sensttive Areas. This section outiines wliat the group considers (o be adverse effecty
N estarics angd coasial waers

Comprelensive studies are designed o address the impact which o discharee has on the
surmounding envirgument and exanine e relitive effect of primary and sccondary treatment.
I s nponant that teis is kept sepazute fromn the aciuab destenation of Less Sensitive Areas,
The niure of Juwe receiving coviromonend 15 releva and must be assessed but, in de context
ol comprehensive sledies, it is only the margival difference hetween primary and secondary
treatment that is being jedaed.

In generad, the arca of interest in which an adverse effect 15 likely w occor can be deflined by
vne lidal excursion either side of the discharpe. Relention lime is alse important, especialty
i1 estuarkes ad with nospect 10 nuricrns.

Esfugries

Given the smudl sizes of discharges (2,000 0 10,000 FE) wlicl quatily in estuarics, of the
chemica! characterstcs only dissolved oxvpen (DO} is considersd an impodan parameter is
s cases.

A medizn DO concenirption of 7 omed is considered a safe standard which will aliow the
passage of all relevant species of migratory fish and will sustain g breeding poputation of
estuarine fishes sppropriate (0 the physicat characleristics of the water body.  As long as the
wediun DO level is maimained above 7 mel, 1 change of less than £O mod i DO level
would be accepable, Fthe median level falls below 7 e, more study ts required and cach
case mus be considered on a local basis. ¥ the difference in DO [evel would be changed By
=1.0mpA doe to the difference in trestmient jevel between primary and secondary. this would
be considered an adverse effect and primary treatment wove would be inuppropniate,  For
further defails on estuaries see section 4,

Where there are planned improvements in other discharpes, affecting the witer body in
guestion. 1o raise the median level above the standand, the discharge under considersinn can
B viewed in e febt of these improvemens.

Coastal YWiters

Binchemical Oxvaen Demeand

I 15 estimuted that o uny ares wherg BOD fevels doviate <1.53 mgsl (rom backaroend ievels,
the resutting impact on DO levels will e <05 mad,  Where tie median 54O leve] is
nuaintuined above 7.0 mef, 2 change of 0.5 mg can be assumed o cuuse oo adverse effect.
Section 53,1 gives further detadl of how 1o 2ssess an area for mnpuct, Le, cuside the mixing
20ne.

Where there are plenned improvements in other discharges, affecting the wier body in
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questivon, W rise the medisn level above the siandurd, the discharge under considerstion ¢an
fi vicwad inhie Bptin of these improvemens,

Mutrients

A area is considered to be adversely affecied 1 i s hypemninficd and there is evidence or
thie likelilood of cwtrophitcation; Article § would probably apply in this case.

Hypemutrificaion exists when winter values of putnient concentralicns, autwitll ay ares of
jocal effect, significant]ly exceed 12 mmel DAIN m? in the presence of ot least 0.2 mumod
DalP m? (see 6,241  This could be affccted by any difference beiween primary and
secondary treatment, Hypernutrification shoskd not, however, be seen a8 & problem ia itself
Bowi] eanse hamafol effects only 302 substantia proponion of tiese nutrients is convened intw
slambtonic algae or ino scaweed.

A resion 15 poteniadly eutrophic only if the retative rte of hght-controlled phyloplankion
erowih is greater thap the relative water exchange rate plus the relutive foss e of
phiytoplankton by grazing; and the predicied sumeser maximum chilorophyt] coneentntion is
areater than 10 mg chl m? (see 6.2.7) A region is cutrophic if observed chiorophyl
concentrations regulardy exceed 10 mg w7 during sumner,

Recent work on winder molar regos of DAIN 1o dissolved siflica has increased our
understanding and peymits a degree of prediction of the wcophic status of manne winers, Tlis
could usefully be applied where hypemarrification is suspected (Officer & Ryther, 198(), Teu
& Waine, 1995), Comprehensive studies carried out to dale have maised cenain isswes
regarding ihe nutrient stamws of seme waters, This matter needs further consideration in tems
of long torm monitoring, atthoseh this is not part of comprebensive studies,

Onty tremument-related inereases in the predicled maximut chlorophyl] levels of =1 mg ¢hl
™ are considered o be significal, Any lesser clinpe would not constitule an adverse effect
under Anicle 4. That s to say, where observed or predicicd semmer chiorophyli
concentrtlions exceed 10 mg o, but kess than Fomg m can be ascribed to Uw discharge
eider consideration, other {factors are iikely w be the cause of emrophication. This would
Tequine SepParae investigation

Bol nutrients and chlorophyll should be cxpressed as spatinl averages over the ares being
considered. In well mixed arcas a depth average 1o the saibed should be used and in stratified
waters the zone shove the pycnocline showld be taken,

Susnended Solids and Oreanic Carbon

The effccts of suspended solids and associated organic matier sre most likely to be seen by
examining the benthic community. It s therefore necessary 10 detemmineg what constiuies an
adverse ¢lfecl on the benthos.

105 proposed that an adverse ¢ffect exists when primary treatment snduces o significam
change in communily structure al 2 distance greater than 100 metres from the outiet which
would nol have ocourred had seconduny treameat been insadled. Having regand to inhovent
varishiiily of mangne communitizs, a number of variables should be examined. Lewels of
scooptuble change within the sphere of waste influence compured 1o o reference sile are as
fotlows:

g



terul abundasce 20005 of reference stat:on vilus

bl taxa s SIED of reference sGoo vile
htomiss s 5% of reference stion value

Il is emphasised that the tevels of acceptable change given here relate (o organie enrichnient
standards and allow for an early phase ip the enrichment process. B is essentil to have a
clear understanding of the current envirenmenta! states and, prefesubly, history of the site i
these puidelines are 1o be applied effectively.

in the sbsence of adequate past duty for o site, when the guidelines piven above cannot be
razdily applied, the Infaunad Trephic Index (IT1) can be used W determine whether or not a
significant change has been induced. An 7T value of less Un 30 indicales severely modified
connnenities and @ significan change in community struetore,  Commuenities which have an
ITH value between 30 and 60 may be modified wed suffering from an adverse effect. Such
areus should be funber examined by varous univariaje and multivariae analyses in order
ensure that enly the early pluke of organic ennchetent is present, Vhis carly phase of organic
cariclauent is not considered an adverse effect. For g more complese imerpretation of 171
vialues WEe (19923 showtd be consulied,

Section 7 zives methods and guidelines on bow 1o ussess benthic communities Tor impacts
frim sewage discharge, For a better snderstunding and applicauen of Uese puidelings, MAFE
{19493 shiould be consutled,

The standards proposed mast be regarded a5 guidelines. Only through expericnce will these

be validuted. In the meantime the group is confident that they desoribe a level of no sdveme
cifect,
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4.1

4.5

ESTUARIES

The United Kingdom has sdopted two sttemative definitions of estuaries for the pumposes of
Uis Irective. AR estuary is

{a} an area receiving freshwater inputs where the waters on o depth avereged hasis have
i sadinity of less than 95% of the adjacent locul offshore seawarer for 5% of the
lime.

{h} ant inlet of the sea bounded by a ling between such topopraphical femures as define

the seaward boundary of the estuary.

in Enplund and Wales definition (b) is used and in Scotiand and Nosthers Leelmd definiion
fa) is nione commonky used 10 defing estuanies.

Exisaries smend the United Kingdom are geperally dynamie, well aersed areas, nmany of
which lwve @ high dispersive capacity as a resull of fimited low water retention and a bich
exclumge between estuarine wid coastal water vt cach lidal ovele. Orthe other hand fjordic
CHUACICE dre Common in wesiern Scollund,  In some cuases their deep waters boecome tsolated
frem Iree exchange for weeks or momls, snd can show substaniizl oxyaen depletion
Residence times of near-surface waters range front a few days o o few weeks, Rias (drowned
river vatleys), found in 3W Wales and Eaplund, may have vigorous local dispersion because
of srotig tidal currents, but ondy weak exchanpe with adjacent couslal waiers,

A significant number of UK estuaries have been modefied by either 1-dimensionzl or 2-
dimensional modeliing techniques in association with discharge consenling and civit
gngineernng schames, Where such modeis exist, their application (@ comprehensive swudies
inoorder o show 'no alverse effect’ 15 encouraged.  In such circumsiances tsir use is
considerad fully justified and witl represent one of the maost iechnically vakid and cost elfective
means of vndertaking the comprehensive study.  Where no previous hvdrodynsmic model
exists, suidelines for suitaBle allematives are piven in 4.6,

Discharges o estuaries which may be subject 10 treatment less siringent than that prescribed
in Aricle 4 only range between 2000 and 10000 PE. The difference in loading belween
primary and secondary treated discharges from works of this size is very small. In the context
of the parameters controbied by the Directive only dissoived oxygen (DO levels will be
stenificantly affected and need w be taken into zecount wihen dealing with estuarine
dizcharpes,

A median DO of 7 mgd will allow the passeoe of all relevant specics of migratory {ish,
shppon o residential fish population gnd will sustain breeding popeistions appropriate 1o te
physicel and bydrograghical conditiens of the water body.

A long as e median DO tevel is mainined sbove 7 o] a chienag of ess than 1.0 maA
i B0 leved would be sceeptable, B the leves iz predicted o Gl below 7 mof, o study is
required wil each case must be considersd i a local Dusis,

i the difference between prmary and secondery trastment s predicled to cuuse a 21.0 mgfl

D0 level change of the surrounding water, Qs will be considered an adverse eflect and
primary treatment will be inappropriace.

11
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47

Whene there are plunned improsvements in other discharpes, affecting the water body in
question, 0 raise e median level above the standacd, the discharge snder consideration can
P viewod in L Hpeht of these irmprovenicms.

in peperad the application of state of the an 2-dimensionst models is considered unnecessiry.
Most, if not abl, circumsianees can be adeguatety considercd by wsing  -dimensional
mideliing.

Inlennediate levels of technelogy soch as sleady state or tme dependent box models exist for
esluarics. owever the heavy reliance on field data makes them semewhal cumbersome to use
with no overad] benefit

These puidelines therelore recommend the wse of the modem 1-dimensionul PC series of
modets produced by the main modelling howses (cg. WENDY, MIKE 11, TIDEFLOW TD).

It 35 cxpected that asthostics will alcady monitor DO levels in all sigoilicant esluates 0
stundard acceptable for the purposes of Arlicle 6. Should this nor be e guse, any less
sensitive cstuaring walers must be moniiered ned Jess than monthly, Sempling simions should
allow depth averaging and be ol a sefficient number 1o permit validaton of the predictive
model carployed,
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5.2

COASTAL WATERS
Lntroduction

In the comext of arcas Wdentificd as fess sensitive. there §s & responaibitity 1o provve that a given
ot fall/discharge regime will show ne overall environmentat dissdvantage i treatnent of tha
specilic discharee is primany rater than secondany.

. The task proup believes evaluation of s tmspact shouwld wilize appropriate predictive
modeiling wehnologies, In the comext of this Directive specific requirements exend
t the prediction of BOD, disselved avaitable inorganic nutrienis and suspended solids,
The rationale behind these particular parameders 1§ given o section 2.

. Muotters reluted to other substanees such a8 connplex organic compounds and heavy
rietals. or o specific impacts vpon manne shelblisherics and buhing water compliance
are adequately covered by respective dircctives, fegislution and suidelings and are not
specificelly considercd here.

Modetling of Coustal Waters

Cosstad waters around the UK are generally dynamic and charctensed by laroe tidal range,
farge tidel excursion and high dispersive properies.  In contrast there are some walers,
including semi-enclosed bays and some Scottish sea lochs, where wind driven circulation and
stratificztion can be important.

A gignificant proportion of the UK's coastine has been coversd by sophisticated 2-
dimensional hydrodypamic meodets which have been cabibrated snd verfied for use in
coptimising major outfall designs, waste stratcgics and civil engineennge schemes. Where such
models exist, their application is encouraged, In complex circomstances their use will be fully
justified and wilt represert one of the mest technical and cost effective means of undertaking
¢ “pomnprelensive study’

In general, however, the applicstion of state of the an predictive models, wsually a 2-
dimensional plan view mudel of hydredynamics and eifuent dispersion at {fine erid resolution
{~200m) is considered unaecessary,

Wery faw technigques have been developed representing an intermedisle echooloey between
hield expenmentation assisied by $imple caicutzions and the more sophisticated 2-dimension:l

high resolution models cumrently avatiable,

These puidelines promaoie the use of simpler assessment wols capable of identifving the no
impact’ case, Opions fzll inge two penesdic catlegories.

Iremedinle Models

An approprizte altemnative promoled n this guideling iz FLOWSUM (FLOWSUM wis
developed by YARD, a member of the SEMA-GROUF and is commercixlly available), This
modzl offers a fundamenally differem approach to predictive modelling, The maded is based
upon field dats and establishes o continuity Oow feld; the modet does no: rely on numencat
anabysis of te cquations of motion and convective diffesion in the normal muanoer. 14 gses
availubie fiedd dota, whether from cusrent meters, drogues, dye Tosts or remone sensing, From

-
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Hus potemiiadby spurse dara 1015 capable of cresting a bigh resolution 2-dimensional How field
whilst ensering continuity of current low and aflowing for bed friction,

The model can 2lso accommodate venicsl profiles of tde and wind driven circulation in
creating a 3-dimensional random walk simubation describing effiucit disperston and decay in
the usuwal marmer. The madel 13 gt this s1age stoilar to nore sopbisticued echnigues and
comorstes coiour graphic ogiputs and other Tamilior presentation of respls,

The echnique s spectfically desipned to provide guick application o u new site, (o wlfow
rapid compilation. good local prediction of transpont and dispersion process, This 1s achieved
by miuking maximum use of ficld data.

Whilst this mode! s recommended others may be used or betler altematives might be
devekoped.

Scresiing Models

The secomd option s 1o use 4 simplified vemion of convertional 2-dinesiona modelling.
By muking cenain shnplifying assumptions it i3 possible w malntain adequate predictive
accuraey wily mouch reduced effort.  Mujor modetling instilulions giffer in how cis can be
achicved bul the following example Hlustrates this penedc tevel of modeling.

The technique developed by Delft Hydraotics involves the applicaton of a standard
preconstructed L-dimensional model grid with a simplified coastline and boundaries. The
model can be layered and requires background flow velocides at boendarics and background
polleting loads. The transport eguaton is solved for sieady stote 2nd tide averaped conditions,
sllowing Lhe prediciion of both decaving and persistent materials. This standard of model
would be seceptable,

Field Dara

All models require a basic suite of sepponing dats derived from field observations, The
observarions and supporting data necessary for the stwdies deseribed are listed a1 Annex 5.

Application and Assessment of Impact

Binchemical Oxvoen Denand

The bochemical oaygen demand pelicen ansing from he proposed coifalls can be penerated
from either of he predictive technigaes described above,

i general terms the discharge of primary settled effluent wifl be a2 strensth of some 150
mgd. When effluent of this strength is discharped through un appropriate pott or dilfuser
gysiem designed 10 achieve 30 initial dilutions, the resulting buovant plume concentration a
the sea surfuce Wil have an initigl strength of 3 mel BOD shove background.

Therealer, the effluent will disperse away from the outfafl, its concemeation reducing as a
result of biochemicsl decay and entrainment of background waler. With 2 typical decay of
(1.3 day”, steady state conditions will be approsched afler three days and well established afier
five. The maodei should be used 1o predict the build up of BOD aver this period or w predict
s steady s1ale concentradon direcily,
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lo tenus of idemifying an adverse effect, any area of BOD nol excecding 1.5 mp/ deviation
of baekgrourad will pererate less than 0.5 mge? estimated tmpoct en deselved exvaen, Where
thix level of chisnge s sustained above w 7.0 mat tbreshoeld, i can selely be assemed that theee
will b no signiflicay impact. This will in most siuations correspond o aes ey feom
the point of discharge where effleent will have received of least len secondary diluiions, &
prociss wlugh will be achicved over a period of six hours or less, BOD concentmtions neaner
whe outfall may exceed 1.5 mpd. The inypect i this zone will depend upon tnirvel time
from the outfal] within which the Kinctic process can take effect. In peneral the shon durstion
is valikely to provide opportunity for impack =05 mpd, this can be checked by 2 simple
caleulatton an e Torm of & point source plume moedel.

Where there wre planned improvements in other discharpes, affecting the waler body in
Juostien, 10 raise the median leve! above the standard, the discharee under consideration can
Do wigwed i the Bghi of these improvements.

Mutrienis

Enthe medbem and wider field the imypict of bypemutrificartion T citber DAIN or DAIP
can be oassessed by those empiricat relationships set ol in secuon 6. The eitival Tactor
allecting both hypemuotrilication and sebseguent eutrophication is the clean waler exchange
rate of water I ay given study seetion.

This exchange rate cat be simulmed esing e mods techniges described hiere, The exact
melnod will depend wpon docal Circumstance. A [irst 1ask 18 to establish 3 mesningful "box”
within which nutrienr enrichment and phytoplankton gprowd can be calcetated. In an open
cosstal arga e dehaition would be somewhat arbitrary and the sensitivity of box size to
predicted impact shoukd be estabiished,

The exchange sate B can be esthnated by a variety of metwds. Chie approach 15 w0 model e
buitding of DAIN and DAIP based on measured loadings. The prediclion should be ran 1o
& sicady state condiion over a timescale which will depend epon local circumstanees. The
mass of murients contaned within thic box can be estinnied and the model run contineed with
zery inpols. The rate a1 which maderial ig fost from the defined box wifl then be predicted
siving a direct estimate of E

I certain cases an citimate of E may be obiaingd from knowledse of the residuat curmern,
measurcd by drogues or by 2 self-recordine current meter, The residual clerenl will indicate

the oot rule of manspon aswasy from the releuse point.

OF these methods, the model assisied approwch incerporaies & oredier number of jocal
processes @ud is Tavoured on the basis of greatest wcouricy,

The walue 0f E cun be vsed i procedures so1 ou? in seetion 6,

Suzpended Solids

Predicting the fate of susnended solids discharged fromn @ marine outlall i 3 hivhiy complex
subject. Prediction invelves all of the problems of disselved pollutart modsliing but witl the
Llded problems of variable paticle size, panicle density and colloidad and fogeulam
propeizs. Even agsuming that the setling veiocity of the penicles can be egtimoted, their
sulsegquent fate widl depend wpen the bed stress croaied by current siructure in the bottom M
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i L of the water cofumn, the bed fomu the exiont of conselidation wilth nwurd bed
sediment (a time dependent process) and the ability of water curren o erode the sediment
high tidal velociges or S10nn evens.

I is worth recognising that prmary seiled efffuent discharged Biroush @ correetly designed
ser outfall will hiove 2 maximen surface concemration of 3 ma/l suspended solids near the
vutfall, Fhe paricles present e this discharge will be twse which were pon settded inoghe
prissary tredtnient pluse, The settling vadocity of (hese periicles will therefore be extremeby
tow and cven allowing for floccelation i is unkkely thal wse solids witl rapidly deposia
around Y owtfall,

Given the levels of iechnical difficeity and uncertainy involved in predicting sespended solids
hehzvioor and the targe number of physical and plysico-chemicat co-efficients which need 1o
be derived focatly, we believe that the costs of sephisticated modetting wre not justified by the
margingl benefits which may be oblained.

Our guideline is theretore based upen a new moded developed {BenOssy which predicts
quintitiive changes in the bambic fauns (soo sectioe T,

Moniforing

The hosic daw gatharing necessary for physicat stedies is deseribed ot Annex 5. These studics
need not be repeated unjess there are changes in the envirenment diable 1o akier the hydraulic
resins.

The monitening necessary inorespect of eutrophication and the benthic Lnpact of sofids is
described clsewhere in this report.

The monitring of DO devels 15 also reguired, preferably before wnd afler e discharge
commences,  Hois recommended Unl o otroeted sed of obscevitions desisoed 1o test the
predictions of e model are carried cul during the year in which the madet 1s Tiest wsed and
then every four years aftar that,
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fil.l

PREDICTION AND MONITORING OF EFFECTS DUE T NUTRIENTS
Definitions

‘Nuteients” are sebstances needed for the prowth of phyloplankion aud beathic pluus, and
which are often scarce, it refation o demand, in seawaler. For present permposes, they are
compounds of nitropen and phosphores. Ennchment can Tead 1o extra plunt grovaly and gl
blooms. In designing studies 1o demeonstrate the lack of adverse effects of a relevant discharge
it iz nocessary o establish (o) whether hyvdrography allews e Jocud baild wp of o significur
autrient enriclunent Chypemutafication’), and {b) wheither jocad Iydrographic and biologicad
conditions aflow (he conversion of this eprchment into plaml production Ceulrophication')
The outcome of cutrophication may be benefleial or harmfud, but it 5 not possible 1o predic
this with the present stale of knowledpe, Instead, it will be assumied that cotrophication, as
defined ot 2.5.3 in this report, should as fuar 45 possible be aveided.

As elsewhens inthis report i is uselul o consider nested zones of potemial efiect,

Al a small ihner zone in which discharged disselved notricms have o residence
tme of 10° 0 107 seconds, in which particulates may accumetale in the
absenee of sufficient ddel strring, and which can be recoenized by the
presence of discharped nutrients a1 concentyations Ciose 1o e minimun initial
dilution,  Only in this zone ¢ould the zrowth of attached macrophytes be
visibly increased,

B: a zong in which discharged dissolved nutrients have residence times of 10%
or a few days. the fimescale of phyloplankion growth in favourabic
circumstances,  Nutrients are dispersed throuph s wone mainly n UK
warers) by tidal movements.

Cr a farper region in which the residence time of water is 16° o W (10 w
106k3). sulfictentdy long for its dissolved tutrient coneentration o be increased
by mineralizalion of punticulates. Dispersion on this Jurger seale results from
residual circetation as well as Gdsd movemenls,

This section degls mainly with the poendal for growih of phytopiankion o Zone B, Zone B
must be ab least (he size of the ndat excursion aboot the disclarge point. In some
circumstances it will be pecessary 10 take account atso of dispersion browght aboul by other
water movemenis,  Finally, the zone is o facl a volume, Vor, Where strmification is
nemsistent, the depth of the zone should extend only 16 the pyenoctine, The criterion, that the
residence ume of a typica!l water packet should be a few dovy, sets a lower limit o the
dimensions.

The zone's diluton, or relative exchange rate is defined (on the msempion of perfect intemal
mixing) as:

4.14.1 E = (AV/an.(1/V) g7
wWhers
AVAAL ig the mean rale of volume exchange with adjscent

[seawards] areas
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E shuuld be estimomed., using sabl budgets or numernical modeds (see 320 Tor worst case ditetion
corditions. In the absence of detailed bydrogruphic daga, E=00 47 can be used,

The research work that fed to the setting of phytoplenkton chlorophyl concentrtions and
phyteplankton yield involved measvrements of photosyntietic pigments by methods that were
standard for marine scientsts in the 19705 and T9E0s (vizr extruction of pigments into Y45
acctone and measurcmend of fuorescence before and after acidification using a bench
fliuaronmeter equipned for chlorophyll measurcment and calibrated against & standard solution
of pure chlorophyll ey, The resulting estimates may include erroms resulting Trom Qe presence
of other photosynthetic pigments.  Tiis is wso the cise for concenirations caleuluied by
spectrophotomelsic measeretent of optical density at severul wavelengths,

The tabel "chlorophyll 2" should probably enly be vsed when the pure pigmient has been
prepared by chromatogranhic separation, a method that is not vet suitable Tor routine use in
water guality faboratones, The vse of the more vague labe] “chlorophyi™, or the fuller vemsion
“chlorophyll @ and related pigments” should be wsed as it wifl be Iess misleading in most

NG
Boll nutdents and cliloroplay]l shoutd be cxpressed as spatiab averages over the area being
constgered, Inwell niixed arcas a deptd aversge to the seabed shouold be used and in stratified
wallers e wone above the gyenocline shoutd be taken

Prediction of the Trophic Stale

There are many modeis available which predict the trophic stae.  The wse of these is
encouraged but close attention should be paid to the assumptions made, Care needs Lo be
tasen when the results are compared with the averaged standards recommended in this repon.
Since any mode] will assume homogeneity within zone B, the dimensions showld not be taken
25 larger than the minimuim, ie. a residence time of a few days. In the absence of detailed
hydrographic datz, the zone cen be taken as an ellipse defined by twice the amplitude of the
reap lidsl excursion about the discharge point. The ares of any Jand (dowan 1 mid-lide)
shovld be subiracted. The volume is obtained by multipiying the average depth {below MTL)
of the witer arca. In fjordic sea-lochs, 10m may be taken as iz typicat depih of 3 persistent
rycnoclineg,

Potentiaf, steady-stale, nuiient concentritions ¢an be estimated using a "mixed-box” model:
6.2.3.1 S =8, + {5 + s, MEVY exmol m

wher

8. 15 e nuirient concentranion in adjacem seawaler (gencrally Ui backeround zone
concentrlion);

5,18 the 10wl of locul inputs from sources cilier thwn the dischurge ender consideration. in
nietol 47

8, I8 the nutrient input from the dscharge under consideration, in mmol 4.

The calculadon should be carned owt for conditions in late winter {with 5, measgied in
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February befuse the spring phyioptankton Yoom kas depieled pulrienis) and in mid-semmer
(Joly o Augusty and for present and futwre values of 8, with md without secomdary treaument.
Consideration should be restricted w0 "Dissolved Available Inorganic’ nuirients. BPAIN is
MO + nitile + nitrate. AP i3 reactive phosplune.

MNusriert predicticns are best tested by sampling in lne winter, before the assimitation of DAIN
and DAIP by phytopbankion. Hypemotnfication may be considered e exist when predicted
winter values of 8 exceed 12 muol DAIN m™ in the presence of at least 6.2 mmol DAIP m™,
The vonditon may be temned antwopogenic if ot keast 3 memol DAIN m™ of e conceniration
ehserved a1 wny dme cap be aseribed o human action.

The "mixad-bax” approach can wso be wsed tw estimate dhe maximum biomass of
phytoplankton that can be suppored by muniem enrchment. Bjompss b5 specified as
chisruphyl concentration X. mg m”, Under conditions that are jdeal for microalga) growth,
and thus "worst-case” for potential estrophication, maximun biomass can be predicted by
assuming Uial all availahle notdent is convened e phytoptankeon;

6.2.5.1 Xoow = X, + .5 mem”
where

X, s e concentration of phywoptackion chicrophyll in e
surmoanding watern

g 15 the yicld of phytoplanston from natrient, 1.1 w0 2.8 mg chl {mnol
DAINY', 30 (@ 100 myg chl {mmol DAIPYY (A study bius shown a median
value of 1.3 for q and o 90%ile value of 2.8 (Gowen er afl, 1992), We
recommend use of the medion value.)

S is given by 6.2.3.1.

The calculstion shoutd he done for early spring (March w Aprid, high §, and low X}
and mid-summer {Jaby (0 Aupaest, minimum 8 conditions and for the proposed wasie
waler tregiment options. 1t shoebd be made for phosphorus as well as for nitogen;
the fimiting nutriem is the one that predicts the smallest biomass increase 4.5, In
most manne cases nifrogen will be found w be Bmitng.



6.2.6 Circumstances might not be suitable for phytoptarkion growls, Compule e relative ne of
Bgl-controlled prowih:

6.2.61 M= a{m LR -1 dt
where

o and I are properties of the phytoptankion and the other parameters doscribe
loeat envirenmemnal conditiens;

2] 15 a photosynthelic efficicncy with @ spring value of 0.030 and s
summer vakue of 0.015 &7 (UE m?® 5"

m, = .37 alows for extra attenuation of polvehmmate PAR near the sea-
surface;

1, i 24-hour meun sca-surface photosyntheticatlly available radiation
{PAR);

h 15 the meun depth of the defined volume:

L = 12pEm? s is the compensation imadiance, the minimum allowing

phyteplankwon growth

The most critcl parameter is the diffuse altenuation coefficient A (m™) for most
penctrsting downwards PAR.  This must be measured Iocally under a ranpe of
conditions; it is especially influenced by suspended particslate mater, which may in
wm depend on tidal stirring or dver Nlow. Tzble 1 gives exanmiple solutions of
equation 6.2.6.1.



Tasbie 1. Example solutions to equalion 6.2.6.1

symbal  unies

Milfor] Huavern, outer pan

ddurch June Jule
{av sun) {av sun) {Tul] sun)
o fLpEmTsy 0030 0.0G15 G015
mi, 0.37 0.37 .37
I, pE/m*.5 204 456 f14()
A BT 0.3 3 0.3
h m 20 24 20
I fu 12 i2 12
i /d o2 D.24 .41

Milloed Haven, imner pan

March June Juna
(av sun} {av sun) (Iull sumd
Ihd M(pEmts) G030 0.015 0085
m, .37 (.37 .37
I, pE/m’.g HM 456 640
1A im 1.4 L4 L0
h T % 5 8
1, A 12 12 12
u d -(0.08 0.14 .26

Drata source: Teit (19923



6,24

he potential mukimom bonuss witl be realised only if p = {E « L) where L is the reluive
luss rate of phytoplankion due 10 grazing by zooplankion wnd by beathie fiker feeden. I
would be unuspal for data o he available alowing estimation of L. and 1 conservalive
approsch i85 to take L= 0.0 ¢,

- A region 15 putentially cotrophic only H p > (8 + L) and
Surnmrer X, > 10 mg chl m

As wilh nulients, the maximum paentiy ehiorophyli concentruation cum be rafitioned inm
makersl and man-made components, the latter including & contribution that will be reduced by
secomary treatment

Predicted chlorophylt concentrations should be compered with observations muade during the
spring Bloom ad i mid-summer. The Moo eocurs between Murch and May, depending on
water depth and turhidity. Withou! continuous monitoring 16 is difftewtt o sampe e
miasinzum of the bloom. Ao altemalive is 10 meusure chlorophylt X, and DAIN S,
concentrations {in zone B during the growih phase of e bloen, ko caleulage X = X0
+ 4.8, This procedure can vadidate the predictions ooty when X »» X, and S == 8,

The purpose of observations daring the spring bloon is 1o betler understand the 2 gal ¢yele
in the receiving water and 10 check the chiorophyll prediciions. 1 the absence of substmuint
anthropogenic perterbation, the spring Moom of phytopiankion in UK coastal witers is
typically dominaied by diatoms and uswally does not exceed () mg chl m®  Spring
concentzalions exceeding 10 mg chl m™ are not, however, deemed evidence of cutrophicstion
unless there is 4 substantisl shift away from diatoms in the phytoplakion species halanee,
That is to say, the standard of 10 mg chl m” appiies absolutzdy only 1o the swnmer
CONCCNT RO

A speciled coastal water 15 deented not 10 be adversely affecied if, for zone B:

a} ulere are ng obscrvatons showing winler DAIN = 12 mmo! m™ {in the
presence of at least 0.2 mmo! m? DAIPY, nor does e cquation 4,2.3.1 predict
SUCh concentrutions: that s, there s no evidence, or bikeBhood, of
hypemutrification;
or i, when hypemuinfication has been demonsirzied or predicted,

B there are 00 ohservations showing summer chloropbvil = 10 mg m~, oor does
the procedure described I 6.2.5 10 62,7 pradict such concentrations when
corditions allow phvioplankion growil w exceed Iosses: that is, there is no
evidence. or dikelthood, of cutrophication;
or I curoplication having been demonstrned or prediciod,

Ly} te application of secondary treutment will reduce the prodiced maxiniom
chioropbyl by less than 1 my chi m™

6,210 Next the comebution of nutriems w zonz O must be consdersd, The zong is Lost defined in

terms of hydrographically reatistic management weits, such as i esteary of coastal SEZIMCHL
Then;
ap fank the Moand P eoniibution (ncludice panicelae and dissoived Groanic
forins of these elementsy of s wasie wuaters 10 the ENLIATEMICE Unit;
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3] B the dischurpe under considenmiog conributes more than 5% of the Gdal
anthropogenic nulrient, use regienal bydrographic models and netrient budgets
tee prodict the resulis of seeondary (a8 opposed 10 [rimasy) reaimeny.

T set s in coaexl, sewage discharpes contrbuie abour 1548 of flw redad dissodved nitropen
load wnd 17% of the wisl phosplones fead of UK iapul o the Nonh Sea. The gualifying
dischuerges probably contrbule less than 1% of that Joad,

The procedures piven here shioutd be considered wniative. Purameter values have been chosen
seeording @ the "precautionary priociple”, with the aim of mininizing envirgunental impact
tf the values are wiong, Assumnptions involved in e simple box model coultd be wested by
comparing its predictions with these from more sonhistcated models for a few wel chosen
sies. The vabue of g {Gowen er al., 1992) needs funher study in g range of coastal walers, but
i the mreantime the ewn reconemends te wse of e median value (sce 6.2.5.137 Finally, the
task of providing oplical data for the sieple model would be eused iF i were possible 10 wse
Secehi dise esumsdes of A This might be investigated in appropoie Cosstal watens,

Field Observations and Montioring

Initiab studies cun e designed etther:

WY Lo demonstrate, observationally, the absence of lypemuotrificaion eod cetrophicazion,
{r,
12 Liy oiliin data 00 wse In e sinple nuesecicsl wede] desenbad i 6.2.3 throuph 625

Obserealionsd Stedics should desivebly Lasl Two voars, with nuirients suapled mombly, ened
plyvoplankion chloreptivl] concentration medsured weekly during Maorch tiroeeh Oewober. 1t
iz likely o be more cost-cfliciont 10 gse the modelling approach st 1 the niedel predics
cuoplication. the region may eithar be accepted us eutreptne, oy an observitional program
caurigd ou,

Muniworing should be corned our b assess the effects of discharges intg regions idendificd as
loss sensilive. This cuan be eitwer:

a) an  ohsenvationzl  prosromne designed W oshiey e conticved  sbhsence  of
bypermatnileation and estrophication, with nutrients sempled monuly ad ehlorophyil
weekly (Murch wo Qelobery dunng one year, repeased every four yvears,
0or,

b atargeled set of obhservations designad to wst e predictions of the madel, carried out
during the yeer inowhich the nodel i first used and then every four years afier thar,

Taroeted observations are fikely (o be mone cost-eflective. They are deseribed 0 6.2.4 and
(.25

Conzentrition dag mest be svertges overine delined volume, This is often best achicved by
sampling sione gie hroughout o tidel cyele, paving attenidon o ihe existence of water column
stratificstion, Optickt condions are sensitive o e anocsoet of susperded paniculale maer,
inciuding phvioptanklon tself, Values of A shoeid be obteined @t a number of gites within te
defingd volume, fdeally under o rnge e weother and el conditens, by measuring subowarine

b2
e



dovnwedling PAR 1, of severw depths wnd cafcubating A = Aln{IMaz for depths greater than
/%
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SEWAGE DISCHARGES: EFFECTS ON BENTHIC COMMUNKITIES
Choice of Benthic Communilies as Indicators of Discharge Effecis

The benthos compnise animals or plams living in, on or in ¢lose associution with the sea bed.
The mucrofaona (e, animals retained on 0.5 1w lmm mesh sicves) are 4 commuon tarpsl in
iy investigaiions of manne polletion for the fllowing reasons:

i, seabed sediments eepresent the wimate sink for most contaminants dischurged 1w seo;

i, most macrofauna species are redatively fong-lived (> year) and sedentary, and so can
provide an indication of the inteprated effects of discharges uver time;

ti. ithey are relatively casy (o sample quantitaivety,  Generully, plankion or iish
populutions are less amenable (o guantitative study on a scale appropriate 10 the
delineation of localised effccts of most discharges and ta the [uiter cuse, they 2150 have
the ability to avoid contuminated zreas, Ne such optica is avaitoble for sedentary
bentlic species;

v, they ure well-stadicd  scientifically, compared with other  sediment-dwelling
compotents {e.g. meio- and micro-fauna) and taxenomic keys are available for most
ZrOUpS;

v, there may be direct finks with valued resources, e.g. fish {via feeding) and edible
moliuses;

i, macrofauna community structure has been shown to respond o pollutants in a
precictable maenner (thes, the results of chinges can be interpreted with some degree
of confidence )

The comprehensive stugies need 1© consider bwo main objectives with respect 1o the benthos.
Studies must provide a means for predicting changes which are likely w0 ocewr if discharge
treatnient levets are changed and must also provide » means for assessing the acceptability of
such changes, Relevant factors are discussed in section 2.5.2.

Benthic studics are most easitly carried out in areus of deposition with fine gruined sediments.
This is helpful tnsofar as these are most at sk from deposition of discharsed solids. The
methedology desenbed in this report 18 best seited 10 sueh soft sediments.

irr hard o7 mixed sediments sumpling is difficult, Because of this, aliemative methudoltogy
and proof is pennissible. This should be discussed with the assessor of the sludy prior to the
invesiigation, Even in e absence of deposiicn the jncrease in dissolved oreanic carbon and
paniculate organic carbon may result in effects on the teophic slates of benthic communitics.

Determining Letrimental Effects and I'redicting Changes

Creanic Enrichiment

Avewrate estimales of corbon flux at the sea bed, along with un assessment of the
consequences for benthic organisms, for cach localily of imerest, would reprasent a major
resource commitment and would he difficult W justify given the small spatial scales of effect

i5
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which sre likely 10 be encountered., Howeewer, some eseful generic relationshins may he
reveiled from an appeopriate desk stedy which may then have predictive velus wd this is 160
be recommaended {=ee 7230

Civen Usiel 0 b5 s simiple 10 measure carnon Duxes, other gppreachas may be more useful in
cetuhlishing the necessary relagonships,  Empides) medels bave been developed  which
describe the responses of e berthic macrofiuna siong enrichmem gradicns. A pood
example i5 the work of Peurson md Rosenberp (1975), which is sumemarised in Figure 2
Fromn seeh oomodel, e status of benthic populations ad varving distances {rom zn orgunieally
rich discharee cun he assessed, al least inoarcas sulject o low turbulentd encrgy, and a
judpement both as to the acceprability of observed changes and the Hkely consequences of
Future increases or deercases in effluemt load may be arsived ot {e.p. Swinte o al., F986 for
a U3 sewaee discharge, Eees and Pearson, 19923, MAFE, 1992 and 1993, for DK sewapre-
sludge disposad sites), This approach has the advanteoe thet there is no zheolute necessity o
catahlish guantitative links with carbon npots.

An assessiment (by a GUSDM Bembios Tusk Teunny wis mide of e perdfurminee of 4 rnae
of measures ané meihods for the demilication of chiange i benthic comimuiites using a ranae
ol specimen data sees (MAFF, 1943} Measores presently considered w be saitable for routine
use i1 EOS derbeation included ool abendasiee (AL o) mxs OF) and 1otal biomoss (BY as
ash-Tree dry woight, along with eitios of these measures (AST, BAA) which had inderpretalive
valug, {The Shannen-Wiener diversity index H' {ogadr Shonnon osd Weaver, 19499, und
siulddimensional Scafing QOrdination: sze, eg. Field er af, 3982 were atso identified for
CoOMplmeniary vse).

By comparing impacied areas with refeeence sites funler away from affecied amsas, one can
les: for the acceplability of change at conmn sites retalive w others by apelying e crileria
piven in Amnex 6. These criteria allow for an cardy phase in the enrichment grocess,

Using {8 mehod of comparison, ong can alse monitor uvnigpacted reference sies w ensune
that e environmend outside U zane of immediate effest s presereed {see Annex & {or
vuidelioe values), Care should b taken in choosing a suitable reference site 19 ctisune Ut
the area is demonstrably urimpacted, for exemple, that it is typicel of the loca) sea area, or,
for coasta) areas enly, thay the United Kinsdom Infaunal Trophic Index valuz {WRe plc, 19972)
iz oreaser than 60, indicative of nonnal conditions. For funber psidetines on the selection of
refergnes slations See Anmex 7

Benbic Chanoes relidsd 10 Mass Emission Rales

Meams ond Wond (19823 have caiablished convincing relionstins Dolween mass emission
rites ol suspended solids from lareer sewsoe discharpes off w Caiffomiun cozst and changes
inx the bendaie Gaung,

Working on decp winer (20 10 60y Culilfomian sewaps dischares, hey derived a series of
eguations relating effocts on benthic comimunitics {intensity wd spatial cxten) will muss
ermission rates of suspended solids {seo Figures 3 10 53 The asthors noed that bershos
changes were well correlated with the buter, but poosly corelaed with concenuations of
suspended solids or other confaminands,  They also estimated that abowt 10 1o 20% of
suspended soids setted i the sea-floorn, creating ellipicel zones of contaminalion; Turther. s
suspendad solids comained “much’ of the BOD, COD, nitrogen mnd phosphons losd, The Key
measure of Bological effecl used was the “Tofaungd Trophic des” {ee. Ward, F70),



Thig indox b been 1he subpect of recem investipaticn in e UK context by e Warer Research
Centre, (WERe, 19923,

Lising these relisionships, consequences Ffor the benthic funs can be predicied for differs
cvels of sowaes treament {see Table 2 for severul predictions). The validity of extrapolating
From a relationhip estabdished for Jarze US discliraes w such low levels of suspeided solids
inspuds may be guestionabic. Poin in favour Ll against wider applicalion are given in Aunex
8. Funther recusymendartions arg also piven in Annex 8
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Tuble 2 : Predicted Consequences for the Benthic Fauna of DifTerent Sewase Treatment Levels

2

Since the fimi version of the CSTT mepo. these empirical ehuionships botweon benlwos
clhanges ané mass entission rwes of suspended solids have been tesied on some LK sewage
diseharges, B obes been found that e eedutionships bave overpredicied the beolic effects.
Althougls 1kis spprosch cowd sdll be vsed to predict tie worsh case sCensrio, o new model
recently doveloped s lkely w give more realistic prodiciions (see section 72,30

Crraunie Carbon Deposidon Model and SBenthic Effects

A muodel has bean developed which orodicts ereanic carbon deposilion on the seabed and
agsociated changes in soft sediment benthic communitics,  This wodsl s called BenOss
(hinlogicsl elfects and oroanic selids sedimentation) asd has been puilished by UK Waer
Brulustry Resesrpl Limited (RTROWIR, 19963 BenOss wilt be reviewed and imoroved oz
lurther diy from comprehensive studies become available, “The model has been developed
d e point where oomuay be used wilh somee contidence 1o assess the need for birae

-2
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givesiments i efffuent treaient. As it s one of the few guantitative predictive methods
svuilable for bendic communities, its vse is recommended a8 purt of comprehensive studies.

The suite of modets developed predicts the amount of susperded sulids (organic carbor)
secumuiating in the near vicinity of domestic sewaee outfulls in1emms of {mass of carbon)
{unsit area)™ (dme)’. Figure & shows the overall structure of te model. A grid eenersion
sub-programrne allows the wser (o generate an zrea of inlerest from o master grid of 2 given
site, A Lagrangian pamicte tracking model has been esed Lo simulate seuling of the sewsge
particles and deir movemem tirouad e water colamn, For tus pait of the model sile
speclfic infunmamion is reguired, such as sewage efffeend information and current velocities
in the wrea. The model then simulzies resuspension and carbon degradaiion once a panicle
fras been deposited on e bed. The effect of the oraanic carbon on the beathic communites
iz then predicied by a beothic module.

The model has been developed so it 00 is not site specifie s hag 4 varieny of fealures
wlilich cun be used depending on the site in question. The tong sea outfall of Edinburgh
sgwidge freatmenl works has been wsed 48 2 stedy site doring model development, As part
of the model validaion a Huorescent fracer study was curried ouwl,  Even though the
Edinburgh sewage outfall bas no or very [ittke effect on 1he benthic communities, the tracer
sludy showed incoporation of particles into the sedimeny,  Long torm accumulition or
cvolical effects may therelore oecer and monilenng of the benthos shoukd be carried out.

nis predictive ool should be wsed o complement, rather than replace, other methods
currertly being used 10 assess oenthic communitiss. This model will not replace the necd
for sampling the berthos, but showtd aid in assessing e dikely dilferences resulting from
primary and secondany treated efflueny,

Monitaring

The sbility to sumple bepthic communities elfectively und 1o quanufy theis poliation stalus
15 stanaly dependent on lochl eovironmental conditions, 135 pol possibic o provide a
veneral Bluepanl for the conduct of such surveys, since substrete (vpes may vury from ek
w mud and dispersive properies (along with the proximily of other discharoes) may dictata
widely varying geographical scales for the disuibution of sumpling effornt.

Siie-specific consideratioms will therefore be gssenmial in the planning of impact swudies,
Guidelinas for the corduct of surveys covering o wide ranee of hibitat 1ypes can be found
in Holme and Melntyre {1984), Baker and Wolll {1957 and Remaoehr (1990 white recent
poilwtion-oneniyed advice iz given in Rees of of, (198901 19910 and Gray e al. {1992).

Sampiing design should:

i. ke closely linked o predictions of effteent dispersion amnd especially the
settiing of partcelaes af the seu bed. The oswome of ficll surveys
cmpioving lrecers of sowage conuamination ab the sea bed. such as Taceal
boctenia and plant remains dncivding tomae pins), will also be valuable in
this respect;

il metede ary Cfar-fielld” depositonal arcas likely o be influenced by the
discharge, if ideniificd;



fil. include siations within and owside the sphere of wasie inftuence, staions
should, as far as possible, be seleeted Tor similarity in envirenmental

conditions;

iv, along with sanipling methedobkegy, be wilored 1o local requirements
including, where necessary, alowance for the inlluence of muliple wasie
inputs;

¥, recopnise Ut guamificsion of changes will in eeneeal be easiest for soft
sediments in quiescent arens amd the most dilficelt inarcas of mixed or hand
subgirates in “high-cnergy’ aneas.
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An initiy survey is required in order to establish suitubte sites for conlinued monitoring,
unbess exisling knowledge of an area is adequate. A prid survey covering a broad enough
area is recommended in order to obtain general information on substrate 1ype and e type
snd distribution of the benthos, From this more peneral information several sites should be
clwsen and stmpled o more detadt,

After the initial survey hws been cordducied, i1 s recommended thar the cliosen siles be
momiiered anmuadly until tere are sufficient dats w wllow detlernination of tie monitoring
frequency necessary to demonstrale whether or not sigaificant change is pceurring, In the
case of less significant discharges a reduced frequency may be acceplable, Recognising the
need 10 review every four years there is likely to be & requirement for at least o four yeany
cycle untll the statistical validity of the observations is clearly demonstrable. Section 3.3.3
gives guideline vatues and criteria of acceptable change which can be used to determiing
whether or not a discharge is causing any adverse effect,

7.34  The benthic standards piven in s repon are based on samples which were identified down
1o species level. Therefore it is recommended that samples are idenitified (o specics lovel
wherever possible. The differences between primary and secondary treatient may be quile
small so sensitivity in distinguishing beqween these 18 requined.

In the mujority of cases, a sieve size of 0.3mm shosic be used in order 1o funher enhance
the likelihood of detccting subtle effects of discharges @l regularly monitored stations.
However, in some cases & 1am mesh may be acceplable, e where substroes are gravelly
ar where there is much sepporting historicad data for a site. A 1mm mesh sieve may alse
be employed I iaitial deseriplive survey of an arca, Le. prior 1o sclection of representative
slations, bud for subsequent trend monitering 3 0.5mm sieve is 1o be recommended,

The Best time to semple the benthos is between February wnd May, Lo before the main
SUINNIET TecTuitngnt pericd,

T4 Conclasion and Recommendations

H s clear tha there is no well-tested quantiiative technique for the prediction of chunge in
benthic faena through inpats of additional oreanic cerbon, Nevertheless a degision must be
made i the comext of the Directive,

The evidence [rom Table 2 suggests that the zone of impact from a primary dischuree wilt
be misnimal. even under worst case conditions, This is bome oot by monitorng swdies of
Lerze, well dignersied primary elffuent discharges, ez Edinburah STW (500000 BE), where



caldy mdniniad chunge in e bendos Goces,
It is recommensied that:

I. The modet BenOss is used o compare prediciions of the impact of primary and
secondzry treaied gewigpe ¢fffucnt on s0fl sediment bentihic communitics.

2. A biological study fulhlling the requirements of Anmex 6 be carried out. This will
be conclusive in clroumstimcees where an exisiing primyry discharge is under
cxaminalion,

3 It circumstances when there {5 not a0 existing primary discharee then a judgement
must be made based upon 1 and 2, jogerther with the resuls of moedelling studics and
having regard 1o known effects (¢.g. Pearson and Rosenberg, 1978

4. In boly circumstinees the applcation of the ITE s recommended 88 8 means of
achicving further ingipht,

3 An effeclive moniorng progranme ruust be estddished,

Lk
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ANNEX 2
URBAN WASTE WATER TREATMENT DIRECTIVE (91127 1/EEC)

FORMAT OF CERTIFICATE TG BE ISSUED BY REGULATOR ON COMPLETION BY
DISCHARGER OF AN ACCEFTABLE COMDPREHENSIVE STUDY

Fix sigsnk in mqware brackeds, te cclovant dotsls wli reed 1o be yuened
For fieme in murved brackels, dbhe rclovan opdss, oo Meose dlwram, will nem o be gttt

CERTIFICATE FOR THE PURPOSES OF REGULATION [Rerulativn Not
OF THE URBAN WASTE WATER TREATMENT {{Conntryly REGULATHINS {year]
The {name of regudatory antheriny besehy cortities the [neme of dischareer] bas
vonpieled & comprehensive swdy’ in accordance wils the sandard United Kinpdom
methodology?® in respect of fu dischargeidischarges) which {iy proposed wlure propesed 1o
receive al least primaey treatment as defined in Regulation 3(2)(by from an upitomaeraion
with 4 populelion equivalent of {2,000-10,600010,000-150,000i> 15,0001 from [STW nane]
o [estoriaiicoasal] waters within the [ANDA nome] High Natural Dispersion Ares at
trwo leiter aud § figure NGR and latitudellongitude] and the inunie of regulaiory authoriy]
is satisfied that the slwdy indicaies that the {aischargeidischargest i 50 treated

will not adversely affact the snvironment,

A teport of the study, catitled “"[Repars tied” and dated "[Repors dored” hag been
deposited althe jrame of regularory aurhority]’s offices @ laddress of
regulator' s regional office] and s gvailzble for inspection a1 o} reasonable tines.

LD

Comprehensive Studies For The Porposes of Article 6 of DIR 91/271 EEC, The Urban Wasle
Water Treaument Directive, Report prepared for e United Kingdom  Environment
Deparmeras wnd the Marine Pollution Monitoring Manasement Group by the Group
Codrdimiaing Seu Disposat Monitoring. Initdalty issued 18 November 1992 and published by
Foah River Parification Board, Edinburgh, 1 Pebroary 1994, subsequensty revised by 2nd
Edition, igsued Fanuvary 1997 and published by the Depariment of the Envionment for
Norhem Irelund. the Environmen: Agency, the Sconish Envisonment Protection Agency aud
the Water Services Association.
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ANNEX 3
URBAN WASTE WATER TREATMENT DMRECTIVE {1 2THEED)

FRAMEWORK FORMAT FOR REPORT TU BE PRODLCED BY
UK DISCHARGER ON COMPLETION OF A COMPREIENSIVE STUDY

INTRODUCTORY NOTES

The UK Urban Waste Water Treatment Directive Imptementation Group agreed that a
consistent UK formut was desirable for the report which is 1o be produced in relation to each
comprehensive study undertaken pursuant to Anticle 6 or Article 8.5 of the Directive and the
releviant LK repulations,

A Trumewaork format far comprehensive study reports is sttached to these notes, [t comprises
¢ set of headings defining the various sections reguired in the report, topether with a brief
explanation us to the content required for euch section. The precise level/depth of
informution within each comprehensive study report cannot be prescribed since it wil] be
dependent on local circumstances and is a matter for resolution between the regulator and
the discharger. In addition, given the wide range of circumstances and wechniques catered
for within the comprehensive study exercise, it is recognised that the Fremework format nay
not be applicables in certuin cases.  However, confarmity with the standurd format is
recommended wherever possibie.

The report is to be produced by the discharger, liaising as shroughout the comprehensive
study provedure, with the local regulator.

The report wilt form the basis for the regulator’s decision o certify {or be unable to certify)
that the study indicates that the discharge will not udversely affect the environment. It ig
therefore in the interests of the discharger to ensure thut the report, as well as the stedy, is
comprehensive.

The comprehensive study repore, together with any ussociated cenificate issued by the
regulator pursuant 1o the UK reguiations, will be deposited at the regelator’s regional office
and Dbe available for public tnspection at u!l reasonuhle times. The report will form
supporiing information in respect of any comsent applicetion for the primuary treated
discharge to which the study refutes.
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URBAN WASTE WATER TREATMENT DIRECTIVE (9127 /EEC)

FRAMEWORK FORMAT FOR REPORT TO BE PRODUCED BY
UK MSCHARGER ON COMPLETION OF A COMPRENENSIVE STUDY

The ttems not marked with an asterisk are required in ull cuses. Jtems muarked with an
asterisk will mot normally be required for studies relating to estuarine dischurees, unless
required by the regulator.,

CONTENTS

EXECUTIVE SUMMARY (1.2 sides}

I.

EINTRODUCTION

1.4

Eelevince to the UWWT Directive

Cuiline the objectives of the study and the report. Include ¢ starement as 1o
whether the study is for the purposes of Article 6 or Article 8.5 and whether
the discharge s 1o coustal or estuarial waters {ar defined for the prposes
af the Birective). Briefly describe the relevant Directive requirementys, the
Jornudation of the CSTT report and refer to the parametars and standards
used 1o define adverse effecty in coastal and estuarine waters. Compment on
the overall approach followed in undertating this particular comprehensive
Sficly,

Description of the receiving waters (HNDA)

Describe the averall water regime of the area to which the dischurge will be
or is made, including the depth and the substrate tvpe. Mention the uses of
the waters, including any particular sensitivitivs, Explain whethey there are
other discharges which influence the HNDA and whether any of these are
Subject to comprefiensive studies.

Description of the discharge(s) and the discharge pointis)

Provide details of the proposed (or exiyting) discharae 1o which the sty
relares. Thix shonld include the size {desion poprlation equivalent and flow
rares), level of treatment, composition {any unulyres plus comment on
domestic, wade contribution), location tof diseharge point (NGR anud lentidang
plus @ map), depth below surface ar low water, diffuser arran gementy e,
The history of the discharge, including any past pollution problems should be
described with convnents on whether the installation of primary pegement
andior ouffall relocation is intended 10 address those problens.

Relevance to other Directives and other water quality interests
Mention any designations under other Directives within the HNDA eg Bathing

Waters, Shellfish Waters, Although not purt of the compresensive study ivelf
(other than the UWWTD requirement 1o choose, as far as possible, discharge

37



bk

points to minmmise effects on receiving waters) expluin how any chanpe to the
current discharge point or level of mearment will affect these other nterests.

HYDROGRAPHIC ASSESSMENT OF THE RECEIVING WATERS

E"}
12

T2
e

introduction and methods

Liexcribe the sanrces of information dravan upon,

Explain in detail the approach followed, including any prediciive modelting
work and fleld survevs undertaken.

Results and discussion

Liescribe the findingsiresulis of the assessment gnd discuss these.  fnclude
comments on the degree of confidence whicl can be ascribed to the findings.

Conclusions
Quitline the conclusions drgwn from the findings, about the hydrographic

regime of the greq 1o which the discharge s or will be made.  Include
Comments on the Srabifity of the receiving hydrographic environment.

ASSESSMENT OF INITIAL DILUTION

31
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¥y
¥

Irsroduction and methods

Describe the sources of information drawn upan,
Explain in desail the approach followed, including any predictive modelting
work and field survevs underaken.

Resalts and discussion

Deserilre and discuss the findings of the assessment, Inclide comments on the
degree of confldence which can be ascribed 1o the findings.

Canclestons

Quiline the conclusions drown fram the findings.  Include comments in
particilar on complionce with the CSTT standards e, whether an initial
dilurion of 30 at the swrface or a pyonocling i or will be achieved for ai
least 93% of the Hme.

ASSESSMENT OF EFFECTS UPON DISSOLYED OXYGEN AND B.G.D.

4.1

Introduction and methods

Ligscrile the sources of information dranen upon.

Expiain in detail the approvch followed, including any predictive modeliing
work and field surveys undertaken. Include dewils of sampling protocels and
analviical quality.
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Results and discussion

Deseribe and discuys the findings, including resulty from ony previous work
(madefling andior field measwrements) and from pew modelling andior
fieldwork undertaken for the comprehensive study, Include comments on the
degree of confidence which can be ascribed to the findings.

Conclusions

Curline the conclusions drown from the findings.  Include comments in
particular on compliance with the CSTT standards i.e. whether the median
DO fevel will be maintained above 7 mgil and whether DO will deviate by
less than 05 mgil compared 10 buckground levels in the area (COASTAL
WATERS).

Outling the conclusions drawn from the findings.  Include comments in
pacticidar on compliance with the CSTT standurdy [, whether the mediun
D0 level will be maiwained above 7 mgll and wherher DO will deviate by
fexs thun 1.0 mpfl compared to background levels in the area (ESTUARINE
WATERS),

> ASSESSMENT OF EFFECTS UPON NUTRIENTS AND CBLOROPHYLL'

Ln

5,

2

3

Intraoduction and methods

Describe the sources of information drawn upon and the approack followed,
incinding any predictive modelfing work and fleld surveys undertaken.
Explain any asswmprions made as to the level of murient removal during
trequment. Explain in derail how hvpernutrification and cwiropkication were
ussessed (sumpling, box model or move sophisticated model) and how the
zones of potensial effect were defined. Include detatls of sampling protocels
and analvtical quality,

Results and discussion

Discuss the findings, including results from any previous work (modelling
andior field measwrements) and from mew modelling andlor fieldwork
toderiaken for the comprelensive study.  Comment on phytoplankton
community strpcturelnuccessions (If studied). Include comments on the degree
af cenfidence which can be ascribed to the findings,

Nutrient contribution from the digcharge(s} in comparison to other inputs
Contrast the convibution from the discharge(s) in question to those from
ather inpuas in the area, including  other discharges and  riverine
contribuiions, Discuss the murivnd coniribution o Zone C.

Conclosions

Outline the conclusions drawn from the fndinps. Include comments in
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puriiclar on compiianee with the CSTT standards e whether for Zone B:
]

{a}  there iy evidence, or tikelihood of hypernntrification in the receiving
walers (where observed or predicted sununer puirient Cancentrationy
exceed 12 mmol DAIN w8 in the presence of af leust 0.2 mmal DAIP

-J
Mmoo

() thereis evidence, or ikelihood of entrophication in the FECETVING wiaters
{where observed or predicted chloropioll concentrations regularly
exceed 10 mgim® in summer);

(e} if the wrea is demonstrated or predicied to be eutrophic, the
applicatien of Yecondary treatment would reduce the predicred
maximum chlorophyt! by more than 1 mgin?.

THE BENTHIC COMMUNITY AND FACTORS AFPECTING IT

f.i

Irtroduction and methods

Describe the sources of information drawi apon and explain i deeil the
approdch fellowed, incheding  any modelling work and fleld  surveys
undertaken, for both near fleld and far field (but local) areas. nclude derails
of sumpling protocols and anatyical gualiry,

Resvlts and discession

fiscuss the findings, including reswlts from any previous work {modelling
andior field measuremenis) and fromn new modellin g audior fieldwork
undertaken for the comprehensive study. Incitide conments on the tegree of
confidence which can be ascribed to the findings.

Conclusions

Cutline the conclusians drawn from the Sindings, regarding the impacr of
suspended solids and organic carbor deposition on the benthic COMMIERITY.
Include comments in particular on compliance with the CSTT standards in
section: 3.3.3 of the CSTT report,

RECOMMENDATIONS FOR FUTURE MONITORING

Muake recommendations on future monltoring {required under Article 15(3) of the
Lirective) of the impact of the (primary weated) discharge, following the gufdance in
the CSTT reporr und building on the work carried out Jor the comprehensive study.

SUMMARY OF CONCLUSIONS

Stummuarise the conclusions of the study, addressing the various components gssessed
and tken drawing overall concluvions a3 ro whether the discharge of primary trevied
efffuent would adversely uffect the environmens.
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9, REFEHRENCES

FIGURES
TABLES

APPENDICES

These, together with the figures and tables, should be used to
present supporting infermation such as details of the standards
used te define adverse effects, the position of sampling stations, the
resuits of surveys, information abot models uvsed in the study,
wodelliing resulls and additional coceanographie, c¢hemieal and
bivlogical data.
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ANNEN 4
URBAN WASTE WATER TREATMENT DIRECTIVE (91/27HEEC)

FORMAT FOR TIIE 1-I PAGE SUMMARY
REQUIREDR FOR EACH COMPREIENSIVE STUDY REPORT

INTROBUCTORY NOTES

The UK Government requires & summuary of each report of the cutcome of a comprehensive
study pursuant to Article 6 or Anicle 8.5 of the Directive and the relevant UK repulations.

In arder o provide national guidance as to the formart of the report summary, this document
hus been drafted, taking the forrn of an example report summury (see attached three sheets).
The headings and level of detait in the document gre intended to be indicative of what wiil
ke expected 4 the norm for this exercise.  The ltems not marked with an asterisk ure
required in all cases. Ilems marked with an asterisk will not normally be required for studies
relaling [0 estuarine discharges, unless reguired by the regufator,

An Explanatory Note is included in the document, being a sundard piece of text intended
te summarise the relevant requirements of the Directive, the Regulations and the relevance
of the stundard methodology, thereby putting the report summary into context so that it can
be vsed a stand azlone document in respending to enquiries about the studies,

The tems i square brackets and iralics in the Explanatory Note will need to be 1ailored to
the needs of individoa! countries and regulatory authorites.

It is proposed that the Report Summary be prepared by the locsl repulator, laising as
necessary with the discharper.



URBAN WASTE WATER TREATMENT DIRECTIVE (B1271EEC)

SUMMARY OF A COMPREHENSIVE STUDY REPORT

DISCHARGE(S): WHIFFYSBURGH SEWAGE QUTFALL

RECEIVING HNDA: Number 59 on the Index Map for England & Wales (DoE 1944)

An explanatory note on the Comprehensive Studies procedure iy appended to this sumrmary,

1.

!a}

INTRODUCTION

During 1994 and 1995, a comprehensive marine scientific study was carried out on the
environment arcund the Whiffysburgh sewage outfall (125.000 population equivalent)
in order to assess whether or not primary treatment of the effluent would be sufficient
1o protect the area from adverse effects. The discharge, which currently receives only
corse screening, is made via a long sea outfull into the Gazen Straits at {NGR and
latong), within the Whiffysburgh HNDA, defined us coazstal waters for the purposes
of Directive 91/271/EEC. This study was undertaken for the purposes of Article § of
the Directive,

The study assessed the consequences of the discharge of primary as compared to
secondary  treated effluent in terms of paricle deposition, dissolved oxygen
cancentrations, nutrient concentrations and the effects of suspended solids and organic
carbon on the benthos at and around the discharpe site,

HYDROGRAPHIC ASSESSMENT

A bydrographic survey was undertaken, mvolving current meter measurements af four
iocations around the outfall, drogue trucking on spring and neap tides and two dye
reiease experiments under differing tide and weather condizions. The data from the
hydrographic survey were used in a particle tracking model of the receiving waters,
to describe the water movements and predict the distribution of settled sewape particles
in (he vicinity of the outfall. The meodel resulis and the survey datz showed good
agreement, indicating a highly dispersive, high-energy environmenr with strixng
offshore cumrents.  Evidence of sedimentation in the area of the oucfsli Wis rtinimal,

INITIAL DILUTION

The discharge is made from a 20 port diffuser vin a 1.2 km outfall and the outlet is
always covered to a minimum depth of I{} mewes. Dye releuse experiments were
undertaken in February and May 1995, under wors: case tida conditions, to assess
dilution at the boil point ubove the outler and a1 other locations within 200 metres of
the cutet. The dilution values achieved renged from 350-706. It is therefore
conciuded that the minimum initisl ditution value of 50 at the surface for »05% of the
time, specitied in the CSTT guidance, will he comfortably achieved at all tidal states
and all effluent flows.



PBSSOLVED OXYGEN

Dissehved oxygen concentraions in the vicinity of and at some distunce frim the
outfuil appexr to be vnaffected by the existing dischurge. A comprehensive field
survey was undertaken and no depression in DO concentrstions was detected. Primmuary
trestment wouid reduce the orpanic load coempared o the current dischiree und wopld
not pive rise to any adverse effects on dissolved oxyeen conventrations.

NUTRIENTS AND CHLOROPIYLL®

The predicted steady-state dissolved availeble organic naropen (DAIN} concentration,
determined using 4 sophisticated water quality model, was found to be 15 munol m™
with dissolved inorganic availabie phosphorus of 2 munol ™. This is supparted by
field data taken over muny years. The area i therefore considered 1o be slightly
hypernotrified.  However, sunimer maximum chlorophyll concentrations are neither
predicted nor found 1o exceed 10 mg/m® and ne abnormal abgal blooms have been
recorded in the arga. The waters are therefore considered not 4o be sutrophic and the
exisiing discharge does not heve an adverse effect en the surrounding area with respect
to nutrient enrichment. Primary treatment would therefore be sefficient. The
contribution of the discharge to the North Sea is negligible,

BENTHOS"

The sediments and benthic community within 1000 metres of the cutfal]l were
exumingd. The presence of organic debris, tomite seeds and fibres in the sediments
adjucent to the awfal indicaed that there was some senlement of seware debris in the
runediste vicinity of the outlet. However, the Infavnal Trophic Index (ITH walues
snd various univariate and muliivariate anslyses performed on the beathic data
indicated no significant change in community struciure at any of the stations samplad.
Given thut the present discharge has no uadverse effect on the benthos, primary
reatment would reduce any mioor impact and would therefore be fully acceptable.

RECOMMENDATIONS FOK FUTURE MONITORING

Propesals for continued monitoring of 1he receiving waulers after the instaltation of
nrimary treatment hove been formualated.  These inctude pericdic assessoient, at 4
range of sumpling stations, of dissclved oxygen, biochernical exvgen demand, nutrient
ang chlorephyll concentrations and the benthes.

OVERALL CONCLUSIONS

The study provides extensive evidence, from exisung {ield data, newly commissioned
sopbisticated medelling and further field validation and monitoring, indicating that the
corrent preliminary treated discharee bas no adverse effects on the environment
{assessed against the guidelines set cut in the standord UK methodology - see foomore
to the attached Explanatory Nete).  The study predicts thet provision of priowsry
treatment woeld redoce further the current minimal environmenal impact.



EXPLANATORY NOTE

This documen: surnmarises, o the preceding sections, the content and findings of o repor
on g comprehensive study enderwken for the purpeses of Reguiation [Reguladon No| of the
Uirbun Waste Water Treatment {|Country]} Regulations {vear]. The Regolations implement,
as respects [Cewnry), Council Directive YE2TI/EEC concerning urban waste  wuter
treatment. Under the Regulations, certain discharges of urban waste water to estuarine and
couste]l waters may be permitied 2 minnmaem level of primury treatment (ruther than the norm
of secondary), providing the discharge is made into waters identified as a High Nutora
Dispersion Area (HINDA)Y and subject to comprehensive studies having indicated thar the
discharge will not adversely affect the environment,

Under the Regutations (and the Directive), the discherges for which o minimum of primary
tredtment mey be permted, subject to the provisos outlieed above, ure those from
dgptomerptions with population equivalents of:

¢y 2000-10.000 inte estuaries (for the purposes of Article 6 of the Eirective);

{15y 10,000-150,000 mio coastal waters {for the purpeses of Arnucle 6 of the Birective) ;

(18} =130,000 into coastal waters, In exceptional cases with the agreement of the Eurcpean
Commission pursuant to Article 8(53 of the Directive.

In the UK, 4 standzrd methodelogy for Comprehensive Studies was published in Febroary
1994 (Indd Fdition published January 1967). ‘This was agreed by the UK Environment
Dlepartiments and the Urban Waste Water Treatment Directive Iimplementation Group as the
stondard methodology for application througheut the UK. The studies have been
commissionsd and/or carried out by the dischargers, with the work being audited and the
outcome determined by the refevant regulatory auwthority (the Environment Agency in
England and Wales, the Scottish Environment Protection Agency in S¢oiland and the Dok
in Northern Ireland).

In ceses where the regolatory acthority s satisfied that comprehensive stodies indicate that
the discharge will not adversely affect the environmmen (and, in England, Wales and Scotland
kas certified that this is the case), the discharge will, for the purposes und within the
deadlines of the Direciive gnd the Reguiations, require a minumum of primary treatment,
subjecs w the approval of un applicesion for consent o dischurge and any other refevant
statutory avthorisations, Determination of adverse effects has been uvnderteken in accordunce
with the standurd methodology’. In cases where the studies Indicate that the dischurge muy
cause ar adverse envirenmentel impact and no zcceptable alternative discharge arrangement
s possible, then HNDA status may be reviewed.

A fulf report of the comprehensive study from which this summary ts derived, entitled
“|Repory el and dated “[Repert dare]”, has been deposiied at the [mome of revnlaiory
authariny]’s offices wl [oddress of regrlator's regiona! gffice] and iy avatlable for inspection
at 2]l reasonuble times.

Comprehensive Studies For The Purposes of Article & of DIR 91/271 EEC, The Urban
Waste Water Treatment Directive.  Repori prepared for the United Kingdom
Evvironment Departments and the Marioe Pelluden Monitoring Manzgement Groap
by the Group Ceoordinating Sea Dispossl Monugricn. Tritiadly issued 18 MNovember
1993 znd pubitshed by Forth Kiver Purification Board, Edinburgh, 1 February 1994,

43



subsequentdy revised by 2nd Edition, issued Janwary 1997 and published by the
Deparnment of the Environment for Northern Ireland, the Environment Agency, the
Scottish Eavironment Protection Apency and the Water Services Association,
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ANNEX 5
SUPPORTING DATA REQUIRED

The wvalidity of any modelling assisted study is dependent upon the guatity and
quantity of field data and the care with which sumplicg proprammes are defined.

The following Bist is intended to indicate, in genersl, the scale of duta support
approprisie 1o this comprebensive study.

Effluent Loading - The discharger 15 required to demonstrate good
knowledge  of  pollutant  loading  through
simultaneous monltoring of discharpe flow and
effluent quality at two hour intervals covering
at leust one representative 24 howr period,
representutive of normal conditions,

Initiai Dilution - The discharger is required o design on outfall
and port diffuser armangement which is
hydredynamically balanced and can achieve 50
dilutions of eifluent in the buoyant plume prior
to that plume resching the air/water or stratified
water nterface.  An alternative to this inital
diluticn criterion i proof of conditions
preventing the formation of a stable density
field.

The discharger is reguired to support this
caiculation with duta describing vertical profiles
of water velocity and density a1 the site of any
proposed outfell.  Such profiles should be
collected @t 30 minute ntervisls zlong with
associated tide evels on 2 neup or intermediate
tide conditicn.

Water Movernent - Water cumments and density should be megsured
at two additionat fixed stations within the study
arid on meap tide.

- Dropues shouid be released from the proposed
outfall on the samie, or similar intermediste
lides, at one hourly intervals and tracked for at
least one hour. At feast two drogues should be
used to measure the full tide excursion.

- Dispession data should be provided through rwo
hscrete dye releases, typicafly high and low
slack water, or otherwise, depending upen the
intended effluent release pattern.
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Al least one  independent  fixed  swation
measuring water current should be used for
verficition,

A sparse water quality gnd should be designed
and used 1o provide information on background
fevels of Ccomuaminants,

The discharger is ulso reguired to demonstrate
to the satisfection of the regulator, reasonable
understunding of all surrounding discharges and
sources of polluting materiuls which can
rezsonebly be dssumed o significanty effect
the predictions carried out,
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ANNEX &
APPROACHES TG EOS DERIVATION

{Tre fotlowing account 15 adepted from: Rees, H.L. and Pearson, ‘T, 19492, An
approach 1o the setting of Environmental Quality Standards at marine waste disposal
sites, 1CES C.M., 1992/E:33, 10pp, mimeo).

The guideline values and criteria of acceptable change piven in this section are derived
largely from experience at the Garroch Head sewage-sludpe disposal site, western
Scotland {see eg. Pearson, 1987}, where well-defined gradients of effects are present.
The critenia of acceptuble change given here ullow for an early phase in the enrichiment
process, and if lesser standards were used a significant structural chanee in the marine
comrnunities would be the likely resoly,

The proposed approach to complance monitoring can best be fustrated by a
hypothetical example:

Eramcion: ‘Treatment” ‘Heference 1* *Heference 2°

CDizchavge ®

N,

Sphere of waszre influence
at the zea bed

The "Freatment” station is located within the sphere of waste influence, but outside any
'mixing zone', il cne has been defined. ‘Reference 17 is located just outside the known spliere
of waste influence, while ‘Reference 2° is some distance swiy,

In most cages it will be very difficelt 1o establish the precise boundary of waste influence and
ke select Yor identcal environmenial conditions at both reference stations. Because of the
niural varanee that is presert in the communities, it will be necessary (0 establish am inigal
"biseline” which can be derived from pairedse comparnsons between the reference stations,
The significance of any future differences between reference s1ations cun then be assessed
sgeinst this baseting,  Cenain vudabdes need to be measzred for ol stations in order 1o
esizhlish baseline values and assess an area for pessibtie chanee. These variabdes are total
thundance (A} as numbers of individuws, twotal faxa (1) and biomasy (B) as ash-free dry
weinlt,

3aselie Values

Baseline values would ideally consist of the mean of peinwise comperisons from at teast thiree
annual sampling periods before the discharae commences wd should be culeulated as follows:

[(Reference LRelerence 23 - 11 1 13D
Az such pre-disposal data are not usually available, the best possible baseling should be

detemined, bearing in mind that the [ocations being compared should ideally be subject (o
identical nateral enviconmentiyd influences,
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Ensuring Preservation of the Environment ouside the Fone of EfTerr

Once @ baseline velue has been establishod. one can monitor e wHmpacted refercnee sites
o ensure that the enviromment outside the zone of mmediate effeet s prescrved. Geideling
vitiues designed for the preservation of unimpacied siies ars s [ollows:

Frimary variualbes

A baseline value (96} +/-50)
T dbascline value {500 +/-20)
B haseline value (9% +/-20

Derived variahies

AT baseline valpe (95 +45-50
BfA ‘hazelioe value (963 +/-50)

These percentuge chinges fron the baseline value would be aceeptible 2nd woeld bdicate mo
significant change at the reference stations, Acton of an appropriaie datere would gencrally
follow ondy when the guideline values of Wl three primary variables were exceeded.

Levels of Acceptable Change within the Sphere of Wasie Influcnce

Within the sphere of waste influence a cerain amount of cluinge would be allowed relative w
the reference stations.  Acceprable change allows for an eerdy phase in the enrichnwent process
ard he following guideline values sre 38 (olbows:

Primary variahles

A 2004 of relarence station valype

T s 30h of reference station value

B M 50 of reforenece sietion valee
Bertved variahies

AT A+ 100% of referonce station salue

B/A - 30 of relerence siotion vales

Complimee-testing will invedve prinwise comparsons of il meusures, s follows:
[{Treament/Reference 1 or 2) - 11 x 100
These pereentage changes from the reference stations would be considered 1o be accentable,

It wili be clear that corefi seleciion of statons will be critical 1o (he suceess of iy spmrouch,
Tlhe primary variables are presently considered 1o be of first PO i ggsnpliance
momitonng, wnd sction of an appropriste pature would venerally follow only when the
suigeline valees of alf three were exceeded. o zdditon. annaliy sampled stinions may be
macgizally in breach ol geideline values for up o three successive vours, 10 atlow for aay
anetraious charges attributabie 10 noweral covses, This allowanes wosld be over-ridden during
the three year period if complemenary amalyses - using 4 variety of mesurcs of Community
structure - peovided conciusive evidence of pdvemse effects aighutable o the d ischpree,
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ANNEN T

SELECTION OF "REFERENCE” STATIONS FOR MONITORING
THE EFFECTS OF DISCHARGES

INTRODUCTION

ln poocipde, hwse should be wWeoticnl in ] respects 1 the "treatment” stationds), save for the
Billuence of the dischuarge under investigation. In practee, i 5 bighly improbable ta af) conditions
soverning equality could be satisfied, or that "pristine” stations {ic uninflucnced by sntliropopenic
activity ) cowdd be found at most locations, particalarly those within estearies. In general, the greater
U distance separating paired stalions, the less Hiely 1t i thar they will be sobiegt 10 similar ruiuea]
crrviranental lorces.

Fhe reatily of field conditions will therefore dictse tut the chivice of manitoring stations widl often
full some way short of the ideal and, given this, botk a degree of expert scientific judgemeny and an
m-huidt elemeng of flexibility in the regular smnpling programme witl be required, Personned wiils
a high level of scientilic expertise muast be invobved in the planning and conduet of ficld SUrveys
of thits nature, Some of the fuctors that such personned should ke iato aecount are Hued betow.,
These complemen: pwidelines for moniterng areund point-source discharpes referred 16 clsewhere,
wiich shaeld atso be consulled.

FACTORS TO BE CONSIDERED
{3}  Similarities f¢ "treatment”™ station(s)

£i} Similar depths. In many cases where Udad currears run paraliel o depth contours,
this would tend o piace the reference stmions stong the same tidal axis a5 for the
discharge siations (or "upstream” oy "downstrean” of $he discharae point in the cese
of estearies). The precise disiance betwecn the eatment and reference stations will
depend on site-specific predictions regarding tie shon and Jong-tenn transpon
pathways for comaminuns sthe sea bed;

(it} Simibar "exposure”. This would laraely relate wr the effects of wave aelion af the seq
bod, bot concelvably might include & consideration of hoon: tarkdence arising from
the mevement of Jarge ships in namow shipping lanes, or of the offects of reeular
cotunersial frawling aclivity:

{lit} Similar fidab currenl regime. As wilh wave acton, eggalily in the degree to which
sediments are disterbed (f 2t all) will be W imporant fsctor b dewennining the
mature gnd dynamics of the colonising fueny, Clearty, tidel disturbance wilt - untike
wuve agiion - be predictable it cccorrende;

{1v] Simitar subsirate type, Fhe preferences of different bentic speeies for different
spbstrazes are well kKnowns, and hence this fooer will e oritical o effective site
selection.  Similar substrates ure also, 10 a4 degree, Hkely 10 retlect simitarity in
nrevaiiing hydropraphic conditions,  However, it iy imponant o bear in pind i
one or more of the "reslment” swadions tear & o loee-stnding cuirzll may wready
snow signs of maodineation arising from the sentling of paticulates, In the ahsence
of prior infomuation. e exient o which substtites I the cuddzl) vicinine are
modificd car only be established through an indticl “pilor survey a1 several StzBons
anconipassing e arca of inerest;



v} Similar salinitics.  This considerstion will usually only be importen ot locations
witllin estuarics;

[wid Similur "diffese” pothropogenic infucnces (save for the dischurge itself).  An
exampie woutd be o consideration of varshility in water guality slong the fength of
un grbanised estuary, In most circumstances, this woeld probably also establish tha
0 fucation could be defined as “pristing”,

by DifTerences Mrom “treatment” stationts)

{1} Not sebject o influenice by the discharge to be meniored.  This criterion may be
sapisfied by predictions of effluent dispersion, althoueh s "pilot” sunvey nay be more
revcaling, as an aid wosite sefection;

fiil Nt subject 1o influences by other discharpes s the vicinity, or of otier known
ARNFOpOZENIC Activity, excentity wiere it s necessiry o estddish "egualiny” in such
influences acroess alb sumpling stzions (see (v shove),

The likelifwod is that nearby slaticns will have e greatast chance of satisfying hese
crileria and, in generul, the distince should rurely exceed a fow km.  Knowledgpe
gatned through prier sampling of the chosen Jocstions is the mosl desizable basis for
stie sclection (see belowd,

Ap mporiant exceplion © the above approosch o selection of stalion locations would
be in the case where & depositional area {which may be distant fron the discharge)
nas been identfied as the likely long-tem recipient of significant quantibes of waste
products from the dischirge under investigation, Such 3 location should be sampled
4 an entity”, irmespective of similarities with the strion(s}) al or nicar the discharge
noint.

COMPROMISES {or degree of permissible departure)

Particolar circumstanees mey dictme that it s very difficult 16 match envirommenal conditions at tie
cutfall sie with refercace stations.  Given this, expert scientilic judgement as 1o ihe degree of
pernsissible depanure in ceneain charagterisiios will be reguired. The more dissimilur the sites in the
above respects, 1he more likelibood thene is that the Taung may be responding w Sifferent stimul
whitch will be refiected ferge @lin) in s lack of synchirony in year-o-year fluctustions eareladed o
e discharee, wnd the moree this witl place demands on prior kuneledee of sitc characteristics before
e programme Cu be set upe In this respect, there s simply no substitule for site-specific
experienwe.  One sensible approach would be 10 incorporae an element of "redundancy™ into the
initial sampling programune, ie by sampling 2 number of reference stations, not all of which will
ultimaely mquire analysis. In areas where litthe prior knowledae exists of conditons around an
ouifall e be studied, a "pilet” benhic survey s [0 be stronwly recommcnded.
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ANNEX Y

BENTHIC CHANGES AND MASS EMISSION HATES (3F US DISCHARGES;

POINTS FOR ANIY AGAINST WIDER APPIICATION

Poimts i favour of wider (includine UKS application;

iil,

Wi,

efiects on the S benthos appear 10 be primanly attributable 1o orpanic enrichnent
{mather than effects of toxic comnonens) with one exception: see Meams and Word
(198D

LIS sewagpe dischurpes are mainly urbion i onipin;

the suwhors were abde o deaw from o comprehensive beckground of information
(though onby o few surveys were pewred W clearly resolving ihe size and shape of
aflecied arcas),

the precise nature of the relaionship with organic cwebon is bypassed by a
considerslion of mass cmission rares:

the predictive refztionship looks convinging for US dut,

e authors B3l 8 number of limbations relgvant e wider application, ez, the
assumplion about constancy in omoss emission rates, and  recommend  that
“refationships and equations be ailored 10 individeal siwalions'.  Howevern, the
deeper-water US discharpes suppest more guiessent (e, depositional) conditions than
typicalty shatiow-water {even itertidal} UK discharges. Therelore, there might be
a case for treating US discharge effects 48 "worsl cases™.

Points against wider (includine TR anplication:

the dota relate to Scuthem Californiz (USA);

discharges are © relatively deep waler (ypicefly &0m. thoush one 5 ot 20m); in
additien. one discharge was of waste-activaied sludpe;

i ig clear that extrapolating from tie relalively lerae US discharges w very small
{«10,000pe} discharges begin 10 look fancilel, especiably for ITl-refaed measures
{Table 2 note thal he arce alfected is exprossed per m'). itese estimutas could be
Laken 10 indicate no effect bu, In reality, what Biolosteal effects w2 to be expected
around such smull UK discharpes? {see bolow);

because the ITE measure was developed for Califomia murine waters, 18 prediclive
use for UK waters o, o best, only be tasen as gencrally indicative of the scale of
likety clfects. b cannol b2 expected 1o describe the precise nuture of the effect; for
cxunple, inthe case of UK estuarine fauna, values =60 are lkety w be onoly rarely
cncountered even in pristine envinmenis,

g gencrdl problem regarding predictions of the impaog of fulure UK waste-water
tredmerd 18 st appraisals of cement staus meay frequenidy relste to low intertidus!
discharges. Fulore mitgation of impact {if any) arising from secondary treatment
also reeds tw be assessed ageinst the mrobability of new cClong-sea’ owdulls
discharping subiidalty.
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Hocormmendations

b2

US cxperience could be used e define “worst cuse” ¢ffects, However, the guantitics
of suspended solids present o smaell discharees ender present consideration
(especiadly following treattnent) are much below those wsed in defining e ahove
relamtionships, Theeelore, i onder wr validale e above models for smaller-sived UK
discharges, it will be essemite! 1w conduct site-specilic surveys {or compie dag from
existing surveys if such existy desioned 1w idemidy the spatiad extend of benthic
impacts in response o discharges differing in quantity and leved of reament, It
woubd seem redsonable (0 select for more Quicscent locations in onder (o establish
"worgl case’ relationships,

For modelb walidation, or developmont of moniloring progrummes, predictions
concerming seiding and dispersion of solids sbowld aliow targeted {cather than
widespread) samphing, for example, & line (rwnsect in e dicecton of 1he residoa)
flow.  Funler radonalization may be pennissible for assessment of "CEES*
complime.

Fey determinands Tor benthos surveys wosld inciude;
i hiomays,
i, assessment of feeding habirs of the range of laxa encountered, with & view (o
applications of o UK-adapéed Tronbic Indes {subject w consehation with Whe

o the seope for immediae spolication);

i ldengification of enachment indicator oreanisms (e Copfellad wherever
possile.
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Figure 1

Identification of Less Sensitive Areas and Confirmation of Level of Treatment {Article 6)
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Figure 2. Empirical model for changes in the macrobenthos in response to

organic enrtichment (afler Pearson and Rosenbere, 1978)
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SUSPENDED SOLIDS MER, MT/YR (Je}

Relation between suspended solids mass emission rates {J., mifyr) and
total excess standing crop of benthic infaumz (S, mt wet wt)
surrounding six cutfafls on the southern California mainland shelf.
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Data fram Meams and Word {1982,
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SUSPENDED SOLIDS MER, MT/YR {J)

Relation between suspended solids mass ernission rates (J,, myfyr) and
size of areas (k) occupied by total excess standing crop (A} of
fauna surroundime six ocutfalls on the southern California maintand
shelf. Circles and diamond indicate average of area occupied by excess
standing crops: bars indicate ranges for each location,

Dawt from Mearns and Weord (1982
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