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9. Appendix Il - Background Information on odours pertaining to Cork
Harbour Drainage scheme odour impact assessment.

9.1. Legislation pertaining to odours in Ireland

The Public Health Act of 1878 introduced legislation to control nuisance in Ireland, but its execution
only became viable after the implementation of the Planning and Development Act (1963) (Scannell,
1995). Any industry producing a nuisance was controlled under these regulations and subsequent
pressure from environmental lobby groups together with the development of scientific measurement
techniques made it practical to quantify and control the release of gaseous environmental pollutants
from these enterprises.

Odour impact from a WWTP on the surrounding vicinity may be considered a nuisance. Section 107
of the Public Health Act 1878 states that “sanitary authorities are bound to inspect their district for
nuisances. Upon the receipt of any information respecting the existence of a statutory nuisance, the
sanitary authority is obliged, if satisfied of the existence of the nuisance, to serve an abatement
notice on the person by whose act or default the nuisance arises or continues or, if such a person
cannot be found, on the owner or occupier of the premises on which the nuisance arises” (Scannell,
1995).

In order to control the possible pollution effects of large developments, relevant legislation was
enacted under the Environmental Protection Agency (EPA) Act of 1992. Private and public sector
developers of certain types and sizes of projects are required under section 72(4) of the EPA Act
(1992) to submit a copy of an Environmental Impact Statement. If the project is of a class listed in
Part 11 of the first schedule to the 1989 EIA regulations but does not exceed the threshold or criteria
specified, the planning authority must require an Environmental Impact Statement (EIS) if it considers
the project is likely to have a significant impact on the environment. One of those impacts relates to
odour and is defined as environmental pollution in section 4(2) of the EPA Act (1992), as to cause a
nuisance through noise or odour and/or adversely affect the countryside or place of special interest
(Scannell, 1995).

Waste licensing and Integrated Pollution Control Licensing (IPC) (now IPPC) for specified facility
types was implemented in 1996 by the EPA and the related guidance note was termed BATNEEC
(Best Available Technology Not Entailing Excessive Cost) (i.e. now BAT which complement the
BATNEEC Notes) (EPA, 1996). It set out specific conditions for these specific industries (i.e.
Intensive Agricultural Production, Landfills, Waste transfer stations, etc) to be implemented in order to
comply with the environmental requirements of the EPA. Minimisation of odour emissions and
complaints is one of the requirements of the BATNEEC Guidance Note for industries likely to cause
odour emissions. For example, a typical IPC license/Waste license condition states “that there shall
be no emission to the atmosphere of environmental significance and that all operations on site shall
be carried out in a manner such that air emissions and/or odours do not result in significant
impairment and/or interference with amenities beyond the site boundary and at odour sensitive
locations in the area” (EPA, 1996).

Local authorities and the EPA have responsibility for ensuring enterprises meet their planning and
environmental requirements. Where these facilities are found to be causing odour nuisance, local
government enforces Section 29 of the 1987 Air Pollution Act and serves the offenders with an
abatement notice. If the facility is licensed as an IPC or Waste enterprise, the EPA can enforce the
conditions of the license and either serves the facility with non-compliances for odour detected
beyond the site boundary or prosecute the facility and seek a high court injunction to close the
facility. Verification for the presence of odour nuisance usually encompasses the licensing officer
visiting the facility and detecting the odour beyond the boundary.
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In December 2005, the Department of Environment published Statutory Instrument (SI) 787 for the
regulation of odours and noise from WWTP’s. The main conclusions to be drawn from this S| 787 of
2005 include:

“A sanitary authority shall ensure that in formulating and approving plans for a waste water treatment
plant to be provided by the authority or on its behalf the plant is so designed and constructed as to
ensure that it avoids causing nuisance through odours or noise”,

"A sanitary authority shall ensure that any waste water treatment plant under the sanitary authority’s
control is so operated and maintained as to ensure that it avoids causing nuisance through odours or
noise”.

It would also appear that S| 787 provides jurisdiction to the EPA to regulate WWTP for such
nuisances and enforce the EPA Act 1992 “For the purpose of Article 3(b) of these Regulations, the
Agency shall be required to ensure compliance of waste water treatment plants with the requirements
of the said Article 3(b), and the provisions of section 63 of the Environmental Protection Agency Act
1992 (No. 7 of 1992) shall apply accordingly”.

As part of SI 787 of 2005 “the planning authority where granting permission for a development in
accordance with section 34 of the Act of 2000 consisting of the provision of a waste water treatment
plant attach such conditions to the permission as may be, in the opinion of the authority and having
regard to the function of the Agency under Article 4 of these Regulations, necessary to ensure that
the plant is so operated and maintained as to ensure that it avoids causing nuisance through odours
or noise”.

Additionally, in considering a appeal to planning, Board Pleanala “shall include such conditions as
may be necessary in its opinion to ensure that the plant is so operated and maintained as to avoid
causing nuisance through odours or noise”.

Although it is not unusual for statutory instruments not to include numerical values for the control of
odour nuisance, it is apparent that there should not be odour nuisance from WWTP's in Ireland and
s0 should be designed and operated to eliminate odour nuisance (Sheridan, 2002). In these times of
regulation, guidance documents such as those for IPPC and Waste licensed facilities should be
developed for WWTP design engineers and operators in order to allow them to implement Best
Available Techniques (BAT). In the UK, such a guidance document was published to provide
guidance for existing and new WWTP for odour assessment and control.

9.2. Characterisation of odour.

The sense of smell plays an important role in human comfort. The sensation of smell is individual and
unique to each human and varies with the physical condition of the person, the odour emission
conditions and the individual's odourous education or memory. The smell reaction is the result of a
stimulus created by the olfactory bulb located in the upper nasal passage. When the nasal passage
comes in contact with the odourous molecules, signals are sent via the nerve fibres where the odour
impressions are created and compared with stored memories referring to individual perceptions and
social values. Since the smell is individual some people will be hypersensitive and some will be less
sensitive (ansomia). Therefore, the sense of smell is the most useful detection technique available as
it specialises in synthesising complex gas mixtures rather than analysing the chemical compound
(Sheridan, 2000).
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9.5. Characteristics of Waste water odours

Odours from wastewater treatment plants/pumping stations arise mainly from the uncontrolied
anaerobic biodegradation of sewage to produce unstable intermediates. Other odours come directly
from industrial waste water (solvents, volatile organic compounds, petroleum derivatives) or indirectly
from warm, highly degradable sulphurous effluents (Burgess et al. 2001). Typically domestic sewage
sludge contains 3-6 mg I organic sulphur, mainly arising from proteinaceous materlal approxmately
4 mg I from sulphonates contained in household detergents and 30-60 mg /" inorganic sulphur (as
sulphonates) (Burgess et al. 2001). Odours are generated by a number of different waste water
components, the most significant being the sulphur containing compounds (thiols, mercaptans,
hydrogen sulphide), volatile fatty acids (butyric acid, valeric acid), amines (methylamine,
Dimethylamine), phenols (4-methylphenol), chlorinated hydrocarbons  (trichloroethylene,
tetrachloride), etc. (Dawson et al. 1997). Most of these compounds have very low odour threshold
concentrations as illustrated in Table 9.2. Different concentrations and mixtures of these compounds
can intensify or reduce odour threshold concentration, determined as synergism and antagonism
respectively. Hobbs et al., (2002) performed studies on various odours commonly found in pig odour.
From his study he concluded that 4-methyl phenol had a negative effective on perceived odour
concentration when mixed with other odourant.

Table 9.1. Odour detection thresholds of wastewater odour precursors.

Chemical Threshold_gtonc. Odour character
component (mg m™)

Ammonia 0.03-37.8 Pungent, sharp, irritating
Methylamine 0.0012-6.1 Fishy, Putrid Fishy
Trimethylamine 0.00026-2.1 Fishy, Pungent fishy
Dimethylamine 0.34 ppmv Putrid fishy
Ethylamine 0.27 ppmv Ammonia like
Triethylamine 0.48 ppmv Fishy
Pyridine 0.66 ppmv Sour, putrid fishy
Indole 0.0006-0.0071 Faecal, nauseating
Skatole 0.00035-0.00078 Faecal, nauseating

Hydrogen Sulphide

0.0005-0.002

Rotten eggs

Methyl mercaptan

0.0000003-0.038

Rotten cabbage

Ethyl mercaptan

0.000043-0.00033

Decaying cabbage/flesh

Intense rotten vegetables,

Propyl mercaptan 0.0001 ppmv Unpleasant
Allyl mercaptan 0.0001 ppmv Garlic, coffee
Benzyl mercaptan 0.0003 ppmv Skunk, unpleasant
Thiocresol 0.449 ppmv Skunk

Dimethyl disulphide

0.000026 ppmv

Rotten vegetables

Carbon disulphide

0.0077-0.0096 ppmv

Rubber, intense sulphide

Acetic acid 0.024 to 0.120 Vinegar
Butyric acid 0.0004-42 Rancid
Valeric acid 0.0008-0.12 Sweaty, rancid
Propionic acid 0.028 ppmv Rancid, pungent

Hexanoic acid

0.018 to 0.096

sharp, sour, rancid odour, goat-
like odour

Formaldehyde 0.05 to 1.0 ppm Pungent, medicinal
Acetone 0.067 ppmv Pungent, fruity, sweet
Butanone 0.128 Sweet, solventy
Acetophenone 0.05 to 0.10 ppmv Sweetbp;ungent od_our C.’f Qrange
ossom or jasmine
Limonene 0.063 Intense orange/lemons
Alpha Pinene 0.006 ppmv Intense pine, fresh
THN j - Meat
Tetrahydronaphthalene

O’Neill & Phillips et al. (1992) and Suffet at al., 2004.
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Although only indicators of odour emission from various processes within the WWTP, knowing which
compound precursors that are responsible for odour is useful in designing control techniques for the
minimisation and abatement of these gases. Technologies such as carbon filtration rely on the
binding efficiency of the carbon (Van der Waals forces and molecular sieving) and knowing the gas
constituents will help isolate the best carbon to perform the task. For example, Hydrogen sulphide
because of its molecular size will not bind efficiently to activated carbon. By impregnating the carbon
with potassium/sodium hydroxide chemisorption can be used to efficiently bind and hold on to the
Hydrogen sulphide. Another reason for knowing Volatile Organic Compounds (VOC’s) concentration
present in air stream is to propose the best technology. Chemical scrubbers are good for low VOC’s
steady stream processes while high VOC concentration non-steady stream processes will not be as
affectively treated with chemical scrubbers although many stages of treatment can be provided to
buffer out the cyclic loading (but at greater operating expense).

9.6. Odourous compound formation in wastewater treatment plants/pumping stations

The formation of odourous components at WWTP’s is usually limited to inlet works, primary
settlement tanks and to the areas of sludge handling/pumping/processing, particularly during the
handling of primary/anaerobic treated sludge. The formation of odours from pumping stations is
usually limited to the displacement of odours from the inlet flow chamber, wet wells and any primary
treatment that may occur at the pumping station (i.e. grit removal and screenings).

In WWTP’s, under anaerobic conditions, the untreated primary sludge will readily decay, producing
odourous components in the process. The possibility for anaerobic conversion of surpius activated
sludge depends on the sludge-loading rate (k) in the activated sludge works. At a lower sludge-
loading rate, the surplus activated sludge tends to be more stabilised, thus giving less cause for
odour impact. In general the following values may be adhered to:

o k< 0.05; extreme sludge stabilisation, no anaerobic bacterial decay to be expected;
e 0.05 <k <0.1; moderate sludge stabilisation, some decay possible;
e k> 0.1 partial sludge stabilisation, anaerobic bacterial decay is most likely to occur.

The production of odourous components depends on the reduction-oxidation potential (redox-
potential) and on the Biological Oxygen Demand (BOD) of the wastewater. The redox-potential is the
condition under which decay can take place, while BOD is the parameter most commonly used to
define the pollution strength of a wastewater.

Anaerobic bacterial decay will only take place if the redox-potential of the wastewater is low enough.
Frequently this condition arises in rising mains, where anaerobic conditions occur. In gravitational
sewers a slight draft provides enough oxygen to limit this, as oxygen is highly toxic to anaerobic
bacteria. In certain cases, the dosing of bleach and Ferric will act as an oxidant and electron
donator/acceptor and limit such conditions. It is important to use sophisticated monitoring equipment
to measure dissolved oxygen and pH of the liquor to maintain ideal conditions for aerobic processes
to dominate. The monitoring of sulphite levels in the inlet sewer can be used to estimate hydrogen
sulphide generation levels within the WWTP.

Sludge handling processes can be more complicated depending on dewatering equipment design
and processed sludge storage facilities. For example, it is reported that using high-speed centrifuges
facilitate higher odour and H,S emission than low speed centrifuge due to the shearing of proteins
and carbohydrates within the sludge. This allows for the oxidation and reduction of methanthione and
other proteins which readily breakdown to methyl mercaptan, dimethyl sulphide and H,S (Sheridan,
2004). By dosing Ferric/Ferrous (2:1 blend) at the head of the plant odours associated with digestor
gas and sludge handling can be reduced. The benefits of such dosing must be analysed since
greater sludge volumes (i.e. especially primary sludge) will be produced.
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¢ A minimum of two stages of treatment (if biological is first stage) will be provided on all odour
control technologies.

9.8.2. Odour abatement management system/procedures — Standard Practice

Odour abatement/minimisation systems are installed with the aim of mitigating odours from the
particular process(s). In some circumstances odour abatement system can become significant
sources of odour especially if sufficient treatment is not being achieved. For example, insufficient
treatment could be associated with system failure, poisoning of media, exhaustion of media,
insufficient gas removal volume, broken covers, open hatches etc. There is a tendency in many
facility environments that when an odour control system is installed it requires very little system
checking especially if SCADA controlled. A simple management system incorporated into site
operations can significantly reduce the risk of odour control plant failure and also provide a valuable
picture for operations and maintenances schedules.

The overall odour control plant management system will vary for various technologies. For the
proposed Cork Harbour Main Drainage Scheme WWTP, the following odour control/minimisation
plant could be installed to control odours emanating from specific processes within the plant. These
include:
e Chemical scrubbers,
Activated carbon polishing,
Dry chemical scrubbing (three stage),
Biofilters
Thermal oxidisers
Fixed impermeable covers,
Extraction ductwork located throughout WWTP,
Chemical addition/dosing to waste water and sludge processing,
Dissolved oxygen probes/pH probes located in aeration tanks and flow channels,

For each of the odour control technologies, an operational verification procedure should be
performed from actually visiting each piece of equipment. For sensitive mechanical odour control
plant, such as chemical scrubbers, biotrickling filters and biofilters, a daily check should be
performed. Small changes in operational parameters could lead to significant emission of odours.

For odour control/minimisation plant such as pressure release values, odour control ductwork, fixed
impermeable covers etc., which are less susceptible to breakdown (i.e. since there are little
mechanical moving parts), a weekly check should be performed.

All system checks should be document controlled and available for viewing by odour complaints
verification personnel, chief maintenance personnel and plant manager. Response/Action plans
should be established for system repair where by a repair team trained in the operation and
maintenances (O&M) of this specific plant are available to perform dedicated repair. O&M manuals
should always be available and a spares inventory should be maintained for essential spares.

Any recording of system performance should be compared to design specification and performance
as outlines within a P&ID flow diagrams developed for the built site.

Table 9.3 illustrates a typical odour control plant daily/weekly checking procedure for odour
abatement plants such as chemical scrubber, dry chemical scrubbers and flares. Certain parameters
such as subjective and objective assessment checks (airflow rate, static/differential pressures etc)
should be performed daily while other parameters such as odour threshold concentration should be
performed quarterly which is in keeping with EPA recommendations for similar facilities. Table 9.4
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history and the consequences that may arise from not realising an issue. More importantly seasonal
changes in odour loads on plant and equipment can affect the overall performance of the system and
combined with the behaviour of people on the receptor side during changing weather conditions (i.e.
warm summer days could result in higher odour loads due to higher metabolic activity of bacteria
coupled with people enjoying outdoor activities, etc.) For some processes, continuous monitoring
may be useful, especially when the consequences of failure are significant. Risk assessment of plant
failure is important to define key operational and maintenance parameters for the odour control unit
(OCU). On the basis of this risk assessment measures can be defined to reduce the probability of
high consequence events or to mitigate their impact.

The public will remember unscheduled emission episodes with great tenacity. It is therefore important
to not fully rely on the environmental performance of odour mitigation under normal operational
conditions but also consider them under unscheduled emission events. It is therefore crucial to
consider and manage risks of odour emissions during:

e  Odour Control Unit (OCU) commissioning,

e Start-up and shutdown of odour abatement units with consideration for duty standby on
particularly odour processes (i.e. this has been implemented into the design),

e« Management of highly odorous materials

e OCU servicing, and unscheduled shutdown,

In assessing these risks, it must be taken into account that response to odours is almost immediate.
In order to manage these odour detection and complaint risks, a number of actions may be
considered:

e Plan high-risk activities in periods where receptor sensitivity to annoyance is low like during
wet weather when they are indoors, or during colder winter months, or during early
morning/late evenings during periods of low atmospheric turbulence, etc.

e Consider providing standby capacity, etc.

If all else fails, inform potentially affected residents of the probability of temporarily increased odours
and explain potential benefits due to these increases (i.e. maintenance of OCU, etc.)

9.9. Olfactometry

Olfactometry using the human sense of smell is the most valid means of measuring odour (Dravniek
et al, 1986) and at present is the most commonly used method to measure the concentration of
odour in air (Hobbs et al, 1996). Olfactometry is carried out using an instrument called an
olfactometer. Three different types of dynamic dilution olfactometers exist:

e Yes/No Olfactometer
e Forced Choice Olfactometer
e Triangular Forced Choice Olfactometer.

In the dynamic dilution olfactometer, the odour is first diluted and is then presented to a panel of
screened panellists of no less than four (CEN, 2003). Panellists are previously screened to ensure
that they have a normal sense of smell (Casey et al., 2003). According to the CEN standard this
screening must be performed using a certified reference gas n-butanol. This screening is applied to
eliminate anosmia (low sensitivity) and super-noses (high sensitivity). The odour analysis has to be
undertaken in a low odour environment such as an air-conditioned odour free laboratory. Analysis
should be performed preferably within 6 to 8 hours of sampling.
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Materials for covers and supports, and any equipment below the cover should be resistant to
corrosion. Reinforced thermoplastic-based covers should have been considered at a minimum
as very aggressive atmospheres may develop below the covers.

Where possible, design should be such that equipment needed below covers can be easily and
quickly removed to minimise time when covers need to be opened.

To prevent the displacement of highly odorous air through gaps or hatches in the cover and
ensure that all air is vented through odour treatment. Badly sealed or broken hatches will act as
significant points of odour emission. Even small openings, such as the openings around cable-
duct entry points, have been observed as significant sources of odour emission from tanks.

Air displaced during filling will take the route of least resistance and may not pass through
odour treatment systems, unless ventilated to maintain a negative pressure. Therefore, if any
passive based odour treatment technology is to be used the cover must be 100% effectively
sealed. The application of negative ventilation will also prevent significant odour emissions
during cover opening.

9.12.2.Ventilation

Ventilation should consider the following design notes before been installed.

All buildings containing sewage or sludge processes will need some form of ventilation. It
should be assumed that this ventilation air will require odour treatment.

The effective local encapsulation and extraction of process equipment, with the aim to reduce
emissions to the atmosphere of the containment building, improves the indoor air quality. The
odour concentration in the general indoor air can be improved using this approach to the point
where odour treatment of the general air is not required. Treating a more limited flow from the
local extraction system is a favoured and more economical option.

Odour releasing units (such as screens Grit removal and rags removat) within a building should
be locally enclosed, and a proportion of the required ventilation air drawn from the body of the
building towards the odorous unit to ensure odours do not escape into the body of the building.
Ventilation of a building should maintain a slight negative pressure. This negative ventilation will
depend on the effectiveness of sealing of processes. Typically 6 to 10 AC/Hr are required with
good sealing around odourous processes. This is required to provide a safe working
environment in accordance with published occupational exposure limits, and to prevent an
odour problem. By enclosing processes the emissions of aerosols and odours area minimised
into the main body of the building where it could affect working conditions

It may be advantageous to have two streams of ventilation air. one of low-volume and high-
odour, drawn from the odour producing unit which can be pre-treated prior to mixing with the
other stream of remaining ventilation air (high volume and low or no, odour), with possible
provision of ‘polishing’ to reduce odours to a minimum.

In buildings, ventilation systems and zoning of areas are designed to avoid development of
potentially hazardous (explosive or toxic) atmospheres. There are no firm guidelines and rates
vary widely across the Europe. Typical rates are 3 — 6 air changes per hour for a screening
building, 10 air changes per hour for a sludge building.

Design of the ventilation and odour control system may need to take in to account the handling
of potentially hazardous gases, and the zone requirements of the area in which it is installed.
This will avoid risks associated with hazardous gases and to provide equipment suitable for the
zone requirement.

In a covered process tank, ventilation is required only to contain and collect odours and should be
kept to a minimum, whilst maintaining a slight negative pressure. Ventilation rates in this case are
typically three to four air changes per hour of the volume of the headspace of the tank, and
should be no less than the maximum filling rate. Smaller pump sumps which are subjected to
turbulent liquid flows and instantaneously pump flows should consider at least 10 to 12 AC/Hr and
should be no less than the maximum filling rate. Do not over-design the air-extraction rate. Odour
removal processes tend to work more effectively at lower flow-rates
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