Attachment F Eli Lilly
IED Licence Review

6 ATTACHMENTS F — CONTROL & MONITORING

The treatment/abatement systems for each emission point are in Table F.1(i) in Annex 1 of the Application
Form. There are summary tables (Tables D.1.1, D.1.2 and D.1.3 in Attachment D) on the control and
abatement of emissions from:

e supply and commercialisation of small molecule active pharmaceuticals
e supply and commercialisation of biopharmaceutical medicines
e support systems

6.1 Attachment F.1. Treatment, Abatement & Control Systems

This section will outline the changes that have taken place at the facility since the last application in 2005
(PO009-03) along with those proposed as part of the IE43 development. Changes include:

e Upgrade and modification of the thermal oxidisers
e Installation of an additional RTO unit

e Upgrading of the WWTP

e Changes to the surface water management system

6.1.1 Air \\f?"
&
As described in the 2004 application, air abatement and control Stems on-site consist of:
e Fume thermal oxidiser (RTO or Reeco unit) Gg?
e Scrubbers \Q
e Carbon absorbers Qo éb‘
e Filters (bag and HEPA filters) and Glove B@l}&g@ntamment technology
\Q
Any changes or proposed changes to these g{él%ms are outlined below.
S\
o
3

1. Installation of an additional R(—E@ unit (Fume Thermal Oxidiser)

A second back up Regenerative Thermal Oxidiser Unit (Reeco 2 RTO) was installed in 2007 to increase fume
abatement reliability to production buildings.

Each RTO unit (both manufactured by Reeco) consists of a central combustion chamber and three energy
recovery chambers. These chambers contain ceramic heat exchange media (stoneware). During normal
operation, the induced draught fan at the RTO maintains a negative pressure in each of the ducts so that
residual contaminants following treatment and/or abatement at the buildings are collected and brought for
destruction at the unit.

The solvent laden air enters the chamber via an inlet manifold. Inlet flow control valves direct the air into
those chambers that are in inlet mode. The air passes through the stoneware beds (which have been pre-
heated in a previous cycle) and is heated by the stoneware. It enters the combustion chamber at a
temperature approaching the required combustion temperature of 850°C.

Two gas burners maintain a pre-set temperature in the RTO or alternatively if the incoming air contains
sufficient concentration of solvents, the energy in the solvents provides the necessary heat to operate the
unit and the burners automatically go onto pilot mode.

The clean air leaves the combustion chamber through the stoneware beds of the chambers. There the hot
air gives up its heat to the stoneware and continues to a packed bed scrubber (scrubber 10) for acid gas
removal. From here it goes to a reheat system for plume suppression.

A process flow diagram of the Reeco system is presented in Figure 6.1
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The above description outlines the normal operation of the Reeco under current license conditions and
assumes a presence of chlorinated solvent in the vapours being fed to the unit, thus requiring the operation
of Scrubber 10 to remove the acidic by-products of combustion.

As the process generating chlorinated vapours is no longer running continuously on site and will be phased
out over the coming years there is no longer a need to have Scrubber 10 in operation continuously when
treating non chlorinated vapour streams.

No other source of acidic process vapour enters the Reeco as all such vapour streams are scrubbed at
source to remove any acid gases present.

The operation of Scrubber 10 when not required leads to significant energy inefficiencies both in the
electrical load required to operate the unit together with the significant energy input required to reheat the
wet exhaust gases from the scrubber to prevent plume formation.

No adverse environmental effects are envisaged from operating the Reeco without the scrubber system as
this has been successfully demonstrated during a period of agreed bypass of the scrubber system to allow
for essential scrubber maintenance to be performed.

The proposal going forward is to continue to operate the Reeco RTO as a primary/secondary abatement
system for all process off-gases and to route the RTO exhaust gases through Scrubber 10 only when
treating chlorinated vapours in the RTO that have potential to create acid gas emission concentrations that
would impact on emission limit values.

Procedures will be updated to reflect the proposed operating arrang&ment and monitoring of process off
gases will be used to confirm chlorinated vapour levels. @é

Qo
S
S
Control System for Reeco og? @S\

QP

Continuous monitoring of volatile organic compo@@b‘hydrogen chloride, nitrogen oxides and sulphur
dioxide is carried out on the exhaust gases e an ng from the regenerative thermal oxidiser prior to
entering the stack. The sampling point loc Is such that RTO exhaust gases can continue to be
monitored in situations where Scrubber 10 i{ioe\'\\{é\r online or offline.

Q
Periodic monitoring is carried out for indivi@%l organic substances, dioxins, hydrogen fluoride and hydrogen
X

bromide.
o&é‘\

The site continues to maintain a full cgmpliance record to the limits for the RTO units.
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Carbon Absorbers

The site has licensed emission points for two carbon absorbers (A3-24 and A3-30) which were used to
recover solvent vapours from a product that is no longer manufactured on site. These carbon absorbers
have reached their end of life cycle and have been demolished. However as future processes may require
such abatement/recovery technology plans for replacement of these units with associated emission points is
outlined in Drawing No. 006.

A dedicated carbon absorber unit was also installed in 2007 as a backup to the Reeco RTO for capture of a
specific chlorinated solvent vapour stream thus minimising potential environmental impact in the event of
RTO failure. The operation of both units are interlinked such that the fume duct carrying the chlorinated
solvent vapour is re-directed to the carbon absorber in the event of a Reeco shutdown or bypass. The fume
duct is directed back to the Reeco as soon as the unit is back in service. The spent carbon from the beds is
shipped offsite for incineration.

6.1.2 Wastewater

The main sources of wastewater effluent on site are:

e Process wastewater arising directly and indirectly (equipment cleaning, floor washing, abatement
systems etc.) from manufacturing

e Utility wastewater (steam and hot water generation, purified water production and cooling systems)
e Sanitary/foul wastewater (canteen, washrooms and toilets and is similar in composition to normal

domestic sewage) &
e Contaminated surface water \{\é\)
N
e Incinerator quench water (thermal oxidiser) Q- %0
<§\ \’é\
E
. . . - o .
Each of these sources is described in detail in Se@%@* 11.3.1.1 of the accompanying EIS as well as
Attachment E. <
»'\\OQ&‘

The direct process wastewater (bio waste) fro\gﬁg:% proposed IE43 facility will be similar in nature to that
arising from the existing licensed IE42 fa%wt Sconsisting of growth media and chromatography elution
materials which are highly biodegradable al 83 kin to domestic effluent. As demonstrated in Section 11 of
the accompanying EIS, the existing WWTP\dSﬁas sufficient organic and hydraulic treatment capacity available
to accommodate 1E43.

OQ

o

Wastewater Treatment Plants
There are currently two waste water treatment plants (WWTP) on-site namely:

e Biological WWTP
e Incineration process WWTP

As outlined in the 2004 IPPC licence application for the Dunderrow facility it was proposed to upgrade both
of these plants. Works to the incineration process WWTP were completed in 2005 and included changes to
the management of the hydraulic loads associated with the inorganic treatment system. This was achieved
through the addition of an extra clarifier and sand filter which enhanced the solids removal capability of the
plant.

Over the past 5 year period a significant investment has been made in upgrading the existing biological
WWTP facility to increase the capability of the plant while also improving effluent quality and providing
additional groundwater protection thorough secondary containment measures.
A summary of the works carried out include:

e Installation of mechanical mixing devices in the final effluent holding tank to aerate tank

contents and promote oxidation of residual salts (e.g. sulphite to sulphate) thus reducing
potential impact on the receiving waters.
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e Lining of concrete effluent holding tanks with a high density polyethylene (HDPE) material to
minimise risk of leakage to ground/groundwater.

e General piping refurbishment within the area and installation of additional hard surface area
under pipe racks to prevent soil or groundwater contamination.

e The installation of a new sanitary waste tank and a new centrate waste tank with improved
secondary containment for both tanks.

e Upgrade of the WWTP odour abatement device (Biofilter) and installation of new Monoshell
media.
Upgrade of the WWTP sludge holding tanks including replacement of air sparge mixing with
mechanical mixers and the replacement of the tank roofing system and associated venting
arrangement to the Biofilter.

In all approximately €5 million has been spent on these upgrade works over the period.

In 2006 a Membrane Filtration Plant was installed to pre-treat a high volume process waste stream so as to
render it suitable for biodegradation. An outline of the process is as follows;

The system contains a double pass nano filtration (NF) unit and associated storage vessels capable of
processing up to 20m3/day of waste. The filtration process follows a series of filtration steps in which
material to be removed from the waste stream is concentrated into a reduced volume which is forward
processed for incineration. Permeate from the filtration step is then be routed to the wastewater treatment
plant for further treatment.

The process has been quite successful and resulted in a significant diversion of material to biological
treatment and away from the historical incineration route. However $ie associated manufacturing process
has now ceased and the Membrane Filtration plant is currently outghservice.

Qo

The Membrane Filtration Plant is being maintained for %&\éi@e future use as a pre-treatment step or
standalone treatment for hazardous waste streams to er them non-hazardous or suitable for bio-
treatment. Any such development will be in line W'Ktﬁ\s T for the physio-chemical treatment of waste
streams as outlined in the 2006 Waste Trea‘cmentsl0 ugtries BREF document.

5 &
Details of proposed use will be notified to the A\@ﬁ@ prior to re-commissioning of this unit.
S
SN
Figure 6.2 shows a schematic of the proces g@w of the biological WWTP. The main elements of the plant
(as summarised in Section 11.5.2 — 11.5.6§?the accompanying EIS) are:
3

e Aqueous wastes from small p%ge\cule manufacturing are initially routed to a solvent decanter T-
15, where solids and solvent residues are separated from the waste stream. These solvent/solid
residues are routed tank T-208 for incineration. Thermally inactivated aqueous wastes streams
from large molecule manufacturing (Biotech), containing residual cellular material, are introduced to
the WWTP through T12. Excess utilities clean wastewater is introduced to the WWTP at Tank 37.

e Equalisation, pH Correction and Emergency Dump Tank Capacity - TK -14 is the
balancing/pH correction system. This has a working volume of 1200 m3, which provides =5 days
hydraulic balancing at present and will still provide >2 days balancing when the current expansion
projects have been completed. This is a very conservative position as 24 hour balancing is more
than adequate. Emergency dump tank capacity is also provided for off line diversion of unsuitable
materials or excess loads. Incoming waste is pH corrected in T14 within the range of 6-5 - 8.5. This
is further corrected in T12 to within a 6.5-7.5 range prior to addition to the aeration basin.
Correction in both directions is undertaken by addition of 96% sulphuric acid or 25% caustic.

e Aeration Tanks, Contact Tank and Pre-denitrification - The forward feed system allows very
fine control of both hydraulic and organic loading to the activated sludge system. This system
comprises three interlinked tanks T-9, T-10 and T-11, which provide in excess of 2,200 m? of
available aeration capacity. The tank configuration is multi-purpose and can be used to provide
classical aeration, contact tanks or pre-denitrification by selectively routing return activated sludge,
forward feed and recycle flows to whichever configuration is required.

e Off- Gas Management - All off gases from the treatment plant are collected from the roofed tanks
(balance tank, aeration tanks and sludge digestion tanks) and routed to the bio filter. The biofilter
has a capacity of greater than 190,000 Nm3/day air flow, sufficient to service both the aeration
basins and the sludge holding tanks. In the last five years, the biofilter underwent a major upgrade
in which the existing wood bark beds were replaced by sea shell material.
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¢ Oxygenation - Oxygenation is provided by subsurface jet aeration and ancillary blowers. At depth
this system gives a high level of oxygen transfer efficiency. Dissolved oxygen is monitored in the
relevant tankage. The system is serviced by 57 kW of installed blower capacity and 76 kW jet
aeration pump capacity. This has a demonstrated oxygen transfer capacity of 136 kg Oz/hour at an
efficiency of 1.02 kg Oz transferred per kWh absorbed. This provides a very high level of mixing and
agitation in addition to oxygen transfer. The efficiency would increase at higher organic loadings.
The capacity, at the current efficiency, is conservatively estimated at 1,600 kg BOD/day or 3,263 kg
COD/day and at a modest increase in efficiency would increase to 4,000 kg COD/day. This is
considered sufficient to meet current and future site demands

e Clarifiers - Two 8m diameter clarifiers are available (T-124 and T- 125). With an effective surface
area of 50 m?, each of the clarifiers are capable of operating at an upward flow rate of 0.25m /hour
giving a hydraulic capacity to the system of 25 m3/hour or 600 m3/day. The current and proposed
hydraulic capacity uptake is only 50% and 90% peak respectively of the available capacity. Variable
sludge return and sludge wastage is possible via the return activated sludge (RAS) pumps. A scum
skimmer separately collects floatables and discharges them to the centrate (centrifuge supernatant)
collection system and to the sludge management system.

e Excess Sludge Management - The excess activated sludge, is directed to and stored in two of the
four tanks T-29, T-30, T-25, and T-24. Two tanks are usually devoted to sludge from the biological
treatment plant and two to inorganics from the quench water treatment system. These provide
aerated storage for up to 40 days depending on excess activated sludge generation rate and
loadings. Any excess supernatent liquid can be decanted back to the biological treatment plant via
the centrate sump. The sludge is dewatered to 15% solids in a centrifuge and the centrate returned
to the biological treatment plant via the centrate sump. The dewatered sludge is discharged to a
skip and transported offsite for drying prior to use as a sup(gprt fuel for cement kiln/incineration
activities. é\‘f

e Final Biological Treatment Plant Effluent Discharg@ - The effluent from the clarifiers is
discharged to T-37. This is the last chamber of theggogling pond set upstream of the entry to the
wet well, T-36, for discharge via the pipeline and ®e& outfall to the seaward side of Sandycove in
Kinsale Harbour. This chamber, T-36, provid%% ,\f&al pH safeguard with in situ measurement and
correction. This chamber also receives the low from the quench system, which has been
through the cooling ponds. The discharge.\é\{@rbvided with flow measurement and flow proportional
composite sampling prior to discharge. & &

e Site sanitary waste - This is coIIecte@% \'19—6, and pumped forward based on tank level control into
the aeration basins T-10/T-11, Wh@ﬁ Is treated along with site aqueous waste. The domestic
waste provides micronutrients not aé\vé??able in the pure process effluents.

S
OQ
With respect to the capacity of the biocfogical WWTP, Section 11.5.2 of the EIS states:

“The current hydraulic load is approximately 270 m3/day containing 476 kg COD. The plant can
conservatively cater for the anticipated expanded load of 460 m3/day containing up to 646
kg/COD/day when all current projects are commissioned. The existing items of plant can be
configured to provide treatment for up to 600 m3/day containing up to 3,263 kg COD if required.
Therefore, the current loads only utilise approximately 14.6% of total available biological capacity
and this uptake will only increase to 77% hydraulic capacity and 19.8% organic capacity when the
IE43 project is operating at peak capacity. In addition to the process effluents, a small but beneficial
sanitary waste component is added from the sanitary sump directly to the aeration basins. This
currently contributes approximately 75 m3/day containing 26 kg COD and is designed for twice that
load and a maximum input of up to 24 m3/hour. The domestic waste provides micronutrients not
available in the pure process effluents but which will now be enhanced by the addition of the IE43
effluent.”

Incineration Process WWTP — quench water and scrubber blow down from the incineration process is routed
through a separate treatment system before being combined with the biological WWTP effluent prior to
discharge. The plant consists of two clarifiers (T49/50) operated in parallel and designed for a throughput
of 1500 m3/day each. A pre clarifier polymer dosing system is in place to assist with suspended solids
coagulation and flocculation. pH adjustment can also be carried out pre clarification. The effluent from the
clarifiers is then routed to a three bed (T 64/65/66) polishing sand filter to achieve licence compliance for
suspended solids concentration in this effluent stream.

Q: 2014/LW14/020/02/Reports/IPPC Attachments_Rev.0.doc Page 97 of 193

EPA Export 09-06-2015:23:27:59



Attachment F Eli Lilly
IED Licence Review

Utility ‘clean’ wastewater and treated incinerator effluent is combined in the cooling ponds. A portion of this
is then recycled back through the clarifiers and sand filters to act as make up water for the system. The
remaining portion then discharges via further flow proportional sampling and continuous pH checking and
back correction, if necessary, to the wet well T-36. In T-36 it is combined with the biological treatment
plant final effluent and discharged to the ocean outfall off Sandy Cove in the outer Kinsale Harbour.

Control System

Process control for both treatment plants is achieved using the plant wide Fox I/A Distributed Control
System. The plants are monitored and controlled by operations personnel on a 24-hour basis. Signal output
for all critical parameters is relayed back to the control room and is visually displayed on the FOX I/A
system. Audible alarms are also in place for all critical parameters that exceed set points.

The critical components covered by the FOX I/A are flow, pH, temperature, tank level, dissolved oxygen,
aeration pump status, air blower status and sludge pump status. pH control at key locations across the
WWTPs are fully automated so as to control within preset parameters. An additional control on the final
effluent discharge pumps prevents discharge outside of licence limits for pH from the biological treatment
plant. Variable speed air blowers also allow control of aeration tank dissolved oxygen values.
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6.1.3 Storm Water

The storm water run-off is essentially uncontaminated (comprising precipitation runoff from roadways, roofs
and hard standing areas not associated with production). A small seasonal stream (Small Creek) which
previously ran through the site and into the Containment Pond (T40) because of its potential to pick up
contaminated run off has since been completely enclosed in pipe to remove this risk and now discharges to
Doon Creek at the site perimeter.

Contaminated run-off

The potential for contamination to occur from a spill in a bunded area is low as all water collected within a
bunded area is sent to the WWTP via an active collection system and treated prior to discharge.

The containment pond (T-40) is designed to retain potentially contaminated fire water or storm water which
is collected in the storm water drainage system across the site. The pond has a capacity of 6,110 m3 and is
lined with high-density polyethylene.

The proposal included in the 2004 IPPC application has since been implemented and run off from the site is
now collected via two separate systems, one collecting run off from the West side of the site and the other
from the East side. These two zones are controlled by valving arrangements in inlet Chambers A and B as
shown in Figure 6.3.

In the event of a fire or a spillage to the surface water drainage system, the relevant site surface water
shall be retained in the containment pond. The site surface water drainage system consists of two separate
systems, the West Site (IE3/IE8/IE16) and the East Site (IEﬁ'/IE42/IE43) controlled by valving
arrangements in Chambers A and B. The surface water drainage,\@stem for the East Side of the site has
been extended to include storm water run-off from the IE43(\Qe\{Z/§%I%pment.

. . . Qo . .
In the event of a firewater event on one side of the siteiis possible to divert the storm water flow from

the other side of the site around the containment @“o ensure that maximum fire water capacity is
available to contain the surface water run-off. Al m water discharges, whether routed through the
containment pond or bypassing the pond areéﬂﬁ ored for pH and TOC. Contaminated storm water
collected in the containment pond can be pi back to the waste water treatment plant for further
treatment. Qé\\§\q

N
Under normal conditions the site storm V\&%er flows through the pond and discharges through the open
outlet valve provided that pH and TOC @Tues are within programmed limit values. The limit values set are
30 mg/l TOC with a pH range of 6 Q@. If the monitored values exceed the limit the outlet valve closes
automatically and an alarm is raised.

While normal storm water pH values fall well within limit values, a pH drift due to natural environmental
conditions can occur during summer months in the containment pond, particularly when algal growth occurs
in the pond. This can result in a rise in pH to 9-10 in the pond, particularly during dry periods where flows
become stagnant.

To accommodate this natural pH drift it is proposed to adjust the pH trigger limits to 6-10 pH units for pond
discharge under this license review application.
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Figure 6.3: Details of the On-Site Surface Water Management System
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Control System

Located at the southern end of the containment pond T-40 is an emission monitoring station that provides
continuous monitoring of the surface water discharge from the site. The parameters monitored are TOC and
pH. The monitoring data is relayed back to the Fox DCS and displayed on the Operator Interface Panel
(OIP) in the Environmental Control Room (IE7).

If a TOC concentration of greater than 20 mg/I is registered a siren and a “High TOC” alarm light will be
activated in the Control Room. The WWTP Operator will acknowledge this alarm and contact Technical
Support/SSL to investigate the cause of the high TOC occurrence. The red alarm light will remain active if
the TOC is greater than 20 mg/I.

If the TOC discharge continues to rise to greater than 30mg/l the outlet valve of the containment pond will
close. The siren will activate and the WWTP Operator shall again acknowledge this alarm. An alarm will also
be received by security when the containment pond outlet valve closes.

Similarly, if the pH of the discharge stream exceeds the current programmed range of 6 - 9 pH units
(proposed range of 6-10 pH units), then the automatic valve at the outlet from the containment pond
receives a signal to close. The siren will again activate in the Control Room and the WWTP Operator shall
acknowledge this alarm and contact Technical Support/SSL to investigate the cause.

If there is a malfunction of any of the monitoring instruments the containment pond outlet valve will also
receive a signal to close and an alarm will again be activated in the Control Room.

The containment pond outlet valve can also be closed from key remote locations around the site (IE7
Control Room, IE10 Security Centre, IE15 Drum Store, IE20 Solver¥ Tank Farm and at the valve itself.
These shut-off valves can be activated immediately in the event ofggh uncontained spill.

Q

In the event of an incident on one side of the site and the l@ﬁg&i of storm water runoff from the other side
of the site the TOC and pH of the stream that is by-pas “4round the pond continues to be monitored. If
the pH or TOC of this by-pass stream go out of rang@ﬁnot between 6-9 pH units, TOC >30mg/l), the
valving arrangement will be diverted back to its no@a osition of inlet valve to pond open with pond by-

pass being closed off. §§Q
N
Qé .\\q
6.1.4 Firewater Retention Capacity OOQ\\
\
Q

The fire / storm water containment por@as a capacity of 6,110 m3. Since the pond was installed at the
site in 1987, the time period required for the pond to reach full capacity during various worst case
firefighting and rainfall scenarios (0.5 year to 100 year return periods) has been reassessed in line with the
Agency guidance note on Firewater Retention Facilities.

These reassessments have been undertaken as;

(1) the developed area at the site has increased,
(2) as the drainage strategy has been altered (as per the 2004 license review application), and
(3) as the credible worst case fire water volume has changed.

The time required to fill the pond was last reassessed in April 2012 to account for both the future IE43
development and a significantly reduced credible worst case fire water volume as calculated by Factory
Mutual (the site’s loss prevention insurer). This reduced worst-case fire water volume reflects the declining
fire risk at the site and the continuing designation of the site as ‘Highly Protected’ by the insurer.

The output from this most recent assessment is outlined in Table 6.1 below. This demonstrates that there
is a significant improvement (i.e. increase) in the time period required for the pond to reach full capacity in
comparison to previous assessments for the highest risk west side of the site (and as previously
communicated to the Agency). (Note: Although the drained impermeable area on the east side of the site
is larger than the west side, the worst case credible firewater volume that could arise from the west side of
the site is significantly greater, due to the inherently safer nature of the type of operations undertaken on
the east side of the site i.e. biotech manufacturing etc.).

In pipe attenuation has been included as part of the additional surface water drainage facilities required for
the IE43 development, which reduces the rate at which surface water is routed to the containment pond.
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Despite this, the additional drained impermeable area added as part of the IE43 development significantly
reduces the time taken for the pond to reach full capacity under the various worst case firefighting and
rainfall scenarios for the lower risk east side of the site. However, this reduced time for the east side of the
site is not less than the time required for the pond to reach full capacity during the various worst case
scenarios for the higher risk west side of the site and therefore the overall risk for the site as a whole (east
and west) will not increase as a result of the addition of the IE43 facility. The current retention pond
capacity for the site is therefore considered adequate for this future development.

Table 6.1: Fire Water Retention Pond Calculations 2012

Volume

Req. Max.
J= Under = Maxt Pond
permeable EPA irewater
Area Guidance | YOU™M€  volume
Note*

Time to fill existing Firewater Retention

(Includes fire flow and Stormwater run-off)

Situation

Y2 1 2 5 10 20 50 100
(hectares) (cu m) Year Year Year | Year Year Year Year Year
RP RP RP RP RP RP RP RP

Existing Site .
(West) 8.58 6,092 2,321 8,413 >48 35‘0@; 26 12 8.5 6 4 2.5
2
Existing Site N
(East) — I1E30, 9.01 6,397 692 7,089 >@8 £)>48 >48 35 22 14 8.5 55
IE42, etc N
’ : S A
= Q
Future Site — Qo &@
Fully Developed S
East Site (Flows 11.57 8,215 692 8(957\& >48 41 32 15.5 10 7 4 3
from 1E43 NS
attenuated)
‘Q \0'\,
N\,
<(0\ \\\\q
N

6.1.5 Thermal Oxidisers Upgrade &

3
In 2004, there were two solid/liquid ﬁ/@gte thermal oxidisers on site which were used to treat solvent and
solid waste generated by production processes. These were the:

e John Zink unit
e Thermall unit

The Thermall unit was shut down at the end of 2010 with the entire unit being demolished in 2014. It is
proposed however, to retain the licence emission point for future developments.

In 2006, the John Zink (KEU) incinerator was upgraded to include (refer to Figure 6.4):

¢ Replacing the burner chamber with a larger chamber that meets the 2 second residence time and
burning temperature requirements while at least maintaining the current site waste throughput
capacity.

e Re-design of the burner chamber and addition of a de-NOx unit to meet legislative requirements
relating to NOx emissions.

e The installation of a heat recovery boiler for steam generation.

Q: 2014/LW14/020/02/Reports/IPPC Attachments_Rev.0.doc Page 103 of 193

EPA Export 09-06-2015:23:27:59



Eli Lilly
IED Licence Review

Attachment F

Figure 6.4: Process flow diagram of the upgraded John Zinc Incinerator

KEU Incinerator Process Overview
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The upgraded John Zink (KEU) is used as the primary means of disposing of solvent waste of varying
calorific value. Solvent waste is segregated into high calorific material (Primary Waste) and low calorific
material (Secondary Waste). The unit is designed such that destruction of the high calorific material
provides additional heat for the destruction of the low calorific material. This unit, when fully operational,
recovers and reuses approximately 3 tonnes per hour of high pressure steam from the heat recovery boiler.
A portion of this steam is used to run the incineration plant itself. The remainder of the steam is supplied to
the site steam supply.

The John Zink (KEU) has the capacity to treat approximately 6.5 million KGs of Primary Liquid Waste and
approximately 9.7 million KGs of Secondary Liquid Waste annually based on a design intention to
continuously operate the unit for up to 24 hours per day and 335 days per year. All solid hazardous waste is
currently shipped offsite for treatment at approved licensed facilities.

The John Zink gas cleaning equipment consists of a two-stage process comprising a condenser/absorber for
acid gas removal and a hydrosonic scrubber for particulate and droplet removal. The cooled and cleaned
gases are combined with the RTO discharge. The heat from the fume thermal oxidiser raises the
temperature of the wet gas leaving the scrubbers, preventing a visible steam plume being formed at the
stack discharge.

The design and operation of the KEU is in line with BAT as outlined in the 2006 Waste Incineration BREF
document.

While the current license conditions relate to the incineration of waste with >1% halogenated content at
1,100°C the profile of solvent waste being generated on site at present is changing such that the
halogenated content of solvent waste could be < 1% for extended periods of time, depending on production
schedules. It is therefore proposed to operate the KEU on a dual tempétature strategy going forward, in line
with BAT as outlined in section 4.2.19 of the 2006 Waste Incinerat@ BREF document.

Q

Proposed operating conditions are as follows: O{\\\O;@
Parameter Specification
- . RO

Minimum combustion \‘\Q\&\ e at least 850 °C, or

temperature during gas QOQ\\\ e atleast 1100 °C for hazardous wastes

residence time \00 with greater than 1 % halogenated
éé\\o organic substances (as CI)
NS

To ensure compliance to the above production schedules will be reviewed for the potential to generate
halogenated solvent waste streams and all hazardous waste for incineration will be analysed for
halogenated solvent content.

Control System for the Solid/Liquid Thermal Oxidisers

Continuous monitoring of carbon monoxide, total organic carbon, hydrogen chloride, particulate, nitrogen
oxides and sulphur dioxide levels is carried out on the exhaust gases and recorded in the Talas (CEMS).
The monitoring is undertaken prior to the gases entering the combined stack. The unit is also monitored
periodically, as required by the current licence for hydrogen fluoride, hydrogen bromide, dioxins/furans and
heavy metals. The TALAS is configured such that the exceedance of any pre-programmed stack emission
value immediately causes the shut off of the waste feed to the John Zink (KEU) incinerator while the
auxiliary natural gas burner maintains the unit temperature.

The monitoring of other critical operational controls such as temperature, air flow etc. is carried out by the
Foxboro I/A Distributed Control System (DCS). Again hardwired or software interlocks can be used to
control unit operations ensuring that pre-programmed parameters are maintained.

Refer to section 4.1.3 of this document for further details of these process control systems.
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6.2 Attachment F.2 Emissions Monitoring & Sampling Points

All sampling and monitoring points for the site are identified on Drawing 008 Sheets 1 to 6 in Attachment
F.2 supporting information overleaf.

Table F.1(i) includes abatement/treatment control information for point source emissions and Table F.2.(i)
includes information of emissions monitoring and sampling points.

Table F.2(ii) describes the ambient environment monitoring and sampling points. Tables F.1 and F.2 are in
Annex 1 of the Application Form.

6.3 F.3 Tabular Data on Monitoring and Sampling Points

Monitoring and sampling point data has been tabulated in the excel format required by the EPA for each
emission point and is included on the CD-Rom submitted to the EPA.

The table is located in folder ‘Attachment F.3.” on the CD-Rom.
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Attachment F.2 Supporting Information

Monitoring and Sampling Locations Drawing — Drawing 009 Sheets 1 to 6
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Attachment G

Eli Lilly

IED Licence Review

7 ATTACHMENT G — RESOURCE USE AND ENERGY EFFICIENCY

7.1 G.1 - Raw Materials, Intermediates and Products

Details of the raw materials, intermediates and products used on-site are detailed in Tables G.1 (i) and G.1

(ii) of the application form.

Details on the water usage onsite during 2013 is also provided in Table 7.1.

Table 7.1: Water Usage on-Site 2013

Water use

Previous year m3/yr

Current year m3/yr

Groundwater 260,966 248,152

Surface water 0] 0]

Public supply 94,738 117,300
Total 355,704 365,452

Eli Lily and Company’s Global Product Stewardship Strategy which is outlined in Attachment 1.8.e and 1.8.f
describes the environmental considerations of raw materials, interme@tes and products use at the facility.

7.2 G.2 — Energy Efficiency <
N

N
Description of the Energy Used in or Generated by,;gogé\A@(\ivity
5 &

Details of energy resources used on site are pr\e@qa?ed in Table 7.2.
S &
<CS
N

O
Table 7.2: Energy Usage on—Sig\éOls

Energy usage on site

Energy Use Previous year MWh Current year MWh
Total 119,812 112,584
Electricity 47,724 46,507
Fossil Fuels:
Heavy Fuel Oil (m?3) 0 0
Light Fuel Oil (m3) 24 120
Natural gas (m?3) 6,280,965 5,974,454
Coal/Solid fuel (0] 0]
Renewable energy generated on site 18 18

The vast bulk of the energy consumed at the site is now supplied in two main forms namely:

1. Natural gas supplied via a low pressure gas pipeline to site.
2. Electricity from the national grid.
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The total annual energy demand at the site amounted to in excess of 112 GWhr in 2013, with
approximately 40% of the energy demand accounted for by the consumption of electricity and remaining
energy demand primarily supplied by natural gas as outlined in Figure 7.1 below. The IE43 building will
increase the area of serviced floor space at the site by in excess of 40%. Serviced floor space is the main
factor driving energy consumption at the site and as consequence the total energy demand is expected to
increase in line with the floor space increase. However, improved energy efficiency standards and various
energy reduction initiatives are hoped to offset a significant proportion of the increased energy demand.

&.
@é

g
Figure 7.1: Approximate Demand Breakdown of E&é\{gé\Supplled to the Site

S
The main energy using aspects at the site are Ilstedods%!@

Heating, Ventilation and Air Conc{k@@ﬁlg (HVAC) Systems

Steam Production (primarily fczgd—l&()&t and process heating applications)
Waste Treatment Systems OOQ

Cooling Towers \6\

Refrigeration

Compressed Air System@O

Nitrogen Generation

Natural Gas is primarily consumed in the first three energy using aspects listed above whilst a significant
quantity of electrical energy is consumed across all the energy using aspects.

Small quantities of diesel are available for use in the site firewater pumps, the site emergency electrical
generators and in a limited range of site transport vehicles. Diesel is also available as the back-up fuel
alternative to natural gas but this fuel is only used in exceptional circumstances. The increased usage of
diesel in 2013 is related to such circumstances when it was used to fuel a temporary boiler while existing
boilers were out of service for maintenance. The normal consumption of diesel is limited to short weekly
tests of the site emergency electrical generators, short weekly tests of the site firewater pumps and in a
small number of site transport vehicles. There is also potential for the use of diesel in the site emergency
generators during electrical power outages to the facility but such events are relatively rare.

Renewable energy is generated at the site through the use of solar water heating panels for two of the site
buildings (IE7 and IE9). This does offset some natural gas consumption at the site steam boilers but the
quantity of renewable energy generated by these solar water heating panels is relatively insignificant.

Therefore, because the use of diesel at the site is quite limited and as the generation of renewable energy is

relatively insignificant, energy consumption at site can be considered to be largely restricted to the two
main forms outlined above i.e. natural gas and electrical energy from the national grid.
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Prior to the installation of the natural gas supply to the site in 2011, significant volumes of Heavy Fuel Oil
(HFO), diesel and propane were used at the site. The introduction of natural gas to the facility was part of
the site’s overall programme to improve the sustainability and reduce the environmental footprint of the site
operations, whilst also delivering significant energy efficiency, economic and reliability benefits.

Measures Taken to Ensure that Energy is used Efficiently, Energy Assessments & Auditing at the Site

Site Energy Management Team - This team is led by a Utilities Engineer and core membership of the
team also includes a Plant Electrical Engineer, a Maintenance Planner, a Six Sigma Black-belt, the Team
Leader for Environmental Control & Utilities and an Environmental Specialist with additional participation by
representatives from different areas across the site as required.

Measures implemented to ensure efficient use of energy at the site are coordinated through this team and
the team leader member of this team is accountable to a member of the site leadership team who has
ultimate responsibility for efficient energy use at the site. The activities of the Site Energy Management
Team are governed by a charter. The overall approach to site energy management is outlined in Figure 7.2,
with further context provided in the proceeding sections.

&
&
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Figure 7.2: Outline of the Overall Site Approach to Energy Management

Energy Auditing and energy assessments - Three major site-wide energy assessments and audits were
completed at the site from 2002 to 2009:

e A site -wide audit was completed in November 2002 by an external energy consulting firm.

e In October 2006, one energy management and one energy procurement specialist working at a
corporate level within the company undertook a detailed audit of site energy use and management
at the site.

. In 2009, an external energy management specialist was employed to undertake a detailed ‘Energy
Aspects’ review for the site, within the context of the energy management standard BS EN16001.
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All three site-wide energy assessments and audits were completed in a manner that is consistent with the
requirements of the EPA Guidance document on Energy Audits.

Energy Aspect Specific Assessments/Area Focused Energy Assessments — Since 2006. A number of
building focused and/or energy aspect specific assessments have been completed annually. Based on the
findings of the site-wide audit, the most significant energy using aspects or the buildings with the largest
energy demand are prioritised for the more focused assessments. Comprehensive energy metering and sub
metering is in place at the site has been used as an important source to support these energy assessments
and audits.

The site is also a member of the Large Industry Energy Network (LIEN) group, facilitated by the Sustainable
Energy Authority of Ireland (SEAI). Membership of this group has been particularly useful when the site
has undertaken energy aspect or building focused assessments as an industry energy expert from the SEAI
has been made available to assist the site with many of these assessments.

Membership of this group has also provided the opportunity to benchmark the site energy systems and
energy management practices against the site’s industry peers for best practice.

Energy Saving Opportunities Register and Environmental Management Programme - The primary
purpose of the energy assessments outlined above is to identify and assess energy saving opportunities
across the site. Once identified, these energy saving opportunities are added to the ‘Site Energy Saving
Opportunities Register’ for further consideration. The energy saving opportunities are prioritised on the

basis of the assessment of various criteria including the: \)&
. . v‘&é
e Extent of the potential energy savings, \°
e Costs & resources required to implement the ener %\e@?‘ng opportunity and
e Ease of implementation. o?’p@b\o
SE
Q&

Q3 <
If based on the assessment it is decided that thex Q@}gy saving opportunities should be implemented, the
opportunity will be then added as an objeefiye" with associated targets on the site ‘Environmental
Management Programme’, which is updated @‘n({&lly and progress against the programme reviewed at set
intervals. QOOQ\\
S\

O
Energy Performance Indicators - _Etiergy Performance Indicators (EPIs) for some of the main energy
aspects of the site have also been ug)ed to assess the site energy management performance as required.
The energy metering and sub-metering in place at the site has been an important tool in the success of the
EPIs when used.

The main EPI for the site that is used to monitor site energy management performance on an ongoing base
is ‘Energy Intensity’ defined as the overall site energy consumption relative to the area of serviced floor
space and this EPI has been used to set the overall site targets for energy management performance. The
site is required by its parent company at a corporate level to achieve and maintain a specified ‘Energy
Intensity’ target over a defined timeframe. This requires the ongoing monitoring and reporting of site
energy management performance to the parent company. In addition, specific initiatives required to achieve
or maintain the specified Energy Intensity reduction target are included as required in a ‘Roadmap’
submitted to the parent company.

Therefore, the identification and implementation of energy saving opportunities with ongoing detailed
monitoring of energy consumption and the assessment of performance relative to defined targets are seen
as the central elements of the site’s strategy to ensure energy is used efficiently in site operations on an
ongoing basis. A list of many of the energy saving opportunities implemented at the site in recent years is
outlined below in Table 7.3, with the estimated or realised energy savings also detailed.

Energy Efficient Design - Another important measure that helps ensure that energy is used efficiently at
the site, relates to ‘Energy Efficient Design’. The company at a corporate level has issued its own
comprehensive ‘Energy Minimisation’ engineering standard (EDS-01020) to all sites globally within the
company.
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The purpose of this standard is to express the minimum requirements for energy efficiency considerations in
the engineering design of facilities, systems, and equipment at Eli Lilly and Company. The standard is based
on and references a selection of industry standards and guidance documents. In effect this means that
when any new facilities, systems or equipment are being designed for installation at any of the company’s
sites, the design must be undertaken with reference to these standards. This requirement has been
especially important in recent years as the site has invested heavily in new equipment and facilities
including the new IE43 development. Again, Table 7.3 below provides an outline of many the energy
savings realised at the site in recent years and the implementation of many of these would have been
governed by the ‘Energy Minimisation’ standard.

Table 7.3: Outline of Main Energy Saving Opportunities Implemented at the Site
(2008 to 2014)
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8 ATTACHMENT H — MATERIALS HANDLING

8.1 Attachment H.1 — Raw Materials, Intermediates, Products Handling

Details of the raw materials, intermediates and products used on-site are detailed in Tables G.1 (i) and G.1
(ii) of Annex 1 in the application form.

The following activities which are relevant to this attachment are described elsewhere in the Attachments
document. Please refer to the sections as referenced below.

Waste streams generated by the main activities on site:

¢ Small molecule active pharmaceuticals supply and commercialisation (Attachment D.1, Section
4.1.1 (1) see waste handling heading)

e Biopharmaceutical Medicines supply and commercialisation (Attachment D.1, Section 4.1.1 (2) see
waste handling heading)

Storage and transfer of materials:

e Bulk storage and tanker unloading (Attachment D.1, Section 4.1.6)
e Waste Solvent Storage (Attachment D.1, Section 4.1.6)

(’;\{@\

. )
8.2 Attachment H.2. — Waste Prevention o@gé\
4? K
Eli Lily and Company’s Global Product Stewardship St\g&? Q’)?whlch is outlined in Attachment 1.8.e and 1.8.f
describes the environmental considerations of raw r@g éﬁ‘als intermediates and products use at the facility.
The strategy has methods in place for waste prey@nti&n, waste minimisation, minimisation of raw materials
and environmental considerations of processes{é?l\ e.

& @
6\
8.3 Attachment H.3. Recoveﬁ/ and Disposal of Wastes Generated on Site
Q°
Waste Generation

The quantities of each type of waste generated on site in 2013 is contained in Tables H.3.(i). In summary
just over 8,900 tonnes of waste were handled on site in 2013. Just under half of all waste generated was
treated on site.

Of the total waste generated, 59% was incinerated, of which 46% was incinerated on-site with the
remainder exported. 38% of waste was sent for recovery in Ireland of which it is likely that all of it was
subsequently sent for recycling. 2.6 % of waste was landfilled in Ireland. A small proportion, > 1% was
used for energy recovery in Ireland.

Details of waste handled on site are included in Table H.3.(i) of Annex 1 of the Application Form.

8.4 Attachment H.4. — Waste Hierarchy
The waste hierarchy as set out in Section 21(A) of the Waste Management Acts 1996-2013 is as follows:

Prevention

Preparation for re-use

Recycling

Other recovery (including energy recovery)
Disposal
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The nature of the wastes generated by the manufacturing of pharmaceuticals means that specific forms of
waste treatment are required. The majority of waste generated (59%) was hazardous.

59% of waste was sent for incineration of which the majority was hazardous. This is the most appropriate
treatment method for these waste categories. Energy is recovered from all material routed for incineration.
38% of materials were recovered and sent for recycling. Only 2.5% of waste was disposed of to landfill,
which occupies the lowest position on the waste hierarchy. The site has made a concerted effort over the
past number of years to redirect as much non-hazardous waste as possible away from landfill by improving
segregation at source so that such waste streams become suitable for recycle or can be used as a fuel
source in waste to energy plants.

Environmental decisions are driven by the Global Product Stewardship Strategy which was mentioned above
and is outlined in Attachment 1.8.e and 1.8.f.

Solvent Recovery/Re-use

Where possible “clean” solvent waste streams are segregated at source in the process and are routed for
recovery. Recovery can take place either in the on-site solvent recovery facility or alternatively material can
be shipped off-site to an approved recovery facility. Material recovered on site is re-used in the process
while material shipped off-site for recovery is primarily for alternative use. Any such material being shipped
off-site is transported as a hazardous waste under the appropriate certification by the site waste
management contractor. The re-use of the recovered material is confined to chemical industry sources that
have no association with food production so as to ensure such material cannot enter the food chain.

Mixed solvent waste streams with high energy content that cannot befrecovered are either used for on-site

stream generation in the waste heat boiler of the John Zink-KEU iQQSnerator or alternatively can be shipped

offsite to approved and licensed facilities for use in energy r\e\coxéYy or as a support fuel in industries such
S

as cement manufacturing. OQ\ "

£ x°

G

. KN
Waste Handling Arrangements OQQ@\\&\
SIS
Refer to Attachment C, Section 3.1.4 Waste Cpg;)iéb%ystems.
S
. O QO . . . . -

A number of different types of wastes are<< erated onsite. Wastes are primarily solid or liquid wastes

(solvent/aqueous). Any gaseous waste str, s generated onsite are treated in onsite abatement systems.
Wastes generated onsite can either be Yzardous or non-hazardous. Some waste streams are recovered,
recycled, treated or disposed of onsit d other wastes are recovered, recycled, treated or disposed offsite.
Off-site treatment or disposal of waste only occurs where is there is no on-site capacity to treat it.

Wastes are classified as hazardous or non-hazardous. Hazardous liquid wastes (solvent based) are
recovered where possible onsite or if not are incinerated onsite. This waste may be routed for off-site
treatment if the onsite incinerator has reached its capacity or if the incinerator is out of service.

Waste oils and oil filters are stored in a designated waste oil holding tank/designated bin onsite and are
removed offsite by an approved waste contractor.

All hazardous solid waste is sent offsite for incineration. Hazardous solid waste generated onsite includes:

e Empty unclean raw material packaging

Fibre/Plastic drums and liners containing used PPE, wipes, packaging etc.
Waste paint

Florescent tubes/batteries

WEEE

Rejected solid material

General laboratory waste

Discarded lab chemicals and product samples

Catalyst material

Hazardous incinerator brick/slag
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All this waste is segregated and stored in appropriate containers in dedicated locations prior to being
removed offsite for incineration.

Non-hazardous waste generated onsite includes:

e General municipal solid waste — compacted prior to transport offsite — sent to a Materials Recovery
Facility (MRF) for further segregation of recyclable and disposable fractions.

e Commercial and industrial material — plastics, mixed dry recyclables — baled/compacted prior to
transport offsite — again sent to a MRF for further segregation of recyclable and disposable fractions.

¢ Mixed packaging — baled/compacted prior to transport offsite — sent for offsite recovery/disposal

e Food waste — sent for composting offsite

e Waste wood material— sent for offsite recovery

¢ Waste metal material— sent for offsite recovery/disposal

e Construction and demolition waste - sent for off-site recovery

¢ WWTP sludge’s — sent to a sludge drying facility

¢ Non-hazardous incinerator brick — sent offsite for disposal

e Waste cooking oil - sent for off-site recovery

e Glass - sent for off-site recovery

e Confidential paper - sent for offsite for shredding and re-use

All these wastes are managed by a dedicated waste contractor onsite who collects, segregates and

transports off-site as appropriate. 0&
&
Wastes arising from the biotechnology facility can be broken c‘jo@nto cell contact/non-cell contact wastes
which include: <\\\ &
&
AN
e Cell contacted solids \}\QO&\
e Cell containing liquid QQ K
e Non-cell contacted solids év'}\o (\@‘
e Non- cell containing liquid ‘&Q ,\0\$
e General waste Qé\ ~\\§
K
&

Waste that contains or has been in dir contact with cell material will be inactivated by chemical/heat
treatment onsite or sent directly to bi w%gie containers for offsite disposal. All bio-waste transported offsite
is incinerated irrespective of how it has been treated or inactivated onsite. All cellular material handled in
the Biotech facility is currently classified as Class 1GMM material.

Non cell-contacted solid waste is placed in clear waste liners provided within each area and is taken off-site
for incineration. Non-cell contacted liquid waste from the cell culture and purification processes will be
emptied to the aqueous waste system via aqueous waste floor drains and will be treated in the onsite waste
water treatment plant.

A baler has been installed on-site to maximise the quantity per load of selected solid waste streams that are
being shipped off site for treatment. These waste streams include PPE, wipes, packaging from chemical
manufacturing processes and consumables from the GMM manufacturing process. Baling of these waste
streams provides significant environmental benefits to the site both in terms of the reduction in outer
packaging volumes and also the reduction in carbon footprint associated with reduced transport
movements. The baler is located in the IE18 hazardous waste drum store.

General waste such as warehouse packaging waste or plastic containers is segregated and recycled as
appropriate.

Only approved waste contractors who have appropriate waste permits and licences are hired to transport,
recover or dispose of Eli Lilly waste offsite. A database has been set up to log all waste movements offsite.

Q: 2014/LW14/020/02/Reports/IPPC Attachments_Rev.0.doc Page 121 of 193

EPA Export 09-06-2015:23:28:00



Attachment H Eli Lilly
IED Licence Review

8.5 Attachment H.5. —Waste Recycling and Recovery

As can be seen in Table H.3.(i) of Annex 1, fractions of waste are kept segregated on site, stored separately
on site and moved off-site for recovery and recycling as separate fractions.

By segregating waste fractions on site and sending them off-site for appropriate treatment, the site is
contributing to national recovery and recycling targets as set out in the following:

Packaging Directive 94/62/EC as amended

Batteries Directive 2006/66/EC

Waste Framework Directive 2008/98/EC - recovery and recycling of C&D

Landfill Directive 1999/31/EC - the segregation of food waste from the municipal waste stream

Food waste generated on site is collected separately and routed to a composting facility as per the
requirements of the Waste Management (Food Waste) Regulations 2009.

&
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9 ATTACHMENT 1 — EXISTING ENVIRONMENT & IMPACT OF THE
ACTIVITY

9.1 Attachment 1.1 — Assessment of Atmospheric Emissions

9.1.1 Introduction

This section assesses the cumulative impacts, if any, of emissions from the main emissions points onsite, on
the surrounding environment, including:

Table 9.1: Main Atmospheric Emission Points

Main Emission Point Current label Proposed Label
Boilers 4-1 Al-1
Proposed additional boiler N/A Al-2
Reeco (RTO) 7-1 (a) A2-1
John Zink (KEU) Thermal oxidiser 7-1 (b) A2-2
Thermall thermal oxidiser 7-1 (c) o A2-3
Proposed Carbon absorber 1E3 A3-24 x@s\y A2-4
Proposed Carbon absorber IE16 AS @0 A2-5
O A
Proposed CHP unit Qnogzoi&?A A2-06
R

This assessment evaluates the impact on am \Ql(‘air quality of limit value emissions, as outlined in
Schedule B of the facilities licence (PO0O09- @and technical amendments, from the main atmospheric
emission point sources. The Eli Lilly facilitx(ﬁ 'prerates the onsite boilers on natural gas. It is proposed
to increase heat and electricity supply capagiﬁ y onsite by developing a Combined Heat and Power (CHP)
plant which will also operate on natural @s. An additional gas fired boiler may also be required in the
medium term to meet projected steam @mand. These proposed emission sources are also included in the

Q
assessment. c®

This assessment was carried out using the air prediction model AERMOD to calculate maximum ground level
concentrations of emissions from the main atmospheric point sources, at and beyond the site boundary.
The modelling assessment has been undertaken in accordance with the Environmental Protection Agency
Office of Environmental Enforcement (OEE), Air Dispersion Modelling from Industrial Installations Guidance
Note (AG4), 2010.

9.1.2 Model Selection

AERMOD is an advanced air model which increases the reliability and accuracy of the predictions and allows
the calculation of emission concentration percentiles for comparison to ambient air quality regulations.

It is considered that AERMOD is appropriate for the assessment of impacts of pollutant emissions from this
facility, as in the region of the site, there is no complex terrain features which would significantly alter
meteorological conditions. Also, due to the low source stack heights in this assessment, pollutant
concentrations over long distances are not considered significant and therefore the prediction of pollutant
concentrations by AERMOD within 10 km of sources is sufficient. In addition, the Eli Lilly facility is not
located in close proximity to a coastline and therefore, the impacts of coastal fumigation do not need to be
modelled in this assessment.

Q: 2014/LW14/020/02/Reports/IPPC Attachments_Rev.0.doc Page 123 of 193

EPA Export 09-06-2015:23:28:00



Attachment | Eli Lilly
IED Licence Review

9.1.3 Model Input Data

This section outlines the input parameters for the AERMOD model.
Physical Parameters for Emission Points
The main atmospheric emissions were modelled as point sources. Table 9.2 sets out the physical

characteristics of these emission points.

Table 9.2: Physical Parameters for Emission Points

Ambient Flow
Source Rate

Release Height Stack Diameter

Average Exhaust
Temperature (°C)

Boilers 20 0.9 30.5 240
Proposed CHP 20 0.7 21.77 177
Engine
Proposed 20 0.6 32.1 120
Additional Boiler
Combined John 23.8 0.7 26.3 103
Zink (KEU) /Reeco R4
(RTO) ,&é
O
Thermall thermal 25 1.1 &«@ 5.9 100
- [P
oxidiser ofé’&\o
Proposed Carbon 20 0.5 8§ 1.3 30
absorber IE3 .OQQ \Q'O\
N\ {\"
Proposed Carbon 23 S Q§$ 3.6 30
absorber IE16 o8 5)5‘
[QXERAN
X

O
* Flow rate is based on the maximum flow rat¥ outlined in schedule B of the Licence (PO009-03) uncorrected for
operating temperature, pressure, moisture arg}bxygen.

&
The maximum ELVs stipulated in the facilities licence (Schedule B and technical amendments) were
modelled in this assessment for each main existing atmospheric emission point sources. For the proposed

carbon absorbers, the maximum ELV of 20 (mg C/ Nm?3) for organic solvents in waste gases from the
Industrial Emissions Directive (IED) (2010/75/EU), was used.

For proposed boilers, the ELVs from the sites existing licence for the existing boilers onsite was used.
Emission limit values for combustion plants outlined in the IED, apply to combustion plant with a thermal
input of equal to or greater than 50 MW. The three existing boilers onsite have a combined rated thermal
input of 21.6 MW (7.2 MW each) emitted through a common stack therefore the ELVs in the IED do not
apply to this plant.

Although the proposed boiler will emit through a separate stack the combined rated thermal input of all four
boilers will remain less than 50 MW and therefore the IED ELV will not apply.

For the proposed CHP engine, typical emission levels as supplied by the manufacturer were used. Again,
the total rated thermal input for this proposed plant will be less than the 50 MW threshold in the IED and
therefore the ELV’s stipulated in this Directive will not apply.

This is a conservative modelling exercise as typical emissions are significantly lower than the ELV’s
modelled.

Emissions from the Reeco RTO and the John Zink thermal oxidiser are combined and released through the
one emission point. The emissions from the RTO and John Zink are combined using a weighted average
calculation and based on the volume flows from each system.

Q: 2014/LW14/020/02/Reports/IPPC Attachments_Rev.0.doc Page 124 of 193

EPA Export 09-06-2015:23:28:00



Attachment | Eli Lilly
IED Licence Review

With regards to the combined ELVs for metals, it was assumed conservatively that the individual
concentrations of each metal released contributed to the total ELV and the predicted ambient concentrations
were compared to individual ambient limit values for each particular metal. In reality, levels of metals
recorded on-site are significantly lower than the ELV.

Table 9.3 illustrates the emission data that was inputted into the model for these point sources.

&
&
&
S8
N
S
S
QF, <
N
o
S
L
N
\0
P
S
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Table 9.3: Emissions Data from Main Atmospheric Emissions On-site

Thermal Proposed Carbon Proposed Carbon Proposed Proposed New Boiler
Boiler Incinerator KEU Absorber Absorber CHP
IE16 1IE3 Plant

Emission Emission Emission Emission Emission Emission ..
Parameter Emission

Limit Limit Limit Limit Limit Limit ..
Mass Mass Mass Mass Mass Mass Limit

Value Emission Value Emission Value Emission Value Emission Value Emission Value Emission Mass

Value Emission

mg/Nm?3 mg/s mg/Nm3 mg/s mg/Nm?3 mg/s mg/Nm3 mg/s mg/Nm?3 mg/s mg/Nm3 mg/s mg/Nm3 mg/s

Oxides of Nitrogen
250 3,175 400 1367 400 1887 500 932 250 1527

(expressed as NO2)
Dust/Particulates 30 102.5 30 141.5
Total Organic Carbon (TOC) 20 68 20 94 20 60.8 20 22.2
Hydrogen chloride (HCL) 60 205 60 283
Hydrogen Fluoride (HF) 4 13.7 4 19
Hydrogen bromide (HBr) 5 17.1 5 23.6
Sulphur Dioxide (SO2z) 200 683.3 200 943.6
The sum of Cadmium (as Cd) and
thallium 0.05 0.2 0.05 0.24
Mercury (as Hg) and its compounds \}‘g"
The sum of antimony 0@6
(as Sb), arsenic (as As), N @

. S A
lead (as Pb), chromium (as Cr), O

(as PD) (as cn) 0.5 1.7 0.5 255"
cobalt (as Co), copper (as Cu), \\}Q \§\
manganese (as Mn), nickel (as Ni), ] §\Qé\é>\
. X S
and vanadium (as V) &élf@
Dioxins/furans (TEQ) 0.0000001 | 0.00000034 O.OOO'G%i\ ™ 0.0000005
X
Carbon monoxide (CO) 150 0.5 Q:I@ﬁ\\ 707.7
0°c, 240°C, o°c, 100.7°C, éé:\\%oc’ 100.7°, 0°c, 30°C, 0°c, 30°C, 0°c, 177°cC, o°c, 120°cC,
Operating conditions i.e. 3% O2, 6% Oz, 11% O2, 13% Oz, & 11% Oz, 13% Oz, 20% Oz, 20% Oz, 20% Oz, 20% Og, 5% Oz, 10% O: 3% 02 3% 02
temperature, moisture and oxygen 0% H20 6% H20 0% H20 6% H20 0% H20 6% H20 0% H:20 5% H20 0% H20 5% H20 0% H20 0% H20 0% H20 0% H20
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Receptors

A receptor is a location at which the model will calculate maximum ground level concentrations. The height of
the receptor is set at 1.5 m which represents the breathing level of humans.

The model was set up to assess the impact of emissions on the area surrounding the facility using a variable
density receptor grid. Two variable polar grids were used. The first grid is 4 km in diameter centred on the
facility with a grid resolution of 200 m. The second grid had a resolution of 500 m and expanded from the 4
km grid to 10 km to assess impacts on the surrounding environment. Receptors were also placed on the
boundary of the facility to determine the impact of emissions on the surrounding environment at and beyond
the boundary of the facility.

Building Downwash

The Good Engineering Practice (GEP) stack height is the minimum height required by a stack in order to avoid
structural or building wake-effect induced downwash. Downwash brings pollutants closer to ground level at a
shorter downwind distance giving the worst-case scenario for a particular site.

Relevant building dimensions were inputted into the model and the model software Building Profile Input
Parameters (BPIP) was run to calculate the potential for building downwash on each emission source in each of
the 36 wind direction sectors (10° width/sector). This model also calculates GEP heights where the effect of
building downwash is eliminated. This data is then used in AERMOD to calculate plume downwash (i.e.
adjusted plume centreline due to building wake affects).

&\‘3\0&
&

Five years of meteorological data (2004 - 2008) from the syétﬁtém@ station at Cork Airport was assessed in the
modelling analysis. Cork Airport is located c. 20 km n@t “gast of the site. The estimated annual mean

Meteorological Data

windspeed at the site is approximately 6 m/s from thed ireann website. The annual wind speed at Cork
airport is 5.7 m/s therefore the ratio of these Winq&)q&s is 1.05 which is within the recommended ratio
outlined in AG4 (0.9-1.1). N

&

K
Two meteorological files are inputted into '@‘é}&odel, a surface file and an upper air file. For surface
meteorological conditions, hourly averages SfOQ‘EJrface data such as wind direction, wind speed, ambient air
temperature, cloud cover and cloud height §C’used. Upper air conditions incorporated into the upper air file
include atmospheric stability and mixing Beights. The mixing height is the depth through which atmospheric
pollutants are typically mixed by dispe@&n. The model selects upper air conditions that represents worst-case
scenario.

To assess the worst case met data year, each individual met data year was modelled and examined to ascertain
which year resulted in the highest predicted process contribution. The worst case met data was deemed to be
the year 2008 and this met data was used in the modelling assessment, to determine the short term, long term
and percentile concentration results in this report.

The wind rose for 2008 at Cork Airport is provided in Figure 9.1. The prevailing wind direction at Cork Airport is
predominantly south westerly and the dominant wind speed is between 3.09 and 5.14 m/s. Missing hours

(0.55%) and calm hours (1.24%) from the 2008 wind meteorological dataset combine to a total of 1.79% of
hourly data. These unavailable hours will not significantly alter the modelling results.
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&.
Figure 9.1: Windrose for Cork A{@Bort 2008
S
S
\O
Calculations are made using a complex series of eqq&rqﬁbs and assumptions. The model estimates the
concentration value for each source and receptor comgiﬁe\vﬁbn for each hour of meteorological data.

Outputs

N
The model was run to determine the maximum J;gﬁ’cm?ro 24-hour and annual ground level concentrations of the
relevant pollutant emissions. The 8-hour cartgjﬁ{ﬁbnoxide (CO) concentration was also determined. Relevant
percentiles were calculated in order to compa?€o® relevant ambient air quality guidelines.
s\

These maximum predicted ground level 0ncentrations were then evaluated against the relevant ambient
air quality guidelines. The modell acility contribution was also added to maximum average EPA
monitored rural background poIIutaEr’t concentrations, where available, and compared to the relevant
ambient air quality guidelines, in accordance with the Environmental Protection Agency Office of
Environmental Enforcement (OEE) Air Dispersion Modelling from Industrial Installations Guidance Note
(AG4), 2010.

Results from the model are discussed in Section 9.1.6.

9.1.4 Relevant Standards

In accordance with the Environmental Protection Agency Office of Environmental Enforcement (OEE), Air
Dispersion Modelling from Industrial Installations Guidance Note (AG4), 2010 the ambient air quality
standards relevant to Ireland are the EU Ambient Air Quality Directives 2008/50/EC and 2004/107/EC.
These Directives have been transposed into Irish Law by the Irish ambient air quality standard, S.l. No. 180
of 2011 — Air Quality Standards Regulations, 2011 and S.l. No. 58 of 2009 — Arsenic, Cadmium, Mercury,
Nickel and Polycyclic Aromatic Hydrocarbons in Ambient Air Regulations 2009.

The EPA guidance states that in the absence of EU ambient air quality limit values for some pollutants,
statutory standards from other EU countries should be examined for limit values for comparison purposes.
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Statutory standards from other EU countries examined included:

e The Danish C-values (as 99%ile) outlined in the Danish EPA’s Environmental Guidelines No. 1, 2002
Guidelines for Air Emission Regulation Limitation of air pollution from installations (EPA, Danish, 2002)

e The Health and Safety Authority: 2011 Code of Practice for Safety, Health and Welfare at Work
(Chemical Agents) Regulations 2001 (S.1 No. 619 of 2001) (HSA, 2011)

e Appendix F of the UK Environment Agency “IPPC Horizontal Guidance Note H1 - Environmental Risk
Assessment for Permits” (Environment Agency, 2010) short term hourly Environmental Assessment
Levels (EAL) and long term annual EAL are available. EALs for some pollutants not listed in the 2010
version was taken from the 2003 version of this document (Appendix D of the UK Environment Agency
“IPPC H1 - IPPC Environmental Assessment for BAT” (Environment Agency, 2003).

With regards to guidelines available for dioxin and furans, the WHO Air quality Guidelines for Europe (2000)
states that air concentrations of 0.3 pg/m3 or higher of polychlorinated dibenzodioxins (PCDDs) and
dibenzofurans (PCDFs) are indications of local emission sources that need to be identified and controlled.

The most toxic dioxin is 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD). There is a US Protective Action Criteria
(PAC) for TCDD. These PAC criteria may be used to evaluate the severity of the event, to identify potential
outcomes, and to decide what protective actions should be taken. PACs have three common benchmark values
for each chemical (i.e., PAC-1, -2, and -3). Each successive benchmark is associated with an increasingly
severe effect that involves a higher level of exposure. In this assessment, PAC -1 limit value is used as it
conservative and represents mild and transient health effects. The PAC-1 for TCDD is 30 pg/m?.

&5
9.1.5 Existing Environment &
S
To estimate the background pollutant concentration in th r& of the site, a desktop study was undertaken
to establish the existing air quality in the area of thQQ%l( 7 European air quality legislation requires that
each member state be defined in terms of Zones an@K glomerations for Air Quality with Ireland divided
into four zones. Dublin Conurbation is one zone —J @9 A and Cork Conurbation is defined as Zone B. Zone
C consists of 24 towns (i.e. Athlone, Bray, Ce |®e) and cities (including, Galway, Limerick, Waterford)
with a population of greater than 15,000 While\{Z@gﬁ\e.

L

The EPA operates a number of fixed and @%Qgile air monitoring stations. As the site is located in a rural
Zone D location — 2008, 2009 and 2010 EPA air quality data monitored in rural areas, with air quality Zone
D, was reviewed and summarised inO bles 4.1 and 4.2. An average of the maximum rural location
monitoring results can be used as adonservative representation of the air quality in proximity to Eli Lilly
facility. These values are then added to the modelled facility contribution and compared to the relevant
ambient air quality guidelines.

Eli Lilly conducted continuous background NO2 monitoring in the vicinity of the Dunderrow site during 2006
and 2007. The average concentrations recorded ranged from 4.9 ug/m3 — 6.2 ug/m3. These figures were

taken as a more representative background level than that recorded at the EPA monitoring stations and
therefore was used to calculate the overall concentration.
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Table 9.4: Summary of EPA Monitoring Results 2008 -2010 (Units: ug/m?®)

2008
X ° X o X o)
: R - : 5 £ T 8 2
=} . ; - > b
c 5 o = > c T c -] : Lo] c > : o
8 88 s § Evz 7 E § 8§ 2 s 3 § 88 7 s s T %
e £ O 0 0O o w [ c £ w O o (] < w O o (o) o
© - - 2 o X : - - £ = O e = <
T = @ > g} ) X [ — 1) = @ C > “ [0} = © [ > — [@)] [}
v C o) 9] fl ) o Q 0 v C o 1) © Q ¥ C ] o) ® c Q
x =0 o o] 0= c E I =0 c o o] o] =0 c o o] o (o]
o Y S < O ) c ) s Y S = < () p= = c c i) = =
O [%] [« ] — (] ) =} @® 7] v}
Pollutan T 5 < = o 1] c © 7]
- ) %) = © n o @
__Parameter O O O O o O
NOx Hourly Max 212 107 266 53 319 | 310 189 568 | 705 303
Annual Mean 15 4 13 3 3{5) 13 4 14 17 11
(9
99.8 %ile N
NO2 Hourly 60 35 61 23 &\’ (§§\ 69 67 25 65 51
Hourly Max 63 80 75 5%2\%0\ 87 87 32 101 | 129 78
vt
Annual Mean 10 3 9 §£\\3\\ 11 8 3 10 10 7
co 8 Hourly Max | 900 . y&}q‘v 900
Q
Annual Mean 400 &é’ >$ 400
B X
99.7 %ile NS
SO2 Hourly 17 15 27 < BQA 11 17 11 11 16
Hourly Max 33 42 54 S 16 27 14 20 29
24 -HR Max 12 14 18 0@ 12 11 10 11 13
\J
Annual Mean 4 4 5 C© 4 4 2 3 4
PM1o 90.4 %ile Daily 21 25 49 14 23 19 27 40 27
24 -HR Max 57 73 146 55 64 42 108 | 105 81
Annual Mean 10 16 30 8 13 10 15 21 15
Lead Annual Mean 0 0.0005 0.0078 0.003
Arsenic Annual Mean 0.0003 0.0005 0.0027 0.001
Cadmium Annual Mean 0.00006 0.00005 0.0008 0.0003
Nickel Annual Mean 0.0013 0.008 0.0054 0.0050
0.0 0.001
Mercury Annual Mean 02 0.00145 45 0.002

Source: Air Quality in Ireland 2008, 2009 and 2010
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9.1.6 Results

The predicted results and relevant limit values are summarised in Table 9.5.

Table 9.5:

Parameter

Period

1-HR -

With
CHP Plant &
New Boiler

Predicted
Maximum
Ground Level
Concentration

Air Quality
Standards
Regulations
2009 & 2011

Danish C-
Value Limit

Summary of Modelling Results (ug/m? (unless otherwise stated))

2011 HSA Chemical Agent Regs
2001

Short Term (1-
hour) EAL (15-
min STEL/10)

Long Term
Annual EAL
(annual) (8-hr
exposure limit
(OEL)/100)

Eli Lilly
IED Licence Review

2010 Horizontal Guidance
Note H1 - Annex (f)

Short Term Long Term
(1-hour) Annual EAL
EAL (annual)

Nox as NO: 99.8% 169 200 x\é
Annual 8 40 - \\0
24-HR - 0&"(& ’
H QO
Particulates 90.4% 0.86 50 O,@WA\
Annual 0.24 40 K.
1-HR 14 PO
QV
1-HR - 99% 6 150 * & IS
TOC ES
24-HR 4 Rty
Annual 0.6 (,0\ A'K\Q
1-HR 22 L 1500 750
_HR - 999 OS50
HCL 1-HR - 99% 9 g,;\\_
24-HR 6 &
-
Annual 0.5 80 20 **
1-HR 2 250 160
- - 999 2
HE 1-HR - 99% 0.6
24-HR 0.5
Annual 0.04 15 16
1-HR 2 660 700
- - 0,
HBF 1-HR - 99% 0.8
24-HR 0.6
Annual 0.04
1-HR -
99.7% 37 350
SOz 24-HR -
99.2% 16 125
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With 2011 HSA Chemical Agent Regs 2010 Horizontal Guidance
CHP Plant & 2001 Note H1 - Annex (f)
New Boiler Air Quality
. Standards Danish C- Long Term
Parameter Period ,l\j,lfxdi:ﬁﬁerﬁ Regulations  Value Limit  sport Term (1- Anngal =\ Short Term Long Term
ot v 2009 & 2011 hour) EAL (15- (annual) (8-hr (1-hour) Annual EAL
X min STEL/10) exposure limit EAL (annual)
Concentration (OEL)/100)
Annual 2 -
CcOo 8-HR 24 10,000
1-HR 0.02
Cadmium (as Cd) 1-HR - 99% 0.008 0.01
24-HR 0.005
Annual 0.0005 0.0050 0.1 0.005
1-HR 0.02 & 30 **
Thallium (as T1) | 1-HR - 99% 0.008 0.3 S
24-HR 0.005 N
Annual 0.0005 IS 1 1 **
1-HR 0.02 L 7.5
Mercury (as Hg) 1-HR - 99% 0.008 1 . AQA\Q}A
24-HR 0.005 S
Annual 0.0005 RS N 0.2 0.25
1-HR 0.2 L 150
Antimony (as Sb) | 1-HR - 99% 0.07 &
24-HR 0.04 &
Annual 0.004 & 5 5
1-HR 0.17 M
Arsenic (as As) 1-HR - 99% 0.067 0.01
24-HR 0.04
Annual 0.004 0.0060 0.1 0.003
1-HR 0.2
Lead (as Pb) 1-HR - 99% 0.067 0.4
24-HR 0.04
Annual 0.004 0.0500 1.5
) 1-HR 0.2 150
Chromium (25 "1-HR - 99% 0.067 1
) 24-HR 0.04
Annual 0.004 20 5
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O A e Age Reg O O da e
P Plant & 00 ote
Bo Air Qua
» D andard Da onao o
aramete eriod ed ed Requlatio Alue o _ . A _ e
a 009 & 20 O A a 8 O al EA
ol [ O PO e A a
SMELratio 00
cr) 24-HR 0.04
Annual 0.004 20 5
1-HR 0.2 6
Cobalt (as Co) | 1-HR - 99% 0.067 0.5
24-HR 0.04
Annual 0.004 1 0.2
1-HR 0.2 200 & 200
Copper (as Cu) 1-HR - 99% 0.067 10 \0\\'
24-HR 0.04 NS
Annual 0.004 & 10 10
1-HR 0.2 RS 1500
Mang‘;’\‘/l”ne)se @s "1 HR - 99% 0.067 80 &
24-HR 0.04 S
Annual 0.004 Rt 2 150
1-HR 0.2 S
Nickel (as Ni) 1-HR - 99% 0.067 Q5T
24-HR 0.04 e
Annual 0.004 0.0200 & 5 0.02
1-HR 0.2 1
Vanadium (as vy —LHR-99% 0.067 0.3
24-HR 0.04
Annual 0.004 5
1-HR 0.01
Dioxins/Furans | 1-HR - 99% 0.014
(pg/m3) 24-HR 0.011
Annual 0.0008

* Organic solvents mixture

**Data from 2003 Environmental Agency IPPC Horizontal Guidance Note
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Table 9.6 below combines the modelled facility process contribution to the average EPA monitored rural background concentrations (as summarised in Section
9.1.5). These results are compared with the limits set out in S.I. No. 180 of 2011, S.I. No. 58 of 2009 and relevant European limit values.

Table 9.6: Summary of Modelling Process Contribution and EPA Monitored Background Concentrations

2011 HSA 2010 Horizontal
) ) Chemical Agent Guidance Note H1
Predicted Maximum Modelled Ground Air Quality Regs 2001 - Annex (f)
: level Standards
el (TS Concentration + Regulations
Parameter Period Ground Level Background Backaround 20191 (S1 180 Long Term Annual
Concentration Concentrations grout EAL (annual) (8- | Long Term Annual
/m3 /m3 Concentrations of 2011) hr exposure limit EAL (annual)
(ug/m?) (ug/m?) e prame
(ug/m?) (ug/m*) (OEL)/100) (mg/m3)
(mg/m3)
1-HR - 99.8% 169 6* 175 . & 200
1 X
Nox as NOz Annual 8 7 15 \\0 40
24-HR - RV
Particulates 90.4% 0.9 27 ,é?@@ =0
Annual 0.2 15 NS 16 40
1-HR - 99.7% 37 16 o5 B3 350
SO> 24-HR - IR
99,206 16 29 .{{% & 45 125
co 8-HR 24 900 & & 924 10,000
A OV
Cadmium (as Cd) Annual 0.0005 o.ooggc’ 0.0008 0.0050 0.1 0.005
O
M H &
ercury (as Hg) Annual 0.0005 @002 0.003 0.2 0.25
Arseni A
rsenic (as As) Annual 0.004 0.001 0.005 0.0060 0.1 0.003
Lead (as Pb) Annual 0.004 0.003 0.007 0.0500 1.5
Nickel (as Ni
ickel (as Ni) Annual 0.004 0.0050 0.0090 0.0200 5 0.02

1 NO:z from John Zink, Thermall, Existing Boilers, Proposed CHP Engine
*Average background concentration recorded in the vicinity of Eli Lilly site during 24 month period
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9.1.7 Discussion of Results

The results of the modelling assessment indicate that maximum ELV’s stipulated in the facilities licence from
the existing main atmospheric emission point’s on-site and the ELVs for the proposed emission points are in
compliance with the statutory limits set out in the relevant Irish air quality regulations and the most
stringent European standards, at and beyond the site boundary of the facility. The modelling assessment
represents a worst case scenario as the concentrations of emissions on-site are significantly lower than this.

Predicted levels for dioxin and furans are significantly below the WHO Air Quality Guidelines concentrations of
0.3 pg/m? and within the PAC-1 for TCDD of 30 pg/m?.

Modelled facility process contributions added to average EPA monitored rural background concentrations,
where available, are also in compliance with the relevant Irish air quality regulations and European limit
values.

As previously mentioned, this is a conservative modelling exercise as typical emissions are significantly
lower than the permitted ELV’s. In particular it was assumed for the purposes of the modelling exercise
that individual concentrations of each metal compound released at the site contributed to the total ELV and
the predicted ambient concentrations were compared to individual ambient limit values for each particular
metal. In reality, levels of metals recorded on-site are significantly lower than the ELV.

Consequently, although the predicted 1 hour 99%ile predicted arsenic concentration is elevated over the
Danish C-value 99%ile ambient limit this is not the case during operations. Typical arsenic levels from the
John Zink (KEU) Thermal Oxidiser and the Reeco are significantly lower at 0.000009 mg/m?3 which give an
ambient 99%ile concentration of 0.0002 ug/m3. This is well within the 99%ile Danish C-value ambient limit,

at and beyond the site boundary. 0@?’
In conclusion, the cumulative impact of emissions, from the 0atmospherlc emissions points’ onsite, will
not adversely impact the ambient air quality of surroundlngb onment
< @*
&

9.2 Attachment 1.2 — Assessment gﬁﬁpacts of Surface Water Discharges on
Receiving Waters

S \\Q

)

An assessment has been undertaken to d k&lene the impact of surface water discharges from the site.

There are two surface water discharges f&gﬁ the site namely:

e Treated wastewater effluent cﬁs_?charge to coastal waters
e Storm water run-off to Doon Creek

The impacts of both these discharges are discussed individually below.

9.2.1 Impacts of Treated Wastewater Effluent Discharge to Coastal Waters

Introduction

Currently, treated waste water emissions from the Eli Lilly site are discharged via a 9 km purpose built
pipeline of approximately 25 cm in diameter. It is discharged from a multiport subtidal diffuser to coastal
water east of Sandy Cove Island, outside Kinsale Harbour and south of Money Point, designated as the end
of the Bandon Estuary by the EPA.

As part of this waste licence review, the Marine Ecosystem Research Laboratory of the Ryan Institute in the
National University of Ireland, Galway, were commissioned to undertake a near field surface water

discharge dispersion assessment of the Eli Lilly outfall, Kinsale, Co. Cork. A summary of the assessment
undertaken by Marine Ecosystem Research Laboratory is provided below.
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The assessment was undertaken to investigate if the receiving surface water body would be compliant with
EC Environmental Objectives (Surface Waters) Regulations (S.l. No. 272/2009) if the treated wastewater
emissions were discharged at the potential worst case limits permitted under the current Licence (PO009-
03).

Summary of Modelling Methodology
Two modelling approaches were used:
1. Simple dispersion / dilution model developed by the Scottish Environmental Protection Agency
(SEPA). This model was published as guidance by the Irish EPA in 2011

2. A three-dimensional Updated Merge (UM3) model from the United States Environmental Protection
Agency (USEPA).

The Eli Lilly diffuser was modelled using the following characteristics:

e Number of ports = 12
e Port diameter = 0.03176 metre (m) (1.25 inches)
e Port spacing = 4.116 m (13.5 feet)
e Port orientation = vertical (90°)
e Port distance above bottom = 1 m
o Diffuser orientation = perpendicular to ambient flow
e Distance from shore = 975.6 m (3200 feet) \)&'
e Effluent Temperature = 15°C &
e Effluent Salinity = 0 ) &
¢ Maximum flow rate from Emission Point SW1 (6.1) o@*{,@o m3/day, from Emission Point SW2 (W2)
= 1500 m3/day ©
\QO&*
RS
Effluent concentration was simulated at the maxix emission limits and maximum volume discharge for

each substance, as outlined in Schedule B.2. of &'current licence (PO009-03) for the site. Total Nitrogen

emissions were modelled as being 100% D, ‘ {t& the purposes of assessing potential exceedence of the
EQS. Total Phosphorous emissions were m dgﬁed as being 100% Molybdate Reactive Phosphorous (MRP).
This was for two reasons: the only data avgﬁ’able for the water body are MRP concentrations, and MRP is a
potential nutrient in transitional, but not goastal waters.
&

Ambient currents were measured Witcﬁ an acoustic Doppler current profiler (ADCP). The average current
speed and direction were used to model dispersion (17.5 cm/s, 178° West). Water depth was set to the
level of the lowest astronomical tide (LAT), 12m for testing compliance with Surface Waters Regulations.
The water column was considered to be not stratified for modelling purposes.

Where an EQS has been established, the calculated concentrations at 100m from the diffuser were assessed
to determine if it had exceeded the EQS. The percentage change from the background level was calculated.
The emission concentration level necessary to exceed the EQS (Exceedance Concentration) was determined
by numerical simulation. The ratio of the current emission limit to the Exceedance Concentration was
expressed as a percentage.

The EQS chosen was the most conservative option in each case. Generally, the Annual Average (AA) EQS
was used. The EQS for waters already achieving Good ES was used as the EPA has classified ES in Kinsale
Harbour as Good (McGarrigle et al 2010 (Appendix 2)). Toluene and xylene both have an AA EQS of 10
png/l, but the AA-EQS of benzene (8 pg/l) was used for the combined emission of all three substances.

Existing Environment
Time series monitoring data from the EPA monitoring program stations near to the diffuser were used to
calculate the background concentrations in the existing environment for Total Nitrogen, Total Phosphorous

(taken as being equivalent to Molybdate Reactive Phosphate; (MRP)), Ammonia and Dissolved Inorganic
Nitrogen (DIN).
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Similar existing environment monitoring data was also available from the NUIG monitoring program
(O’Brien 2000; Kennedy 2005, 2006, 2007, 2012 (Appendix 2)). This monitoring data is outlined in Tables

9.7 and 9.8.

The median value from this monitoring data was used as the background concentration in the estuary. In
the case of DIN and MRP, the median winter concentration was used.
were use as background concentrations:

For other parameters the following

e Chemical Oxygen Demand (COD) was estimated at 1 mg/l as this is a low level, likely to reflect the
ambient levels in coastal waters of Good ES.
e For metals, the background level was estimated to be 10% of the Environmental Quality Standard

(EQS) from S.1. No. 272 of 2009, or 1 ug I'*, whichever was the larger.

¢ Concentration for the combined BTEX parameter of benzene, toluene and xylene was estimated as 1

pg/l.

e Concentrations of dioxins and furans were estimated at low levels that approximate the limits of

detection in seawater

&
&
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Table 9.7: Summary of EPA Water Monitoring data of the Lower Bandon Estuary and Kinsale Harbour 2007-2009
Lower Bandon Estuary TSAS criteria Threshold Value Eutrophic
Temp Secchi DO DO BOD TON NHs  DIN MRP  Chl. a
Summary Stats  Salinity  (°C) pH (M) sat. (%) (mg/l) (mg/l) (mg/ll) (mg/l) (mg/l) (ug/l) (pg/l) | Winter DIN 1.682 2.054 Fail
<
Winter MINIMUM 0.07 457 7.2 0.6 66.4 8.4 <1 0.16 0.02 0.166 17 < 0.5 | Winter MRP 60 28 Pass
MEDIAN 13.85 836 79 1.3 92.2 9.8 <1 1.89 0.06 2.054 28 1.2 | DIN- 0.889 0.537 Pass
MAXIMUM 35.19 9.82 8.1 2.0 98.5 12.2 1.0 4.96 0.65 4.997 42 7.1 | MRP- 51 11 Pass
No. of samples 42 48 48 30 48 42 11 48 48 48 48 47 | Chloro. Median 12.8 5.4 Pass
Chloro 90 percentile 25.6 35.6 Fail
< <
Summer  MINIMUM 0.29 1233 7.4 0.5 73.6 6.3 <1 0.01 0.02 0.015 §910 < 0.5 | Opportunistic algae 0.6
MEDIAN 25.27 1571 8.1 1.3 98.0 8.3 2.2 0.48 0.03 0.535@@ 11 5.4 | DO%sat 5 percentile 74 78.3 Pass
MAXIMUM 35.15 19.70 8.7 4.6 199.9 16.5 8.8 3.10 0.42&%3@9 118 92.3 | DO%sat 95 percentile 126 158.0 Fail
(SN
&)
No. of samples 130 131 135 48 130 130 56 135 0£@K 135 135 135 | BOD 4 6.3 Fail
RS
O
‘\O
& &
O
Kinsale Harbour ~Q%é\ TSAS criteria Threshold Value Unpolluted
Temp Secchi DO DO BOD Q\l‘bN NH; DIN MRP  Chl. a
Summary Stats ~ Salinity  (°C) pH (m) sat. (%)  (mg/l) (m‘%@)Q (mg/l) (mg/l) (mg/l) (ug/l) (ua/l) Winter DIN 0.314 0.200 Pass
Q <
Winter MINIMUM 18.54 6.34 79 2.0 93.2 85 &£ 0.16 0.02 0.167 18 < 0.5 | Winter MRP 41 21 Pass
N <
9
MEDIAN 34.96 951 79 2.0 97.8 %) 0.18 0.02 0.200 21 0.9 | DIN- 0.314 0.050 Pass
MAXIMUM 35.19 9.83 8.1 2.0 106.3 10.4 1.07 0.19 1.264 37 41 | MRP- 41 5 Pass
No. of samples 8 8 8 1 8 8 8 8 8 8 8 | Chloro. Median 10.3 1.3 Pass
Chloro 90 percentile 20.6 3.1 Pass
< <
Summer  MINIMUM 27.74 1213 7.8 35 87.1 7.5 <1 0.01 0.02 0.015 <5 < 0.5 | Opportunistic algae 0.6
MEDIAN 34.29 1450 8.1 5.0 102.0 8.5 1.6 0.03 0.03  0.050 5 1.3 | DO%sat 5 percentile 79 915 Pass
MAXIMUM 35.20 1745 8.3 5.8 113.3 9.4 35 6.00 0.82 6.040 14 4.6 | DO%sat 95 percentile 121 112.9 Pass
No. of samples 30 30 30 8 29 28 12 30 30 30 30 30 | BOD 4 3.1 Pass

Source: McGarrigle et al, 2010 (Appendix 5)
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Inner Harbour / Lower Bandon Estuary

Summary of Water Monitoring Data of the Lower Bandon Estuary and Kinsale Harbour 2005-2012
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Winter Summary Salinity TON (mg/l) NHs (mg/l)  DIN (mg/l) MRP (ug/l) SPM TSAS criteria Threshold Value

Winter MINIMUM 12.34 - 0.01 0.31 8.73 17.53 | Winter DIN 1.16 1.07 Pass
MEDIAN 21.18 - 0.04 1.07 95.12 26.98 | Winter MRP 55.36 95.12 Fail
MAXIMUM 30.33 - 0.08 1.66 390.98 65.20 | DIN- 0.65 0.09 Pass
No. of samples 54.00 - 54.00 54.00 54.00 52.00 | MRP- 47.08 23.65 Pass

Chloro. Median

Summer MINIMUM 19.42 - 0.01 0.03 9.70 16.93 | Chloro 90 percentile
MEDIAN 28.63 - 0.05 0.09 23.65 23.55 | Opportunistic algae
MAXIMUM 32.36 - 0.07 0.79 48.35 32.29 DO\;@at 5 percentile
No. of samples 68.00 - 68.00 68.00 68.00 68.00 | RP%sat 95 percentile

\- ’BOD
. 4%0{\\0*@
Middle Harbour F&
SR
Salinity TON (mg/l) NHs (mg/l)  DIN (mg/l)  MRP (pgfy, S<SPM TSAS criteria Threshold Value

Winter MINIMUM 26.44 - 0.02 0.19 &&\%490 18.40 | Winter DIN 0.35 0.54 Pass
MEDIAN 33.06 - 0.04 0.54 \\Q 5%@2.55 25.75 | Winter MRP 42.15 22.55 Pass
MAXIMUM 35.04 - 0.08 1.27Q00$\ 60.89 50.18 | DIN- 0.27 0.09 Pass
No. of samples 54.00 - 54.00 54.006\0 54.00 52.00 | MRP- 40.94 23.65 Pass

ng:\\ Chloro. Median

Summer MINIMUM 3.73 - 0.02 00%03 9.70 17.13 | Chloro 90 percentile
MEDIAN 34.16 - 0.04 0.09 23.65 22.46 | Opportunistic algae
MAXIMUM 35.08 - 0.07 0.36 48.35 32.85 | DO%sat 5 percentile
No. of samples 68.00 - 68.00 68.00 68.00 68.00 | DO%sat 95 percentile

BOD
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Table 9.8 Cont

Outer Harbour
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Summary of Water Monitoring Data of the Lower Bandon Estuary and Kinsale Harbour 2005-2012

Salinity TON (mg/l) NHs (mg/l)  DIN (mg/l) MRP (ug/l) SPM TSAS criteria Threshold Value
Winter MINIMUM 3221 - 0.02 0.18 10.72 19.93 | Winter DIN 0.35 0.24 Pass
MEDIAN 3495 - 0.03 0.24 23.68 24.61 | Winter MRP 40.06 23.68 Pass
MAXIMUM 3545 - 0.07 0.39 55.80 45.61 | DIN- 0.27 0.08 Pass
No. of samples 54.00 - 54.00 54.00 54.00 52.00 | MRP- 40.15 29.88 Pass
Chloro. Median
Summer MINIMUM 33.72 - 0.01 0.02 9.57 19.37 | Chloro 90 percentile
MEDIAN 3486 - 0.04 0.08 29.88 23.63 | Opgdtunistic algae
&
MAXIMUM 3549 - 0.07 0.22 57.17 31.59 5®O%sat5percentile
No. of samples 68.00 - 68.00 68.00 68.00 O@%\Cﬁ DO%sat 95 percentile
S\
Ed BOD
DN
&<
NS
&
R
S
ECS
N
«©
&
&
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The results of this modelling assessment are outlined in Table 9.9 below.
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Table 9.9: Summary of Model results for contaminant concentrations 100m from Eli Lilly diffuser, Kinsale, Co. Cork
SEPA Change Emission Limit as %
model UM model (LAT) Compliance C 100m (UM) relative Exceedence of
D C_effluent C_background C_100m C_100m EQS SW Regs EQS backgtl?ound concentration Exceedence Conc.
6.1 mg/| mg/| mg/| mg/| mg/| mg/|
BOD 8572.8 600 3.100 3.170 3.280 n/a 6%
cob 8572.8 1500 1.000 1.175 1.530 n/a ) 53%
Total N 8572.8 100 0.326 0.338 0.357 n/a é\}& 15%
Total P/ MRP* 8572.8 100 0.021 0.033 0.060 \r\\[a \\§ 183%
DIN* 8572.8 100 0.200 0.212 0.232 O%\ééé\ pass 66% 16% 410 24.4%
NH4-N 8572.8 50 0.030 0.0358 0.0477 {i&n/a 59%
Tin 8572.8 100 0.001 0.0127 001101{& n/a 4000%
Copper 8572.8 0.5 0.001 0.0011 0&9\30 0.0050 pass 23% 16% 10.5 4.8%
Zinc 8572.8 0.6 0.004 0.0041 0\\0&\ \(')42 0.0400 pass 10% 4% 185 0.3%
Benzene, Xylene and Toluene 8572.8 0.1 0.001 0.0010 QOQ 0.0010 0.0080 pass 13% 2% 17.9 0.6%
w.2 pa/l pe/! pe/! x\\é\ pe/! pe/! pe/!
Copper and its compounds 17145.6 500 1 é@\& 11 5.0 pass 21% 7% 10,500 4.8%
Zinc and its compounds 17145.6 1500 4 4.1 4.2 40 pass 5% 5% 185,000 0.8%
Dioxins, Furans 17145.6 0.30 0.01 0.01 0.01 n/a 0.40%
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In this study, none of the emissions exceeded the relevant EQS at a distance of 100m from the diffuser.
Most of the emissions were predicted to produce concentrations at 100m that are an order of magnitude
below the relevant EQS when being discharged at the emission limits. The dispersive nature of the diffuser
location appears to dilute the emissions very effectively.

The results predicted increases over background levels for:

e Total Nitrogen increased by 15% relative to the background levels. Total Nitrogen has no
associated EQS

e Modelled DIN concentrations increased by 16% and the maximum emission limits were 24.4% of
the Exceedance Concentration

e Ammonia levels were increased by 59% relative to the background level. Ammonia has no
associated EQS

e Tin increased by 4000% from the nominal background level of 1 pg/l. Inorganic tin is generally not
toxic to vertebrates, invertebrates or macroalgae. There is no EQS for tin in coastal waters

e Dioxins and Furans increased only marginally in the model simulation

¢ Molybdate Reactive Phosphate concentrations were modelled using the conservative assumption
that all Total-Phosphorous emissions would be in the form of MRP. Total-P / MRP increased by 189%
on background levels. There is no EQS associated with Total-P or MRP in coastal waters.

Conclusion

The results of this modelling study indicate that the wastewater discharges up to and including maximum
loads permitted by the current licence will not adversely impact the Ecological Status or breach of
Environmental Quality Standards in the receiving water body in g@cordance with the EC Environmental
Objectives (Surface Waters) Regulations (S.l. No. 272/2009). 6‘6\
SN
A copy of the Marine Ecosystem Research Laboratory C&gﬁm Institute, National University of Ireland,
Galway, report is included in Appendix 2 of this applic%ﬁgp{@,6
NN
Based on the above conclusions, it should be poss'@'l‘egb maintain current emission limit values (ELV) for all
parameters listed in Schedule B.2 of the curre&%ﬁ:%@%e. The maintenance of the Total phosphorus and Total
Nitrogen/Ammonia limit values are of partic .§eoncern as the site manufacturing processes expand to
include Biotech manufacturing. The develqﬁgqé t of this type of manufacturing process will lead to a
significant increase in the use of aqueogso based cleaning products and buffers which have a high
phosphorus content. &:\\
N

Currently a fivefold increase in the Gse of these cleaning products and buffers is envisaged with the full
development of the IE42 and IE43 facilities. This will ultimately impact on the phosphorus concentration of
the aqueous waste streams for treatment in the WWTP and may lead to increased concentration level in the
final effluent discharge.

Nitrogen/Ammonia concentrations through the WWTP can also be impacted by certain discharges from the
Biotech process therefore it is important to retain current ELV’s for these compounds so as to enable the
system to absorb these fluctuations. This is considered the best environmental option in treating these
waste streams given that the modelled ELV’s do not impact on the quality of the receiving water and
compliance to the requirements of the Surface Water Regulations is being maintained.

Another factor that will influence final effluent concentration values is the requirement of the current licence
to minimise water demand and to reduce the overall volume of effluent discharge.

A feasibility study is currently being undertaken on site to assess the possibility of converting the Membrane
Filtration Plant for use in the treatment of grey utilities water to a standard sufficient for re-use in site
utilities. If this project is successful it will result in a significant reduction in the overall quantity of effluent
discharge. As a consequence of this however the actual concentration of residual compounds present in the
effluent discharge will increase while the actual mass loading will remain unchanged. It is important that
this be recognised in any future licence conditions applied to such discharges.

Note: Refer to Appendix 2 for further details on the references cited in this section.
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9.2.2 Impacts of Storm Water Run-off to Doon Creek

Introduction

Currently, surface water from the Eli Lilly plant discharges to the Doon (Creek) River which in turn outfalls
to a transitional waterbody (Bandon River) prior to outfalling to a coastal water body (Kinsale Harbour).

Impacts of this storm water run-off from the Eli Lilly plant was assessed to ensure the receiving surface
water body is compliant with EC Environmental Objectives (Surface Waters) Regulations (S.l. No.
272/2009).

Methodology

A programme of surface water monitoring was undertaken during 2011 and 2012 at two locations, both
upstream and downstream of the storm water discharge (SW3) from the Eli Lilly facility. DC-U2 is located
upstream of the SW3 discharge on Doon Creek and DC-D3 is located downstream of SW3 discharge on
Doon Creek. Grab samples were taken from these locations on six occasions and the samples were sent to
a laboratory for analysis.

Existing Environment
The results of the monitoring programme are shown on Tables 9.10 and 9.11.

These tables also include a column relating to the allowable wate, ‘%quality limit for each of the parameters
analysed. Where available, ‘Good Status’ limits from the EC Eﬁ\/ironmental Objectives (Surface Waters)
Regulations (S.l. No. 272/2009), henceforth called the sur@ Wvater regulations 2009, were applied due to
the nature of the transitional and coastal water bodies j& Doon Creek is not monitored as part of the
Water Framework Directive (WFD), however, it outfallg‘t sthe Bandon River and Kinsale Harbour which have
moderate status with the aim to achieve good statg@? e water of the Doon Creek was classified as “soft”
for the majority of the results, as the hardness w;, e%orded as less than 100 mg/l CaCOs. The limits in the
surface water regulations 2009 relating to ‘s@ﬁ(‘\\@/ater were therefore applied to the waterbody where
applicable. The annual average environm%ﬁ I9quality standard (AA-EQS) outlined in the surface water
regulations 2009 was used as the guideline ’5& as this standard is more conservative.
&

For parameters not outlined in surface v@er regulations 2009, such as electrical conductivity, total organic
carbon (TOC), nitrite and nitrate, th dnost conservative limit referenced in the EPA Parameters of Water
Quality 2001 was applied. It should be noted that some of these limits are not directly applicable to the
Doon Creek waterbody but can be used as a guideline limit. No limits were identified for total nitrogen (as
N), total phosphorous (as P) and tin.

Upstream of the Eli Lilly facility discharge, at DC-U2, it was observed that the majority of parameters were
in compliance with the inland surface water AA-EQS limit values, with the exception of ammonia, copper
and cadmium. With respect to ammonia, one result during monitoring period 03/01/12 was greater than
the mean limit; however, it was less than the 95%ile limit. During the monitoring period on the 10/01/12,
recorded copper and cadmium levels were greater than the limit however, for all other cadmium and copper
samples, the results were below the limit of detection of the laboratory.

Downstream of the Eli Lilly facility discharge, at DC-D3, it was observed that the majority of parameters
were in compliance with the inland surface water AA-EQS limit values, with the exception of ammonia,
orthophosphate, copper and cadmium. With respect to ammonia, one result during monitoring period
03/01/12 was greater than the mean limit; however, it was less than the 95%ile limit. During the
monitoring period on the 10/01/12, recorded copper and cadmium levels were greater than the limit
however, for all other cadmium and copper samples, the results were below the limit of detection of the
laboratory.

With regards to orthophosphate, one result from the first monitoring period in 09/12/11 was greater than
the mean and 95%ile limits however, for all other samples, the results were below the inland surface water
limit values.
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Table 9.10: Monitoring results from DC-U2 (Doon Creek Upstream of SW3 discharge)

Results (mg/l)

Eli Lilly
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Parameter Date Date Date Date Date Date Allowable Limit
o9s12/711 13/12/11 | 20/12/711 03/01/12 10/01/12 17/01/12
pH 7.38 7.05 7.18 7.20 7.48 7.35 Soft water 4.5< pH <9.0 *
Temperature 9.4 9.1 14.8 12.2 12.8 15.4 Not greater than a 1.5°C rise in ambient temperature
outside the mixing zone *
Electrical conductivity 250 270 260 276 260 262 1000 pS/cm (measured at 200C) **
(uS/cm)
Dissolved oxygen 102.4 102.1 98.3 100.4 100.8 02?03.5 80% sat < 95%ile <120% sat *
(% Sat) &
TOC 1.65 2.34 1.53 2.47 16{%\\@ 2.26 No abnormal change**
<S
Biochemical oxygen <1.0 <1.0 <1.0 oﬁ@o <1.0 Good status <1.5 (mean) or < 2.6 (95%ile) *
LS
demand Q\\QQQ
Ammonia (as N) 0.011 0.043 0.050 0.0935°k? 0.013 0.058 Good status <0.065 (mean) or <0.140(95%ile) *
9{ U
Total Nitrogen 5.4 6.2 5.5 6.2 " 5.4 4.9 -
ECS
(as N) .
<

Nitrite (as N) <0.013 <0.013 <0.013 <0.013 0.013 <0.013 0.50 mg/l (0.10mg/I for ex water treatment works)

04\\ **x
Nitrate (as N) 5.51 6.47 5.01 <0.12 5.35 4.08 50 mg/I **
Total Phosphorous (as 0.01 0.02 0.01 0.03 0.01 0.03 -
P)
OrthoPhosphate 0.013 0.019 <0.009 <0.009 <0.009 <0.009 Good status <0.035 (mean) or < 0.075 (95%ile) *
(as P)
Hardness 88.0 93.3 87.2 95.8 82.5 92.5 Soft Water - Water hardness <100 mg/l CaCOs *
Toluene <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 0.01mg/l *
Ethylene Dichloride <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.01mg/l *
Fluoride <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 0.5mg/I *
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Results (mg/1)
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Parameter Date Date Date Date Date Date Allowable Limit
o9s12/711 13/12/11 | 20/12/11 03/01/12  10/01/12 17/01/12
Arsenic <0.0002 <0.0002 0.0004 <0.0002 <0.0002 0.0003 0.025mg/1 *
Cadmium <0.0001 <0.0001 <0.0001 <0.0001 0.0001 <0.0001 0.00009mg/1 *
Chromium <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 111:0.0034mg/I
V1:0.0047mg/l *
Mercury <0.00002 <0.00002 <0.00002 0.00002 <0.00002 <0.00002 0.00005mg/1 *
Copper <0.003 <0.003 <0.003 <0.003 0.008 <0.003 0.005 mg/l *
Nickel 0.001 0.0012 0.0010 0.0013 0.0012 A\sé%bOll 0.02mg/I *
Zinc 0.0039 0.0045 0.0022 0.0054 0.00S\Q \\)\V{\ 0.0050 0.5mg/l *
]
Tin <0001 | <0001 | <0001 | <0.001 | <g®oi® | <0.001 -
- b N
Lead <0.0003 <0.0003 0.0004 <0.0003 &% 003 <0.0003 0.0072mg/1 *
(\Q QO
. [ . O &
> EC Environmental Objectives (Surface Waters) Regulations (S.l. No. 272/2008} $0
*x EPA Parameters of Water Quality 2001 ,(\&(\\0
§ O
ES
N

Table 9.11: Monitoring results from DC- D3 (Doon Creeko“[%ownstream of SW3 discharge

Resuits (mg/l)
Allowable Limit

Parameter Date Date Date Date Date Date
o9s12/11 13/12/711 20/12/11 03/01/12 10/01/12 17/01/12

pH 7.36 7.12 7.29 7.33 7.46 7.33 Soft water 4.5< pH < 9.0 *

Temperature (C) 9.6 9.4 14.6 12.2 13.8 15.3 Not greater than a 1.5°C rise in ambient
temperature outside the mixing zone *

Electrical conductivity (NS 258 276 288 289 279 276 1000 puS/cm (measured at 200C) **

/cm)

Dissolved oxygen 102.8 102.2 95.9 99.1 101.4 104.6 80% sat < 95%ile <1209% sat *

(% Sat)

TOC 1.73 2.39 1.55 2.59 1.32 2.11 No abnormal change**
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Parameter

Date
09/12/11

Date
13712711

Results

Date

20/12/711 03/01/12 10/01/12 17/01/12

(Qale74))
Date

Date

Date
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Allowable Limit

Biochemical oxygen demand <1.0 <1.0 <1.0 <1.0 <1.0 Good status <1.5 (mean) or < 2.6 (95%ile) *
Ammonia (as N) 0.059 0.036 0.053 0.068 0.014 0.034 Good status <0.065 (mean) or <0.140(95%ile) *
Total Nitrogen <1.0 5.4 5.2 6.2 5.1 4.4 -
(as N)
Nitrite (as N) <0.013 <0.013 <0.013 <0.013 <0.013 <0.013 0.50 mg/l (0.10mg/I for ex water treatment
works) **
Nitrate (as N) 0.93 5.32 4.71 <0.12 4.63 3.81 50 mg/Il **
Total Phosphorous (as P) 0.09 0.03 0.02 0.03 0.01 ‘Q‘ " 0.02 -
OrthoPhosphate 0.079 0.018 0.014 <0.009 <0.0(b®@ <0.009 Good status <0.035 (mean) or < 0.075 (95%ile)
(as P) A\\\J’fé*\ *
Hardness 82.4 97.0 90.6 104.7 ﬁg?:g@o.? 92.5 Soft Water - Water hardness <100 mg/lI CaCOs *
Toluene <0.0005 <0.0005 <0.0005 <0.OOO§>‘Q&§>\\<O.0005 <0.0005 0.01mg/l *
Ethylene Dichloride (1,2 | <0.0001 <0.0001 <0.0001 <0.Q8@b¢12~‘ <0.0001 <0.0001 0.01mg/l *
Dichloroethane) K ,p$
Fluoride <0.1 <0.1 <0.1 Oo\\@.l <0.1 <0.1 0.5mg/l *
Arsenic 0.0003 <0.0002 0.0003 Kdﬁ’o.oooz 0.0002 <0.0002 0.025mg/1 *
Cadmium <0.0001 <0.0001 <0.000:1¢j\\J <0.0001 0.0002 <0.0001 0.00009mg/1 *
Chromium <0.001 <0.001 <0.(@§ <0.001 <0.001 <0.001 111:0.0034mg/I
V1:0.0047mg/l *
Mercury <0.00002 <0.00002 <0.00002 0.00003 <0.00002 <0.00002 0.00005mg/I *
Copper 0.003 0.003 <0.003 <0.003 0.006 <0.003 0.005 mg/l *
Nickel 0.0006 0.0011 0.001 0.0013 0.001 0.0011 0.02mg/l *
Zinc 0.0576 0.0079 0.0037 0.0053 0.0034 0.0050 0.5mg/I *
Tin <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 -
Lead <0.0003 <0.0003 <0.0003 <0.0003 <0.0003 <0.0003 0.0072mg/1 *
* EC Environmental Objectives (Surface Waters) Regulations (S.1. No. 272/2009)

*x

EPA Parameters of Water Quality 2001
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It was observed that although ‘Good Status’ limits were applied to Biochemical Oxygen Demand (BOD)
results, all results obtained were also in accordance with ‘High Status’ limits.

It should also be noted that the results provided for both upstream and downstream discharge points DC-U2
and DC-D3 do not differentiate Chromium, into Chromium IIl or Chromium VI, as per the surface water
regulations 2009. The results however, for both monitoring discharge points are in accordance with both
limit requirements.

Impact assessment

With the exception of elevated level of orthophosphate during the first monitoring period, the elevated
levels of ammonia, copper and cadmium during the respective monitoring periods are elevated both
upstream and downstream of the facility discharge at SW3. It should be noted that elevated concentrations
predominantly decrease from the upstream to downstream locations.

With regards to orthophosphate, while one elevated level was recorded downstream during the first
monitoring period, all other recorded levels were well within the allowable limit value. Therefore, it can be
concluded that the discharge from the Eli Lilly facility at SW3 is not impacting the surface water quality of
Doon Creek.

Conclusion
From the monitoring assessment undertaken both upstream and downstream from the storm water

discharge (SW3) from the Eli Lilly facility, it was observed that the ority of monitored parameters were
in compliance with the inland surface water AA-EQS limit valueg\éstated in EC Environmental Objectives

(Surface Waters) Regulations (S.l. No. 272/2009). ) ﬁo

S
While some elevated levels above the inland surface waff} sSQA—EQS limit values were recorded during the
assessment, these elevated levels occurred during a '@ébmonitoring period and all other recorded levels

were well within the allowable limit value. The(s‘é @levated levels also occurred both upstream and
downstream of the facility discharge which concl %Q\‘éthat the discharge from the Eli Lilly facility at SW3 is
not impacting the surface water quality of Doone réek.
N
ES
N
©
o - -
9.3 1.3 - Assessment of Impgﬁ on Receiving Sewer
c®
There are no discharges to sewer from the site therefore there is no requirement for Attachment 1.3.

9.4 Attachment 1.4 - Assessment of Impact of Ground/Groundwater Emissions

There are no direct emissions to groundwater from the site. A baseline report has been prepared for the
site and is included in Appendix 3.

9.5 Attachment 1.5 - Ground and/or Groundwater Contamination

Details of a groundwater contamination incident with MTBE which occurred at the site in 2003 are outlined
in Attachment D.2. The residual impacts from this incident are localised to a confined area of the site
aquifer and are now considered largely remediated. Detailed information related to this incident has been
previously reported in formal correspondences to the Agency and during Agency visits to the site. In
addition, yearly remediation updates have been included in the Annual Environmental Reports submitted to
the Agency since the incident occurred and during Agency visits to the site. A summary of the impact of the
incident, the mitigation measures that were undertaken in response to the incident and the current status of
the residual groundwater impacts is provided below.
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Impact of MTBE in Groundwater and Compliance with the EC Environmental Objectives
(Groundwater) Regulations 2010 (S.1. No. 9 of 2010):

The following points should be considered when assessing the impact and significance of the level of MTBE
in groundwater;

e The zone of residual MTBE impacts is confined to a localised area of the site aquifer with limited
migration potential and no offsite impacts.

e MTBE is classified as a ‘Non-Hazardous’ substance in groundwater (EPA, 2010).

e A Groundwater Threshold Value for MTBE is not specified in the EC Environmental Objectives
(Groundwater) Regulations 2010 (S.l. No. 9 of 2010) and therefore the presence of the compound
in groundwater does not impact compliance with these regulations.

e The Agency has assigned an Interim Groundwater Guideline Value (IGV) of 30ug/l to MTBE (EPA,
2003).

¢ The MTBE concentration at the impacted area of the site aquifer is now being sustained in a
downward trend below the Agency IGV of 30ug/I.

Mitigation Measures Undertaken in Response to the Presence of MTBE in Groundwater:

The following is an outline of the various mitigation measures that were implemented at the site in response
to the detection of MTBE in the impacted area of the site aquifer. This includes measures that were
implemented immediately after detecting the presence of the MTBE in the aquifer and in the intervening
period since then in order to remediate the impacted area. The measures implemented are detailed in
various reports, which are retained onsite.

&

e All production groundwater wells down gradient of the m@cted zone were shutdown to minimise
the potential for plume migration and/or expansion.

e Local and international hydro-geological consultg«\%gé\ ere retained to advise the site on an
appropriate strategy to manage the issue and mig@ any immediate risks.

e A comprehensive groundwater sampling and hSis programme was implemented to characterise
the nature and extent of the impacted zone. R«

e Further to this, the hydro-geological cong @ﬂs that had been retained by the site undertook a
series of comprehensive studies of . G&ite hydrogeology throughout 2004 in order to fully
understand the nature and extent 81‘*5@ contamination issue. This included the deployment of
various advanced geophysical survé&g@ techniques, chemical sampling and analysis and extended
well pump testing. 5\

e Based on the data gathered durigg- the studies of the site hydrogeology, an appropriate remediation
strategy was designed by theg@%ﬂtamts that would be implemented in order to remove the bulk of
the MTBE from the groundwateér and sustain the concentration within acceptable levels.

¢ The remediation strategy required the drilling and installation of a remedial well (now renamed Well
18) in December 2004 from which to pump and remove the MTBE impacted groundwater from the
aquifer for discharge to the site wastewater treatment plant. The optimal location for this
remediation well was based on the information gathered during the hydro-geological studies of the
site. Similarly, six optimally located sentinel wells were drilled and installed up gradient and down
gradient of the remedial well in order to monitor the success of the remediation efforts.

e Pumping of the remediation well to the site wastewater treatment plant commenced in December
2004 with an immediate and significant reduction in the measured MTBE concentration in the
impacted area achieved.

Current Status of the MTBE in Groundwater at the site:

e The MTBE concentration in the impacted area has fluctuated to a certain extent in the intervening
years as influenced by seasonal factors (i.e. rainfall and groundwater level) and by the rate of
remediation pumping.

e However, the issue is now considered largely remediated with the measured concentration at the
impacted area currently being sustained below the Agency’s IGV of 30ug/l and the area of MTBE
impacts significantly contracted and confined to the localised zone of the site aquifer at Well 18.

e The site continues to pump groundwater from Well 18 to the site wastewater treatment plant.
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References:

(EPA, 2003) TOWARDS SETTING GUIDELINE VALUES FOR THE PROTECTION OF GROUNDWATER IN
IRELAND - Interim Report, Environmental Protection Agency, Ireland, 2003

(EPA, 2010) CLASSIFICATION OF HAZARDOUS AND NON-HAZARDOUS SUBSTANCES IN GROUNDWATER —
Version 1, Environmental Protection Agency, Ireland, December 2010

9.6 1.6 - Assessment of the Environmental Impact of On-Site Waste Disposal

There is no on-site waste disposal at the site therefore there is no requirement for Attachment 1.6.

9.7 Attachment 1.7 - Noise Impact
Ambient Noise Levels
Existing Environment

The site is located within a rural area, surrounded by fields. There are plantings around the boundary
providing visual and noise screening from the site. Noise sensitive Ic;?,tions (NSLs) are once-off residential
properties located on the roads along the northern and western ndaries of the site. The area to the
south of the site is largely agricultural land. The wind direction is dominantly south-western.
) N ) ] ) \\\‘Q@ ]
The closest noise sensitive locations are the residential propegties around the site. There are no other types
of noise sensitive locations around the site and no activiQ 'ggx)vhich would be specifically sensitive to noise.
NS

There are 42 no. occupied residences within 500 \réb \%%e site boundary. The majority of these dwellings
are in cluster developments to the northwest an 6@& west of the site. These include 3 no. dwellings to the
northeast near the former Dunderrow School ] noise location S1, two dwellings to the northwest near S2
and S3, and a cluster of dwellings to the so@&é t near S4 and S5.

Q

G
It is proposed to redistribute the existiqé\ boundary noise monitoring locations (S1-S5) with locations
labelled N1-N4, as outlined on drawing (\é? 008, to represent the expanded site boundary.

P
Noise Sources On-site

Noise sources on-site comprise internal equipment such as production plant and internal ancillary plant such
as boilers, compressors and refrigeration equipment. All this equipment is contained within the production
and plant buildings and breakout noise is not expected and therefore has a minimal contribution to site
noise emissions.

External noise sources comprise plant located on roofs and adjacent to the production buildings. These
primarily comprise air handling units, cooling towers with pumps and motors, and water/ glycol pumps.
Drawing 007 illustrates the main noise sources on site with the noise monitoring locations.

Since the 2004 licence application, new noise sources have been introduced through further development of
production facilities on the site, all of which were provided to the Agency during the planning process for
each. The latest development is production building IE43 at the eastern boundary of the site. The noise
sources for this building are similar in size and nature as the other manufacturing buildings. There are also
additional noise sources for the CHP plant between buildings IE30 and IE42. These sources are the engine/
generator set and the exhaust flue.
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The external equipment added to the site noise model were:

e Five condensate return pumps: 75 dB(A) Lw
e Four cooling tower fans: 85 dB(A) LW

e Four cooling water pumps: 75 dB(A) Lw

e One CHP engine: 103 dB(A) Lw but attenuated to 65 dB(A) Lp at a distance of 1m using the
acoustic attenuation provided by the building

e One engine flue: 122 dB(A) Lw but attenuated to 75 dB(A) Lp at a distance of 1m using silencers

The impact assessment of the new noise sources will be discussed further in Section 1.7B Noise Impact
Assessment.

Noise Conditions

Noise conditions are assessed on an annual basis in accordance with Condition 6.11 of the current licence
requiring an annual noise survey. Condition 4.6 requires that noise should not exceed daytime and night-
time limits at any noise sensitive location. Eli Lilly monitor five locations situated around the boundary of
the site, S1 through S5.

Averaged noise levels recorded for surveys carried out in 2012 to 2014 are presented in Table 9.12. The
surveys were completed in full accordance with ISO 1996 Acoustics — Description, Measurement and
Assessment of Environmental Noise Part 1:2003 Basis Quantities and Assessment Procedures and Part 2:2007
Determination of environmental noise levels and the EPA Guidance Note @64.

S

\\{\é

$)
-
NE

=)

Table 9.12: Historical Noise Surveys

Compliance

Limits, dB S1, dB LAeq S2, dB LAeq S3, dB LAeq S4D,dB LAeq S5, dB LAeq

Laeq

2012 Day 55 51 ()QQ 50 51 48 46
2012 Night 45 ﬁgs\ 44 39 34 36
2013 Day 55 0{\%5 49 50 51 45
2013 Night 45 ~ 35 44 41 41 42
2014 Day 55 51 48 49 48 44
2014 Night 45 34 41 40 41 45

Noise Incidents and Complaints

There have only been two complaints over the previous three years attributed to site noise. In each case,
the engineering issue relating the noise complaint was identified and rectified quickly.

Table 9.13: Noise Complaints

Date Description Cause Outcome
Unusual vibrating sound Source was a loose fan Housing repaired and
21/09/2011 - . . - . N
emanating from the site housing on air intake. noise eliminated
mplaint r rding th . The volume of th
Complaint regarding the The PA system in a new e volume of the
frequency of use and the . system was reduced and
: . construction area was . .
04/10/2012 noise level of the site . e a reminder issued
. identified as the cause of . -
Public Address (PA) . internally as to its
the complaint. -
system permitted terms of use
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Noise Impact Assessment
Introduction

Fehily Timoney and Company was retained by Eli Lilly S.A. to update the site noise model for the inclusion
of IE43 Biotech Manufacturing Facility and the CHP plant. This section:

e predicts the noise emissions from the entire site with IE43 and the CHP plant operating

e assesses the impact of the predicted noise on the existing environment (including the closest noise
sensitive receptors) and

e determines compliance with the existing and possible new licence limits based on the Agency’s
Noise Guidance Note NG4 (2012).

Applicable Noise Criteria

The site is currently subject to noise limits as detailed in licence reference PO009-03.Conditions 4.6 and
Section B.4 detailing the noise limit requirements is shown below.

4.6 Noise
Noise from the installation shall not give rise to sound pressure levels (Leq,30 min)
measured at noise sensitive locations of the activity which exceed the limit value(s).

Section B.4 Noise Emission Limits \\,&‘

Daytime dB(A) Laeq (30 min)

55Note 1 q. & 45Note 1

Note 1: There shall be no clearly audible ?éomponent or impulsive component in the noise
emission from the activity at any noise sensn atlon
\\q

Receivers \
O

Condition 6.11 requires that annual nms&fﬁomtonng is undertaken. Eli Lilly currently monitors at five boundary
locations, S1 through S5.

A sample of noise sensitive locations nearest to the site was also selected for the purpose of this noise
prediction assessment. Table 9.12 details these locations and approximate distances to the site boundary.

Table 9.14: Closest Noise Sensitive Locations

NSL Reference Description Distance from Site Boundary

NSL1 North-east 157
NSL2 North-east 198
NSL3 North-west 192
NSL4 South-west 23

NSL5 South 339
NSL6 South 281
NSL7 North-west 260
NSL8 North-west 277
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Noise Sources

A list of the on-site noise sources are presented in Table 9.15. The information is presented with the sound
power levels used in the modelling exercise. All the sources detailed are external emitters as internal noise
sources are contained within buildings and have no to limited contribution to ongoing site noise. This table
contains the sources proposed for IE43 as per the 1E43 EIS together with the sound power data provided to
FTC by Eli Lilly.

Table 9.15: Noise Sources

Total Sound

Site Sound Power Level Octave Bands (Hz) Power Level,

LErEser Description dB(A)

63 125 250 500 1k 8k ‘ Lw. Tot

Existing Sources

IE1 IE1 Air Extract Fan 69 80 87 90 91 85 78 58 95

IE1 IE1 Tilmycosin 58 | 76 | 81 78 | 79 | 75 | 58 | 58 85
refrigerator

IE3 IE3 EF5 74 | 80 | 83 85 | 84 | 82 | 79 | 68 91

IE3 IE3 Scrubber fan 70 | 77 | 85 | 88 | 88 | 87 | 83 | 72 04
pe31

IE3 IE3 EF19 69 | 84 | 88 94 | 93 |87 | 81 | 72 08

&
IE3 Fé‘éracmr fan EF18 77 | 83 | 90 | 93 48\8 94 | 90 | 83 100
‘\\ f§ Y
IE3 Scrubber fan SC53 69 76 81 kééox 89 87 86 81 94
&

IE3 IES extractor fan 46 | 65 | 64T <& | 61 | 59 | 51 | 36 71

source RN
N

IE4 IE4 Cooling Towers 69 | 82 | B%'| 89 | 89 | 83 | 76 | 69 94
IE4 compressors a @

IE4 ot b 67 7\3@% 584 88 | 95 | 93 | 92 | 87 99

IE4 IE4 Glycol pumps 58 QOC@ 01 92 | 98 | 97 | 92 | 79 102

[S)

IE4 IE4 Glycol return 58 .84 | 83 84 | 86 | 85 | 84 | 77 92
pumps to chiller Q

IE4 IE4 Nitrogen plant (;S% 74 | 85 | 82 | 92 | 89 | 91 | 88 97

IE4 IB4 Extractor fanson | oo | 2, | g5 | o7 | 90 | 87 | 80 | 74 08
1E4 chiller

IE4 IE4 Chiller louvre 30 | 40 | s1 67 | 66 | 58 | 57 | 34 70

IE4 IE4 cooling tower 10 71 | 80 | 97 80 | 91 | 83 | 82 | 77 99

IE4 IE4 wwtp pumps x 3 71 | 80 | 86 90 | 93 | 91 | 90 | 82 98
(6 no.)

IE4 :E)4)CO0Img Towers (2 | g9 | g2 | 89 89 | 89 | 83 | 76 | 69 94

IE7 IE7 Zink incinerator 74 | 81 | 88 | 96 | 103 | 97 | 93 | 81 105
main fan

IE7 IE7 Hydrosonics 73 | 83 | 86 | 96 | 98 | 96 | 92 | 82 102

recycle pump
IE7 IE7 Zink incinerator 89 | 101 | 92 | 95 | 100 | 96 | 93 | 89 105
cooling tower fan

zink incinerator

IE7 absorption water 74 83 91 102 103 99 93 83 107
pump
IE8 IE8 EF2 76 83 89 96 98 95 89 77 102
IE8 IE8 AHU3 72 77 82 97 88 82 74 58 98
IE8 IE8 Cooling Towers 67 78 83 90 89 89 83 74 95
IE8 IE8 EF6/EF10 72 80 85 89 87 84 78 71 93
IE8S IE8 EF35 68 80 90 89 91 90 88 83 97
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Total Sound

Sitg Description Sound Power Level Octave Bands (Hz) POV\(/jeBr('LAe)vel,
Location
125 250 500 1k Lw. Tot
Existing Sources
IES IES EF22A 71 | 84 | a1 90 | 91 | 87 | 83 | 79 97
IES IE8 EF12 AHU 75 | 80 | 83 78 | 81 | 81 | 82 | 79 89
IES IES EF14 AHU 73 | 85 | 87 81 | 77 | 77 | 79 | 80 91
IES IE8 AHU2 71 | 73 | 82 83 | 84 | 81 | 78 | 74 89
IES IE8 EF106 73 | 77 | 90 84 | 87 | 86 | 81 | 71 94
IES IES EF13 78 | 87 | 97 93 | 89 | 86 | 82 | 74 100
IE11 :Eiiq Sludge press 57 | 85 | 90 | 97 | 100 | 100 | 95 | 89 105
IE11 é'irll}bgfr'fgaisﬂ 58 | 71 | 77 | 79 | 84 | 86 | 85 | 80 o1
IE11 g%ilaif;'%e”t pumps 61 | 66 | 66 74 | 70 | 70 | 74 | 70 79
IE11 IE11 sump pump 58 72 83 89 91 93 90 80 97
IE16 IE16 cooling tower 75 91 94 91 88 87 84 80 98
IE16 IE16 EF8 and EF7 62 | 68 | 66 68 | 71 | 71 | 66 | 66 77
IE16 IE16 AHUS 68 | 75 | 97 9 | 85 |o76 | 67 | 60 98
IE16 IE16 AHU6 71 | 74 | a1 89 | 8@ "84 | 79 | 71 95
IE16 IE16 AHU4 72 | 77 | 86 B9 ~(®§9 87 | 83 | 74 94
IE16 IE16 EF6 73 | 76 | 83 ,/?5%79‘ 92 | 85 | 85 | 80 95
IE16 IE16 AHUL 72 | 81 19\@% sos | 88 | 82 | 76 | e6 102
IE16 IE16 AHU2 57 | 62 _&\&5@\‘ 74 | 73 | 72 | 68 | 56 79
IE16 IE16 EF5 74 :39&9Q <\0‘§5 91 | 90 | 89 | 85 | 73 96
IE16 IE16 EF1 73 Q@@S& 84 | 94 | 85 | 86 | 81 | 81 96
IE16 IE16 EF3 61 5\(}7’2 75 72 | 67 | 64 | 60 | 54 78
IE16 'eiﬁz ussir?:nb:rl-scsl rogéff‘\ 50 | 64 74 | 64 | 62 | 58 | 64 76
IE18 IE18 To reeco 60 | 81 | o1 9 | 90 | 85 | 77 | 70 96
IE28 IE28 AHU7A and B 75 | 84 | o8 95 | 99 | 96 | 93 | 94 104
IE28 IE28 Chillers 55 | 65 | 76 92 | 91 | 83 | 82 | 59 95
IE30 IE30 Cooling Tower 1 | 51 | 66 | 72 76 | 77 | 73 | 71 | 66 82
IE30 | 530 Cooling Tower 54 | 63 | 72 | 75 | 78 | 74 | 73 | 69 82
IE30 ,'\fst%fgo""g Tower 54 | 63 | 72 75 | 79 | 74 | 73 | 69 82
IE30 IE30 DMSO pump 57 | 72 | 78 81 | 82 | 79 | 75 | 71 87
IE30 I'IE:’;(S’ External steam | 43 | g0 | 70 | 70 | 76 | 78 | 82 | 71 84
IE30 LE?pG('ZC:(')_F;Et”m 47 | e5 | 71 | 76 | 75 | 72 | 78 | 68 82
IE30 Lis;r?pe('g":('j“pp'y 47 | 65 | 71 76 | 75 | 72 | 78 | 68 82
IE30 :E?’;) Cooling Tower (2 | g, | g5 | 72 76 | 77 | 73 | 71 | 66 82
IE30 ,'\fg’t%fi‘)"”g Tower 54 | 63 | 72 | 75 | 78 | 74 | 73 | 69 82
IE30 Li?r’gpe('gcr?éset”m 47 | 65 | 71 76 | 75 | 72 | 78 | 68 82
IE31 ]!5:;? Cooling tower 80 | 101 | 97 | 93 | 99 | 98 | 94 | 86 106
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Total Sound

Site Sound Power Level Octave Bands (Hz) Power Level,
Description dB(A)

Location
63 125 250 500 1k Lw. Tot

Existing Sources

IE31 IE31 Air blower 69 | 79 | 83 88 | 103 | 98 | 92 | 79 105
exhaust
IE34 cooling tower 5 81 | 88 | o7 98 | 97 | 88 | 86 | 77 103
IE34 IE34 AHU (2 no.) 62 | 71 | 80 84 | 83 | 78 | 72 | 61 88
1IE34 IE34 cooling tower 6 81 88 97 98 97 88 86 77 103
IE34 IE34 cooling tower 4 81 88 97 98 97 88 86 7 103
1IE42 IE42 Cooling Tower 51 66 72 76 77 73 71 66 82
IE42 IE42 Cooling Tower 54 | 63 | 72 75 | 78 | 74 | 73 | 69 82
Motor-1
IE42 IE42 Cooling Tower 54 | 63 | 72 75 | 78 | 74 | 73 | 69 82
Motor-2
IE42 IE42 Glycol Supply 47 | 65 | 71 76 | 75 | 72 | 78 | 68 82
Pump-7
IE42 IE42 EF1 and EF2 78 | 62 | 44 43 | 43 | 43 | 43 | 43 78
IE42 IE42 AHU (14 no.) o | 84 | 69 66 | 64 | 51 | 48 | 45 84
IE42 IB42 AHU extractfan | o5 | 21 | go | ga | 83 | 78 | 72 | &1 88
east side
%4
IE42 IB42 AHU extractfan | o | 21 | go | ga 83,V 78 | 72 | 61 88
west side &
Tank Near tank farm )
Farm rainwater sump pump 58 80 88 8(§\ "@88 86 85 76 94
Tank farm | [2nkfarmpumps 1to | 5 | 55 | g f’@% 72 | 72 | 65 | 57 76
5 PO
Y
EG5 GenSet Generator - -- R & -- - - - -- 92
New Sources
IE43 Cooling Towers 1 '
IE43 | % 54 <,o‘7§\\° 79 | 80 | 76 | 74 | 74 | 69 85
N Q)
IE43 | B43 Cooling water 47 k86 | 65 | 68 | 71 | 67 | 66 | 62 75
pumps 1 to 4 D
IEaz | 43 Condensate géé‘\ 56 | 65 | 68 | 71 | 67 | 66 | 62 75
Return pumps 1to5 | O
Engine / Generator [~
CHP ot 97 | 103 | 101 | 96 | 95 | 94 | 96 | 97 103
CHP Engine flue discharge | 109 | 121 | 116 | 117 | 113 | 113 | 118 | 101 122

Noise Prediction Modelling

The noise prediction was undertaken using noise modelling software, Bruel & Kjaer Predictor Version 5.04:
module 1SO 9613, based on:

e |ISO 9613 — 1 Attenuation of Sound During Propagation Outdoors, part 1: Calculation of the
Absorption of Sound by the Atmosphere 1

e |SO 9613 — 2: Attenuation of Sound During Propagation Outdoors, Part 2: General Method of
Calculation 2

1 Acoustics - Attenuation of Sound During Propagation Outdoors, 1SO 9613 Part 1: Calculation of the absorption of sound
by the atmosphere . International Organization for Standardization.

2 Acoustics - Attenuation of Sound During Propagation Outdoors, ISO 9613 Part 2: General method of calculation.
International Organization for Standardization.
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The propagation model described in Part 2 of the ISO 9613 standard provides for the prediction of sound
pressure levels based on either short-term, down-wind (i.e., worst case) conditions, or long term, down-
wind overall averages. 1SO 9613 is considered a conservative model as it assumes all receivers are down-
wind from the noise sources.

In reality, when wind is blowing in the opposite direction (i.e. from receivers to sources), the source
attributable noise levels are lower.

The noise sources detailed in Table 9.15 were set to emit on a continuous basis. It is unlikely that this will
be the case in reality. Foliage (including trees) and other screening/ barriers were also not taken into
account therefore the predicted noise levels together with the continuously emitting sources present the
worst case scenario

The model was set up applying a ground correction factor of 1.0 to the agricultural lands outside the Eli Lily
site representing acoustically soft ground and 0.0 for lands inside the site representing acoustically hard
ground (i.e. concrete). There was no meteorological correction applied and the temperature, pressure and
humidity were standard parameters.

The noise receivers were set up as point receptors and grid receptors which provide both point results for
receivers of note such as the closest noise sensitive locations and the licence noise monitoring points and
also noise contours showing how the predicted noise emissions emanate from the site sources. Receivers
were also set up at 1.5 m representing a receiver on ground level and at 4.0 m representing a receiver at a
first storey of a building at the nearest noise sensitive locations.

&

Figure 9.2: 3-D Perspective of Site Noise Model
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Table 9.16: Noise Prediction Model Results

Without 1E43 and CHP

With 1E43 and CHP

Operating Operating Predicted
RefIZSeane Predicted Predicted Predicted Predicted Increase,
Noise At 1.5 Noise At 4.0 Noise At 1.5 Noise At 4.0 dB(A)
m, dB(A) m, dB(A) m, dB(A) m, dB(A)
Closest Noise Sensitive Locations
NSL1 44 46 44 46 0
NSL2 43 43 43 43 0
NSL3 47 48 47 48 0
NSL4 48 49 48 49 0
NSL5 43 44 43 44 0
NSL6 47 49 47 49 0
NSL7 41 42 41 42 0
NSL8 42 42 42 42 0
Existing Noise Monitoring Locations ‘
S1A 47 47 & 0
S2A_A 51 oi%?“ 0
S3 A 48 O\,Qjé\@} 48 0
S4D_A 51 &\0‘1@\ 51 0
&
S5A_A 55 O{\‘\.\\&v 55 0
Proposed Noise Monitoring Locations
New NS1 38 {\(g&‘ 38 0
New NS2 36 d 36 0
New NS3 46 46 0]
New NS4 44 44 0

Prediction Results

As described previously, the model is a conservative version of noise emitting from the site. The model was
set up with all the external noise sources on-site emitting continuously and while the plant operates on 24
hour, seven day basis, a significant number of the HVAC systems are reduced during night-time hours. The
model also assumes that each receiver is downwind of all sources, no meteorological correction is applied
and there is no additional screening bar on-site buildings and ground contours.

The model was also run without IE43 and the CHP plant in place and the results show that there is no
increase to the predicted noise levels with these noise sources in place.

All the predicted, conservative results are within the 55 dB(A) daytime limit and 50 dB(A) evening-time for
the proposed monitoring locations and the closest noise sensitive locations.

In relation to the night-time limit of 45 dB(A), the predicted levels are conservative, as discussed, and
should be less in reality. Due to the historical compliance of the site and the negligible impact of IE43 and
CHP plant, night-time nuisance should not occur.
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9.8 Attachment 1.8. Environmental Considerations, Main Alternatives and BAT

9.8.1A Main Alternatives

Discussion of alternatives is not applicable to this licence application.

9.8.1B Relevant Decisions

Identify all relevant decisions on BAT Conclusions, BAT reference document(s) (BREFs) and BAT
guidance document(s).

Title of Document

Integrated Pollution Prevention and Control. Reference Document on Best Available Techniques (BREF)
for the Manufacture of Organic Fine Chemicals, European Commission, 2006

BREF on Common Waste Water and Waste Gas Treatment/Management Systems in the Chemical
Sector, European Commission, Final Draft 2014

BREF on Emissions from Storage, European Commission 2006

BREF on Industrial Cooling Systems, European Commission, 2001 \ap

&

BREF for Waste Incinerations, European Commission, 2006 &

\ .
REF on Economic and Cross-media Effects, European Commi%%l@n, 2006

REF on the General Principles of Monitoring, Europeg@O mmission, 2003 (monitoring of emissions
from IED-installations)

<
S

s
N
<(0\ \\'\\Q
\°°Q
O
&

QO
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9.8.1C BAT Measures

Table 9.8(i) CONCLUSIONS ON BAT

Title of Document:_ CWW BREF Draft 2014

State technique

BAT and whether it is
reference BAT Statement Applicability Assessment in place or state
Number schedule for
implementation
BAT is to implement and adhere to an environmental management DEtaII?d EMS in plac_e, _|nclud|ng _managem(_—:-nt
BAT 1 commitment,, establishing and implementing Yes
system (EMS) Qb} o
procedure% oles and responsibilities etc.
PN
Inven \)’/ established through new process
BAT is to establish and to maintain an inventory of waste water i ction (NPI) procedures of production
BAT 2 W . Yes
streams B esses and characteristics of waste
A\§Q Streams
(\V N4
BAT 3 BAT is to monitor key process parameters relevant for emissio ‘cgq@‘ Continuous monitoring systems in place of Yes
water S waste water flow, pH and temperature.
BAT is to monitor emissions to water in accordance with ?:‘3& ISO or | Meeting parameter requirements under
BAT 4 - . . Yes
National standards as applicable \5\ current license
&
. - . . . = . Diffuse emissions from the WWTP collected
BAT 5 BAT is to periodically monitor diffuse VOC emlssﬁ%s to air from and vented through a Bio-filter which is Yes
relevant sources . .
monitored on an annual basis
Bio-filter used as WWTP odour abatement
BAT is to periodically monitor odour emissions in accordance with system. Olfactometry measurements are
BAT 6 . . Yes
EN standards completed on bio-filter inlet and exhaust
gases on an annual basis.
Optimisation of water use in production
BAT is to reduce the volume and/or load of waste water streams, to | process, use of metering, proper waste
BAT 7 enhance the reuse of waste water within the production process stream segregation through NPI reviews, Yes
and/or to recover and reuse raw materials monitoring of waste volumes from production
activities.
BAT is to segregate uncontaminated waste water streams from S’Form Wa_ter/flrewat.er_retentlon. p°.”d in place
BAT 8 . with continuous emissions monitoring of TOC Yes
other waste water streams that require treatment. and pH
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State technique

BAT and whether it is
reference BAT Statement Applicability Assessment in place or state
Number schedule for
implementation
BAT is to provide an appropriate buffer storage capacity for Z?en;sm;ngf ;i'g:::l Sirtlén oifta(;rtoomstg:%dt\]/\?:t?a?
wastewater incurred during other than normal operating conditions . 9 » PIp .
BAT 9 - . retention pond and monitored on discharge. Yes
based on a risk assessment and to take appropriate measures to . .
treat. reuse etc All rainfall run off to bunded areas is routed to
’ ’ the WWTP.
Where pos%'g{e pollutants are recovered at
BAT is to use an integrated waste water management and treatment source ({'6@ - metals filtration). Pretre_atment
BAT 10 strate steps r to waste water treatment include Yes
oy d ng of solvent residue, balancing of
4{;@& streams and pH adjustment.
RO
BAT i h [ [ h nﬁv*p
is to pretreat waste water that contains pollutants that canrot, e . .
BAT 11 be dealt with adequately during final waste water &’ §° gltorga?rgd:g?g3?;??:?;‘;‘2 I)i/ncir:gi(;ionwasm Yes
treatment by using appropriate techniques. 0(} &\\
[QIRAN
X Techniques employed in the WWTP include
&
\5\ equalisation, neutralisation, physical
. 4&‘ . separation, activated sludge process,
BAT 12 BAT . . IS . to use an . Gg° appropriate settlement, filtrationand Nitrogen removal, *Yes
combination of final waste water treatment technigues. . .
*See table footnote for further discussion of
Phosphorus use on site and potential impact
on BAT-AEL
BAT is to set up and implement a waste management plan as part
of the environmental management system (see BAT 1) that, in
BAT 13 - .
order of priority, ensures that waste is prevented, prepared for
reuse, recycled or otherwise recovered WWTP sludge is thickened, dewatered and
dried prior to use as an industrial support Yes
In order to reduce the volume of waste water sludge requiring fuel.
further treatment or disposal, and to reduce its potential
BAT 14 - - . . .
environmental impact, BAT is to use one or a combination of
techniques such as conditioning, thickening, dewatering and drying.
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State technique

BAT and whether it is
reference BAT Statement Applicability Assessment in place or state
Number schedule for

implementation
In (_)rd'er to fac!lltate tr_le recovery of compgur_lds and the reduction of WWTP and sludge holding tanks are all
BAT 15 emissions to air, BAT is to enclose the emission sources and to treat A Yes
e . covered and vented to a Bio-filter
the emissions, where possible.
In order to reduce emissions to air, BAT is to use an integrated Qo?f
BAT 16 waste gas management and treatment strategy that includes (\é Not applicable
process-integrated and waste gas treatment techniques. 3 \\0\
N
SxE
g
o .
BAT 17 BAT is to use flaring only for safety reasons or non- routlneQ S Not applicable
operational conditions .»\Q R
BAT 18 Also relates to flaring off gases &é’}\o\&\ Not applicable
In order to prevent or, where that is not practlcablqu *reduce
BAT 19 diffuse VOC emissions to air, BAT is to use a co ation of | WWTP balance tank vented to Bio-filter Yes
techniques related to plant and equipment design andgp%ration.
QA . . .
BAT is to set up, implement and regularly r%view an odour Odour response plar! in place |ncl_ud|_ng
f protocol for responding to odour incidents,
BAT 20 management plan,as part of the environmental management o . e Yes
monitoring and identification of odour source
system I,
and remediation of the source.
In order to prevent or, where that is not practicable, to reduce
odour emissions from waste water collection and treatment and
BAT 21 from sludge treatment, BAT is to use one or a combination of the | All these techniques are currently employed in Yes
techniques including minimizing residence time of waste water and | the operation of the WWTP
sludge in storage vessels, optimisation of aerobic conditions,
enclosure of WWTP and treatment of off-gases
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Title of Document:_CWW BREF Draft 2014

State technique

BAT and whether it is
reference BAT Statement Applicability Assessment in place or state
Number schedule for
implementation
Noise monitoring programme in place for
monitoring of noise sources, response to
BAT 22 BAT is to set up and implement a noise management plan, as part noise incidents and remediation of significant Yes
of the environmental management system noise sources as required. Noise attenuation
measures already in place for significant noise
sources.
In order to prevent or, where that is not practicable, to reduce noise &
BAT 23 emissions, BAT is to use one or a combination of techniques Operation@%ontrols and abatement systems Yes
including strategic location of equipment, selection of low noise | in place &
equipment, appropriate operational control and suitable abatement. K@’é\
o\,\\}
o
N
Q
. 00 é‘&
S
S
L
S
Lt
N
O
&
&
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Footnote:

Significant effort over the years has gone into finding alternative cleaning solutions to the traditional solvent
cleaning process used in pharmaceutical manufacturing. An aqueous based cleaning process has now
replaced many of the traditional solvent cleaning processes. This brings many environmental benefits,
particularly in relation to reduced atmospheric VOC emissions. However these validated cleaning products
are phosphorus based and as their use increases, particularly around Biotech manufacturing, we will not be
in a position to meet the proposed BAT-AEL value for Phosphorus on our effluent discharge without
significant capital investment to install a phosphorus removal step in our waste water treatment plant.

The removal process itself could prove to be technically challenging, particularly for treatment of incinerator
effluent streams that contain a complexity of salts. Even if phosphorus removal from such waste streams
was possible the problem still remains as to how to safely dispose of the phosphorus rich sludge as landfill
facilities in Ireland are very reluctant to accept such material because of its eutrophication potential in the
event of landfill leachate reaching surface waters.

The absence of a Coastal Waters Environmental Quality Standard (EQS) for Phosphorous in the Surface
Water Regulations (2009) is also reflective of the fact that it is not a limiting nutrient or a cause for concern
in the environment to which we discharge.

Years of monitoring around our discharge location in the outer reaches of Kinsale Harbour also continues to
demonstrate that our phosphorus discharge is having no detrimental effect on the quality of the harbour,
therefore its continued discharge in our final effluent is considered the best environmental option. This is in
line with guidance outlined in the EU Reference Document on Economics and Cross Media Effects (July
2006) on the need to assess the choices to be made in disposing of a pollutant to different environmental
media, having regard to its overall environmental and economic irgffact. In the definition of BAT in this
reference document “available” techniques is interpreted as “thgée developed on a scale which allows
implementation in the relevant industrial sector, under econQngﬁ’callv and technically viable conditions”.
Removal of phosphorus from an effluent discharge to sea isoﬁ\é\t’@jonsidered an economically viable technique
and poses significant technical challenges.

O~

QS
: : SN ) : .
In making the case for derogation on the BAT—AEIQQo@hosphorus, consideration should be given to the
significant upfront investment made in piping tr effluent from the site to a discharge location in the

outer Kinsale Harbour, rather than to the n estuary, so as to minimise the overall environmental
impact of site operations. We continue to mg@‘l‘t@@othe impacts of our operation on the environmental quality
of Kinsale Harbour through the ongoing m r@@ring programme as managed by the National University of
Ireland, Galway (UCG). This programme h§§’ been running for the past 30 years making Kinsale Harbour
one the most documented harbours @y‘\Europe. As stated previously all the research continues to
demonstrate that existing emissions e&&’t having any detrimental effect on any aspect of harbour quality.

The results of effluent discharge modelling at current maximum license limits for all licensed parameters
demonstrates compliance to the Coastal Waters Environmental Quality Standard (EQS) for the parameters
outlined in the Surface Water Regulations (2009). Details of this assessment are provided in Appendix 2 of
this document.

Consideration should also be given to the fact that the Company, at a global level, has introduced an
environmental target of 15% reduction in the level of phosphorus in wastewater discharges by 2020. This
has already led to the establishment of a global manufacturing working group to assess the current use of
phosphorus based detergents and the alternative options available. The Kinsale site has representation on
this group and is actively encouraging the research and development facilities to assess alternatives to the
current phosphorus based cleaning agents at early product development stage. For established products,
regulatory constraints prevent changes being made to existing validated manufacturing processes, while the
impact of changes made to cleaning processes at the research and development stage of a product lifecycle
will take a number of years to impact at a site manufacturing level. However with this ongoing focus on
phosphorus reduction a downward trend in phosphorus emissions at all manufacturing sites is to be
expected in the next five to ten year period.

Article 15 (4) of Directive 2010/75/EU on industrial emissions outlines the basis for allowing a derogation on
the application of a BAT emission limit value (ELV) in situations where it can be demonstrated that the
application of a BAT ELV would lead to disproportionately higher costs compared to the environmental
benefits, while also ensuring that no significant pollution is caused and that a high level of protection of the
environment as a whole is achieved.
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The information outlined above supports the basis for such derogation in that the proposed phosphorus
emission will not have any adverse environmental effect, while introducing a phosphorus removal step will
require significant capital investment in additional treatment capability and increase operating costs
significantly (raw materials, energy). The additional energy use associated with the phosphorus removal
process and sludge transport will also negatively impact on the carbon footprint of the site.

The additional cost of providing and operating a Phosphorus removal system in our waste water treatment
plant would place Kinsale at a distinct disadvantage in attracting new business to the site, with knock on
effects on support businesses, therefore applying derogation on Phosphorus discharge to the ocean is
considered applicable under the above referenced Article 15 (4).

Having reviewed Phosphorus use in current and projected processes, the proposal is to limit phosphorus in
the final effluent discharge to 150kg/day, expressed as an annual rolling average as outlined in the
following Table. This represents a 50% reduction on the current licence limit, and in light of the ongoing
expansion of the Biotech processing facilities, represents a significant commitment to the overall
phosphorus reduction goal.

A proposal for the expression of BAT-AEL values in our final effluent discharge for all of the parameters
listed in Tables 4.1, 4.2 and 4.3 of the CWW BREF Draft 2014 is outlined in the following table. The proposal

relates to the expression of emission limit values for the parameters listed as a mass emission rather than
as a concentration limit.
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BAT-AEL expressed as mass emission limit value for final effluent discharge
(Emission Point Ref. SW-1)

CWW BREF 2014 Final Effluent Proposed BI,IAr:I—f\EL license
GELEUILC] BAT-AEL Max conc. Dischargtz AT (Kg/day as annual rolling
(mg/l) as annual average RS T2/ 2 E57) average)
BOD 20 3000 60
COoD 100 3000 300
TSS 35 3000 105
TN 25 3000 75
AOX 1 3000 3
Cr 0.025 3000 0.075
Cu 0.05 3000 0.15
Ni 0.05 3000 0.15
Zn 0.3 3000 0.9

AEL expressed as mass emission limit value for final effluent discharge
(Emission Point Ref. SW-1)

Final Effluent Proposed AEL license limit
Parameter Discharge Voluine (Kg/day as annual rolling
(max ms/ctay) average)
TP 53600 150
NS
o Q_{ \&\
X (4
o
N
$ o9
L
N
O
&
&
Q: 2014/LW14/020/02/Reports/IPPC Attachments_Rev.0.doc Page 164 of 193

EPA Export 09-06-2015:23:28:01



Attachment |

Table 9.8 (ii) CONCLUSIONS ON BAT

Ref: Waste Incineration 2006 BREF
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State technique and

BAT whether it is in place
reference BAT Statement Applicability Assessment p
or state schedule for
Number . .
implementation
5.1 Generic BAT for all waste incineration
Selection of an installation design that is suited to the Detailed design in collaboration with
1 s Yes
characteristics of the waste to be treated. manufacturer
R
2 Maintenance of the facility Robust inspeoqt%n /PM programme in place Yes
S¥
Contrafs ﬁplace to manage waste received.
Wag@&ftream evaluation as part of the new
3 Management of wastes Ré;gﬁ:t introduction (NPI) process. Regular Yes
d ening of waste feed for solvent content
9P -
£°l@nd calorific value
\(\‘%{’\\c Waste solvent storage tanks farm upgrade
attack resistant bunded/8 in 2010. Specification for new waste storage Yes
tanks (,OQ tanks based on typical waste profile. Tanks
$ fitted with anodes to i
& prevent corrosion.
flanges and vaIvesO@‘l'thin Yes
) bunded areas Good containment measures in place with
BAT to store waste in | \iinimisation of fugitive/odour | regular testing of bunds. Segregation of Ves
areas that have sealed | geases primary and secondary waste as per waste
4 and resistant surfaces, searegated storage according | Stréam evaluation. All solvent storage tanks
with controlled and to ?’isl? assessmer?t 9 | have nitrogen blanketing and appropriate Yes
separated drainage conservation vent settings to minimize
special attention to the length | fugitive or odour emission. New solvent :
. . Not applicable
of storage times waste storage tanks have higher pressure
automatic handling and rat_ing allqwing for h!ghe_r \_/ent pressure Ves
loading devices rellgf §ett|ng thus minimizing fugitive
cleaning facilities for surfaces | €MISSIONS.
. Yes
and containers
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State technique and

BAT hether it is in pl
reference BAT Statement Applicability Assessment whetner 1t 1s in place
or state schedule for
Number . -
implementation
Automatic fire detection and Yes
warning systems
Infrared fire detection system linked to high
The use of either a manual or | flow rate firewater sprinkler system.
automatic fire intervention Trained firefighters (ERT) available on site
and control system as to respond to a fire incident. Yes
5 Plan to manage fire required according to the risk

hazards assessment carried out. &
The provision of operators ®®
with a means to visually ) \\0
monitor, directly or using CCTV @éj@ole to site security personnel to v
television screens or similar, moni ey waste storage areas es
waste storage and loading \§Q R
areas W(\sz

N
the control of air (oxygen) &5’\ CS(\
supply, distribution and & &'\‘ Yes
temperature, including ‘g%g\*\ Operating conditions of the KEU managed
and oxidant mixing &00 by process control computer. Continuous
the control of combg@tion monitoring of oxygen, air flow temp_erature
S etc. Operator intervention as required.
Optimisation and temperature Ieveb@%d Yes
6 control of combustion distribution, and the control

conditions of raw gas residence time
in general it is BAT to use
those operating conditions
(.I'e' temperatures, residence Incinerator design meets these conditions Yes
times and turbulence) as
specified in Article 6 of
Directive 2000/76.
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Ref: Waste Incineration 2006 BREF

State technique and

whether it is in place

or state schedule for
implementation

BAT

reference BAT Statement Applicability Assessment
Number

the use of auxiliary burner(s)
for start-up and shut-down
and for maintaining the
required operational
combustion temperatures
(according to the waste
concerned) at all times when
unburned waste is in the
combustion chamber

the use of a boiler to transfer 3
Overall optimisation of | the flue-gas energy for the \\\~(§\

installation energy production of electricity KEU Q{%\ aste heat boiler for energy
efficiency and energy and/or supply of steam/heat re&é&

recovery with a thermal conversion Q& N

efficiency of 60-70% %S

I. to use heat exchangers t QQ@K
heat the SCR inlet flue-gas® &'\\
with the flue-gas ener &
the SCR outlet. ii. to g@%lly
select the SCR system that,
for the performancé\svel
required (includirfg0
availability/fouling and
General minimisation reduction efficiency), has the
8 of overall installation lower operating temperature
energy demand where flue-gas reheating is
necessary, the use of heat
exchange systems to

minimise flue-gas reheating
energy demand. e. avoiding
the use of primary fuels by
using self-produced energy in
preference to imported
sources

Natural Gas burners available as back up as

. .. Yes
per current license conditions

&

&
&

Yes

SCR system employs a heat exchanger to
optimise energy use as per the outlined
BAT.

Yes
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Ref: Waste Incineration 2006 BREF

BAT
reference
Number

BAT Statement

Applicability Assessment

Eli Lilly
IED Licence Review

State technique and

whether it is in place

or state schedule for
implementation

. \ Refer to Stack BAT ELV tab
Operational ELV's . .
. - below for details. Current operational controls and flue gas
9 associated with use of . . Yes
. Parameters outlined are those | treatment systems meet BAT ELV's.
BAT for releases to air -
already licensed.
Refer to FGT systems tab 'I_'he wet FGT_system used on the K_EU is
: listed as having many advantages in the Yes
below for details
BAT assessment.
the use of on-site . & .
. . Coagulation, Q@sculatlon, settlement and
physico/chemical treatment : - &
- filtration 0f<e5 uent streams to remove
of the scrubber effluents prior ’ . . Yes
- suspe olids together with effluent pH
to their discharge from the O
; contgel
site o‘\&
S
. . Q™
the re-circulation of wet & éf
. X
scrubber effluent within the é’c$
Fl Treatment scrubber system, and the~\0§&’x\
10 S uet as ireatime of the electrical conductj@‘i a Optimisation of scrubber blow down by use
ystems (mS/cm) of the re—circq\lé? d of online monitoring systems (e.g. Yes
water as a control megsure, conductivity)
so as to reduce scr. er
water consumpti@? by
replacing scrubber feed water
In general SCR is considered
BAT where higher NOX
reduction efficiencies are
required (i.e. raw flue-gas SCR system currently in use as NOXx Yes
NOX levels are high) and abatement device
where low final flue-gas
emission concentrations of
NOX are desired.
BAT ELV's for effluent
discharges from Refer to Effluent BAT ELV tab ELV's comparable to current license ELV's
11 treatment plants - o - Yes
S below for details. and within current operational controls
receiving FGT scrubber
effluent
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Ref: Waste Incineration 2006 BREF

BAT
reference
Number

BAT Statement

Optimisation of
recirculation and reuse

Applicability Assessment

Water use within the KEU is currently

Eli Lilly
IED Licence Review

State technique and

whether it is in place

or state schedule for
implementation

12 of water within the optimised and controlled accordingly. ves
plant
. . Conservative approach taken with this
. BAT refers primarily to reuse S : L
Management of boiler - . material in designating it as hazardous. .
13 options, where applicable, for . . Lo Not applicable
ash - Material shipped offsite in UN approved
such material. .
containers for f er thermal treatment.
N
Management of solids BAT refers primarily to reuse De\_/v_at ass udg.es routed to offsite drying
removed from - . faciligy. Mixed dried sludges used as an
14 options, where applicable, for ; : . Yes
abatement system - a@q y fuel source for other industries
such material. -
effluent streams o @)Cement manufacturing)
NS
BAT is to implement and é}cs(\
adhere to an Environment@?%é’\\
Management System ( N
Aoplication of that incorporates such , ®
PP aspects as establishi Strong EMS operational on site and is
environmental . .
15 necessary procedures, subject to regular internal and external Yes
management system - : :
implementing pro:o%dures, review.
(EMS) -
checking performance and
taking corrective and
preventative actions as
necessary.
5.2 Specific BAT for hazardous waste incineration
Mixing, blending and
pretreating of the waste in
order to improve its Segregation of solvent waste into Primary
16 Mixing and blending of | homogeneity, combustion and Secondary streams. Batching and Yes

characteristics and burn-out
to a suitable degree with due
regard to safety
considerations

waste

analysis of material prior to incineration to
determine combustion characteristics
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Ref: Waste Incineration 2006 BREF
BAT

reference
Number

Minimisation of

BAT Statement

Direct injection of liquid and
gaseous hazardous wastes,
where those wastes require

Applicability Assessment

High level of containment maintained

Eli Lilly
IED Licence Review

State technique and

whether it is in place
or state schedule for
implementation

17 exposure by direct e . around all incineration operations with direct Yes
N specific reduction of S .
injection injection from dedicated feed tanks.
exposure, releases or odour
risk
For hazardous waste
incinerators feeding wastes of &
highly varying composition S
18 Flue Gas Treatment and sources, the use of wet Wet FGT systcglg‘; in place Yes
Systems .
FGT, is generally BAT to \*é\ﬂ
provide for improved control o*\\o\
of short-term air emissions 04?&
ST
S5
X (\é‘
G
N
$ o9
Lt
N
O
&
N
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Table 9.8 (iii) CONCLUSIONS ON BAT

Ref:

BAT
reference
Number

Organic Fine Chemicals BREF (2006)

BAT Statement

Applicability Assessment

Eli Lilly
IED Licence Review

State technique and

whether it is in place
or state schedule for
implementation

4.3 Management and treatment of waste streams
Process waste stream Waste streams are |dent_|f|ed, Waste BOMs, Mass Balances for NPls,
4.3.1.1 : analysed and appropriately P . Yes
analysis routed Lab capabilities in waste stream analysis
g/loall\s;sents bgl/%ncc)e s hi :\?r Fate and destination of all &
4.3.1.4 ’ 9" | hazardous substance use | Yearly sol\@t mass balance completed. Yes
hazardous substances .
assessed and determined \\
and heavy metals \\\ f,~$\
é?Q?ndlwdual flow measurement on RTO
N Ry
Monitoring of exhaust Monitoring of exhaust gg@ st ducts
4.3.1.7 gas volume flows from e Surveys completed on scrubber flows Yes
volume flows from process%é N
processes $ e Process modelling includes
q consideration of flows
Qo*
,\OOY e Continuous LEL monitoring on RTO
Ability to chara ise and ducts
Monitoring of waste gas | understand indiy@dual waste | ¢ GC monitoring capabilities for
4.3.1.8 e éa&’ . = M Yes
emissions gas streams feéding into waste individual processes
gas treatment systems e Continuous monitoring of treated
emissions
Solvent waste streams from condenser
Waste streams are .
Waste streams from . processes are generally routed to onsite
4.3.2.3 - appropriately routed from - Yes
condensations Thermal Oxidizer where heat recovery
condenser processes. .
value can be realized
. Not applicable
. Approach to recovery is as above, PP
Recovery of aromatic
Solvent recovery to produce re- | solvent recovery and reuse currently has
4.3.3 solvents and lower L . - .
useable solvent volumes limited applicability to the site due to
alcohols . .
quality / safety barriers
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State technique and

BAT whether it is in pl
reference BAT Statement Applicability Assessment place
Number or .state schedu_le for
implementation
. Approach to recovery is as above,
Re-use and recycling of solvent recovery and reuse currently has .
4.3.4 solvents and by- - Lo . Not applicable
products I|m|t_ed appllcablllty_ to the site due to
quality / safety barriers
Scrubbing of HCI from | HCI abatement by passing ¢ Caudst|c_scrupbers used on all
4.3.5.3 exhaust gases and | exhaust gases through pro u_ct|on 195 . Yes
related emission levels scrubbers s Caustic Metablsglph_lte scrubbers
used Q}ﬁ\ hermal Oxidation Systems
-
Indirect cooling of  highly | C \éa@ers typically used on all
Condensation of VOCs loaded exhaust gases before g% ction rigs on site. Solvent waste
4356 from reactors and downstream exhaust gasy ams from condenser processes are Yes
distillations treatment, followed ‘\gy enerally routed to onsite Thermal
separation of the gas and I@?ﬂ@ Oxidizer where heat recovery value can
phase .(\‘%(\\0 be realized.
Reduce total VOC emi@ig‘n\% to
<5 % of the solven @%ut by
following a combine®" strategy
which involves:
a) step-by-stepdffplementation
of integrated measures to | e Programme to reduce fugitive
Strategy for prevention | prevent/reduce diffuse/fugitive emissions such as installation of
4.3.5.10 and abatement of VOC | emissions and to minimize the conservation vents Yes
emissions mass flow that requires | ¢ Routing of all process emissions to a
abatement Regenerative Thermal Oxidizer (RTO)
b) applying high level
recovery/abatement
techniques, such as
thermal/catalytic oxidation or
activated carbon adsorption
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State technique and

BAT whether it is in place
reference BAT Statement Applicability Assessment p
or state schedule for
Number . .
implementation
. . » Specialized scrubbers to dampen peaks ves
Batch processing can result in | .
(i.e. Glycol for the solvent MTBE)
S - sharp peaks from processes . - -
Minimising emission - - .~ | = Process Modelling and Mapping to avoid
4.3.5.16 . that have potential to impair . - . -
concentration peaks overlapping peaks with multi-batch rigs
performance of abatement - . .
. Slowing cycling times  where
system. . L2
appropriate can minimize peaks
Where high thermal oxidation
temperatures are used and g?"
[ L& . .
NOX: recovery, \é\;hnet:n mp:ittio tgn theS;l)éii?\Ta John Zlng@(KEU) Thermal Oxidiser is
4.3.5.19 abatement and - gen, fitte WZ;Eh SCR providing significant NOx Yes
emission levels Catalytic Reduction (SCR) a Qd‘\ent capacity as required
abatement systems may be Oﬁ
needed to achieve the required 4Q s
or desired NOx emissions Q @9‘
Qg’,\\:@
,\({%{\\0 = Filtration systems used in all production
Particulate removal Use of abatement tech{@ti@s to | facilities as required
4.3.5.22 minimize or inate | = Thermal Oxidation Systems fitted with Yes
from exhaust gases - L % ) -
particulate emissions o Wet Scrubbing and Hydrosonic
& abatement systems
r.OQ
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Table 9.8 (iv) CONCLUSIONS ON BAT

Ref: Monitoring emissions from IED installations — JRC Ref Report Final Draft 2013

BAT
reference
Number

BAT Statement

Applicability Assessment

Eli Lilly
IED Licence Review

State technique and

whether it is in place
or state schedule for
implementation

4.2 Monitoring of emissions to Air
EN 14181:2004 Under_currel_’\t Ilcgnse_ condmon_s
4.2.22.1 - compliance is maintained to this standard
EN standards Quality assurance system for - . . Yes
4.2.2.2.2 - . - for continuous emissions monitors on the
online continuous monitors -
Reeco and KEU thermal oxidisers.
Certified i AMS tné‘él lidated MCert
42223 ertified measuring EN 15267-2009 systems:in place are validate er Yes
systems appro&édﬁnlts
O &
Representative sampling point \I'g%oé‘z?%\entat' e sampling point locations in
4.2.2.2.4 Sampling location pre v pling pot Q - v pling por : : Yes
location S ce with safe access facilities.
SR
&S
ions o
Flue gas concentratlonso\\ XS)
4.2.2.2.5 Reference Conditions referenced to Standard o® Current license requirement Yes
Conditions &°
&
Quantification of diffuse | Calculation of emi§sions from | Annual emission calculated using US-EPA
4.2.4.4 - . Yes
and fugitive emissions solvent storage tanks etc. Tanks Model
Efficiency of the Biofilter treating the
4.2.4.5 Odour measurements Olfactometry measurement WWTP off gases is assessed on an annual Yes
basis by Olfactometry measurement
4.3 Monitoring of emissions to Water
. . Requires documented . .
Continuous online - - - P.M. programme in place for all continuous
calibration and maintenance S o .
4.3.2.4 measurement of water - emissions monitoring equipment on Yes
programme for measuring .
parameters - . water/effluent discharge.
equipment in use
Measuremept/_Sampllng Representative sampling Flow proportionate automatic samplers are
4.3.2.5.2 Plan for periodic - : Yes
location and plan used on effluent discharges.
measurements
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Ref: Monitoring emissions from IED installations — JRC Ref Report Final Draft 2013

State technique and

BAT
reference
Number

whether it is in place
or state schedule for
implementation

BAT Statement Applicability Assessment

EN Standard test method or
equivalent

Certified test methods used in the analysis

. Yes
of all effluent compliance parameters

4.3.2.5.7 Sample analysis

Table 9.8 (V) CONCLUSIONS ON BAT

Ref: Bref on Industrial Cooling Systems, European Commission, 2001

State technique and
whether it is in place
or state schedule for

BAT

reference BAT Statement Applicability Assessment

Number

|
&)

implementation

CAll cooling tower (wet) systems are on a
Optimised cooling W@t?ﬁ(\\ preventative maintenance programme that
treatment to mai n$ includes weekly checks on chemical dosing
clean surfaces an @%id systems with adjustment as necessary to
scaling, fouling maintain the recommended residual
corrosion. Thi turn chemical concentration in the cooling tower
Reduction of energy reduces resistance to water.
4.3 . - . . Yes
consumption water and air flow thus Cooling tower systems on site are (where
reducing energy costs. feasible) interlinked so that units can be
Option for variable added or removed, dependent on site
operation demand for cooling water.
Modulation of air/water Most of the cooling tower systems on site
flow have modular air flow that can be adjusted
to meet demand
. Reduction of need for Cgolmg 're'quu'rements are process <_jr|ven
4.4 Reduction of water cooling with optimizations applied where feasible. Yes
’ requirements . Optimisation of cooling tower blowdown
Reduction of water use L
leads to an overall reduction in water use
. - Reduction in treatment Optimised treatment programme in place
Reduction of emissions - . I . . .
4.6 to water chemical discharge thus minimizing excessive dosing regimes. Yes
Use of less hazardous Where possible, treatment chemicals with
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Ref: Bref on Industrial Cooling Systems, European Commission, 2001

BAT
reference
Number

BAT Statement

treatment chemicals

Applicability Assessment

a low water hazard are used.

Eli Lilly
IED Licence Review

State technique and

whether it is in place
or state schedule for
implementation

Reduction of emissions

e Avoid plume reaching
ground level

e Avoid affecting indoor air

Location and design of onsite cooling
towers is such that there is no impact from
plume reaching ground level or entering
building air cc;’?ditioning systems. Drift

4.7 - quality L - - - Yes
to air eliminators arg\\also in place on site cooling
e Use of less hazardous §
. towers. S
treatment chemicals . S .
«  Reduction of drift loss A legi monitoring programme is also
in placesfor all site cooling tower systems.
. . {252; towers that could potentially
4.8 z;?g;gﬂg of noise Attenuation measures Act on site boundary noise levels have Yes
,;OQ @Een fitted with attenuation devices.
. QS’0¢ Materials of construction and operational
. . e Suitable heat exchal ;
Reduction of risk of . ) requirements for heat exchangers are
4.9 design S Q - Yes
leakage . ) based on the associated process
e Operate to design QOQ .
« requirements.
© The chemical dosing programme in place
o*é for all cooling towers controls biological
. . . activity in the systems while the Legionella
e Reduction of biological o ;
Reduction of biological growth and control of monitoring programme in place controls
4.10 risk of pathogens and infection. Yes

risk

pathogens
e Reduce risk of infection

Any invasive maintenance work on cooling
tower systems requires the use of personal
protective  equipment as per site
procedure.
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Table 9.8 (V1) CONCLUSIONS ON BAT

Ref: BREF on Emissions from Storage, European Commission 2006

BAT
reference
Number

BAT Statement

Storage of liquids in

Tank design, location and
layout

Tank inspection and \QQ
maintenance N
Emissions mmnmnzatr@ﬁo

Applicability Assessment

All storage tanks are designed with
appropriate safety systems for the material
to be stored.
All storage tanks are located above ground
in bunded areas¥ These bunds are on a 3
year integritydest programme.
All b&stgéae tanks are on an inspection
prog e that includes external and
in inspection together with shell
Q% ess testing as appropriate.

losses to atmosphere are controlled
(\%y nitrogen blanketing of solvent storage
tanks together with the use of
conservation vents to minimize breathing

Eli Lilly
IED Licence Review

State technique and

whether it is in place
or state schedule for
implementation

dangerous substances

Storage area separation
and segregation

5.1.1 Incident and &gti Yes
tanks revention S losses.
P! . O(’ As the site is ranked as a top tier Seveso Il
Fire protection . . . - .
- site it has a Major Accident Prevention
Containment - - . .
. Policy in place together with a site
contaminat .
. . emergency response plan. There is also a
extinguishant - .
trained onsite emergency response team
available to deal with any incidents.
All bulk solvent storage tanks have a
sprinkler protection system in place in the
event of a fire together with local fire
hydrants/foam dosing that can be operated
by the onsite emergency response team.
All firewater runoff is collected in the fire
water retention pond.
Incident and accident Major ACCI(‘:Ient Prgventlon Policy in place
Storage of packaged prevention together with a site emergency response
51.2 plan. Yes

Specific storage areas on site for

dangerous substances (e.g. flammable,
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Ref: BREF on Emissions from Storage, European Commission 2006

BAT
reference
Number

State technique and

whether it is in place
or state schedule for
implementation

BAT Statement Applicability Assessment

water reactive) while segregation systems
are applied to non-compatible materials
such as acids and bases. Containment
measures are in place in all liquid storage
areas.

5.2

All piping transport systems for hazardous
liquids are located above ground with an
impervious surfgece underneath the piping
system to.ﬁe ent soil or groundwater

. contamina in the event of loss of
e Above ground piping t

svstern contapdm .
4 Allégs o.ﬁﬁge tank associated pumps and

Transfer and handling of d Pqu1 valve and seal \(%\I are located within the bunded area
liquids . f/):;:)glrjr:streatment during QQBI e tank. Pumps are on a preventative
loadi ; «O'ldnaintenance system with seal replacement

oading/unloading of Q(\as required
volatile substances {\(\\(\\ A recently trialed pressure transfer system
<<°O$ eliminates open tanker unloading
6\0 operations. It is planned to have this
é\\ system fully operational by the end of

N 2015.

Yes

Qo

5.3

U

Storage of solids As per section 5.1.2 above As per section 5.1.2 above Yes

54

A high level of containment is maintained
for all raw material and product handling
operations. This is achieved through good
Minimisation of dust emission | engineering design and the use of
from handling and transfer specialised containment techniques such as Yes
operations glove bag technology.

HEPA filtration systems are also used to
prevent potential atmospheric  dust
emissions.

Transfer and handling of
solids
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1.8.D Emerging Techniques

One emerging technique in production processes is that of continuous flow processing versus the traditional
batch process arrangement. In flow chemistry, a chemical reaction /process is run in a continuously flowing
stream rather than in a static batch environment, thus producing product at a steady rate. Fluids are moved
into a tube/space and where tubes join the fluids contact one another and the process reaction occurs. The
design of the “reactor” and flow through rates are based on reaction kinetics and the contact time required
for the reaction to complete.

Continuous processing has advantages over batch in many aspects including process safety, environmental,
quality and capital spend.

In terms of process safety the operational scale is much smaller than batch thus providing for better
exotherm management while reducing the potential for high risk or safety critical operations.

From an environmental perspective continuous processing results in lower levels of emissions to
atmosphere together with lower volumes of waste, particularly in cleaning operations, since equipment
trains are much smaller and in many cases are dedicated to a particular process step, thus requiring less
frequent cleaning.

The level of control employed in continuous processing can result in higher yields, improved efficiency while
reducing the level of impurity present.

Capital costs associated with continuous process equipment and construction are much cheaper than that of
batch manufacturing. S

&
&

)
1.1.1. 1.8.E and 1.8.F Environmental Considerations of\oxé\

Environmental considerations which have been made @ﬁi@\'espect to the use of cleaner technologies, waste
minimisation and raw material substitution: ,OQQQ‘}\
QRS
(@D} Overview of the Eli Lilly Global Prczg@g\t%tewardship Strategy:

N
Eli Lilly has a global Product Stewardship s%ggﬁ gy that sets out the measures that are required across all
elements of the company’s business in order to minimize the Health, Safety and Environmental impacts of
its product range right across the prodtﬁt ‘value chain’. This value chain extends from product discovery
and development, through to manufaqﬁﬁ\ring, distribution and use, sales and marketing, to product recycling
or final disposal.

The Eli Lilly facilities in Kinsale have evolved into one of the key commercialisation and manufacturing sites
in the corporation and therefore the Kinsale site now plays an increasing role in the first two broad stages of
the product value chain, i.e. (1) Product Discovery and Development, and (2) Manufacturing. The use of
cleaner technologies, waste minimisation and raw material substitution are all key considerations for the
global product discovery and development business units as well as the commercialisation and
manufacturing functions undertaken at the Kinsale site.

The selection of raw materials used in the design and manufacture of the company’s products involves a
collaborative process between the divisions of the company involved in the discovery of new products and
those involved in developing manufacturing processes and ultimately manufacturing the products at a
commercial scale. During all stages of this process there is an emphasis on using or designing products and
manufacturing processes that use less hazardous raw materials, lower volumes of raw materials and by
extension that give rise to less hazardous and lower volumes of waste. Furthermore, a variety of
technologies and systems are then used during product manufacturing (including techniques that can be
considered best practice) in order to ensure the environmentally safe management of the manufacturing
processes and the waste streams that arise from these processes. This also includes the application of
robust Process Safety Management (PSM) techniques at various levels of the manufacturing and waste
treatment systems. Significant environmental protection benefits also arise from the application of these
PSM techniques because measures that ensure process safety incidents are avoided will in turn prevent
potential environmental impairment that may arise from such incidents. (See section J for further details).
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The discovery, development and manufacturing stages of the company’s product stewardship strategy are
becoming increasingly integrated. However, it is also useful to consider each of these stages individually
when outlining in detail the environmental considerations that are made across these phases of the product
stewardship strategy.

2 Environmental Considerations at Product Discovery and Process Development Stages:

It is essential that environmental considerations are included as early as possible in the product discovery
and process development phases. This is because as the products and the related manufacturing processes
reach the various development milestones and are validated and approved the regulatory and logistical
barriers to changing the processes in order to realize environmental improvements become increasingly
more difficult to overcome. Therefore, at the product discovery and development stage there is a strong
emphasis on using inherently safer design and this is achieved through the application of the principles of
‘Green Chemistry’.

The company’s approach to green chemistry is now twofold. Firstly, the foundation of the green chemistry
strategy is based on the well-established principle that significant environmental improvements can be
achieved by reducing the amount of hazardous material used to make a product, increasing overall
materials efficiency, evaluating chemical alternatives, and avoiding use of the riskiest substances.

However, more fundamental development are also now being developed that can result in order-of-
magnitude improvements—by advancing the state of the art in chemistry and developing and implementing
new reactor technologies that can substantially reduce resource usage whilst also enhancing environmental
safety. é\}&

Development scientists employed by the company are provid @ with useful information at key decision
points which helps them make the best decisions when usig}; gﬁ? mistry to design processes. To accomplish
this, the company has developed electronic lab notebool@? sed by chemists, which include information and
tools regarding process efficiency, solvent selection, I aterials of concern. When any researcher adds
information to the notebook, it is easily available toO (ﬁé company'’s researchers worldwide.

QRS
Accountability has also been established for tQ@{Gﬁine use of green chemistry principles. Expectations to
use green chemistry are built into the cgfn@ny’s product development objectives along with other
important criteria, such as quality and cost. lg@\/elopment teams are accountable for process efficiency and
safety from the point when candidate mol@ﬁles are selected through the development of a manufacturing
process, and progress is monitored at m%ﬁ)r development milestones.

&

To measure progress in this area, theg)company has established material use efficiency standards at critical
steps in the product development process, including the Process Mass Intensity (PMI) factor, a ratio of the
total mass of raw materials (including water) put into a process for every kilogram of drug produced. Failure
to meet these standards triggers management review.

(€©)) Environmental Considerations as Processes are Transferred to Manufacturing:

Eli Lilly and Company uses an Environmental Development Review (EDR) process to evaluate potential
environmental issues and opportunities during the production scale-up to manufacturing levels of many of
its prospective new medicines. An environmental development review (EDR) is a systematic, detailed
analysis of selected late-stage development processes to identify, understand, evaluate, prioritize, and
resolve potential environmental issues of future manufacturing processes.

The goal of environmental development reviews is to ensure that Development and Manufacturing
personnel are confident that a process with an acceptable environmental profile for long-term
manufacturing will be delivered to the manufacturing site and that the manufacturing site will be prepared
to handle wastes generated by that process. Overall, the goal is to ensure that production of products is
not interrupted by unforeseen environmental issues. In addition, these reviews enhance the Company’s
overall understanding of environmental issues and provide general learning points to improve process
development and product manufacturing. Environmental development reports provide information for
benchmarking environmental impacts of processes and for identifying general opportunities to reduce
environmental impact.
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The products of an environmental development review are: 1) the discussions, consensus conclusions, and
issue resolutions that occur during the review period and 2) the resulting environmental development report
which documents the review process and archives findings, conclusions, and recommendations. As they
emerge, important findings are shared with stakeholders via emails, meetings, and the continual availability
of the evolving, draft environmental development report. By the time the report is finalised (prior to the
manufacturing campaign), the environmental development review is completed.

Detailed environmental development reviews provide substantial value by:

e Allowing the manufacturing site advance knowledge of potential compliance issues to ensure
compliance with existing environmental requirements and commitments.

e  Substantially reduces risk of production interruptions due to unforeseen environmental or waste
treatment issues and damage to waste treatment equipment.

Increasing the use of environmentally-sustainable manufacturing processes.
Identifying improved environmental infrastructure needed at manufacturing sites well before
product reaches manufacturing sites.

. Helping to sustain the environmentally aware process development culture, i.e., increases
incorporation of environmental considerations throughout the Company by providing specific
process analysis, general learning points, and key environmental contact for questions about
process changes and environmental issues.

. Documenting specific, quantitative environmental impacts and benefits of processes and alternatives
at specific manufacturing sites.

e Reducing waste treatment costs and increases savings due to solvent and by-product recovery and
other potential value recovery opportunities.

e Reducing capital costs by eliminating environmental issues pr\i)ér to production, thus avoiding capital
expenditures (to increase waste treatment capacity). y\&é

Q

-

NE

The scope of environmental development reviews gengga I@consists of the following components (each of

which is described under EDR Exercise): Process N5) ition/Data Collection, Production Levels, Mass

Balances for Waste Streams and Waste Treatmerkt§\ Stimation of Impacts, Evaluation of Impacts, Review

with Environmental Experts, Review with Manuf ing Site, Review with Development Personnel, Finalise
Conclusions and Recommendations, Finalise R .
R
ECN

At the conclusion of an environmental e@glopment review, an environmental development report is
published and circulated to documenti%nd archive the review process, its findings, conclusions,
recommendations, and outstanding issO ;

The EDR process includes a substantial contribution and level of review from both process development and
manufacturing site personnel and involves a significant amount of coordination and input from a range of
subject matter experts based at the company’s Environmental Affairs group in Indianapolis, United States.

@ Environmental Considerations during Product Manufacturing:

The increasing inclusion of environmental considerations during product development and process transfer
described in the preceding sections also compliments a general trend in the industry in recent years away
from high volume manufacturing processes that once used large quantities of raw materials to manufacture
large quantities of low or medium potency final product. It is now more common for manufacturing
processes at the Kinsale site to instead yield low volumes of highly potent final product and in the process
use much lower quantities of raw materials. In addition water based ‘Cleaning in Place’ techniques have, to
a significant extent, replaced many of the more traditional cleaning practices that relied primarily on the use
of organic solvents. The hugely reduced organic solvent usage at the Kinsale site in recent years directly
reflects both the changed cleaning practices and the overall move away from high volume products and the
related trend of reduced quantities of raw materials required in the typical manufacturing processes. In the
10 years from 2003 to 2013 the gross bulk solvent usage at the Kinsale site has reduced by more than
65%0).

The environmental benefits of this trend towards lower volume processes and reduced organic solvent
usage are clear. However, further environmental benefits are also delivered by using ‘Best Available
Techniques’ (or BAT) during the manufacturing processes as required.
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There are many examples where techniques that can be considered as BAT, in line with the Reference
Document on Best Available Techniques for the Manufacture of Organic Fine Chemicals (European
Commission, 2006), are used in the management of manufacturing processes at the Kinsale site. Such
techniques include but are not limited to the use of; Indirect Cooling, Airtight Production Rig Vessels,
‘Shock’ type Inerting Techniques, Indirect Process Heating, Condensation of VOC process emissions for heat
recovery value, Minimization of Peak VOC Emissions from Processes and Monitoring of Emissions from
individual processes etc. (See Attachment D for further details of the typical manufacturing processes at the
site).

In addition, various manufacturing process improvement projects have also been completed at the site for
full scale manufacturing processes in recent years as the need and/or opportunity has arisen. Many of these
initiatives have involved the application of techniques that would be considered as BAT and have as a result
delivered environmental benefits. This has included some fundamental changes to processes that typically
would only be possible during product development stages. Various such initiatives completed during recent
years are reviewed individually, in outline below:

e Phosgene Elimination: In 2006, a major long term project was successfully completed to
eliminate the use of Phosgene from a long established process for the manufacturing of a final
Active Pharmaceutical Ingredient (API) at the site and replace this substance in the process with the
much less toxic alternative Oxalyl Chloride. This project involved a significant amount of
collaboration between process development and manufacturing personnel and has ensured that the
process is now inherently safer from an environmental risk perspective.

e Catalyst Substitution: In 2007, a project was completed to change the catalyst used in the
manufacturing process of an intermediate step of an APl atdthe Kinsale site in order to increase
product yield and reduce the quantity of raw material requi{\:é per unit weight of manufactured final
product. This involved changing from the ‘Amberlyst’ cat, @/’st to a ‘Clay’ catalyst and has resulted in
a 10% reduction in the quantity of raw material reo@ﬁg‘é\%n the process.

2

G

S

¢ Minimisation of Peak VOC Gaseous Emj\&i\é?ﬁs to the Abatement Systems (1): In 2009, a
campaign of a manufacturing process wa ‘Saffeduled to be undertaken at the site for the first time
since 2003. Experience from the earliegﬁa\rﬁ aign in 2003 had shown that this process was likely at
times to present a significant chall 5@@&% the gaseous emissions abatement system due to peak
VOC emissions owing to the low %é@r solubility and high vapour pressure of the main process
solvent. In preparation for this candpaign significant changes were completed on the production rig
in order to minimise at source 6@‘9 peak VOC emissions routed to gaseous emissions abatement
system. The changes include%é\replacing the water based production rig scrubber solution with a
glycol alternative with a much higher scrubbing efficiency for the process solvent, minimising the
nitrogen purge rates and improving venting control through infrastructural and process
management improvements and rerouting additional vent lines through a pre-condenser.

¢ Minimisation of Peak VOC Gaseous Emissions to the Abatement Systems (2): In 2010, a
project was completed to re-route the gaseous VOC emissions arising from an existing
manufacturing process. This involved re-routing the emissions from a dedicated emissions
abatement system for the process to the main emissions abatement system treating the emissions
from all other manufacturing process operating at the site. Significant energy use reduction benefits
would be delivered by consolidating all gaseous emissions abatement in one system. However, a
potential environmental risk was identified with this option that related to the potential for loading
excessive peak VOC emissions to the abatement system that could in turn give rise to the
generation of elevated Hydrogen Chloride (HCL) emissions from the abatement system. To
eliminate this risk a significant amount modelling and mapping of the process was completed in
order to identify the stages of the process that were most likely to give risk to VOC peak emissions
and to determine if overlapping certain production steps was likely to exacerbate this risk. This
process modelling and mapping directed the process team to reconfigure the operation of the
manufacturing in such way as to minimize the peaks emissions and therefore eliminate the risk of
excessive HCL emissions from the abatement system.
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9.8.1G BAT Measures Proposed or in Place

(a) The best available techniques are or will be used to prevent or eliminate or, where that is not
practicable, generally reduce an emission from the activity

Eli Lily applies the necessary BAT measures to control and monitor its waste emissions from
manufacturing. Tables 9.8(i) to 9.8(iv) detail where the site design applies BAT to wastewater, waste
gas, waste incineration, manufacture and monitoring. These measures are supplemented by corporate
and site initiatives to reduce emissions at source. These initiatives are described under Environmental
Considerations and are described in brief here.

Continuous flow processing

Green chemistry

Environmental Development Reviews

Changeover to low yields of high potency products
Cleaning in place practices

Particular initiatives

(b) no significant pollution is caused

An EIS has been prepared of this development. This EIS was subject to EIA by Cork County Council

with planning permission for the development granted (Planning reference 11/06594). The EUS

states in summary “Where unavoidable environemtnal effects have been identified surinf the

environemtna impact assessment pricess, measures have bﬁ‘i proposed to mitigate these effects

where possible”. &
Q

Appendix 3 of this licence submission also containsﬁ\\oﬁ’geline Report which examines the impact of

operations on the site.

P

Q\Q N\

(c) waste production is avoided in accord@ﬁc ith the waste hierarchy in Council Directive
98/2008/EC on waste and section 21A ¢ Waste Management Act 1996, as amended; where
waste is produced, it is prepared for‘rgﬁlé‘é, recycled or recovered or, where that is technically and
economically impossible, it is d%g)\qg%\d of while avoiding or reducing any impact on the
environment (applicants should pr \é@e this information in the context of sections 29(2A), 32 and
38(5A) of the Waste Managemen{c‘;b\cét 1996, as amended);

Please refer to Attachment H.éo‘?br further detail minimisation and H.4 and H.5 for further details on
recovery.

(d) energy and other resources are used efficiently
Please refer to Table 7.2 in this attachment, regarding BAT and energy efficiency and to Attachment
G.

(e) the necessary measures are taken to prevent accidents and limit their consequences
There is a Health and Safety Plan for the facility and Emergency Response Procedures. Please refer

to Attachment J. The Health and Safety Plan for the site is held on site.

) the necessary measures are taken upon definitive cessation of activities to avoid any pollution risk
and return the site of operation to a satisfactory state

A CRAMP has been prepared and submitted to the Agency for approval, a copy of which is included in
Appendix 4.
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10 ATTACHMENT J — ACCIDENT PREVENTION & EMERGENCY
RESPONSE

Describe the existing or proposed measures, including emergency procedures, to minimise the impact on the
environment of an accidental emission or spillage.

The site employs measures to prevent or mitigate the impact of any spillage or accidental release.
Engineering standards are in place for the design, installation, and maintenance of all equipment, piping and
storage vessels that contain materials that could have an impact on the environment. An extensive
commissioning and qualification process is in place to ensure and to document that these engineering
standards are adhered to when installing new plant, piping or equipment on the site or for making significant
changes for equipment and pipework.

The site employs a permit-to-work system including a line breaking permit system to control maintenance
and non-routine operations on equipment and piping which have a higher risk of spillage inherent in the
actual maintenance task.

As part of normal processing operations, the site will conduct pressure tests of lines to ensure lines and
equipment are leak free prior to the introduction of any hazardous materials to a system. The site operates
a formal pre start-up safety review process (PSSR) for production plant and major utilities to ensure among
other items that there is no risk of a leak or accidental release of a hazardous material during start-up
activities. The site operates a practise of walking lines into service during the initial movement of material in
pipelines to verify that the lines remain integral and that no leaks or \Qg&éps are occurring.

On production plants; a series of solvent runs is carried ugﬁﬁ&ﬁ)r to the commencement of production
operations. This assists in identifying issues on the planté?\ggl ing areas, equipment and pipelines where
leaks or releases could occur. For new equipment and (gpg}ﬁ%es, water runs are carried out as part of the
commissioning effort before solvent is introduced. Q\@@\}\
<

Site personnel are trained in routine operationiéﬁaﬁq@ing material transfer operations including training on
standard operating procedures (SOPSs). Processi\ Q@%Is for operators are held prior to the commencement of
any production campaign. As part of the @bg@s school curricula, any particular issues around specific
materials, operating tasks or equipment isg that may give rise to a higher risk of a leak or accidental
release are covered in detail together With\gQ% correct preventative or mitigating actions to be taken.

Most operations are highly automabeﬁ‘ which gives greater consistency of operation and reduces the
potential for error. The automation systems also monitor many instruments and will alarm if any deviations
occur from expected parameters. Thus early warning of any event which could potentially give rise to a
release or a spillage can be given which will give time for remediation action to be taken to prevent or
mitigate the situation.

Some toxic gases or materials that can give rise to toxic or flammable gases are used onsite (see Section H
for further details). In the event of an emergency such gases could be released to the atmosphere. A
number of systems and response procedures are in place to prevent the risk and / or minimise the risk
consequence of such releases. Gas detectors are in use in certain areas of the site to detect and provide an
early warning of a potential release when even at trace levels. In the event of a toxic gas release on site,
the ERT can in many cases reduce the dispersion of the gas downwind by producing a water fog to knock
down the gas. In the event of spills of flammable materials, foam is used to smother the spill and minimise
the evolution of flammable or toxic gases.

Currently the site has ammonia detectors in its chiller rooms, has hydrogen detectors in areas of plant which
use hydrogen and uses hydrogen chloride detectors in areas where there is a risk of a release of hydrogen
chloride.

Bunding and secondary containment is extensively deployed where required throughout the site, consistent
with Agency guidance and requirements. These structures will contain the vast majority of any spillages that
could occur on site and therefore avoid any potential environmental impacts at source by the prevention of
the release of such spillages to the environment (i.e. ground, groundwater or surface water). Furthermore,
bunds and underground structure integrity test programmes are in place in line with Agency guidance and
requirements, which help ensure that these structures will contain any materials in the event of a spillage.
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A significant proportion of the non process areas of the site are covered by impermeable paving which
further minimises the risk of environmental contamination (particularly to the ground and groundwater) in
the event of an uncontained spillage.

Spill kits containing boons and absorbent materials etc. are located at key areas across the site. This spill
response equipment can be used to isolate and contain and clean up a spillage that could potentially occur in
an uncontained area of the site such as on a roadway during the transport of a material or from overhead
piping etc. Spill kits can also be used to further confine and clean up spillages within contained areas such as
production buildings or bunds. The required response to safely deal with spillages is clearly detailed in spill
procedures and all relevant site personnel are trained in these procedures. In addition a fully equipped Spill
Truck is available onsite.

All clean storm water run-off from the site is routed through a HDPE lined firewater retention pond located at
the southern end of the site before discharge to the ‘Doon Creek’ stream. The retention pond is equipped
with continuous pH and Total Organic Carbon (TOC) monitoring at both the inlet and outlet of the pond.
Control limits are in place for both parameters that trigger the firewater retention pond outlet valve to
automatically close should either parameter exceed the control limit set points. Therefore, in the unlikely
event of contamination of site storm water due to a spillage, this will be detected by the continuous
monitoring system and this will trigger the pond outlet valve to close and contain the contaminated water.

Furthermore, the Emergency Response Procedures include instructions on the manual closure of the outlet
valve in the event of a site emergency as appropriate. The firewater retention pond also provides significant
containment capacity for contaminated firewater in the event of an onsite fire (see section 6 for further
details). The potential for ground or groundwater impacts from the contaminated contents of the pond are
minimised because the retention pond is HDPE lined rendering it impermeable. The HDPE liner is also
integrity tested in line with Agency expectations and any defects detgéted are repaired in a timely fashion.
Facilities are also in place to allow the contents of the retention p to be pumped for onsite treatment or
for offsite disposal if required. All these storm water and firewa %@’ control measures help minimise the risk
of environmental contamination due to site emergencies ar@\l ents.

An accidental emission via the wastewater treatment tqcbould also potentially occur if a significant spill of
a highly concentrated or poorly biodegradable mateg‘é%ﬂpas routed to this plant. If such an event occurred it
is possible that some of this material may pass t the plant untreated and be emitted to surface water
resulting in an environmental impact. Howevefy @number of systems and emergency response steps are
place to prevent or minimise the risk of b &n event. These include; the spill response procedures
outlined above, the option to contain spllls?rbcp\roductlon building waste tanks and reroute these away from
the wastewater treatment plant to a rgo(fe appropriate treatment system. Furthermore, the main
wastewater treatment balance tank itseff® can also contain the spill and be rerouted in an emergency if
required. Extensive monitoring of the gVastewater treatment plant further minimises the chances of such an
event escalating to a point where an environmental impact could occur. (Refer to Section H for further
details).

The most likely accidental atmospheric emission that may occur onsite would involve a short term
automated by-pass of the primary emissions abatement equipment for safety reasons. A specific response
procedure is in place that details the required emissions minimisation steps to be completed in the event of
an abatement system by-pass and all relevant site personnel are trained on this procedure. This procedure
is found to be very effective in minimising the atmospheric emissions in the relatively rare event of such a
by-pass and further details of this procedure are included in section F.

A Site Emergency Plan (SEP) is in place to respond to all conceivable emergency situations that could arise
on site, including many classes of accidental emissions and spillages. The SEP and the site emergency
response procedures form an extensive and detailed body of controlled documentation that is available for
review on request.

The prevention and minimisation of environmental impacts as a result of site emergencies is a key function
of the SEP. Thus many of the related measures that are in place are to specifically respond to an emergency
with the potential for an environmental impact and to prevent or limit an environmental impact in the event
of an accidental emission or spillage.

Implementation of the SEP, depending on the type of emergency, can involve a significant degree of
coordination between the site emergency teams and the offsite emergency services and other relevant
agencies.
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A site Emergency Response Team (ERT) fully trained in well-developed emergency response procedures and
the site Management Control Group (MCG) works in tandem with the ERT to control and oversee the
response to site emergencies. This group consists of a broad selection of site personnel including top
management and members of key technical disciplines including those personnel responsible for
environmental matters on the site.

Also outline what provisions have been made for response to emergency situations outside of normal
working hours, i.e. during night-time, weekends and holiday periods.

The ERT consists primarily of site personnel who occupy shift work positions including night-time, weekends
and holiday periods. It is a requirement that a minimum number of members of the ERT are onsite at all
times commensurate with the operational risk. Special provision for Management Control Group cover is also
provided during holiday periods.

Note: Various materials are used on site that could potentially cause an environmental impact if released to
the environment (see Section H for further details).

Describe the arrangements for abnormal operating conditions including start-up, leaks, malfunctions or
momentary stoppages.

The site employs measures to prevent or mitigate the impact of any spillage or accidental release during
start-up operations. The site’s commissioning and qualification process is in place to ensure and to
document that the site’'s engineering standards are adhered to when installing new plant, piping or
equipment on the site or for making significant changes for equipment and pipework.

Prior to any start-up of plant or significant unit operation on the site,\}é’a'e site operates a formal pre start-up
safety review process (PSSR) for production plant and major utilitiegito ensure among other items that there
is no risk of a leak or accidental release of a hazardous mategal gé?ing start-up activities.

N S

OQ

Prior to start-up of production plants; a series of water r %}‘\%Ilowed by solvent runs is carried out to assist
in identifying issues where leaks or releases could occgﬁ}o\'&\

R
As part of the start of normal processing operatignszéthe site will conduct pressure tests of lines to ensure

lines and equipment are leak free prior to the igfroduction of any hazardous materials to a system. The site
operates a practise of walking lines into servg;‘e&@ring the initial movement of material in pipelines to verify
that the lines remain integral and that no Iefio sor weeps are occurring.
S\

Most operations are highly automated ohich gives greater consistency of operation and reduces the
potential for error. The automation systems also monitor many instruments and will alarm if any deviations
occur from expected parameters. Thus early warning of any event which could potentially give rise to a
release or a spillage can be given which will give time for remediation action to be taken to prevent or
mitigate the situation.

In addition the automation systems will bring the relevant unit operation, equipment item or pipeline to a
safe point e.g. solvent pumping will be stopped, a vessel to vessel transfer will be stopped and automatic
isolation valves on process lines will close, vessel vent valves will be closed and vessels will be buttoned up
until the issue is resolved etc.

The plant will require to be restarted by operational personnel once the cause of the event is known,
understood and resolved. The automation system includes detailed software phases to support such
restarts.

The site employs a permit to work system including a line breaking permit system to control maintenance

and non-routine operations on equipment and piping which have a higher risk of spillage inherent in the
actual maintenance task.

Public Liability Insurance

Please refer to the appended letter in Attachment K from the ‘Corporate Risk Management’ department of Eli
Lilly and Company for further details of this policy of self-insurance and how its applies to the Kinsale site.
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11 ATTACHMENT K — REMEDIATION, DECOMMISSIONING,
RESTORATION & AFTERCARE

11.1K.1 — Cessation of Activity

A revised Closure, Restoration and Aftercare Management Plan (CRAMP) has been prepared in support of
this licence review application. This was prepared in accordance with the document “Guidance on
Environmental Liabilities Risk Assessment, Residuals Management Plans and Financial Provision”, EPA 2006
(which has subsequently being revised). This CRAMP builds on previous Residual Management Plans and
Environmental Liabilities Risk Assessments prepared, revised and submitted to the Agency under the
current license for the site.

In 2014 an Environmental Liabilities Risk Assessment (ELRA) was completed for the site in accordance with
the Guidance on Assessing and Costing Environmental Liabilities (Draft) — July 2013.

A copy of the CRAMP and ELRA are included in Appendix 4 of this Application.

11.1.1 Financial Provisions for ‘Known’ Liabilities:

Please refer to the letter overleaf from the ‘Corporate Risk Management’ department of Eli Lilly and
Company for further details of this policy of self-insurance and how it %plies to the Kinsale site.
S
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Eli Lilly and Company

Lilly Corporate Center
Indianapolis. Indiana 456285
US.A

Phone 317 275 2000

May 11, 2012

Environmental Licensing Programme Administration
Environmental Protection Agency (EPA) Headquarters
PO Box 3000

Johnston Castle Estate

Co. Wexford

Ireland

To Whom It May Concern:

Request for certificate of insurance or letter of assuranceé,,
é

We refer to your requirement for a certificate of s@\ncc for environmental pollution
insurance covering Eli Lilly and Company’s &) ?S Kinsale facility. Lilly’s global
property insurance policy does provide cove Qz?for contamination and pollutant clean-
up in the amount of US$2,000,000 for envm\qﬁental liabilities that result from covered
perils such as ﬂoodmg, fire, explosion, &% For unknown liabilities not covered by the
global property insurance policy, Llllgéh\eg determined it is not cost effective to purchase
additional insurance but instead ‘on the robust loss prevention practices and the
strength of Lilly’s balance sheet. é&o

»
At the time of this letter, Kinsale has a near perfect Risk Mark score (99%) as determined
by FM Global insurance company. This strong risk rating combined with Lilly’s A2
credit rating assigned by Moody’s Investor Services enables Lilly to confidently self-
insure for any potential environmental liabilities.

Lilly also understands the obligations it has to the known liabilities at the site and will
maintain its loss prevention efforts throughout any closure or partial closures of the
Kinsale site. In addition, Lilly is committed to maintaining a self-insured program that is
suffictent for these obligations.

Regards,

Jeffrey L Williams
Consultant — Treasury/Risk Management

Corporate Risk Management
Eli Lilly & Company

Answers That Matter,
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12 ATTACHMENT L — STATUTORY DECLARATION

12.1L.1 — Statutory Requirements

Indicate how the requirements of Section 83(5)(a)(i) to (v) and (vii) to (x) of the EPA Act 1992, as amended,
shall be met, having regard, where appropriate, to any relevant specification issued by the Agency under
section 5 (3) of the Act and the reasons for the selection of the arrangements proposed.

Sections 83(5) (a) (i) to (v) and (vii) to (x) of the EPA Acts 1992 and 2011 states that:
‘5) The Agency shall not grant a licence or revised licence for an activity—
(a) unless it is satisfied that—

(i) any emissions from the activity will not result in the contravention of any relevant air quality standard
specified under section 50 of the Air Pollution Act 1987, and will comply with any relevant emission limit
value specified under section 51 of the Air Pollution Act 1987,

(ii) any emissions from the activity will comply with, or will not result in the contravention of, any relevant
quality standard for waters, trade effluents and sewage effluents and standards in relation to treatment of
such effluents prescribed under section 26 of the Local Government (Water Pollution) Act 1977,

(iii) any emissions from the activity or any premises, plant, methods$ processes, operating procedures or
other factors which affect such emissions will comply with, or willgnot result in the contravention of, any
relevant standard including any standard for an environmental dium prescribed under regulations made
under the European Communities Act 1972, or under any 05&%{’ actment,

\O
(iv) any noise from the activity will comply with, or voxq@og@? result in the contravention of, any regulations
under section 106,
Q5 <
N
(v) any emissions from the activity will not cau{\@éii@%ificant environmental pollution,
S
(vii) having regard to Part 11l of the Act 0f<<l8§6, production of waste in the carrying on of the activity will
be prevented or minimised or, where Wasteéig’ produced, it will be recovered or, where that is not technically
or economically possible, disposed of i@'\\a manner which will prevent or minimise any impact on the
environment, QOO

(viia) without prejudice to subparagraph (vii), waste generated in the carrying on of an industrial
emissions directive activity, in order of priority in accordance with section 21A (inserted by Regulation 7 of
the European Communities (Waste Directive) Regulations 2011) of the Act of 1996, will be prepared for re-
use, recycled, recovered or, where that is not technically or economically possible, disposed of in a manner
which will prevent or minimise any impact on the environment,

(viii) energy will be used efficiently in the carrying on of the activity,

(ix) necessary measures will be taken to prevent accidents in the carrying on of the activity and, where an
accident occurs, to limit its consequences for the environment and, in so far as it does have such
consequences, to remedy those consequences,

(X) necessary measures will be taken upon the permanent cessation of the activity (including such a
cessation resulting from the abandonment of the activity) to avoid any risk of environmental pollution and
return the site of the activity to a satisfactory state,

(xa) in the case of an industrial emissions directive activity, necessary measures referred to in
subparagraph (x) including measures of appropriate duration shall be taken in accordance with section 86B’
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In response:
(0] An air impact assessment has been undertaken as part of the licence review as outlined in
Attachment |I. The results of the modelling assessment indicates that maximum ELV’s stipulated in the

facilities licence (Schedule B and technical amendments) from the main atmospheric emission point’s onsite
are in compliance with the statutory limits set out in the relevant Irish air quality regulations and the most
stringent European standards, at and beyond the site boundary of the facility. In conclusion, the
cumulative impact of licence (PO009-03) emission limit values, from the main atmospheric emissions points’
onsite, will not adversely impact the ambient air quality of surrounding environment.

(i) A surface water quality impact assessment was undertaken as part of this licence review and is
included in Attachment I. This assessment concluded that discharges from the facility will not adversely
impact water quality or breach of Environmental Quality Standards in the receiving water body in
accordance with the EC Environmental Objectives (Surface Waters) Regulations (S.l1. No. 272/2009).

(iii) The main environmental emissions from the facility are considered to the atmospheric, surface
water, noise and waste emissions. Impact assessments relating to air, surface water and noise emissions
from the facility are discussed in Attachment | of this application. Materials handling and waste
management are discussed in Attachments G and H of this application.

These impact assessments conclude that emissions from the facility will not result in the contravention of
any relevant standard including any standard for an environmental medium.

(iv) A noise impact assessment was undertaken as part of this licence review and is included in
Attachment I. This assessment concludes that all the predicted resuh\:@zare within the EPA 55 dB(A) daytime
limit for monitoring locations and the closest noise sensitive Ioc ns. The evening time and night-time
operations would only use a fraction of the site noise sources t%@efore it is unlikely that the evening time
and night-time emissions would exceed 50 and 55 dB(A) Ilrgk vé) e respectively.

(v) The main environmental emissions from the\@ y are considered to the atmospheric, surface
water, noise and waste emissions. Impact assessr@&ﬁ@ﬁ'elating to air, surface water and noise emissions
from the facility are discussed in Attachmen '\Olo%f this application. Materials handling and waste
management are discussed in Attachments G : f this application. These impact assessments conclude
that emissions will not cause significant env};@‘fg@@ntal pollution.

(vii) Materials handling and waste mar@@oement onsite are discussed in Attachments G and H of this
application. The maximisation of resouste usage and waste minimisation is also discussed in Section I
Environmental Consideration of BAT aste usage is prevented and minimised by incorporating green
chemistry onsite to reduce the amousjt of hazardous material used, to increase materials efficiency, assess
chemical alternatives etc. Eli Lilly has established material use efficiency standards in the product
development process to prevent and minimise waste.

Where waste streams are generated it is recycled and reused or recovered for heat generation where
possible. Wastes which cannot be reused or recovered onsite are sent offsite for recycling and recovery if
possible. Where recycling or recovery is not technically or economically possible disposal is the final option.
However, all wastes are disposed of in a manner which will prevent or minimise any impact on the
environment.

(viii)  Attachment G of this application outlines the measures undertaken onsite to ensure that energy is
used efficiently, such as undertaking energy assessments & auditing at the site, implementing an energy
management system and incorporating energy efficient design as far as possible.

(ix) Attachment J summaries the accident prevention and emergency response procedures onsite, which
prevent and minimise the impact on the environment of an accidental emission or spillage.

(X) A revised CRAMP and an ELRA has been prepared in support of this licence review application and is
included in Appendix 3 of this application.

Q: 2014/LW14/020/02/Reports/IPPC Attachments_Rev.0.doc Page 190 of 193

EPA Export 09-06-2015:23:28:02



Attachment L Eli Lilly
IED Licence Review

2. Indicate whether or not the activity is carried out, or may be carried out, or is located such that it is liable
to have an adverse effect on -
(a) a site placed on a list in accordance with Part 3 of S.1. 477 of 2011, or
(b) a site where consultation has been initiated in accordance with Article 5 of the EU Habitats Directive
(92/43/EEC).

Undertake a screening for Appropriate Assessment and state whether the activity, individually or in
combination with other plans or projects, is likely to have a significant effect on a European Site(s), in
view of best scientific knowledge and the conservation objectives of the site(s). Where it cannot be
excluded, on the basis of objective scientific information, following screening for Appropriate Assessment,
that an activity, either individually or in combination with other plans or projects, will have a significant
effect on a European Site, provide a Natura Impact Statement, as defined in Regulation 2(1) of the
European Communities (Birds and Natural Habitats) Regulations (S.l. No. 477 of 2011). Where based on
the screening it is considered that an Appropriate Assessment is not required, provide a reasoned
response.

As part of the planning permission application to Cork County Council for the IE43 biotechnology
manufacturing facility, an EIS was prepared to assess the impacts of the development on the
environment. A flora and fauna impact assessment was undertaken as part of this EIS.

In the flora and fauna assessment it outlined that:

“The Lilly site does not form part of, nor is it in the vicinity of any Special Area of Conservation (SAC),
Natural Heritage Area (NHA) or Special Protection Area (SPA). There are seven proposed designated areas
within 10 km of the site. The nearest of these, ‘Bandon Valley belo nishannon pNHA’, site code 1515 is
3km to the west of the Lilly site. As this pNHA is located a siderable distance from the proposed
development site and up-gradient on the main channel of the Qé\hdon River, no impact on this designated
site is envisaged. 06\\\'29
\O
A Natura Impact Statement Stage 1 Screening rep @pendix A13.3) was prepared to determine the
likely impact on Special Areas of Conservation ( @and Special Protection Areas (SPAs) which could
potentially be affected by the proposed IE43 bgt%g@ manufacturing facility. This report concluded that no
significant impacts are expected to occur.” & *5‘0
S
Q) N\
Appendix A13.3 of the EIS (which accon*p@;ﬁ}es this application) includes the Natura Impact Statement
Stage 1 Screening Report for reference. 5\0
X

00@\

3. Indicate whether or not the activity is liable to have an adverse effect on water quality in light of the
European Communities Environmental Objectives (Surface Water) Regulations 2009 (S.I. No. 272 of 2009).

A surface water quality impact assessment was undertaken as part of this licence review and is included
in Attachment I. This assessment concluded that discharges from the facility will not adversely impact

water quality or breach of Environmental Quality Standards in the receiving water body in accordance
with the EC Environmental Objectives (Surface Waters) Regulations (S.l. No. 272/2009).

Indicate whether or not the activity is liable to have an adverse effect on water quality in light of the
European Communities Environmental Objectives (Ground Water) Regulations 2010 (S.l. No. 9 of 2010).
There are no direct discharges to groundwater from the facility.

Indicate whether any of the substances specified in the Schedule of the EPA (Industrial
Emissions)(Licensing) 2013, S.1. No. 137 of 2013, are discharged by the activity to the relevant medium.

The following substances specified in the Schedule of the EPA (Industrial Emissions) (Licensing) 2013, S.I.
No. 137 of 2013 are discharged by the activity to air:

e Sulphur dioxide and other sulphur compounds
e Oxides of nitrogen and other nitrogen compounds
e Carbon monoxide

Q: 2014/LW14/020/02/Reports/IPPC Attachments_Rev.0.doc Page 191 of 193

EPA Export 09-06-2015:23:28:02



Attachment L Eli Lilly
IED Licence Review

Volatile organic compounds

Dust including fine particulate matter (trace)

Chlorine and its compounds

Fluorine and its compounds

Substances and mixtures which have been proved to possess carcinogenic or mutagenic properties
or properties which may affect reproduction via the air

and to water:

e Organohalogen compounds and substances which may form such compounds in the aquatic
environment

Metals and their compounds (trace)

Arsenic and its compounds (trace)

Materials in suspension

Substances which contribute to eutrophication

Substance which have an unfavourable influence on the oxygen balance

Substanes listed in Annex X to Directive 2000/60/EC.

6. Indicate if the best environmental practices are in place for control of diffuse emissions from the installation
as set out in the following legislation: a BAT Conclusions Implementing Decision published by the EC.

a) a BAT Conclusions Implementing Decision published by the EC.

a specification prepared by the Agency in accordance with Section 5 of the Environmental Protection Agency
Act 1992 as amended; \)&

b) the Urban Waste Water Treatment Regulations 20 Q‘ No. 254 of 2001) as amended by the
Urban Waste Water Treatment (Amendment) Regu@\}p 2004 (S.l1. No. 440 of 2004) or any future
amendment thereof;

Ry o\*
This is not applicable to the Eli Lilly Dunderrow site. QQ &
é;\\@@‘
KO
c) the European Communities (Good A%ybkuﬁlral Practice for Protection of Waters) Regulations 20 (S.I.
No. 610 of 2010) or any future ame ent thereof;
\o
This is not applicable to the Eli Lilly Dun%?row site.
&
QO

d) the Local Government (Water Pollution) Act, 1977 (Control of Cadmium Discharges) Regulations
1985 (S.I. No. 294 of 1985);

This is not applicable to the Eli Lilly Dunderrow site.

e) the Local Government (Water Pollution) Act, 1977 (Control of Hexachlorocyclohexane and Mercury
Discharges) Regulations 1986 (S.l. No. 55 of 1986);

This is not applicable to the Eli Lilly Dunderrow site.

f) the Local Government (Water Pollution) Acts, 1977 and 1990 (Control of Carbon Tetrachloride, DDT
and Pentachlorophenol Discharges) Regulations 1994 (S.1. No. 43 of 1994); and,

This is not applicable to the Eli Lilly Dunderrow site.

g) measures or controls identified in a pollution reduction plan for the river basin district prepared in
accordance with Part V of the EC Environmental Objectives (Surface Waters) Regulations 2009 S.I.
No. 272 of 2009 for the reduction of pollution by priority substances or the ceasing or phasing out of
emissions, discharges and losses of priority hazardous substances.
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A surface water quality impact assessment was undertaken as part of this licence review and is included in
Attachment |. This assessment examined the impacts of two surface water discharges from the site
namely:

¢ Treated wastewater effluent discharge to coastal waters east of Sandy Cove Island, outside Kinsale
Harbour
e Storm water run-off to Doon Creek

This assessment concluded that discharges from the facility will not adversely impact water quality or
breach of Environmental Quality Standards in the receiving water body in accordance with the EC
Environmental Objectives (Surface Waters) Regulations (S.1. No. 272/2009).
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Attachment L Eli Lilly
1ED Licence Review

Appendix 1

Schedule of Correspondence with EPA
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Schedule Date of Correspondance From To Reference (if available) Re:
1 11/10/2005 Charlie McGuinness Eli Lilly Regina Campbell Proposals on Analysis Methods and frequencies
2 11/03/2006 Michael Owens EPA Billy Sheehan Eli Lilly M726/ap03mo Request to commence operation of the Nano-filtration plant
3 31/08/2006 Billy Sheehan Eli Lilly Michael Owens EPA Criteria for Reporting of Bypass Emissions
4 15/09/2006 Michael Owens EPA Billy Sheehan Eli Lilly P0009-03/ap08mo Assessment of signficance of Thermal abatement by-passes
EPA - Technical Amendment A to Integrated Pollution
5 16/07/2007 Dara Lynott EPA Billy Sheehan Eli Lilly Prevention & Control Licence
6 05/11/2007 Martin O'Reilly EPA Billy Sheehan Eli Lilly P0009-03/ap10mor.doc Phosphorous Licence Limits
Notification of a First Time Use of Premises for Class 1
7 11/02/2008 Billy Sheehan Eli Lilly Suzanne Wylde EPA GMMs
8 19/03/2008 Billy Sheehan Eli Lilly Suzanne Wylde EPA & Further Infromation for GMM Licence Application
\{\é Permission to suspend the requirement for phenol
9 24/06/2008 Martin O'Reilly EPA Billy Sheehan Eli Lilly POQQS—.Q@gc 15 mor.doc monitoring at emission point 6-1 (SW1)
10 08/01/2009 Martin O'Reilly EPA Billy Sheehan Eli Lilly | _#0009-03/gc21mor.doc Operation of the SCR DENOy unit
dfg@ Notification of a First Time use of Premises for Class 1
11 10/07/2009 Billy Sheehan Eli Lilly Suzanne Wylde EPA\Q\\} GMMs
O (\é‘ Adjustments to the monitoring parameters for emission
12 07/01/2010 Billy Sheehan Eli Lilly Michael Oweg&ﬁ’@$ point 6-1 (SW1)
S '\\q\ Monitoring frequency of parameters for emission point 6-1
13 14/01/2010 Martin O'Reilly EPA Billy Sheehan~Eli Lilly P0009-03/gc 29mor.doc (SW1)
14 08/09/2010 Joe Reilly EPA Billy Shq@an Eli Lilly P0009-03 Approval of technical Amendment B
& Amendments to Monitoring frequency of certain
15 09/12/2010 Martin O'Reilly EPA BiﬂyOSheehan Eli Lilly P009-03/gc35mor.docx parameters at the waste water treatment plant
Ambient monitoring and monitoring of oxides of sulphur
16 14/06/2011 Martin O'Reilly EPA Billy Sheehan Eli Lilly P009-03/gc38mor.docx and nitrogen oxides on emission point 7-1 (a)
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Ms Regina Campbell,

Office of Environmental Enforcement,
EPA,

Inniscarra,

Co Cork

& Date: 11" Oct 2005
&

Dear Ms. Campbell, S 7@

Following our recent discussions (meeting of Se&%‘ %05) on the monitoring conditions
outlined in Schedule C of IPC Licence Ref. 7 reby submit proposals on Analysis
Methods to be agreed with the Agency, to Qdﬁ%\/wth proposals for the amendment of the
monitoring frequency for the parameters.gtitiined below, subject to condition 6.5 of the
licence and condition 11(7) of the C(o(gn% &blrectlve 2000/76/EC.

oQ
&)
&

X
IPC Licence Reg No. 726 608@1edule C: Monitoring & Control

C.l2 Monitoring of Emissions to Air
Emission Point Reference No.s:

7-1(b) John Zinc Incinerator and

7-1(c) Thermall Incinerator

Parameters Monitoring Frequency  Analysis Method
Total Dust Continuous Iso-Kinetic/gravimetric
Proposal Photometric

This is included as a correction to the listed method as the monitoring system used is a photometric device.
This was the analysis method outlined in the previous Licence Reg. No. 546.

Hydrogen fluoride (HF) Bi-annually To be agreed with Agency
Proposed Method Impinger & lon Chromatography (or ISE)
Hydrogen Bromide (HBr) Bi-annually To be agreed with Agency
Proposed Method Impinger & lon Chromatography (or ISE)
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C.l2 Monitoring of Emissions to Air (cont’d)

Cadmium (as Cd) and thallium

(as TI), and their compounds Quarterly To be agreed by the Agency
Proposal Annually "o*° AA/ICP/ICP-MS
Mercury (as Hg) and its compounds Quarterly To be agreed by the Agency
Proposal Annually "o*° AA/ICP/ICP-MS

Antimony (as Sb), arsenic (as As),

lead (as Pb), chromium (as Cr),

cobalt (as Co), copper (as Cu), manganese
(as Mn), nickel (as Ni),

and vanadium (as V) and their compounds Quarterly To be agreed by the Agency
Proposal Annually "o*° AA/ICP/ICP-MS
Dioxins/furans Note 3 Bi-annually Note 4 I.S. EN 1948 Parts 1-3
Proposal ) Quarterly on Zink only

Bi-annual on Thermall N°®®

Note 1: Or other methods agreed in advance by the Agency.

Note 2: Monthly until upgrade and continuous thereafter.

Note 3: Average values shall be measured over a sampling period of 6 hours and a maximumgt-B hours.
Note 4: Quarterly for the first year after upgrade and bi-annually thereafter. &

&
Note 5: - . NS o
In relation to stack emission monitoring for metals, aﬁ\tgizgll (7) of the Council Directive
2000/76/EC states that a reduction in the monito& ,
every two years may be authorised provided tl@t\g&b measured emissions are less than 50% of
the emission limit value. As can be seen fr Qg.he summary table (Appendix 1) metal
emissions from both the Thermall and J %f%nk units are well below this value, and given
the stability of the measured data overt \Qears, the proposed annual monitoring frequency is
considered more than adequate to megfithe requirements of the Directive.

Stack sampling for metals is cond fed as per USEPA Method 29, under the supervision of a
reputable independent consulta nErA contract laboratory with UKAS accreditation undertakes
analysis of samples. O

As you will appreciate stack metal sampling and analysis is a complex process incurring high
costs in terms of site manpower and contract resources. By reducing the monitoring frequency
it is felt that site resources can be better utilised in dealing with other elements of our
Environmental Management Programme.

dﬁ? drequency from twice a year to once

Note 6:

In relation to Note 4 above, which requires quarterly Dioxin/Furan analysis of both the
Thermall and Zink units for the first year after upgrade, it should be noted that the only
change impacting the Thermall unit relates to the de-rating of the Induced Draught Fan so that
air flow through the chamber is reduced and residence time increased. This will result in an
overall increase in the efficiency of the unit with a positive impact on the emission profile. As
our current dioxin emission profile on the Thermall unit is orders of magnitude below the
emission limit value (ELV) (see Appendix 2), increasing the monitoring frequency on this
unit will again result in an inappropriate use of site resources and unnecessary cost burden.
While the dioxin profile on the Zink unit is also orders of magnitude below the ELV, we
accept that given the modifications involved in the upgrade of this unit that it will be
necessary to demonstrate the units continued combustion efficiency by carrying out quarterly
dioxin analysis for the first year after the upgrade.
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C.12 Monitoring of Emissions to Air

Emission Point Reference No.: No. 7-1(a)
Regenerative Thermal Oxidiser Stack

Parameters Monitoring Frequency Analysis Method
Oxides of Sulphur Bi-annually To be agreed with the Agency
Proposed method NDIR
Nitrogen Oxides (as NO2) Bi-annually To be agreed with the Agency
Proposed Method Chemiluminescence/IR
C.2.2 Monitoring of Emissions to Water
Emission Point Reference No.: No. 6-1 @\‘\’”&

&
Parameters Monitoring Frequency Q\\\‘ Q@ Analysis Method

Qo
<O
Phenols Weekly Qoéf?@b Standard Method
$ &\}

At the time of the licence review a submisgﬁg as made to have the monitoring requirements
for both Cyanide and Phenol compoun@f?@ﬁoved from the relevant schedules, as the process
giving rise to these by-products wasqid L@ger in use at the site. As the product involved has
been outsourced there is little possibll:ﬁ?y of this product returning to the site in the future.
While all references to Cyanide @y‘@ been removed from the Licence (Reg. N0.726), a
weekly monitoring frequency fegi¥phenol still remains under schedule C.2.2.

We request that this monitoring requirement be suspended for the reasons outlined above.
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CA4 Waste Monitoring

All parameters listed under this section require Analysis Method/Technique to be agreed with
the agency.

The Proposed Analysis Methods/Techniques as are outlined in the Table below.

Waste Class Frequency Parameter Proposed Analysis
Method/Technique

Solvent/Aqueous Per batch on non- % Solvents GC-FID

Waste for Onsite routine waste % Halogen

Incineration Annually on routine

wastes

Water KF/Mass Balance
Calorific value Calorimeter
Metals AA/ICP

Solid Waste for Per batch on non-

onsite incineration | routine waste
Annually on routine

wastes % Halogen Based on Estimate of Content
Water Based on Estimate of Content
Calorific value Based on Estimate of Content
Metals »Based on Estimate of Content
é\\)‘
X5
WWTP Sludge for Metals on Leac te* | AA/ICP
Landfill Quarterly Nt Organic Mﬁ@ Std. Methods
Water @?@%t Std Methods
\>\ S
Annually "¢ * Compounds | Purge & Trap GC/MS
xé’
S
Other <&V Loss on Drying Std Methods
: Note 2 R
- Kiln Ash " Annually <& | (LOD)
fv Loss on Ignition Std Methods
S (LOI)
A\

Metals on Leachate* | AA/ICP

* Metal Listing: Copper, Chromium, Lead, Zinc, Cadmium, Nickel, Tin, Boron

Note 1:

As all WWTP sludge is currently disposed of by either onsite or offsite incineration there is
no foreseen necessity to landfill this material, therefore the quarterly and annual monitoring
frequencies outlined for this waste class should be reconsidered.

The proposal being put forward here for consideration by the Agency is that the requirements
for monitoring of WWTP sludge for landfill should be suspended until such time as if and
when the Company reverts to landfill of this waste class.

Note 2:

The Rotary Kiln is used for the incineration of solid waste onsite, including WWTP sludge.
As the bottom ash from this process is not covered under the waste monitoring schedule it is
proposed to include this material in the “Other” waste class and complete analysis on same as
outlined above.
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C6.1 Groundwater Monitoring
Location: MW1, MW3, MW10, W7, and W9

During the course of the review of this licence agreement was reached with the Agency with
regard to the substitution of the listed monitoring wells under Licence Reg. No. 546 with an
updated monitoring well suite.

The list of updated wells is as follows; SW1, SW2, W9, SW5, SW6, RemW1, MW4 and
W16.

This proposal was made to the Agency in a letter dated 4™ Mar 2005 and subsequently
approved by the Agency prior to the issue of the current licence.

We therefore request Agency approval to continue using this monitoring well suite.

Schedule B.1: Emissions to Air

It is proposed to carry out particulate analysis on the process vents as listed in the schedule
(IE1V3 to IE30EV-2) on an annual basis. This is the same monitoring frequency as agreed
under the terms of the previous licence (Reg. N0.546). We therefore request that this
monitoring frequency be retained for the current licence.

Condition 3.4 g
As a point of clarification with regard to the requirements O@Rﬁned under this condition it is
our understanding that the requirement to retain a ref@&&ﬂed sub sample for Agency use

relates only to effluent discharge, which under theogjezg@ of this licence relates to Emission
Point Ref. 6-1 and W2. 0&03\
&
@
)

We hope that all of the above proposa&sﬁ@%t with the approval of the Agency and should any
further detail be required in relation i@@h\/ aspect of these proposals please do not hesitate to
contact the undersigned. &7

&

S

Yours faithfully,
On behalf of Eli Lilly S.A

Charlie McGuinness
Environmental Chemist

Tel: 021-4702665
e-mail: mcguinness_charles@lilly.com
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Mr. Michael Owens,
Office of Environmental Enforcement
Environmental Protection Agency
Regional Inspectorate
Inniscarra
Co Cork
August 31%, 2006

Subject: Reporting of Bypass Emissions
Dear Mr. Owens,

Arising from our discussions on August, 18" | wish to make the following

proposal with respect to the reporting of fume duct bypass &¥ents on site.
<

Using the IPPC Licensing Application Gté@d%@ée note, we propose to use 20% of
the TA Luft guidelines for Class I, 11 and 111 c unds factored up on a 24 hour basis
as a guideline for assessing if the event is (@gﬁ‘ able to the Agency (Ref: Table 5.5 of
the EPA Batneec Guidance Note for the\\cf%émical Sector). On a daily basis therefore,
the following limits would apply: ‘°&i§

S
<O
Class | <05 Kgs/dgi\bpQ
Class Il <10 Kgsiday
Class 111 <15 Ié day.

Emissions greater than the values outlined above would be reported to the
Agency on the following working day. In order to assess the environmental significance
of emissions, the actual emission value will be compared to the values input to the site
air dispersion model. If the value exceeds the modelled data, then a further air
dispersion model will be run and results will be compared to a recognised standard,
namely the EAL. If the emission exceeds the standard, then the event will be considered
significant.

I hope that this proposal is satisfactory to the Agency. Efforts will continue to on

an ongoing basis to minimise the number of bypass events and the duct management
procedure will continue to be implemented should a bypass occur.

Yours Sincerely,

Billy Sheehan
Senior Environmental Engineer
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I Environmental Protection Agency

An Ghniomhaireacht um Chaomhni Comhshaoil

Headquarters
P.O. Box 3000
Johnstown Castle Estate
County Wexford
Ireland .

TECHNlCALMENDMENT A
Qo\i@“qro
INTEGRATED P@LLUTION PREVENTION &
@%NTROL LICENCE

Licence Register Number: P0009-03

Licensee: Eli Lilly S.A. - Irish Branch
Location of Installation: Dunderrow
Kinsale

County Cork
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Reasons for the Decision

The Environmental Protection Agency is satisfied, on the basis of the information
available, that subject to compliance with the conditions of licence Reg. No. PO009-
03 granted on the 27/07/2005, as well as any amendments noted herein, any emissions
from the activity will comply with and not contravene any of the requirements of
Section 83(5) of the Environmental Protection Agency Acts, 1992 and 2003.

Technical Amendment

In pursuance of the powers conferred on it by Section 96(1)(c) of the Environmental
Protection Agency Acts, 1992 and 2003, the Agency amends Licence Reg. No.
P0009-03, granted to Eli Lilly S.A. - Irish Branch, Dunder;gw, Kinsale, County Cork.

L
Henceforth, IPPC Licence Register No. P0009-03 sh@?\ be read in conjunction with
the amendments set out below. o&*\‘q@
oy
N
This technical amendment is limited to theﬁiLB\Ning:-
NG

OIS
o
N
Qé \\'\\Q
\"OQ
\0
&

S

Page 1 of 3
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Amendments

Amend Condition 6

6.14 Test Programme

6.14.1  The licensee shall prepare, to the satisfaction of the Agency, a test
programme for abatement equipment installed to heat treat
biological waste water. This programme shall be submitted to the
Agency in advance of implementation.

6.14.2  This programme, following agreement with the Agency, shall be
completed within three months of the commencement of
operation of the abatement equipment.

6.14.3 The criteria for the operation of the abatement equipment as
determined by the test programme shall be incorporated into the

standard operating procedures. &>

&
6.14.4  The test programme shall as @ngﬂ?mum:
00\0\
(i)  Establish all criter'@ﬁgr operation, control and management
of the abatemeraf*\ tipment to ensure compliance with the

emission I|Wue3 specified in this licence.

. (O :

(i)  Assess @é}p@rformance of any monitors on the abatement
system c)cﬁ?’ld establish a maintenance and calibration
prog?[\é?nme for each monitor.

6.145 A reponPBn the test programme shall be submitted to the Agency
within one month of completion.

To be inserted after Condition 6.13 of the existing licence.

Page 2 of 3
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Amend Schedule C

c2l1l

Emission Point Reference No.:

Description of Treatment:

Control of Emissions to Water

6-1

Heat treatment of biological wastewater and Extended
Aeration Biological Treatment Plant

Control Parameter
Input
Flow

Neutralisation

Dissolved Oxygen (Aeration Basin)

Mixed Liquor

Sludge Volume

Monitoring
Daily COD (Input)
Continuous Flow (forward flow)

Continuous pH (ex Correction
Tank)

Continuous

Mixed Liquor Suspended Solids
Daily

Sludge Volume Index Daily

Note 1
t

Key Equipmen
Standard Methods
Flow Meter/Recorder
pH Meter/Recorder

DO Meter/Recorder
Standard Methods

Standard Methods

Sludge floc Sludge floc microscopy 3 Standard Methods
times/week &
O
Neutralisation Continuous pH (Final adjustme[g@‘ pH Meter/Recorder
sump) . go
NS
; &
Heat treatment unit <O
Temperature Per batch \\QO S Steam plant
Note 1: The licensee shall maintain appropriate access tg&aq@ﬁ‘y and/or spares to ensure the operation of the abatement
system. »'\\0 &
o
N
L
S
&

N
Amend Schedule C.2.1 Contg\eﬁ)f Emissions to Water of the existing licence as set out above.

This technical amendment shall be cited as Amendment A to IPPC licence Reg. No.

P0009-03.

Sealed by the Seal of the Agency on this the 16th day of July, 2007

PRESENT when the seal of the Agency was affixed hereto

Dara Lynott, Director

Page 3 of 3
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Suzanne Wylde

Office of Climate, Licensing & Resource Use,
EPA, PO Box 3000,

Johnstown Castle Estate

Wexford.

19" March, 2008

Subject: Request for Further Information
Dear Ms. Wylde,
The attached document outlines the additional information reglested by the Agency on

February 29™. The requested information refers to GMO Reggs?ér No. 267. The document is
marked confidential as it contains commercially sensitivg@gwrmation, specific to Eli Lilly SA

(Irish Branch). 4?&\0
SO
If any further clarification is required, pleas Qgeﬂg%free to contact myself or Dr. Graham

McCartney. L

S

L

K

Yours sincerely, &
&
QO

Billy Sheehan

Senior Environmental Engineer

Encl(1)
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Reference: Register No: 267

1. Clarify if the two resulting GMMs that will be produced in 1E28 and IE30 are the same. If
different, please specify the differences. Is the recipient cell line the exact same in both 1E28
and IE30? Do the vectors or inserts used in each case differ?

The GMM consists of the GS-CHO cell line as well as the plasmid containing the gene encoding
the therapeutic protein. Two similar GMM’s will be handled in the IE28 laboratory facility (Glp-
Fc and Teplizumab) and one of these will also be propagated in IE30 (Teplizumab). Both GMM’s
are the same with respect to the GS-CHO cell line which will produce the monoclonal antibody.
The plasmid vector (pEE12.4 GS) that contains the gene of interest is also the same. This is stably
integrated into the GS-CHO cell genome. However given that distinct antibodies will be
produced from the final GMM (used to treat type 1 and 2 diabetes respectively) the sequence of
DNA inserted into the expression plasmid is different for both. As outlined in the risk assessment,
both GMM’s do not pose a threat to human health or the environment.

2. Provide details of the insert(s) in the plasmid(s) —
i) Specific identity and function of the insert (genes);

The genes inserted in the plasmid encode a monoclonal like therapeutic protein called Glp-Fc and
an anti-CD3 monoclonal antibody respectively. Glp-Fc is a fusion protein containing the Fc
portion of 1gG, fused to a peptide called Glucagon Like Peptide 1 which stimulates insulin
release from beta cells in the pancreas in a glucose dependent er. Through this activity Glp-
Fc will be used to treat type 2 diabetes. Glp-1 itself has a halfdite in blood of a matter of seconds.
Through fusing it to the Fc portion of 1gG,this half life Q@sizg%ificantly extended.
The gene encoding anti-CD3, also called Teplizu swhich will be propagated in IE28 on a
laboratory scale and in IE 30 on a larger scale ig&?@ﬁ noclonal antibody which will be used to
treat type 1 diabetes. Teplizumab is aimed to&%g@ auto-immune T-lymphocytes which play a
pivotal role in disease progression throug&@%@&ruction of pancreatic beta (insulin producing)
cells. ‘\°~§\
S
ii) Level of expression of insertgoQogenetic material;
X

The inserted material will be(g&%;essed at < 10g/L

iii) Source of the genetic material, identity of the donor organism(s) and characteristics

where appropriate;

The genetic material was initially cloned into a murine NSO hybridoma cell line prior to

being stably subcloned into the GS-CHOK1SV cell line which results in greater expression

and has a similar glycosylation pathway to human cells.

iv) History of prior genetic modifications if appropriate;

No genetic modifications have been made by Lilly.

V) Location of inserted genetic material.

Both inserts (Glp-Fc and Teplizumab) are randomly inserted via electroporation into the
CHO cell genome upon cell line generation.
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Suzanne Wylde

Office of Climate, Licensing & Resource Use,
EPA, PO Box 3000,

Johnstown Castle Estate

Wexford.

10" July, 2009

Subject: Notification of a First Time Use of Premises for Class 1 GMMs

Dear Ms. Wylde,
&

Please find enclosed a notification for tg&é first time use of a new
biopharmaceutical production facility, identifi%@;a,@ IE42, at the Eli Lilly site in
Dunderrow, Kinsale. This facility will be used#tg:smanufacture large scale quantities of
Class 1 GMM’s. It is anticipated that&?'%)ity will be handed over to Lilly

Q

commissioning and validation staff ingtate” 2009. The first production activity is

expected to occur in late 2010. Registgﬁ’%ﬁﬁy no: 267 was issued in April 2008 to cover

our initial development and small <s(g;'ﬂ:\g$5\roduction activities which are ongoing.
N

O
This application is based on th %quirements set out in articles 16 and 17 of S.I. No.
73 (2001). A risk assessment is’enclosed pertaining to the proposed activities. A cheque
for € 250 is enclosed as required in Schedule 8 of the S.1I.
If any further clarification is required, please feel free to contact myself (021 4702242),
Melanie Walsh (021 4706346) or Muiris MacPhaidin (021 4702287).

Yours sincerely,

Billy Sheehan
Senior Environmental Engineer

Encl(2)
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Martin O’Reilly

Office of Environmental Enforcement
Environmental Protection Agency
Regional Inspectorate

Inniscarra

Co Cork

January 7th, 2010

Dear Mr. O’Reilly,

| refer to our telephone conversation in the week prior to Christmas where we discussed the
possibility of making adjustments to the monitoring parameters for emission point 6-1, (emissions to
water from the biological treatment plant). The parameters in question are Ammonia, Total Nitrogen
and BOD. We would like to propose the following adjustments to ti& monitoring regime:

1. Ammonia from daily to weekly SN

2. Total Nitrogen from weekly to monthly 4?00\0\

3. BOD from weekly to monthly \Q0\§\

4., Sludge floc from 3 times per week to Q@E’e\@week.
X®) é\

QRS

The rationale is based on data showing ﬂ\l\aﬁﬁ are significantly under the concentration emission
limits for all these parameters and have Qée ofor several years. Significant capital investment has been
made in our waste treatment facilities le cﬁﬁg to improvements in both operation and performance. In
addition, there has been a reduction ip.the overall loading of the bio-treatment plant in recent years.
This is due to the changing producgf%ﬁle and a move towards bio-tech processing which is almost
totally aqueous based. The table“below illustrates this trend for the past two years. This trend is
expected to continue for the next several years. If there is any change in these trends due to
introduction of new products or other significant changes, the Agency will be notified. In parallel, we
also carry out extensive in process monitoring so any trends in any of the parameters will be
highlighted at an early stage.

Timeframe: January 2008 to December 2009

Parameter Average (mg/l) Maximum (mg/l) Limit (mg/l)
Ammonia 0.2 6 50
Total Nitrogen 5 18 100
BOD 4 40 600

We believe that these adjustments to the monitoring frequency will have no adverse effect on either
effluent quality or compliance. We believe that the data provided demonstrates the level of control that
exists within the treatment plant. I look forward to your response in due course.

Yours sincerely,

Billy Sheehan

Senior Environmental Engineer
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Office of
Environmental
Enforcement

Mr B 1 1 ly Sh e Ch an SOu{h/South West Region

Environmental Protection Agency

Eli Lllly S.A. - IriSh Branch Regional Inspectorate, Inniscarra

County Cork, Ireland

D?lndenow Cigireacht Réigitinach, Inis Cara
Kinsale Contae Chorcai, Eire
. T. 435321 487 5540
County Cork F: 4353 21 487 5545
E: info@epa.ie
W: www.epa.ie
LoCail: 1890 33 55 99
4th 2 }
147 January 2010 Our Ref: P0009-03 /gc29mor.doc

Dear Mr Sheehan

I refer to your correspondence, dated 7/1/2010, in relation to the monitoring frequency of
certain parameters for emission point 6-1. &S

&

[ am to advise you that your proposal to reduce g&\ m%mtormg frequency for Ammonia,
Total nitrogen and BOD has been approved L@ﬁg\%ondltlon 6.5 of your licence. Please
note that this approval may be revoked at tg}% Qj@\%retwn ot the Agency.
é

It is considered that sludge floc 1s a 1\@51 parameter in the operation of the waste water
treatment plant. As such the mor@&mﬁg of this parameter shall be maintained at 3 times
per week. S\OOQ

(\\0
Please quote the above refeg;cﬁ&e in future correspondence in relation to this matter.

Yours sincerely

0

Martin O Reilly
Offlice of Environmental Enforcement

RECEIVED
19 JAN 2010

WOWLIOEEWS Licence EnforcementIPC Licence EnforcementIPC DB Documents' P00 -0101P0009-03'2c 29y, doc

(4("
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ection Agency

vi Combshaot!
Mr Bl”y Sheechan Headquarters, PO Box 3000
. . o . e Jjohnstown Castle Estate
Eli Lilly S.A. - Irish Branch County Wexford, reland
Dunderrow Ceanncheathry, Bosca Poist 3000
Kinsale Eastat Chaisledn Bhaile Sheain
) - ] Contae Loch Garman, Eire

County Cork T +353 53 916 0600

Fi +353 53916 0699

£ info@epa ie

W www.epa.ie
8" September, 2010 Reg No: P0009-03 LoCal. 1890 33 55 99

Dear Mr Sheehan

I refer to your letter of 11™ June. 2010 received by the Agencyv on 14" June, 2010 in
respect of your existing licence.

The Agency has considered your request for a technical amendment to your existing
licence, register no. PO009-03.

[ am to advise that the Agency has amended vour exist e Ilwnce Reg. No. PO009Y-03
under Section 96(1)(c ) of the EPA Acts 1992 t( @\%\to incorporate the changes as
outhned in the attached “Techntcal Amendment o‘( wmmt The amendment shall be
read m conjunction with and attached to your ex { ¢ hicence, Reg. No. PO009-01

Q° &

é\
If you have any further queries please g&n\@t Marie O Connor at telephone no. 021-
4875540 & @

S
&
>
- &

Yours smcerely, K

O

.

Joe R’cil’l}i @%

Programme Ofticer
Ofttice of Chmate, Licensing & Resource Use

Encl.

s
.

FeahClencatb etierlicensee dot
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Environmental

Enforcement
: South/South West Region
MI' Bllly Sheehan Environmental Protection Agency
Eli Lllly S.A. - Irish Branch Regional Inspectorate, inniscarra
County Cork, lreland
Dunderrow cia o
. igireacht Réigitinach, Inis Cara
Kinsale Contae Chorcal, tire
T +353 21 487 5540
County Cork Fi 4353 21 487 5545

E: info@epa.ie
W: www.epa.je

LoCall: 1890 33 55 99

9" December 2010 Our Ref: P0009-03 /gc35mor.docx

Dear Mr Sheehan

I refer to your correspondence dated 1/12/2010, received by.the Agency on 3/12/2010, in
relation to the monitoring frequency of certain paramete or influent to the waste water

t tpl t facili
treatment plant at your facility. O&\\O\ {z@
The contents of your letter have been noted a fﬁther to our phone conversation of the
30/11/2010, the Agency approves the pr%{;&s@l" to reduce monitoring for COD, mixed
liquor suspended solids and sludge V%iﬁgi@ index from daily to Monday to Friday
inclusive. This approval has been gr under Condition 6.5 of your licence. Please
note that the approval may be re\fockgﬁ at the discretion of the Agency should results
indicate environmental pollution. \5\0

095\

Please quote the above refereriéé in future correspondence in relation to this matter.

Ypours sincerely

e O |
in O’ Réftty. \

ce of Environmental Enforcement

WOWLAOEEN0S. Licence EnforcementIPC Licence EnforcementIPC DB Documents\PO01-010\P0009-03\ge35mogloex
A
4
-
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Environmental

Enforcement
: SouthiSouth West Region
Mr Bllly Sheehan Environimental Protection Agency
1 L1 - In Regional Inspectorate, Inniscarra

Eli Lilly S.A. - Irish Branch Connty Cork rtan
DundeITOW Cigireacht Réigianach, Inis Cara
Kinsale Contae Chorcai, Fire

T: 4353 21 487 5540
County Cork F 435321 487 5545

E: info@epa.ie

W www.epa.ie

LoCall: 1890 33 55 99

14™ June 2011 Our Ref: P0009-03/gc38mor.docx

Dear Mr Sheehan

I refer to your letter dated 07/06/2011, received by the Agency on 09/06/2011 in relation
to ambient monitoring and also monitoring of oxides of sulfhur and nitrogen oxides on
emission point 7-1(a). O@é
S

The contents of your letter have been noted. In bf the discontinued use of HFO as a
fuel the Agency approves the request to sus\\g&g)é{“> ambient monitoring as per Condition
6.12. oo é

& O§
As emission point 7-1(a) is now c@%@uously monitored for oxides of sulphur and
nitrogen oxides, your proposal to s 0gp“cnd bi annual tests for these parameters has been
approved. This approval is being {g«ﬁanted under Condition 6.5 of your licence.

Please quote the above refereﬁée in future correspondence in relation to this matter.

Yours sincerely

Martin O’ Reilly Q
Offfice of Environméfital Enforcement

NOWLAOEEN0S. Licence EnforcemenfIPC Licence EnforcementIPC DB Documents\POOl-010\P0009~O3\gc38m9ﬂdcx

e
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Assessment of Ne@ﬁo@‘leld Dilution & Dispersion
S sModel of the Eli Lilly Outfall
&

é,\\o

&
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Near field dilution and dispersion model of the Eli Lilly outfall,

Harbour, in relation to EC Environmental Objectives (Surface
Regulations (S.l. No. 272/2009).

5
Sandy Cove Island, Kinsale Harbour., g@ Cork

RS
&\‘(\

.\Q
Submitted to Eli LiIISZ’)OS\TA., Dunderrow, Co. Cork, Ireland
s\
©)
3
00(&\
by

Dr Robert Kennedy,
Marine Ecosystem Research Laboratory,
Zoology,
Ryan Institute,

School of Natural Sciences,
National University of Ireland, Galway,
Galway,

Ireland

31 May 2012

Kinsale
Waters)
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Executive Summary

This report describes a modelling study of the near field dilution and dispersion of the
Eli Lilly treated wastewater emissions from its diffuser located east of Sandy Cove
Island, Kinsale Harbour, Co. Cork. The modelling was performed to investigate
whether the receiving surface water body would be compliant with EC Environmental
Objectives (Surface Waters) Regulations (S.I. No. 272/2009) if the treated
wastewater emissions load were discharged at the potential worst case limits
permitted under the current IPPC License (P0009-03). These potential worst case
limits are based on the calculated emissions loads that would result if each licensed
parameter was discharged in the treated wastewaters at their respective licensed
Emissions Limit concentrations and if these wastewaters were also discharged at the
maximum total daily emission volume allowed by the license.

The Eli Lilly diffuser is located east of Sandy Cove Island, Kinsale, Co. Cork. It
consists of twelve ports of 3.18cm diameter spaced at 3.12m centres. The ports are
on risers 1m off bottom. Water depth at the site is 12m chart datum (a level that
closely approximates the lowest astronomical tidal Ievelz}ggx
&

N
Where available, water quality data from the IiBAg\”?r?]onltormg program was used to
model the assimilative capacity of the wgféeg\ooody Eli Lilly has commissioned
extensive environmental monitoring of thgéﬁ&entlal effects of the outfall on habitats
in the area in a Harbour Study perfoggﬁ’g\é by the Ryan Institute, School of Natural
Sciences, National University of Irelaﬁ@ Galway (NUIG). This has included long term
monitoring of water column nutrlém@ characterisation of local currents and physical
oceanography, dilution studies @smg dye tracers and site suitability modelling for
location outfall. The data g red has been used to support the modelling in this
study. Where no data were available, background concentrations were
conservatively estimated at 10% of the Environmental Quality Standard (EQS) or at
a level near the limit of detection, whichever was larger.

The Updated Merge (UM3) model from the United States Environmental Protection
Agency (USEPA) program Visual Plumes to simulate the Eli Lilly discharge.
Simulations were run using the maximum discharge rates and discharge
concentrations for each substance allowed under the current license.

None of the emissions exceeded the relevant EQS at a distance of 100m from the
diffuser. Most emission limits were an order of magnitude less than that needed to
exceed the EQS.

Dissolved Inorganic Nitrogen (DIN) emission limits (assuming that all Total Nitrogen
is discharged as DIN) are at 24.4% of the exceedence concentration. This is in part
due to elevated background DIN originating from the Bandon Estuary. The Bandon
Estuary has been classified as eutrophic because of high DIN levels.
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The results of this modelling study indicate that the wastewater discharges up to and
including maximum loads permitted by the current license will not adversely impact
the Ecological Status or cause a breach of Environmental Quality Standards in the
receiving water body.

Introduction

This report outlines near field dispersion modelling of the Eli Lilly outfall, Kinsale, Co.
Cork in relation to the EC Environmental Objectives (Surface Waters) Regulations
(S.1. No. 272/2009). The Surface Waters Regulations seek to maintain or improve
the quality of surface waters by setting Environmental Quality Standards for these
surface waters that must not be exceeded. As part of a review of Integrated Pollution
Prevention and Control (IPPC) Licences, the EPA may require license holders
discharging to coastal surface waters to model the dispersion of emissions in their
effluents. This is to ensure that all authorisations under the EPA Act 1992 to 2007
and the Waste Management Acts 1996 to 2010 having discharges liable to cause
water pollution are in compliance with the Surface Wate\@.Regulations.

®®~
& &
Methods &L S
The Eli Lilly diffuser is located in coastal s east of Sandy Cove Island, Kinsale,

Co. Cork. Effluent travels 9 km from g@ﬁf Lilly plant at Dunderrow, Co. Cork in a
purpose built pipeline of approxm‘@?gi;‘? 25 cm diameter. It is discharged from a
multiport subtidal diffuser in oce%‘hﬁ: water outside Kinsale Harbour and south of
Money Point, designated as the ef’nd of the Bandon Estuary by the EPA.
§

Two modelling approachesosvere used. The first employed a simple dispersion /
dilution model developed by the Scottish Environmental Protection Agency (SEPA)
for un-stratified coastal water bodies and lakes and published as guidance by the
Irish EPA in 2011. It assumes that the effluent discharges from a single point, is fully
mixed in the water column and disperses to form a triangular prism. The dilution is
simply a function of the volume of the prism and the volume of the effluent. This
model was largely used so that the UM3 model could be compared to an alternative
approach, and to make the study comparable to other work.

The second approach used the three-dimensional Updated Merge (UM3) model from
the United States Environmental Protection Agency (USEPA) program Visual
Plumes to simulate the Eli Lilly discharge. UM3 is a model for simulating single and
multi-port submerged discharges. It is a Lagrangian model that features the
projected-area-entrainment (PAE) hypothesis (Winiarski and Frick, 1976; Frick,
1984). This established hypothesis (Rawn, Bowerman, and Brooks, 1960) quantifies
forced entrainment, the rate at which mass is incorporated into the plume in the
presence of current.
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In UM3 it is assumed that the plume is in steady state; in the Lagrangian formulation
this implies that successive elements follow the same trajectory (Baumgartner et al.,
1994). The plume envelope remains invariant while elements moving through it
change their shape and position with time. To make UM three-dimensional, the PAE
forced entrainment hypothesis has been generalized to include an entrainment term
corresponding to the third-dimension: a cross-current term. As a result, single-port
plumes are simulated as truly three-dimensional entities. Merged plumes (as in this
study) are simulated less rigorously by distributing the cross-current entrainment
over all plumes.

While performing numerical simulation, UM3 runs an algorithm that controls the
simulation time step to optimise performance. In addition to being controlled by the
amount of entrainment, the time step is also sensitive to the amount of trajectory
curvature.

The Eli Lilly diffuser was modelled using the following characteristics:

e Number of ports = 12 K4

e Port diameter = 0.03176 metre (m) (1.25 inchesy

e Port spacing = 4.116 m (13.5 feet) 0&\\0;@

e Port orientation = vertical (90°) @0{&\

e Port distance above bottom =1 n;n)QQ\’\é&}

e Diffuser orientation = perpendk&ﬁfg{“@f\o ambient flow

e Distance from shore = 975@(@1@200 feet)

e Effluent Temperature = 152\@Q

o Effluent Salinity =0  &*

e Maximum flow rate fr@ﬁ? Emission Point 6.1 = 3,000m?3 d*, from Emission
Point W2 = 1500m3 d*

Effluent concentration was simulated at the maximum emission limits (Appendix 1)
for each substance. Time series monitoring data from the EPA monitoring program
stations near to the diffuser were used to calculate the background concentrations
for Total Nitrogen, Total Phosphorous (taken as being equivalent to Molybdate
Reactive Phosphate; MRP), Ammonia and Dissolved Inorganic Nitrogen (DIN).
These data were used in accordance to guidance issued by the EPA. Similar data
were available from the NUIG monitoring program (O’Brien 2000; Kennedy 2005,
2006, 2007, 2012). The median value was used as the background concentration. In
the case of DIN and MRP, the median winter concentration was used.

Chemical Oxygen Demand (COD) was estimated at 1 mg I as this is a low level,
likely to reflect the ambient levels in coastal waters of Good ES.
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For metals, the background level was estimated to be 10% of the Environmental
Quality Standard (EQS) from S.I. No. 272 of 2009, or 1 ug I, whichever was the
larger. Similarly, the background concentration for the combined emission of
benzene, toluene and xylene was estimated as 1 ug I'*.

In the case of dioxins and furans, the background concentrations were estimated at
low levels that approximate the limits of detection in seawater.

In the case of Total Nitrogen, the emission limit includes organic compounds, but the
EQS has been set for inorganic compounds only: DIN in the case of nitrogen. Total
Nitrogen emissions were modelled as being 100% DIN for the purposes of assessing
potential exceedence of the EQS. Background data were available for both Total
Organic Nitrogen (TON) and DIN (Appendix 3).

Total Phosphorous emissions were modelled as being 100% Molybdate Reactive
Phosphorous (MRP). This was for two reasons: the only data available for the water
body are MRP concentrations, and MRP is a potential nutrient in transitional, but not
coastal waters. &
L

®®~
Where an EQS has been established, the calgﬂigﬁed concentrations at 100m from
the diffuser were assessed to determine if it g’ag‘%xceeded the EQS. The percentage
change from the background level was c@:%l%lted The emission concentration level
necessary to exceed the EQS (Excg@\génce Concentration) was determined by
numerical simulation. The ratio of&?&e current emission limit to the Exceedance
Concentration was expressed as g <@rcentage

\6\
The EQS chosen was the ggggt conservative option in each case. Generally, the
Annual Average (AA) EQS was used. The EQS for waters already achieving Good
ES was used. The EPA has classified ES in Kinsale Harbour as Good (McGarrigle et
al 2010). Toluene and xylene both have an AA EQS of 10 ug I, but the AA-EQS of

benzene (8 ug I'') was used for the combined emission of all three substances.

Ambient currents were measured with an acoustic Doppler current profiler (ADCP)
deployment (O’Connor, 2003). The average current speed and direction were used
to model dispersion (17.5 cm s, 178° West). Water depth was set to the level of the
lowest astronomical tide (LAT), 12m for testing compliance with Surface Waters
Regulations. The water column was considered to be not stratified for modelling
purposes. Full model outputs are shown in Appendix 2.
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Results

Model outputs are listed in Table 1. There was generally good agreement between
the outputs from the SEPA model and the UM3 model. The UM3 model tends to
report slightly higher concentrations in the plume at 100m from the diffuser than the
SEPA model. This is because the Lilly plume is very buoyant because of its low
salinity. UM3 models it as rising rapidly through the water column with less
entrainment than the SEPA model.

Most of the emissions were predicted to produce concentrations at 100m that are an
order of magnitude below the relevant EQS when being discharged at the emission
limits. This was true for copper and zinc in both 6.1 and W2. It was also the case for
benzene, toluene and xylene in 6.1.

Total Nitrogen, which has no EQS, increased by 15% relative to the background
levels. Modelled DIN concentrations increased by 16%, and the maximum emission
limits were 24.4% of the Exceedence Concentration.

&
Ammonia levels were increased by 59% relative to @@ background level. Similarly,
Tin increased by 4000% from the nominal b@ékg?sound level of 1uglt. Neither of
these emissions has an EQS. o??&
SE

N
Dioxins and Furans increased only maeeg‘i@élly in the model simulation.

\0 ~0
Molybdate Reactive Phosphaféoq\(?oncentratlons were modelled using the
conservative assumption that aILO’TotaI Phosphorous emissions would be in the form
of MRP. Total-P / MRP mcrg ed by 189% on background levels. There is no EQS
associated with Total-P or MRP in coastal waters.
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Figure 1: Map of Kinsale showing Eli Lilly diffuser location and the hydrographic stations monitored in the NUI, Galway study. The EPA designates
Money Point as the end of the Bandon Estuary.
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SEPA Change Emission Limit as %
model UM model (LAT) Compliance  C 100m (UM) relative Exceedence of
to
D C_effluent C_background C_100m C_100m EQS SW Regs EQS background concentration Exceedence Conc.
6.1 mg/| mg/| mg/| mg/| mg/| mg/|

BOD 8572.8 600 3.100 3.170 3.280 n/a 6%

cob 8572.8 1500 1.000 1.175 1.530 n/a 53%

Total N 8572.8 100 0.326 0.338 0.357 n/a 15%

Total P/ MRP* 8572.8 100 0.021 0.033 0.060 n/a 183%

DIN* 8572.8 100 0.200 0.212 0.232 0.350 pass 66% 16% 410 24.4%

NH4-N 8572.8 50 0.030 0.0358 0.0477 n/a é\)?g) 59%

Tin 8572.8 100 0.001 0.0127 0.0410 n/a \\Q’\\Q 4000%

Copper 8572.8 0.5 0.001 0.0011 0.0012 OQAOQ‘@ pass 23% 16% 10.5 4.8%

\

Zinc 8572.8 0.6 0.004 0.0041 0.0042 Qéi .0400 pass 10% 1% 185 0.3%

Benzene, Xylene and NN

Toluene 8572.8 0.1 0.001 0.0010 0.0 < 0.0080 pass 13% 2% 17.9 0.6%

X (\é‘
w.2 ug/! pe/l ug/! Pty ug/! ug/!
- RV
Copper and its J\\Q (\)(\
compounds 17145.6 500 1 1.0 <<0 %\\ 1.1 5.0 pass 21% 7% 10,500 4.8%
O
Zinc and its compounds 17145.6 1500 4 4.1 6\0 4.2 40 pass 5% 5% 185,000 0.8%
>
Dioxins, Furans 17145.6 0.30 0.01 0.0;é\\ 0.01 n/a 0.40%

Table 1: Model outputs for contaminant concentrations 100m from Eli Lilly diffuser, Kinsale, Co. Cork. Maximum discharge volumes and emission limits were simulated for
all substances. Outputs from two models are shown. SEPA is a simple diffusion model for surface waters. “UM model (LAT) C_100m” is the concentration at 100m
calculated using an Updated Merge Lagrangian model of near field and far field dispersion, calculated using the water level of the lowest astronomical tide (LAT). EQS is the
Environmental Quality Standard from S.I. No. 272 of 2009. C_100m (UM)/ EQS is the calculated concentration at 100m from the diffuser as a percentage of the EQS.
“Change relative to background” is the percentage increase that the calculated C_100m represents relative to the background concentration. “Exceedance concentration”
is the effluent emission concentration from the diffuser necessary for C_100m to exceed the EQS
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Discussion

The Eli Lilly outfall has been very well characterised in the past. Monahan et al
(1978, 1979) described the physical oceanography of Kinsale Harbour with a view to
siting of the Lilly outfall. The area near the outfall is largely oceanic in character with
salinity rarely dropping below 33. North of Money point the Bandon Estuary is
partially mixed with horizontal and vertical gradients in salinity. The average flushing
time of the entire harbour is less than one day (Mulyaert and Raine, 1999).

Cawley and Keegan (1999) used a combination of initial dilution estimates,
residence time estimates and hydrodynamic modelling to assess the suitability of the
Harbour as a site for an outfall location. They found that initial dilution was Good (the
second best classification on a 5 point scale) and residence time was excellent (<5
days) in the area of the outfall. They combined these measures with biological
diversity and sediment characteristics to classify the outfall location as Good in terms
of suitability. Only a small area to the west of Easter point and east of the diffuser
was classified as Excellent.
&

Monahan and Spillane (1980) and O’Connor (2003) @bth carried out dye studies to
determine near field dilution factors, but on a(@fgérent spatial scale to the present
study. They both concentrate on finding th%@@t@nuatlon of released rhodamine dye
fluorescence with distance from the diff@f@?\on scales of hundreds of meters to
several kilometres. Both studies chgtﬁ(\ rise the site as highly dispersive with
dilutions in the order of 10% (Monahaq@@ﬁd Spillane, 1980) and 10° (O’Connor, 2003).
Monahan and Spillane (1980) d%?g‘rmlned a minimum dilution at a buoy moored
approximately 200m from the dlifﬁser as 12,200. A run of UM3 to approximate their
study using the conservative @”sé'\sumptlons of this study produced a minimum dilution
of 2,080 at 200m. This illustrates the conservative nature of this study. O’Connor
(2003) released dye near the diffuser by pumping it from a small boat. Monahan and
Spillane (1980) released dye from the wet well at the Lilly plant, which much more
closely approximates the assumptions of the UM3 model.

In this study, none of the emissions exceeded the relevant EQS at a distance of
100m from the diffuser. Most emission limits were an order of magnitude less that
needed to exceed the EQS. The dispersive nature of the diffuser location appears
dilute the emissions very effectively.

The emission limit for DIN is at approximately 25% of the concentration necessary to
exceed the EQS for Good status. The calculated concentration at 100m from the
diffuser was 66% of the EQS. The actual increase in concentration over the
background level is much lower at 15% for Total N and 16% for DIN. The
background levels of DIN originate from the Bandon Estuary including potential
inputs from Bandon town, Kinsale, agricultural and industrial sources in the Bandon
catchment area.
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Both the NUI, Galway / Eli Lilly (Appendix 4) and EPA (Appendix 3) monitoring
programmes show that DIN levels increase in the more estuarine areas. The Upper
and Lower Bandon Estuary were both classified as eutrophic in part because of DIN
levels exceeding the EPA’s Trophic Status Assessment Scheme (TSAS) criteria.
There is no evidence from the results of this study that DIN inputs from the Eli Lilly
diffuser, at the maximum emission limits, are likely to cause DIN levels to breach the
Surface Water Regulations.

Molybdate Reactive Phosphate (MRP) levels in the plume calculated at 100m from
the diffuser using the UM3 model were 0.060 mg/l. There is no EQS for MRP in
coastal waters, but there is a possibility of transport of excess MRP to the transitional
waters of the Lower Bandon Estuary. This is considered unlikely for the following
reasons:

e UMS3 simulation of the plume indicates that MRP levels will be below 0.040
mg/l (the transitional waters EQS applicable) within 270m from the diffuser.
MRP concentrations are predicted to reach background levels within 340m.
The diffuser is located 1250m from the Money Paint, the southern boundary of

the Lower Bandon Estuary. §®
e The average flow velocity at the dif‘fusg‘@j@l?S" west at 17.5 cm s, away
from Money Point. OG?? @6\0

e The calculated concentration at %Gb?@?\from the SEPA model is 0.033 mg/l,
which is below the EQS for thgﬁi&aﬁsitional waters. The UM3 model predicts
the concentration in the gl&\@% whereas the SEPA model predicts the
concentration in the Waterﬁéﬁy assuming total mixing and no density effects.
The high concentratioyﬁleP in the UM3 plume at 100m is limited to the
plume and is a local @ffect caused by the large concentration and density
differences between the effluent and the receiving water. The UM3 plume at
that point has dimensions of 100m (Distance to diffuser) x 12m (Depth) x 54m
(plume width), a volume much smaller than that of the available receiving
waters.

Tin concentrations are calculated to be 40 times ambient concentration 100m from
the diffuser. Inorganic tin is generally not toxic to vertebrates, invertebrates or
macroalgae. There is no EQS for tin in coastal waters. Provided that the tin does not
include organotins, this emission is very unlikely to act as a pollutant.

Conclusion

The results of this modelling study indicate that the wastewater discharges up to and
including maximum loads permitted by the current license will not adversely impact
the Ecological Status or cause a breach of Environmental Quality Standards in the
receiving water body.
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Appendix 1: Emission limits in Eli Lilly Integrated Pollution Prevention and Control
(IPPC) Licence No. —P0009-03
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Appendix 2: UM3 Model Outputs for emissions from the Lilly diffuser, east of Sandy Cove,

Kinsale, Co. Cork.

Chemical Oxygen Demand, Lowest Astronomical Tide
/ UM3. 06/05/2012 11:15:46

Case 1; ambient file C:\Plumes\LillyOutfallPlumesResults\LillyOutfall030512_1.001.db; Diffuser table record 1: -—————————————————————

Ambient Table:

Depth  Amb-cur  Amb-dir  Amb-sal Amb-tem  Amb-pol Decay Far-spd Far-dir Disprsn Density
m m/s deg psu C kg/kg s-1 m/s deg m0.67/s2 sigma-T

0.0 0.175 178.0 35.0 10.0 1.0000E-6 0.0 0.175 178.0 0.0005 26.97
12.0 0.175 178.0 35.0 10.0 1.0000E-6 0.0 0.175 178.0 0.0005 26.97

Diffuser table:
P-dia P-elev V-angle H-angle Ports Spacing AcuteMZ ChrncMZ P-depth Ttl-flo Eff-sal Temp Polutnt

m (m)  (deg)  (deg) O m (m) (m) (m (D)  (psw)  (C) (kg/kg)
0.03176 1.0 90.0 0.0 12.0 3.1167 100.0 1000.0 11.0 3.0 & 15.0 1.50E-3
Q

Simulation: 0

Froude number: 39.23; effleunt density (sigma-T) -0.836; effleunt velm§‘a§p 3.652(m/s);

Depth Amb-cur P-dia Polutnt Dilutn X-posn y-posn Build-u
Step m /s) (m  (kg/kg) O (m) (m) SO
0 11.0 0.175 0.0318 0.0015 1.0 Q

100 10.6 0.175 0.218 0.000208 7.075 -0. 0534 0. 00187 <§§‘¢~ O

200 9.872 0.175 0.981 2.956E-5 51.09 -0.729 0.025 Q§> 0;

300 8.468 0.175 2.768 4.942E-6 370.0 -5.97 0. <§Q 0.0;

312 8.19 0.175 3.121 4.108E-6 469.2  -7.459 g:ng 0.0; merging;

387 3.805 0.175 10.82 1.704E-6 2071.8 -34.95 Tg?& 0.0; matched energy radial vel = 0.126m/s;
400 2.142 0.175 13.91 1.544E-6 2680.1 -45.73 97 0.0;

401 1.995 0.175 14.18 1.533E-6 2733.7 -46.69 1 63 0.0; surface;
Const Eddy Diffusivity. Farfield dispersion based on waste Id width of 48.45 m

conc dilutn width distnce time

(kg/kg) (m) (m) (hrs) (kg/kg) (s-1) (m/s)(m0.67/s2)

1.52E-6 2741.7 48.85 50.0 0.00521 1.00E-6 0.0 0.175 5.00E-4

1.53E-6 2737.2 50.08 60.0 0.0211 1.00E-6 0.0 0.175 5.00E-4

1.53E-6 2735.8 51.27 70.0 0.037 1.00E-6 0.0 0.175 5.00E-4

1.53E-6 2735.1 52.44 80.0 0.0528 1.00E-6 0.0 0.175 5.00E-4

1.53E-6 2735.2 53.58 90.0 0.0687 1.00E-6 0.0 0.175 5.00E-4

1.53E-6 2736.7 54.7 100.0 0.0846 1.00E-6 0.0 0.175 5.00E-4

1
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Biochemical Oxygen Demand, Lowest Astronomical Tide

/ UM3. 06/05/2012 11:10:34
Case 1; ambient file C:\Plumes\LillyOutfallPlumesResults\LillyOutfall030512_1.002.db; Diffuser table record 1: —-——-——-—————

Ambient Table:

Depth  Amb-cur Amb-dir  Amb-sal Amb-tem  Amb-pol Decay Far-spd Far-dir Disprsn Density
m m/s deg psu C kg/kg s-1 m/s deg m0.67/s2 sigma-T
0.0 0.175 178.0 35.0 10.0 3.1000E-6 0.0 0.175 178.0 0.0005 26.97
12.0 0.175 178.0 35.0 10.0 3.1000E-6 0.0 0.175 178.0 0.0005 26.97

Diffuser table:
P-dia P-elev V-angle H-angle Ports Spacing AcuteMZ ChrncMZ P-depth Ttl-flo Eff-sal Temp Polutnt

(m (m) (deg)  (deg) O (m (m) (m) (m (MDY  (psw) (©) (kg/kg)
90.0 0.0 0.

0.03176 1.0 12.0 3.1167 100.0 1000.0 11.0 3.0 0 15.0 6.00E-4
Simulation:

Froude number: 39.23; effleunt density (sigma-T) -0.836; effleunt velocity 3.652(n/s);

Depth Amb-cur P-dia Polutnt Dilutn X-posn y-posn Build-up
Step m n/s) (m  (kg/kg) O m m O &
0 11.0 0.175 0.0318 0.0006 1.0 0.0 0.0 0.0; N

100 10.6 0.175 0.218 8.549E-5 7.075 -0.0534 0.00187 0.0; qﬁé

200 9.872 0.175 0.981 1.447E-5 51.09 -0.729 0.0254 0.0; . ,§0

300 8.468 0.175 2.768 4.670E-6 370.0 -5.97 0.208 0.0i§$ &

312 8.19 0.175 3.121 4.338E-6 469.2  -7.459 0.26 0.85 qérging;

387 3.805 0.175 10.82 3.380E-6 2071.8 -34.95 1.221 $$‘ atched energy radial vel = 0.126m/s;
400 2.142 0.175 13.91 3.317E-6 2680.1 -45.73 1.597 SO0

409 0.713 0.175 16.58 3.281E-6 3203.0 -55.03 1.922 ‘dSQ Z0; surface;
Const Eddy Diffusivity. Farfield dispersion based on wastefield wid \gfﬁ 50.84 m

conc dilutn width distnce time KO

(kg/kg) (m) (m) (hrs) (kg/kg) (s-1) (WX <%7/32)
3.27E-6 3210.8 51.46 60.0 0.00784 3.10E-6 0.0 0.175° OOE-4
3.28E-6 3206.8 52.7 70.0 0.0237 3.10E-6 0.0 0.175:5- 00E-4
3.28E-6 3205.3 53.91 80.0 0.0396 3.10E-6 0.0 0.17 5.00E-4
3.28E-6 3204.6 55.1 90.0 0.0555 3.10E-6 0.0 8;@75 5_.00E-4
0.0 O7175 5.00E-4

3.28E-6 3204.7 56.26 100.0 0.0713 3.10E-6 S
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Total Nitrogen, Lowest Astronomical Tide
/ UM3. 06/05/2012 11:18:13
Case 1; ambient file C:\Plumes\LillyOutfallPlumesResults\LillyOutfall030512_1.001.db; Diffuser table record 1: —-—-—-——————— e~

Ambient Table:

Depth  Amb-cur  Amb-dir  Amb-sal Amb-tem  Amb-pol Decay Far-spd Far-dir Disprsn Density
m m/s deg psu C kg/kg s-1 m/s deg m0.67/s2 sigma-T
0.0 0.175 178.0 35.0 10.0 3.2600E-7 0.0 0.175 178.0 0.0005 26.97
12.0 0.175 178.0 35.0 10.0 3.2600E-7 0.0 0.175 178.0 0.0005 26.97

Diffuser table:
P-dia P-elev V-angle H-angle Ports Spacing AcuteMZ ChrncMZ P-depth Ttl-flo Eff-sal Temp Polutnt

m (m)  (deg)  (deg) O m (m) m) m  (MLD)  (psu) (©) (kg/kg)
0.03176 1.0 90.0 0.0 12.0 3.1167 100.0 1000.0 11.0 3.0 0.0 15.0 1.00E-4
Simulation:
Froude number: 39.23; effleunt density (sigma-T) -0.836; effleunt velocity 3.652(n/s);
Depth Amb-cur P-dia Polutnt Dilutn x-posn y-posn Build-up
Step m /s) m  (kg/kg) O (m) (m) O
0 11.0 0.175 0.0318 0.0001 1.0 0.0; .
100 10.6 0.175 0.218 1.408E-5 7.075 -0. 0534 0. 00187 0.0; {?p
200 9.872 0.175 0.981 2.225E-6 51.09 -0.729 0.0254 0.0; %§§
300 8.468 0.175 2.768 5_.881E-7 370.0 -5.97 0.208 0.0; S
312 8.19 0.175 3.121 5.327E-7 469.2  -7.459 0.26 0.0; Qﬁbqgéng
387 3.805 0.175 10.82 3.728E-7 2071.8 -34.95 1.221 0(%?3métched energy radial vel = 0.126m/s;
400 2.142 0.175 13.91 3.622E-7 2680.1 -45.73 1.597 Q54 <§>
407 1.053 0.175 15.94 3.575E-7 3078.6 -52.82 1.844 \5@ &% surface;
Const Eddy Diffusivity. Farfield dispersion based on wastefield W|dthdg? d§” 50.20 m

5

conc dilutn width distnce time D &
(kg/kg) m m (hrs) (kg/kg)  (s-1) (m/S)(g%?%6982)
3.57E-7 3084.7 51.1 60.0 0.0114 3.26E-7 0.0 6§§;4
3.57E-7 3081.9 52.33 70.0 0.0272 3.26E-7 0.0 go
3.57E-7 3080.7 53.53 80.0 0.0431 3.26E-7 0.0 O 17 GR OE-4
3.57E-7 3080.1 54.7 90.0 0.059 3.26E-7 0.0 O. 125 5.00E-4
3.57E-7 3080.5 55.85 100.0 0.0748 3.26E-7 0.0 045 5.00E-4

&
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Dissolved Inorganic Nitrogen, Lowest Astronomical Tide
/ UM3. 06/05/2012 11:26:25
Case 1; ambient file C:\Plumes\LillyOutfallPlumesResults\LillyOutfall030512_1.001.db; Diffuser table record 1: —-—-—-——————— e~

Ambient Table:

Depth  Amb-cur  Amb-dir  Amb-sal Amb-tem  Amb-pol Decay Far-spd Far-dir Disprsn Density
m m/s deg psu C kg/kg s-1 m/s deg m0.67/s2 sigma-T
0.0 0.175 178.0 35.0 10.0 2.0000E-7 0.0 0.175 178.0 0.0005 26.97
12.0 0.175 178.0 35.0 10.0 2.0000E-7 0.0 0.175 178.0 0.0005 26.97

Diffuser table:
P-dia P-elev V-angle H-angle Ports Spacing AcuteMZ ChrncMZ P-depth Ttl-flo Eff-sal Temp Polutnt

m (m)  (deg)  (deg) O m (m) m) m  (MLD)  (psu) (©) (kg/kg)
0.03176 1.0 90.0 0.0 12.0 3.1167 100.0 1000.0 11.0 3.0 0.0 15.0 1.00E-4
Simulation:
Froude number: 39.23; effleunt density (sigma-T) -0.836; effleunt velocity 3.652(n/s);
Depth Amb-cur P-dia Polutnt Dilutn x-posn y-posn Build-up
Step m /s) m  (kg/kg) O (m) (m) O
0 11.0 0.175 0.0318 0.0001 1.0 0.0; .
100 10.6 0.175 0.218 1.397E-5 7.075 -0. 0534 0. 00187 0.0; {?p
200 9.872 0.175 0.981 2.101E-6 51.09 -0.729 0.0254 0.0; %§§
300 8.468 0.175 2.768 4_.625E-7 370.0 -5.97 0.208 0.0; S
312 8.19 0.175 3.121 4.070E-7 469.2  -7.459 0.26 0.0; Qﬁbqgéng
387 3.805 0.175 10.82 2.469E-7 2071.8 -34.95 1.221 0(%?3métched energy radial vel = 0.126m/s;
400 2.142 0.175 13.91 2.362E-7 2680.1 -45.73 1.597 Q54 <§>
406 1.218 0.175 15.63 2.322E-7 3018.2 -51.74 1.807 \5@ &% surface;
Const Eddy Diffusivity. Farfield dispersion based on wastefield W|dthdg? d§” 49.90 m

5

conc dilutn width distnce time D &
(kg/kg) m m (hrs) (kg/kg)  (s-1) (m/S)(g%?%6982)
2_.32E-7 3023.7 50.92 60.0 0.0131 2.00E-7 0.0 6§§;4
2.32E-7 3021.2 52.15 70.0 0.0289 2.00E-7 0.0 go
2_.32E-7 3020.2 53.34 80.0 0.0448 2.00E-7 0.0 O 17 GR OE-4
2_.32E-7 3019.7 54.51 90.0 0.0607 2.00E-7 0.0 O. 125 5.00E-4
2_.32E-7 3020.3 55.65 100.0 0.0765 2.00E-7 0.0 045 5.00E-4

&
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Total Phosphorous / Molybdate Reactive Phosphate, Lowest Astronomical Tide
/ UM3. 06/05/2012 17:04:19
Case 1; ambient file C:\Plumes\LillyOutfallPlumesResults\LillyOutfall030512_1.001.db; Diffuser table record 1:

Ambient Table:

Depth  Amb-cur  Amb-dir  Amb-sal Amb-tem  Amb-pol Decay Far-spd Far-dir Disprsn Density
m m/s deg psu C kg/kg s-1 m/s deg m0.67/s2 sigma-T
0.0 0.175 178.0 35.0 10.0 2.1000E-8 0.0 0.175 178.0 0.0005 26.97
12.0 0.175 178.0 35.0 10.0 2.1000E-8 0.0 0.175 178.0 0.0005 26.97

Diffuser table:
P-dia P-elev V-angle H-angle Ports Spacing AcuteMZ ChrncMZ P-depth Ttl-flo Eff-sal Temp Polutnt

m (m)  (deg)  (deg) O (m (m) (m) (m)  (MLD)  (psu) ©  (ppm)

0.03176 1.0 90.0 0.0 12.0 3.1167 100.0 1000.0 11.0 3.0 0.0 15.0 100.0
Simulation:

Froude number: 39.23; effleunt density (sigma-T) -0.836; effleunt velocity 3.652(n/s);

Depth Amb-cur P-dia Polutnt Dilutn x-posn y-posn Build-up
Step m (n/s) (m (ppm) O (m) (m) O
0 11.0 0.175 0.0318 100.0 1.0 0.0; &

100 10.6 0.175 0.218 13.82 7.075 -0. 0534 0. 00187 0.0; N

200 9.872 0.175 0.981 1.926 51.09 -0.729 0.0254 0.0; x§§

300 8.468 0.175 2.768 0.284 370.0 -5.97 0.208 0 0

312 8.19 0.175 3.121 0.228 469.2  -7.459 0.26 4§:§%ng,

387 3.805 0.175 10.82 0.068 2071.8 -34.95 1.221 ched energy radial vel = 0.1
397 2.564 0.175 13.12 0.0595 2525.5 -42.99 1.501 urface
Const Eddy Diffusivity. Farfield dispersion based on wastefield width o \ 47.39 m

conc dilutn width distnce time
(ppm) m (m (hrs)  (ppm)  (s-1)  (M/s)(mO /&)

5.94E-2 2530.5 48.24 50.0 0.0111 0.021 0.0 0.175 5

5.95E-2 2528.1 49.45 60.0 0.027 0.021 0.0 0.175

5.95E-2 2527.2 50.62 70.0 0.0428 0.021 0.0 0.175° '@ E- 4

5_.95E-2 2526.8 51.77 80.0 0.0587 0.021 0.0 0.175/%-.00E-4

5.95E-2 2527.3 52.89 90.0 0.0746 0.021 0.0 0.175 5.00E-4

5.94E-2 2529.6 53.99 100.0 0.0904 0.021 0.0 0475 5.00E-4

5.92E-2 2534.3 55.07 110.0 0.106 0.021 0.0 07175 5.00E-4

5.90E-2 2541.9 56.13 120.0 0.122 0.021 0.0 U0.175 5.00E-4

5.86E-2 2552.0 57.17 130.0 0.138 0.021 0.0 0.175 5.00E-4

5.81E-2 2564.4 58.19 140.0 0.154 0.021 0.0 0.175 5.00E-4

5.75E-2 2579.0 59.19 150.0 0.17 0.021 0.0 0.175 5.00E-4

5.68E-2 2595.5 60.17 160.0 0.186 0.021 0.0 0.175 5.00E-4

5_.59E-2 2613.5 61.14 170.0 0.202 0.021 0.0 0.175 5.00E-4

5.49E-2 2633.4 62.1 180.0 0.217 0.021 0.0 0.175 5.00E-4

5.38E-2 2654.1 63.04 190.0 0.233 0.021 0.0 0.175 5.00E-4

5.25E-2 2675.9 63.96 200.0 0.249 0.021 0.0 0.175 5.00E-4

5.11E-2 2698.2 64.87 210.0 0.265 0.021 0.0 0.175 5.00E-4

4_95E-2 2721.5 65.77 220.0 0.281 0.021 0.0 0.175 5.00E-4

4.78E-2 2745.4 66.66 230.0 0.297 0.021 0.0 0.175 5.00E-4

4_60E-2 2769.6 67.54 240.0 0.313 0.021 0.0 0.175 5.00E-4

4_40E-2 2794.3 68.4 250.0 0.329 0.021 0.0 0.175 5.00E-4

4_19E-2 2819.4 69.26 260.0 0.344 0.021 0.0 0.175 5.00E-4

3.97E-2 2844.5 70.1  270.0 0.36 0.021 0.0 0.175 5.00E-4

3.73E-2 2869.9 70.94 280.0 0.376 0.021 0.0 0.175 5.00E-4

26m/s;
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3.48E-2
3.21E-2
2.93E-2
2.63E-2
2.32E-2

2895.5
2921.2
2946.9
2972.6
2998.3

71.76
72.57
73.38
74.18
74.96

290.0
300.0
310.0
320.0
330.0

0.392
0.408
0.424

0.44
0.456

0.021
0.021
0.021
0.021
0.021

[eNeoNoNoNe]
[eNoNoNoNe]

0.175 5.00E-4
0.175 5.00E-4
0.175 5.00E-4
0.175 5.00E-4
0.175 5.00E-4

&
&
&
S
F3S
S
S
Q &
S
S5
S
\C’OQ
é¢§9
&
6
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Total

Ammonia, Lowest Astronomical

/ UM3. 06/05/2012 11:31:55

Case 1; ambient file C:\Plumes\LillyOutfallPlumesResults\LillyOutfall030512_1.001.db; Diffuser table record 1:

Ambient Table:

Depth  Amb-cur  Amb-dir
m m/s deg
0.0 0.175 178.0
12.0 0.175 178.0
Diffuser table:
P-dia P-elev V-angle H-angle
m (m  (deg)  (deg)
0.03176 1.0 90.0 0.0
Simulation:

Froude number:

Step
0
100
200
300
312
387
400
401

m
11.0
10.6
9.872
8.468
8.19
3.805
2.142
1.995

(m

0.

[eNeoNoNeNeoNo]

O

Al

mb-sal
psu
35.0
35.0

Ports Spacing AcuteMZ ChrncMZ P-depth Ttl-flo Eff-sal

O

Amb-tem

C
10.0
10.0

m

12.0 3.1167

T

ide

Amb-pol

kg/k

.00O00E-

3.0
3.0

(

000E-

m)

g
8

8

100.0 1000.0

39.23; effleunt density (sigma-T)

Depth Amb-cur

/s)

175
.175
.175
.175
.175
.175
.175
.175

P-dia

m
0.0318
0.218
0.981
2.768
3.121
10.82
13.91
14.18

P
(

5.

6
9
1
1.
5
4
4

olutnt

kg/kg)

000E-5
.928E-6
.821E-7
_614E-7
336E-7
_347E-8
.814E-8
.778E-8

Dilutn

O
1.0
7.075
51.09
370.0
469.2
2071.8
2680.1
2733.7

X—

-0.

posn
(m)
0.0
0534
0.729

D

ecay
s-1
0.0
0.0

Far-spd Far-dir Disprsn Density

m/s deg m0.67/s2 sigma-T
0.175 178.0 0.0005 26.97
0.175 178.0 0.0005 26.97

Temp Polutnt

(m) (m  (MLD)  (psw) (©) (kg/kg)
11.0 3.0 0.0 15.0 5.00E-5
-0.836; effleunt velocity 3.652(n/s);
y-posn Build-up <¢@
(m O <§§
0.0 0.0; &
0.00187 0 o%§§iq§5
0.0254
0.208

-5.97
7.459
34.95
45.73
46.69

0.

oY
26 \5% merging;

1 221 o<\® .0; matched energy radial vel

5978 &
\Q

Const Eddy Diffusivity. Farfield dispersion based on WaStefle|Q0WQ§ of
width distnce

conc
(kg/kg)
.76E-8
.77E-8
.78E-8
.78E-8
.78E-8
.77E-8

A BADADD

dilutn

2741.7
2737.2
.8
1
2
7

2735

2735.
2735.
2736.

(m
48.85
50.08
51.27
52.44
53.58

54.7

(m
50.0
60.0
70.0
80.0
90.0

100.0

0.

time

(hrs) (kg/kg)

00521
0.0211

0.037
0.0528
0.0687
0.0846

3.00E-8
3.00E-8
3.
3
3
3

OOE-8

.00E-8
.00E-8
.00E-8

(s-

0.

[eNeoNeoNoNe]

0.0;
0.0; surface;
48.45 m

(mﬁi)(mo 67/s2)

D

0 75 5
.0 (§0.175
0 0.175
0 0.175
0 0.175
0 0.175

5
5
5.
5
5

5.00E-4
.00E-4
.00E-4
OOE-4
.00E-4
.00E-4

0.126m/s;
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Tin, Lowest Astronomical

/ UM3. 06/05/2012 11:36:07

Case 1; ambient file C:\Plumes\LillyOutfallPlumesResults\LillyOutfall030512_1.001.db; Diffuser table record 1:

Ambient Table:

Depth  Amb-cur  Amb-dir
m m/s deg
0.0 0.175 178.0
12.0 0.175 178.0
Diffuser table:
P-dia P-elev V-angle H-angle
m (m)  (deg)  (deg)
0.03176 1.0 90.0 0.0
Simulation:

Froude number:

Step
0
100
200
300
312
387
395

(m
11.0
10.6
9.872
8.468
8.19
3.805
2.832

(m

O [cNoNoNoNoNo)

Amb-sal

psu
35.0
35.0

Ports Spacing AcuteMZ ChrncMZ P-depth Ttl-flo Eff-sal

O

Tide

Amb-tem
C

10.0
10.0

(m

12.0 3.1167

1.
1

100.0 1000.0 11.0 3.0

Amb-pol Decay Far-spd Far-dir Disprsn Density

kg/kg s-1 m/s deg m0.67/s2 sigma-T
0000E-9 0.0 0.175 178.0 0.0005 26.97
.0000E-9 0.0 0.175 178.0 0.0005 26.97

(

39.23; effleunt density (sigma-T)

Depth Amb-cur

/s)
.175
.175
.175
.175
.175
.175
.175

Const Eddy Diffusivity.
dilutn

conc
(kg/kg)
.10E-8
.10E-8
.11E-8
.11E-8
.10E-8
.10E-8

ABADMDIAD

2431.
2429.
2428.
2428.
2429.
2432.

NOITO O~NO

width distnce

m
95

m)

-0.836; effleunt velocity

(m) (m (MDY  (psw)
0.0

3.652(n/s);

P-dia Polutnt Dilutn X-posn y-posn Build-up
(m  (kg/kg) O (m) (m) O &
0.0318 0.0001 1.0 0.0; S
0.218 1.380E-5 7.075 -0. 0534 0. 00187 0.0; %ﬁé
0.981 1.906E-6 51.09 -0.729 0.0254 0.0; Q
2.768 2.640E-7  370.0  -5.97  0.208 0. 01 &
3.121 2.084E-7 469.2 -7.459 0.26 %érglng
10.82 4.796E-8 2071.8 -34.95 1.221 &? atched energy radial vel
12.62 4_.108E-8 2427 .4 -41.25 1.441 0 surface;
Farfield dispersion based on wastefield width cﬁ;& 46.89 m
time
(m (hrs) (kg/kg) (s-1) (m/S)(w9 66932)
50.0 0.0138 1.00E-9 0.0 .175 -4
60.0 0.0297 1.00E-9 0.0 O 1759 '@ E-4
70.0 0.0456 1.00E-9 0.0 0.175:5- 00E-4
80.0 0.0615 1.00E-9 0.0 O. 1?5 5.00E-4
90.0 0.0773 1.00E-9 0.0 0475 5.00E-4
100.0 0.0932 1.00E-9 0.0

(97175 5.00E-4

Temp Polutnt

(©) (kg/kg)
15.0 1.00E-4

0.126m/s;
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Copper 6.1 at Lowest Astronomical Tide

/ UM3. 06/05/2012 11:37:38
Case 1; ambient file C:\Plumes\LillyOutfallPlumesResults\LillyOutfall030512_1.001.db; Diffuser table record 1: - - - -————--———————— - —————————

Ambient Table:

Depth  Amb-cur  Amb-dir  Amb-sal Amb-tem  Amb-pol Decay Far-spd Far-dir Disprsn Density
m m/s deg psu C kg/kg s-1 m/s deg m0.67/s2 sigma-T

0.0 0.175 178.0 35.0 10.0 1.0000E-9 0.0 0.175 178.0 0.0005 26.97
12.0 0.175 178.0 35.0 10.0 1.0000E-9 0.0 0.175 178.0 0.0005 26.97

Diffuser table:
P-dia P-elev V-angle H-angle Ports Spacing AcuteMZ ChrncMZ P-depth Ttl-flo Eff-sal Temp Polutnt

m (m)  (deg)  (deg) O m (m) (m) (m)  (MLD)  (psu) (©) (kg/kg)
0.03176 1.0 90.0 0.0 12.0 3.1167 100.0 1000.0 11.0 3.0 0.0 15.0 5.00E-7
Simulation:
Froude number: 39.23; effleunt density (sigma-T) -0.836; effleunt velocity 3é§52(m/s);
Depth Amb-cur P-dia Polutnt Dilutn X-posn y-posn Build-up é;>
Step m /s) (m  (kg/kg) O (m) (m) () S
0 11.0 0.175 0.0318 5.000E-7 1.0 0.0 4
100 10.6 0.175 0.218 6.988E-8 7.075 -0. 0534 0.00187 @S &
200 9.872 0.175 0.981 1.050E-8 51.09 -0.729 0.0254 QO
300 8.468 0.175 2.768 2_.312E-9 370.0 -5.97 0.208 &?
312 8.19 0.175 3.121 2.035E-9 469.2  -7.459 0.26 ¢ merging;
387 3.805 0.175 10.82 1.234E-9 2071.8 -34.95 1.221 0§6 matched energy radial vel = 0.126m/s;
400 2.142 0.175 13.91 1.181E-9 2680.1 -45.73 1.59?5?
406 1.218 0.175 15.63 1.160E-9 3018.2 -51.74 1.8 0.0, surface;
Const Eddy Diffusivity. Farfield dispersion based on wastefield w@ 49.90 m
conc dilutn width distnce time
) (m/sgi%o 67/52)

(kg/kg) m (m (hrs) (kg/kg)  (s-
1.15E-9 3023.7 50.92  60.0 ;
.16E-9 3021.2 52.15  70.0 0.0289 1.00E-9

s-1

0 0.0 o 1?5 5_00E-4
1 0 0.0
1.16E-9 3020.2 53.34 80.0 0.0448 1.00E-9 0.0
1 0 0.0
1 0 0.0

75 5.00E-4
175 5.00E-4
G0.175 5.00E-4
0.175 5.00E-4

.0131 1.00E-9

.16E-9 3019.7 54.51 90.0 .0607 1.00E-9
-16E-9 3020.3 55.65 100.0 .0765 1.00E-9
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Zinc, Lowest Astronomical Tide

/ UM3. 06/05/2012 11:40:52
Case 1; ambient file C:\Plumes\LillyOutfallPlumesResults\LillyOutfall030512_1.001.db; Diffuser table record 1: —-————————— e~

Ambient Table:

Depth  Amb-cur Amb-dir  Amb-sal Amb-tem  Amb-pol Decay Far-spd Far-dir Disprsn Density
m m/s deg psu C kg/kg s-1 m/s deg m0.67/s2 sigma-T
0.0 0.175 178.0 35.0 10.0 4.0000E-9 0.0 0.175 178.0 0.0005 26.97
12.0 0.175 178.0 35.0 10.0 4.0000E-9 0.0 0.175 178.0 0.0005 26.97

Diffuser table:
P-dia P-elev V-angle H-angle Ports Spacing AcuteMZ ChrncMZ P-depth Ttl-flo Eff-sal Temp Polutnt

(m (m) (deg)  (deg) O (m (m) (m) (m (MDY  (psw) (©) (kg/kg)
90.0 0.0 0.

0.03176 1.0 12.0 3.1167 100.0 1000.0 11.0 3.0 0 15.0 6.00E-7
Simulation:

Froude number: 39.23; effleunt density (sigma-T) -0.836; effleunt velocity 3.652(n/s);

Depth Amb-cur P-dia Polutnt Dilutn X-posn y-posn Build-up
Step m n/s) (m  (kg/kg) O m m O &
0 11.0 0.175 0.0318 6.000E-7 1.0 0.0 0.0 0.0; N

100 10.6 0.175 0.218 8.627E-8 7.075 -0.0534 0.00187 0.0; qﬁé

200 9.872 0.175 0.981 1.536E-8 51.09 -0.729 0.0254 0.0; . ,§0

300 8.468 0.175 2.768 5.567E-9 370.0 -5.97 0.208 0.0i§$ &

312 8.19 0.175 3.121 5.236E-9 469.2  -7.459 0.26 0.85 qérging;

387 3.805 0.175 10.82 4_.280E-9 2071.8 -34.95 1.221 $$‘ atched energy radial vel = 0.126m/s;
400 2.142 0.175 13.91 4.216E-9 2680.1 -45.73 1.597 SO0

410 0.538 0.175 16.9 4.177E-9 3267.0 -56.17 1.961 ‘dSQ 20; surface;
Const Eddy Diffusivity. Farfield dispersion based on wastefield wid \gfﬁ 51.17 m

conc dilutn width distnce time KO

(kg/kg) (m) (m) (hrs) (kg/kg) (s-1) (WX <%7/32)
4_17E-9 3276.1 51.65 60.0 0.00603 4.00E-9 0.0 0.175° OOE-4
4_17E-9 3271.2 52.89 70.0 0.0219 4.00E-9 0.0 0.175:5- 00E-4
4_17E-9 3269.6 54.11 80.0 0.0378 4.00E-9 0.0 0.17 5.00E-4
4_18E-9 3268.8 55.3 90.0 0.0536 4.00E-9 0.0 8;@75 5_.00E-4
0.0 O7175 5.00E-4

4.18E-9 3268.7 56.47 100.0 0.0695 4.00E-9 S
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Benzene, xylene and toluene, Lowest Astronomical Tide

/ UM3. 06/05/2012 11:43:23
Case 1; ambient file C:\Plumes\LillyOutfallPlumesResults\LillyOutfall030512_1.001.db; Diffuser table record 1: —-————————— e~

Ambient Table:

Depth  Amb-cur Amb-dir  Amb-sal Amb-tem  Amb-pol Decay Far-spd Far-dir Disprsn Density
m m/s deg psu C kg/kg s-1 m/s deg m0.67/s2 sigma-T
0.0 0.175 178.0 35.0 10.0 1.0000E-9 0.0 0.175 178.0 0.0005 26.97
12.0 0.175 178.0 35.0 10.0 1.0000E-9 0.0 0.175 178.0 0.0005 26.97

Diffuser table:
P-dia P-elev V-angle H-angle Ports Spacing AcuteMZ ChrncMZ P-depth Ttl-flo Eff-sal Temp Polutnt

(m (m) (deg)  (deg) O (m (m) (m) (m (MDY  (psw) (©) (kg/kg)
90.0 0.0 0.0

0.03176 1.0 12.0 3.1167 100.0 1000.0 11.0 3.0 15.0 1.00E-7
Simulation:

Froude number: 39.23; effleunt density (sigma-T) -0.836; effleunt velocity 3.652(n/s);

Depth Amb-cur P-dia Polutnt Dilutn X-posn y-posn Build-up
Step m n/s) (m  (kg/kg) O m m O &
0 11.0 0.175 0.0318 1.000E-7 1.0 0.0 0.0 0.0; N

100 10.6 0.175 0.218 1.466E-8 7.075 -0.0534 0.00187 0.0; qﬁé

200 9.872 0.175 0.981 2.886E-9 51.09 -0.729 0.0254 0.0; . ,§0

300 8.468 0.175 2.768 1.260E-9 370.0 -5.97 0.208 0.0i§$ &

312 8.19 0.175 3.121 1.205E-9 469.2  -7.459 0.26 0.85 qérging;

387 3.805 0.175 10.82 1.046E-9 2071.8 -34.95 1.221 $$‘ atched energy radial vel = 0.126m/s;
400 2.142 0.175 13.91 1.035E-9 2680.1 -45.73 1.597 SO0

410 0.538 0.175 16.9 1.029E-9 3267.0 -56.17 1.961 ‘dSQ 20; surface;
Const Eddy Diffusivity. Farfield dispersion based on wastefield wid \gfﬁ 51.17 m

conc dilutn width distnce time KO

(kg/kg) (m) (m) (hrs) (kg/kg) (s-1) (WX <%7/32)
1.02E-9 3276.1 51.65 60.0 0.00603 1.00E-9 0.0 0.175° OOE-4
1.02E-9 3271.2 52.89 70.0 0.0219 1.00E-9 0.0 0.175:5- 00E-4
1.02E-9 3269.6 54.11 80.0 0.0378 1.00E-9 0.0 0.17 5.00E-4
1.02E-9 3268.8 55.3 90.0 0.0536 1.00E-9 0.0 8;@75 5_.00E-4
0.0 O7175 5.00E-4

1.02E-9 3268.7 56.47 100.0 0.0695 1.00E-9 S
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Copper W2 at Lowest Astronomical Tide

/ UM3. 06/05/2012 11:49:10
Case 1; ambient file C:\Plumes\LillyOutfallPlumesResults\LillyOutfall030512_1.001.db; Diffuser table record 1: - - - -————--———————— - —————————

Ambient Table:

Depth  Amb-cur  Amb-dir  Amb-sal Amb-tem  Amb-pol Decay Far-spd Far-dir Disprsn Density
m m/s deg psu C kg/kg s-1 m/s deg m0.67/s2 sigma-T

0.0 0.175 178.0 35.0 10.0 1.0000E-9 0.0 0.175 178.0 0.0005 26.97
12.0 0.175 178.0 35.0 10.0 1.0000E-9 0.0 0.175 178.0 0.0005 26.97

Diffuser table:
P-dia P-elev V-angle H-angle Ports Spacing AcuteMZ ChrncMZ P-depth Ttl-flo Eff-sal Temp Polutnt

m (m)  (deg)  (deg) O m (m) (m) (m  (MLD)  (psu) (©) (kg/kg)

0.03176 1.0 90.0 0.0 12.0 3.1167 100.0 1000.0 11.0 1.5 0.0 15.0 5.00E-7
Simulation:

Froude number: 19.61; effleunt density (sigma-T) -0.836; effleunt velocity 1é§26(m/s);

Depth Amb-cur P-dia Polutnt Dilutn X-posn y-posn Build-up é;>
Step m /s) (m  (kg/kg) O m m O NS
0 11.0 0.175 0.0318 5.000E-7 1.0 0.0 0.0 0.0; . ,§°

100 10.72 0.175 0.203 6.988E-8 7.075 -0.0662 0.00231 0.0i§§kép

200 10.3 0.175 0.72 1.050E-8 51.09 -0.758 0.0265 0.85" <O

300 9.316 0.175 1.964 2.312E-9 370.0 -5.573 0.195 $$‘

347 8.395 0.175 3.132 1.517E-9 938.3 -12.26 0.428 J0.05 merging;

400 6.023 0.175 7.181 1.181E-9 2680.1 -33.15 1.158 ‘O(\Q 10;

423 3.924 0.175 11.09 1.114E-9 4226.2 -52.38 1‘822594§§§0'0; matched energy radial vel = 0.124m/s;
444 0.967 0.175 16.67 1.075E-9 6405.5 -79.68 2.7 0.0; surface;
Const Eddy Diffusivity. Farfield dispersion based on wastefieldQM? of 50.93 m

conc dilutn width distnce time O

(kg/kg) (m) (m) (hrs) (kg/kg) (s-1) (m/séf%O.G?/sZ)

1.07E-9 6435.7 50.97 80.0 4.30E-4 1.00E-9 0.0 0.17 5.00E-4

1.07E-9 6415.7 52.22 90.0 0.0163 1.00E-9 0.0 g§§75 5.00E-4

1.07E-9 6411.4 53.45 100.0 0.0322 1.00E-9 0.0 7175 5.00E-4

@)
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Zinc W2, Lowest Astronomical Tide
/ UM3. 06/05/2012 11:52:58

Case 1; ambient file C:\Plumes\LillyOutfallPlumesResults\LillyOutfall030512_1.001.db; Diffuser table record 1:

Ambient Table:

Depth  Amb-cur  Amb-dir  Amb-sal Amb-tem  Amb-pol Decay Far-spd
m m/s deg psu C kg/kg s-1 m/s
0.0 0.175 178.0 35.0 10.0 4.0000E-9 0.0 0.175
12.0 0.175 178.0 35.0 10.0 4.0000E-9 0.0 0.175

Diffuser table:
P-dia P-elev V-angle H-angle Ports Spacing AcuteMZ ChrncMZ P-depth Ttl-flo

Far-dir Disprsn Density

deg m0.67/s2 sigma-T
26.97
26.97

178.0 0.0005
178.0 0.0005

Eff-sal Temp Polutnt

m (m)  (deg)  (deg) O (m (m) (m) (m  (MLD)  (psu) (©) (kg/kg)
0.03176 1.0 90.0 0.0 12.0 3.1167 100.0 1000.0 11.0 1.5 0.0 15.0 1.50E-6
Simulation:
Froude number: 19.61; effleunt density (sigma-T) -0.836; effleunt velocity 1.826(m/s);
Depth Amb-cur P-dia Polutnt Dilutn x-posn y-posn Build-up
Step m (n/s) (m)  (kg/kg) O (m) (m) O
0 11.0 0.175 0.0318 1.500E-6 1.0 0.0; &
100 10.72 0.175 0.203 2.105E-7 7.075 -0. 0662 0. 00231 0.0; N
200 10.3 0.175 0.72 3.250E-8 51.09 -0.758 0.0265 0.0; qﬁﬁ
300 9.316 0.175 1.964 7.934E-9 370.0 -5.573 0.195 0 0; .. .°
347 8.395 0.175 3.132 5.551E-9 938.3 -12.26 0.428 - t)4§p§‘ng;
400 6.023 0.175 7.181 4.543E-9 2680.1 -33.15 1.158 %g
423 3.924 0.175 11.09 4.344E-9 4226.2 -52.38 1.829 gﬁhatched energy radial vel
445 0.794 0.175 17.0 4.223E-9 6533.6 -81.29 2.839 (Y surface;
Const Eddy Diffusivity. Farfield dispersion based on wastefield wudthdd? A\ 51.26 m
conc dilutn width distnce time é‘
(kg/kg) m (m (hrs) (kg/kg) (S—l (m/ S) (X 6@82)
4_22E-9 6545.3 52.35 90.0 0.0137 4.00E-9 0.0 .175 ESQ%E
4.22E-9 6540.2 53.59 100.0 0.0296 4.00E-9 0.0 O 1760
af‘o
&
13

0.124m/s;
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Dioxins, Furans W2, Lowest Astronomical Tide
/ UM3. 06/05/2012 12:00:56

Case 1; ambient file C:\Plumes\LillyOutfallPlumesResults\LillyOutfall030512_1.001.db; Diffuser table record 1:

Ambient Table:

Depth  Amb-cur  Amb-dir  Amb-sal Amb-tem  Amb-pol Decay Far-spd
m m/s deg psu C kg/kg s-1 m/s
0.0 0.175 178.0 35.0 10.0 0.0 0.0 0.175
12.0 0.175 178.0 35.0 10.0 0.0 0.0 0.175

Diffuser table:
P-dia P-elev V-angle H-angle Ports Spacing AcuteMZ ChrncMZ P-depth Ttl-flo

Far-dir Disprsn
deg m0.67/s2

178.0 0.0005
178.0 0.0005

Eff-sal Temp Polutnt

m (m)  (deg)  (deg) O (m (m) (m) (m  (MLD)  (psu) (©)  (ppb)

0.03176 1.0 90.0 0.0 12.0 3.1167 100.0 1000.0 11.0 1.5 0.0 15.0 0.3
Simulation:

Froude number: 19.61; effleunt density (sigma-T) -0.836; effleunt velocity 1.826(m/s);

Depth Amb-cur P-dia Polutnt Dilutn x-posn y-posn Build-up
Step m (n/s) (m (ppb) O (m) (m) O
0 11.0 0.175 0.0318 0.3 1.0 0.0; &

100 10.72 0.175 0.203 0.05 7.075 -0. 0662 0. 00231 0.0; N

200 10.3 0.175 0.72 0.0155 51.09 -0.758 0.0265 0.0; qﬁa

300 9.316 0.175 1.964 0.0108 370.0 -5.573 0.195 0 0; .. .°

347 8.395 0.175 3.132 0.0103 938.3 -12.26 0.428 - t)4§p§‘ng;

400 6.023 0.175 7.181 0.0101 2680.1 -33.15 1.158 %?

423 3.924 0.175 11.09 0.0101 4226.2 -52.38 1.829 gﬁhatched energy radial vel
449 0.0628 0.175 18.38 0.01 7072.2 -88.05 3.075 (Y surface;
Const Eddy Diffusivity. Farfield dispersion based on wastefield wudthdd? A\ 52.65 m

conc dilutn width distnce time é‘
(ppb) m (m (hrs)  (ppb) (S—l (m/S) (g 6@82)
1.00E-2 7098.3 52.89 90.0 0.00301 0.01 0.0 .175 ESQ%E
1.00E-2 7082.5 54.15 100.0 0.0189 0.01 0.0 O 1760
af‘o
&

C)O
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Density
sigma-T

26.97
26.97

0.124m/s;
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Rhodamine modelled to 200m, Lowest Astronomical tide

/ UM3. 26/03/2012 21:48:25
Case 1; ambient file C:\Plumes\LillyOutfall020212_4.vpp.001.db; Diffuser table r

Ambient Table:

Depth  Amb-cur Amb-dir  Amb-sal Amb-tem  Amb-pol Decay Far-spd
m m/s deg psu C kg/kg s-1 m/s

0.0 0.175 178.0 33.0 10.0 0.0 0.0 0.175
12.0 0.175 178.0 33.0 10.0 0.0 0.0 0.175

Diffuser table:
P-dia P-elev V-angle H-angle Ports Spacing AcuteMZ ChrncMZ P-depth Ttl-flo

ecord 1: —————————mm

Far-dir Disprsn Density

deg m0.67/s2 sigma-T
178.0 0.0005 25.42
178.0 0.0005 25.42

Eff-sal Temp Polutnt

m (m)  (deg)  (deg) O m (m (m m  (MLD)  (psu) (©) (kg/kg)
0.03176 1.0 90.0 0.0 12.0 3.1167 100.0 1000.0 11.0 3.71 0.0 15.0 1.34E-3
Simulation:
Froude number: 49.93; effleunt density (sigma-T) -0.836; effleunt velocity 4.517(m/s);
Depth Amb-cur P-dia Polutnt Dilutn X-posn y-posn Build-up
Step m n/s) (m  (kg/kg) O (m) (m) O &
0 11.0 0.175 0.0318 0.00134 1.0 0.0; N
100 10.58 0.175 0.22 0.000185 7.084 -0. 0479 0. 00167 0.0; <§5
200 9.699 0.175 1.071 2.553E-5 51.17 -0.725 0.0253 0.0; *
300 8.131 0.175 3.078 3.524E-6 370.5 -6.146 0.215 O éﬁ &
302 8.082 0.175 3.14 3.387E-6 385.5 -6.39 0.223 nérglng
375 3.843 0.175 10.55 7.981E-7 1636.1 -30.73 1.073 &? atched energy radial vel = 0.122m/s;
384 2.761 0.175 12.55 6.678E-7 1955.3 -37.19 1.299 0 surface;
Const Eddy Diffusivity. Farfield dispersion based on wastefield wudth @$ A\ 46.81 m
conc dilutn width distnce time é‘
(kg/kg) m (m (hrs) (kg/kg)  (s-1) (m/ S) (X 6@ s2)
6.66E-7 1961.4 47.16 40.0 0.00443 0.0 0.0 .175 -4
6.67E-7 1957.8  48.37 50.0 0.0203 0.0 0.0 0.1760 '@ E-4
6.67E-7 1956.8 49.55 60.0 0.0362 0.0 0.0 0.175/%-.00E-4
6.67E-7 1956.3 50.7 70.0 0.052 0.0 0.0 0.175 5.00E-4
6.67E-7 1956.4 51.83 80.0 0.0679 0.0 0.0 0475 5.00E-4
6.67E-7 1957.6 52.94 90.0 0.0838 0.0 0.0 07175 5.00E-4
6.66E-7 1960.5 54.02 100.0 0.0997 0.0 0.0 ©U0.175 5.00E-4
6.64E-7 1965.6 55.08 110.0 0.116 0.0 0.0 0.175 5.00E-4
6.62E-7 1972.8 56.12 120.0 0.131 0.0 0.0 0.175 5.00E-4
6.59E-7 1981.9 57.14 130.0 0.147 0.0 0.0 0.175 5.00E-4
6.56E-7 1992.8 58.14 140.0 0.163 0.0 0.0 0.175 5.00E-4
6.52E-7 2005.1 59.13 150.0 0.179 0.0 0.0 0.175 5.00E-4
6.47E-7 2018.8 60.1 160.0 0.195 0.0 0.0 0.175 5.00E-4
6.43E-7 2033.8 61.06 170.0 0.211 0.0 0.0 0.175 5.00E-4
6.38E-7 2049.8 62.0 180.0 0.227 0.0 0.0 0.175 5.00E-4
6.33E-7 2066.6 62.92 190.0 0.243 0.0 0.0 0.175 5.00E-4
6.28E-7 2083.9 63.84 200.0 0.258 0.0 0.0 0.175 5.00E-4
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Appendix 3: Summary Water quality monitoring data from the EPA monitoring program of the Lower Bandon Estuary and Kinsale
Harbour 2007-2009, after McGarrigle et al, 2010 (Appendix 5).

Lower Bandon Estuary TSAS criteria Threshold Value Eutrophic
Temp Secchi DO DO BOD TON NH: DIN MRP  Chl. a
Summary Stats  Salinity  (°C) pH (m) sat. (%) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (ug/l) (ug/l) | Winter DIN 1.682 2.054 Fail
<
Winter MINIMUM 0.07 457 7.2 0.6 66.4 8.4 <1 0.16 0.02 0.166 17  <0.5 | Winter MRP 60 28 Pass
MEDIAN 13.85 836 7.9 1.3 92.2 9.8 <1 1.89 0.06 2.054 28 1.2 | DIN- 0.889 0.537 Pass
MAXIMUM 35.19 9.82 8.1 2.0 98.5 12.2 1.0 4.96 0.65 4.997 42 7.1 | MRP- 51 11 Pass
No. of samples 42 48 48 30 48 42 11 48 48 48 48 47 | Chloro. Median 12.8 5.4 Pass
Chloro 90 percentile 25.6 35.6 Fail
< <
Summer  MINIMUM 0.29 1233 7.4 0.5 73.6 6.3 <1 0.01 0.02 0.015 <10 < 0.5 | Opportunistic algae 0.6
MEDIAN 25.27 1571 8.1 13 98.0 8.3 2.2 0.48 0.03 0@5@5’ 11 5.4 | DO%sat 5 percentile 74 78.3 Pass
MAXIMUM 3515 19.70 8.7 4.6 199.9 16.5 8.8 3.10 0.42 0‘@329 118 92.3 | DO%sat 95 percentile 126 158.0 Fail
NS
No. of samples 130 131 135 48 130 130 56 135 o{\ ,{é\ 135 135 135 | BOD 4 6.3 Fail
D
G
SN
O
O &
Kinsale Harbour ,éy’\ @Q TSAS criteria Threshold Value Unpolluted
Temp Secchi DO DO  BORY TON NH; DIN MRP Chla
Summary Stats ~ Salinity (°C) pH (m) sat. (%) (mg/I)Qo’\(@ (mg/l) (mg/l) (ma/l) (ng/l) (ol Winter DIN 0.314 0.200 Pass
N <
Winter MINIMUM 18.54 6.34 7.9 2.0 93.2 8.%\0 0.16 0.02 0.167 18 <0.5 | Winter MRP 41 21 Pass
3 <
MEDIAN 34.96 951 79 2.0 97.8 S .0 0.18 0.02 0.200 21 0.9 | DIN- 0.314 0.050 Pass
MAXIMUM 35.19 9.83 8.1 2.0 106.3 C 10.4 1.07 0.19 1.264 37 4.1 | MRP- 41 5 Pass
No. of samples 8 8 8 1 8 8 8 8 8 8 8 | Chloro. Median 10.3 1.3 Pass
Chloro 90 percentile 20.6 3.1 Pass
< <
Summer  MINIMUM 27.74 1213 7.8 3.5 87.1 7.5 <1 0.01 0.02 0.015 <5 < 0.5 | Opportunistic algae 0.6
MEDIAN 34.29 1450 8.1 5.0 102.0 8.5 1.6 0.03 0.03 0.050 5 1.3 | DO%sat 5 percentile 79 91.5 Pass
MAXIMUM 3520 1745 83 5.8 113.3 9.4 35 6.00 0.82 6.040 14 4.6 | DO%sat 95 percentile 121 112.9 Pass
No. of samples 30 30 30 8 29 28 12 30 30 30 30 30 | BOD 4 3.1 Pass
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Appendix 4: Summary Water quality monitoring data from the NUI, Galway and Eli Lilly monitoring program of the Lower Bandon

Estuary and Kinsale Harbour 2005-2012.

Inner Harbour / Lower Bandon Estuary

Winter Summary Salinity  TON (mg/l) NHs (mg/l) DIN (mg/l) MRP (ug/l) SPM TSAS criteria Threshold Value
Winter MINIMUM 12.34 - 0.01 0.31 8.73 17.53 | Winter DIN 1.16 1.07 Pass
MEDIAN 21.18 - 0.04 1.07 95.12 26.98 | Winter MRP 55.36 95.12 Fail
MAXIMUM 30.33 - 0.08 1.66 390.98 65.20 | DIN- 0.65 0.09 Pass
No. of samples 54.00 - 54.00 54.00 54.00 52.00 | MRP- 47.08 23.65 Pass
Chloro. Median
Summer MINIMUM 1942 - 0.01 0.03 9.70 16.93 | Chloro 90 percentile
MEDIAN 28.63 - 0.05 0.09 23.65 23.55 | Opportunistic algae
MAXIMUM 3236 - 0.07 0.79 48.35 32.29\§g’b0%sat 5 percentile
No. of samples 68.00 - 68.00 68.00 68.00 68 DO%sat 95 percentile
S) S BOD
S
Middle Harbour &QO ‘\\@
N Q & N
Salinity TON (mg/l) NHs (mg/l)  DIN (mg/l) Mﬁlﬂugll) SPM TSAS criteria Threshold Value
Winter MINIMUM 26.44 - 0.02 0'.16%?10\@ 10.47 18.40 | Winter DIN 0.35 0.54 Pass
MEDIAN 33.06 - 0.04 Q%S‘t\\& 22.55 25.75 | Winter MRP 42.15 22.55 Pass
MAXIMUM 35.04 - 0.08 a@ 60.89 50.18 | DIN- 0.27 0.09 Pass
No. of samples 54.00 - 54.00 \é4.00 54.00 52.00 | MRP- 40.94 23.65 Pass
RS Chloro. Median
Summer MINIMUM 3.73 - 0.020 0.03 9.70 17.13 | Chloro 90 percentile
MEDIAN 34.16 - 0.04 0.09 23.65 22.46 | Opportunistic algae
MAXIMUM 35.08 - 0.07 0.36 48.35 32.85 | DO%sat 5 percentile
No. of samples 68.00 - 68.00 68.00 68.00 68.00 | DO%sat 95 percentile
BOD
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Outer Harbour

Salinity TON (mg/l) NHs (mg/l) DIN (mg/l) MRP (ug/l) SPM TSAS criteria Threshold Value
Winter MINIMUM 3221 - 0.02 0.18 10.72 19.93 | Winter DIN 0.35 0.24 Pass
MEDIAN 3495 - 0.03 0.24 23.68 24.61 | Winter MRP 40.06 23.68 Pass
MAXIMUM 3545 - 0.07 0.39 55.80 45.61 | DIN- 0.27 0.08 Pass
No. of samples 54.00 - 54.00 54.00 54.00 52.00 | MRP- 40.15 29.88 Pass

Chloro. Median

Summer MINIMUM 33.72 - 0.01 0.02 9.57 19.37 | Chloro 90 percentile
MEDIAN 34.86 - 0.04 0.08 29.88 23.63 | Opportunistic algae
MAXIMUM 35.49 - 0.07 0.22 57.17 31.59 | DO%sat 5 percentile
No. of samples 68.00 - 68.00 68.00 68.00 68.00 ¢¢D0O%sat 95 percentile

Q{\é‘ BOD
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