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Section 1
Executive Summary

The overriding purpose of the Ringsend WwTW Extension project is to extend the
Works from its present capacity to the maximum achievable within the curtilage of
the existing site and to achieve the required discharge standards.

Dublin Bay Project Contract 2 provided facilities to treat 1.64 million PE to
secondary standards, specifically: 25 mg/L BOD; 125 mg/L COD; 35 mg/L TSS;
and 18.75 mg/L Ammonia Nitrogen. An open space of 0.8 hectares was reserved
to extend the Works to 2.15 million PE, assuming the same effluent standards.

The average influent loading to the Works is currently approximately 1.8 million
PE. A flow and loading analysis estimates a 2025 design year average daily
loading of 2.2 million PE and a maximum weekly loading of 3.3 million PE.
Projections include an average industrial loading of 400,000 PE and a growth rate
of 0.7% per annum from a datum of 1.8 million PE. While the planning period to
2025 is rather short, it is anticipated that a regior@\%reatment works will be
constructed to the north of Dublin in the n@%@@cade, providing relief to the
Ringsend Works. o?g’:;\d

S
The projected loadings are similar {@ﬁzﬁ&e planned for Contract 2. However,
effluent standards have becomeé&ogt% stringent. In 2001, the Liffey River Estuary
was declared to be a sensitivq&%@t%r body under the Urban Waste Water
Treatment (UWWT) directf{\%gfequiring nutrient removal to achieve 10 mg/L
Total Nitrogen and 1 mg/\ k Total Phosphorus for continued discharge into the
estuary.
“a
The Works, as currently configured, has limited ability to remove nutrients. If
denitrification filters are installed downstream of the Sequencing Batch Reactors,
SBRs, approximately 1.5 million PE can be treated to the UWWT Total Nitrogen
Standard. Without the denitrification system, the Works can only treat about 1.0
million PE.

Chemically Enhanced Primary Treatment (CEPT) was considered to decrease
loadings to the SBRs and to control Phosphorus. If applied, it could increase the
overall Works’ capacity to 1.9 million PE (with denitrification filters). Treatment
to remove nitrogen from sidestreams of sludge processing was also considered.
While not increasing the Works’ capacity, it would reduce oxygen consumption in
the SBRs and decrease nitrogen loading on denitrification filters. Several
treatment scenarios including CEPT and/or sidestream treatment in addition to
extended biological treatment were considered.

The restricted space available for biological treatment reduced the viable
alternatives to deep shaft aeration and membrane bioreactors (MBRs). Deep shaft
systems utilize concentric pipelines drilled to approximately 100 m depth as
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aeration basins. Flotation clarifiers would be used to separate the solids prior to
discharge. The system would be designed to nitrify and denitrify. Depending
upon the degree of pretreatment, deep shaft systems could be provided for 0.3
million PE or 0.7 million PE. The former would be preceded by CEPT. The latter
would not require pretreatment, but would require construction on both sides of
Pigeon House Road. MBRs could be for 0.3 million PE, but would require CEPT.

Chemical sludge produced from CEPT and/or phosphorus control in the
nitrification filters would exceed the capacity of the sludge stream, requiring
further expansion beyond its (year 2010) capacity of 120 tonnes per day.

Alternatives including deep shaft aeration have present worth costs ranging
between €211 million and €223 million. Alternatives including MBRs had present
worth costs of €244 million and €257 million.

Ocean outfalls, discharging at secondary treatment standards of 25 mg/L BOD,
125 mg/L COD and 35 mg/L, were considered as alternatives to continued
discharge to the Liffey River Estuary at UWWT limits. If the SBRs were to be
operated in a manner that would avoid nitrification, the existing facilities would
be capable of treating 2.2 million PE with only the addition of blower capacity. No
chemical sludge would be produced and the sluglge stream would not require
further extension. By decreasing the averagedmixed liquor concentration to
approximately 2,200 mg/L, sedimentagﬁ’@\and therefore effluent TSS quality,
should improve. As added comfor \‘E%sﬁrs that would eliminate wind effects on
the upper SBR level, would be pééi&dted.

S

Two outfall scenarios, at le \t}é\?)f 7.5 km and 10 km, were considered for the
discharge of secondary effluéht. Based on initial dispersion modelling and
environmental assessmepts, there is confidence that an outfall terminus falling
within this range of leigths is likely. Present worth costs are heavily influenced
by outfall length, with present worth costs ranging from €176 million and €218
million, or between 83% and 103% of the next lowest cost alternatives.

Non-cost factors heavily favored the secondary treatment/ocean outfall
alternative. Power consumption, directly attributed to wastewater treatment and
indirectly derived from sludge treatment, was 50% to 90% greater for the nutrient
removal alternatives. Chemical consumption, which is zero for the secondary
treatment/ ocean outfall alternative, ranges from 10,000 m3/yr to 20,000 m3/yr.
Sludge production for nutrient control alternatives is estimated to be 3,400 tonnes
per year or 9,600 tonnes per year, depending upon how phosphorus is removed.
Power, chemicals and sludge all generate greenhouse gases.

In addition to being the low cost alternative, secondary treatment with an ocean
outfall is the low-risk alternative. It consumes less energy and chemicals and
produces less sludge and greenhouse gases. It requires no new unit process and
is, therefore, much simpler to operate and maintain. The discharge, while not
treated to the same levels as the other alternatives, would meet water quality
standards and be more protective of existing Natura 2000 sites and bathing waters.
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Pending an environmental impact assessment, it appears that providing secondary
treatment with an ocean outfall discharge would be the most beneficial option for
the Ringsend WwTW Extension.
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Section 2

Introduction

A Preliminary Report for the Ringsend Wastewater Treatment Works (WwTW,
Works), dated May 1993 included a recommendation that the Works be
commissioned in two stages. Stage I was to be designed and constructed
immediately on the basis of a design horizon of 2015. The site for Stage 11
extension was proposed to be within an area set aside on the Stage I site. Thus, the
requirement for a Preliminary Report has been satisfied. This Design Review
Report addresses the needs to expand the Stage I facilities to the ultimate capacity
that can be achievable on the current site.

Section 2 sets the background for the Extension, reviewing design standards for
the current Works and historic compliance with them, followed by the economic
factors that are used in evaluating alternatives.

Section 3 provides a review of current flows and loadings to the Works and
projects forward to the Design year of 2025.

N
Section 4 evaluates the capacity of the Works to cémply with standards for
discharge into the Liffey River Estuary as wel a8 for discharge beyond Dublin Bay
into less sensitive waters that would no ire nutrient removal or effluent
disinfection. A number of alternativeihi processes, and combinations of unit
processes, are evaluated. Those al Ratfves that can achieve effluent compliance
within the curtilage of the existig site are carried forward.

S

Section 5 investigates the fégs@b\ﬁity and cost of long sea outfalls to convey
wastewater treated to secigﬁ%ary treatment standards.

. . . .
Section 6 provides cost estimates and discusses non-cost factors for those
alterantives surviving initinal screening in Sections 4 and 5.

Section 7 provides a comparison between cost and non-cost factors for each of the
alternatives, draws conclusions and recommendation the preferred option for the
Ringsend WwTW Extension

2.1 Existing Facilities

The Ringsend WwTW was extended to its current configuration under the Dublin
Bay Project Contract No. 2. Contract No. 2 was procured under a
design/build/operate scheme. The Works was officially handed over to the
operator in May 2005.

The parameters listed in Table 2.1 constitute the Basis of Design for Contract 2
Works.
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ign, Contract No. 2

Description

Average Daily Flow (ADF) 5.7 m’lsec
Flow to Full Treatment (FFT) | 11.1 m°/sec
Peak Instantaneous Flow 23.0 m°/sec

Influent BOD load
Average
95th Percentile

98,400 kg/day (200 mg/L)*
156,700 kg/day

Effluent BOD
95th Percentile
Not to be Exceeded

25 mg/L
50 mg/L

Influent COD load
Average
95th Percentile

225,100 kg/day (445 mg/L)*
383,300 kg/day

Effluent COD

95th Percentile 125 mg/L
Not to be Exceeded 250 mg/L
Influent TSS load &

Average 101 kg/day (205 mg/L)"
95th Percentile %.17%4, 00 kg/day
Effluent TSS og?’(&gd
95th Percentile 0&0&\ 35 mg/L
Not to be Exceeded OQQ@\\@\ 87.5 mg/L
Influent Nitrogen |g&ds
Total N - Averg@%\{§ 15,600 kg/day (31.7 mg/L)"
Total N — 95t Rércentile 21,400 kg/day
Ammonia N «*Average 9,500 kg/day (19.3 mg/L)*

Ammonia N-— 95th Percentile
ol

12,800 kg/day

EffluenttAmmonia Nitrogen
95th Percentile
Not to be Exceeded

18.75 mg/L
47 mg/L

Influent Total Phosphorus
Average
95th Percentile

3,700 kg/day (7.5mg/L)*

5,600 kg/day

1. As computed from ADF

January 2010

In addition to achieving effluent limits on BOD, COD, TSS and Ammonia
Nitrogen, the Works must disinfect during the bathing season to achieve 100,000
Faecal Coliform bacteria per 100 ml sample (100,000 FC/100 ml) on an 80
percentile basis.

The Year 2020 design BOD loading to the Works, as expressed in population
equivalents (PE), is 1.64 million PE. The design envisaged expansion to 2.15

million PE by constructing two more sequencing batch reactors (SBRs) on 0.8
hectares of open space within the curtilage of the existing site.

Pollutant loadings to the Works have exceeded the Year 2020 design projections
ever since Contract 2 entered the operations phase. Notwithstanding the adverse
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loading conditions, the Works has regularly achieved its effluent limits for BOD,
COD, Ammonia Nitrogen and Faecal Coliform. There are infrequent exceedances
of upper limits, but the Works has met the respective 95t percentile and 80t
percentile compliance limits for these parameters. Effluent TSS, however, has
achieved compliance with the 95th percentile standard of 35 mg/L only 82 percent
of the time The upper level limit of 87.5 mg/L is exceeded on average about once
per month.

After Contract No. 2 was signed, the Liffey River Estuary was designated as
Nutrient Sensitive Waters under the Urban Waste Water Treatment (UWWT)
directive. Consequently, annual mean limits of 10 mg/L total nitrogen (TN) and 1
mg/L total phosphorus were set on effluent from the Works. As currently
configured, the Works are incapable of meeting the UWWT standards at the Year
2020 design loading.

Storm tanks receive flows in excess of 11.1 m3/s and store the wastewater for
treatment when influent flows subside. On infrequent occasions the storm tanks
overflow to the Liffey Estuary. There is a limit of 3,000,000 FC/100 ml in the storm
water discharge, which has never been exceeded. &

N

A more detailed discussion of existing facilities &%y be found in Appendix A,
“Ringsend Wastewater Treatment Works Ex@ﬁg Baseline Report”.

There have been a number of modifieititns to the Works subsequent to the taking
over of Contract No. 2. Most of tlg;é\sg\modlflcatlons were related to odour control
and solids processing, with 1;@&“ ditect impact on wastewater treatment capacity
or efficiency. There is an o S project, designated “Sludge Stream Expansion
Option 11A”, which will i Qﬁgase the Works” digestion capacity by 30 tonnes per
day, add a third therma D%é&drolysm train, one new centrifuge and three Surplus
Activated Sludge (S hickeners. The SAS thickeners should provide sufficient
capacity to thicken all the SAS generated in the SBRs. This is significant in that co-
settling of SAS in the primary clarifiers can be virtually eliminated (save a small
amount that is deemed beneficial to settling), improving removal efficiency in the
primary clarifiers and, thereby, reducing solids loading to the SBRs. It is hoped
that the reduction of solids loading to the SBRs will improve effluent TSS quality.
The SAS thickeners were commissioned in December 2009 and so their effect on
effluent TSS should become apparent shortly.

2.2 Discharge Monitoring

The effluent discharge (SW1) is located in a cooling water channel north of the ESB
Ringsend Power Station. The storm water overflow pipe (SW2) is to the north of
the storm tanks. Influent and effluent sampling locations as well as outfalls are
shown on Figure 2.1.
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Figure 2.1 Primary Monitoring Points

2.3 Project Objectives

The Over-Riding Purpose of the Ringsend WwTW Extension Project is to extend
the Works from its present capacity to the maximum achievable within the
curtilage of the existing site and to achieve the required discharge standards.

N
Further, the proposed extension works shall nog&%sult in the diminution of the

capacity of the existing Works to functloné\\at@?\y stage, during the construction
and commissioning of the proposed wqffiég\
RS

2.4 Economic Factors QOQS\@\

The economic factors present@@@ﬁ”able 2.2 are used throughout this report. It is

understood that the Dlscou&R%te is subject to change over time.
&

Given the lack of defml@n at the planning level stage, a contingency of 35% is
placed on capital costg?

Table 2.2 Project Economic Factors

Electricity €0.0125 per kwWh
Natural Gas €0.04 per kWh
Alum €0.13/litre @ 54.6 gr Aluminium/litre
Methanol €0.42/litre
Sludge Disposal Costs €140 per dry tonne
Discount Rate 4.49 percent
Term 20 years
Uniform Series Present Worth Factor | 13.02
Capital Recovery Factor 0.0768
2.5 Site Plan

An overall plan of the existing site is presented in Figure 2.2. In addition to the
existing structures, boundaries and roadways, the figure shows the locations of
major underground pipelines and channels.
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Figure 2.2
Existing WWTW

—— Ringsend Site Fenceline
—-—-- Dublin City Land Cwnership
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Scale = 1:2000

Figure 2.2 Site plan of the existing WWTW
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Section 3
Loading Analysis

3.1 Current Loading

In this section the characteristics of the wastewater received at the Ringsend Waste
Water Treatment Works (WwTW), in the Period 2003 to December 2008, is
assessed. Analytical data was collected from the contractor, Celtic Anglian Water
(CAW) and their subcontracted analytical Laboratory City Analysts as well as
from the Dublin City Council’s Central Laboratory.

3.1.1Flow Analysis
3.1.1.1 Background & Design

Flows are received to the WwTW from the following catchment areas:

m Main Lift Pumping Station (MLPS);

&.
m West Pier Dun Laoghaire Pumping station; \Q@\\\’“
&
S
m Sutton Pumping Station; and ogﬁo%é\
& &
m Dodder Valley Siphon. Q\>\Q§
- L 2
Meath \ . '_ D Ringsend Catchment
DCC
[ sbcc
FcC
DLRCC

Dun
Laoghaire-
South Rathdown
Dublin

Figure 3.1 Catchments to Ringsend (Source: GDSDS 2008)

The peak storm flow to Ringsend is 22.6 m?/s and storm holding tanks cater for
flows in excess of full flow to treatment (FFT), which is 11.1 m3/s. Storm holding
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tanks are also provided at Sutton to cater for severe storm conditions. Design
flows are shown in Table 3.1.

Table 3.1 Current Ringsend Design (Source: Tender Documents Vol. 2 Employers Requirements

1998)
Design Flow Basis for Ringsend WwTW year 2020 and ultimate Design Year
. Design Year Ultimate Design
Estimated 2001 2020 Average Year Average
Flows . .
Design Design
Design Parameter (m®/s) (m’/s) (m’/s)
Dry Weather Flow (DWF) 3.8 4.6 5.5
Average Daily Flow 4.8 5.7 6.9
Full Flow to Treatment (FFT) 111 111 13.8
Peak Flow 22.6 22.6 23.5
3.1.1.2 Measured Flows

Flows are measured by Dublin City Council (DCC) for Sutton, Dodder Valley and
the West Pier Dun Laoghaire Pumping station in addition to the recorded flows at
Ringsend WwTW.

oé’d

Average influent flows have increased contmu(&\sly since 2003 and the 2008
average daily flow (ADF) rate (470,480 m@@i}ﬁ just over 95% of the design ADF of

492,480 m3/d (Table 3.2). F°
Q\Q »
Tablegﬁ wéasured Flows (m*/d)

Parameter Average \Q ‘&95%|Ie Maximum Count gta'.‘d"?“d
eviation

Period . QO‘Q'

Aug ‘03-Dec ‘08 401,{@8& 636,338 1,352,012 1,978 122,862

2003 330,116 480,267 1,017,421 153 113,046

2004 387,343 601,063 1,352,012 365 118,426

2005 393,205 585,354 991,310 365 103,265

2006 381,316 593,488 922,703 365 106,449

2007 407,154 630,737 1,114,190 365 114,077

2008 470,480 794,244 1,102,283 365 141,337

Design 492,480

3.1.1.3 Storm Flows

Storm discharges to the Estuary outfall, account for less than 1% of all measured
inflows to the plant. Influent flow data indicates that a high proportion of all
incoming flows arriving at the works are receiving full treatment (Table 3.3).
August 2008 was a particularly wet month with average daily flows of 599,112
m3/d to the plant (maximum 974,208). During this peak flow period, greater than
96% of all flows received full treatment.
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Table 3.3 Ringsend Storm Flows

Average Daily Average Daily % of Total Flow
3 Storm Flow to
Influent (m~/d) Liffey (m/d) Treated
2003 (from 1% Aug) 330,116 6793.1 97.9
2004 387,343 4363.5 98.9
2005 393,205 3108.8 99.2
2006 381,316 829.9 99.8
2007 407,154 3142.8 99.2
2008 (to end Aug) 457,302 6976.0 98.5

3.1.2 Load Analysis
3.1.2.1 Background & Design Load

The current plant was designed to treat a population equivalent (PE) of 1.64

million with 2020 design year average BOD and TSS loads of 98.4 t/d and 101.1

t/d, respectively (Table 3.4). Domestic design average pollutant loads were

estimated based on per capita contributions of 60 g BOD/c/d and 75g TSS/c/d,

8g AmmN/c/d, 12¢ TN/c/d and 3 g TP/c/d (ref: @ployers Requirements

Design-Build Works 1998). *0@‘0

>

Table 3.4 Current Ringsend Design (Source: En@%{@‘% Requirements Design-Build Works 1998)
£ K

&
Design Load Basiség?j@’rer?gsend WwTW year 2020

Estimated 2001 Loads Design Year 2020

Averagg | ®ad 95%ile Average Load 95%ile
Design Parameter {Rad) (kg/d) (kg/d) (kg/d)
BOD ‘(g:&,%OO 141,400 98,400 157,600
TSS \5\89,000 171,000 101,100 194,300
Ammonia (N) é\\ 8,100 10,900 9,500 12,800
Total Nitrogen (TN) ¢ 13,600 18,600 15,600 21,400
Total Phosphorus (TP) 3,200 4,800 3,700 5,600

3.1.2.2 Measured BOD Load

Since the plant was commissioned in 2003, the measured annual average BOD
loads to the WwTW have been continuously higher than the 2020 design figure of
98.4 t/day (Table 3.5). Further, the 95 percentile load was higher than the
stipulated 2020 design load for all years except 2007.

The Operational data also indicate a high variability in influent BOD load being
received at the WwTW. Figure 3.2 shows the trend in BOD loadings to the plant
in 2007 along with the 2020 design average values. This figure also illustrates the
variability of the incoming load.
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January 2010

Parameter Average 95%ile Maximum Count Standard
Deviation
Period
Aug‘03-Dec ‘08 1125 168.4 361.5 1385 33.6
2003* 111.0 157.3 221.8 107* 26.8
2004 118.8 162.8 237.6 257 26.8
2005 117.9 162.3 257.6 257 26.4
2006 117.3 195.1 293.3 258 40.0
2007 101.5 140.3 361.5 249 32.2
2008 107.4 181.7 289.8 256 39.0
Design 98.4 157.6
*Data for 2003 begins 1% August
180
= Influent BOD
=—=Design BOD
160 == Average Day
140 é}
\ i
L
g 120 \,&30\2’{ i
U] W gy !
5 SN
0 100 =54 f =2 =:
o é).}30 &> LJ \f
il i
80 <<0\<\\\&\ U U U | ‘ t
A
O
60 é,\\“

40

7 day rolling average

T T T T T T T
29/12/2006 17/02/2007 08/04/2007 28/05/2007 17/07/2007 05/09/2007 25/10/2007 14/12/2007

Figure 3.2 Sustained BOD loads received at the WwTW in 2007. BOD(t/d) vs time.

The 2008 data also showed periods of high load. The period April-May 2008 was a
particularly stressed month on the plant. Influent BOD loads to the works
averaged 188.3 t/d over a 30-day period. This corresponds to an average of 3.14
million PE for the period or 192% of the design basis, with a peak daily load of
4.83 million PE.

3.1.2.3 Measured TSS Load

Influent TSS loading has increased steadily since 2003 (Table 3.6). The average
daily TSS loading in 2008 exceeds the 2020 design year loading and is currently
11% higher than the design.
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Table 3.6 TSS Load (t/d)

Parameter Average 95%ile Maximum Count Standard
Deviation
Period
Aug ‘03-Dec ‘08 99.4 151.2 860.2 1959 45.0
2003 89.8 128.8 211.1 153* 23.7
2004 94.0 135.6 244.4 364 24.3
2005 96.2 142.7 530.7 363 35
2006 96.2 143.3 748.4 365 59.2
2007 102.3 146.7 742.1 352 47.5
2008 112.5 175.5 860.2 364 54.1
Design 101.1 194.3

*Data for 2003 begins 1% August

3.1.2.4 Measured Nutrient Load

The 2008 average total nitrogen (TKN + Nitrite + Nitrate) loading to the plant
amounts to approximately 17 t/d. Figure 3.3 illustrates the increasing Ammonia
and TKN loads to the site from 2003 to 2008 relative to the design loads. It is noted
that from 2005 the TN load has been higher than the 2020 design of 15.6 t/d and

20.0
18.0 A
16.0 A 2003
5]
14.0 -
= 2004
12.0
- 0 2005
S 10.0 A
02006
8.0
W 2007
6.0
02008
4.0
2.0 A
0.0
KIN NH3N t/d
Figure 3.3 Average Nitrogenous Load to the Ringsend WwTW 2003 to 2008
*Note: Design load is Total Nitrogen whilst TKN is actually measured in the Influent
The 2020 design Phosphorus Load for the Ringsend WwTW is 3.7 t/d (5.6 t/d 95
percentile). There is no dedicated phosphorus removal in operation at Ringsend.
However, some phosphorus (i.e. ¢35%) will be removed as a result of
sedimentation and biological P uptake and as part of the solids removal process.
Table 3.7 shows current influent P concentrations.
m Page 13
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Table 3.7 Ringsend WwTW Influent Phosphorus concentrations

Total P (mg/l) | Reactive P (mg/l)

2005 6.5 3.5
2006 6.4 3.4
2007 5.6 3.5

3.1.3 Loading Variability

According to the Urban Wastewater Directive, Article 4.4, the (designated) load of
a treatment plant expressed in PE “shall be calculated as the basis of the maximum
weekly average load entering the plant during the year, excluding unusual
situations such as those due to heavy rain”.

Based on the above definition, the PE of the Ringsend WwTP for 2008 (to end
August) was 3,697,696 PE and the variability over the past five years is
summarised in Table 3.8.

Table 3.8 Loading Variability (PE)

2004 2005 20606 2007 2008
Average Annual PE 1,980,405 1,965,830 @955,033 1,691,486 | 1,790,678
Maximum Weekly PE | 2,624,265 2,553 7&5 ¥3,111,220 | 2,602,621 | 3,697,696

Load* X &O«
Ratio-Average to 1.33 \Q&i\i@ 1.59 1.53 2.06
Maximum Load X

Measured 95%ile PE | 2,713,793 ko°g;704,603 3,251,191 | 2,337,972 | 3,027,917
*As per EPA Definition &6"@4

S
The difference between thé&q s@érage loads and the maximum weekly load being
received at the plant is &gﬁffmant and has been increasing over time. In 2008 the
maximum load was OV&?‘QOO% of the annual average and this load was sustained
over an entire week. (Fhis increased loading exerts significant pressure on the
WwTW in terms of maintaining effluent quality and processing increased loads of
sludges on site. This variability needs to be considered carefully and factored into
the design of the expanded works.

Table 3.8 includes the measured 95 percentile load over the period 2004 to 2008.
The current design included for a 95 percentile load of 157.6 t/d, which equates to
a PE of 2,626,666 PE using 60 g/c/d. This 95 percentile has been exceeded in all
years except 2007 and the maximum weekly PE load exceeds the 95 percentile in
2006 and 2008.

3.1.4 Current Loading Breakdown

This section looks at the breakdown of the load being received at the Ringsend
WwTW by analysis of the catchment, both domestic and non-domestic
contributors. CSO census data was used to provide data for the domestic
population and Local Authority trade license and IPPC license information was
used to asses the load from the Industrial sector.
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Other load contributions e.g. the commercial sector, are difficult to accurately
assess due to the lack of legislation in place to provide complete monitoring and
licensing of this sector (i.e. office blocks etc.). In addition, there are other variables
specific to the Dublin region, such as high levels of commuters into the area and a
high level of tourism that contribute to the uncertainties in this measurement
technique. Various sources were used to provide additional information and
references are included as footnotes to Table 3.9.

Table 3.9 Current Load to Ringsend WwTW

BODkg/d | CODkg/d | TSSkg/d PE
Measured ? 107,441 229,983 112,478 1,790,678
Residential ° 63,979 79,973 1,066,311
Industrial ¢ 233,853
Commercial ¢ 170,610
Institutional ® 7,672
Tourism ' 25,795
Commuter ? 36,913
Tanker Discharges h 449 429 13,227
Total Calculated éo@ ' 1,552,383

a Based on average loads for 2008 &

b CSO 2006 census data for Dublin City and Gre@iéﬁburbs (and some additional small
population centres i.e. Ashbourne, Dunboyn%@%ddilonee in County Meath; Saggart, Rathcoole,
Newcastle and Baldonnel in South Coun \Iqﬁ])

¢ 2008 measured data from IPPC and Tra&é&ence discharges received from the four Local
Authorities S

d Estimated at 16% of the Domestic i
08)(1,998 Prison beds (Irish Prison Service Annual Report

e Based on 5,674 Hospital beds (K<
2007) not included as it is as from correspondence with CSO) that prisoners are

accounted in Residential figurQsQ

f  Tourism figure (15,795 PE)\bﬁsed on Failte Ireland Published Report ‘Tourism Facts 2007°. Daily
visitor figure (10,000 PEz\ggﬁsed on Tourism Satellite Account (TSA) Project and the First Steps
TSA report figures ang g daily BOD load of 20g/visitor.

g Based on data from the Dublin Transportation office 2008 (Census data 2006) for people
travelling into Dublin City & Suburbs from outside the administrative area. A BOD load of 20g/c
was used.

h Based on data from Dublin City Council for 2008 tanker discharge volumes

The calculated data presented above is almost 14 % different to that measured at
the Treatment works. There are a number of possible explanations for this e.g.
incorrect unit loads used (60g/c/d); underestimation of the industrial discharges;
illegal dumping; underestimation of the contribution from commercial sources.

3.2 Projected Loading

The Ringsend WwTW was originally designed for a PE of 1.64 million and it was
envisioned that it would ultimately be expanded to treat 2.15 million PE. A
portion of the site, comprising 0.8 hectares, was set aside for the expansion. This
ultimate design capacity was considered to include for secondary treatment and
seasonal disinfection only.

There are various restrictions on the capacity that can be achieved on the current
Ringsend site but if it is assumed that the planned North Dublin Plant will be in
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place by earliest 2020, then the design year for the upgrade should be at least 2025
(including for buffer period).

3.2.1 Residential Load Projection

The baseline for domestic populations is the 2006 Census data. The most recent
publication from the CSO “Regional Population Projections 2011-2016" (Dec 2008),
indicate some variations in recent population trends and project the population for
the Dublin Area using a number of different scenarios. These projections are
based on future trends in fertility, mortality, migration (international & internal).

For the Dublin area, the following population projections have been provided in
Table 3.10. Targets from the National Spatial Strategy are also included for
comparison.

Table 3.10 CSO Population Projections for Dublin (poPuIation in thousands) (ref: CSO
Regional Population Projections 4" Dec 2008)

Scenario 2006 2011 2016 2021 2026 Annual

Average

Increase %

M2F1 Recent 1,183 1,279 1,345 gé’?LSO 1,365 0.7
M2F1 Traditional 1,183 1,302 1,464 ,\\‘3‘1,563 1,659 1.7
MOF1 Recent 1,183 1,178 1 136%\*0 1,132 1,080 -0.5
MOF1 Traditional 1,183 1,199 d:% 1,298 1,343 0.6
NSS Target* 1,183 1,484

57,
*The National Spatial Strategy: The DEHLG.iYe8ponsible for the implementation of the National
Spatial Strategy (NSS) which is aimed at ting more balanced regional development and
harnessing the potential of all regions. Qp\\@‘
S
. ST
3.2.2 Industrial Load‘%&;ectmn

)
Data in Table 3.9 notes that the load from industrial discharges in 2008 was 233,853

PE. This equates to approximately 23% of that allocated or licensed. Given the
current economic situation both nationally and internationally, it is likely that this
industrial load will decrease further, in the short term at least. It is also policy
within DCC for new and amended trade licence applications to reduce Industrial
discharges to domestic strength.

Although the current strategy within the Local Authorities is to reduce the
Licensed Industrial PE load to Ringsend, there is currently significantly more PE
licensed than is actually used. It is prudent to look at the actual allocation and
consider the total loadings if License holders increased their discharges. It is
equally prudent to plan for the inclusion of future industrial development in the
catchment.

A figure of 400,000 is included for Industrial PE loads for the design year 2025.

3.2.3 Commercial & Other Non-Domestic Loads

The other non-domestic loads to the Ringsend WwTW have proven difficult to
quantify accurately and therefore the following formula has been used to estimate
a load figure for total non-domestic sources (excluding Industrial):
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Other non-Domestic Loads = (Total Measured Load - (Residential Load +
Industrial Load))

It is reasonable to use the same growth rate projections for the non-domestic
populations as for the domestic so these loads were projected forward to the
design year 2025 using the growth rates discussed below.

3.2.4 Total PE Projections

Growth rates from the most recent CSO publication (Dec "08) were discussed in
Section 3.2.1. All of the four annual growth rates discussed in this publication
1.7%,0.7%, 0.6% and -0.5%, were used to project the PE for the Ringsend WwTW
as shown in Figure 3.4. These growth rates were used to project Domestic and
other Non-Domestic loads (excluding Industrial Load) forward to the design year
2025 from 2008 actual plant loading data. A figure of 400,000 PE is included for
the contribution from Industrial sources.

3,500,000

3,000,000 -

2,500,000 -

2,000,000 -

1,500,000 -
1,000,000 -

500,000

Population Equivalent (PE)

0 T T T T
2007 2012 2017 2022 2027

—+—0.7% Growth =——1.7% Growth =——-0.5% Growth —~—0.6% Growth

Figure 3.4 Ringsend WwTW Future Growth Projections from 2008 data Load

Using an annual growth rate of 1.7% the projected PE for the year 2025 is 2,505,720
PE and using the more conservative growth rate of 0.7% the 2025 PE is 2,162,600.

As discussed in Section 3.1.3, the Urban Wastewater Directive, Article 4.4, the
(designated) load of a treatment plant expressed in PE “shall be calculated as the
basis of the maximum weekly average load entering the plant during the year, excluding
unusual situations such as those due to heavy rain”.

Based on this definition the PE of the Ringsend Wastewater Treatment Plant for
2008 was 3,697,696 PE. If it is assumed that this unprecedented level of load does
not return and take the average Peak week load from 2004 to 2007 (from Table 3.8)
as 2,722,970 PE this gives a peak factor of 1.5 for the maximum week.
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Figure 3.5 illustrates the projections in peak loading to the Ringsend WwTW using
the four Growth rates discussed above. Using a Growth Rate of 1.7% the peak
projected PE for the year 2025 is 3,758,580 PE and using the more conservative
Growth Rate of 0.7% the 2025 PE is 3,243,901 (Figure 3.5). Consideration must be
given for weekly peaks of this order in the design of the expansion.

5,000,000
(" 4,500,000 -
4,000,000 1 '
3,500,000 -
3,000,000
2,500,000 -
2,000,000
1,500,000
1,000,000 |
500,000 -
0 &
2007 2012 20175% 2022 2027
NI

|——0.7% Growth —— 1.7% Growg} «=—-0.5% Growth ——0.6% Growth
I

. . M . o .
Figure 3.5 Ringsend WwTW Future GrQV\QtQPQ@j‘ectlons (peak) considering a Maximum weekly Load

é’%@k factor of 1.5)

S
3.2.5 Proposed DesigﬁoQIS%ad

Table 3.11 tabulates the P{éf)’osed Design Loads using the following design
assumptions:

quivalent (

Population Equ

&

m Domestic and non-domestic (excluding industrial) growth rate of 0.7%;

m Projections forward from the 2008 measured influent WwTW load of 1,790,678
PE;

m An allocation of 400,000 PE for industrial load;
m A design year of 2025;
m A peak factor of 1.5; and

m The following unit loads*; 60 g BOD/c/d; 60 g TSS /c/d; 10 g TKN /c/d; 7 g
AmmN /c/d;and TP 1.8 g/c/d.
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Average Design Peak Design**

PE 2.2 million 3.3 million
Average Flow (m®/d) 504,000 756,000
Full Flow to Treatment (m°/s) 13.8 -

Peak Flow (m®/s) 235 -

BOD (kg/d) 132,000 198,000
TSS (kg/d) 132,000 198,000
Ammonia (N) (kg/d) 15,400 23,100
Total Kjedahl Nitrogen (kg/d) 22,000 33,000
Total Phosphorus (kg/d) 3,960 5,940

* Unit loads have been extrapolated from Ringsend WwTW Plant data 2003- 2008

*Based on the maximum weekly load to the plant (or 1.5 times average)

3.3 Conclusions

m The current load to the Ringsend WwTW is 107 t/d BOD or 1.79 million PE.

m The peak loading, defined as the maximum weekly load received at the plant, is
also considered. The incoming load to Ringsend¥wTW varies considerably
and this is an extremely important issue to be&{é‘ctored into design of the plant

expansion.

S

m Projections have been made on th\;@ WTW influent data which is the best

available measure of the currer
are four official bases from

adt, In relation to population growth, there
\Si&\to choose, ranging from a negative growth

rate of -0.5% per annum tgL &% per annum. A growth rate of 0.7% has been
chosen on the basis that%ﬁg%xpanded works design should be robust, reliable,
and provide adequate rédundancy. A figure of 400,000 PE has been included
for the contributiogo m the Industrial section.

m The 2025 design year proposed design is 2.2 million PE
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Section 4
Wastewater Treatment Alternatives

This section examines alternatives to meet the new effluent requirements. It
consists of introductory text about the history and operation of the SBRs, the basis
of analysis (loadings, temperature, recycle loads, removal in primary clarifiers),
analysis of the capacity of the existing SBRs, and review of treatment alternatives.
A summary concludes the section.

4.1 Background

As noted previously, the Works were designed to produce effluent to meet
standards for BOD, TSS, and ammonia nitrogen. After the contract was signed,
the Liffey River Estuary was designated as Nutrient Sensitive Waters under the
Urban Waste Water Treatment (UWWT) directive. Consequently, annual mean
limits of 10 mg/L total nitrogen (TN) and 1 mg/L total phosphorus were set on
effluent from the Works.

&

To achieve the more-stringent limits, larger pip@%vere installed to supply more
air to the carbonaceous sequencing batch (g@&{ rs (SBRs), and mixers and pumps
. . S .
for returning activated sludge were adﬁ@“to those SBRs. It was anticipated that
MLSS concentrations in the carbona@%&%\ reactors would be increased to 4,100
NN
mg/L. O &

&

Ry
Design intent was to provi_gi@ Léza{(\ibility to operate the SBRs as true batch systems
S\

or with continuous flow. HegWever, after a period of poor performance, operation
was changed. With the new operation, feed is added during the decant cycle, to
provide some de—nitr'éﬁ%fion where the influent mixes with the sludge layer.
With this arrangement, the volume in the basin remains constant, and effluent
from a basin is produced as influent enters the basin. This modification is called
Constant Inflow, Constant Level (CICL) mode.

The Works has had several operating problems:

m The SBRs have not been able to support MLSS of 4,100 mg/L, and even at
concentrations as low as 2,500 mg/L, effluent still sometimes fails to meet TSS
limits.

m Because of wind impacts, the depth in the upper SBRs has been dropped to 5.9
m, from the 6.9-m depth available. This change decreases capacity of the Works
by approximately 7 percent.

m Co-settling of surplus activated sludge in the primary clarifiers decreases their
removal efficiency, passing on higher loadings to the SBRs.

m Occasional solids processing limitations cause solids inventories to exceed
storage capacity, requiring retention of solids in the primary clarifiers and
thereby hampering removal efficiency in that process.
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m Individual SBR basins are frequently unavailable due to routine and
unscheduled maintenance and periodic equipment replacement. While this is
normal and expected, it was not accounted for in the design.

m When a single SBR basin is out of service, the three remaining basins in the “set
of 4” are operated out of synchronisation, during which time effluent quality is
degraded.

m The average daily flow to the Works is approaching the design average flow
rate, resulting in a reduction of residence time in all wastewater processes as
compared to the dry weather flow rate assumed in the mass balance.

4.2 Basis of Analysis

To analyse various alternatives, common bases have to be developed. This section
develops and describes the common information.

4.2.1 Influent Concentrations

Averages of key parameters for influent concentrations are listed in Table 4.1.
&.
N

Table 4.1 Current Average Influe[g\@oncentrations
Q

Constituent ég)ofz &> Concentration
Rl (mg/L)

BOD! A 260.7

CcoD s 520

TSS SO 255

Total nitroges” 40

Total phgér%orus 5.0

X

1 Urban Waste Water Tre@?ﬂée\nt Directive 91/271/EEC specifies that BOD measurements be
conducted with addition of-a nitrification inhibitor. That practice is followed by laboratories conducting
analyses on wastewater samples from Ringsend. In this report, the term “BOD” or “cBOD” refers to
inhibited BOD.

To determine an appropriate peaking factor for estimating plant capacity, monthly
peaking factors were calculated for each month from January 2003 through
December 2007. These peaking factors are the ratio of influent BOD load for a
given month divided by the average BOD load for that year. The variation in BOD
load is plotted in Figure 4.1. The highest monthly peaking factor of 1.23 is used by
CDM in estimating capacity of the SBR basins.
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Figure 4.1 Peaking%ﬁ‘a@%rs for BOD
<

4.2.2 Wastewater Temperatg&%@»‘e6

Wastewater temperature is an i ogtant factor in the rate of biological activity,

especially as it relates to nitri@&{ti%n. Three years of influent wastewater

temperatures were analyse@\%ﬁa data in Table 4.2were extracted from that data
S

base. X
O

000 Table 4.2 Wastewater Temperatures

Temperature, °C Frequency Exceeded
11 98.6%
13 68.0%
14.9 50.0%
15 50.7%
17 30.0%

A wastewater temperature of 13°C has been selected for analysis. This
temperature is exceeded 68% of the time. Design on this basis provides a
moderate degree of conservatism, since compliance with the UWWT is based on
the arithmetic mean.

4.2.3 Assumptions

In keeping with the original design, it is assumed that volatile suspended solids
(VSS) constitute 82% of TSS and that the net growth yield coefficient remains 0.8
kg/kg cBODS5 applied. These numbers have been extracted from the original
design basis of this plant.
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The Works has recently begun collecting samples on the recycle streams from
solids processing, but flow-proportioned samples are very limited at this point in
time. Until a sufficient bank of flow-proportioned data has been collected, flows
and loadings from recycle streams and efficiency of primary treatment can only be
estimated from data collected elsewhere. Table 4.3 shows estimates prepared for
Ringsend.

Table 4.3 Estimated Recycle Stream and Removals in Primary Clarifiers

Recycle Streams as .
. Percent Removals in
Parameter Percent of Load in . .
Primary Clarifiers
Influent
Flow 3
BOD 3 30
COD 8 28
TSS 10 44
TKN 17 9
Ammonia nitrogen 3 0
Total phosphorus 7 33
K4
N

S
As noted previously, effluent suspended Q&‘h@@ do not consistently meet discharge

requirement, even when MLSS is mainotgﬁ?gié% at concentrations substantially less
than the intended concentration of ‘mg/L. Wind effects are believed to be a
major contributor to the failure t%&a@é‘c discharge requirements. For conservatism,
calculations for this report are on an MLSS of 3,100 mg/L. That

concentration is now excee@é&'@l\ﬂy 2% of the time.
R

S
If it is also assumed that A the SBRs will be operated at the design depth of 6.9
meters. To allow for gpeération at this depth, problems associated with wind will
have to be resolved.

4.2.4 Flow and Mass Balance for Existing Facility

Figure 4.2 presents a block flow diagram for the existing works. It is a simplified
version derived from the works’ process and instrumentation diagrams. The
circled numbers indicate streams for the associated material balance in Table 4.4.
The mass balance reflects actual effluent concentrations of 19.1 mg/L TN and 5.0
mg/L total P over a three-year period. According to the mass balance, about 30%
of the TKN in the primary effluent is removed via reduction to nitrogen gas.
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Figure 4.2 Block Flow Diagram of Existing Works
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Table 4.4 Existing Ringsend WwTW Mass Balance

Stream Number 1 2 3 4 5 6 7 8 9 10

parameers | unis | Combines | Tankered | umned | Croyle” | Degter | mieaed | (SR | fnd | Ry | acivate
Streams Effluent Sludge
Flow m®day | 412,000 45 412,000 12,361 424,406 422,700 414,431 414,431 1,707 8,268
Flow m®/s 4.77 0.001 4.77 0.14 4.91 4.89 4.80 4.80 0.02 0.10
COoD kg/day | 214,240 945 214,240 17,215 232,400 167,328 29,922 29,922 - -
COoD mg/L 520 21,000 520 1,393 548 & 396 72 72 - -
cBOD kg/day | 107,400 113 107,400 3,225 110,@3% 77,517 8,413 8,413 - -
cBOD mg/L 261 2,511 261 261 (\(\\\;'é%l 183 20.3 20.3 - -
TSS kg/day | 105,060 716 105,060 10,578 o¢ &‘i’16,354 65,158 14,505 14,505 51,196 62,013
TSS mg/L 255 15,911 255 85¢ \%‘P\} 274 154 35 35 30,000 7,500
VSS kg/day 86,149 587 86,149 03‘%3‘? 95,410 53,429 11,604 11,604 41,980 49,611
VSS mg/L 209 13,038 209 ‘\@Q&\V%Z 225 126 28 28 24,600 6,000
Ammonia-N kg/day | 10,300 4 10,300 <l¢ 309 10,613 | 10,613 1,451 1,451 ] ]
Ammonia-N mg/L 25.0 89.8 25.0,\\6\\ 25.0 25.0 25.1 3.5 3.5 - -
TKN kg/day 16,480 4 165%% 2,802 19,286 17,551 3,440 3,440 - -
TKN mg/L 40.0 89.8 Z0.0 226.7 45.4 415 8.3 8.3 - -
Nitrate N + Nitrite N | kg/day - - - - - - 4,476 5,576 - -
Nitrate N + Nitrite N | mg/L - - - - - - 10.8 10.8 - -
Total N kg/day 16,480 4 16,480 2,802 19,286 17,551 7,916 7,916 - -
Total N mg/L 40.0 89.8 40.0 226.7 45.4 415 19.1 19.1 - -
Total P kg/day 2,060 1 2,060 144 2,205 1,477 2,072 2,072 - -
Total P mg/L 5.0 17.1 5.0 11.7 5.2 5.2 5.0 5.0 - -
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4.3 Capacity Analysis

This section examines the capacity of the existing facilities with respect to three
options:

m Providing nitrification;
m Meeting the effluent requirement of 10 mg/L total nitrogen; and

m Providing treatment to meet BOD requirement without nitrification and
denitrification.

Evaluation of the first two options is presented in one section.

4.3.1 Capacity of Existing Facilities to Nitrify and for Meeting
Effluent Standards

This section estimates the capacity of the SBRs for nitrification and for nitrogen
removal. Key assumptions are listed in Table 4.5.

Table 4.5 Key Assumptions for Rating Sl& SBR Basins

Parameter & Value
BOD peaking factor S 1.23
Mixed liquor suspended solids 0@55’016@ 3,100 mg/L
Design temperature N 13°C
Aerated solids retention time’chox\(@‘ 8.2 days
Total solids retention timeX&S 16.4 days
Decrease in capacity W.ﬁdls}ﬁ)r)ogen removal 35%

1 The SBRs are in aeration mog@“go% of the time.

3
The mixed liquor suspghded solids concentration (MLSS) of 3,100 mg/L is
recognized as an upper bound given the history of the SBRs to meet the TSS
standard. Effluent TSS polishing would be required. This could be accomplished
by screens or filters specifically designed for fine solids removal, or by
denitrification systems that use a granular media that will trap solids. Since
denitrification is required, the denitrification filters would provide TSS polishing.

The aerobic solids retention time (SRT) is based on kinetic factors from the
publication Methods for Wastewater Characterization in Activated Sludge Modeling,
which was published by the Water Environment Research Foundation in 2003.
For a temperature of 13°C, the SRT at washout is about 3.28 days. Applying a
safety factor of 2.5 and accounting for aeration during half of a cycle provides a
total SRT of 16.4 days. With SBRs operated for nitrogen removal, aeration time per
cycle would be decreased to allow for nitrogen removal. It was estimated that the
decrease in capacity with nitrogen removal would be about 35%.

Table 4.6 shows the logic for estimating the capacity of the SBRs. The table shows
that the capacity for nitrification with all basins in operation is 1.49 million PE; the
capacity for nitrogen removal is 0.97 million PE.
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Table 4.6 Calculations for Estimating Capacity of SBRs for Nitrification

Parameter Value
Volume of each SBR (m®) 13,993
Number in service 24
Total volume (m®) 335,837
MLSS (mg/L) 3,100
Solids in SBRs (kg) 1,041,094
SRT (days) 16.4
Solids produced (kg/d) 63,481
Net yield (kg TSS produced/kg BOD applied) 0.8
BOD applied to SBRs (kg/d) 79,352
Removal of BOD in primary treatment 30%
BOD to primary treatment (kg/d) 113,360
BOD in sidestreams, as fraction of influent load 3%
BOD in influent at maximum month (kg/d) 110,058
Peaking factor 1.23
Average BOD in influent (kg/d) A\’“& 89,478
BOD/PE (g/day) & 60
Capacity for nitrification (million PI;5§\>\;7§\‘3 1.49
Decrease in capacity from nitrggg@bremoval 35%
Capacity for nitrogen remo&ﬁ\f(ﬁ‘ﬂlion PE) 0.97
A
S

4.3.2 Capacity of Existislg Facilities for BOD Removal

Preliminary analyses su dst that discharging effluent through an outfall
extending into Dublin $8ay might be economical compared to continued discharge
into the existing outfdll. The long outfall would require the plant to meet
standards for BOD, while the existing outfall would require nitrogen removal.
This report estimates the capacity of the existing plant to remove BOD. The
capacity of the SBRs to meet standards for BOD exceeds capacity for nitrification,
this analysis also reviews hydraulic capacity and aeration capacity.

4.3.2.1 Hydraulics

The hydraulic analysis in this report is based on ABA’s hydraulic profile (January
22,2008) and on the Volumes 2 and 3 (both October 2004) of the Operation and
Maintenance Manual. Current design for forward flow to treatment (FFT) is 11.1
m?/s and the ultimate design requirement is 13.8 m3/s.

The inlet screw-pump station, the aerated grit channels, primary settling tanks,
and intermediate pump station have been designed for a flow of 13.8 m3/s. The
grit channels and primary settling tanks would not require modification, but the
inlet and the intermediate pump stations would require modification. The inlet
station now has five screws (one standby) for 11.1 m3/s forward flow. A sixth
screw would add enough capacity for future flows.

m Page 27

Document Code 22825/62511/DG28

EPA Export 26-07-2013:17:55:33



Design Review Report for Submission to EPA
January 2010

The intermediate pump station has four low-lift and four high-lift pumps,
including a standby each for low lift and for high lift (i.e. 3 duty +1 standby), with
a firm pumping capacity of 11.28 m3/s. There is space for one additional pump of
each type, potentially increasing the firm pumping capacity in excess of 13.8 m3/s..

The SBRs are sized hydraulically for 11.26 m3/s, including return flows. Return
flows are only about 1% of total. According to notes on the hydraulic profile, one
aeration tank is assumed to be out of service. The hydraulic capacity with all
tanks in service is 13.5 m3/s, close to the requirement of 13.8 m3/s.

The UV plant is sized for 13.8 m3/s.

4.3.2.2 Capacity of SBR Basins for Treatment

The major factors affecting capacity of the SBR basins themselves in terms of loads
are the fraction of each cycle that is aerated, the MLSS that can be sustained, and
the SRT required to meet the effluent standard.

With the current operation of the SBRs, normal operation consists of four-hour
cycles, of which one hour is for settling and one hour is for decanting. With this
cycle structure, the SBRs could be aerated half theé’cﬁie. Other cycle times are also
possible, but are used less frequently. | ﬁo’\s

N\ &
For plants whose effluent requirement 0\?;ased on BOD and TSS, kinetic
relationships suggest that soluble B san be decreased to the order of 5 mg/L or
less with SRT of about 1 day. Ho\{é\%@r, operation at that SRT produces high
effluent suspended solids becagt df pin-point floc. Operation of conventional
activated-sludge plant at S}?&"\ sxceeding about 2 days has been found to meet
effluent standards for both,\H@ and TSS. As will be shown later, the SBR basins
themselves are not the bgttleneck setting the capacity of the Ringsend plant, and a
generous allowance %bq%ﬁay aerated SRT can be applied. Since the SBRs could be
aerated half of the time (with the remaining time consisting of settling and
decanting), the total SRT required would be eight days.!

Lowering the MLSS to 2,200 mg/L would improve effluent TSS quality and
achieve the design capacity of 2.2 million PE with all six trains in operation. The
ultimate volumetric capacity of the SBR basins, at a MLSS of 3,100 mg/L , is about
3 million PE with all six trains in operation and 2.5 million PE firm capacity with
five of six trains in operation. As previously noted, operation at such a high MLSS
would require effluent TSS polishing. If the Works were to be extended beyond
the design year capacity and no additional tanksage is proviced, MLSS would
need to be increased and effluent polishing alternatives would need to be
considered.

1 Page 15 of 25 of Section 4.1.1 of ABA’s proposal (Table 2 in Section 4.1.1.8.7) states that
total SRT is 8 days and aerobic SRT is 4 days, both for carbonaceous units.
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4.3.2.3 Capacity of Aeration System

Depending on operation of an activated-sludge system, oxygen can be required to
remove BOD only or to remove BOD plus provide nitrification. Denitrification,
when provided, decreases oxygen required. Actual oxygen required (AOR) was
calculated for BOD removal and nitrification, and a credit was taken for oxygen
saved by denitrification.

Loads from the mass balance for current average conditions provide the basis for
estimating oxygen requirement. Influent for the current mass balance was equal
to a load of 1.79 million population equivalents (PE). This exercise was conducted
to estimate oxygen requirement per population equivalent. Oxygen required is
shown in Table 4.7.

Table 4.7 Summary of Oxygen Required for Average Current Operation

Function In kg/day In kg/day/million PE
BOD removal 99,231 55,436
Nitrification 37,999 21,229
Denitrification (credit) (20,830) N (11,637)
Total 116,400 sx\’oy 65,028

S &

For the system envisioned, only BOD 3al will be required. Still, though, at
high temperatures, nitrification candb Rfficult to control, and it is wise to make
some allowance for some nitrifigg In the discussion below, three conditions
are examined, with the oxyge\ﬁ%@ﬂsumptlon in Table 4.7 as the basis. The
conditions are BOD remova‘P y, BOD removal and nitrification, and BOD
removal and nitrification x@fﬁq credit for nitrification. For design, the oxygen
requirements are used t@‘calculate related air-flow requirements. Two sets of
assumptions to estimate air flow were used. One set applies the normal design
criteria used by CDM,; the other set applies criteria used by ABA during design.

Table 4.8 shows the difference in assumptions.

In calculations for this report, as in calculations by ABA, standard conditions for
air flow are 20°C and 36% relative humidity.
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Table 4.8 Comparison of Assumptions for Calculations Leading to Design Air Flow

In CDM In ABA Comment
Factor Calculations | Calculations
Peaking factor 15 198 CDM'’s factor is for maximum day
from average to ' ' and is based on plant data
design
Dissolved- CDM’s standard is to provide DO
oxygen 2 1 0 Lf . d
concentration of 2 mg/L for maximum day.
(mg/L)

Lower temperature provides lower

Temperature 19 20 air flow requirement. Minimal
(°C) effect, however.

0.55 05 Higher alpha provides lower air-
a flow requirement.
B 0.95 0.95 This value is commonly used.

&.
0 1.024 1.024 ;yg@fs) is a standard value.
[N\
o‘\;g«@ 6.9 m is level with SBRs full and
& operated in CICL mode. ABA

6.9 6.2 8§

Water depth (m) Q & used average depth of water
5,\\0 & through cycle at 2020.
A
SR
S &
QQOQA

S\
Equipment for aeration oﬁgicoludes blowers, diffusers, and air piping. Limitations
from each of these unifs are reviewed.

Blowers

The nine centrifugal blowers and have capacity of 19,000 m3/hr each. For this
analysis, as in plant design, it is assumed that one blower will serve as standby
(i.e. 8 duty +1 standby).

Diffusers

The SBRs have a total of 107,712 diffusers, each with an effective area of 380 cm?.
ABA’s calculations were based on a flow of 1.8 Nm3/hr each. Diffuser effective
area is 8.4% of the floor area.

Air Piping

Air piping was increased in size during construction to provide for a flow of
21,850 m3/hr per blower, 15% more than in ABA’s original proposal.

Summary and Conclusions for Air System
Table 4.9 summarises the results of calculations for oxygen transfer.

m Page 30

Document Code 22825/62511/DG28

EPA Export 26-07-2013:17:55:33



Design Review Report for Submission to EPA
January 2010

Table 4.9 Summary of Estimated Capacities (in millions of PE)

Blowers Diffusers Air piping
Oxygen Use CDM ABA CDM ABA CDM ABA
Criteria | Criteria | Criteria | Criteria | Criteria | Criteria
For BOD removal only 1.75 2.08 2.23 2.65 2.01 2.39
With nitrification 1.26 1.50 1.61 1.92 1.45 1.73
Including denitrification credit 1.49 1.77 1.90 2.26 1.71 2.04

For both sets of criteria, capacity is limited by the blowers, and, after the blowers,
by air piping then by the diffusers. The estimates following CDM criteria are
lower than estimates using ABA criteria. Both sets of criteria show that capacity of
blowers falls short of future requirements (2.2 million PE) for all conditions.
Indeed, aeration capacity has already been insufficient at times. Diffusers might
have to be added, depending on the ability to avoid nitrification. Air piping might
not have to be increased, if detailed analysis shows that the higher velocities
required can be accommodated.

4.3.3 Summary of Capacity Analysis &

Table 4.10 summarises the results of the capacitg‘analysis. The SBRs are adequate
to meet requirements for BOD removal. @R perated to provide effluent with
less than 10 mg/L or to nitrify would lag?/g\gapacity inadequate to treat flow from
2.2 million PE. Additional capacity@%ﬁd be required.

&\00@\
&
Table 4.10 CapacityQ@l .Oﬁs (in million PE) for Various Levels of Treatment
Level of Treatment xé‘vExisting Capacity Additional Capacity Required
10-mg/L total nitrogen\o@ 0.97 1.13
Nitrification - 1.49 0.71
BOD removal >2.2 None

4.4 Treatment Alternatives

Unless the long-outfall option, which would not require removal of nitrogen or
phosphorus, is implemented, facilities will have to be added to the works. Some
options include treatment to decrease loads to secondary treatment, treatment of
storm flows to make most of the area at the storm storage tanks available for other
purposes, and treatment to remove nitrogen and phosphorus.

4.4.1 Methods for Decreasing Loads to Secondary Treatment

The capacity of the SBRs could be increased by decreasing loads to secondary
treatment. The means for doing so include improving efficiency of primary
treatment and treating sidestreams. Efficiency of primary treatment can be
improved by adding chemicals ahead of the primary settling tanks. Sidestreams
can be treated by several methods. This section describes chemical enhancement
for primary treatment and alternatives for treating sidestreams.
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4.4.1.1 Chemically Enhanced Primary Treatment (CEPT)

Many treatment plants around the world add chemicals ahead of primary
treatment, in order to improve removal of suspended solids and affiliated
contaminants. Frequently, ferric chloride is added, but, since iron interferes with
disinfection by ultraviolet light, an aluminum salt would be preferable at
Ringsend. Suitable aluminum salts include alum and polyaluminum chloride.
Annual cost for alum would be €2 million.

CEPT removes more BOD and suspended solids than conventional primary
treatment, CEPT also decreases required downstream facilities and decreases
production of surplus activated sludge. The increased production of primary
sludge must be accommodated, however. Table 4.11 shows the effect of CEPT on
sludge production.

Table 4.11 Summary of Sludge Production with and without CEPT

Slud ducti kg/d
Type of primary udge production (kg/day)
treatment Primary sludge SAS Total Difference
With CEPT 90,900 48,700 J\f?’ 139,600
& 26,400
Plain sedimentation 51,200 62,000 113,200
NS

S
At a cost of €140/ tonne of dry solid ¢ uced, processing and disposing the extra
26.4 tonnes per day of sludge wouftsost €1,350,000/ year.

& &

&Ko
4.4.1.2 Sidestream Treatg{g;e?(@\

Figure 4.3 illustrates three Qligrnatives for removing nitrogen from sidestreams.
S

X
Section a presents co?gﬁonal steps, which consist of oxidation of ammonia
nitrogen to nitrite and then to nitrate. Nitrate is then reduced to nitrite and then to
nitrogen gas. Reduction of nitrogen requires biodegradable carbon. The carbon
can already be BOD present in wastewater, or can be added.

Section b illustrates the SHARON (Single High-Activity Ammonia Removal over
Nitrite). In principle, this process takes advantage of the high temperature of the
recycle streams which significantly enhances the rate of oxidation of ammonia
over that of nitrite. This results in accumulation of nitrite, which can then be
denitrified by adding methanol. By suppressing the oxidation of ammonia all the
way to nitrate significant amounts of aeration air and methanol can be saved.

Section c illustrates the ANAMMOX (Anaerobic Ammonium Oxidation) and
DEMON (De-Ammoniafication) processes. In these systems, ammonia rather than
biodegradable carbon is used to biologically reduce nitrogen. The goal of
operation is to oxidise half of the ammonia to nitrite and to use the remainder of
the ammonia to reduce nitrite to nitrogen gas. These processes require less oxygen
than the SHARON process and require no biodegradable carbon.
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a. Conventional Nitrification/Denitrification

Cz 0z
NH4 A~ NOy — NO3 nitrification
|
v
Ny N NOy TN NOg denitrification
BOD BOD
b. SHARON Process
Oy
NH, " AN NOy nitritation
|
v
N, N NOy denitrification
BOD
c. ANAMMOX and DEMON Processes
&
0, N
. i 3
NH4 X NO, N nitritation
l s
o QO
VTS
No ~ NOy Qé\ép\?\ anammox
NHy St

S
Figure 4.3 Alternatl\@@@tesses to Remove Nitrogen from Sidestreams

Capital, operating, and pre%&:ﬁ}—worth costs for sidestream treatment are shown in
Table 4.12 \0
&

o
C© Table 4.12 Costs for Sidestream Treatment

Cost Item Cost

Capital cost € 3,500,000
Contingency € 1,200,000
Total capital cost € 4,700,000
Annual operating cost € 150,000
Total present worth € 6,700,000

4.4.1.3 Decrease in Loads and Effect on Capacity of SBRs

Table 4.13 shows the assumptions regarding the effects of CEPT and sidestream
treatment, singly and combined. The table shows that sidestream treatment has
little effect on most constituents, but decreases total Kjeldahl nitrogen by 85%
(from 17% of influent load to 2.6%). CEPT increases removal of all species.
Applied individually or together, CEPT and sidestream treatment can
substantially decrease concentrations in primary effluent.
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Table 4.13 Effects of CEPT and Sidestream Treatment on Concentrations in Primary Effluent

Parameter BOD | COD TSS | NH3-N | TKN TP Flow

Sidestream returns (% of influent)

Without sidestream treatment 3 8 10 3 17

With sidestream treatment 3 8 10 15 2.55 7
Removals in primary treatment (%)

Conventional primary treatment 30 28 44 0 9 33

With CEPT 45 40 70 0 11 60
Concentrations in primary effluent (mg/L)

With conventional treatment 183 393 153 25 41 35

With sidestream treatment 183 393 153 25 36 35

With CEPT 144 327 82 25 40 2.1

With sidestream treatment and CEPT 144 327 82 25 35 2.1

Due to changes in concentrations of primary effluent, application of CEPT and of
sidestream treatment would also affect the capacity gf the SBRs for nitrification

and denitrification, and affect sizing requlrement%ﬁ)r additional facilities needed.
Table 4.14 summarises the changes.

S
Table 4.14 Effects of CEPT and S@@géam Treatment on Capacity of SBRs
: ﬁeﬁmn . : with .
Capacity Component zgzgl%‘”mary With CEPT | Sidestream | With Both
R c?l’reatment Treatment
. . X O
Capacity (million PE) &
Of nitrifying SBRs ,;\\ 1.49 1.90 1.49 1.90
9
Of nitrogen-removal SBRs 0.97 1.23 0.97 1.23
Capacity (m°/day)
Of nitrifying SBRs 343,249 436,862 343,249 436,862
Of nitrogen-removal SBRs 223,112 283,960 223,112 283,960
Extra capacity needed (million PE)
With nitrifying SBRs 0.71 0.30 0.71 0.30
With nitrogen-removal SBRs 1.23 0.97 1.23 0.97
Extra capacity needed (m3/day)
With nitrifying SBRs 163,120 69,507 163,120 69,507
With nitrogen-removal SBRs 283,257 222,409 283,257 222,409

4.4.2 Compact System to Treat Storm Flows (Ballasted
Flocculation)

Ballasted flocculation could be used to treat storm flows that are now stored in the
storm tanks across Pigeon House Road from the main plant. With ballasted
flocculation, the storm tanks could eliminated, thus making a large area available
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for other uses. Ballasted flocculation would be used to treat flows exceeding 13.8
m3/s. Capacity of the process would be about 10 m3/s.

The area required can be decreased to a small fraction of the area for conventional
primary treatment by employing ballasted flocculation. One ballasted-flocculation
process adds a coagulant (usually ferric chloride, but sometimes alum) and
“microsand” (grain size from 0.075 mm to 0.3 mm in diameter) to screened,
degritted wastewater. The mixture is flocculated and then settled in plate settlers.
The sludge is passed through a cyclone, where the microsand is recovered. See
Figure 4.4.

Physical chemical process utilizing a ballast (sand) to form
microfifoc particles with specific gravities greater than 2.0

Hydrocyclone T
Alsize 4 '- Underflow
Polymer

Microsand .
Clarifier

Influent
Wastewater — L‘ _‘\‘ = Ei-:lzt::t

Flash Mizing Maturatios

Coagulant

ie:

Sludge Pump

\QOQ
F§§He 4.4 lllustration of Ballasted Flocculation

&
Chemical requiremer%s are high (25 to 35 mg/L as ferric ion), but removals are
outstanding. BOD removal is about 60 to 70% and TSS removal is about 85 to 90%.
The area requirement for ballasted treatment is only about one tenth of the area
required for conventional primary treatment.

Operating costs are very high because of the chemical dosage required. So,
ballasted flocculation is appropriate only for special cases. One case is for
treatment of high storm flows, where the units are used only occasionally.
Another case is where the absolute minimum footprint has to be obtained.
Ringsend meets both conditions.

The Acheére wastewater treatment plant in Paris, France (23 m3/s) uses ballasted
flocculation. CDM has designed several ballasted-flocculation facilities. The
largest of these is for Fort Worth, Texas, USA which has a capacity of 4.8 m3/s.

Overall, the ballasted-flocculation facility would have a footprint about 30 m by 60
m. Space about 20 m by 50 m would be needed for chemical and sludge handling
and for chemical storage.
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The ballasted-flocculation facilities could be constructed at the west end of the
storm tanks. See Figure 4.5, which illustrates the arrangement of the process units
and the area require on site. These facilities would replace the storm tanks.
However, during construction, arrangements would be required to keep the
remaining storm tanks in operation.

Costs for ballasted flocculation are shown in Table 4.15. Annual operating costs
are based on average flow of 16,000 m3/day. That flow rate is based on operation
from August 1, 2003 through September 15, 2008, when total flow to storm tanks

was 30,000,000 m3.
Table 4.15 Costs for Ballasted Flocculation
Cost Item Cost
Capital cost € 30,500,000
Contingency € 10,700,000
Total capital cost € 41,200,000
Annual operating cost ‘o&%: 528,000
&
Total present worth &Y € 48,100,000
)
Sy
N
I
NS
O
N
&
R
NS
<<Q\ g\\Q)
N
O
&
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Figure 4.5
siting for
Ballasted Flocculation

Ringsend Site Fenceline
—-=-- Dublin City Land Ownership

mes Pipelines & Channels

m Area for Ballasted Flocculation

!

1} 23 a0 100 M
S Y Y T
Scale=1:2000

Figure 4.5 Siting for Ballasted Flocculation
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4.4.3 Treatment Alternatives with Nitrogen Removal

This section describes and evaluates alternatives for treatment processes suitable
for meeting effluent requirements for total nitrogen.

In all of the alternatives, SBRs will be used in some fashion. Figure 4.6 shows two
arrangements. In the figure, NDN stands for nitrification and denitrification, N
stands for nitrification, DN stands for denitrification, and C stands for carbon
oxidation. Section a of the figure show SBRs operated to meet the 10 mg/L annual
limit for total nitrogen. Flows in excess of the capacity of the SBRs would be
treated in separate units. Section b of the figure shows SBRs operated to nitrify.
Nitrate in the SBR effluent would be treated to biologically reduce the nitrogen to
nitrogen gas. As in Section a, flow in excess of the capacity of the SBRs would be
treated in separate units.

a. With SBRs Meeting Effluent TN Requirements

— NDN
&
&
S
s\D
F &
> NON
AQQ‘@’\
N Y
ey
b. With SBRs Providing%@?&iﬁbaﬁon
N
S
o°§ N
S .
> > DN —
- S

NDN

Figure 4.6 Alternative Arrangements with SBRs

4.4.3.1 Denitrification Filters

SBRs operated in the nitrification mode could be followed by denitrification filters.
Methanol, or another readily biodegradable carbon source, would be added
upstream of the denitrification filters. In addition to denitrifying, the filters would
capture effluent solids and return them to the primary clarifiers during the
backwash cycle. The addition of a small amount of metal salts can precipitate
phosphorus, which is then trapped in the media along with TSS.
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For this analysis, filters were used with media 2.4 m deep. Loading limitation
would be 1 kg nitrogen/day/m3 and flow limitation would be 8 m3/day/m?2.
Number of filters includes allowance for 10% of the units to be out of service. Due
to the fact that the requirement is an annual average, peaking factor was not
included in calculations. Effluent target of 8 mg/L of total nitrogen was used
(instead of the 10-mg/L requirement), to provide some conservatism.

Table 4.16 summarises the results of the evaluation of denitrification filters. The
millions of population equivalents served by the filters are equal to the capacity of
the SBRs for nitrification. The difference between the design population
equivalents and the SBR capacity has to be treated elsewhere. With two stories of
filters, the site can accommodate 40 filters. For this analysis, each filter has an area
of 107 m2. Two criteria were used for determining the area, loading and velocity.
The loading rate was 1 kg/m?3/day, and the velocity was 8 m/hr.

Table 4.16 Summary for Denitrification Filters

With .
Conventional with
Parameter . With CEPT Sidestream With Both
Primary -| Treatment
Treatment ,o&
Millions of PE served 1.49 1.96% 1.49 1.90
Millions of PE to other NN
treatment 0.71 @QAS\O 230 0.71 0.30
Total nitrogen in primary \QD \~>\\®’
effluent (mg/L) 19.1 {\Qo o 20.6 14.0 15.6
Maximum-month load to N2
be reduced (kg/day) 39S 5651 2,121 3,401
Number of filters @*ABQ’ 26 10 16
o8
Cost item &°
™

Capital cost & €18,300,000 €22,900,000 | €12,900,000 €17,100,000

Contingency O €6,400,000 €8,000,000 €4,500,000 €6,000,000

Total capital cost €24,700,000 €30,900,000 | €17,400,000 €23,100,000

Annual operating cost €1,700,000 €2,500,000 €1,000,000 €1,500,000

Total present worth €47,000,000 €63,000,000 | €30,000,000 €43,000,000

In Table 4.16, flows to the denitrification filters are equal to the capacity of the
SBRs for the four options for primary and sidestream treatment. The
concentrations of total nitrogen to be reduced depend on the concentration of
nitrogen in the primary effluent. For the four options, nitrogen loading was the
critical parameter in determining the number of filters.

4.4.3.2 Conventional Activated-Sludge

Conventional activated sludge, as distinct from SBRs, consists of aeration tanks
and secondary clarifiers. At Ringsend, activated sludge could be implemented in
two ways. One way would be to add secondary clarifiers and to convert the SBRs
to aeration tanks. The other way would be as stand-alone activated sludge plant
with new aeration tanks and secondary clarifiers.
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The Modified Ludzack Ettinger process was examined for this purpose. The
process is commonly used in the United States to meet total nitrogen requirements
in the range of 6 to 10 mg/L. The MLE process incorporates an anoxic zone ahead
of an aerobic zone, with nitrified mixed liquor recycled from the end of the aerobic
zone to the beginning of the anoxic zone. Figure 4.7 is a schematic of the MLE
process. Activated-sludge facilities could logically be constructed in two locations.
One location is on the existing site in the open space south of the primary clarifiers
and blowers. The other location is at the storm basins. The locations are shown in
Figure 4.8.

Primary
> Aerobic Secondary
Effluent Clarifier

&.
Return Activa Sludge

>
e
&QO§

Figure 4.7 Mq;éﬂfggﬁ Ludzack Ettinger Process

The area near the primary c&a@@érs and the blowers consists of about 7,934 m2, in
two roughly rectangular are@@ of 6,524 m2 and 1,410 m2. This analysis examines
the larger area (6,524 mo}\\

The area at the stormcbasms has 21,259 m?2 available. The area would only be
available if storm flows in excess of the flow-to-works capacity are treated before
discharge. Currently, these excess flows are stored in the storm basins and
returned to the plant after flows recede. One option for treating storm flows is
ballasted flocculation, which could be placed at the west end of the storm tanks.

Roughly a fifth of the area would be required for ballasted flocculation, leaving
about 17,000 m? for activated sludge.

Estimated capacities for activated sludge are listed in Table 4.17. The capacity
provided by stand-alone activated-sludge systems is too small, and stand-alone
systems are not further examined.
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Figure 4.8
Siting for
Activated Sludge

Ringsend Site Fenceline
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Figure 4.8 Siting for Arctivated sludge Areas
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To convert the SBRs to the MLE process, requirements would include these items:
m A transverse wall to provide the volume needed for the anoxic zone;

m Mixers in the anoxic zone;

m Moving (perhaps replacing) diffusers and air piping; and

m Internal recycle pumps to transfer mixed liquor from the end of the aerated
zone to the anoxic zone.

Yard piping to transfer mixed liquor, return activated sludge, and secondary
effluent would have to be added. Effluent from the onsite secondary clarifiers
would flow to the existing UV Disinfection Plant. Secondary effluent from the
clarifiers in the storm basins would be disinfected in a new UV facility before
discharge through the storm water outfall. If continuous discharge through the
outfall is not allowed, effluent from clarifiers in the storm basin would have to be
sent to the existing UV disinfection plant.

If this entire program is implemented, capacity woutd amount to about 1.85
million PE, as noted in Table 4.17. Even thougho,gﬁ‘is option occupies the entire site
available for liquid treatment, its capacity isIgss than the 2.2-million-PE
. . . . N .
requirement. This complex option will o&%\@e further considered.
$

S
Table 4.17 Estimated Capacity gfoe%@ed-SIudge Systems Providing TN of 10 mg/L
& -
Cozggitf@tion M||Llllzon
K
With SBRs as aeration tanks*
& Clarifiers on site 1.01
O Clarifiers in storm tanks 1.61
Clarifiers on both sites 1.85
Stand-alone activated sludge
On site 0.16
In storm tanks 0.43
Total 0.59

Note: Capacities of configurations with SBRs as aeration tanks are not additive. See text.

4.4.3.3 Membrane Bioreactors

A membrane biological reactor (MBR) consists of a biological reactor with
suspended biomass and solids separation by micro or ultra filtration membranes
with nominal pore sizes ranging from 0.1 to 0.4 microns. The MBR process utilises
activated sludge technology, but replaces conventional final settlement with a
membrane that effectively filters the final effluent. MBR systems can operate at
much higher MLSS concentrations (15,000 to 25,000 mg/L) than conventional
activated sludge processes. However, MLSS concentrations in the range of 8,000
to 10,000 mg/L appear to be most cost effective when all factors are considered.

To provide treatment for 2.2 million PE, eight of the SBRs could be modified to
serve as aeration tanks ahead of membranes, with the remaining SBRs operated to

m Page 42

Document Code 22825/62511/DG28

EPA Export 26-07-2013:17:55:33



Design Review Report for Submission to EPA
January 2010

provide effluent total-nitrogen concentration of less than 10 mg/L. The membrane
tanks would fit near the SBR tanks.

MBRs could be used in another fashion, as stand-alone units using their own
aeration tanks rather than the SBRs. In this configuration, membrane tanks and
their associated aeration tanks would be constructed in the open area near the
SBRs. If aeration tanks and MBRs were built in the open space on site, the
maximum capacity that would fit in the space would be 0.4 million PE. Table 4.16
shows that of the systems using the full capacity of the SBRs for nitrification, only
the MBR options with CEPT will be capable of fitting onto the available area.
Either the CEPT or CEPT plus sidestream treatment scheme would need
additional treatment for about 0.3 million PE to achieve 2.2 million PE.

Table 4.18 presents estimated costs for the MBR options. Costs shown in the table
include costs for converting the SBRs into aeration tank (including anoxic zones
and internal recycle pumps) and for adding new aeration tanks for the stand-alone
option.

Table 4.18 Costs for MBR Options
,Q).

barameter With SBRs ags” | With Stand-Alone
n. {agﬁ?s MBR System
Millions of PE served @%@v 0.30
&
Cost Item L
Capital cost . 5:£909,000,000 € 34,000,000
Contingency &7’ €38,000,000 € 12,000,000
Total capital cost <,O\\4;\\0’ € 147,000,000 € 46,000,000
Annual operating cc;zeft’oV € 18,000,000 € 3,000,000
Total present Wogﬂ% € 376,000,000 € 85,000,000

c©

4.4.3.4 Deep-Shaft Process

The deep-shaft process is an activated-sludge process that uses an in-ground
vertical shaft to provide biological treatment. The shaft can be up to 100 meters
deep and 3 meters in diameter. The bioreactor consists of two tubes, one inside
the other. Flow goes down the inner tube, and then up the space between the two
tubes. As the depth of the aeration tank, its footprint is small and oxygen-transfer
efficiency is high. At the large depths, solubility of nitrogen is very high, and
flotation-type clarifiers are used rather than conventional clarifiers. Deep-shaft
aeration has been applied only in special cases,because of limited availability of
area, Ringsend could constitute a “special case.”

The largest deep-shaft plant in operation for municipal wastewater is in
Southport, UK. Its capacity is 122,000 PE, and there are industrial installations up
to 397,000 PE. A deep-shaft installation at Ringsend would be six times larger
than the largest deep-shaft installation at a municipal wastewater treatment plant.

Two suppliers were contacted for information relevant to this project. Aker
Kvaerner Engineering Services, licensee for the ICI process, declined supplying
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information, believing that this is not the right technology for Ringsend. Noram
Engineering did provide information for the VERTREAT system.

Noram Engineering provided estimates for a facility for 1.2 million PE. Total area
required would be about 12,800 m2. Allowing for access space, it was estimated
that an installation with a capacity of 0.5 million PE could be built onsite adjacent
to the SBRs, and an installation with a capacity of 0.2 million PE could be built in
the triangular area between Pigeon House Road and the storm tanks. The total
capacity is thus 0.7 million PE, sufficiently close to the 0.71 million PE additional
capacity needed if the SBR units are operated in nitrifying mode and followed
with denitrification filters. With CEPT and the SBRs operated in nitrifying mode,
extra capacity needed is 0.3 million PE. Costs for deep-shaft treatment are
presented in Table 4.19.

Table 4.19 Costs for Deep-Shaft Treatment

Cost Item Million Population Equivalents
0.2 0.5 0.3
Capital cost €19,700,000 €34,100,000 €25,100,000
Contingency €6,900,000 €1;,\%0,000 €8,800,000
(9
Total capital cost €26,600,000 \&6,000,000 €33,900,000
)
Annual operating cost €900,000 QQ\\A'ZQ €2,200,000 €1,300,000
Total present worth €38,300,00@°?i<§' €74,600,000 €50,800,000
S
St
QRS

The design criteria proposed\bﬁﬁ ram are substantially less conservative than
CDM'’s and further discuss@@“r&@ould be needed before recommending their
S§

process. 6\
3

4.4.3.5 Integrated F&@%—Film Activated Sludge

The capacity of the activated-sludge systems can be increased by adding to the
aeration tanks material on which organisms grow as a film. This process is called
“integrated fixed-film activated sludge” (IFAS). IFAS systems add materials such
as ropes, sponges, and fixed or neutrally buoyant plastic material. With the added
media, the concentration of biomass can be increased by about one-third
compared with suspended-growth systems, resulting in decreased volume and
surface area.

The Ringsend facility is much larger than any existing facility, and IFAS has not
yet been attempted with SBRs. Two suppliers did not recommend the application
at Ringsend. The option is dropped from further consideration.

4.4.3.6 Biological Filters

Biological filters are able to contain concentrations of biomass four or five times
those of activated-sludge processes, thus decreasing the land area required as
compared to conventional suspended-growth processes. The advantage of less
land area must often be balanced against higher capital costs and greater
operational complexity.

Document Code 22825/62511/DG28

Page 44

EPA Export 26-07-2013:17:55:33



Design Review Report for Submission to EPA
January 2010

For application at Ringsend, the flow diagram would be as shown on Figure 4.9.

nitrification

denitrification

'R

airscour aeration air scour

recycle

Figure 4.9 Arrangement for Biological Filters

The systems consists of denitrification cells followed by nitrification cells, with a
recycle of nitrified effluent sent to the denitrification cells for reduction of nitrate
to nitrogen gas. Polishing cells with methanol addggb would follow the

nitrification cells. \(\é
S

From information provided by system s @%{gs, available area (including area
near the SBRs and usable area betwee, %\i@eon House Road and the storage
basins), would limit the capacity t%éi 00 PE. This capacity would only be
adequate with CEPT ahead of n&@i@@ng SBRs. It was judged unwise to use all
available area for a limited a@@:@gﬁon. This option will not be examined further.
L
4.4.4 Phosphorus relg‘ﬁQval
Concentration of phos grus in effluent from the SBRs averages about 5 mg/L.
To meet effluent reqliirement of 1 mg/L, about 20 m3/day of alum solution would
be required. The cost for chemical and for processing the additional sludge would
be €1,400,000/ year.

4.5 Conclusions

Costs for deep-shaft and membrane treatment are summarised in three tables.
Two tables are for systems with the SBRs operated to meet the effluent
requirement for ammonia. The first table (4.20) is for deep-shaft treatment; the
second table (4.21) is for membrane treatment. The third table is for SBRs operated
to meet the effluent requirement for total nitrogen, with membrane treatment.
There is no table for deep-shaft treatment with SBRs operated to meet total-
nitrogen standards, as there is not enough space for those systems on site. In
tables in this section, the costs and totals are rounded. Annual costs do not
include current operating costs.

Table 4.23 summarises costs for the viable options for Ringsend. Costs include
costs for process units and for chemical. Piping between units is not included.
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Present-worth costs for options with deep-shaft treatment are much less than for
than those for option with membrane treatment. However, membrane treatment
is well established and considered reliable, and deep-shaft treatment has not been
applied to any treatment plant close to the capacity required for Ringsend.
Further, criteria used by the supplier of equipment for deep-shaft treatment were
more aggressive than those used by CDM.

Table 4.20 Costs for Systems with Deep-Shaft Treatment and SBRs Operated to Nitrify ahead of
Denitrification Filters

With

. Conventional . . With .
Option Primary With CEPT Sidestream With Both
Treatment Treatment
Primary treatment
Capital Cost €4,700,000 €4,700,000
Annual O&M Cost €3,300,000 €150,000 €3,500,000
Present-Worth €43,000,000 €6,700,000 €50,000,000
Denitrification filters A\\/f
Capital Cost €24,700,000 €30,900,0 @V €17,400,000 €23,100,000
Annual O&M Cost €1,700,000 €2_m@%§0)0 €1,000,000 €1,500,000
Present-Worth €47,000,000 g@i@%o,ooo €30,000,000 €43,000,000
Deep shaft h\Qj\‘éy
Capital Cost €72,600,000&é’\@§w€33,900,000 €72,600,000 €33,900,000
Annual O&M Cost €3,100,Q£)‘§\<§\ €1,300,000 €3,100,000 €1,300,000
Present-Worth €113,000:QQ<E\)s €51,000,000 €113,000,000 €51,000,000
Phosphorus removal d\\\o
Capital Cost QOQVI
Annual O&M Cost €1,400,000 €1,400,000
Present-Worth €20,000,000 €20,000,000
Total
Capital Cost €97,000,000 €65,000,000 €95,000,000 €62,000,000
Annual O&M Cost €6,200,000 €7,100,000 €5,700,000 €6,400,000
Present-Worth €177,000,000 €157,000,000 €169,000,000 €145,000,000
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Table 4.21 Costs for Systems with Membrane Treatment and SBRs Operated to
Nitrify ahead of Denitrification Filters

With .
. Conventional . . with .
Option : With CEPT Sidestream With Both
Primary
Treatment
Treatment
Primary treatment
Capital Cost €4,700,000
Annual O&M Cost €3,300,000 €3,500,000
Present-Worth €43,000,000 €50,000,000
Denitrification filters
Capital Cost €30,900,000 €23,100,000
Annual O&M Cost €2,500,000 €1,500,000
Present-Worth €63,000,000 €43,000,000
Aeration tanks and membrane tanks
Capital Cost €46,000,000 €46,000,000
Annual O&M Cost €3,000,000 €3,000,000
Present-Worth €85,000,000 ) €85,000,000
Phosphorus removal @5\‘\’“
. $
Capital Cost N\
>
Annual O&M Cost ,,600\0*
N
Present-Worth S N
Total . QQA@J\
(\
Capital Cost &éjc$ €77,000,000 €74,000,000
\
Annual O&M Cost Oé\\{\é)(\ €8,800,000 €8,000,000
) )
Present-Worth XOOQ €191,000,000 €178,000,000
,\\)
QOQ@Q
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Table 4.22 Costs for Systems with Membrane Treatment and SBRs Operated to Meet Total-Nitrogen

Requirement

With .
. Conventional . : with .
Option . With CEPT Sidestream With Both
Primary
Treatment
Treatment
Primary treatment
Capital Cost €4,700,000 €4,700,000
Annual O&M Cost €3,300,000 €3,500,000
Present Worth €43,000,000 €26,700,000 €50,000,000
MBRs
Capital Cost €147,000,000 €147,000,000 €147,000,000 €147,000,000
Annual O&M Cost | €18,000,000 €18,000,000 €18,000,000 €18,000,000
Present Worth €376,000,000 €376,000,000 €376,000,000 €376,000,000
Phosphorus removal
Capital Cost
Annual O&M Cost €1,400,000 €1,400,000
Present Worth €20,000,000 . €20,000,000
Total @5\‘\’“
Q
Capital Cost €147,000,000 €147,OOQ4OQ@\ €152,000,000 €152,000,000
Annual O&M Cost | €19,000,000 €2:],(ﬁ8\6:800 €20,000,000 €21,000,000
o
Present Worth €394,000,000 1;;:5%0,000 €413,000,000 €426,000,000
NI
Table 4.23 Summary o@?\@@for Viable Options for Nitrogen Removal
_m&\(\o
Con\yf(\ég\ %%al with
Option Pgrcnggry With CEPT Sidestream With Both
Tfeatment Treatment
With SBRS Operated to Operateotﬁ?Nitrify ahead of Denitrification Filters
Deep-Shaft Option
Capital Cost €97,000,000 €65,000,000 €95,000,000 €62,000,000
Annual O&M Cost €6,200,000 €7,100,000 €5,700,000 €6,400,000
Present-Worth €177,000,000 €157,000,000 €169,000,000 €145,000,000

MBR Option
Capital Cost
Annual O&M Cost
Present-Worth

€77,000,000
€8,800,000
€191,000,000

€77,000,000
€8,000,000
€178,000,000

With SBRs Operated to Meet Effluent Requirements for Total Nitrogen

Deep-Shaft Option

Not enough space on site.

MBR Option
Capital Cost
Annual O&M Cost
Present-Worth

€147,000,000
€19,000,000
€394,000,000

€147,000,000
€21,000,000
€421,000,000

€152,000,000
€20,000,000
€413,000,000

€152,000,000
€18,000,000
€426,000,000
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Section 5
Long Sea Outfalls

As previously noted the existing outfall discharges into the Liffey River Estuary
north of the ESB Ringsend Power Station. In order to continue discharging to the
estuary, the Works must meet the UWWT directive for nitrogen and phosphorus.
As shown in Section 4, the costs to construct and operate facilities that provide
nutrient removal in addition to secondary treatment at Ringsend for the 2.2
million PE design load are very high. Further, due to site restrictions the processes
required to do so are unproven at the scale required for Ringsend.

In this section, alternative outfall terminus locations are considered that would
achieve designated water quality criteria with the discharge treated to secondary
standards, but without nutrient removal.

5.1 Assumptions
&

5.1.1 Discharge Flow and Loadings &

The Works” ultimate forward flow (FFT) to tregﬁnent is 13.8 m3/s. Accordingly,
this flow is taken as the design basis for cga sea outfall. The Contract No. 2
hydraulic profile shows the effluent Q d@\t’lt of the UV plant to have a water
surface elevation of 5.6 m (above Q@M’alm Head) at a flow of 13.8 m3/s. This
would be the controlling water %ﬁr\\ﬁa%e elevation if disinfection is to remain in
operation. If disinfection is qulred with the long sea outfall, the controlling
water surface elevation wd(ﬁo@%ecome the effluent conduit of the lower SBRs,
which is approximately 8. %fh OD (Malin).

The highest recordedcfide in Dublin Port was 2.95 m OD (Malin). Given the 100+
year life expectancy of the pipeline, an allowance of 1 m for sea level increases is
considered prudent. Thus, there would be a minimum available head of 1.65 m
(5.6 m-3.95 m) to compensate for entrance and exit losses and pipeline friction loss.
Conservatively assuming the entrance and exit losses to be 0.65 m, one meter of
head remains as a driving force. If disinfection can be eliminated, the additional
2.6 m of available head on the outfall would permit a smaller pipeline diameter.

As a worst-case screening tool, maximum effluent loadings were assumed for
modelling purposes. These values were derived by applying historical average
effluent concentrations to the ultimate FFT. These worst-case mass and bacterial
loadings should not be considered as typical. Further studies would be required
to evaluate the impacts of a more typical range of flows and effluent loadings.

Table 5.1 summarises the worst-case discharge loading input into the dispersion
model.
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Table 5.1 Assumed Worst-Case Discharge Loadings for Long Sea Outfalls

Parameter Value

Flow 13.8 m3/s

Ammonia Nitrogen (NH3-N) 5 mg/L

Dissolved Inorganic Nitrogen (DIN) 22 mg/L

Molybdate Reactive Phosphorus (MRP) | 3.6 mg/L

Faecal Coliform*? 140,000 MPN/100 m|

1. E. Coli is accepted as a surrogate for Faecal Coliform

2. Value is chosen as arithmetic mean of bacterial counts prior to UV disinfection during the bathing
season.

5.1.2 Discharge Standards

Several sources of water quality standards apply to the Ringsend discharge.
Environmental Quality Standards drafted in the European Communities
Environmental Objectives (Surface Waters) Regulations 2009; Physiochemical
Standards supporting Biological Elements (S.I. No. 272 of 2009) for compliance
with the Water Framework Directive (2000/60/EC) and Bathing Water Quality
Regulations 1992 Standards are used. In addition the more stringent bathing water
quality standards required by the Blue Flag Beacheség?rogramme have been
assessed. N

&

5.1.2.1 Water Quality Standards 0@&7@

The Water Framework Directive (20004 \{&S}EC) was enacted in Ireland in 2003.
Draft Regulations were proposed i@@?}}ember 2008 establishing Environmental
Objectives and Environmental Qitality Standards for the classification and
management of Surface Wats:ﬁ;@:?d requiring the implementation of measures to
reduce water pollution and( @i)\tect and restore surface waters. These standards for
physiochemical parameters affecting transitional and coastal waters were enacted
in 2009 and are shown @T able 5.2.

&

Table 5.2 European Communities Environmental Objectives (Surface Waters) Regulations 2009,
Physiochemical Standards supporting Biological Elements (S.I. No. 272 of 2009)

Parameter Transitional Water Body Coastal Water Body

Temperature <1.5°C rise in ambient temperature downstream of a point of
discharge

BOD (mg O,/L) <4.0mg/L (95" percentile) N/A

DIN (mg N/L) N/A Good status

(0 psu') <2.6 mg N/L
(34.5 psu) =0.25 mg N/L
High statuL

(34.5 psu) <0.17mg N/L

MRP (mg P/L) (0-17 psu) = 0.060 (median)
(35 psu) < 0.040 (median)

1. psu is the practical salinity unit - a unit of measurement of salinity similar to part per thousand
(ppt)
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The Bathing Water Quality Regulations 2008 (S.I. 79 of 2008) will repeal and
replace the Quality of Bathing Waters Regulations, 1992 (S.I. No. 155 of 1992) with
effect from 31December 2014. Until the first monitoring calendar as specified in
the new Bathing Water Regulations, 2008, is established for each Bathing Water on
the 24 March 2011, the Bathing Water Standards as set in Schedule 2 Part I of the
Quality of Bathing Waters Regulations, 1992 remain relevant and have therefore
been used for comparison to model results. The standards are shown in Table 5.3.

Table 5.3 Quality of Bathing Waters Regulations, 1992 (S.I. No. 155 of 1992)

Parameters Guide Mandatory
Total coliforms (Number/100ml) <5,000" | <10,000°
Faecal coliforms (Number/100ml) | <1,000* | < 2,000

1. 80% of the samples
2. 95% of the samples

In addition, a number of Bathing Water Beaches in Bublin seek to obtain Blue Flag
Status. The more stringent Blue Flag standards gﬁ‘ shown in Table 5.4.

SES
Table 5.4 Blue Flag Programme f %&ches — Water Quality Standards
$ Accepted % of test results
_ @c',\\o\é\ andard higher than standard
Parameter Unit K0
QA
ideline | Mandatory Guideline Mandatory
S
Total 3
otal
Coliforms NO'/lc?O&%\l <500 <10,000 20 5
Faecal | No/100ml | <100 | < 2,000 20 5
Coliforms
Faecal | nos100ml | <100 N/A 10 N/A
Streptococci

1 that E.Coliis accepted as a surrogate for Faecal Coliform

5.1.3 Locations of Outfall Termini

Five potential outfall termini were chosen for evaluation. Stations 1 and 2 were
chosen because they had been evaluated earlier in “Modelling the Impact of Ringsend
Wastewater Treatment Works and Storm Ouverflow Discharge in the Liffey and Tolka
Estuaries and Dublin Bay”, CDM/DHI, April 2009. This document was prepared in
support of the Ringsend WwTW Existing Discharge Licence Application. The
other sites (Stations 3 through 5) were chosen by inspection to provide broad
distribution of geographies beyond the transitional waters boundary, reasonably
deep discharges, and to avoid shipping lanes. It was hoped that by initially
examining a broad array of termini, that the more favourable (i.e. lesser impact)
areas would be identified for further examination.

Document Code 22825/62511/DG28

Page 51

EPA Export 26-07-2013:17:55:33



Design Review Report for Submission to EPA

January 2010

Table 5.5 displays the coordinates of the termini and Figure 5.1 displays them on a

bathymetric map of the bay.

Table 5.5 Outfall locations in Dublin Bay (UTM30)

X Coordinate Y Coordinate Station
Number
291071.3 5913249.5 Bay 1
293191.1 5912568.7 Bay 2
296067.2 5910494.6 Bay 3
299988.6 5912494 .4 Bay 4
296922.2 5915317.0 Bay 5

Model Bathymetry and Outfall Positions
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Figure 5.1 Model Bathymetry and Outfall Positions

5.2 Water Quality Impacts

Point Depth [m]

1 5

2 10

3 20

4 12

5 20
305000

300000

The 3-dimensional model and its inputs and outputs are described in detail in
“Modelling the impact of Ringsend Discharges in the Liffey and Tolka Estuaries and
Possible Long Sea Outfalls in Dublin Bay”, CDM/DHI, October 2009. In that report,
it was determined that Stations 3 and 4 show the least impacts. Neither location
will adversely affect beaches or preservation areas. The report proves the initial

feasibililty of ocean outfalls from a water quality perspective.

The environmental impacts of these two termini are examined in further detail in
“Preliminary Assessment of Long Sea Outfall Locations”, CDM/]BB, January 2010,

provided to EPA under a separate cover.
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5.3 Geology of Dublin Bay

Initial investigations were undertaken to collect and examine existing data on the
geology of Dublin Bay. The studies are presented in Appendix B “Overview of
Geology in Dublin Bay” and are summarised herein.

5.3.1 Geology

The predominant bedrock in the inner Bay is likely to be Calp Limestone. This is
the more easily solubilised, less resilient limestone that has eroded gradually,
leaving a well-defined bay.

However, it cannot be determined if there are changes in the bedrock type, as
there is little available information on the structural geology of the Bay at present.
The Leinster Granite formation to the south of the Bay, from Dun Laoghaire to
Dalkey, that may lie in the path of a tunnel to Station 3 terminus.

The Rathcoole Fault has been inferred fault from onshore geology to runs
diagonally across the mouth of the Bay from the Rathcoole Fault in Dun Laoghaire
to the Dalkey Fault. This fault is likely to be encountered with either of the outfall

alignments. &

y\\(\é

S
While there have been a number of subsugﬁércgﬁinvestigations conducted within the
Bay, no boreholes have met bedrock wighzg@ deepest being 25 m below the
surface. Q\QO&‘

'\OQ ‘3‘\

A significant subsurface explo@@ program will be required if the outfall option
is to proceed. {@.\\&\&
R

)

S
5.3.2 Bathymetry &
The Bay, as defined b)@@@:traight line from the Baily Lighthoue to Dalkey Island, is
shallow with depths typically less than 20 meters. The seabed deepens to the east
until it reaches the Burford Bank, which sits centrally across the mouth of the Bay
and is approximately 5 km in length. The Bank rises to within 5 m of the surface
and the seabed deepens to 22 - 25 m again to its east.

INtegrated Mapping FOr the Sustainable Development of Ireland’s Marine
Resource (INFOMAR) is Ireland’s near shore seabed mapping project. It is
currently engaged in updating geophysical information on Dublin Bay, to include:
hydrographic maps; seabed classification maps showing sediments and types; and
habitat maps. Data from 2009 surveys are expected to be available in 2010.

5.4 Cost Estimates

Pipeline hydraulics were evaluated based on 1.0 m of available head and assumed
lengths of 7.5 km and 10 km. The associated minimum finished diameters were
4.72 m and 5.01 m, respectively. A 5 m diameter was assumed for cost estimating
purposes. Given the large diameter and the intent to minimise impacts to the
marine environment from construction, it was further assumed that the outfall
pipeline would be constructed as a tunnel.
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The tunnel inlet would be located at the southeast corner of the ESB Ringsend
Power Station site, below the site or in the foreshore immediately to the east of it.
The existing outfall pipeline, constructed as a box culvert, passes nearby,
providing ready access and reducing the length of the tunnel.

The tunnel would likely be constructed using a Tunnel Boring Machine (TBM). In
order to have a finished diameter of 5.0 m, it is estimated to have a bored diameter
of approx 5.90m. One 20 - 25 m diameter access shaft would be constructed for an
entry point for the TBM. Bedrock below the Poolbeg Peninsula is in the range of
30 - 50 m deep, so it is likely that the access shaft would be at least 50 m deep.

The tunnel would be constructed in the bedrock of Dublin Bay. Further
investigation is required to determine the location of the long sea outfall terminus
but it is expected to be either in an easterly direction from Ringsend WwTW and
terminate beyond Burford Bank or be in an east south-east direction. The map in
Figure 5.2 display’s the approximate locations for the outfall.

Figure 5.2
Two Possible Routes for
Long Sea Outfall
in Dublin Bay

Ringzend Sile

Long Sea Outfall
Paozzible Routes

'

o 1 2 Kilometers

Seale = 160,000

Figure 5.2.Dublin Bay and two possible routes for the Long Sea Outfall

In order to assess the likely range of costs to be incurred, historical data on other
large diameter tunnels was undertaken. The aim of this analysis was to determine
a typical or average unit outfall cost, expressed as Euro per millimeter diameter
per meter of length (€/mm DIA/m), which could then be applied to the outfall
lengths applicable to Ringsend. Sources of information included:

m The British Tunnelling Society;

m CDM employees (design and construction of tunnels);
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m Australia database of tunnels;
m American Society of Civil Engineers, Marine Outfall Construction; and

m Other sources available from public files, including consultants and
construction companies.

5.4.1 Data Analysis

Using the sources mentioned previously a list of approximately 60 tunnels was
compiled. Information collated included the service for which it was constructed
(e.g. water, sewage, stormwater, etc), internal and bored diameter, year
constructed, length, type of rock, cost, etc. Unit costs were calculated using the
total length, internal diameter and cost for construction. The data tended to fall
evenly into two groupings. One grouping was considered to have sufficient
information and used to calculate the average cost for constructing the tunnel.
The second grouping, while having some valuable information, was not
considered detailed enough to be included in the cost data base.

The entire data base is included in Appendix C, ”nggsend WwTW Proposed
Tunnelling Outfall Cost”. \{\é\
>
Tunnels which were completed prior to 2@@?@e adjusted using the Engineering
News-Record Construction Cost Inde&@) or the UK Resource Cost Index for
Infrastructure. Cost was calculated(\@b@k\' the mid-point of construction of the
completed works. @Q\\o (\é‘

K
For UK tunnels constructe@cpr S to 1997, the US CCI data was used. For tunnels
constructed in Australia, I];g@ Egypt etc. the US CCI data was used.

The unit cost was cal&bffg’:ed using the following steps:
1. Construction Cost Index multiplier: =
Construction Cost Index 2009 / Construction Cost Index for mid-point of Construction
2. Cost€/mm DIA/m =
CCI multiplier x (Cost / Diameter / Length)
Cost = €, Diameter = ID in mm, Length = m.
The resultant unit tunnel costs are presented in Table 5.6.

Table 5.6 Unit Tunnel Costs

Average (€/mmDIA/m) | Median (€/mmDIA/m)
British Tunnels 2.24 2.00
European Tunnels 2.38 2.24
Non-European Tunnels 2.38 2.50
All Tunnels 2.38 2.34
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While the range of tunnel costs is quite variable due to local labour costs,
construction method, types of rock or soils encountered and other factors, a central
tendency of unit costs in the range of 2.00 to 2.50 €/ mmDIA /m emerges.

Again, to be conservative, the higher value of 2.50 €/ mmDIA /m shall be used for
cost comparison purposes. Thus, a 5000 mm diameter tunnel would cost €12,500
per meter of length prior to any contingencies.

5.4.2 Capital Cost Estimate

As with previous cost estimates, a contingency factor of 35% is applied to the
tunnel capital cost estimates. Costs are rounded to the closest million Euro.

Table 5.7 Costs for Tunnel Options

7.5 km tunnel | 10.0 km tunnel
Capital Cost €94,000,000 | €125,000,000
Contingency €33,000,000 €44,000,000
Total Capital Cost | €127,000,000 | €169,000,000

&.
There are no annual operating costs associated V@h the outfall tunnels. Therefore,
Total Capital Cost is equivalent to Total Pr\gs%mOWOﬂh Cost.
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Section 6
Alternatives Analysis

This section compares alternatives that would provide nutrient removal,
compatible with discharge into the Liffey River Estuary, versus an alternative that
provides secondary treatment without nutrient removal or disinfection,
compatible with an ocean discharge. Cost and non-cost factors are considered.

In all cases, it is assumed that co-settling in the primary clarifiers will cease
because newly installed SAS thickening capacity is sufficient to thicken all the SAS
generated.

The Works currently generates approximately 98 tonnes per day (tpd) of sludge
(dry weight) at an influent loading of 1.79 million PE. With no changes in
processing, sludge production would be expected to increase in approximate
proportion to influent loading to 120 tpd at the design year loading of 2.2 million
PE. The current sludge stream expansion project will bring the digestion capacity
to 120 tpd. Thus, any net increase to sludge produgtion as a result of chemical
addition will necessitate further expansion of thg@ludge stream capacity.

*
In all cases the storm tanks would conti e\cboé\treat flows in excess of the FFT, but

the FFT would be increased to 13.8 m gﬁbb
éP‘

6.1 Description of A gf?atlves Compatible with
Discharge into the, w'l’ey River Estuary

As presented in Section 4, ’di%re are several alternative wastewater treatment
scenarios that can achleﬁUWWT discharge standards of 10 mg/L Total Nitrogen
and 1 mg/L Total Ph@éphorus at average daily loadings of 2.2 million PE. Due to
the extreme site constraints, only MBR and deep shaft technologies are able to
achieve the design goals and then only in concert with other wastewater treatment
processes. The MBR alternatives that would require full nitrification and
denitrification in the SBRs are far more expensive than the other alternatives,
especially in the area of operating costs, and have been removed from further
consideration.

CDM has some concerns that the design criteria provided by the deep shaft
technology vendor may not be equivalent to CDM’s more conservative design
criteria, but the criteria will be accepted for the purposes of cost and non-cost
comparisons. If a deep shaft alternative is selected for implementation, further
evaluation of system capacity would be required.

6.1.1 Deep Shaft Aeration with Conventional Primary
Treatment

Under this alternative the SBRs would be operated to achieve full nitrification for
an influent loading of 1.49 million PE. Denitrification filters would be provided.
Alum would be added to the denitrification filters for phosphorus control.
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Deep shaft aeration systems would be constructed in the 0.8 hectare open space on
site (0.5 million PE) and in the triangular open space to the southeast of the storm
tanks (0.2 million PE).

SAS production rates would be very similar to current rates and would increase in
general proportion to loading increases. Alum sludge from phosphorus control
would increase total sludge production by an additional 9 tpd in the design year.
Based on the costs of the current sludge stream expansion project, the capital cost
to provide capacity for alum sludge is about €8 million, inclusive of contingencies.

Seasonal UV disinfection would continue to be practiced.

6.1.2 Deep Shaft Aeration with CEPT

Under this alternative the primary tanks would be dosed with alum to enhance
TSS removal as well as to control phosphorus. The SBRs would be operated to
achieve full nitrification for an influent loading of 1.90 million PE. Denitrification
filters would be provided.

A deep shaft aeration system, sized for 300,000 PE, %ould be constructed in the 0.8
N

hectare open space on site. &

>
Net sludge would increase by approximaé@&zﬁ% tpd in the design year. Based on
the costs of the current sludge stream expansion project, the capital cost to provide
capacity for alum sludge is about €2§§§%®?ﬂion, inclusive of contingencies.
&\00@
Seasonal UV disinfection wo@@?ﬁinue to be practiced.
NN

6.1.3 Deep Shaft Ae > jon with Sidestream Treatment

Q
Under this alternative t@\SBRs would e operated to achieve full nitrification for

an influent loading of549 million PE. Denitrification filters would be provided.
Sidestream treatment (either SHARON or ANAMMOX) would be provided to
reduce the nitrogen load returning to the SBRs. While this does not increase the
SBRs’ capacity to remove BOD, it would reduce power consumption within the
SBRs and also reduce the mass of nitrate to be denitrified in the denitrification
filters. Alum would be added to the denitrification filters for phosphorus control.

Deep shaft aeration systems would be constructed in the 0.8 hectare open space on
site (0.5 million PE) and in the triangular open space to the southeast of the storm
tanks (0.2 million PE).

SAS production rates would be very similar to current rates, and would increase
in general proportion to loading increases. Alum sludge from phosphorus control
would increase total sludge production by an additional 9 tpd in the design year.
Based on the costs of the current sludge stream expansion project, the capital cost
to provide capacity for alum sludge is about €8 million, inclusive of contingencies.

Seasonal UV disinfection would continue to be practiced.
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6.1.4 Deep Shaft Aeration with CEPT and Sidestream
Treatment

Under this alternative the primary tanks would be dosed with alum to enhance
TSS removal as well as to control phosphorus. Sidestream treatment would
remove a portion of the nitrogen from recycle streams. The SBRs would be
operated to achieve full nitrification for an influent loading of 1.90 million PE.
Denitrification filters would be provided.

A deep shaft aeration system, sized for 300,000 PE, would be constructed in the 0.8
hectare open space on site.

Net sludge would increase by approximately 26 tpd in the design year. Based on
the costs of the current sludge stream expansion project, the capital cost to provide
capacity for alum sludge is about €23 million, inclusive of contingencies.

Seasonal UV disinfection would continue to be practiced.

6.1.5 Membrane Bioreactors with CEPT

Under this alternative the primary tanks would be dosed with alum to enhance
TSS removal as well as to control phosphorus g;&@: SBRs would be operated to

achieve full nitrification for an influent lo of 1.90 million PE. Solids would be
removed by membranes. Demtrlflcatlo‘go éﬁrs would be provided.
\Q S

A stand-alone MBR system, smedém%ﬁ@) 000 PE, would be constructed in the 0.8
hectare open space on site. & O\$

0)
Net sludge would 1ncrease<4%&approx1mately 26 tpd in the design year. Based on

the costs of the current sh%&ge stream expansion project, the capital cost to provide

capacity for alum slud§é}s about €23 million, inclusive of contingencies.
O

Seasonal UV disinfection would continue to be practiced because the membranes
would only treat about 14% of the total flow.

6.1.6 Membrane Bioreactors with CEPT and Sidestream
Treatment

Under this alternative the primary tanks would be dosed with alum to enhance
TSS removal as well as to control phosphorus. Sidestream treatment would
remove a portion of the nitrogen from recycle streams. The SBRs would be
operated to achieve full nitrification for an influent loading of 1.90 million PE.
Solids would be removed by membranes. Denitrification filters would be
provided.

A stand-alone MBR system, sized for 300,000 PE, would be constructed in the 0.8
hectare open space on site.

Net sludge would increase by approximately 26 tpd in the design year. Based on
the costs of the current sludge stream expansion project, the capital cost to provide
capacity for alum sludge is about €23 million, inclusive of contingencies.
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Seasonal UV disinfection would continue to be practiced because the membranes
would only treat about 14% of the total flow.

6.2 Alternatives Compatible with Ocean Discharge

It is assumed that only BOD and TSS will need to be removed at secondary
treatment standards if there is an ocean discharge. Under this scenario, the
existing SBRs would be operated in BOD removal mode to treat an influent
loading of 2.2 million PE. Two blowers, with the same unit capacity of the existing
blowers would be added. Sludge production rates are expected to be similar to
current rates, but would increase in proportion to the loading increase.

TSS compliance is expected to increase with the elimination of co-settling and the
installation of wave attenuation devices in the upper level SBRs. As a
contingency, €9 million, inclusive of contingencies, is assumed for rigid GRP
covers in the event that the combination of reduced loadings and wave attenuation
does not improve effluent compliance sufficiently. Note that the cost of SBR
covers has not been applied to the alternatives that include denitrification filters
because the filters would remove TSS that would carry over from the SBRs.
&
It is assumed UV disinfection would no longer bgépractlced The potential power
savings would approximately 800 megaw@gt—ktss per year.
S
No alum or methanol addition is req\} Q@Beeause there will be no requirements
for phosphorus or nitrogen Controk&
S
6.3 Cost Analysis s
Table 6.1 presents the CapltaﬁbQénnual and present worth costs of the seven
alternatives presented 1ﬁctlon 6.1 and 6.2.
&
The alternative provi%ﬁng secondary treatment with an ocean outfall is the least
costly on a present worth basis. The cost is sensitive to the length of the outfall,
ranging from €176 million for a 7.5 km outfall to €218 million for a 10 km outfall.
It is possible that a longer outfall may be necessary, but studies conducted to date
indicate that the shorter (7.5 km) outfall length would meet all water quality
standards.

The present worth costs of deep shaft aeration alternatives are comparable to that
of a 10 km outfall, but 20% to 30% more costly than a7.5 km outfall.

Membrane bioreactors alternatives are much more expensive than any of the other
alternatives.
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Nutrient Removal

Alternatives

Secondary Treatment

Deep Shaft Aeration MBRs SBRs SBRs
Conventional with with with with with with with
Primary CEPT Sidestream Both CEPT Both 7.5 km Qutfall | 10 km Outfall
Capital Cost
Base Alternative € 97,000,000 € 65,000,000 € 95,000,000 | € 62,000,000 € 77,000,000 | € 74,000,000 | € 9,000,000 | € 9,000,000
Additional Sludge Facilities | € 8,000,000 € 23,000,000 € 8,000,000 | € 23,000@0 € 23,000,000 | € 23,000,000 | € - € -
Outfall € - € - € - € @\’@V— € - € - € 127,000,000 | € 169,000,000
€ 105,000,000 € 88,000,000 € 103,000,000 ﬁog?;éSo,\OO0,000 € 100,000,000 | € 97,000,000 | € 136,000,000 | € 178,000,000
58
Annual Operating Cost ;’,\\Oﬂ;@‘\
Base Alternative € 6,200,000 € 7,100,000 € 57 : 0 € 6,400,000 | € 8,800,000 | € 8,000,000
Existing SBRs - Power € 2,500,000 € 3,100,000 € 2<,\ \BOO € 3,100,000 | € 3,100,000 | € 3,100,000 | € 3,100,000 | € 3,100,000
UV Disinfection € 200,000 € 200,000 € x6\%00,000 € 200,000 | € 200,000 | € 200,000
Total Annual | € 8,900,000 € 10,400,000 é}&é 8,400,000 | € 9,700,000 | € 12,100,000 | € 11,300,000 | € 3,100,000 | € 3,100,000
Present Worth | € 220,000,000 | € 223,000,000 | € 211,000,000 ‘ € 211,000,000 | € 257,000,000 | € 244,000,000 | € 176,000,000 | € 218,000,000
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6.4 Non-Cost Factors

Non-cost factors may be divided into categories that are objective and those that
are subjective.

Objective factors are those that are measurable. They are related power
consumption and chemical consumption as well as the quantities of sludge that
are generated and must be treated and disposed of. Increased sludge production
adds levels of indirect power and chemical consumption, as well as additional
solids to be disposed.

Subjective factors are more associated with the ability of the proposed alternatives
to be operated and maintained efficiently. The less complex the alternative
system, the easier it is to understand, to operate and to maintain.

6.4.1 Direct Power Consumption from Wastewater Treatment

Direct power consumption for each of the alternatives is that derived from treating
the wastewater to the appropriate discharge standards. The categories are
summarized as follows:

&.

N
e Aeration and pumping in SBRs §é~

S
e Aeration, pumping and solids s%pgm‘tion in deep shaft systems
RS
e Membrane system power o <
W@
& &
e UVdisinfection - &a°
S

e Denitrification sys’@ﬁgl pumping
X

&
6.4.2 Indirect Power Consumption from Sludge Processing

The THP/ digestion system has a net power consumption of approximately 0.26
MWh per tonne of dry solids processed. There is potential to improve upon this
consumption rate by limiting the energy losses resulting from flaring digester gas
and by operating the steam generators downstream of the CHP engines more
frequently. By beneficially utilizing virtually all of the digester gas unit
consumption would be reduced to 0.19 MWh/tonne dry solids. A slight increase
in steam generator operation should be achievable, further reducing unit power
consumption to 0.15 MWh/ tonne dry solids.

The volatile suspended solids (VSS) destruction rate in the digesters is
approximately 55% and the ratio of VSS to TSS is approximately 80%. Therefore,
the overall mass destruction rate in the digesters is approximately 44 % of its input.
For every tonne of sludge fed to the THP/digestion system, 0.56 tonnes will be fed
to the dryer system.

Sludge fed to the dryers is mechanically dewatered to approximately 22% dry
matter. The dryers further reduce water content to 92% dry matter. For every
tonne of sludge fed, approximately 760 kg of water is evaporated. Ata water
evaporation rate of 0.978 kWh/kg (per O&M Manual) approximately 0.75 MWh of
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natural gas is consumed per wet tonne of sludge fed to the dryers or 3.4
MWh/tonne dry solids at the current feed solids concentration. Since only 56% of
the solids fed to the THP/digestion system are fed to the dryers, the net effect is to
reduce the dryer energy consumption, as applied to sludge produced, to 1.90
MWh/tonne dry solids.

The total indirect power consumption is the sum of that devoted to the
THP/digestion system plus the dryers, or 2.05 MWh/tonne dry solids. This rate is
applied to the additional solids produce from chemical addition. It is noted that
unit power consumption may actually be higher because much of the sludge
generated from chemical addition will be inorganic and destruction rates in the
digesters may not continue to be as high as they currently are.

Table 6.2 summarizes energy consumption from each of the alternatives and
compares each of the alternatives to the secondary treatment alternative, which
consumes the least amount of electricity.

Generation of electricity produces greenhouse gases, the rates of which vary
according to the source of the electric power from renewable sources on the low
end of the scale to coal and peat at the upper end. While the rates vary according
to the sources, total emissions will be linear w1tl§~%onsumpt10n for the same mix of
sources. o&\\«é\

7
6.4.3 Chemical Consumptlcgi
Table 6.2 also presents a summaggyo\giz‘the chemicals that would be used for each of
the alternatives. The secondaf featment options would require no additional
chemicals for wastewater &@@\nent The others would consume between 10,000
m3/yr and 20,000 m3/yr ogﬁum, methanol, polymer, sodium hypochlorite and
citric acid. These chemy/zﬁls produce secondary greenhouse gas emissions from
the production and tfaﬁﬁsport and the additional sludge they produced further add
to greenhouse emissions from sludge processing and disposal.

6.4.4 Other Non-Cost Factors
6.4.4.1 Water Quality

All alternatives discharging to the Liffey River Estuary, while compliant with
UWWT standards, will add pollutant loading to the estuary and the inner bay,
which contain Special Protected Areas (SPAs), Special Areas of Conservation
(SACs) and Bathing Waters. The ocean outfall alternative would improve water
quality in the estuary and the bay without impacting any of the SPAs, SACs, or
Bathing Waters as demonstrated in “Preliminary Assessment of Long Sea Outfall
Locations”, CDM, Jan 2010.
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Table 6.2 Electrical Power and Chemical Consumption of Wastewater Treatment Alternatives
Nutrient Removal Alternatives Secondary
Deep Shaft Aeration MBRs Treatment
Conventional with with with with with
Primary CEPT Sidestream * Both * CEPT Both * with Outfall
Power Consumption (MWh/yr)
Direct Power Consumption 39,400 33,800 40,600 & 35,000 49,700 50,900 25,000
Indirect Power Consumption 23,400 36,200 23,400 @é‘ 36,200 36,200 36,200 16,500
Total 62,800 70,000 64,080 4 S 71,200 85,900 87,100 41,500
L5
Ratio to Secondary Treatment S
with Outfall 151% 169% ) 0(\%\2%\54% 172% 207% 210% 100%
R
Chemical Consumption , §\(?‘\\§
Alum (mPfyr) 7,300 15,400 * 7,300 15,400 15,400 15,400 ]
Methanol (m°>/yr) 3,500 5,&;@8 2,000 3,100 5,100 3,100 -
Polymer 2 (m3yr) 200 5100 200 100
Sodium Hypochlorite (m®/yr) 65 65
Citric Acid (m®/yr) 45 45
Total 11,000 20,600 9,500 18,600 20,610 18,610 -
1. Assumes ANAMMOX process
2. Assumes 25% active liquid polymer
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6.4.4.2 Reliability

The Secondary Treatment/Ocean Outfall alternatives would continue to use the
SBRs for biological treatment. The SBRs themselves would not be modified other
than to possibly add covers to the upper level basins and to add some blower
capacity. The SBR process is well established at Ringsend and has proven reliable
under stressed conditions of extended peak biological loadings. In addition, the
process is well known to the operations and maintenance staff.

All alternatives compatible with discharge to the Liffey River Estuary would
require the addition of denitrification facilities downstream of the SBRs. While
this is considered to be a reliable process, any additional unit processes reduce
overall system reliability.

Deep shaft aeration has not been practiced at a scale comparable to that at
Ringsend and hence there is some risk of scale up. In addition, the double-decked
flotation clarifier arrangement would be unique. As previously noted, the design
criteria used by the vendor are not as conservative as those CDM would normally
recommend. There is, therefore, some risk that the facilities may not achieve the
design year loadings. &

. N .
Membrane bioreactors are more complex than @e other systems considered.
Potential fouling of the membranes is a oga%:g@lar concern.

&P

S
S Qs
This criterion considers the relagﬁ?g@\ase of operation for each of the alternatives.

A lesser number of unit proc\e\é%'s%s desirable. Also, the degree of operability is
i 8@}%1 related to complexity.

generally considered to bei{oo y plexity

Deep Shaft Aeration wigﬁ‘\%onventional Primary Treatment would add two unit

processes (denitriﬁcad:ign and deep shaft aeration). In addition, deep shaft

aeration facilities would be located on the existing site and adjacent to the storm

tanks, making operational logistics more difficult.

6.4.4.3 Ease of Operations

Deep Shaft Aeration with CEPT would add three unit processes. Treatment of the
much increased sludge production would place further demands on operations
staff.

Deep Shaft Aeration with Sidestream Treatment would add three unit processes.
The deep shaft systems would be located on the existing site and adjacent to the
storm tanks.

Deep Shaft Aeration with CEPT and Sidestream Treatment would add four unit
processes. Treatment of the much increased sludge production would place
additional demands on operations staff.

Membrane Bioreactors with CEPT would add three unit processes. As previously
noted, membranes are considered to be more complex than the other alternatives.
In addition, treatment of the much increased sludge production would place
additional demands on operations staff.
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Membrane Bioreactors with CEPT and Sidestream Treatment would add four unit
processes. Again, the additional sludge produced would place additional
demands on operations staff.

Secondary Treatment with an Ocean Outfall would add no new unit processes,
and seasonal disinfection would no longer be practiced.

6.4.4.4 Maintenance

This criterion considers the relative ease of maintenance for each of the
alternatives. A lesser number of unit processes is desirable, because there would
be a lesser number subsystems and different equipment items to understand,
maintain, and support. The existing spare parts storage area is limited and would
need to be expanded to support any significant increase in equipment items.
Maintenance requirements will generally increase as control systems become more
complex due to the number of field instruments that must be calibrated and
maintained. It is often difficult to train and retain electricians and instrumentation
and control systems specialists at wastewater treatment works because they are in
high demand elsewhere.

&.
Denitrification requires chemical storage and fee\(c\&\%lstems, which are considered
to be easy to maintain. Backwash pumps ai}d g@%trols are fairly simple and
. . . N é\ .
require only routine maintenance. Howe&@; here will be a large number of
equipment items due to the numbers\ ,g&lividual tilters to be added.
O 0
CEPT requires chemical storage gp‘%@éed systems. Neither of which are very
difficult to maintain. R°
AN
S ¥
Sidestream treatment systeg%Q would be proprietary designs and their control
systems may not be tot ocompatible with other control systems at the Works.
The SHARON process'requires the addition of a soluble carbon source, such a
methanol, and the ANAMMOX process uses ammonia.

Deep Shaft Aeration systems would be proprietary designs and their control
systems may not be totally compatible with other control systems at the Works.
These systems would add several types of pumps, as well as blowers, compressors
and flotation clarifiers. Polymers would be used to assist in TSS capture.

Membrane Bioreactors systems would proprietary designs and their control
systems may not be totally compatible with other control systems at the Works.
Alternatives including membrane bioreactors would be the most intensely
instrumented. Preventative maintenance on the membranes requires periodic
treatment with different chemicals to remove fouling. At some point in time -
perhaps 7 to 10 years - the membranes will have to be replaced at a very great
cost.

Secondary Treatment with an Ocean Outfall would not require any new
equipment. The additional aeration blowers would be sourced from the same
vendor as the existing blowers in order to reduce spare parts inventories.
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Elimination of UV disinfection would eliminate yearly programmes to prepare the
system for operation, including time consuming and expensive re-lamping.
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Section 7
Conclusions and Recommendations

7.1 Cost Comparison

In order to achieve required levels of nutrient reduction at the current discharge
location, treatment alternatives including deep shaft aeration have present worth
costs ranging between €211 million and €223 million. The least cost alternatives
would require pretreatment with either CEPT or CEPT plus sidestream treatment.

Alternatives including MBRs had present worth costs of €244 million and €257
million, depending upon the level of pretreatment.

Two outfall scenarios, at lengths of 7.5 km and 10 km, were considered for
discharge of secondary treated effluent. Based on initial dispersion modelling and
environmental assessments, there is confidence that an outfall terminus falling
within this range of lengths is likely. Present worth costs are heavily influenced
by outfall length, with preliminary cost estimates ranging from €176 million and

€218 million, or between 83% and 103% of the next¥owest cost alternatives.
\(\

The secondary treatment alternative has %&i"{@mt cost advantage over those
providing nutrient removal. & QS\O
\Q S

7.2 Energy Consumpt{;@‘\@

The secondary treatment alte (\)le would be operated to avoid nitrification and
reduce the associated powéf> @y‘r oxidation of nitrogen species. No chemicals
would be applied and, thegec?ore, no chemical sludge would be produced. Direct
power consumption for&he SBRs plus indirect power consumption for sludge
treatment is estlmateﬁoto be approximately 41,500 MWh/yr in the design year.

In addition to higher power demand for nitrification, all nutrient removal
alternatives require chemical addition for CEPT and/or phosphorus control.
Additional chemical sludge quantities add substantial indirect power demands.
The least energy intensive of these alternatives would consume 50% more power
than the secondary treatment alternative. The most intensive would consume
more than 110% more power.

The secondary treatment alterative has a distinct energy advantage over those
providing nutrient removal.

7.3 Chemical Consumption

The secondary treatment alternative would require no chemicals other than those
currently used for solids processing.

Nutrient removal alternatives would require between 10,000 m3/yr and 20,000
m3/yr of alum, methanol or other soluble carbon source, polymer, sodium
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hypochlorite, and citric acid. Deliveries are estimated at two to four tankers per
day.

The secondary treatment alterative has a distinct advantage in chemical
consumption over those providing nutrient removal.

7.4 Sludge Production

The alternatives including CEPT will generate approximately 9,600 tonnes per
year more sludge than the secondary treatment alternative. Those that do not
include CEPT will generate approximately 3,400 tonnes per year more sludge from
phosphorus removal in the denitrification filters.

The secondary treatment alterative has a distinct advantage in sludge production
over those providing nutrient removal.

7.5 Greenhouse Gases

Power consumption has the most direct relationship with greenhouse gas
production. However, the ratio of carbon emissions to energy consumption at the
Ringsend WwTW is complex because it varies grea§ with the source of energy
used in power production (by the utility), the d@ér\ee to which the CHPs are
operated with natural gas, the ratio of slu@?ﬁried (with natural gas) or
dewatered as biocake, and the degree togz?igsh?ch energy is recovered from sludge
processing. With all these Variable%i?élg\\difﬁcult to establish a greenhouse gas
generation rate that can be appliq@}@%onsumption. It is much safer to say that
greenhouse gases will rise in‘\ \{\aﬁl proportion to net energy consumption.
SN
Chemical production and tr@ﬁgportation generate greenhouse gases as does
sludge treatment, transgzgfi\ation to the distribution centre, and incorporation into
the soil. s

Since the secondary treatment alternative has distinct advantages in power
consumption, chemical consumption and sludge production, it follows that it has
a distinct advantage in greenhouse gas emissions.

7.6 Reliability

The secondary treatment process does not add any new unit operations. The
operation and maintenance of the SBR process is well established at Ringsend and
elsewhere. The reduction of MLSS concentration will improve effluent TSS. There
is little risk in continuing to use this process.

Deep shaft aeration is an established technology, but has not yet been scaled up to
a facility with the capacity required for Ringsend. There is some concern that the
design factors used by the vendors are aggressive and, hence, present a degree of
risk.

MBRs are very stable but require constant chemical treatment to ensure that the
membranes do not foul. Membrane replacement will be required at least once in
the planning period.
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The secondary treatment alterative has a reliability advantage over those
providing nutrient removal.

7.7 Ease of Operations and Maintenance

As previously noted, SBRs process is well established at Ringsend and is
considered the baseline for comparisons. Secondary treatment adds no unit
processes. With the elimination of seasonal disinfection, there will actually be a
decrease in demand for operations and maintenance activities.

The nutrient removal alternatives require the continued operation of the SBRs in
addition to another biological process - either deep shaft aeration or MBRs - and
between one and three additional unit processes. Operators and maintenance
personnel must be trained on several new systems and even more sub-systems

The level of sophistication of the high rate biological processes is higher than that
of the existing SBRs. Specialists required to maintain these systems are in high
demand and may not be readily available.

The secondary treatment alterative has a very distingt advantage in ease of
operations and maintenance over those providiroy{@nutrient removal.

)
7.8 Water Quality ogfjo«é\
Modelling of the two (long sea) outfgﬂio‘ beions demonstrated that secondary
treated discharges would not hayefany impact on Coastal or Transitional water
bodies. Appropriate Assessm@ﬁ%@é? these outfall discharges conclude that there
would be changes in water gﬂ%ﬁy in the immediate vicinities of the discharges,
but that no significant impagfs'were predicted for any Natura 2000 site. Further,
by moving the discharge {6rminus outside of Dublin Bay, water quality within the
estuary and the innero g%, where Natura 2000 sites and bathing waters are located,
will improve.

7.9 Recommendation

Secondary treatment with an ocean outfall discharge is the low cost alternative. It
also consumes less energy and chemicals and produces less sludge and
greenhouse gases. It requires no new unit process and is, therefore, much simpler
to operate and maintain. It is the low-risk alternative. The discharge, while not
treated to the same levels as the other alternatives, would meet water quality
standards and be more protective of existing Natura 2000 sites and bathing waters.

Pending an environmental impact assessment, it appears that providing secondary
treatment with an ocean outfall discharge would be the most beneficial option for
the Ringsend WwTW Extension.

CHH Page 70

Document Code 22825/62511/DG28

EPA Export 26-07-2013:17:55:34



Design Review Report for Submission to EPA
January 2010

Appendix A

Ringsend Wastewater Treatment Works
Extension Baselingy Report
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1 Initial Observations

The works appears to be in reasonably good condition, vastly improved since
CDM’s first visit three years ago. Many of the improvements, in particular the
screening and odour control, have had significant impacts on works operations,
works cleanliness, and reduction of odours since 2005. DCC and the CAW staff
should be proud of the accomplishments.

Even though the works has experienced pollutant loadings in excess of its design
year loadings, it has performed consistently well with regard to biological
treatment and effluent disinfection. Effluent total suspended solids are not in
compliance with standards, however, and the sludge handling system does not
achieve its goals for producing dried biosolids.

The main concerns noted during the visit were housekeeping and redundancy
issues. Housekeeping includes keeping doors closed in addition to keeping the
works neat, clean and picked up. True redundancy of equipment and processes is
extremely limited. Many of the works facilities do nof have sufficient redundancy.
This results in reduced capacity of those unit proc%s‘ges during scheduled and
unscheduled maintenance activities. &

QY S
S
Other significant areas of concern are: ag’? \
\\}Q
m The operating level on the top equencing batch reactors (SBRs) has been

reduced by approximately 1&9@%@} to minimize turbulence due to wind effects
m There is insufficient thl(gcémﬂg capacity for the surplus activated sludge (SAS)

the primary clarifi
@)

m There are no back-up centrifuges for dewatering prior to the thermal hydrolysis
process (THP)

m Co-thickening of SA gﬁd primary sludge has reduced removal efficiencies in

m Due to safety and odour control issues, an entire THP stream must be removed
from service to work on a single reactor

m Return liquor load is quite significant particularly from the dewatering of
hydrolysed digested sludge.

m Rated capacity of each digester has been reduced from 33 dT/day to 30 dT/day
based on operational experience

m There are no back-up centrifuges for dewatering prior to sludge drying

m Dryers have not achieved their design intent or capacity, requiring continuous
production of Class A Biocake from hydrolysed digested sludge and frequent
production of Class A limed biosolids.
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2 Background Information

The Ringsend facilities, including modifications made since the commissioning of
the Works in March 2005 are presented in this Ringsend Wastewater Treatment
Works Extension Baseline Report.

This report is organised to include the following subjects:

m Basis of Design

Influent Analysis

Effluent Analysis

Solids Process Analysis

m Functional Process Areas, including:
0 Headworks &
%\é
0 Primary Settling Q0
&
0 Intermediate Pump Staté)&?@‘\
S

o Flow Splitting Box@iﬂ‘ow distribution to SBRs)
S

0 Sequencing ]Oi‘a"t\g%\j{eactors

NS
o Ultraviolet{UV) Disinfection

3

o] Storn@dv\anks
0 Flow Metering
0 Solids Processing
0 Sludge Dryers

0 Odour Control
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Baseline Report: Ringsend Wastewater Treatment Works Extension
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3 Basis of Design

The parameters listed below constitute the Basis of Design for the existing facilities
as put forth in Volume 1 of Dublin Bay Project Contract 2:

Description
Average Daily Flow (ADF) 5.7 m3/sec
Flow to Full Treatment 11.1 m3/sec
Peak Instantaneous Flow 23.0 m3/sec
Influent BOD load
Average 98,400 kg/day (200 mg/ L)
95 Percentile 156,700 kg/ day
Effluent BOD
95 Percentile 25mg/L
Not to be Exceeded 50 mg/L
Influent COD load
Average 225,100 kg/day (445 mg/L)!
95 Percentile 383,300 kg#day
Effluent COD &
95 Percentile 125 og /L
Not to be Exceeded 4,03\59 mg/L
Influent TSS load &Qoogé)
Average (\QQJ\&‘ 101,100 kg/day (205 mg/L)t
95 Percentile ﬁi@é 194,300 kg/ day
Effluent TSS . \&9@
95% Percentile & $Q’ 35mg/L
Not to be Exceeded \OOQ 87.5mg/L

Influent Nitrogen load ¢
Total N - Average &

15,600 kg/ day (31.7 mg/L)!

Total N - 95 Percentile 21,400 kg/day
Ammonia N - Average 9,500 kg/day (19.3 mg/L)!
Ammonia N - 95 Percentile 12,800 kg/day
Effluent Ammonia Nitrogen
95% Percentile 18.75 mg/L
Not to be Exceeded 37 mg/L
Influent Total Phosphorus 2
Average 3,700 kg/day (7.5mg/L)!
95 Percentile 5,600 kg/day

22825-67511-RT. BASE

1. As computed from ADF
2. No limits were placed on effluent Total Phosphorus in Contract 2.
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Baseline Report: Ringsend Wastewater Treatment Works Extension
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4 Influent Analysis

The Ringsend WwTW is operating under stressed conditions. As may be seen
from Figure 1, the influent BOD load has always exceeded the design loading.
Please note that one population equivalent (PE) is defined as 60 g/day BOD. Thus
the design loading of 98,400 kg/day is equivalent to 1.64 million PE. There was a
fairly steep drop off in loading at the end of 2006 has not yet been explained and
has only partially returned. This phenomenon warrants further investigation as
part of the determination of design flows and loadings for the extended works.
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120 1 //\—_\
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&
&
Figure 1. Influent Flows an@ollutant Loadings 2003 to Present
N
OO

Influent TSS loadings have increased continuously over this period with a steeper
increase in loadings beginning in 2006. The average daily TSS loading exceeded
the design year loading in early 2007 and is currently about 15% higher than the
design. The steepness of the increase in TSS loadings is of concern.

Influent flows have also increased continuously, but at a lower rate than TSS. The
current average daily flow rate is approaching 95% of the design ADF.
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Figure 2. Influent BOD, expressed as PE, September 2007 through August 2008

Figure 2 displays the more recent trend regarding influent BOD loading, covering
the period of September 2007 through August 2008. During this period the
average PE was 1.7 million as compared to the design PE of 1.64 million, or 104%
of the design value. The maximum day, week, and month values were 4.83
million, 3.39 million, and 3.14 million, respectively.
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Figure 3. Influent TSS Load t/d, September 2007 through August 2008

Figure 3 displays the influent TSS loading over the same time period as Figure 2.
These loads are even more variable. During this period, the average influent
loading was 113 tonnes per day (tpd) as compare to the design loading of
101.1tpd, or 112% of the design value. The maximum day, week, and month
values were 860 tpd, 216 tpd and 161 tpd, respectively.

Year 2007 data, taken from the EPA returns shows that influent nitrogen species
exceed the design basis. Total Kjeldahl Nitrogen (TKN) averaged 40.9 mg/L and
Ammonia Nitrogen (NHs-N) averaged 26.8 mg/L. Since there is essentially no
inorganic nitrogen in the influent, TKN is equivalent to Total N. Thus, influent
concentrations of Total N and NH3-N were 129% and 139% of design average
values, respectively.
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Year 2007 data, also taken from EPA returns, show that Total Phosphorus (TP)
averaged 4.6 mg/L as compared to a design average concentration of 7.5 mg/L.

5 Effluent Analysis

The works has demonstrated the ability to adequately remove BOD and has often
performed exceptionally well under stressed conditions.

Over the period of 1 July 2007 through 31 August 2008, the average effluent BOD
concentration was 15 mg/L as compared to the 95%-ile standard of 25 mg/L. The
average BOD removal rate was 93.2% and 99.2% of the flow received full
secondary treatment. The effluent achieved compliance with the effluent standard
of 25 mg/L 90.8% of the time. While not achieving the required 95%-ile
compliance rate, 69% (18 of 26) of the exceedances occurred during days on which
the influent loadings exceeded the design basis. There were seven days when the
effluent exceeded the not-to-exceed limit of 50 mg/L.

&

>

There was one 30-day period between 24 April 2@‘% through 23 May 2008 in which
the average BOD loading to the works averagg 188.3 tpd (3.14 million PE), or
192% of the design basis. During this stze period, the biological treatment
system performed exceptionally wellg&? Rieving an average effluent concentration
of 14.4 mg/L with no days in exc{@s%g 5 mg/L. The overall BOD removal rate
was 97.0% and all of the inﬂue&ib%s% received full secondary treatment.

S
Another high stress montfi(%o@%@? August 2008, during which time the works saw
very high flows, averaging 6.7 m3/s, or 17% higher than the design ADF. The
maximum day flow waﬁB.Z m?3/s and the peak instantaneous flow was 21.0 m3/s.
During this period, 99%6% of the flow received secondary treatment. The average
effluent BOD was 7.0 mg/L and there were no days in excess of 25 mg/L. The
overall BOD removal rate was 97.0%

TSS removal is not on par with BOD removal. Over the period of 1 July 2007
through 31 August 2008, the average effluent TSS concentration was 30.1 mg/L as
compared to the 95%-ile standard of 35 mg/L. The average TSS removal rate was
87.8%. The effluent achieved compliance with the effluent standard of 35 mg/L
81.4% of the time. There were seventeen days when the effluent exceeded the not-
to-exceed limit of 87.5 mg/L. These exceedances correlate better with high
influent loading than with high inflow, with fifteen days exceeding the design
average influent TSS loading and eight days in which the inflow exceeded the
design ADF. There were seven days in which both the design influent flow and
TSS loading parameters were exceeded.

During the high load period of April-May 2008, the effluent averaged 35.6 mg/L,
with 13 exceedances of the 35 mg/L standard. During the high flow period in
August 2008, the effluent averaged 18.6 mg/L and there was only one exceedance
of the 95%-ile standard. The average removal rate was 90.0%. During the stressed

Page 6 m

22825-67511-RT. BASE

EPA Export 26-07-2013:17:55:34



Baseline Report: Ringsend Wastewater Treatment Works Extension
14 November 2008

months it again appears that influent loading has a greater influence on effluent
quality that influent flow.

Another correlation that is apparent is the sludge volume index (SVI) and effluent
TSS. SVIis not measured every day, so direct day-for-day correlations are difficult
to obtain. However, over the last 12 month period, there were 77 exceedances of
35 mg/L and almost 60% of them occurred when the SVI exceeded 150 ml/g.

In 2007, effluent Total-N and NH3-N averaged 22.1 mg/L and 4.6 mg/L,
respectively. The works is reliably achieving its ammonia limit of 18.75 mg/L as
required by the Contract between DCC and CAW. The works is not currently
meeting the 10 mg/L Total-N Urban Waste Water Treatment (UWWT) limit for
Nutrient Sensitive Waters.

In 2007, the effluent contained an average of 3.6 mg/L TP. The UWWT limit is 1.0
mg/L. There is no requirement in the Contract between DCC and CAW to
remove P.

Disinfection is required from 1 May through 31 August, annually. During this
period, the standard is 100,000 faecal coliforms per 1(%9 ml (FC/100 ml) and 80%
compliance must be achieved over an 8-week roll\iﬁ\@gz' average. Both laboratories
performing bacteriological analyses for the works (i.e. Central Labs for DCC and
City Analysts Ltd. for CAW) had difficult&%’&ziding reliable and reproducible
faecal coliform results. Discussions ceps &ﬁi on the appropriate bacteriological
standard took place in 2006 betwee@\ﬁ%ﬁor microbiologists from both labs, DCC
and CAW. Water-quality studiesbﬁ@i\cating excellent correlation between
Escherichi coliform (E. coli) a aical coliform were cited. It was also noted that
in 1986, the U.S. Enviro takProtection Agency (USEPA) recommended that E.
coli be used in place of faecafcoliform bacteria in State recreational water-quality
standards as an indicatox ©f faecal contamination. As are result of these
discussions, DCC ancg AW agreed to monitor E.Coli instead of faecal coliforms
from 1 May 2006 forward. Since that time, the works has always been in
compliance with the revised standard.

6 Solids Process Analysis

The solids handling system has been in a state of flux since the works were
accepted by DCC in 2005. Over this period there have been several modifications
to the solids processing system that have impacted availability and reliability of
system components. Rarely have all three dryers been available for operation.
DCC’s original intent was to have all of its sludge dried to Class A standards with
the product, labeled Biofert, used agriculturally. For several reasons, this goal has
not been achieved and the works has produced Class A biosolids (Biocake) from
dewatered, thermally hydrolyzed, digested biosolids and Class A limed biosolids
by liming dewatered raw sludge.

Figure 4 displays the monthly production of Biofert, Biocake and Class A limed
cake from May 2005 through August 2008 in tpd of dry solids. As may be seen,
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the dryers have never been able to handle all of the sludge produced and Class A
limed cake has had to be produced to make up for the shortfall in Biofert and
Biocake production.

The last of dryer improvements have recently been completed on Dryers A and B.
The final safety (ATEX) upgrades are being installed on Dryer C. Once completed
with two operating units will be operated full-time with one standby unit. Long-
term dryer performance can begin to be assessed.

The THP/ digestion system has been very successful in destroying volatile solids
and producing biogas.

DCC has recently awarded a contract to expand the sludge stream. This work
entails:

m  Installation of a third THP stream
m  Installation of a fourth digester

m  Installation of three SAS thickenegg (bringing the total to six)
Y
m  Installation of a dual gas fue]éé‘a steam boiler
ST

Once this work is completed, the maxi Q@apacity of the THP/digestion system
is expected to be 120 tpd. Actual loaQ@ ill be lower, but since the dryers
cannot accept 100% digested prodlé&é aﬁ‘d dryer throughput will be no more than
60 dT/day, some Class A cake ‘gﬂibe produced. Ultimately, DCC’s goal is to
eliminate Class A cake produ @ﬂ
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Figure 4. Monthly Sludge Production by Type
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7 Functional Process Areas
7.1 Headworks

The headworks facilities collect and consolidate the flow from four main sources:
the Sutton Pumping Station; the West Pier Dun Laoghaire Pumping Station; the
Main Lift Pumping Station (MLPS); and the Dodder Valley Gravity Sewer. After
consolidation the flow is directed to the screening area.

The 6-mm perforated screens originally installed at the works were replaced with
6-mm wedge wire bar screens. These screens are raked on the basis of wastewater
level control. The replacement was made because the perforated screens would
blind with the combination of grease and fibrous material and cause the system to
back up, creating occasional overflows. Due to the hydraulic problems, one of the
perforated screens was removed. This resulted in significant solids being
conveyed to the downstream facilities. The modifications to install the wedge
wire screens in all of the screen bays were completed at the end of 2007 and the
improvements have resulted in no bypasses of the screens since that time. The
screening facilities are designed to handle a peak w%ga/veather flow of 23 m3/s.

&

Screenings are dropped into individual channe s¥or each screen and flushed
through the channels loaded directly into@%;@npactors. The originally installed
macerators were removed in 2007 and gg@ced by Wash Pactors due to significant
problems with blockages and reliabf{}}%pﬁuring high flows. The compacted
screenings are placed in encloseé];@}ﬂﬂ\s for disposal.
S

Screened flows are pumpe&@bﬁ&rew pumps into the grit removal tank feed
channel. KOQQ

S
The FOGG (Fats, Oils,(\@?eases and Grit) tanks when first commissioned did not
effectively remove FOG (Fats, Oils and Greases). The first modification was to
install a baffle within each tank to assist in FOG removal. The baffles were
unsuccessful in aiding in FOG removal and were subsequently removed. Since
then the FOGG tanks have been operated as aerated grit removal tanks. The
original submersible grit pumps have been replaced with recessed impeller pumps
located exterior to the tanks. The tanks now achieve improved grit removal.

The removed grit is then sent to cyclones and classifiers. The dewatered grit is
dropped into open skips for disposal.

7.2 Primary Settling

The primary settling tanks, which have lamella packs to facilitate sludge settling,
can meet the existing flow requirements. However, the actual capacity is largely
an unexplored issue and it is unclear whether they can meet future flows. The
intent is to expand the primary settling with additional lamella packs to the tanks.
During commissioning, the grit tanks, channels and primary settling tanks were
tested at the (then anticipated) ultimate design flow of 13.6 m3/s, but that was
without co-settling.
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A portion of the Surplus Activated Sludge (SAS) is returned to the lamella
clarifiers for co-thickening. This is done primarily due to limitations on SAS
thickening (i.e. insufficient thickeners). The sludge stream expansion project will
double the number of rotary drum thickeners from three to six. This will result in
a significant reduction in the amount of sludge that is co-thickened. At this time,
approximately 1/3 of the SAS is processed through thickening and 2/3 is
processed through co-thickening in the primary settling tanks. With the increase
in thickening capacities, the hope is co-thickening will be a maximum of 1/3 of the
SAS. ltis clear that further upgrading of SAS thickening will be required for
existing as well as future flows.

Prior to the initiation of co-thickening removal efficiencies in the primary clarifiers
were reportedly approximately 50% of TSS removed and 35% of BOD removed.
The removal efficiencies have been reduced since co-thickening has been
incorporated. Currently primary influent quality is not measured and so the
actual removal rates cannot be accurately assessed. In addition to the raw
influent, recycles from solids processing and tankered wastes increase the loadings
to the primary tanks. Removal rates are, therefore, higher than the “apparent”
removals computed by comparing the raw influent to settled effluent. The
“apparent” removal rates for TSS and BOD in 2007 y€re 27% and 16%,
respectively. If one assumed additional loads W(@ﬁ‘d account for a 20% increase in
primary influent loadings, the removal rates weuld increase to 39% and 30% for
TSS and BOD, respectively. It has been ntedl that co-settling has some beneficial
effects. The lamella plates remain cleafiefand the bottom scraper is less stressed
as compared to conventional prim@ﬁl\é)éatment. It may be advantage to retain a
small degree of co-settling. Hoyg% , if the primary clarifiers are to achieve their
highest potential efficiency, o< '%kening must be curtailed.

;&
. < .
A sampling program prm&gﬁ%f influent and effluent quality should be undertaken
to determine what the al loadings and removal rates are across the primary

clarifiers. This data é§§1\1eeded to better understand the works’ current mass
balance as well as to determine what the likely removal capacity will be under
future flows and loadings.

The recently completed upgrade project improves scum removal, as well as odour
capture and control. Prior to this project, there was one scum removal bridge for
each bank of six clarifiers. The single bridge had difficulties in tracking and
transferring from one tank to the other and this resulted in the scum accumulating
in the tanks with frequent necessity to remove it by vacuum tanker. The new
system has one bridge for each settling tank, discharging scum to a scum trough at
the end of each clarifier. The scum is discharged to both sludge holding tanks.

It was found that the scum caused difficulties with the belt filter press (BFP)
dewatering as it blinded the belts. Since the implementation of the centrifuges, the
FOG has reportedly not caused problems.

Examination of monthly reports indicates that primary sludge pumps require
frequent maintenance.
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7.3 Intermediate Pump Station

The intermediate pump station (IPS) is comprised of four high lift and four low lift
submersible pumps. The original installation had difficulties with motors
overheating. As a result, the independent cooling jackets were removed from the
pumps and modifications made to the motors. This has resolved the overheating
issues with these pumps. It was noted that there have been intermittent problems
with the electrical gear overheating as well, although these problems seem to have
been resolved.

7.4 Flow Splitting Boxes

The Intermediate pump station lifts the primary effluent into distribution boxes at
two levels for splitting in three SBR units on each level. The accuracy of flow
splitting is thought to be adequate. There is an additional chamber in each
distribution box to split to a fourth SBR bank on each level.

7.5 Sequencing Batch Reactors (SBRs)

The SBRs were originally installed with the intent to operate as typical SBRs.
During the initial operations there was an issue with filamentous growth, which
could not be controlled by the operators. This grg%é% resulted in a problem with
decanting and sludge being in the decant stream3*During investigations into these
issues, the operations team attempted a pge?\;;@ﬁ t mode (anoxic selector) and
dosing of disinfectant (chlorine) to kill tﬁ% amentous bacteria. Neither attempt
was successful. The operations staff Lﬁ? mented a continuous inflow, constant
level (CICL) mode of operation oﬁéhg\ Rs with increased aeration to overcome
the filamentous problems. 09‘?5’0

SBR operations have also &*@ﬁged in terms of the operating level on the top deck
SBRs. The original operaﬁng level resulted in significant turbulence and
unbalanced effluent w&i{r\ loading due to wave action in the basins caused by the
wind. As a result, thé&'basin operating level has been reduced by approximately
one meter. This has reduced the overall active volume of the SBRs by about 10%
and the lesser depth probably contributes to solids carry over, especially during
high flow or influent loading conditions. Even with the lowering of the water
level wind on the top deck still causes problems with settling and certain non-
compliant effluent results can be attributed to severe wind chop particularly in the
winter months and in the SBR basins 3B and 3C, which are most exposed.

The performance of the SBRs in CICL mode has been compliant with effluent
quality with regard to BOD, but not TSS. There are likely a number of factors that
contribute to effluent TSS quality, such as co-thickened primary effluent, high
recycle rates from solids processing, and occasionally high SVIs, in addition to the
lowered water surface on the upper level. All of theses issues need to be
addressed and remedies sought.

It has been reported that high the air demand of SBRs places significant pressure
on SBR blowers and the air diffusion grids in the basins.
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If the SBRs were to revert to a traditional operating mode, penstocks would have
to be reactivated and programming would have to be reinstalled.

7.6 Ultraviolet (UV) Disinfection

As previously noted the UV disinfection system is operated on a seasonal basis
and has performed well in terms of bacteriological kill. There are maintenance
issues of concern, however.

Flow strainers prior to the banks of lamps that also function as screens protecting
UV lamp modules from small screenings discharged with final effluent. As the
screens on individual UV channels block with screenings at different rates, the
flow between channels varies leading to different hydraulic loads to the individual
channels, different retention times and, therefore, reduced received UV dose on
channels with higher hydraulic load. Blocked screens can also increase the level in
upper effluent channel and this causes occasional discharge of the final effluent
through emergency overflow, bypassing UV plant. There is no equipment
installed to facilitate the lifting and cleaning of the screens on UV plant. Cleaning
currently takes several hours of manual operation by the operators.

As part of this project, CDM will consider installin Stditional UV capacity with
the objective of further reducing E. coli thereby @%Vldmg even greater safeguards

to bathing areas than are required. \* (é\
3
7.7 Storm Tanks & ¢§

During periods when the perfora\t@{\%@\creens were in service, there were several
problems reported at the stor Q&s There was debris on the mixers, significant
odor problems, and debris @}Qﬁmg on any equipment. Since the headworks
improvements these probls@% have been eliminated.

O
The existing storm ﬂow?{;etentlon basins comprise a volume of 62,100 m3 and
overflow directly to Ghe Liffey estuary portion of Dublin Bay. The overflow
discharge point is separate from the works outfall. In addition to the overflow
from the storm tanks, there is a default overflow from the primary settling tanks
that is available should there be a system fault or power failure affecting th IPS or
SBRs. There is a record of all overflows from the lamella tanks. At the capacity to
hold up to 90 minutes of flow in excess of the maximum flow rate into the
treatment system, the maximum nominal flow to the storm tanks is, theoretically,

11.5 m3/sec.

The allowable storm tank overflow is limited to 3,000,000 faecal coliform/100 ml.
No halogenated compounds (chlorine or fluorine) are allowed to be used as a
disinfectant on the storm water overflows. (see Table 2.3.2 of the original RFT).

Storm water collected during storm events must be returned into treatment in
shortest possible time to prevent odour release and restore storm water treatment
capacity before next storm event starts or contaminated influent requires diversion
into storm tanks.
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The only facility for cleaning of these storm tanks is mixers in the bottom of each
tank and operational experience shows that installed mixers are prone to blocking
and entanglement with debris. There is no other facility for cleaning of storm
tanks other than these mixers.

7.8 Flow Metering

Influent flow is measured on the flow from the Main Lift Pumping Station, the
Sutton Pumping Station, and remotely from the Dun Laoghaire pumping station.
There is also a flow meter on the Dodder Valley gravity sewer; however, the
accuracy of this meter is questionable. The flow to and returned from the storm
tanks is measured.

Flow is measured on each of the main channels from the grit removal tanks into
the lamellas. There are also flow meters on the pumped flow pipelines to each
SBR at the intermediate pump station.

The final effluent channel also has a flow meter consisting of a level sensor
upstream of a flume.

7.9 Solids Processing 55

Some of the Surplus Activated Sludge (SAS) is eturned to the lamella clarifiers for
co-thickening. This is done primarily du@)odﬁlitations on SAS thickening (i.e.
insufficient thickeners). An upgrade iseing initiated to increase the number of

drum thickeners available. This wi@\ ilt in a significant reduction in the
uantity of SAS that must be co- ned.
quantity ét;lfi\@e

As part of the upgrade/ex isl\gtﬁl of SAS thickening, a dry polymer bulk system
is being installed to replace tie existing unreliable liquid polymer system.
5\
S
3
The sludge holding tagﬁ‘g associated with the primary settling system receive
primary co-thickenéd sludge and scum from the primary settling tanks.

The SAS holding tanks receive sludge from the SBRs. Thickened SAS from the
drum thickeners is held in a partitioned portion of one of the sludge holding
tanks.

All of the co-thickened sludge is screened through sludge screens and discharges
to the buffer tanks. The buffer tanks discharge to the centrifuges for dewatering.
The centrifuges were installed as a temporary system to reduce reliance on the
BEPs. The two Westfalia CA755 centrifuges are located outside adjacent to the
THP building. The location of these centrifuges results in some uncaptured odour
release, but this is a minor problem as compared to the odours from the BFPs.

The centrifuges dewater the sludge to approximately 20% solids. The un-
dewatered sludge is then blended with the dewatered sludge to produce 15% total
solids sludge prior to the sludge thermal hydrolysis (THP) system.

The BFPs have been relegated to a standby mode and only operate when one of
the centrifuges is not operating and process demands dictate a higher quantity of
sludge dewatering than a single centrifuge can maintain. There are five 3-meter
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BFPs available; however, they have not been recently operated. During the period
these BFPs were operated, problems were noted with blinding of the belts from
rags and grease. Odour was also a significant issue when operational the BFPs
were in operation.

The THP system consists of two streams. Each stream has two pulping tanks, four
reactor tanks and one flash tank. The THP system is operated on a batch basis,
which means as sludge is withdrawn from the first pulper tank it is filled to its
highest level. Each stream is theoretically capable of up to 50 cycles per day, or
100 cycles per day, total. One cycle consists of flow through each of the pulping
tanks, one reactor tank, and the flash tank.

Operation of the THP system includes increasing sludge temperature in the first
stage pulper using low-pressure waste steam from the flash tank. Sludge in the
second stage pulper is heated using high-pressure waste steam from the four
reactors. Sludge in the reactors is heated to 165°C by steam provided by steam
generators. The pressure in the reactors is increased to 6-bar for 30 minutes, after
which the pressure is reduced to approximately 3-bar and the sludge is ejected to
the flash tank. Off-gas vented from the reactors is condensed and sent to the
digesters. The pressure in the flash tank is reduced tgapproximately 1.2 bar and
sludge is sent to the heat exchangers. %\é

S
The hydrolysed sludge is mixed wi oo i

e hydrolysed sludge is mixed with sludgestfom the digesters to reduce the

solids concentration from approximatgly \\@I % to approximately 12%. The
reduction in solids concentration is(\ Q%\@‘gsary to prevent plugging of the heat
exchangers. The hydrolysed s{lﬁggéé mixed with recycled digested sludge at the
ratio of about 3 parts digested¢ ludige (at approximately 5.5% TSS) to 1 part feed
sludge. The sludges are cginkitied to prevent plugging of the heat exchanger
tubes through increased ng&%ity, dilution, and a pH more favourable to dissolving
fat deposits on tube wals:” The combined sludge is cooled to approximately 42°C
before being fed to tE/@%isgesters.

In the past year, the THP system has averaged 78 cycles per day with a variance of
+/- 3 cycles on a monthly basis with each cycle conditioning approximately one
tonne of sludge. The reduced number of cycles compared to design maximum are
attributed to several factors, including poor mixing in the first stage pulper,
shutdowns for maintenance, and sludge availability. An average target of 75
cycles per day was accepted in the Taking-Over Certificate to take into account
down time and other factors. The current Sludge Stream Expansion project will
increase maximum output to approximately 120 per day, which will match up
with the expanded digestion capacity of 120 DT/ day.

Modifications to the THP sludge processing system have included installation of
wear (316SS) plates in the flash tanks, bursting discs have been installed on de-
pressurization lines, and off-gas is now compressed and conveyed to the sludge
discharge line to the digesters. Sludge transfer pumps were also modified with a
more heat resistant stator material and then subsequently upgraded. The initial
problems experienced with odors have been largely resolved and the THP system
is generally operating as designed.
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According to CAW operators that there have been issues with the THP related to
operations and required maintenance in the reactors. The reactors build up a film
on the walls, which will slough off, become lodged in and block the fill and draw
piping. This results in having to shut down the reactors to fix. Since all reactors
must be shut down, this eliminates half of the sludge processing capability during
these periods. Isolation of individual vessels is being addressed as part of the
Sludge Stream Expansion project. There is currently no mixing in the first stage
pulper, which can result in minimally heated sludge being transferred to the
second stage pulper. Solids from the THP system are sent to the digesters using
progressive cavity pumps.

There have been no significant modifications to the digesters. The three 4,000 m3
digester tanks operate in parallel as complete mix mesophillic digesters. Mixing is
accomplished using single top entry agitators. Each digester is fed sequentially on
a timed cycle. During initial operations there was “burping” caused by
overfeeding from the THP system. The original design of the digesters was for a
15 day SRT and each digester had a rated capacity of 33 DT/d; however,
operational experience has resulted in de-rating each digester to 30 DT/d.

It was noted that gas production and solids destructgyn have been successes at the
works. Volatile solids destruction efficiency in dxgésters averaged 56% in over the
last year. The ability of the THP/digester %gst 1 to produce a Class A sludge has
been invaluable in compensating for diffighies experienced with the sludge
driers. Additionally, the energy geney Q@;}from the THP and digester off-gassing
has provided up to half of the elecg‘k\.\‘”k&needed to operate the works. Biogas-
generated power has averageci? é&W—hr /day over the last year.

\.
There are three buffer tan]gg)*a %lable following digestion. One of the tanks
processes to the dewateri %ntrlfuges, one is to the dryers and the third is a
blending system 1nstall§d in 2006/2007.

The intent for subsequent processing is to dry as much as possible. If the feed to
the dryers (digested and TSAS) exceeds capacity at any time, digested sludge is
directed to the available dryer centrifuge to produce Class A Biocake.

As determined during the visits, the current conditions of sludge operation are:

m Approximately 1/3 of the SAS is processed through rotary drum thickening,
and 2/3 is processed through co-thickening in the primary settling tanks. With
the increase in thickening capacities, the hope is co-thickening will be a
maximum of 1/3 of the SAS, with a goal of eliminating co-thickening. Most of
the co-thickened sludge is processed through the THP/digester combination.
Some of the THP/digested sludge is dewatered and directly transported for
agricultural uses. The remainder of the THP/digested sludge along with the
TSAS and undigested portions of the co-thickened sludge is combined in the
Buffer Tanks ahead of the centrifuge dewatering units preceding the dryer prior
to agricultural use.

m The current target feed makeup to the dryers is comprised of about 40% TSAS at
2 to 3% TS content and 60% THP/digested sludge at 5% to 6% TS. The sludges
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are mixed in the Buffer Tanks ahead of the centrifuges that are integral to each
of the drying system streams.

7.10 Sludge Dryers

The sludge dryers have proven to be very difficult to operate properly and have
not met their rated capacity. The dryers have had significant problems with dust
production and the inability to granulate when provided with the full stream of
THP/digested sludge. The target ratio between TSAS and THP/digested sludge
is not fixed. The operator continues to optimise it. However, it is clear that there
is no scenario in which 100% digested sludge or 100% TSAS can be fed to the
dryers.

The sludge dryers are operating at approximately 75% of their rated capacity or 30
DT/d per dryer. This limits sludge production to 60 DT/d when two units are in
service, which is the desired mode of operation.

The dryers have frequently been out of service due to the need to clean filters
amongst other maintenance issues. The filters used to control dust on these
dryers (Swiss Combi) are bag houses. The bag houses require frequent shutdowns
to remove the dust. Further to ATEX upgrading, t &Automatic “hot” shutdown
procedure entails emptying the drum, conveyorsgiétc. of hot product either
through the system proper or through an Qxﬁe@eney discharge conveyor.
Recovery from hot shutdowns reported@ &auu'es approximately 6 hours. Odours
are emitted until such time as the prQ 1s removed from the building.

S
While the dryers have been ou @f O@&Vlce or at reduced capacity, the facility has
had to haul approximately 3; 3,500 tons per month of centrifuge dewatered
solids. The expectation is ‘%ﬁa@fonce all dryers are back on-line (two in service one
standby) this hauling req\ff"ement will be significantly reduced. Cake tonnage

was halved in October ich is very promising.

7.11 Odour Control

DCC and CAW have aggressively attacked the odour problem from both capital
and operational fronts and should be commended for their efforts.

With regard to capital projects, the following capital projects have been
undertaken since the 2005 odour survey.

m Increased headworks odour control capacity

m New channel covers and odour control units (OCUs)
m New IPS covers and OCU

m New off-gas compressors for THP system

m New primary clarifier covers and OCUs

m Upgraded dryer combustion chambers
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m New biogas scrubbers upstream of the CHP plant

Operational improvements have stemmed from enhanced vigilance on the part of
CAW staff and frequent maintenance. A full-time odour control technician was
appointed in early 2007.

Odour complaints in 2008 are averaging less than one half the 2007 level, with
only nine complaints registered over the last three months. Most complaints in
recent months have been attributed to the dryers. Decomposing algae is another
source of odour, but it is sometimes difficult to get the public to acknowledge this.
Now that the dryer combustion chamber upgrades have been made, odour
complaints are expected to decrease further. However, fugitive odours will
continue to escape the building when the dryers are being vented during hot
shutdown and certain other maintenance activities. Odour capture and control for
the dryer buildings must be addressed as part of the Works Extension, or
preferably, beforehand.

cw Page 17
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1 Introduction
1.1 Introduction

The Ringsend Wastewater Treatment Works Extension Project involves the
planning of further works to maximise its capacity in order to meet future needs
and to comply with the Urban Waste Water Treatment Regulations.

One option being considered is the construction of a long sea outfall, which would
bring the treated discharge from Ringsend 7 to 10 kilometres out into Dublin Bay.
It is therefore important to understand the geology of Dublin Bay in terms of the
type of rock and sediments present, and their respective depths and thicknesses.

1.2 Dublin Bay

Dublin Bay is a small, shallow sandy embayment on the east coast of Ireland. It is
enclosed by two the headlands Howth to the north and Dalkey to the south. It is
approximately 10 kilometres across the mouth of the bay and narrows to the
mouth of the River Liffey which enters the Irish Sea in Dublin Bay.

A large portion of the inner bay is affected by the gise and fall of the tides, with

large areas of sand and mudflats exposed at low. @&'e.
>

N
The North Bull Island is a prominent };g&&ﬁ feature in the Bay which developed

ik
due to sedimentation accumulation aft& \&il\e construction of the North Bull wall in
NS
1821. O
DA

S
L] é}' Q
1.3 Report Outline & o

o
S
This report was prepared f@‘ﬁ\\owing a desk study of the geology of Dublin Bay.
Detailed surveys are intp%néed to be carried out prior to the detailed design and the
construction phases. QOO

The relevant data and documents that were utilised include:
m GSI 1:100,000 scale Bedrock Geology map, Sheet 16 (Kildare-Wicklow);
m Teagasc soil and subsoil maps;

m Depth to bedrock data and other quaternary information obtained from the
Geological Survey of Ireland (GSI) Geotechnical Mapviewer from previous
ground investigations;

m INFOMAR - INtegrated Mapping FOr the Sustainable Development of Ireland’s
MArine Resource;

m Existing geotechnical reports prepared for sites on Poolbeg Peninsula; and

m Papers relating to the geology of the Kish Bank Basin.

Page 1
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2 Bedrock Geology

Most of Dublin city is underlain by Carboniferous limestones and Dublin Bay
itself is confined by the granite headland of Dalkey to the south and the peninsula
of Howth to the north which is comprised of Cambrian quartzites and slates. The
more easily solubilised, less resilient limestone has eroded gradually, leaving a
well-defined bay. The changes in the bedrock geology are fault controlled to the
south of the Bay. A large fault, known as the Rathcoole Fault forms the southern
margin of the basin.

Figure 1 shows the onshore bedrock geology of the Dublin Bay area. Descriptions
of the dominant bedrock formations taken from the 1:100,000 scale geological map
of Kildare and Wicklow (McConnell and Philcox, 1994) are contained in the
following section.

L

Bedrock Formations (100K}
" OQ d\ |:| Calp

[ ] Tober colieen Formatian
|:| Ballysteen Formation

[ | waulsortian Limestanes
|:| Butter b ountain Formation
- Drumleck Formation

I:l Elsinare Formation

|:| Gaskins Leap Formation
- Hippy Hole Faormation

[ ] Pipers GutF ormation

- Type 1 granodiorite

I Tce 2e equigranular

I Tvpe zp micraciine porphyritic
- Type 3 musc avite parphyritic
Structural Linework

Figure 1: Onshore Bedrock Geology of the Dublin Bay Area
2.1 Bedrock Formations

Bray Group - Howth

Howth Head is part of the Bray Group, which are Cambrian in age, the oldest
rocks in the area. The Bray Group consists of sedimentary rock where some
metamorphism has occurred. These rocks include greywacke sandstones, shales
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and quartzites. On Howth Head the Bray Group is divided into five formations as
displayed in Figure 1. These formations consist mainly of a quartzite mudstone
melange and a polymict melange of quartzite and greywacke. As the rocks are
hard and quartzite is not susceptible to chemical weathering, Howth Head is more
resistant to erosion.

Calp Limestone

Much of Dublin is dominated by rocks of Carboniferous age. During the early
Carboniferous period, the eastern part of Ireland underwent uplift and erosion.
Following this, there was a period of general subsidence in the area. This
subsidence permitted the sea to invade the lower ground from the south during
the Carboniferous age. Continued subsidence resulted in shallow and then deeper
marine sediments accumulating across most of Dublin City and County.

The Calp limestone (Dinantian Upper Impure Limestones), which covers most of
Dublin are thick sequences of muds and muddy limestones accumulated in the
basins, sometimes showing graded bedding deposited in the basins that formed.
The Calp Limestone itself comprises dark grey, fine-grained, graded limestone
with interbedded black, poorly fossilised shales. While the top 1m or so layer of
rock is weathered, the overall mechanical strengthgs described as strong to very
strong (Mott MacDonald Pettit, 2008). N

Ballysteen Formation 06\\0;’2@

An unconformity exists between the %ﬁﬁﬁgﬂilmestone and the Rathcoole Fault. This
is a small wedged shaped sectlo@ ©f bedrock that is part of the Ballysteen
Formation, which comprise darg\%@ muddy limestones.

Leinster Granite s \\\\Q

The Leinster Granite is a 1que igneous intrusion stretches from Blackrock to New
Ross in County Wexfozd, consisting of five plutons. The Northern Pluton is
present in the south ublin Bay. The Northern Pluton was intruded as a mobile
mass piercing and rising through the crust under buoyancy called a diaper. It is a
rounded body with a broadly concentric internal zonation of granite types. The
granite is Type 2e, which is microcline phenocrysts (large mineral crystals). The
northern limit of the granite at the surface is a fault contact with Carboniferous
limestone, the Rathcoole Fault.

2.2 Near-shore Geology

Near-shore geology can be determined by a number of means:

mRock outcrops along the shoreline and extrapolation of the adjacent land

geology;
m Boreholes; and
m Geophysical surveys.

Most of the known information about the near shore of Dublin is from studies
carried out on the Kish Bank Basin. It is located approximately 20km offshore from
Dublin, in water depths of up to 100m. It comprises sandstone sealed by the
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overlying mudstone. Many studies have been carried out on the Kish Bank for gas

exploration, sand and gravel resources and most recently for carbon dioxide
storage (CSA Group, 2000).

A summary of the geology of Kish Bank Basin is presented by Dobson and
Whittington (1979). It discusses the results of a seismic survey that covers the
whole Kish Bank area and includes part of the mouth of Dublin Bay. Figure 2
presents their interpretation of the geology, which is further discussed below.

The granite of Dalkey Headland has been mapped (Whittington, 1977) and the

outcrop of granite to the south of Dublin Bay is limited in extent as shown in
Figure 2.

The heavy dashed line in Figure 2 extending from the Dalkey Fault to the
mainland is an inferred fracture and the extrapolation from the adjacent geology
proved difficult. Dobson and Whittington (1979) concluded that the basement
(rocks below sedimentary cover which are usually not of interest as they rarely
contain petroleum or natural gas) north-west of the Lambay Fault is likely to be
Lower or Upper Palaeozoic in age, such as Cambrian metaphorohic rocks of
Howth Head or Carboniferous limestones.

08%00wW \‘9 o' 0w

RIDGE Q@. @
& CARBOH @it B

S3"3I0N

THIN TERTIARY
ON PERMO -TRIAS |

[ o oML s C ABBONIFEROLS

] onanss LoWER PALAEDZONC
BT OMLAND AND OFFSHORE KGHEOUS.
i LTS
= FALTS
IO APPARENT [P WITHIN BEDROCK
S3°00N e MBI APPARENT DIPS WITHIN BECROCK
o GAALLOW APPARIENT DS WATHIN BEDCROCH
+ FLAT REFLECTORS WITHG BEDROCK
i ROCK CUTERCR
L DIPPING HORZONS WIELY SMCED
| DRI HORZOMS MEDRM SPACED -
& CFFING HORUONS CLOSELY SMCED +CORE STE

- OFf 00w

Figure 2: Geological Map of the Kish Bank Basin (Dobson and Whittington, 1979)

The dominant bedrock in the inner bay is likely to be the Calp limestone judging
by the adjacent onshore geology. This is the more easily solubilised, less resilient
limestone that has eroded gradually, leaving a well-defined bay. However it
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cannot be determined if there are changes in the bedrock type, as there is little
available information on the structural geology of the inner bay at present and
none of the existing borings within the Bay reached bedrock (from National
Geotechnical Borehole Database - see Section 2.3).

2.3 Depth to Bedrock

The Geological Survey of Ireland (GSI) holds the National Geotechnical Borehole
Database. Over 12,000 boreholes and trial pits have been georeferenced, their
locations digitised for the cities in Ireland - Dublin, Cork, Waterford, Limerick and
Galway. The majority of the georeferenced boreholes are in the Greater Dublin
City Area, and have been used to generate a Depth to Bedrock Contour Map and a
3D Model of the bedrock topography.

Figure 3 shows the 3D graphic produced by the GSI showing the surface between
overlying unconsolidated material and solid bedrock i.e. the bedrock topography.

Central Dublin - Bedrock Topography - Metres OD Malin

Reckhend OO0 Malin {m] o

—a

Figure 3: Central Dublin Bedrock Topography (source GSI)

The GSI have also developed a depth to bedrock map using the depth to bedrock
values from the database in the borings; this is reproduced in Figure 4. Bedrock on
the Peninsula lies between 30m and 50m below ground level. The deepest rock is
in the central area with slightly shallower rock at the tip of the Peninsula. Bedrock
on the Peninsula is generally not an issue for the construction of buildings as it is
too deep to require excavation and also too deep for either piles or traditional
foundations to bear on it.

Figure 4 also displays borings within the Bay itself. None of the existing borings
have reached bedrock, so the depth to bedrock is largely unknown. The boreholes
range in depth from 2m to 25m.
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Figure 4: Onshore depth to bedrock and nearshore bedrock is greater than value stated (source GSI)
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3 Sediment Cover
3.1 Onshore

The general stratigraphy for Poolbeg Peninsula in Ringsend has been documented
as part of a geotechnical assessment carried out by Arup Consulting Engineers
(2006) for the Dublin Waste to Energy Project and by Mott MacDonald Pettit (2008)
for the Poolbeg Planning Scheme. Table 1 taken from the report gives an overview
of the stratigraphic layers overlaying the Calp limestone at the site, which are
described in more detail in the following sections.

Table 1: Overview of General Stratigraphy of Poolbeg Peninsula (Arup, 2006)

Stratigraphic Divisions thhos_t_rat|graphy and Genetic Principal Materials
Classification
Natural earth and man
Made ground (fill) made waste / made
Recent ground.
. . Generally mixed silts/clays
Marine (beach, estuarine and . ;
. and fine sands with shell
seabed) deposits
fragments
. Generally well sorted sand
& and gravels, typically with
Pleistocene- | Glacial and FIuviogIaciaI@‘z‘ some cobbles, and
Quaternary . O .
Recent deposits \\\‘7@ boulders in places. Some
00\0\ boulder clay layers
' reported in places
Se® Slightly sandy clays with
Outwas\huﬁ\gja*cio-marine clay some silt and sand layers.
Pleistocene depost’ & Thicker sandy silt/clay at
IS RN top in places
Q\) N\
LQ@%\ement till/ weathered rock Boulders, cobbles, gravel,
& clay, silt
g\\ Dark grey, fine grained
. S . limestone with interbedded
Lower Carboniferous <~ | Calp Formation
black shale, and locally
common chert

3.1.1 Quaternary

The Quaternary deposits in Dublin area are quite uniform in composition. They
consist of tills derived and gravels deposited by the ice sheet from the Irish Sea
Basin. The description below is taken from Mott MacDonald Pettit (2008).

The Calp bedrock is overlain outwash, glacio-marine clay which consists of over
20m of material that is stiff dark grey or black slightly sandy clay with layers and
laminations of silt and silty sand overlain by silt with sand laminations.

Above this is a glacial, fluvioglacial layer which is over 10m deep of sands and
gravels with occasional cobbles and boulders. This layer is occasionally silty in
nature.

There is evidence that materials in this area have been modified by the typical
marine processes of erosion and deposition prior to the recent period of

Page 7

22825-67511-DG20

EPA Export 26-07-2013:17:55:35



Overview of the Geology in Dublin Bay
Nov 2009

reclamation. Overlying the drift geology, the next layer consists of marine or
seabed deposits up to 2.5m thick. There is also evidence of riverine deposits from
the Liffey and Dodder. This layer generally includes soft or loose to medium dense
sandy silt and slightly clayey/ silty fine sand including shell fragments and some
fine gravel.

3.1.2 Made Ground/ Fill

Made ground comprising a variety of material has been used as fill, including a
mixture of gravels, sands, silts and clays, and also rubble, bricks, concrete, glass,
timber and cinders. It is also reported that hydraulic fill (dredged material from
the seabed) material was used to reclaim Dublin Port land (Farrell and Wall, 1990).

Site investigations in the Peninsula have previously logged made ground as being
between 1.6m and 5.6m in thickness. The presence of made ground and the
frequent industrial usage of land in the Peninsula means that hotspots of soil
contamination are quite likely to be encountered.

The composition of Construction and Demolition (C&D) waste varies greatly but
commonly consist of a mixture of gravels, sands, silts, clays, rubble, bricks,
concrete, glass, timber, concrete slabs, cabling, \g/pmg, rags, metal household
containers and cinders. &
O
In addition to areas being filled wit %%ée\, large parts of the Peninsula have
previously been used as a domes’a%O #@dfill. Exact records of areas that were
landfilled do not exist but it is hl@%(@ﬁlat the western part of the Peninsula was
used and that the landfill may lr@?fgcg'\xtended as far as the Poolbeg Powerstation.
\0 ~0

3.2 Near shore Baﬁagymetry and Sediments
3.2.1 Bathymetry @o

Dublin Bay is a shaffow sandy embayment on the east coast of Ireland. The
bathymetry of Dublin Bay is presented on Admiralty Chart No. 1415. The
intertidal zone of the Bay occupies the inner third of the bay. The Bay slopes
gently reaching depths of 20m at the mouth of the Bay. The navigational channel
of Dublin Port is maintained at 7.5m.

The Burford Bank sits centrally across the mouth of Dublin Bay. The Burford Bank
is a linear sand ridge about 5km in length, which rises to within 5m of the surface.
Bathymetric comparisons suggest that the offshore banks are quasi-stable over
time probably maintaining their position due to the interaction between wave and
current regimes (Wheeler et al., 2000).

INFOMAR is Ireland’s near shore seabed mapping project. It is managed jointly
by the Geological Survey of Ireland and the Marine Institute and is overseen by
the INFOMAR Programme Board chaired by the Department of Communications,
Marine and Natural Resources. INFOMAR will deliver: hydrographic maps
illustrating everything from sandbars to underwater canyons and cliffs; seabed
classification maps showing the type of sediment on the seabed; and habitat maps
showing areas which provide homes to a wide range of marine flora and fauna.
(INFOMAR, 2009)
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INFOMAR surveys include both Dublin Bay and the approaches in the Irish Sea.
Work to survey these areas began 2003 with the Celtic Voyager. Since late July this
year, the GSI's new survey vessel, RV Keary has been making progress in
completing the shallow water areas of inner Dublin Bay that were not covered by
previous surveys by the Celtic Voyager. The RV Keary coverage will be added to
by the Celtic Voyager which will be surveying in the Dublin Bay/North of Howth
area in late November/early December 2009. A detailed chart of the bathymetry of
Dublin Bay will be available following the compilation of this data.

3.2.2 Sediments

A seabed classification map showing the type of sediment on the seabed was
produced by INFOMAR (2009) and is shown in Figure 5. There is a five class
classification divided into two types of rock, reflecting the different textures
observed from rock outcrops in the bay. Three more classes divide the sediments
into gravels and coarse sand, coarse to medium sand and fine sand to mud.

Near shore, the bedrock is overlain by layers of varying depths of mud, silts,
sands, gravels and clay. Predominantly the sediment within the Bay largely
consists of upper layers of sand and silt, which overlie boulder clay. From the
GSI's National Geotechnical Borehole Database thefanges of depths of each of the
layers were determined. These ranges, howeverg@re not conclusive as none of the
boreholes met bedrock and the sequenge gﬁ the layers were inconsistent. For
example the boulder clay layer is Lg%y to be a lot thicker. Generally the
thicknesses of the sediment layers ng@%&

N
m Mud: 1m to 12m; q,@‘
\{‘\\.
m Sand: 1m to 15m; <<0 \\\
5\

m Silt: Im to 8m¢‘

OQ
m Gravel: 1m to 6m; and
m Clay: Im to 5m.

The upper sedimentary unit of Burford Bank consists largely of sands, and some
gravel but also includes clay layers; this unit was found to range in thickness from
zero around the Muglins Rocks to about 30m at the bank crests. An average

thickness of about 15m was found over flatter intervening seabed areas (Wheeler
et al., 2000).

Whittington (1977) reports a channel that is a continuation of the Liffey channel

across the Bay southwards. The shallow seismic work shows that this channel is
also cut into the boulder clay.
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Figure 5: INFOMAR Seabed Characterisation of Dublin Bay
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4 Conclusions and Recommendations
4.1 Conclusions

Dublin Bay is a shallow sandy embayment on the east coast of Ireland. The
intertidal zone of the Bay occupies the inner third of the bay. The Bay slopes
gently reaching depths of 20m at the mouth of the Bay. The Burford Bank sits
centrally across the mouth of the Bay. Its a linear sand ridge about 5km in length,
which rises to within 5m of the surface.

The dominant bedrock in the Bay is likely to be the Calp limestone judging by the
adjacent onshore geology. This is the more easily solubilised, less resilient
limestone that has eroded gradually, leaving a well-defined bay. However it
cannot be determined if there are changes in the bedrock type, as there is little
available information on the structural geology of the Bay at present and none of
the existing borings within the Bay reached bedrock.

Bedrock on the Poolbeg Peninsula lies between 30m and 50m below ground level.
The deepest rock is in the central area with slightly shallower rock at the tip of the
Peninsula. No boreholes have met bedrock in the Bay with the deepest being 25m.
The sediment overlying the bedrock within the Bay largely consists of upper
layers of sand and silt, which overlies boulder ¢

\\\ S
4.2 Recommendations e 33

This section suggests further stepig\%géﬁata gathering prior to the detailed design
and construction phase of the &wg@@ed pipeline.

4.2.1 INFOMAR QOOQ«*@

It is recommended that tl{é\progress of the INFOMAR project is tracked for Dublin
Bay, as the principle agiﬁ{‘s\ of INFOMAR as a marine mapping project is to collect a
range of geophysmaf’datasets that determine the bathymetry of the survey area
and the nature of the sediments on and below the seabed.

Note: The seabed characterisation results and bathymetric data for Inner Dublin
Bay are due to be completed in the near future.

INFOMAR uses instruments such as (INFOMAR, 2009):

m Multibeam Echosounder (MBES): The hull-mounted MBES transducers emit
sound that travels down through the water column. When the high frequency
sound wave reaches the seabed most is reflected back towards the surface
where sensors record the returning sound wave. Multibeam Systems can also
collect additional information, including the strength of the acoustic signal (or
return) from the seafloor. This is known as Backscatter. Differing seafloor
types, such as mud, sand, gravel and rock will have different Backscatter
values depending on the amount of energy they return to the sonar head.
Output data from the MBES is used in the production of shaded relief,
bathymetric contour, backscatter and seabed classification charts. See Figure 5
the seabed characterisation of outer Dublin Bay.
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m Side Scan Sonar (SSS): This allows images of the seabed to be generated. The
INFOMAR project uses SSS to acquire good images of wrecks that have been
identified on the MBES.

m Light Detection and Ranging (LiDAR): Some shallow areas within the bays are
not safe to survey using boats so another method of airborne LiDAR is carried
out. The basic principle behind this method is to use laser pulses from the
airplane to determine the distance from the sea surface and seabed. The
difference between the two beams allows the water depth to be calculated. In
Ireland the typical depth penetration is 15 metres and this may vary if
sediment or biological material is present in the water.

4.2.2 Further Surveys

INFOMAR is carrying out geophysical surveys of the entire Bay and this is not
intended to include any geological borings. Further information specific to the
route of the proposed pipeline would need to be gathered in advance of the
detailed design and construction phase. This may include:

m Hydrographic and marine physical survey: The objective of the hydrographic
and marine physical survey will be to collegt information supporting the
evaluation of seabed and as well as sub-bo#tom (bedrock) conditions within

3

the area. O(\\\; N
<O
m Geophysical Surveys: Offshore boxi should be conducted to obtain soil and
rock samples, to CharacteriseoQﬁ@eneral area of the proposed route of the
ipeline. SN
pipeline &Qp <

S
m Side Scan Sonar: To imzfé%Qﬂ‘?e seabed conditions and to identify hazards along
the proposed route.

&

S
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1.0 Introduction
1.1 Introduction

The Ringsend Wastewater Treatment Works (WwTW) Extension Project involves the
planning of further works to maximise its capacity in order to meet future needs and
to comply with the Urban Waste Water Treatment Regulations.

One option being considered is the construction of a long sea outfall, which would
bring the treated discharge from Ringsend to a location 7 -10 kilometres out into
Dublin Bay. This report outlines the cost involved in construction of a long sea outfall.

1.2 Long Sea Outfall

The proposed long sea outfall at Ringsend WwTW will be constructed using a Tunnel
Boring Machine (TBM). It is estimated to have a bored diameter of approx 5.90m, an
internal diameter of 5.00m and a total length of 10km. One shaft will be constructed
for an entry point for the TBM and it is proposed to abandon the TBM at the end of
the tunnel. The tunnel will be constructed in the bedrggk of Dublin Bay. Further
investigation is required to determine the location{é?he long sea outfall but it is
expected to be either in an easterly direction\ or@q{ingsend WwTW and end after
Burford Bank or be in an east south-east d&nﬁs@fé\n The map below display’s the
approximate locations for the outfall. & \@5

NN

\ = A
2 el g5\
s 1 el 165\
¢ SVO(B)-LFLIOE
, Harn(1)20s
Soing Burford ey

s =
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1.3 Report Outline

The aim of this report is to determine a preliminary cost for constructing a long sea
outfall (€/mm DIA/m) and will be further refined after detailed surveys to determine
the bedrock geology etc. and detailed design of the outfall is complete.

This report provides a detailed summary of tunnelling costs compiled from the
following sources:

* The British Tunnelling Society.

* CDM employees (design and construction of tunnels).
* Australia database of tunnels.

* ASCE, Marine Outfall Construction.

= Other sources including: Mott Mac Donald and Kenny Construction
Company. :
pany &
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2.0 Data Analysis
2.1 Introduction

Using the sources mentioned previously a comprehensive list of tunnels was
compiled. Information collated included internal and bored diameter, year
constructed, length cost etc. The cost (€/mm diameter/m) was calculated using the
total length, internal diameter and cost for construction. The following section details
the methodology and data analysis. Information regarding the tunnels can be
grouped according to the following and detailed in the following sections:

1. Tunnels with sufficient information and used to calculate the average cost for
constructing the tunnel. (Group 1).

2. Tunnels cost data not used to calculate the average cost for constructing the
tunnel. (Group 2).

2.2 Group1

This group includes all tunnel data (30) deemed suﬁgl‘e’ofént from which to calculate the
N

cost (See Table 1 below). O

NG

O3

Tunnels which were completed prior to g@\are adjusted using the Construction Cost

Index (See Appendix 1 for US (1908—1\%6%@) data and Appendix 2 for UK (97-08)

data). CCI was calculated using th@@z@zi‘-point of construction.

Ry
For UK tunnels constructed \8\1\@0 '97 - US CCI data was used. For tunnels
constructed in Australia, Iraq@g\%ypt etc. the US CCI data was used. Notes for the

calculation of CCI can be 5@8]?1 in the table 1 below.
OQ
The cost was calculated using the following steps:
1. Construction Cost Index multiplier: =

Construction Cost Index 2009 / Construction Cost Index for mid point of
Construction

2. Cost€/mm DIA/m =
CCI multiplier x (Cost / Diameter / Length)
Cost = €, Diameter = ID in mm, Length = m.

See section 2.2.1 for further cost analysis.

16 CDM
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Location

‘ Type of Soils

Excavation Method"

Table 1: Construction Cost Details (Group 1)
Diameter

| Machine

Finished {m)

Bore {m)

Length [m}

Cost Euro/mm
diameterim

Total Cost (€)

Proposed Tunnelling Outfall Cost

December 2009

Notes on GCI

[Birmingham - Perry Hill to Mixed clay. sand gravels in %9 and "08 English CCI. See
1 |Bimingham Eraneh Sewer e Boc Ere Lavat e 1398-2000 3 34 2750 6-15m 199 16,426,689 172 Py
[Birmingham - Perry Hill to [Precast bolted 6 1o 20m (Waler Table: |Average 04 '98, Q199 and 08
2 |Bimingham roveiiy Sewer Sandstone ere Lavat e 1997-2000 3 34 250 [eerine surote) 188 15,528,244 175 Engloh Gl Sas Appendhe 1
Two Lovat RME 16758 [ roces! 00 and '08 English CC1. See
3 Yorkshire Hull - Humbercare Sewer [Alluvial Deposits EFE seri trapezoidal lining. | 1999-2001 36 424 10600 Up to 22m 261 99,597,080 163 9 E
Bs 1m widh Appendix 1
Tertlary Beds of London .
4 |Hamp: F - Transfer Tunnel |Sewer Clay, a mixture of sits, sands|TEM 2 Loval RME 131 Bolted precast | 4499 3001 28 34 gogg |2 -30m (Water Table: 219 50,703,968 163 00 end 08 Englih CC1. See
segments 2.5bar) Appendix 1
and clays, and Chalk
Made ground overtying Lovat M115SE and Isekd |Precast beited :njd:;ﬂr :T'fgru:;r Have English CCI data for 97-08,
5 West Midlands Walsall - Bescot Crescent Sewer glacial drift deposits, Coal [EFE and microtunnelling Unel | linings, 1m wide, | 1994-1995 244,12 28515 1182 iater Table: N 157 4534941 157 Use LIS data: Dec "94, Jan '95
Measures e and pipes e Zhiesr and Mov 09, See Appendix 2
|surface)
::;:::'I i 5m of rack with 18m of Have English CCI data for 97-08,
sea water and 32m on [Use US data: Dec "33, Jan 'S4
[ Norfalk [Cromer - West Runton Outfall |Sewer Upper Chalk with flints EPB Dosco :;gmnm:r:::gg. 1993-1994 224 26 2200 land (Water Table: 2.00 9,837,270 161 2nd Mov 09 US CCI data. See
o m“":m: 23m) Appendix 2
Dosco SBI00
i Favian ifadiani 'T“"’"‘;“I‘;' 'r'|‘ ":"" in shield and on tracks, . 355,313,259, [Have English CCI data for 97-08.
7 - Outfall Sewer mew' M:g":g::m ’le’:ﬂnnn :l"'m" * InT1 a'“;;ﬂ" and |Hemenknecht stz ‘:;:TIS inings] 1991995 | 183.152.15, &- 13 1713 A 183 10,529,213 158 Use US data: ‘34 and "09 (Jan-
blast roadheader and AVN d = 147,10 Q [Mov) CCI data. See Appendix 2
sturry TEM and pipes.
Mercla mudstone or Keuper Ity O 3m to 8 (Water Table: 3;:1?::: ‘r:::é ﬁa.:; '!79:1“'
a Leicestershire Leicester - Abbey Sewer marl and siltstane EFE Lovat M115SE l:‘z:md lining. 1m 1992-18&%%’ @ 12 3 6200 Near surface) 142 16935917 161 and 09 (Jan-Mov) CCI data, See
RN Y [appendix 1
? « [Have English CC1 data for 97-08
3 |essex Thurrock - Southern Trunk  |Sewer Alluial Thames Flood Plain |, seid crunching mele TCM| o, S 9@ 18 214 1200 (12-14en (Weter abls: 279 6.016.142 181 Use US data:*90 and "09 (Jan-
sands, gravels and clays 2140 B up ta 11m)
\< \\\ Mov) CCl data. See Appendix 1
Tunnel modification TBM [P 59 [Have English €1 data for 97-08
Jersey - St Heller, Surface Tunnel - slurry TEM and ""D":: "'°‘ : ;: 7 lr;;:“t 9 é\ Tunnel 3.2, U:Ls?;a- e %.Jan S
10 Jersay Water Link and Storage Sewer Fort Regent granite raised bore, cavern drill Tamroek 3 b Tar e, 9 1994-1997 27 cavemn 18 1604 - T4 15,167,510 156 and Mov ‘09 CCI data, See
[Cavern and blast wide - T high
cavern [Appendix 2
NS
QN
1 |Betrast Betfast Sewer Project Sewer - LK Q\ - 2007 - 2009 4 - 9400 |a0m 296 111,227,903 oK 08 UK CC1 data. See Appendic 1
O
Quatemary gravels and
sands, breccias, phylites, Dot have CCI data for Spain.
12 |spain c“’ﬁ:’:r:‘:"::wp f‘:,"l‘:m'“ Triassic dolomites and Shielded TEM (EFB) g"f":.:{‘;:m 2002 44 52 2800 - 355 43,712.589.64 151 Use English Data. 02 and 08
Cye o, Precambrian; black mica g 9 data, See Appendic 1
schists.
Quatemary gravels and : [Dont have CCI data for
13 ¥ Hrtis cﬁ'l:",':r:;c"’ -4 sands, mostly above GW-  [Shielded open TEM = ﬁ:i’:‘:":;:g 2000-2006 29 345 17400 = 230 116.194,307.12 142 Germany. Use English Data. 03
level and 08 data. See Appendix 1
Deposits. alluvial ground, L [Dor't have CCI data for Spain.
14 [spain E"“'"""::'! I“""m:m‘““" Stormwater sands, mestone. Water  [Shislded EPB TEM = g"ﬂ:::‘::m 2006-2007 2.76 31 1300 = 280 10,043,893.81 142 Used English CCI data. 0406
! ressure up to 2 bar. 9 9 |and 0107, See Appendix
Predominanily sof ground
and sandy seils in the [Bolled caskeled
(04 and "09 (Jan-D: usca
15 | Los Angeles - Outfall Sewer  |Sewer Lakewsod Formation and  [EPBTEMS (4) Lovat Tunnel Equipment |precast concrete 2004 335 472 18500 . EET 206,938,724 120 b GhaDec)
a. See Appendixc 2
hard clay and soft clay in the segments
San Pedro Formation
(Dec ‘03, Jan 04 and Jan '03 US
16 (Chicago [Chicage - Calumel Tunnel Hard rock. TBM Robbins - 2003-2004 983 - 18571 - 050 163,696,809 1.26 CCl data. See Appendi 2
oW - - 762 FE 10403 -
[ TBM - - 4.57 5.18 24394 -
. - - - - [Dec ‘03, Jan 09 and '09 (Jan -
17 |chicage Chicage - Tomence Ave [Pipejack 2003-2004 244 122 147 118,276,048 126 B gl 0% Mg
N . . 762 . 5 B
- - 9.45 - EE] Lined gate shaft
1% [Gay. N Gary, IN - Borman Park water Hard rock TeMm Robbins Concrete 2003 35 4821 = 205 34,583,982 128 gi::"“ “"‘2' Rl (o gate;
19 (Oak Creek, Wi (Oat Creek, W1 - Expansion (Cooling Water Limestone [ TBM Robbins - 2005-2007 835 2804 - 333 77,873,880 1.10 (06 and '09 (Jan - hov) CCI date.
See Appendix 2
[Domn't have CCI data for China.
20 |shanghai [Lpgach g axbud — - - g C:l"‘z’:;‘;“ 24-35 5 30000 . 236 M8.117.755 108 Lise LS data:"07 and 09 (Jan-
- 2 Dec) CCI data. See Appendix 2
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Number

Location

| Type of Solls

Excavation Method*

Table 1 (Continued): Construction Cost Details (Group 1)

Machine | Linings

Date

Finished (m)

512and1.2-

Diameter

Bore (m)

Length (m)

Cover

Cost Eurofmm
diameterim

Total Cost [€)

Proposed Tunnelling Outfall Cost

December 2009

| MNotes on CCI

Interglacial deposits TEM Lovat EFE TEM :::::d ined 2010 1. Bimicrotunnel 10150 - 270 140,348,530 -
Interglacial deposits Lovat EFB TBM 2011 S£7ond1.d 5023 - 233 68,568,753 -
(Average Dec 04 - Jan 05 and
Combined Sewer Overflow
23 Us Storage Tunnel Sewer - - 2001-2008 9.14 4825 - 305 134 429 466 1.18 MNov 09 US CCI data. See
Generally 304
Tunnel Baring Machine for| millim wzs Ihick
the main tunnel Drill and unreinforced cast-
shool technique for the ate concrete
rock portion of the access |Refurbished 1973 or 1974 il . "
shafts and for connecting |Robbins TEM equipped (e St o e Cous: Sk =3in [hnd.
24 Side Reliel Sewer  |Sewer Limestone reinforcing steel 2002-2005 6.1 678 11430 - 1.28 89.558,181.32 126 [New 08 US CCI dala. See
and starer funnets with six 350 hp variable was added to the dbx 2
Smaller diameter (1.5-  |speed drive maotors ool hsctions \ppe
2.1 meder) shafls were wml:ha'lj s and
ecavaled by down hole connecling
drilling techniques 1unnels.
|95 and '09 (Jan - Nov) US CCI
25 Boston. MA - Sewer - - 1995 81 15200 - 204 350,127 439,64 157 data. See Appendix 2
[East coast bay formation, a
[Miocene marine sedimentary
sequence, consisting of
maderately weathered lo )&'
urweathered sandslones,
26 Auckland Hobson Bay Sewer [Sewer siltstones, and mudstones: TEM Lovat RME 1T0SE 2010 a7 é - 3000 - 264 29,271,833 -
with probable cemented \‘(’\
pockels and lenses of poorly \\0
sorted sand fo boulder-sized 3
conglomerate 0\ & (y
T Dot have CCI data for India.
Gnelsses, Quarzites, schists \D
Tapovan, Vishnugad Headrace| " — | Single shell - Used LIS CCI. "08 and '09 (Jan -
27 India Hydro-Electricity (with height overburden: Double Shield TEM = @ 56 65 8000 = 156 T0.0T8 45969 1.03
Tunnel plastic defe s of strata sagment lining . & lzuw] LIS CCI dafa. See Appendh
N 9\\7 [Dom have CCI data for China.
28 Shanghal - [Sewer - - O{\ é\ 1995 42 1600 - 359 24,091,736.34 157 3$llljss é:ccllﬂ'zf; u;:?:p(:::u_n:
N 2
[Fysh farmations of silty, &@v o
sandy and limy shales with . Q N
silt-stone and sandstone &\ . §
. Lk el Qo ) N (Don't Iraq ©CI data for Iraq. Lise
29 | blocks, sandy and limy & shell
rag Gavoshan Shielded TEM (EPE) - Q 1999-2004 43 53 7600 - 318 103,951,447.25 133 US data, Average Dec 01 - Jan
nedules. Rock parly intruded QO |zegment lining 050 MG 109, S Acperide 3
by volcanic material. Rock \c’ : PP
water above tunnel. Eternal Q
water pressure limited 1o 5
bar.
» [Don't have CCI data for Egypl.
3 |cairo, Egyt 1 Sy, rmon s S Silty sand, soft and stiff slay [Shislded TEM (Skamry) CJO 3 Engks: sl 1396-2000 53 63 4800 5 171 43,396 548,65 145 Lise US data. 98 and 09 (Jan-
Canal. segment lining [Nov) See Appendix 2
jHeviSee Appencics |

*Abbreviations
EPB

TBM
EPBTBM

Earth Pressure Balance (Machine)
Tunnel Boring Machine
Earth Pressure Balance Tunnel Boring Machine

1-8
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2.2.1 Cost Analysis

See Table 2 below for the calculated Average and Median cost for constructing the
long sea outfall.

Table 2: Cost Analysis

_ Average (€/mmDIA/m) Median (¢/mmDIA/m)
British Tunnels 224 2.00

European Tunnels 2.38 2.24

Non-European Tunnels 2.38 2.50

All Tunnels 2.38 2.34

The above costs are based on data from Group 1. Table 2 shows the average costs for
constructing a tunnel is €2.38. The difference in cost bgween the UK and others is due
to the construction of shafts, etc. included in the cg\g@.\\’
3

Using the average cost for European, Non—@ﬁ%@ﬁean and All Tunnels the cost for
constructing (ID = 5m, Length = 10km) tki g‘ingsend long sea out fall is €119 million
(i.e. €2.38 x 5,000 x 10,000 = €119 milligh S

S éf

5 &
The tunnels constructed recenth(lgéé‘(&k of relevance for the cost analysis include:
OGN
S &
1. Belfast Sewer, Northggﬁreland. (Table 1: No. 11).
\
S

A
This is an underground g@ver network constructed in Belfast using a tunnel boring
machine (TBM) with adiameter of 4m, length 9.4km. Work for this tunnel was
completed in 2009 and cost approximately €112million, €2.96 /mm DIA /m.

2. Brightwater Conveyance System, Kings County, Washington, America (Table
1: No. 21,22)

The Brightwater Conveyance System consists of two tunnels namely the Central and
West tunnel.

The Central tunnel is constructed using a Herrenknexht mixshield slurry TBM with
an internal diameter of 5.12m and length 10.15km. Completion date for this tunnel is
late 2010 and will cost approx €140million, €2.70 /mm DIA /m.

The Western tunnel is constructed using a Lovat EPB TBM with an internal diameter
of 5.87m and length 5km. This tunnel is due to be completed in early 2011 and will
cost approx €70million, €2.33 /mm DIA/m.

CDM 19
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3. Northeast Side Relief Sewer, Milwaukee Wisconsin, America (Table 1: No. 24 )

This sewer was constructed using two refurbished 73 and 74 Robbins TBM with
diameter 6.1m, length of 11.4km and construction was finished in 2005. This project
finished at a total cost of approximately €71 million, €1.28 /mm DIA/m.

4. Tapovan, Vishnugad Headrace Tunnel NTPC, India (Table 1: No. 27)

Construction for the headrace tunnel is due for completion in 2010. The tunnel is
constructed using a double shield TBM. The diameter is 5.6m and total length of 8km.
The cost for constructing this tunnel is approximately €68 million, €1.66 /mm DIA /m.
However, when factoring in the difference between Indian and Irish labour costs the
adjusted unit cost is in the neighbourhood of €2.50 / mm DIA/m.

The tunnels mentioned above (1-3) have additional costs included e.g. shafts etc. The
long sea outfall for Ringsend would have only one access and diffuser outlet.

Figures 2 and 3 below are created using all data from Group 1 and display the
relationship between diameter, length and cost (€/ms¥'DIA/m). The data doesn’t
show a good correlation; hence a cost estimate can't®be determined from the above

figures. NN
A
PR

400 Q(\'g.'\@b 4.00

530 * . »&@\}\ ss0 L Se
T * . * . OQV‘Z\\ _ . . * .
£ 3.U0 * ] £ +
= * & * XN = + *
£ s & * S \\\\Q < 150 L J h

$ . & O o * o * »
E 200 3t S £ 200 -
€ 1w + *e (\\\i\q ©oam e * e
S = ®

§ 100 XO‘\Q + S 1w * * .

g A

.0 \0 150

0.00 0.00

i} 2000 AD0D0 @ 8000 10000 12000 1] SR UEKEM) 500 2000 250KK) S00EHy - 350000
Diameter (mm) Length{m}
Figure 2: Diameter and Cost (€/mm DIA/m) Figure 3: Length and Cost (€/mm DIA/m)

From analysing the data the cost for constructing the long sea outfall will be
approximately €2.00 - €2.50 /mm DIA/m. (€100 million - €125 million).

2.3 Group 2

This group includes all tunnel data without sufficient information or disregarded due
to a valid reason. This group includes 56 tunnels, details can be seen below in Table 3.

1-10 CDM
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Table 3: Construction Cost Details (Group 2)

Linings

Dinmater

Finished jm}

Bore (m}

Length (m)

5t Euroim
dinmeterfm

Total Cont (€)

Hotes on CCI

Proposed Tunnelling Outfall Cost
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Notes on Cost

London Fing Main - e ading Beds - day mar with scma % 5 - . -
1t |eondon St coarmile 1o Syors [Watar Pl VUL Shiald wih cutter boom 2utdn and Dosco [Fipes, 340mm thick Smiong | 19871068 22 288 3000 - 5 = Construction year pre 1900, Missing Datar Cost Not TEM
Lovat (EPE} [Hive English CCI data for §7-08. Use
Wik, o Vs #ac Flgod Plan 12 9m a i 2 I
7 |london  [omdonDockitnds - Rowl oo Yoowrich & Readig Heow, Ficad Fish TEM EFEH2 Im) and Mirshield | remsnecht  [Pipes 19881991 21,18 25215 5200 185 18276.478 | 183 [US dsta 59, 90 ana'03 See Appendin |Construction year pes 1290
Docks larmvals and Lordon Clay {1.8m) bl <
[Firnesa to Deptord Water Weh Uncle Mot 5 THCIL0ES 2 20 OF LIKONT] SONSTTLCoN. 38 of Which 1.6 in
0 > Vintor =" anding Bods | g 5 i 1098-20 2, o &0 3,753, T 2 |8 i sh CC Fpendo Hien ot )
a London B oo ondan Clay and Woolwich & Reading Beds |Trench and tunnaling Jand Akkweman Pipes 98- 1208 B4 1800 8ar 13,753,786 172 |8 and ‘08 English CCI. See Appendoc 1 | - et TEM
s = [Hive English CC1 data for 9T-08 Use
[ N (Cast i sty concrte lining with N 45 F . " . - -
i 1 = oh - O E ol 0 . S 1 2800 I 5 |y ;T4 T8 v o ctic
4 Lotnian [Ednburgh - Outtall Sewer Coliery anches Doll and blast Steimo telssoopic shuter 2731676 EL- ] ahon 280 127 13,005,080 4.05 [US data: T4, and 09 (Jan-Nov) See [Construction year pre 1230 Mot TEM
B = : 5 [Frocast concroto segmantal - 1 deta for 97-08. Use
5 |lotian  [EOinbursn- Easter Sewar  [oodldarclay and beach daposhs VEMAND  lereid and compressed air % g with cast in situ concrete | 16711872 | 229, 167 2023 213 1o 5123703 and "0 {uan-Now). Saa |Construction year pre 1800. bot TEM
Intorceptor Sewor [Camorilercus stirata
[secondary liskng
: [Have English CCI data for G708 Use
4 fweymontn and Porlend - | L Fiand sheeld. Venaion hend shekd Procast smocthibere snd e T A @ v din s b | A - - e
& Dorset Uindartuit Sevear Sdty sand wih compressed ar ria botted tnings 19811083 12,18 152 3 O.'ﬂ' 498204 224 |US data B2 and ‘00 [Jan-NovIUS fot TEM, Construction year pre 1900
datn Ses Appends 2
[ X - [Finve English CCI dada for 97-08_ Uss
7 London E::t:" Western Deap S | eridan Clay Shiald wih backhos Decon ::;ml sxpanded and bolled | \o0p 1o 25 285 3300 204 12508838 | 188 |US data) B9 and 08 (Jan-NovILS CC1 TEM, Construction yer pre 1580
R il lgata See Appendix 2
— [Fiave Engiith CCI 018 for 97-08. s
B Dorsat Pocle - Surrey Road = [Sandy clay TEM Lovat Fipes 19831984 18 2180 0er 1,848 981 LS data: B3, 34 ana 09 (JaneNoviUS  [Not TEM . Construction Year pre 1880
= CCidata Sae Appendix 3
b [Have Enghsh CC) data for G7-08. Uss
8 |oaden Lorvdon - Edmonton Sewear [and and gravel, above sits and diays ;ar::lrln e = Pipes 19011002 | 1513808 | 1012 80 176 |US data: Dec 91, Jan ‘92 and Hov 02 TEM
H g | dats Seo Appondic 2
Clane [Have English
10 |sumey Surgh Heath terceptor  |Sewer [Ciays, sand and chalk old and backhoe R Fipes 1990-1931 15 19 915 1584471 | 180 [US data: Dec 90, [Siot TEM - Shisld and backhos (.
Ciaham LIS (CC1 data. See Appendc 2
[Have English CCl data for G7-08 Use
i oy it s i 12,10, ” S = o
1o ket stargote - Relle! Sewer Sewer o M AT A - Spun concrets Faxible ining | 19851988 | " 15 ] 4400 5365556 | 202 [US data 55, 96 and 09 [Jan-NovIUS [Nt TEM, Consiruction year pre 1990
excepd under rafway ling renvertedto 06 CC) data See A i 2
” — [Fiive English G| data for 37-08. Lise
jg  [Mormnem  [Baitest-Duncrus Street oo busiat clay with sand lavers Staold with well poirt dewataring . Boltad segmantal lining 19921995 4087 5938552 161 [US data Dec 93, Jon 94 and Nov 09 [(Cost for whale schema
treland Sowige Treatmert Works = CCl data Sae Appendn 2
2 [Hand sheald with some blasting Fipes [1.2m and Z4m} and Have English CCI data for §7-08. Use
EPAS - B 1
13 [Mersiysde f'l—‘_z':la: bl Siwer f“wlfwm' Adlizel Bepasis th pmeing 4m pipejack) and TBM nrock  |Lovat MA00 racast smaothbore breng. 1m | 1990-1991 2 7072860 | 180 [US asta Dec 'S0, Jen'Sl anaNov 00 [Not 8l TEM Missing data
el C soments ) wids (2 4m) 5 CC) data Ses Appendi 2
#ld and compressed airup io vcast Snaaliibars lring % & [Fave English CCI data for 5708 Use
14 [Dever Mowton ABbat - Aller Vallay |Sewer ity sands and cravels wilh beulders 0 Thar, shield (900mm) Ppajsck [Dsconfram) |1} ,_"Iw':l"’ 5 (900} 19%.@ LA2.08 1512 551 109681583 | 160 |US dsta Dec'S0, 'S andNev DI [Nt TEM
and microturneting . VL RN 15 1 data. Ses Appendic 2
= - im0 ~
PTACTT E bris ::ir“: ;.“m m& N g siave English CCl dala for 5708
LLI A Absrdean - Sea Outhal Sewer Granits Dl and blast Py M nw*cn"m‘:’_ms . 25 Itby 3 2500 160 934480 | 166 |US date B and 00 (Jan-Mov) US Mot TEM. Consiruction year pre 1960
ittt ot : data Ses Appends 2
s misimum of EommegiC > O
A [Have English CCI data for 9708 Use
L - sl e 2 - wpanded widge b [ - - 0 - - ay o p e n
18 London Q:';:r ool il ol Soweal London Clay Shiald with backactor [ Jamies Howden E—tZMM I:‘; ﬂnos 1985-1047 254 284 1700 118 21 1.87 |US date. 6, 97 and "09 (Jan-Mov) US (Mot TBM. Construcbon yeer pre 1960
i b\ CCl data See Appendie 3
" 3 " 2 Expande, n(s}ﬁ-nc_ i g ] | 0% 87, Q¥'98 and 08 Enghsh CCI cata
17 |Londen Londen - Subton Hogsmill  [Sover ondan Clay [Tam Lovat 7 mmw” 997-1098 6 3 . 10 |y Aot Mang dota
z . = B " . Z [Fana excamation  TBM and [Erkeman, iwelo @Y y Z A : [G4797, G185 ana U Enginh CCI aala
ixtord - Ialo Tem Graval: Ox C 2 19a7-1: 121 15.12.0 L 178 Inciucde . 5 h E df Fmacro funnaling
18 Ouxford - Wast Cixford Sewer ‘emacec Gravals and Celord Clay ki snlig ool 25mineek (C39) 997-1994 210,08 5.12.08 S50 s B |2 n Appends 1 chuided in the cost (5 hand excavation and micro wnneling
7umé SROn SeGmant
e . - R A - posits, peat. sand » Iiningth shear pads. 300mm | .. = : 8 a 1070507 4 75 | B8 and 0 English CCl data. See T
19 |EastSussex [Hastings - BamingWater | Sewer o et bt o g Y| Weatiokd Hemensnacht oot sapieact 1997-1999 L1 5 800 T80 £3.070.50 5 lappani 1 B
imm thick EPCM gaskets
Sandwich Bay - Ramsgate = " Two main dives with roadheader, o Procast concrete segmental -
20 . o8 524400 | 52812 750 - x .
20 |went el Sewer Chaik Houdibredin il e L @ iy 10031995 | 4524400 | 52812 1250 . eology. Missing Data
: . Precast concrete segmental [Hirve English ©CI dada for §708. Use
lsh of Gran P Sta 5 o A . -
2 et ;‘m; SRR Fower SN o Lassuwiat silt oventying London clay ings 6m dameter prestresses | 1972 54 1 100 s01 2706838 | 4.89 [US dsta 72 and 09 (Jen-Nov) US Construction year pre 1890
vortically with Macalloy bars [data. Sed Appondix 2
L ondon - Hoursion - [Clay and saturated sands and moed taces. [Hand sheeld with compressed air ) friava Engiish CCI data for 87-08
2 London [Bronttord Aren Surtsce Sovent {Foejock in sity day and fver gravets, and  Jup 1o about 1 bar Pipe jack some (One pass lining and pipes 1991-1982 13512 17,15 1730 104 2434592 178 |US deta: Dec 91, Jan ‘52 and b ot TEM
[Water iy devatanng LS CCI data. Sse Appende 2
e [Frocest unts 100m long in
23 Sastholk Sirewsll B Power Station \_'Je‘.e'} |Loose sand and gravel beach depos Trench axcavalion - rine 11m lengtns Frecast in 195881900 4.5 squarns £ 5 square and - - - - ot TEM, Missing data. Construction year pre 1000
' Teaside
- riave English CCI data for 7-08
Shaffield - Don Valley Sta, . - (Ol &na blast within a shisld wih & Procirs! boted concrete kren " 411 N branch - n " n =y ! -~ " - s "
24 |vorstie e ICoal Maasures IR 8. MO WEN @ | apgionder - 2 403 | vgee 1088 biinsipahd 112 i) 10338812 | 184 [US data: BT and '08 (JanNov) US Hot TEM Construchion Year pre 1890
wader 750mm and gaskets tnnels 1.91 - 2
dats Sed Apgando 2
Frocast boted concrets - [Fiive Engiish CLT GeIn for 97-08 Use
Shathield - Don Valldy Sta 5 Dosca 58400 in " i R & i o : 2 i
%5 Yorkshire 5 * = %0 | Sower ICoa Maasures Shyeld with roadheader o shiskd o tapered lning with gashets, 1083- 1026 417,196 48523 2300 “;‘ 20263760 205 JUS data B4, 85 and "0 (Jan-Nov) US  [Not TBM. Construction year pre 1060
g o 750mm wids lCC st Sae Appendi 3
Precast boted concrete 5 = -
y [Fiave Englisn OC data for 97-08. Use
= 2 2 i paskets =
26 |vonanine  [Trerie-DonValeyFnsselo, o lcomMesnures Dol and blast in shiwld Decon "'::f;""":ﬂ“:g::h::"”’ 19861091 29 347 2288 22483402 | 181 [US deta: %0 and 09 (Jon-NoviLISCCI  [Mot TBM; Construction yesr pre 1990
» -] data 2, 2
2 65m intemal camater riate. Bo Appinci 2
jCamonierous imesione, quanzie, B o - 3 " -
L. 2 5 ¢ Tamrock RMHS Horseshos . [Have Engiish CCI data for 9708 Use
27 |awon :':‘jf‘o;’sf’m"“ Foul Watee | e ’m;;?no' e otmitic. 0! and blast 505M3boom [0 350mm castinstil | 500 1903 366 4 2000 188 17.521,748 1S data; Dec 61 and Jan 92 and 140t TEM, Constructian year pre 1880
4 IS NS fic MO THESEE SpTC ycsrasic jumbo tov'Tr LIS COI data See Appondic 2
E dntargh - Wes ch diposis ovecing . 804 8ir, Som [Frocast concrate segmental [Flowa English CCI data for 97-08 Use
2 Juanan PR " R e ;';;'I‘:;“’ PR Coms = boted inngs wih castinstu | 16721874 a7 a7 200 1 9814500 | 452 [US data: T3 and 09 (Jan-Nov) CCI data [Met TEM, Consiniction year pre 1900
= N ] - concrate secondary lning Séi Appandx 1
[ Bury - Mortn South T Have English CCI data for 37-08 Use
29 |Lancastwe rb:rnrml' Sevenr Mudstone, shale and sandstons TBM modded with disc culters Lovat Precast butt and jacking ppes | 185841 16 2 1820 184 47183918 205 [US date: B4, 95 end 00 (Jan-Nov) CC1 [Construdion year pre 1990
data. See Appandix 2
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Table 3: (Continued): Construction Cost Details (Group 2)

Diamater

Proposed Tunnelling Outfall Cost
December 2009

Caost Eurofmm
il L -, c
Humber  Location Type of Solls Excavation Method Mazhine Linings Finished fm) Bore(m) Length(m} = sterim Tetsl Cost (€] Notes on CCI Hotes on Cost
Gaull Cay ave F o 5 = 5 z g
30 frent Foikestone - interceptor  [Sewee OU";:"\‘__"'G'{\‘:"M:;;T;?; o Béo EPBs Lovat Frocast smoothbors knings | 19971090 | 244, 287 260,320 1800 : Mot TEM Missing Dats
Cambndgesh 1.1.5m and 1. 2m pipsjacks : [Have Enghsh CCI dats for 8708 Us
1 S %50 | Cambridge - Riverside Savier Gauilt Clay Fipsiack with shisld and backhoe it r:r;rl Tl saaam | 21,1512 | 261815 5000 142 17452124 | 170 |US data Dec'S2, Jan ‘93 and Nov Not TEM)| Pipsjack and backhas (JCB)
= = 1 dots See Appendic 2
= [Hove English CCl date for 8706, Use
Cross Hands Tumnal (water Codl Measures it & blast - Cat insitu conorate 1968-1872 163 28 8400 1113 137446324 | 620 [US date 70 and ‘08 [Jan-Nov) CC1 data [Not TEM Construction year pre 1290
[See Appand 2
Sprayed steel Sors reinforced [Have Engiish CLT data for 27-06 Use
33 |Corweall  [Faimoutn- Storage Tank  |Sewer Siltstonamiudstons with clay ssams Ol and blast in 2 4m pulls - N cace g 100mm thick | 12081007 29 ERN-"ER] 450 218 2812466 | 148 |US date Dec ‘86, Jan ‘87 and Now Not TEM
g, g CCi gats Seo Appendn 2
34 |comwan |Erxhem- Stommwater Sawer  INA Dt ana biast - - taue-ru7 | 21 WdR By 28 3 450 3 - s = ot TEM
- [Erngurgham « Water = - : . i o wisdgo bioch breng T e i " [Have English CCI data for §7-08. Lis s :
38 |Ruttand Transtér Tunnal Water Lipps=r lias with bands of imestone TEM Friestiey 6a0mm wide 1972-1913 5 285 13800 059 20810225 | 470 [\= gara 72, 73 and 00 (dan-Nov) e |Constiuction year pra 1850
HermeninechtiZok Z Hava English ©C1 data for 87-08 Use
an - Nortl ondon o i of o Fipe v precast o 1 pejack’ s ro & .
36 |Leaden o - px vy et watar London clay with bande of pandstone and. | vekin a5 and precastaxpanded. | o0 opy | VB2 IDmejackl | o, o0 7500 157 31498508 | 190 [US date ‘85 and ‘09 [Jan-Nov) < Mot TEM. Constriction wear pre 1690
Southurn Links aravel intrusions concrate lireng 254 (tunnel) Asiide 2
F 1 Have English CCI data for 87-08
- - H U ~ - L I c d ey . o 3 O S - " L -
37 |East Sussex |POoN and Hove [Stommater | inpar Chalk 52:] Whth - Howden  [LMeInToreed precast concreta | 1gg0 qn0g [} 67 5100 1 34905363 | 158 |US data Dec'®d, Jan ‘85 endNow 09 [Geclogy
Sowor g, 1 5m wide ! AR
Cldats Seo Appendo 2
Brizham, Tecbay Sawage Treatmixl Fitee reentorced boled Ceat inclades corstructing pumrgmg station shalt - using drll and
y S s s } . " orced F T ik . G = [ e MO s s 4 oS Consinact shalt - us P
ag Torbay e ckiario | Sawer Limastone Cosco agriariit rings 2008 4.25 435 anr 9,062 32 |04 and 08 UK data Ses Appendi 1|
3g  [PtLeonamds §o.0s & Bexhl LWWTD [Sewer Lin-comerted sandstona b3 imestans TEM sty 2000 85 1800 668 77916500 | 163 [008nd 08 UK CC1 data See Appends 1 [M3E Wk inchuded, Stammeter pumps, DWW pumps,
on San Eoal i syl B ard Ocour control
(Cost includes constructing shafts {1 accommodats pumping
Fulkstane, e v ST 5 , " TR1E gk s stion, 1 storsge tank, hand drives 1o comed to ensbing sewer,
40 Lotk [Folkstono Reliof Sawors  [Sawor Watir basing sands Lovat EFE TEM Lowvat 517 32616209 | 163 [00:and 03 Uk CC1data See Appendic 1 0w e colaction, nsing mains and
connecticns for siomn and shorade lanks)
41 [Londen Thames Weter Savior [ = Winsng Data
Dusseidort Dot v CC1 data for Gemany, Lise
I e Contral Sewver Dossoldort  |Sawior 15812001 5 304766683 | 162 |US date ‘95 and ‘09 (. JCCI dats (Mrssing data, construstion method
L=ermarny o
See Appends 2
Loose ground from depaosits from lakes and
43 Zurich Glatistollon TEA Zunch moraires. sand and mar Watar [Shialded TEM (Shury) genart lireng - Migsing Data
Drocoyre may Jhar
Doesnt inchude cost of funnel: Involved with inspection staff
&Q S A and with the
Califorria nland Fesder ded seal oylinder pipe 7 : a5 e |03 8nd 09 (Jan-Dec) US CClamte, See Joontractor and dient, reviewing and processing menthly pay
44 [catitomie i Hard rock TEM 48 12718 187 101,850418 | 128 "
alifomie N ect = e Cettular concrite backh Q} (p‘ o it Appendic 2 requests, prepaning monthly reparts and cost estmates for
QN § chiange order work, Feviowing cofrtrustion sehodules and
8 coardnating third pany enditios
& Ta Y Fsilts s loc 2 b )
5 |can reater Caim Wastewater . Aliuvial deposits of silts and sands located = 5 : 135 0000 1 ; z Migsing Data
hurts botow o waler table Limistons
pooland Underfiow [ Storm water Concrate lined 35 ey 5 2008 N =N b Includes cost for shots el and 40 feot by 60 foot contral
45 izt a0 139 [2002 and 2008 [Jan - Now) data. o8 Lo bulding af the ground surface; and site work
Chicags Cricagatand Undarfiow Storm water Concrte A O 2002 5 Fependx 2 scavation, sits grading, utilties, and fnal landscaging
Poctian: o & ) -
47 ﬁ:’:"‘":'ﬂ“- [East Sido Fig Pipe Froject  |Sewerage TEM 2011 8705 9656 440 284,978427 Includes costs for 0001 new pipeine and T shals
[
i - s : i i ot inclixdes extra piping and excavation of 34 cu.m
48 |Aemos Atlamos Man Sewer Sawer - - 5 200 185 = 7700 15 = & excavabion for the WWITF
e 05 and 03 {uJan - Nov] US CCI Higher v 5 No 5 *
49 San Dvego, arinr 1aas 34 5400 500 s a8 ps08s | 157 | and “‘31_Jan Hov]US CCldata. See [Higher unit rates associated” thers is no separate accounting far
Append 2 e mabdization cast
- . e p 35 and 00 {Jan - Nov) US CCl data. See [Higher uni rates ded fhere iE No Separate sccourting far
= W - 5w - -t . 1008 = 1 335180875 | 157
50 [geatia gl o v 3438 e appendn 2 e mabiization cost
& a v 2308 55 - |95 and 09 (Jan - Nov) US CCl data, See [inter-sland bunnel costs include prorated shares of faciites,
51 [Beston, Ma & 1595 43 7850 4 15830865563 | 15
g i il b " |appendn 2 spall dispasal, and senice costs
[ - Cost indudes & shafts 10-15m deap and 142m crossing of Yama
52 |Meboume |0 M Sewer - = - 8- 2012 - 2300 My 141, 103 - Ferver. 2 Skm of new local branch and reticulation sewers. Total
R oplacemant
Ceat of projoct
| Stro pockal roneycomb’ Dot have CC1dats for Ching. Use US -
- \Wianjiazhal water transfor o . AT P o - i 553 e Tt just for PM and progect contrl, specialst Imohied in the
F icarshe ™ r s |rEs - S ning wi 002 3 - 10 2B1a61 |1 ta ‘02 and 108 {Jan-D y
53 [|Pronce, ot water “arstic limastane and mudstone formabons | TEM segmental kning wish four 2002 # 108370 04 174,261 46 31 |data ‘02 and 18 {.len-Dec) CCI data dont IHrk te tha Gt far the tunsl,
(Ching segrmerts bo a nng S Appancy 2
[Dont v CC1 @aba for the Linded Arab ,
= Lipgrade Abu Dhabi's x . :: . 5 Inciudes cost for 2 large pumping stations. Missing Data
54 L} o - - = - = * & - ) 54,740,207 11 irates Lk = "
5 AbuDtabl | Collastion System|SPEr 0000 75474020 03 |Emirates. Use US data: 08 and ‘0 (dan- | & 0 S0 1O D
Doc) CCl data . Son Appandic 2
fp— Lesclho Highlands Witer = [Canit havie CC1 data for South Arica Includies costs for revtew of Highlands Delvery Tunnel
55 ‘\o;m aiica |FONt Dolivery Tunnel [\Mabor Edndebing [TEM with dnil bliet river crossngs crite Segmerts 16a3 45 TOE 510,43901 | 164 |Use LUS dets ‘53 and 09 (Jan-Des) Consutiants, initis SeSign, prapars working drawings, Supbrvise
= L [South Section) data. See Appendix 3 Jconstnucton and commission tha wark
Lesaiho Highlands Water [Cion have CC1 data tor South Afca .
56 l'-':l:!r:hca Projct Delivery Tunnel  |Water S0t ma mek TEM 45 ‘552 164 [Use LIS dista: '02 and 09 [Jsn-Diec m‘m;:‘l“"n plrsieiig contractors propotals for constructng
¥ [(Morhern Section] data. Sea Appendix 2
*Abbreviations

EPB
TBM
EPBTBM

Tunnel Boring Machine

Earth Pressure Balance (Machine)

Earth Pressure Balance Tunnel Boring Machine
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Proposed Tunnelling Outfall Cost
December 2009

2.3.1 Data Analysis
The tunnelling data in Group 2 was excluded for the following reasons:
1. Year constructed: Any tunnel constructed before 1990.
2. The tunnelling method was not tunnel bore machine.
3. Including cost for pumping stations, etc.
4. Missing data to calculate cost.

5. Geology (e.g. Chalk is easy to tunnel and would result in cheaper cost (The
tunnel for Ringsend will be constructed in the bedrock)).

Table 4 below identifies the total number of tunnels excluded for the above reasons.
As can be seen the main reasons are due to the construction method and the
construction year.

Table 4: Total Number of Tunnels Exclude§ from Analysis
Total Number of
Tunnels Excluded*

Not TBM 26

21
Additional Cost ' 19
Missing Dat 11

2

*Total will not sum to 56 - due to a number of tunnels being omitted for two or more
reasons.

CDM 113
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Proposed Tunnelling Outfall Cost
December2009

3.0 Conclusions

From preliminary design, it was determined that the Ringsend outfall would have a
pipe diameter of approximately 5m. Further investigation is required to identify the
location of the outfall. As detailed in Section One there are two options for the long
sea outfall - for this report it is assumed the length is 10km.

Section Two details the cost analysis of the tunnel information. The cost for
constructing tunnels with tunnel bore machines increases as the diameter and length
of the tunnel increases. Outlined in section two are four key tunnels used to assess the
cost for constructing the tunnel. These tunnels were constructed in the past number of
years or are under construction. All four examples are of similar diameter and length
for comparison to the Ringsend Outfall.

The aim of this report is to assess the cost for constructing an outfall. An extensive list
of tunnels previously constructed was collated and included cost data. Analysis of
this data determined an estimated cost of €2.00 - €2.50 /mm DIA/m. (€100 million -
€125 million) for constructing the Ringsend Outfall.
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Proposed Tunnelling Outfall Cost
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4.0 References

Australia Tunnel Database Online:

< http:/ /www.docstoc.com/docs /13690975 / Australian-Tunnel-Database---
ATS---Australasian-Tunnelling-Society>

British Tunnelling Society Online:
<http:/ /www.britishtunnelling.org.uk /database.php>

Charles G. Gunnerson, Jonathan A. French (Eds) (1988), Wastewater Management for
Coastal Cities. The Ocean Disposal Option.

Engineering News Record Magazine Online

<http:/ /enr.ecnext.com/coms2/article echi091101constIndexHi>

Kenny Construction Online:

&.
< http:/ /www kennyconstruction.com/ groups/ tunnel />

Mott Mac Donald Online: <\\\. @

F S
< http:// www.tunnels.mottn‘@%@&m /projects />
,»\\oi\ :
Northern Ireland Water Online: &é’ A
S
N\
< http:// www.niwai%j}ré\om / belfastsewersproject.asp>
N
Portland Online: &
s
< http:/ /www.portlandonline.com/cso/index.cfm?a=249789&c=31727>

Robert A. Grace (2009). Marine Outfall Construction.
UK Office of National Statistics Online:

<http:/ /www.statistics.gov.uk/downloads/theme commerce/CSA-
2009/ Opening-page.pdf>

Underground Professional Services Online:

< http:/ /www.unps.co.uk/>

World Tunnelling Magazine Online:

< http:/ /www.world-tunnelling.com>

CDM 115

73369-RT.OUT

EPA Export 26-07-2013:17:55:36



Proposed Tunnelling Outfall Cost
December2009

Appendix 1: US Constryfiion Cost Index
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Proposed Tunnelling Outfall Cost
December 2009

US Construction Cost Index:
(http:/ /enr.ecnext.com/coms2/article echi091101constIndexHi)

Construction Cost Index History

HOW ENR BUILDS THE INDEX: 200 hours of common labor at the 20-city
average of common labor rates, plus 25 cwt of standard structural steel shapes at
the mill price prior to 1996 and the fabricated 20-city price from 1996, plus 1.128
tons of portland cement at the 20-city price, plus 1,088 board ft of 2 x 4 lumber at
the 20-city price.

ENR'S CONSTRUCTION COST INDEX HISTORY (1908-2009)

1913=100 ANNUAL

€S JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

. AVERAGE
Revised
1990 4680 4685 4691 4693 4707 4732 4734 4752  AT74  A771  A787  AT77 4732
1991 ATT7 4773 4772 4766 4801 4818 4854 4892 o 4891 4892 4896 4889 4835

N
1992 4888 4884 4927 4946 4965 4973 4992 g@%z 5042 5052 5058 5059 @ 4985
3
1993 5071 5070 5106 5167 5262 5260 9 Fﬁé\ 5230 5255 5264 5278 5310 5210
1994 5336 5371 5381 5405 5405 5@%&) 5409 5424 5437 5437 5439 5439 5408
1995 5443 5444 5435 | 5432 543%2& @132 5484 5506 5491 5511 5519 5524 5471
\0 N
1996 5523 5532 5537 | 5550 Q@@? 5597 5617 5652 5683 5719 5740 5744 5620
00

1997 5765 5769 5759 579% 5837 5860 5863 5854 5851 5848 5838 5858 5826
1998 5852 5874 5875 5@83 5881 5895 5921 5929 5963 5986 5995 5991 5920
1999 6000 5992 5986 6008 6006 6039 6076 6091 6128 6134 6127 6127 6059

_ ANNUAL
1913=100 JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

AVERAGE

2000 6130 6160 6202 6201 6233 6238 6225 6233 6224 6259 6266 6283 6221
2001 6281 6272 6279 6286 6288 6318 6404 6389 6391 6397 6410 6390 6343
2002 6462 6462 6502 6480 6512 6532 6605 6592 6589 6579 6578 6563 6538
2003 6581 6640 6627 6635 6642 6694 6695 6733 6741 6771 6794 6782 6694
2004 6825 6862 6957 7017 7065 7109 7126 7188 7298 7314 7312 7308 7115
2005 7297 7298 7309 7355 7398 7415 7422 7479  7540r 7563 7630 | 7647 7446
2006 7660 7689 7692 7695 7691 7700 7721 7722 7763 7883 7911 7888 7751
CDM 1-17
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December2009
2007 7880 7880 7856 7865 7942 7939 7959 8007 8050 8045 8092 8089 7966
2008 8090 8094 8100 8112 8141 8185 8203 8362 8557 8623 8602 8551 8310
2009 8549 8533 8534 8528 8574 8578 8566 8564 8586 8506 8502
1908 o7 1931 181 1954 628 1977 2576
1909 o1 1932 157 1955 660 1978 2776
1910 % 1933 170 1956 692 1979 3003
1911 03 1934 198 1957 724 1980 3237
1912 91 1935 196 1958 759 1981 3535
1913 100 1936 206 1959 797 1982 3825
1914 89 1937 235 1960 824 1983 4066
1915 93 1938 2% 1961 Q@&@ 847 1984 4146
Y
1916 130 1939 236 \@{%@E 872 1985 4195
1917 181 1940 yz\\ggi@i%s 901 1986 4295
1918 189 1941 \Qa&f\fzsﬁo 1964 036 1987 4406
1919 198 1942 QZ;Q*@NG 1965 o711 1988 4519
1920 251 194%@&6\ 290 1966 1019 1989 4615
1921 200 1994 299 1967 1074
1922 174 1945 308 1968 1155
1923 214 1946 346 1969 1269
1924 215 1947 413 1970 1381
1925 207 1948 461 1971 1581
1926 208 1949 477 1972 1753
1927 206 1950 510 1973 1895
1928 207 1951 543 1974 2020
1929 207 1952 560 1975 2212
1930 203 1953 600 1976 2401
118 CDM
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Appendix 2: UK Construg\@i%n Cost Index

N

CDM 119
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UK Office of National Statistics Online:
(http://www.statistics.gov.uk/downloads/theme_commerce/CSA-2009/Opening-page.pdf), Chapter 5,
Table 5.4.

Table 5.4 Resource cost index of infrastructure?!

Great Britain Index 1995 = 100
Derived indices
Combined Labour
Year Quarter Index & plant Materials
1997 Q1 104 106 102
Q2 104 106 103
Q3 106 108 104
Q4 106 109 104
1998 Q1 107 109 105
Q2 108 110 106
Q3 109 113 105
Q4 108 113 104
1999 Q1 108 113 \}& 103
Q2 109 115 S 103
03 111 120 Ac’§\° 104
Q4 111 oéfo%é\ 104
2000 Q1 113 0&0 S 21 106
Q2 114 & & 12 108
Q3 18 O ¢ 126 110
Q4 118, S 128 110
KR O
DY
$ N
2001 Q1 e J@* 126 109
Q2 6\@8 126 112
Q3 f 120 130 112
Q4 § 120 129 112
O
2002 Q1 120 129 112
Q2 124 130 120
Q3 129 137 122
Q4 129 137 123
2003 Q1 131 138 124
Q2 133 138 128
Q3 135 143 128
Q4 135 144 127
2004 Q1 136 144 129
Q2 142 146 138
Q3 147 153 141
Q4 148 154 142
2005 Q1 150 155 145
Q2 151 157 146
Q3 154 167 143
Q4 155 167 144
1-20 CDM
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2006 Q1 157 167 148
Q2 160 169 152
Q3 166 173 160
Q4 166 171 162
2007 Q1 168 171 166
Q2 170 173 167
Q3 172 178 167
Q4 r) 173 181 166
2008 Q1 180 183 176
Q2 188 188 187
Q3 197 195 199
Q4 (p) 192 190 195
Notes

p = provisional, r = revised.

1. The resource cost index of infrastructure (FOCOS) gives a measure of the notional trend
of costs to a contractor of changes in the cost of labour, materials and plant by application
of the price adjustment formulae for civil engineering works (1990 Series) to a cost model
for an infrastructure project.

Source of data: Construction Market Intelligence, Department for Bl@i@%&s, Innovation and
Skills

. &
Contact: Richard Cornell 020 7215 3628 )

December 2009
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