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. APPENDIX NO. 8

SOIL, GEOLOGY & HYDROGEOLOGY

1 INTRODUCTION

This report was prepared following a desk study, and site investigations at Derrinumera.
Relevant documents that were accessed included:

e Geological maps;

e Publications by the National Soil Survey of Ireland, the Department of the Environment,
Heritage and Local Government, Teagasc, the Environmental Protection Agency and the
Geological Survey of Ireland; and

e The original Waste Licence Application (No. 21-1) submitted to the EPA by Mayo
County Council in 1998.

2  EXISTING ENVIRONMENT
&
2.1  SoiLs &
%o\
The General Soil Map of Ireland, published by Anﬁfg@s Taluntais (1969)', shows that the
principal soil type underlying the region of Der&d{(&ra Landfill is a Low Level Blanket Peat
associated with a rolling lowland broad Qp‘h)ﬁ}ographic division. Peat is a partially
decomposed mass of vegetation that has 'Ow‘?\in a shallow lake or marsh. It is characterised
by a high content of organic matter (ovg g@%) and by being at least 30 cm in depth. Blanket
. IO . )
Peats are commonly associated witlx %@Sas where poor drainage causes a build-up of oxygen
starved, partially decomposed bigﬁlcéss. Blanket bogs form where the rainfall exceeds
1,250mm and falls on more thag\ﬁo days a year (Cross, 1989)%.
o

2.2 QUATERNARY GEOLOGY (SUBSOILS)

General information concerning the Quaternary Geology of the region is contained in the
Geological Survey of Ireland (GSI) “Geology of North Mayo” (Long et al, 1992)°. Ice
movement in the North Mayo region was very complex. During the Quaternary period, ice
converged on the subject area from a major ice centre in West Galway-South Mayo. Glacial
deposits in North Mayo consist of tills, which were deposited at the base of moving glaciers,
and to a lesser extent fluvioglacial sand and gravels, which were deposited by glacial
meltwaters. Sandy glacial till and fluvioglacial sand, which consists of a range of clast sizes
up to and including cobbles and boulders, are the predominant subsoil types underlying the
peat in the subject area, as determined during site investigations at the landfill site (refer to

' An Foras Taluntais, (1969), “General Soil Map of Ireland”

% Cross, JR, (1989), “Peatlands — wastelands or heritage”

3 Long, MacDermott, Morris, Sleeman, Tietzsch-Tyler, (1992), “Geology of North Mayo”. — Geological Survey
of Ireland Publication
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Section 3). The peat began to form in poorly drained areas after the ice had melted. As the
climate became wetter, blanket bog spread over a large area.

2.3 BEDROCK GEOLOGY

The bedrock geology underlying the subject site is discussed in the Geological Survey of
Ireland (GSI) “Geology of North Mayo” (Long et al, 1992). The 1:100,000 scale bedrock
geology map of the area (Sheet 6), indicates that the subject site is underlain by rocks
belonging to the Croaghmoyle Formation (CM), which forms part of the Middle Devonian
aged Beltra Group. The Devonian Period lasted from approximately 360 to 410 million years
ago. Rocks belonging to the Beltra Group are generally referred to as the Middle Devonian
Old Red Sandstone, and were formed in this part of Mayo from alluvial fan deposits, which
comprised of eroded material derived from high ground in the Caledonian Mountains. The
Croaghmoyle Formation comprises rocks that are described as conglomerates composed
mostly of quartzite pebble clasts that were derived from debris flows on an alluvial fan from
high ground to the northwest.
&

The presence of these rapidly deposited Middle D%(&lian alluvial sandstones and
conglomerates of the Beltra Group and the underlyéggzgﬁower Devonian Islandeady Group
suggests a period of active mountain building ataﬁaé%t&lme (Acadian Orogeny), followed by
erosion before Upper Devonian times. QQ\Q &\}*

S Qg
The Beltra Group lies unconformablyd&fcﬁ\e underlying rocks of the Islandeady Group,
which are more tightly folded. Thg{&l eady Group was folded prior to deposition of the
Beltra Group and then both of thea\eo@roups were affected by a second episode of folding,
prior to deposition of Carbonife s rocks, which rest unconformably on the Beltra Group
rocks. These episodes of fold@p% are associated with periods of mountain building during the
Acadian Orogeny.

There are no mapped fault or fold structures at the subject site. However, the landfill site is
situated in a region of complex structural geology in which northeast to southwest trending
fold and fault structures occur as well as north northeast to south southwest, and east
northeast to west southwest trending structures. Northwest to southeast trending structures
also occur in the region. The geological setting is shown on Figure 2.3.1. The older trending
structures (mostly northeast to southwest) are probably inherited from the Caledonian
Orogeny (approximately 410 million years ago), whilst the younger structures (mostly
northwest to southeast) may be associated with the Variscan Orogeny (approximately 290
million years ago).
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3  SITE INVESTIGATIONS

APPENDIX NO. 8

3.1 INTRODUCTION

Site investigations, comprising intrusive drilling, have been undertaken at the landfill site on
a number of occasions since 1997. Investigations were completed in 1997, 2000, 2001, and
2003. The various site investigation works are described in the following sections.

3.2 1997 INVESTIGATIONS

Site investigations were carried out at the landfill site in 1997 by Mayo County Council
(MCC) and K.T. Cullen and Co. Ltd. (KTC) as part of a Waste Licence Application to the
Environmental Protection Agency (EPA) (Mayo County Council, 1998). A total of 16 No.
trial pits were excavated and 9 No. boreholes were installed in order to determine site-
specific geological and hydrogeological data, and to establish groundwater-monitoring wells.
15 No. gas monitoring wells were also installed. The locations of these site investigation
holes are shown on Figure 3.2.1 and the details of the site investigation holes are presented in

Appendix 9, Volume IV. &

O@é

The trial pits were all situated to the north of the Qg:\%:[iéﬁg landfill and were excavated by a
tracked machine to depths varying between 0.965?\@?1 3.35m below ground level. Bedrock

. C Q
was not encountered in any of the trial pits. QQQ\\@\?
N

&

N
The 9 No. boreholes were installed at Z\ﬁqﬁocations as shown on Figure 3.2.1. An air rotary
drilling rig was used to drill all of tﬁ%&@\wells with the exception of MW6 and MW7, which
were drilled by a ‘Shell & Auger’ r'gg?’ Groundwater monitoring points were established at all

;\\O

of the drilled boreholes, thus cr%ﬁlg both upgradient and downgradient monitoring points. 6
No. of the boreholes were ifistalled into the bedrock and 2 No. shallower boreholes were
completed in the overburden (MW2s and MW4s). 1 No. borehole was drilled through the
landfill to the base of the fill but did not penetrate into bedrock.

In addition to these groundwater monitoring wells, 15 No. gas monitoring wells were also
drilled on and around the landfill. 8 No. of these wells were drilled through waste, whilst the
remaining 7 No. were installed through the natural overburden material surrounding the
landfill. The gas monitoring wells were drilled to depths varying between 1.5m and 6.0m
below ground level by a ‘Window Sampler’, which is a type of percussion drill. Refusal was
met in 6 No. of the boreholes on boulders and bedrock was encountered in 1 No. of the wells
at 1.5m below ground level.
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Figure 3.2.1 S.I Monitoring Locations, 1998
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3.3 2000 TO 2001 INVESTIGATIONS

APPENDIX NO. 8

3 No. additional boreholes were installed in April of 2000 at locations shown on Figure 3.4.1.
These boreholes are labelled MW8d, MWS8s, and MW9. During this drilling programme,
MWS5 was replaced with a new borehole, also labelled MWS5. MW8s and MW8d were
replaced in June 2001 with new boreholes, also labelled MW8s and MW&8d. The original
MWI1 borehole installed in 1997 was also replaced, although the date of this re-drilling is
unknown. The revised locations for MW1, MW5, MW8s and MW8d are shown on Figure
3.4.1. 7 No. new boreholes labelled MW10 to MW16 were installed in December 2001 at
locations shown on Figure 3.4.1. Borehole records are not available for any of these
boreholes.

3.4 2003 INVESTIGATIONS

As part of an investigation on contaminated groundwater in the vicinity of the cut-off wall to
the east of the waste body, a new set of groundwater monitoring boreholes (12 No.) were
installed on either side of the cut-off wall to the north, northeast, east, and southeast of the
landfill (TES, 2003). These boreholes were installed on the@@ September and 1% October,
2003 by Glovers Site Investigations Limited using a EW KR708 track mounted air flush
rig. The purpose of these new monitoring bore (ﬁ\\@, labelled MW17 to MW28, was to
facilitate a groundwater-sampling regime to detepr@e whether there had been any migration
of leachate across the cut-off wall since '{@oeégplacement. The locations of these new
monitoring boreholes are shown on F@O@i‘ 3.4.1. It was considered that the existing
monitoring wells situated close to the gﬁf@"ff wall MW10 to MW 16) were inadequate for the
purposes of this investigation and W&Z@ﬁqerefore decommissioned.
N

Both deep (bedrock) and shalé@ér\ (overburden) boreholes were installed during this latest
drilling programme. The deepc)"bedrock monitoring boreholes were drilled adjacent to shallow
monitoring boreholes to permit comparison of overburden and bedrock groundwater quality
at specific areas. The deep boreholes were drilled through the overburden and approximately
0.5m into the bedrock using a 200mm diameter hammer and temporary steel casing. The
holes were then continued approximately 10m into the bedrock using a 140mm diameter
hammer. A 2 inch slotted uPVC screen was inserted from approximately 4m below rockhead
to the base of the hole. A 2 inch uPVC casing was installed above the screen to the top of the
borehole. Gravel pack was placed in the annulus from the base of the hole to approximately
Im below the rockhead intercept, with a bentonite seal inserted from this depth back up to
ground level.
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Figure 3.4.1 S.I. Monitoring Locations, 2003
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The shallow boreholes were drilled using a 200mm diameter hammer from ground level to
approximately 0.5m above bedrock. A 2 inch slotted uPVC screen was inserted from the
base of the hole to approximately 2.0m below ground level and a 2 inch uPVC casing was
installed from this depth to ground level. Gravel pack was placed in the annulus from the
base of the hole to approximately 1.5m below ground level and a bentonite seal was
emplaced from 1.5m up to ground level.

Logs showing the borehole construction designs and details of geological formations
encountered are presented in Appendix 9, Volume IV. All subsoils and bedrock encountered
were described in accordance with the British Standards Institution Code of Practice for Site
Investigations (BS5930) (1981).

4 OVERBURDEN AND GEOLOGY ENCOUNTERED

The area surrounding the landfill is covered with blanket peat. In places this peat directly
overlies bedrock. Glacial deposits underlie the peat where the bedrock is deeper. In general,
these glacial deposits consist of a sandy glacial till overlying¥fluvioglacial outwash sands.
Both of these deposits consist of a range of clast sizes @? to and including cobbles and
boulders. Unconsolidated deposits that varied fr@ﬁz@@ﬁndy clay-to-clay rich sand were
described in the monitoring boreholes installed ag? Q%@B near the cut-off wall to the north,
northeast, east, and southeast of the waste bodéo

As mentioned above, all of the trial plwg\vated in 1997 were located to the north of the
landfill and were dug to depths varyi \]g@tween 0.9m and 3.35m below ground level. Due to
unstable ground conditions and forrg@?lon collapse, all of the pits were terminated at shallow
depths and the complete overbyﬁen sequence was not revealed. Thus bedrock was not
encountered in any of the pi‘@oo The thickness of peat identified in all of these pits ranged
from 0.3m to 3.35m. Glacial deposits encountered beneath the peat were described as sandy
glacial till and/or fluvioglacial sand as discussed above. In general, the more stable till
occurred above the sand deposits, which were generally saturated resulting in formation
collapse from this sequence.

The peat layer was found to be very thin or absent in the boreholes installed in 1997 to the
south and west of the landfill. However, these boreholes were located on firm ground for
reasons of drill rig access and stability. No peat was encountered in MW 1, MW2s, MW2d or
MW?3. A depth of 0.6m of peat was encountered in MWS5, which is located to the west of the
landfill, and 0.4m of peat was identified in both MW4s and MW4d. The thickest peat was
encountered in MW7 (1.55m) located on the opposite side of the Glaishwy River than the
landfill. Peat was encountered in all of the monitoring boreholes installed in 2003 (MW17 to
MW?28) to the north, northeast, east and southeast of the landfill. The thickness of this peat
ranged from 2.5m to 4.8m in these boreholes with the exception of MW27 where only a 0.3m
thin horizon of peat was encountered.
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EPA Export 25-07-2013:21:46:20



. APPENDIX NO. 8

Approximately 4.5m of sandy glacial till was encountered overlying bedrock in 3 No. gas
wells (G6, G7, and G8) installed in 1997 near the site office to the southwest of the landfill
and approximately 2.8m of this till was identified overlying presumed bedrock in a gas well
drilled to the west of the landfill (G9). Approximately 1.5m of sandy glacial till was
encountered overlying presumed bedrock in gas well G15 that was installed to the south of
the landfill. Fluvioglacial sands were not identified in any of the boreholes installed to the
south or west of the landfill. Sandy glacial till, varying in thickness from 0.45m to 3.0m, was
described overlying bedrock in all of the monitoring wells installed in 1997 with the
exception of MW1 where no overburden was encountered and MW6, which was drilled in
the waste body.

Unconsolidated deposits that varied from sandy clay-to-clay rich sand were described in the
monitoring boreholes installed in 2003 near the cut-off wall to the north, northeast, east, and
southeast of the waste body. The thickness of the unconsolidated deposits in these boreholes
varied from 0.7m to 3.8m. A sand and gravel deposit was identified in 1 No. of these
boreholes (MW25), and medium grained sand was described in MW24 and MW27.

The bedrock encountered during drilling of boreholes MWI&U\”&MW7 in 1997 was described
as red conglomerate bedrock. Bedrock encountere ‘in%@he recent drilling of monitoring
boreholes MW17 to MW28 was described as a \i§§§\ of interbedded medium to coarse-
grained red to purple/brown sandstones and flgig( medium grained conglomerates. The
conglomerates are composed of rounded é@\) rounded clasts of quartz, quartzite and
sandstone with minor black/green Volcan@ ifi'a sandstone matrix. There are also thin bands
(<10cm thick) of red/brown mudstone, < &*\0
E¥

In general, the depth to bedrock ar\@ﬁ%ld the landfill is shallow and was in the order of <3.5m
in the boreholes installed in 1935.9 However, the depth to bedrock varied from 4.5m to 7.4m
in the monitoring boreholes {fistalled in 2003. Bedrock outcrop occurs as ridges and rocky
hills to the west and south of the landfill, respectively. MW1 was drilled in an area where
bedrock occurs at ground level to the southwest of the landfill. However, 3 No. gas wells
(G6, G7, and G8) were drilled to a depth of c.4.5-4.6m below ground level near the site office
without encountering bedrock. These wells were drilled between two areas of bedrock
outcrop to the southwest of the landfill. G9 located to the west of the landfill was drilled to a
depth of 2.8m, and gas wells G13 and G14 drilled to the north and east of the landfill
respectively, were drilled to depths of 3m. The depth to bedrock under the landfill was not
determined, as drilling into bedrock under the fill area could have resulted in leachate being
introduced to any underlying groundwater resources in the bedrock.

The most relevant boreholes to the proposed SHC and LTF to the west of the landfill site are
MWI1, MW5 and G9 (refer to Figure 3.4.1). MW1 was drilled in an area where bedrock
occurs at ground level and hence no unconsolidated deposits were encountered. G9 was
installed to a depth of 2.8m through sandy glacial till without encountering bedrock. The
unconsolidated deposits encountered in MWS5 comprised 0.6m of peat overlying 2.6m of
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sandy glacial till. Bedrock was encountered at 3.2m below ground level in this borehole. As
mentioned above, the bedrock encountered in both MW1 and MW5 was described as red
conglomerate. This is considered to be a solid base for the foundations of the proposed
development.
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Eable C.6.4 : Groundwater Quality at Derrinumera Landfill - 5/1/98

I Background Leachale Dewngradient

g |[Parameters Units MAC. | MW -1 | MW -5 | MW-6 | MW - En!. MW -3 | MW-4d | MW -7

i | sl
Field Measuremenis ! 1| i

I pH I el oH unis 8.9 °s0 | e70 752 r20 ' waor | e 5.89
Conauctiviiy_ o __ _|uSiem & 25°Cl 1830 840 ‘980 | 9370 I <53 472 : 312 100
Temperatute o z5 110 I 110 210 l 105 | 110 10 0 110

] .

‘ Labaratocy Measurcmenis | | ‘ ' i
oH )z 5.3 I 100 | o5 7.8 !r 9 98 | 82 | s

2 | Colour _ i HazenUnis b e ) s 3750 2 P osg b ocam | 38

I Conouctily __|usem q‘: 20°C | 1200 i1| 820 1 ) 12200 _: 553 ! 33t 5 495 i 480
Total Hardness moA CaCoa | 381 E 513 782 ¢ 253 1283 178§ ave |

IITalal_Alk._‘mr_\l_tv_ o me/l_CaCO3 - | E39 ‘ 580 I s7s0 | 230 _:_ 2vs | ps2 ' an !

% iticn-Carponale Hargness ma!lCaCo3 . [ l i X ____!. T
IC;IIC_IIJITI_ _ mag/ll Ca 00 42 : 75 55 VE ‘__-§ A1 _| 41 :

I Magnesium ' - Mgl Ma 50 an II 128 1 150 1 6.2 i <0 13 i g |

™ |Sodum - madl tia i ! !
Polassum . ; ma!l K |

I fran ' mul Fa

1 = e
Manganese 4 Mol Ma |
\Corper o _i' mail _Cu

l .‘Alumrmurn R i _i _mail Al !
iHrate i I <

l Hinte N W, | mol_Me2 ‘!

= !'Chignge e I : man C |
Sulphale _ _|_man S04 I- | :

I Total Ammonia l mon NHe | 0.3 <005 | 007 | 1z22 ! . oes 1.2 | <0051 29

~ |Mon Purg. Org. Carbon | 1 __mal C i 34 ] Sé i 520 ; 22 52 I 2.7 g9
Sulpnur mal_ S 6. ; 7 27 ! 2.2 | B3 I' ] 14

I Arsentc ma/l_As 0.05 c00s | 005 | -o00s | <005 | <005 | <005 | <008

B ma/lSn <005 | < o005 0.07 005 | <005 | <005 ! <008
iMercury | ma/l Ha 0.001 < 00005‘ < 000051 - 0.0005 | < 0.0005|< 0.0005|< 0.0005] < D.EIOOSI

I Cheomum ‘ mgh_Cr 0.05 <om | <oo 0.25 <001 | 2001 [ <001 | <001
Phospharous mg/l P 1.09 0.08 ' < 0.05 | 74 < 0.05 < 0.05 < 0.05 < 0.05
Zinc ma/l_Zn 5 < 0.01 | = 0o 0.34 0.28 < 0.0 Q.08 0.31
Carmium ma/l_Co I] 0.005 | < 0005 | <0005 | <o0oos | <0005 | < 0005 ! < 0,005 | < 0.005
Lead __mal_Pb 0.05 <005 | <005 [ <005 | <005 ! <005 | <005 | <005
Cabalt_ mafl_Co ! < 0.01 | <007 004 | <001 | 2001 | <001 i < 0.01
MNickel _ ] ma/l  Ni ! 0.05 < 0.01 < 0.0 0.13 ‘ .03 < DO Q.01 0.03
Boron - i mall 8 L s <0 < 001 | Tior il 0 DE 0.02 0.11 i 0.02
Suantum i _man S 0.25 J 020 | w3 ¢ w2 b a2 | iz} osaz
\Bangm i_ mgn Ba_ ! 05 022 | o043 ‘_ nes o085 | o027 | oar i 18
'IE-m;nemn_:ul_nygen Oemana |I ma/l ll | ;_ 129 _IV __ E
lChr:m:cm Czvacn Demand | mall ; i | 2880 | 5 -
hote
MAC =

«< = Legs than

taximum Admissitle Cancenhiauon far Dnnking Waler (1. Mo 81 ol 1988)

All samples were lillerad thronan GF/C qrade Wars poce 1o all analysas
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I Table C.6.5 : Gas Monitoring Besults (5/1/98)

LANDFILL GAS MONITORING FORM (Baseline [ ] Ambient[x])

Sile Mame - Derrinumera Landlill Site Site Addrass : Derrinumera,

Newpori

—_—

Operalor :  Mayo Co. Council Co. Mayo

Nalional Gng Rejerence - 104400 2293700

Sile Sialus :  Aclive Cate - 5/1/98 |_Time‘_ All Day

Date Nexl Calibrztion

Instrument Used : Normal Analylical

GAS4 (Infra-Read) Bange :

Ronan Doyle (K.T.Cullen & Co. Lig.)

|
I See individual readings

I Moniloring Personnel * |1Vealher ' | Barometric Prassurse ¢

l G-11 6.00 67.7 1354 35.0 3.

: Results
Borehole Survey CH, | CH, CO. ‘I 0, é\\’&[ Almecspneric i Approximale
Number Depih S8 viv % L.E.L. %o WiV 2. S ! Pressure . Location
_ . | Q\\;"é L mBan
! ' : £ 5° :
G 5.00 88 4 1266 SN : a2 ' OnLanatil
G2 %.203 __: 80 | 1300 ;?x\:}é____ :Hﬁ 5__ _;1::_1: . nLandiil
G2 800 | 3 h__g.ai&\(\ S 12h '- 35 | =2 4 Onlandih
G- 5.00 720 1940 e 25| 382 OnLandtil
l s | 00 | e20 | }\ﬁ | w7 | s | ess | OnLanail
G5 - i 4.60 i 0.0 IE -{)_-_ L r;c ‘o __1;2- N ‘:.‘-9-2-."_-! -:’;Dn trom Landlill
' cr | as0 " 00 “i o | o0 | s | ee 13 10m trom Landiil
ca | 480 | o5 | 0 | o0z | mna | e 5m trom Landlill |
‘Ga | 280 | 0.0 0 46 26 | ge2 5m Irom Landfill
G | 600 | 508 1192 ag | 32 | 964 On Landiil
| 0 og4 On Landfill
- 'é:g“__- 6.00 62.2 1244 26.5 20 982 |  OnLandil
G13 3.00 00 0 00 | 226 , ELE 90m Irom Landfill
5 C;—1 4 3.00 18 —55 3.8 147 QEE i 25m Irom Landlill
G-15 B 1.80 0.2 4.0 E - I 228 g2 sm from Landfill
l MW-1 | 2010 ' 0.0 ' 0 Y. 20.8 082 50m from Landtill
MW.2d | 13.00 0.0 _ 0 40 "“: 226 | o8 20m from Landfil
I MW-3 R - ;-JE—-‘__OIJE ___}JTOH e 0.0 i~ e _f_ __332 ‘__?3"1 Irom Landfill
) Mw-a@ | 2050 | 00 0 ._ ETRET | 982 ___;'Tsm
l Mws | ss0 | oo | o 28 *_2;_} " ca2 | 120m trom Landiil
| mws | 1030 | 15 | 3 | ao U a2z 0 e | onvenam |
SN Mt ol o . e —
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l K. T.Cullen & Co. Ltd.

Hvdrogeolooical & Enviranmental Consultants
%g“—- - = = i = - eas LRE 5

e

TRIAL PIT RECORDS

Tnject No: FaNT lLocation: Derninumera, Newport, Co.Mava  Date: 1 273/97
Drilling Method: Tracked Excavator Supervisor:  Steve Verily
| Trial Pit No. 1 i
(m)
Geology: 0-075  PEAT

0.75 - 1.40 drv vellow sandy Boulder Clay.

140 - 2.00 wel running red silty aravelly SAND with cobbles &boulders

Depth to Rock: >2.00m
Rock Type: Unknown &
N
&
Water Entry: 140 m &
G
&
N
Total Depth: 2.00 m. \\}Qos*
~o°Q &
Comments: Foy @
LS
R
RN
Trialgit No. 2
(m) f
Geology:  0-275  PEAT &
2.75- 290 wet running red silty gravelly SAND with cobhles &boulders
Depth to Rock:  >290m

Rock Type:  Unknown
Water Entry:
Total Depth: 2.90 m.

Comments:

- —~——EPAExport 25-07-2013:21:46:21



TRIAL PIT RECORDS
-n;j_c;L .'-\:u: 1387 Location: Derninumera, Newport. Co.Mava  Date: 1213197
lilling AMethod: Tracked Excavator Supervisor:  Sieve Veny
N : ~ Trial Pit No. 3
l (m)
Geology: 0-3.33 PEAT
Depth to Rock: >33m
Rock Type: Unknown d\o&
&
lNuter Entry: &A‘@
S
g
S
Total Depth: 123 m QQ\\’@G\?
l &
Comments: &0
OES
SO
N Q"
k Trial B “}\?o 4
ria NO.
(m) O(\ﬁ
: Geology: 0 -3.33 PEAT C
Eeplh to Rock: >3.33m
ll Rock Type:  Unknown
I Water Entry:
l Total Depth: 333 m
Il Commients:
IK.T.Cul]en & Co. Led.
EVendegiggead b ] @0 V0o o Uoesulu

Y : 2% . _ - : *  EPA Export 29-07-2013:21:46:21



TRIAL PIT RECORDS

| Project No:

1337
Drilling Method:

Location: Deminumera, Newport. Co Mayo  Date:

Tracked Excavator

12753797

Supervisor:  Steve Verity

-

Comments:

Trial Pit No. 3
{m)
Geology: -240  PEAT
I 240 - 275 wet running red silty gravelly SAND with cubbles & houlders
Depth to Rock: >275m
: R4
) Rock Type: Linknown N4
ﬁé\
l VWater Entry: O&A\'§
og?’@g\o
&
NI
| oS (e 80 T T 7 (\Q \&\
l 3 ihLdl un_l.r n: —. )'\300@‘
LY &&OS
' Comments: \‘\0\6)('\‘
l QZAQ*\ i
; B
' mu] Pit No. 6
(m) X
l Geology: ()-0.60 PEAT
i
l 0.60 - 2.10 dry red silty gravelly SAND with cobbles & boulders
-
|I Depth to Rock: >2.10m
I Rock Type: Unknown
; Water Entry:
Total Depth: 2010 m.

I\TCuHen & Co Ltd.

i I i

ERTRRIRN

“SOlvroteii

C lnvicesuoenial o coeasullan
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TRIAL PIT RECORDS

‘rn|eu Na:

l!lmﬂ Method:

87

Tracked Excavator

Location: Derrinumera. Newport, Co.Mayo  Date:

Supervisor:  Steve Verity

12/3/97

l Trial Pit No. 7
(m)
Geology: 0-0.60 PEAT
l 0.60 - 1.30 dry vellow sandy Boulder Clay
. 1.30 - 1.80 dry red silty gravelly SAND with cobbles & boulders
2 nth to Rock: >1.80m ]
o ; R4
Rock Type: Unknown &
&
l\\";tlcr Entry: o‘@;"@
_ 0557&\0
RS
Total Depth: 130 m Q&
1§ - L ;\}ooé
- &é)os
Comments: RN
Qo\n\\‘\\@
[O)
| N
Trial Pt No. S
(m) o“(ﬁ '
l Geology: 0-0.30 PEAT
0.30 - 0.90 reddish brewn huard Boulder Clay with SAND
Leplh to Rock: >0.90 m
Rock Type: Unknown
Water Entry:
Total Depth: 0.90 .
|
| Comments:
i ]

K. T.Cullen &

Peirog

]
\.T{.}['

Co. Ltd.

vl e R

ansultan.,

v siiny b

i
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TRIAL PIT RECORDS

( Project No: 1387 Location: Derrinumera, Newport. Co.Mavo  Date: 16/10/97
! ‘Drilling Method: Tracked Excavalar Supervisor:  Conor Waulsh B.Sc.
b
l Trial Pit No. 9
: (m)
| Geology: 0-0.90  PEAT with tree trunks

0.90 - 1.00 grey sandy SILT

1.00 - 2.20 pinkish-red clayey sthy eravelly SAND with subangular cobbles
and boulders
(very sandy Boulder Clay)

2.20 BOULDERS

Depth to Rock: >220m

&
Ruck Type: Unknown &
>
Water Entry: .70 m o‘@;"@
N
S
Total Depth: 2.20 m ,»\\o‘\%f
fs®
Comments: Stable pit N
L
&
Tl Pit No. 10
fm) P
Geology: 0-2.30 PEAT
230 -2.40 grev sandy SILT

2.40-3.20 pinkish-red clavey silty gravelly SAND with subangular cobbles
and boutders
{(very sandyv Boulder Clay)

Depth to Rock: >320m
Rock Type: Unknown

Waler Entry: 240 m
l Large volume of surlace water poured inio pit.

Totul Depth: A

|
| Comments:

K. T.Cullen & Co. Ltd.

‘.'1._-“1_.;{1 LT | gs L T [ WY N B TR EPA Export 25-07-2013:21:46:21
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TRIAL PIT RECORDS |
Project No: __'_“;S? Location: Derrinumera, Newport. Cao.Mavo  Date: 16710797
i[)rilling Method: Tracked Excavator Supervisor:  Conor Walsh B.Sc.
i Trial Pit No. 13
l {m)
Geology: 0-1.00 PEAT
' 1.00 - 2.20 pinkish-red sily gravelly SAND with subaneular cobbles and
houlders
l 2.20 BOULDERS
Depth to Rock: >220m
. Rock Type: L'nknown é\\,.&‘
: &
Water Entry: 1.00 m \A‘Q@
. Y
N
. % \Qo\gx*
lotal Depth: 23V QQ‘\’\QS}‘
1 . 53¢
Comments: [nstable pit S
=0 &9
0 D
| Tria? Pit No. 14 - i
(mi O{\f
Geology:  11-0.40 PEAT ©
040 - [.10 creamy brown clavey silty gravelly SAND with subungular cobbles

& boulders (sundyv Boulder Clay)

.10 - 1.60 pinkish-red silty gravelly SAND with subangular cobbies &boulders

60 - 2.50 red and grey silty gravelly SAND with subangular cobbles &boulders
2.50 BOULDERS
Depth to Rock:  >230m

Rock Type:  Linknown

Water Entry:  [.20m
Total Depth: 250 m.
Comments:  Unstable pit.

K. T.Cullen & Co. Ltd.

- “r

b} R 1 . . - ) . R
3l',"f.!ll‘\‘,l,_'i"a.:ljl__"t] i v A% S B s 2 ‘\'\]"-.'.'Il_lfi;_‘; v
' ’ = EPA Export 25-07-2013:21:46:21
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TRIAL PIT RECORDS

aject No:

lling Method:

1387 Location: Deninumera. Newport. Co.Mava  Date:

Conor Walsh B.Sc.

16/10/97

Tracked Excavator Supervisor:

Geology:

Trial Pit No. 15
(m)

0D-090  PEAT
.90 - 1.20 grey clavey silty gravelly SAND with subangular cobbles and
boulders tsandy Boulder Clay)

1.20 - 2,10 pinkish-red silty gravelly SAND with subanguiar cobbles
&boulders
219 BOULDERS
'plh to Rock: >20m
. R4
Rock Type: Unknown 4
AG&
.’\"n[ur Entry: 200 m o&\\\’é\
’ oﬁ@\o
S
Total Depth: 200 m. ~0°Q¢f
. POty
. _ &S
Comments: Stable pit \0@(\\
f\Q
l N
X O —_—
Triu&?i[ No. 16
im) P
Geology:  0-0.60  FILL

== =

I

tepth to Rock:
Rock Type:

Water Entry:

Total Depth:

Comments:

0.60 - 1.00 pinkish-red silty gravelly SAND with subangular cobbles &boulders

1.00 BOULDERS

> 1.00m
Unknown

0.60 m

.00 m.

Stable pit.

BT

RN

Culle

P

td.

n & Cﬂ.'l. |
' b nironme.

I Consuteimls EPA Export 25{07-2013:21:46:21
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Monitoring Well Log . Monitoring Well No. 1 ‘
= m N em RN W ol BN e _ I
el = | 8 S f
Client : P j. Tobin & Co, Drilling Company : Glovers Site Investigations Lid. 1
Location : Dernnumera, Casilebar. Drilling Method : Arr Rotary i
Job No : 1357 Drillers Name : P. Dullza 5
Date : 41297 National Grid Co. Qrd. : East North !
Description : montorning Well Ground Surface Elev. : 82.96 m.0.D. f
Logged by : John Milcheli B. Erg. !
— e
< 22l (.3 L e i
% l2l2'ge 55 Sampe
1< OISI0 S als ] Deoth |
f;jgi;;g]élésgé =T Drilling Notes and Canstruciion
é;'&jﬁfﬁfﬂlgﬁf & €1 Strata Descriplion Details
0= T T I W
2R RE S Es i
R sl SEE F o
TERTE R : R N
O IR . [y i I ] - ¥ B g £
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B3 11 ¢ ! Pl ¢ o 2
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B i E arat 7.5, . N : w £
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E 0\ \>\ F o i‘ . e T
10= B Q'@ Bedrock ' s b
= a0 T Xe) =
: © & :
= : &@QO$ I f
2= : | & - ' 3
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WE _ S 5 iEET
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s ( - .- ursb 1435 . T T = ’ = k
301 | ; b TR
83T i | F 1 S =
=E b1 v O L E w
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E . I b E =
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5 is ¢ L 4 S I Lo 01m 3 .
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E L : 3 .. o :
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gq_ftil‘ b Ii. a2 E
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IR E N 14 i
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g‘i-f‘ll_"w |11 :
Wz by o A i 3
= i 1 | i 4
o k) L] £
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32 ; i ‘I =
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Monitoring- Well Log

—

B
Monitoring Well No. 2SJ

Client :
Lacatian :
Job No :
Date :
Description :

P.J. Tobin & Ce.
Derrinumera, Castiebar.
1387

5/12/87

Monitoring Weil

Drill
Or

Drilfing Company :

ing Method :
illers Name :

National Grid Co. Ord. :
Ground Surface Elev. :

Logged by :

Giavers Site Invesngations Lid.
Air Rotary
7. Dullea

East Modn |
70.67 m.Q.D. .t
John Miichell B. Eng.

|
lgum::ﬁl G w === ;
Ny IS 1.iZ - e =
L B B R T <samgles
o H i el
2-515:818{555!2?_] Depth
wz E E'EIVZ 20D, v HER . i -
;i@:é:éigiﬁlé gl-g“_, Type = Orilling Notes and 50”5“‘"}:‘?1'0”
.ﬁi?i_.??fg“ﬂ'?'?é Z|& : & Strata Description Details
R £ i I — - =
2ETAR LS { | 7 ] L°
= ! ‘I 1 T i n—w=] o _E:
= ! ) I | . ,a o N e S
l’; ' | | : EF 2 | 0-3.0m redlbrown clayey silty gravelly :-E i : ES
e P | Pl gmb 1 coarse SAND wilh cobbles & boulders = Sl B4
= ¥ U | | ] 7 o=
PEE r T ‘ Fonite oo LA~ N =
= | | l ! €|z E:
E : : 5 H " . AR i
R ' : : : 5o & ER |1 gE
- = % i 15.735% = o - 3 =23
_ .[__ l I i ! ) i 10-335m RzdC nulcmeruieé}@urocu & e :
- S - : 8 EOH.@ §:
= ; o . ! (\\\@ H 130m g:.
N - : O\O\ & i s
"% | * Qogz@ © w
<= - S : 8L
: | S - =
: i P : S e
62 i KO S s
S § | ! N i
z . o O =
; : ' C :
._ 1 S 3
: 'e ! 3 f
g | ] i (\é\ g
E M o ' 3
i I . 3 =
P T e e D Y ’ | -
[0 ¢ Bt | ' i :
® = L l S -
i = ; e N oy i N 1 3
- ' . [} . : . ) 14
2 S % o ' P z
= § ¥ b ouod l T ! :
2 | 1 | — . :
.1_;'|' X i | .‘_ s g e e FeaEess s E_
~ ‘:; P ! P | : b | ! :
: vt i | | | I :
12___..: .l. 2o oF CRERE. (U SO S | =
= 1 1 ' H
l P! I | K | ! | E
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Sample/ Test Legend
U - U100 Tubes
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Monitoring Well No. 2d !

Monitoring Well Log

Drilling Company :

Sile Invesugztions Lid.

ry

Glovers

P.J. Tobin & Co.
Location : Derrinumerz, Casllebar.

Client :

Drilling Method : Air Rola

T |
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e Monitoring Well Log : Monitoring Well No. 3]

e

|

Client : P.J. Tobin & Co. Drilling Company : Glovers Site Inveshgahions Lid
Location : Derrinumera, Castlebar. Drilling Method : ai Rolary '

Job No : 1387 Drillers Name : P. Dullez |

Dale : g/12/07 National Grid Co. Ord. : East North

Description : Monitoring Well Ground Surface Eiev. : 78.85 m.0.0.
Logged by : John Mitchell E. Eng.
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| Monitoring Well Log | Monitoring Well No. 4s
l = s I I i s b . !
z Client : P.J. Tobin & Co. Drilling Company : Glovers Sile Inveshgatians Lig.
Location : Derrinumera, Caslliebar Drilling Method : Ajr Solary
{ Job No : 1287 Drillers Name : P, Dullea i
i Date : 8/12/97 National Grid Co. Ord. : East Nonh
. Description : tioniloring Well Ground Surface Elev. : 6§5.39 m.0.D.
_ Logged by : John Mitchell 8. Eng.
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Monitoring Well Log | | Monitoring Well No. 5
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_ Client: P.J Tobin & Ca, Drifling Company : Gicvers Sile Investgations Lid.
I, Location : Derminumera, Czstlebar Drilling Method : Air Ralary )

Job No: 1387 Drillers Name : P. Dullea :
: Date: 10/12:67 National Grid Co. Ord. : Easi Norh |
; Description :  wonitoning Well Ground Surface Elev. : 86,42 m.0.0 ' |

: a Logged by : Jchn Milchell 8. Eng.
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Monitoring Well No. 6

Monitoring Well Log

=
I

Drilling Company : Glovers Sile Invesligalions Ltd.

P.J. Tobin & Co.

Client :
Lacation :

Derrinumera, Castlebar,

1387

Drilling Method : Shell & Auger

pbell

Drillers Name : John Cam

National Grid Co. Ord. :

Job No:

North

Easi

78.18 m.Q.D.

a7
Monitaring Well

16/12/

Date :

Description :

Ground Surface Elev. :

Logged by : C. Walsh B Sc.
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| Monitoring Well Log - Monitoring Well No. 7 |
i b - |
: Cli_em: P.J. Tobin & Co. Drilting Company : Glovars Site Investigatiens Lid. i
B Location : Derrinumera, Casliebar. Drilling Method : Shell & Auger
_ Job No: 1387 Drillers Name : John Campbell
: Date: 17/12/97 National Grid Co. Ord. : East North
| - Description : Monitoring Well Ground Surface Elev. : 70.07 m.0.D.
l : - e Logged by : C.Walsh B.Sc. ;
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Caslng extends 30-50cm agl
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Casing extends 30-50cm agl “I'ﬂ_[ Lockable steel cover

S 2" uPVC Casing (0.0-10.0m)
Bentonite (0.0-8.6m)
-5.0m
Overburden
7.4m -
8.2m | & Bedrock
-10.0m
¢ \ 2"uPVC Screen (10.0 - 19.0m)
&
&
< Gravel Pack (8.5 -19.0m)
-15.0m

19.0m L

MW-20 Instalation Log

Frigect TLS £1721 Dryan By D Bary
o [ ] e Ol PO
L'u_-.r.—."' Al ot he ]
g™

EPA Export 25-07-2013:21:46:22



Lockable Steel Cover
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Casing extends 30-60cm agl —— Lockable steel cover

2" uPVC Casling (0.0-8.5m})
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Catlng extends 30-50 sgl _,____r——l Lockable Steel Cover
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Casing extends 30-50 agl

200mm
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] Lockable steel cover
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2"uPVC Screen (8.5 - 16.0m)
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|- Gravel pack [1.0 - 4.0m)
4.0m
e Overburden
£bm 6@@* Bedrock
S
£3S
S &
S
N &
&
RO
-7.5m 00‘ S
T <<O \\\\
R
O
&

MW-25 Instalation Log
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Canniog sxtewdt J0-B0emagl

Lockable Steel Cover

Bontonite (0.0-1.6m)

200mm

- 2* uPVC Casing (0.0 - 2.2m)

-2.5m
2" uPVC Screan (2.2 - 5.2m)
4+ Gravel pack (1.6 - 5.2m)
: é\é
&
-5.0m
65.2m
Overburden
6.1m* 35
* Cverburden deplh estimated from & oso Bedrock
the thicknass of the sub-paat horzen . \(\&\Qx
i thee nelghbouring bidiosk hoi <<0\ \\‘\\0:
-7.5m éc,oQ
3
&

MW-26 Instalation Log
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Casing extends 30-50cm agl --

Lockable steel casing

6.1m

El
Ef
2" uPVC Casing (0.0-8.6m)

Bentonite (0.0-6.0m)

Overburden

& Bedrock

2"uPVC Screen (8.5 - 16.0m)

Gravel Pack (6.0 -16.0m)

MW-27 Instalation Log

EPA Export 25-07-2013:21:46:22



Bentonite (0.0-1.5m)

2* uPVC Casing (0.0 - 20m)

&
-2.5m
- 2" uPVC Screen (2.0 - 4.0m)
- Gravel pack (1.5 - 4.0m}
4.0m
-5.0m ) Overburden
-5.2m" —--
* Overburden depth estimmled from \x\é‘ Bedrock
sdjalning howes And this knar callar . A
slrvation of MVWZB relalive to bedrnck NS
Fcka MOW2T og%o \O\
&
O
-7.5m 65%&‘
K0
N
<<O\ \\\\q
N
\Q
O
&

MW-28 Instalation Log

Prolect TEE 05/03

q“lEl'.l Blanay

D B Oclober 2003

e

brg

Project oz 10/03
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BRG Ltd.
35 Cleevaun,
Naas, Co Kildare
Tel: 045 874386
Project Name
TES-Derrinumera-Co Mayo
Engineer:
‘I‘ES_ Consulting Engineers Lid.
“Client:

Mayo County Council
wey Water Samples & In Situ Testing
. Swikes Depih(m) Type ~ Resuls
Type " Results

Remarks: Site D - Bedrock hole, outside of the cut-off wall, Located by a handheld ‘Garmin 12' GPS

Accurate to +/-8.0m.

Borehole No
Sheet 1 of 2
Project No. Co-ords: Hole Type
TES2 104530E - 293558N PD
Driling Company Level Azimuth Scale
Dullea Well Drilling - -90 1:50
Driller Dates: Logged By
Pat Dullea 30/09/2003 D Blaney
- [,,E) ,mi“én, Legend Stratum Description
' “u Aggregate / Fill - Limestone boulders and gravel
2o PEAT - o1
‘2
s L
&
S
O
NE
S
&8
NN -4
. O
& W, O é‘
$<\
500 e - 5 - =i e 5
Soft, pale purple/pink, Clayey SAND, occasional sub~ounded
gravel
‘8
T
7.30 . T T
Red / brown SANDSTONE, cuttings dominantly medium grained
raunded quartz grains minor millimetnc scale sub-rounded
translucent grey quarizite fragments. Water strike at 7.9m.
B
]
950 S e e
Red/pink SANDSTONE, balls of pale pink clay. More rapid
- penetration by drill.
N _-Cormnued nex sheal -

EPA Export 25-07-2013:21:46:22



BRG Lid. Borehole No

35 Cleevaun,

Naas, Co Kildare MW-17
Tel: 045 874386 r Mg fa o _ ~ Sheet2of2
Project Name ' Project No. Co-ords: Hole Type
TES-Derrinumera-Co Mayo TES2 104530E - 293558N PD
‘Engineer: Drilling Company Level: Azimuth Scale
TES Consulting Engineers Ltd. Dullea Well Drilling - - 90 1:50
Client: ‘ " Driller Dates: ‘ Logged By
Mayo County Council Pat Dullea 30/09/2003 D Blaney
Wel g’“ﬁ:; b:::mE)IesTfpelvn s'mnﬁﬂ"g ' Dteng;h lmLEAVSIJ} Lagend Stratum Description

e o T 7800 0 T 03090 CONGLOMERATIC SANDSTONE, pinklpurple sandstone with fragments -

c--%c-r_.o of quartz upto 0 5mm in diameler.

12

1330

7

- 15

OO
15?3 vma— . s = — - - - , ) sia we
Dominanlly SANDSTONE red/purple sand with occasional larger
(0.5-1.0cm) cuttings of pale grey sandstone/quartzile and %
blaci/red mudslone, more rapid penetration of drill.
16‘59 |.3‘ : + —— . mew T . .. - . - .
5 CONGLOMERATE, becaomes coarser grained with tabular fragments of
I pale sandstone and guartzite with blackired mudstone fragments.
o]
g 7
(8]
0
(m [
o
c
2
o
(:I.
3 18
(o)
]
&
g
o
0
(]
|=‘|.
19.00 ’ 19

End ol Barehole al 19.00 m

Type _  Resulls _ .

Remarks Site D Bedrock hole, outside of the cut-off wall. Located by a handheld 'Gamin 12' GPS

Accurate to +/-8.0m. B R G\

EPA Export 25-07-2013:21:46:22



BRG Lid. Borehole No
35 Cleevaun,
Naas, Co Kildare MW-18
Tel: 045 874386 - g o Sheetl1 of 1
Project Name Project No. Co-ords: Hole Type
TES-Derrinumera-Co Mayo TES2 _ 104536E -283563N PD
Engineer: Drilling Company Level: Azimuth Scale
TES Consulting Engineers Ltd. Dullea Well Drilling - -90 1:50 _
Client: ' Driller Dates: Logged By
Mayo County Council Pat Dullea 30/09/2003 D Blaney
T \Naler  Samples & In Sifu Testing  Depth  Leval ... . o =
well Sln?!:g;" E-)e;ﬁ:?nﬁ,}' Type i 'Re':“jisng DFnE} {mLi\gD) Legend Siratum Description
oo Pl il R I - SRS Agaregateffill - limestane boulders and aravel,
5 L
0.80 PO -
?.I I.'ﬁ. . PEAT l
L ss
4 -IN'.“.\I'.L
i-‘_.-l"-”:‘ilt
Loan S
Ao
[ U R
A e M.
r. n::..*m 2
[ TR -
A Al
‘. \L-*.m .“M; -
R
L ow e
P e .
L.n:k.m.’:n_ - é\\)& : 2
"q._*‘.n":g‘ é-{\
Lo it Q@'Q@
r.“:lr:ﬂ A :ﬁ‘ O\O\
l‘ U | . 0%&
o QS ;
T TN &\} 4
4.10 i"'__i"'__'“éQQ\ 2 X s s R Y TR e g carwE .
R\ {\Q}?aﬂ.‘dar‘n purple brown Sandy CLAY, with occasianal, fine la
- ? medium grained, sub-rounded gravel
S :
Qo*‘l_:z
SE =
510 ,\6\ T iy . - i
§ End of Barehole a1 5.10m
S
‘6
7
8
-]
Type Results . . . X -
Remarks: Site D - Overburden hole outside of the cut-off wall. Located with a handheld 'Garmin12’
GPS - accurate to +/-8m B RG

EPA Export 25-07-2013:21:46:22



" Client:

Well

BRG Ltd.

35 Cleevaun,

Naas, Co Kildare

Tel: 045 874386

Project Name
TES-Derrinumera-Co Mayo
Engineer:

TES Consulting Engineers Ltd.

' Project' No.
TES2

Driller

Mayo County Council Pat Duliea
waier _ Sampies & In Situ Testing _ Depth teval |

_ Stikes papih(m) Type  Resulls ~ (m) (mAOD) Bgen

0.70

[44]
i
(=]
S
™

6.80

. Type Resulls .
Site D - Overburden hole inside of the cut-off wall.

Rern_arks:‘

) Drilling Corﬁpany Level:
Dullea Well Drilling -

" "Sofl, dark to medium brown, Sandy CLAY, wilh occasional

Borehole No

MW-19
Sheet 1 of 1
Co-ords: Hole Type
Z PD
Azimuth '
-80

écale
1:50
Logged By

300092003 D Blaney

Stratum Description
A&greaéalﬂﬁil b L_ime‘;‘lo;le houldél;s and gl:aval_

PEAT

sub-rounded gravel

End of Borehole al 6 80 m

BRG

EPA Export 25-07-2013:21:46:22



BRG Ltd.

35 Cleevaun,

Naas, Co Kildare

Tel: 045 874386

Project Name
TES-Derrinumera-Co Mayo
Engineer;

TES Consulting Engineers Ltd.
Client:

Mayo County Council
wan Weler _ Samples & in Situ Testing

_ Stikes Depth(m) Type Resulis

_Type  Results

. MW-20
Sheet 1 of 2
" Project No. Co-ords: " HoleType
TES2 s 5w : e 18 AR
Drilling Company ~ Level: Azimuth Scale
Dultea Well Drilling - -90 1:50
Driller ~ " Dates: ' ~ Logged By
Pat Dullea 01/10/2003 D Blaney
Dienﬁr tmLeAvglIZI} Legend Stratum Descriplion
Aggregale/Fill - Lirnestone boulders and gravel
0.50 o o

Coimn lm T T Lo R Ty f 1R P LAl S T s

DOODO0
D00CDoDCC

E
y

_ ,‘
LD OISO DO D0

)
COCOCODODOMDD L L.t

=
3

]

s lalalNe T

OO0

oCcoon

(B 1n

Remarks:- Site C, Bedrock hole outside df the cut—cﬂ i&ai!

Borehole No

-2
\)& 3
&
"
A()
Su?
EA
& _
0 -
Qo\&\ 4
<
= — P — et i e - : 5
Loose - Medium dense, purple/brown Clayey SAND, with occasional
rounded to sub-rounded gravel (quarz, quartzile and sandstone)
6
7
" SANDSTONE - fragments up lo 3cm in dia of coarse grained
redigrey/green sandslone. Water strike at ¢.8.0m vis. est
<50gal/hr
-0
CONGLOMERATE - Coarse cuttings of quartz, quartzile, brown
sandstone and minor green volcanic clasts with brown medium
arained sand that probably formed the matrix of the conglomerate
]

. Conunued next sheel

BRG

EPA Export 25-07-2013:21:46:23



BRG Lid.

35 Cleevaun,

Naas, Co Kildare

Tel: 045 874386

Project Name
TES-Derrinumera-Co Mayo
'Engir-t‘éhér'_ B -

TES Consulting Englneers Ltd.
Client:

iMayo County Council
wey Water  Samples & In Situ Testing
Stikes Depth(m) Type | Results
Type.  Resulls

“1000 0

‘ Firajecl No.
TES2

Drilling Cbmpany
Dullea Well Dnllmg

. Dnller
Pat Dullea

) Depth  Level

(m} (m non} '-‘“-‘9‘-‘“"

14.00 °

19.00

Remarks Slle C; Bed rock hole outside of the cut-off waH

~ Co-ords:

Level:

Dates:
01/10/2003

Azimuth
-80

Stratum Description
.Cull't-ngs become finer gm;ne-d, either ﬁné-grnin.ed‘c:nn.glnn:lémle
ar coarse sandsione. Cuttings dominated by brown/while rounded

quartz grains with mmnr pale grey quartzile and red brown
mudsione

Retums become paler with more rapid peniration, cutling contain

small ‘balls’ of pink clay, - possible thin clay gouge.

Dominantly redbrown, medium lo coarse grained, rounded quarlz 16
grains, minor rounded fragments of while quartz and red/orawn

quartzie. Drll labouring slightly at 17m possibly a thin

conglomeratic band

End of Borehele at 18.00 m

Borehole No

MW-20
Sheel 2 of 2
Hole Type
PD
Scale
1:50
Logged By
D Blaney

© 12

BRG

EPA Export 25-07-2013:21:46:23



BRG Ltd. Borehole No
35 Cleevaun,
Naas, Co Kildare MW-21
Tel: 045 874386 _ Sheet 1 of 1
Project Name Project No. Co-ords: Hole Type
TES-Derrinumera-Co Mayo TES2 - PD
Engineer: Drilling Company Level: Azimuth Scale
TES Consulting Engineers Lid. Dullea Weli Drilling - -90 1:50
Client: Driller Dates: Logged By
Mayo County Council Pat Dullea 01/10/2003 D Blaney
.» Water Samples & In Situ Testing  Depth  Level . . " S A
Welt sﬁg; Depth (}s} “Type  Resulls g. ("F;l} (m?oen) Legend Stratum Description
2. Dl S - ﬁ X320 AggregatefFill - Limestone boulders and gravel
o0 Cac, PeAt
ake e Ak
foaF, W .
s.lwim‘hi...‘.. 1
A ;;.’_u-.
4 .W.JM.IIK.“':\I.I..
[
W, e ok
[T T
Ao A
[ T
'.\l‘.&-nld.bu.l. 2
Aok -ﬂl':
[
a0k
L ode M
Al .w.ll.nl.-.‘
{lel‘:“.i:k<
“.\Ir:m.n.‘;\l-' \}& 3
A oAk Ay \{\é
oA N s L\
e e M e A()
Cai e N
Lw _.kJ'_ﬂ::l. Qogi&
Conan & N 4
. .«-.’ Ay ‘QQ \&\
" w_u:*:- \O (\é\
S :
\&m “.IJJL- '5
5.20 ,\O M ST e s e S e e T =
; § = Loose, reddish, brown, coarse grained clayay SAND with graval,
& = rounded 1o sub-rounded medium grained (0.5-2cm dia.) Minor waler
O 03 sirike at 5.2m.
550 :__'_ —— e B W - = =
SANDSTONE - Red! grey, coarse grained sandstone, 6
5.60 A .
End of Borehols al G.60 m
=
-8
9
. . ..Type. _ Resulls wEed " n - iy o _ ! -
Remarks: Site C - Outside the cut off wall. This was designed as an overburden hole, but it
penetrated bedrock. The bedrock intercept was sealed with bentonite 0.4m back from B RG
rockhead into the overburden

EPA Export 25-07-2013:21:46:23



BRG Lid.

35 Cleevaun,
Naas, Co Kildare
Tel: 045 874386

Project Name
TES-Derrinumera-Co Mayo
Engineer:

Client:
Mayo County Council

Well :
_Smkes Depth (m) Type

Type

+/-8m

TES Consulting Engineers Lid.

waler Samples & In Situ Testing

Resuits

Resulls

Project No. " Co-ords:
TESZ 104625E - 293728N
Drilling Company  Level: Azimuth
Dullea Well Drilling 0.00 m AOD -9p
Drifier Dates:
Pat Dullea 30/09/2003
D{r;;‘:}lh (nl;i‘glnl Legend Stratum Descriplion

Aggregate/Fill - Limestone bouiders and grave!

PEAT, woody lexiure

o5
Sul’t"pale purpte@\wn, Sandy CLAY, with sub-angular to

OQ

S
G
SN
S
: @(\é\

4.50

red sandstone and red brown mudstone, Waler strike al 6
c.100galfhr.

Canbnued nexi sheet ,

Remarks: Site C - Bedrock hole inside the cut-off wall. Located with handheld GPS - accurate to

sub-rou ﬁi wel_ Minor water strike between 4.2 and 4.

CONGLOMERATE, 0.5 -1.0cm sized clasis of pale grey quartzite,

Borehole No
MW-22
Sheet 1 of 2

Hole Type
PD

Scale
1:50
Logged By
D Blaney

Jm.

8m -

BRG

EPA Export 25-07-2013:21:46:23



BRG Lid. Borehole No

35 Cleevaun, s
Naas, Co Kildare MW-22
Tel; 045 874386 _ : oy s R .. Sheet2of2
Project Name Project No. Co-ords: Hole Type
TES_—!Z_)Fljﬁ_numEara-C}p Mayo TES2 . ] _10_@625E - 293728N 1 e FD
Engineer: Drilling Company Level: Azimuth Scale
TES Consulting Engineers Lid. Dullea Well Driling 0.00 mAOD  -g0 1:50
Client: -l " Driler Dates: Logged By
Mayo County Council Pat Dullea 30/09/2003 D Blaney
well gsec b;sl,':?r!('n':']!ggf:;:‘n s'guﬁzﬁng - DeRh  AGD) Legend Stratum Description
S S i 4000 :iﬂ.dﬁuggggg CONGLOMERATE - becoming slightly finer grained, red/brown sand

Oo0an  with fine gravel sized fragments of quartzite, sandstone and
mudslone. Slight increase in water relum,

" SANDSTONE - baie puq_:ie gaﬁﬂ:-ver; few mﬁiﬁ_g;‘m!uniéﬂ that

are greater than sand sized.
\)&‘ 13
&
&
N
: HF
: o?% O
P S
ns \‘}@\}\ i
<
r &
15
1600 -1600 <-.:1:1 1
bt atidia End of Borehole at 16.00 m

19

o Type. Resus . -
Remarks: Site C - Bedrock hole inside the cut-off wall. Located with handheld GPS - accurate to

+/-8m B R GJ

EPA Export 25-07-2013:21:46:23



BRG Ltd. Borehole No
35 Cleevaun, g
Naas, Co Kildare MWwW-23
Tel: 045 874386 . . S_k}eei 1 qu
" Project Name Project No. Co-ords: Hole Type
TES-Derrinumera-Co Mayo TES2 104629E - 293721N. . ..pp
" Engineer: Drilling Company Level: Azimuth Scale
TES Consulting Engineers Ltd. Dullea Well Dnlhn_g 2 ;99 _ _ 150
Client: Driller Dates: Logged By
Mayo County Council Pat Dullea 30/09/2003-01/10/2003 D Blaney
well g‘}’na:z; Desr::a"(‘n‘;les'r?p:n S:luR':jgng_ Dﬁ‘fr ¢ T';?‘g::n tegend Stratum Description
L Aggregate/fill - limestone boulders and gravel "
[TE
[ A
i '
e .
Lualr_d‘alr:n, 2
,"“;’*;{. & _
l.***.l; & 3
P A@%\
g &
o Qoof@ E
v e s S :
w S Lo
; H—'_—',;Q q§l:‘.‘ll purptebmwn Sandy CLAY, occasional sub—angular o .
- _@{{_-égosub-mundad gravel,
so0 S S i s
é\ End of Borehole al 5.00 m *
&
a
7
) 8
g
Ty{:é _ . Resuils .
Remarks Slle C - Overburden hole inside lhe cutt-off wall. Hole has been located with a handheld
'Garmin 12' GPS accurate to +/- 8.0m, B R G

EPA Export 25-07-2013:21:46:23




Borehole No

Remarks: ‘ éite B - Bedrock Hole outside of the‘ cﬁt-off wal-l, Driller repbrted eaéier than normal
penetration - possibly softer or more fractured sandstones.

EPA Export 25-07-2013:21:46:23

BRG Ltd.
35 Cleevaun, Mw-24
Naas, Co Kildare
Tel: 045 874386 i ) ~Sheet 10f2
Project Name Project No. Co-ords: Hole Type
TES-Derrinumera-Co Mayo TES2 OE - ON PD
Engineer: Drilling Company  Level: Azimuth Scale
TES Consulting Engineers Ltd. Duliea Well Driling 0.00mAOD - 90 1:50
Client: Driller Dates: Logged By
Mayo County Council Pat Dullea 01/10/2003 D Blaney
 “Water Samples & In Situ Testing _ Depth Level N P o o
Well i ™ Bepih (m) Type  Resuis * {m) (mAOD) Legend Stratum Description
i "ol L == ZRCC " Aggrateffilt - Limestane boulders and gravel
0.70 070 < F = « —iwl
[ ‘J. WL PEAT
’ 1
-2
&
¢ 3
& :
N S _
3.40 - - —_— D r—— Sy St L NI -
: i{ifn @bnse to loose, reddish/brown, medium grained SAND,
al gravel, sub-rounded fo rounded clasts of red medium
r@ed sandsione. Water strike al 3.4m - low fllow rate.
& )
4.50 4 \(\ I.:.'_......_ S = i SR 2 ey w7 : o,
‘53‘ %D B0 " CONGLOMERATIC SANDSTONE, dominant retur is fine to medium
SOOO00  grained redbrowniwhite quartz grains (rounded), occasional
<« O 00000  larger cuttings (up to 1.5cm dia.) of while sandstons and .
,\o Sgg,{g translucent white grey quartzite. Tabular fragments of red brown + 8
gf\\ 50000  mudsione, minor clay balling noled. Increased waler relum at
63 QOO0G  6.0m vis. est. £.100-150galmr.
e DODO0.
(alalalale]
0000
QOO0Y
alalsldln}
QDVIC .
00000 [
UO0QC
Qo000
batalulals)
oQooo
L5 0 L Ll
20000
2900
oonoD
00
oE00 T
Lalulaaln]
02020
I taletals]
o200
L} et )
oRco0
QIR00
coooc
120000
CGOO0 =
2000
CoCco0
SIGOC
oco20
25000
ooooR
[n i Lalale]
QoCcoC
cogac
900 S2578 - .- .- - . - s
B € slightly more rapid penetration
Fal
{ E.
(5]
I'_.
o
G
. ; <
Type | Resulis Conlnued nest sheet

BRG

o ——




BRG Ltd.

35 Cleevaun,
Naas, Co Kildare
Tel: 045 874386

Pro;eci Name

TES-Derrinumera-Co Mayo

Engmeer

' TES Consulting Engineers Lid.
Client:

Mayo County Council
Well waler _ Samples & In Situ Testing
Stnkes _Depth (m) T-,'pe_ ~__Resulls _
Type  _ Results

Remarks: Site B - Bedrock Hole outside of the cut-off wall. Driller reported easier than normal

OO0
Q0200
(w/alnlaln]

1600 -16.00 DOCD0

penetration - possibly softer or more fractured sandstones.

Borehole Na

COI"JE';LO'MERJ'\TE. sand wilh up 1o 30% cuttings of tabular while
sandstone/quartzile up to 1em in dia.

End of Barehole al 16 00 m

BRG

EPA Export 25-07-2013:21:46:23

Mw-24
Sheet 2 of 2
Project No. Co-ords: Hole Type
TES2 OE - ON PD
Drilling Company Level: Azimuth Scale
Dullea Well anllng 0.00 m AOD -90 1:50
-Dr:[ler Dates: Logged By
Pat Dullea 01/10/2003 D Blaney
D I.h Leu o ) Sy i ’ - )
: fmp) (m AOD) Legend Stratum Description
[‘:J'dﬂgP Slighlly more rapid penetsalion
{nlalainl
Intalsinlal
talnId ]
00
62000
CuTe Lacha o
60aa
1100 100 GOG2G  Fasier panairation, relums are  darket ed colour,increased P
oo0o0  mudstone conten! noled.
J000Q
150 1180 BROR0 - e e
Sagnn CONGLOMERATIC SANDSTONE, Coarse sand grains, clasts of rounded
O00GO  quartz, quanzite and red sandslone.
falatatalal
G000 12
Q200
0QoC0
QOO
coool
palalalals
(alalsaln]
20000
an R4
S 13
&
NS
o°oxf§
A
&b
NN :
QQ@\\&\ 14




BRG Lid. Borehole No

35 Cleevaun, |
Naas, Co Kildare MW-25
Tel: 045 874386 Sheet 1 of 1
Project Name Project No. Co-ords: Hole Type
TES-Derrinumera-Co Mayo TES2 OE - ON _ PD
Engineer: Drilling Company ~ Level: Azimuth Scale
TES Consulting Engineers Ltd. Dullea Well Drilling  0.00mAOD - 90 1:50
Client: Driller Dates: Logged By
Mayo County Council Pat Dullea 01/10/2003 D Blaney
) l & . . v =
wel gﬁ:s nes:p;TnE) esTym:n S'waiﬁifl"g D(frﬁ'}!h lnlﬂ- eAgllJ) Legend Stratum Description
| Mgy, PEAT

Loose - medium dense, red/brown, medium grained SAND and GRAVEL,
gravel generally sub-rwum clasts. Minor waler strike al 2.5m.

NS
A"’&é .
S
F3S
RS
\é’:\ 4

End ol Boreholz at 4.00 m

Type Resulls
Remarks: Site B - Overburden hole outside of the cut-off wall.

BRG

EPA Export 25-07-2013:21:46:23



BRG Lid. Borehole No
35 Cleevaun,
Naas, Co Kildare MW-26
Tel: 045 B74386 Sheet 1 of 1
Project Name Project No. Co-ords: Hole Type
TES-Derrinumera-Co Mayo TES2 - PD
Engineer: Drilling Company Level Azimuth Scale
TES Consulting Engineers Ltd. Dullea Well Drilling - -90 1:50
Client: Driller Dates: Logged By
Mayo County Council Pat Dullea 01/10/2003 D Blaney
Well g}"ﬁak':; D::;TrE)IESTfp:ﬂ SItl!RE;?.!:-‘::ﬂg E}Eﬁ;h [n:'i‘gg‘ Leasnd Stratum Description
. : ; % Aggragaleffill - limesione boulders and gravel
1
2
&
\Qé 3
Aé\
*.
o%é‘
dium dense, reddish brown Clayey SAND, with
dad {o sub-angular, medium grained gravel
4
5
End cf Borehole a15.20 m

(4]

7

8

]

Type Resulls

Remarks: Site A - Overburden hole outside the cut-off wall. B RGV

EPA Export 25-07-2013:21:46:23



BRG Ltd.

35 Cleevaun,

Naas, Co Kildare

Tel: 045 874386

Project Name
'E_rx_gir{aer:

TES Consulting Engineers Lid.
Client: -

Mayo County Council
nei Water Samples & In Situ Testing

Well ¢ -
'i Slnk‘as- E?pl.h (m.l .T,y?.e_ Results

Type | Results_

: = = = 1
140 PEAT
1‘30 - = o - .= - e - R —— A -
Loose lo medium dense, pale yellow brown, medium grained SAND.
-2
250 LA iR B T TS B — .
. Ry Loose - medium dense, reddish/brown Clayey SAND with sub-rounded
to sub-angutar gravel, becoming markedly stiffer towards base
Waler strike at 3.0m \)&‘
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Derrinumera L il . hate Characterisation Repaor

1. INTRODUCTION

This interim report on leachate characteristics and the effectiveness of current treatment at Castlebar
WWTP can be broken into the following sections:

s Purpose of the Report

»  Stakeholders and their Concerns;

» Existing Leachate Management System;

« Methodology;

s Laboratory Suite Rationale;

+ Relevant Regulatory Standards,

1.1 Purpose of the Report
At present the leachate generated at Derminumera landfill is first collected in a lagoon. From
here it is pumped to, and stored in, 3 large identical precast concrete collection tanks on site.
Each tank has a volume of 297m’ (i.e. 10.4m diameter with a working depth of the order of
4m). As a condition of the Landfill Waste Licence No 21-1 issued by the EPA for
Derrinumera, leachate is fransported by tanker from D::gﬁmmera to Castlebar WWTP for
treatment. An Bord Pleanala, in certifying the EIS @r ga&mnsmn of the Castlebar WWTP, has
on the other hand made it a condition of such T@gp‘hﬂnt Plant expansion that the importation
of leachate there is discontinued when the n@f&sﬂahm WWTP is in place.
&‘ é

In order to assess the ‘treatability’ n&ﬁz@ﬁeachate produced at Derrinumera Landfill with the
aim of constructing an on-site 1:@&%\\&3 treatment system (e.g. Sequence Baich Reactor
(SBR), reverse osmosis systemotaﬁ) a ‘Leachate Charactensation Study’ was carmied out.

O
As a separate matier, and in order to provide an indication of the efficiency of a conventional
secondary treatment plant to co-treat this leachate with municipal wastewater, the current
performance of the municipal wastewater treatment plant in Castlebar in treating this same
leachate has been monitored, and samples have been taken of the treated wastewater there,

and analysed for the presence of trace elements typical of the leachate.

1.2 Relevant Stakeholders’ and their Concerns

A consultative forum was held at the offices of Mayo County Council on December 5", 2002.
Following this forum, a number of submissions have been made to Mayo C.C. in relation to the
Marine Discharge of treated leachate from Derrinumera Landfill Site to Newport, and ultimately Clew
Bay. The concerns relate primarily to the impact of the proposals on the existing Mariculture and

Finfish farming in Clew Bay, with submissions having been received from the Clew Bay Oyster Co-
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Derrinumera Landfill Leachate Characterisation Report

op Society Ltd, and the Clew Bay Marine Forum Ltd. These stakeholders have identified a number of

issues that they would like to have addressed so that a full assessment of the impact of the treated

leachate discharge on the bay can be made as follows:

» Impact of the temporary treatment of leachate at Westport in advance of a long-term solution
being realised;

» Standards of treatment that will be required to achieve compliance with the Quality of Shellfish
Regulations;

» Full and independent characterisation of what is contained in leachate, what treatment will be
carried out, what will be removed and what will be left after treatment;

» Comparisons of the best available technology in leachate treatment,;

s  Assessment of the risk of bio-accumulation and toxic contamination in the shellfish in the bay;
and

» Assessment of the risks of interruption to the biology and reproductive cycles of the shellfish in
the bay.

1.3 Existing Leachate Management System

The waste body at Dernnumera has been surrounded by a 1.3kan lgiig 600mm wide Bentonite Cut-Off
wall, keyed into bedrock, which prevents loss of leachate ﬁﬂ!&-\(ﬁ;ﬂ permeable deposits in the enclosed
area and diverts upland surface water around the un Mﬁast& This leachate flows to a balancing
lined lagoon at present, with a floor area of 860m? qﬁ@@vu]ume in the region of 3600m’*. This lagoon
balances peaks in leachate production, wlu@ﬂ%éadly mirrors rainfall, and provides a measure of
settlement. Leachate is pumped from the lg%eﬁﬁu three holding tanks, each 10.4 m diameter and with
a working depth of the order of 4m. Th‘é%ﬁin tumn feed the tankers through a gantry loading system.

\
,\0

The volumes to be handled, and the strength of the constituents in the leachate, vary from winter to
summer. Looking at the experience of 2001, 125m’ approximately was transported in May and June
and 130m" was tankered in September. Over the year an average daily leachate flow of 258m’/d was
recorded, ranging from a minimum of 125m*/d to a maximum of 358m’/d. In 2002, which had been
exceptionally wet, volumes as high as 650m’/d were removed in February and in November. In the
future, these volumes will change as cells are filled and capped off, with the maximum volume of
leachate expected over the design life of the landfill pezking at 700m’/d. This figure has been used for
design purposes, and the site records of leachate volumes transported are attached as Appendix No 2.

Leachate will contain elements of all substances in the landfill that have not been broken down by
microbiological aclivity within it and which are soluble in water, A landfil] undergoes two distinct

stages of biological waste decomposition during the cycle of breakdown of waste, namely the
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CONSLLTRNG ENGREERST Page No. 2

EPA Export 25-07-2013:21:46:24



Derrimumera Londfill Leachate Charaglerisation Report

acetogenic and the methanogenic stages. Both of these stages can coexist in the one landfill, because

the ages of the waste in the landfill can vary from place to place. The following describes these stages:

Acetogenic Stage
In the early stages following waste emplacement, acetogenic liquors containing high amounts of BOD
and COD (consisting mainly of soluble organic compounds such as volatile fatty acids) together with

high concentrations of Ammeoniacal Nitrogen dominate the characteristics of the leachate.

Methanogenic Stage
In the later methanogenic stage of decomposition, although ammoniacal nitrogen levels remain, these
soluble organic compounds are converted to landfill gas. In the methanogenic stage, leachate typically

contains relatively low amounts of biodegradable organic material.

The concentrations of various constituents of the leachate also varies greatly depending on whether it
is sampled in the waste body itself or from the holding tanks. Leachate monitoring at Derrinumera has
shown that leachate sampled from the Holding Tanks tends not to have the same levels of BOD,
COD, SS and Ammonia as leachate sampled from the Waste %@ﬂ}r itself does. The following table

compares the vanious mean concentrations found in the Ieachg;?sampled from the lagoon (L1) and the

; R
holding tanks (L5). 0&\\\6‘
AN
S
Table 1. Mean Concentrations Fuul;&\@f@ e Leachate Sampled from the Lagoon (L1) and
the Holding Tanks (L5). ‘ Q&io\$
QO\;\\‘\\Q
(JJ
Sampling BOD & CcOoD Suspended Solids Ammonia
Point fm@?\ (mg/l) (mg/1) (mg/l)
Lagoon (L1) 110 | 513 147 241
Holding Tanks(L5) 171 1 654 2237 123

Readings of suspended solids in the holding tanks are heavily biased by a small number of very high
results, themselves likely to be influenced by the mixing conditions at the sampling point. Overall we
would interpret the above readings as indicating that the concentrations of elements and compounds in
the leachate generally remains unchanged during transfer from the lagoon to the Holding Tanks, and
with careful attention to the decanting system at the lagoon, and the mixing at the sampling point in
the holding tanks, the suspended solids result would at least remain unchanged. It is possible that the

reduction in ammoniacal N concentration is a significant result, since contaminated stormwater would
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Derriniunera Landfill Leachate Characterization Report

tend to dilute the contents of the holding tank. It is the constituents in the leachate as it enters the
Holding Tanks that is relevant in determining a suitable leachate freatment system.

1.4 Methodology

Five grab samples of leachate were taken from the No. 2 leachate storage tank once 2 week for 5
weeks between 29" July 2003 and the 27" August 2003, Standard quality assurance procedures were
taken to prevent contamination of the sample (i.e. disposable gloves, efc). A 2-gallon bucket attached
to a chord was used to take each sample with the bucket being cleaned thoroughly with deionised
water prior to and after use. Field parameters (i.e. pH, Temperature, Dissolved Oxygen and electrical
conductivity measurement) were taken in the field by a TES Field Engineer using a Dr. Lange
Multimeter (see results of field parameters in Table 1 of Appendix 1). Following field testing,
samples of leachate were taken using specifically design containers supplied by Alcontrol Geochem
with preservatives to impede the breakdown of any compounds within the leachate taken.' The
containers were packed carefully and stored within 2 freezer boxes containing freezer ice packs to
insure a maximum temperature of 4°C was maintained during transit. Samples were collected within 2
hours of sampling by Alcontrol Geochem field sample collection vehicle and delivered to Alcontrol
Geochem Laboratories in Dublin approximately 4 hours later. Fhese samples were unpacked on
arrival and analysed for the chemical parameters as shown i@c Tables 1-5 of Appendix 1. The raw
results of the analyses carried out by Alcontrol Ge E\@@e located in Appendix 2. Samples were
also sent the same day by courier to Shannon T%\Q%\igf) Laboratory for toxicity lesting (see results in
Table 6 of Appendix 1). ,~\\o°Q &

1.5 Laboratory Suite Rationale rff?.@\:\lducrinu Disruptors’

These parameters in the chosen lab \m}r suite are based on the recommended leachate assessment
laboratory suite as stipulated 'ujﬁ‘ahhs D1 and D2 of the Drafi Landfill Monitoring Manual
MNovember 2002. Given thatl it 15 eventually proposed to discharge the treated leachate to the head
manhole of the Newport WWTP ftreated effluent outfall, itself discharging to Clew Bay and that
requests were made by stakeholders to test for the presence of ‘endocrine disrupters’, a review of
available literature was carried out to ascertain the identity of kmown endocrine distupters of aquatic
life.” Some of the most pertinent ‘endocrine disrupters’ with regard to marine aquatic life are:

o Lead & Cadmium

These heavy metals have suspected endocrine disruption capabilities and are examined in a heavy
metals-specific analysis (see Table 1A & 1B)?;

! For samples taken for Volatile Organic Compound Analysis, air tight vials with screw caps and teflon line septa were used
with hydrochloric acid prescrvative to prevent volatilisation of any volatile compounds within the samples tzken.

* Endocrine Disrupters are synthetic {i.e. man-made chemicals) which are thought to mimic natural hormones, inhibit the
action of hormones, or alter the normal regulatary function of the immune, nervous, and endocrine systems.
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Dervinumera Landfill Leachate Characterisation Repor.

o Allylphenols (e.g. Nonylphenol, Bisphenol-A, etc)

Alkylphenols, such as Nonylphenol, are commonly used as antioxidants and also are degradates of the
biodegradation of a family of non-ionic surfactants (such as APE) during sewage treatment (Jobling
and Sumpter, 1993)." Nonylphenol and other alkylphenols have been reported to leach from plastics
used in food processing and packaging, such as food grade polyvinyl chloride (Junk et al, 1974;
Brotons et al., 1995). The presence of these compounds was examined as part of the semi-volatile
organic compound analysis (sVOC) (see Table 3A & 3B);

» 23,7 8-TCDD and 2,3,7,8-tetrachlorodibenzo-furan (TCDF)

These are byproducts of the paper, wood, and herbicide industries and are formed in the incineration
of some chlorinated organic compounds (Schmidt, 1992). The presence of these compounds was
examined as part of the semi-volatile organic compound analysis (sVOCs) (see Table 3A & 3B);

s Methoprene, Frecocene, Diflubenzuron, Tebufenoxide and Fenocarb

The endocrine systems of insects have been intentionally targeted for insecticidal activity. These
chemicals include juvenile hormone mimics (e.g., methoprene), antijuvenile hormone analogs (e.g.,
precocene), chitin synthesis inhibitors (e.g., diflubenzuron), ecdysone analogs (e.g., tebufenozide),
and moliing disruptants (e.g. fenoxycarb). These insect growth regulators were developed to be not
only efficient pesticides, but also to be highly specific to mse&;s without risk to other nonlarget
animals, especially vertebrates. The presence of these cﬂmpogﬁ?ds was examined as part of the semi-
volatile organic compound analysis (sVOCs) (see Tahl&\?(bé‘\& 3B);

e PCBs & ©

Polychlorinated Biphenyls (PCBs) are a class o‘? &ﬁ"npuunds that have approximately 113 congeners
present in the environment. PCBs, whmilﬁ‘(' oﬁ)t hormone pathways involved in, for example, male
fertility (Sager, 1983), were banned ﬁ%‘%rﬂmr production in the United States in 1976 under the
Toxic Substances Control Act, but thﬁ&: agents were used widely between 1930 and 1970 as additives
in products such as paints, plasgg rubber, adhesives, printing ink, and insecticides (Peakall and
Lincer, 1970). * While 31% of tutﬂl PCBs manufactured are currently estimated to be present in the
global environment, only 4% of cumulative world production can be accounted for as degraded or
imcincrated. Many PCBs are still in use in older electrical equipment (e.g. transformers), in
containment storage, or in dumps or landfills. Releases from these sources can result in continuing
PCB pollution for years to come (Tanabe, 1988). The presence of these compounds was examined as
in a PCB specific analysis (see Table 4);

e Chlorinated Pesticides — Alachlor, Chlordane, DDT, Dicafol, Methoxychlor, Trifluralin, etc.
These chlorinated pesticides have suspected endocrine disruption capabilities and are examined in a

Chlorinated Pesticide-specific analysis (see Table 4);

* Special Report on Environmental Endocrine Disruption: An Effects Assessment and Analysis Prepared for the Risk
Assessment Forum, U.S. Environmental Protection Agency, Washington, D.C. 20460 EPA/S30/R-96/012 February 1997,
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Derrinumera Landfill Leachate Characterisation Report

»  Organophosphorous Pesticides — Malathion, Parathion, etc.

These Organophosphorous pesticides have suspecied endocrine disruption capabilites and are
examined in a Organophosphorous Pesticide-specific analysis (See Table 5); and

o QOrganotin Compounds — Tributyltin, Triphenyltin & Dibutyltin

Tributyltin (TBT) has in other countries been found in bivalve molluscs and fish species eaten by
man, although levels of these residues in edible tissues (e.g., 0.08 to 0.9 mgkg in salmon in the
United States, and < 10 to 5600 pg/kg in Chesapeake Bay oysters) are considered to be “safe” levels
(Fent, 1996). * These compounds have suspected endocrine disruption capabilities and are examined
in an Organotin Compound-specific analysis (see Table 5).

The leachate samples taken were also submitted to Shannon Toxicity Laboratory for toxicity testing
by Microtox™ which is a 5-30 minute acute toxicity test which measures the inhibition of light
emission in Vibrio fischeri (see results in Table 6 of Appendix 1). This test is recommended for
testing the inhibition of wastewater treatment plant microflora (i.e. inhuibition of respiration and
nitrification).’ The Sequence Baich Reactor (SBR) is a variant of an aerobic biological system. Unlike
a conventional activated sludge plant with presettlement, an SBR system is worked entirely by
bacteria and as such, the Microtox test is the toxicity test most sug:gd to assessing any toxic shock and

subsequent negative performance effect, which the leachate CW have on the system.

1.6 Guidelines & Relevant Legislation OQQé
There are no specific guidelines dealing w];ﬁ‘(' th% quality of landfill leachate prior to or after treatment.
In order to assess the level of cantanux@g&%umenly tested for in raw untreated leachate (i.e. heavy
metals, BOD, COD, NH; and suﬁpcﬁed solids), the results obtained (see Tables 1A &1B) were
compared with the Mean Cunm:o tions for Typical Leachate taken from Table 3, Typical Leachate
Composition of 30 Samples from UK/Irish Landfills accepting Mainly Domestic Waste, EPA Landfill

Operational Practices Manual,

* Toxicity/inhibition tests are carried out by sxposing a group of test organisms in a series of dilutions of the test substance
or mixture, under conditions, which are controlled. On the besis of the recorded effect frequencies in the various dilutions,
the effect concentrations {Effective Concentration (EC) or Lethal Concentration (LC)) are usually caleulated for the 10, 50
and 90% meortality or effect level in the population. Example: If the results from a 24-hour ECy, toxicity test is 20% viv, this
means that 200ml of wastewater made up to a litre with water had a specified effect on 50% of the test species, in 24 hours.
To avoid confusion and to report increasing toxicity with a cormespondingly increasing number (i.e. the more loxic the
wastewater, the higher the numerical TU number assigned to it), the result is expressed as a function of the undiluted sample
(100%). This form of expression is known as the Toxic Unit (Tu) and is defined as follows:

Tu=100
E
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Dervinumera Landfill ) Leachate Characterization Report

The most relevant legislation with regard to assessing the standard and inorganic chemical

concentrations within the discharge from Castlebar WWTP are:

e S.I No. 200, Quality of Shellfish Waters Regulations, 1994. These regulations specify indirect
standards for a discharge. The discharge must not cause the receiving water (i.e. in the vicinity of
the outfall) to exceed certain levels. i.e. these values need to be back calculated on the basis of
dilution factors and tidal currents and are not possible to ascertain at this stage. However, a pH of
between 7 and 9 is specified in these regulations for the discharge;

» S.I No. 254, Urban Wastewater Treatment Regulations, 2001, These regulations specify the
minimum discharge standards required of municipal wastewater treatment plants; and

o Discharge limits otherwise set for the Newport WWTP on the basis of the environmental
impact assessment which was carried out there.

Tables 2 to 6 in this report summarises the results of the trace organic analyses. For the set of
parameters cxamined in Tables 2-6, it should be noted that it is expected that the parameters examined
in the raw (i.e. untreated) leachate and in the WWTP discharge would exceed the Guideline Values
and Maximum Allowable Concentration (MAC) values which are used for groundwater or drinking
water. The purpose of this comparison is purely to assess the rela@vﬁ: levels of the contaminants in the
untreated leachate and to assess their levels after trcaunm:@\% the Castlebar WWTP and before
discharge to the Castlebar River. The most useful stangﬁgéﬁmh regard to assessing the relative levels
of the trace organics in the leachate and WWTP dléﬁ%ﬁc sampled are listed below:

e S1 No. 12, Discharge of Dangerous Suhs@%@n Water Regulations, 2001. The EU Directive on
the discharge of dangerous Suhsmnces(ﬁ' 'ﬁtcr has been implemented under Regulations S.1.12 of
2001 made under the Water Pnl!u@&@ct In the marine environment, the Regulations cover the
obligations under the Directive Iﬁ' setting limits on the concentration of each parameter. These
limits themselves result frmaog tensive testing of the toxicity of these compounds to marine life,
not just at the adult stage, but at the juvenile or larval stage as well,

o« The Dutch Soil Protection Guidelines, National Institute of Public Health and the Environment,
1994. To date there is no legislation or guidelines in Ireland goveming the classification,
remediation or disposal/treatment of contaminated soil or groundwater. When dealing with the
assessment of risks of groundwater pollution from contaminated sites in Ireland, a set of
guidelines called the Soil Protection Guidelines, produced by National Institute of Public Health
and the Environment of The Netherlands have generally been used. As no data are available for
surface water, the groundwater target and intervention values have been used where available for
this assessment.
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Derrinumera Landfill Leachate Characterisation Repart

The following guidelines and regulations are strictly applicable only to groundwater and drinking
water bul are used in this report to assess the relative levels of trace organics found in the raw leachate
and WWTP discharge. '

s The EPA Interim Report, Towards Setting Guideline Values for the Protection of Groundwater in
Ireland, 2003. The EPA Interim Report presents proposals for the setting of environmental quality
objectives and standards for groundwaters through the use of ‘guideline’ values’; and

s S.1 No. 81, Drinking Water Standards for Human Consumption, 1988. In order to assess the data
for parameters not covered by S.1.12 of 2001, the values were also compared to their respective
MAC values, where available in S.I1. No. 81.

2. RESULTS

2.1 Untreated Leachate Characteristics
Table 1 summarises the ficld testing carried out on the 5 untreated leachate samples taken. Again it
must be emphasized, these are untreated values, before any process other than settlernent in the
leachate lagoon has been brought to bear on the constituents. Tl;p electrical conductivity results for
the 5 leachate samples gave a mean sampled value of 3119].@}%111 (see Table 1A). It should be noted
that even the maximum conductivity in the samples b@lé{gceeded half of the *Mean Concentrations
\
for Typical Leachate Value' in the EPA Report, w@i&as 7789 pS/em.
RS
Q&
N

&
2.1.1  Heavy Metals & Major Cations @Q&O
The levels of manganese, p-ntassmm‘@@um and magnesium found in the leachate are typical of
landfill leachate in general and are cqﬁ:-ustent with the relatively high electrical conductivity readings.
Again it should be noted that noa@\of Heavy Metals or Major Cations levels exceeded their respective
‘Mean Concenirations for Typical Leachate Values', and were typically half of the value quoted by

the EPA as typical of landfill leachates in Ireland.

21.2 BOD

The mean BOD value for the 5 leachate samples was approximately 309mg/1. It should be noted that
again this value was significantly less than its respective ‘“Mean Concentration for Typical Leachate
Value' of 798mg/l, which is taken from the EPA Landfill Operational Practices Manual. These values
are typical of municipal leachate and are to be expected given that domestic waste is the principal
waste type accepted at Derrinumera Landfill (see Table 1A). The strength of the raw leachate is not
greatly in excess of domestic wastewater, and while the COD levels are higher than domestic
wastewater,they are at maximum less than one sixth of the figure given in the EPA manual as typical
of the mean COD in Irish landfills. Tt is clear from the discussion up to this point, that the
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Derrinumera leachate is quite significantly lower in strength by comparison with the generality of
numicipal landfill leachates in Ireland.

2.1.3  Ammonia

Elevated levels of ammonia were observed in the 5 leachate samples with a mean value of 100mg/l,
and a maximum of 137 mg/1. It should be noted however, that this value was significantly less than its
respective Mean Concentration for Typical Leachate Value of 491mg/l in the EPA sampling of
landfill leachates in Ireland. These values, in conjunction with the results of the nitrate and nitrite
analyses, are typical of landfill leachate and are consistent with the type of waste accepted and
anaerobic conditions within the landfill (see Table 1A).

2.1.4  Coliforms

The results of the total and faecal coliform analyses are consistent with the level of values typically
found in a municipal landfill and are to be expected given that domestic waste is the principal waste
type accepted at Derrinumera Landfill (see Table 1A).

2.1.5 Volatile Organic Compounds &
The results of the volatile organic compound analysis of the@;&hate samples show that no volatile

&
organic compounds were detected in the leachate samg&kdzgﬁec Table 2). This contrasts notably with

the values in the UK Landfill report, where alm ‘achate samples had detectable amounts of at
least one VOC, as might be expected given {&@?ﬂ'&rﬂnces in industrial profile of the catchment
S
communities being compared. &é’ S
QO\ \\\\§

2.1.6 Semi-volatile Organic Cﬂmptyﬁ:ds

The results of the semi-volatile @\ anic compound analysis of the leachate samples show that 6
polyaromatic hydrocarbons {%AHS}, Naphthalene, Anthracene, Phenanthrene, Fluoranthrene,
Benzo(a)anthracene and Chrysene were detected at concentrations above the Dutch Criteria Target
Value in 4 of the 5 leachate samples collected (see Table 3A), but the detected concentrations were
well within limits that would call for intervention under the Duich standards. Only two of these
compounds, Naphthalene and Phenanthrene, were detected in the raw leachate at concentrations
slightly above their respective S.I. 81 MAC values, but given that the treated leachate stream will join
a treated waslewater at least as voluminous at Newport, then even on the assumption of no reduction
in these parameters in a secondary treatment process, the overall discharge from the outfall will
comply with SI 81, and the current discharge from Castlebar WWTP already does. Phenanthrene was
also detected in the raw, untreated leachate at concentrations 2.6 times their respective EPA Interim

Guideline Value for groundwater protection, but again this gives compliance when dilutions of the
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Derrinumera Landfill Leachate Characterisation Report

DWF at Castlebar WWTP is taken into account, and reductions in a secondary treatment process are
ignored.

It is important to note, given the concerns of the stakeholders in this respect, that no endocrine
disruptors were detected in the leachate samples. It should be noted that the limit of detection for the
semi-volatile organic compounds was 1 parts per billion (ppb) (or 0.001 part per million), and at this
level of sensitivity, not one parameier in the sample results would call for intervention under the
Dutch guidelines,

2.1.7  Polychlorinated Biphenyl (PCBs), Chlorinated Pesticides and Diesel Range Organics

The results of the Polychlorinated Biphenyl (PCBs), chlorinated pesticides and Diesel Range Organic
analyses arc presented in Table 4. No PCB congeners or chlorinated pesticides were detected in the
leachate samples. It should be noted that the limits of detection for the PCB congeners or chiorinated
pesticides were 0.01 parts per billion (ppb) (or 0.00001 part per million). However, low
concentrations of diesel range organics were detected in the first leachate sample taken. The Mineral
Oil fraction concentration of the Diesel Range Organics was above its respective EPA Interim
Guidcline Value, S.I. 81 MAC and Dutch Criteria Target Value, However, it should be noted that
these MAC values are for protection of groundwater and not @'mtly applicable to raw unfreated
leachate. The laboratory interpretation of the chrnmatﬂgraméﬁ%mated that highly biodegraded diesel

was the source. 0&\\\'@
&5
VS
2.1.8 Acid Herbicides, Triazine Herbs;gﬁ%’* and Nitrile Herbicides, Organophosphorous

Pesticides, and Organotin Compounds @Qf;o\$ ©
The results of the Acid, Triazine @?@\Nlmlc Herbicides, Organophosphorous Pesticides, and
Organotin analyses are presented in 'ﬂblc 5. Again it is important to note that no Acid, Triazine and
Nitrile Herbicides, or Grganopb&phnmus pesticides were detecled in the leachate samples taken.
However, low concentrations (i.e. 0.41 parts per billion) of Triphenyltin were detected in the third
leachate sample taken, where all others were less than 5 parts per billion. This as an average
concentration would put the total estimated Triphenyltin load close to the UK reporting limit of 5

grams annually if applied to the largest year of leachate production volume, in 2002.

2.1.9 Toxicity Testing

The results of the Toxicity Testing on the leachate samples submitted are summarised in Table 6. A
Toxicity Unit level of 2.2 Tu is regarded as the background level for Microtox™, and the results were
everywhere less than this. This represents a dilution of greater than 45% volume of leachate per
volume of saline solution, which is the threshold or starting dilution used in the test. If the results
from a 5 minute EC50 is 20% v/v, this means that 200m] of leachate made up to a litre with water had
a specified effect on 50% of the test species in 5 minutes. This would mean that dilution by a factor of
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Derrinumera Landfilf Leachate Characterisation Report

five would be required to reduce the potency of the safnplc to a level where only 50% of the bacterial
population were inhibited. In all leachate samples, the requisite level of impact on the bacteria could

not be produced, even by the least possible dilution of raw leachate that the test allows.
Footnote 4 explains the background behind leachate testing,

2.2 Wastewater Treatment Plant Discharge Results

Two samples were taken of the discharge from the WWTP to the Castlebar River: one on the 5™
August, 2003 and the other on the 27" August, 2003. It should be noted that leachate was being drawn
by tanker at an average rate of 5 tanker units per day in July (volume 22m’) and 4 units per day in
August prior to the time of sampling and that weather conditions were dry at the time. The purpose of
the afore-mentioned sampling of the final effluent at the Castlebar WWTP was to assess the ability of
this type of plant to remove contaminants from the leachate, so as to provide a design context for
leachate treatment at Derrinumera, and so that interim treatment at Ballinrobe WWTP or Westport
WWTP with similar technology can be confidently performed once importation to Castlebar is no
longer possible.

&.

As with the leachate samples, field parameters (i.e. pH, Tcmpe{&?}re Dissolved Oxygen and electrical
conductivity measurement) were taken in the field bx\a@ES Field Engineer (see results of field
parameters in Table 1 of Appendix 1). Sample ﬁ@?b collected and analysed for the chemical
parameters as shown in the Tables 1-5 of Apg@id& 1. The treated wastewater samples taken were
also submitted for toxicity testing (see resg!ﬁsoﬁf Table 6 of Appendix 1). As expected, both samples
were within their respective 5.1 200 {Qé&"l\@ of Shellfish Water Regulations, 1994) range for pH.

\0

\.
2.2.1 Heavy Metals & Major Co@@ns
The results of the heavy metals analyses show that all heavy metals were below their respective

detection limits in the laboratory (i.e. they were too low to be detected).

Although no standards are available for assessing heavy metal concentration or major cation
conceniration in treated wastewater, the results of the major cation analyses show levels which are
typical of a municipal wastewater treatment plant discharge (see Table 1b).

2,22 BOD & COD

There was no exceedance of the S.I. 254 MAC wvalue (i.e. 25mg/L) for BOD for both treated
wastewater samples. There was an exceedance of the S.1. 254 MAC value (i.e. 125mg/L) for COD for
the first treated wastewater sample. However, the second sample recorded a COD concentration of
30mg/1 was well below the MAC. As can be seen from Table la., the S.1. 254 MAC values and the
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Derrinumera Landfill . Leachate Characterization Re.ggf

proposed discharge limits for Newport WWTP for BOD, COD and suspended solids are the same (see
Table 1b). Given that we know that COD levels in the untreated leachate are not particularly high, and
given the very much larger dilution of Dry Weather Flow at Castlebar compared to the volume of
leachate, we can confidently say that COD exceedances in the final effluent are in all probability due
to industrial discharges in Castlebar itself, and due to the general state of overload of that Plant which

has necessitated its imminent upgrade.

22,3  Ammonia

There was no exceedance of the proposed Ammoniacal Nitrogen discharge limit for leachate
discharged to the outfall of Newport WWTP (i.e. Smg/l) for both treated wastewater samples (see
Table 1b). Thus, while the raw leachate is high in Ammonia, dilution elfects in the municipal D'WT at
Castlebar, and nitrification of the ammoniacal nitrogen in the influent to Nitrate takes place very
efficiently in the Castlebar plant, despite its current overload. It is likely that the very same effects
would limit the ammoniacal N levels in Ballinrobe, or Westport , if the leachate were discharged to

either of these plants on an interim basts.

22,4 Suspended Solids &
There was an exceedance of the S.I. 254 MAC value (i.e. 35mg¢£.) for suspended solids for the second
treated wastewater sample. However, the first sampl@r@brdcd a suspended solids concentration
below the detection. As can be seen from Table 1 'ﬁé’s 1. 254 MAC values and the discharge limits
for Newport WWTP for suspended solids argoﬁé@ame (see Table 1b). These suspended solids at
Castlebar are not related to the Icachatf'&‘fé@ﬁo but are due to the high Sludge MLSS which is
maintained at the Plant, which in w:gb"ls\\‘?élatcd to difficulties of sludge wasting, dewatering and
sludge drying which are expericnced l;ljéi-e

S
2.2.5 Coliforms
As can be seen from Table 1B, the S.I. 254 MAC values and the proposed discharge limit for Newport
WWTP for faeccal coliforms are the same (see Table 1B). There was an exceedance of the this value
(i.e. 2000 mpn/100ml) for faecal coliforms for both treated wastewaler samples at Castlebar, but it is
clear from the raw leachate sample results that leachate is not the origin of this problem. The mean
value for faecal coliforms, (i.e. 7410mpn/100ml) is significantly below what would be regarded as a
typical WWTP discharge faecal coliform count.

2.2.6 Volatile Organic Compounds
The results of the volatile organic compound analysis of the leachate samples show that no volatile
organic compounds were detected in the 2 treated wastewater samples taken (see Table 2).
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Devrinyumera Landfill Leachate Characierisation Repor

227 Semi-volatile Organic Compounds

The results of the semi-volatile organic compound analysis of the leachate samples show that 3
polyaromatic hydrocarbons (PAHs), Naphthalene, Anthracene and Phenanthrene, were detected at
concentrations above their respective 8.1. 81 MAC values and Dutch Criteria Target Values in one of
the treated wastewater samples collected (see Table 3B). Two of these compounds, Naphthalene and
Phenanthrene were detected at concentrations above their respective EPA Interim Guideline Value,
However, it should be noted that the S.1. 81 MAC values, EPA Interim Guideline Values and Dutch
Criteria Target Values are for drinking water and groundwater quality assessment. No endocrine

disruptors were detected in the treated wastewater samples.

2.2.8 Polychlorinated Biplenyl (PCBs), Chlorinated Pesticides and Diesel Range Organics
The resulis of the Polychlorinated Biphenyl (PCBs), chlorinated pesticides and Diesel Range Organic
analyses are presented in Table 4. No PCB congeners, no chlorinated pesticides or diesel range

organics were detected in the treated wastewater sampled at Castlebar WWTP.

2.2.9  Acid Herbicides, Triazine Herbicides and Nitrile Herbicides, Organophosphorous
Pesticides, and Organotin Compounds &
The results of the Acid, Triazine and Witrile Herbicides, Drga{ﬁaphosphomus Pesticides, and Organo-
tin compound analyses are presented in Table 5. \N@ﬁcxd Triazine and Nitrile Herbicides,
Organophosphorous pesticides or organo-tin co gn%s were delected in the treated wastewater
samples taken. Since many of these compauudg&r@nly detected in the raw leachate at concentrations
close to the limit of detectability, it is not &é@@mg that straight dilution effects alone with municipal

DWF would result in no detected prcsg;ﬁchdh the treated effluent.

3
2.2.10 Toxicity Testing &
The results of the Toxicity Testing on the treated wastewater samples submitied are summarised in
Table 6. As can be seen, hoth of the freated wastewater samples gave toxicity levels less than 2.2Tu
for both the 5-minute EC50 and the 15-minute EC50. It should be noted that the EPA guideline value
for discharge of effluent to a sewer by a licensed facility is 10Tu, which is significantly preater that

the values obtained for the treated wastewater, and indeed for the raw leachate itself.
3. DISCUSSION OF SAMPLING RESULTS

Takang the raw leachate data initially, it is clear that when the Derninumera Leachate results are
compared to their respective Mean Concentrations for Typical Leachate values of 20 samples taken
from Trish/UK Landfills (see Table 1), the field results (i.e. electrical conductivity), heavy metals (i.e.

iron & manganese), major cations, BOD, COD, ammonia, phosphate, chloride and boron mean levels
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Derrinumera Londfill Leachate Characterisation Repart

detected at Derrinumera are all significantly less than their respective UK/Irish means.’ This raw
leachate at Derrinumera is much thinner than average in Ireland, and lacks most of the more

troublesome trace elements typical of leachates from more industrialised areas in the UK,

It should be noted that the Polyaromatic hydrocarbons (PAHs), which are commonly found in landfill
leachate, and which were detected in the raw leachate were detected at trace levels (i.e. they were
present in the raw leachate at concentrations less than one part per billion ). These are a group of
lipophilic substances that are ubiquitous in the environment. They are almost insoluble in water and
are commonly sorbed on to airborne particles. They enter the environment from the following
sources: tobacco smoke, incomplete combustion of coal, especially lignite, gas and oil-fired heating
systems, wood fires, exhaust from petrol and diesel engines and the run-off from bitumen road
surfaces. One of the most common points of entry of PAHs into 2 landfill would be through fire ash
and cinders. With regard to the PAHs that were detected in the discharge from the Castlebar WWTP,
it is probable that municipal, commercial or industnial sewage within the Castlebar catchment
contained the source of the afore-mentioned compounds that were detected, because dilution effects,
related to the levels found in the raw leachate, could not explain the levels found in the Castlebar
WWTP discharge, which were in any case very low.

&
@éo
With regard to the traces of Diesel Range Organics dctg@;egém one leachaic sample, it is possible that
diesel contaminated soil or another diesel contami @;h.rasle source may have been accepted into the
landfill unknowingly and caused these levels. o° \\é&\}
&éfo\é‘

With regard to the Tripheny]l Tin dttg&g&% the raw leachate sample, it should be noted that this
concentration was well within its rcspg.;fnve EPA Interim Guideline Value. Triphenyl Tin was used as
a constituent in marine ann-ﬂ:tukﬁ(ﬁ paint. However, its use has discontinued as a result of an
international ban. It is possible that old paint cans containing anti-fouling paint may have been

accepted into the landfill unknowingly and caused the trace levels detected.

As can be seen, all of the leachate samples and both of the discharge samples from the Castlebar
WWTP gave toxicity levels less than 2.2Tu for both the 5-minute EC50 and the 15-minute EC50 (see
Table 6). It should be noted that the EPA guideline value for discharge of effluent to sewer by a
licensed facility is 10Tu, which is significantly greater that the values obtained for the leachate.

In summary, the Derrinumera Leachate, even when sampled in August at its most concentrated likely
condition, is of weaker strength than average landfill leachates in Ireland.

* Table 3. Typical Leachate Composition of 30 Samples from UK/Irish Landfills accepting Mainly Domestic Waste, EPA
Landfill Operational Practices Manual.

TES

SONSULTSG ENGWESRS Page No. 14

EPA Export 25-07-2013:21:46:24



Derrinumera Landfill lLeachate Characterisation I,

Acerobic biological secondary treatment processes are unlikely to be inhibited by any toxicity effects,
as the toxicity tests show, and so the full range of treatment systems outlined below are to be expected
suitable for consideration by Contractors tendering for leachate treatment as part of a DBO process.

4, IMPLICATIONS FOR LEACHATE TREATMENT TECHNOLOGIES

The most commonly used leachate treatment technologies include:
*  Air siripping/aeration in lagoons or SBR. processes;

o Reed beds;

» Rotating biological contactors;

» Reverse osmosis; and

» Oxidation and other chemical treatment.

The above listed treatment methods cover the likely range of treatment technologies to be offered in a
DBO Contract procurement process. The choice of treatment p{;accss should be a function of the
nature of the leachate to be treated, which in itself is dcpende@an the composition and volume of the
leachate and the selected discharge medium and 1t5(§i¥:-¢ﬁ%|otm Looking at the constituenis of the
leachate, it is clear that BOD, COD, ammonia «éﬁ‘mpended solids have to be removed as the
principal targets. Because of the anaerobic cha heof leachate, aeration is also necessary to increase
the oxygen levels of the treated leachate. &Q&:gé%m forms of treatment are the most suitable form of
biological treatment. It is the most ﬁ'c@cw applied technology in the world with respect to leachate
treatment, and it is a proven tcchngl&g}r This form of leachate trcatment is basically aimed at
decreasing the oxygen demand (j. gﬁ!ﬂ[} COD, etc) of the leachate, the remaval of suspended solids
and the increase of oxygen levels in the treated effluent. With the removal of suspended solids, heavy
mictals and micro-pollutants will also be removed. The Sequencing Batch Reactor technology (SBR)
is a typical form of aerobic treatment and is a robust and simple aeration system with good process
flexibility.

By comparison with leachates elsewhere, the leachate concentrations across a range of parameters at
Derrinumera Holding Tanks are relatively low. However, 1l 18 expected that heavy metal removal
efficiencies in low strength leachate must be expected to be lower. There is a significant vanation in
the BOD and COD levels of the raw leachate. However, examining the ratio of COD/BOD it is
concluded that a substantial part of the COD is inert. This in turn means that a significant portion of
the COD will be poorly biodegradable.
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Derrinwmera Landfill Leachate Characterisation Report

For the Sequence Batch Reactor treatment system, the oxidation of nitrogen from Ammonia to the
oxidised forms of Nitrogen is the most critical biochemical process. The design of an SBR system
therefore is likely to be based on nitrogen loading as the limiting factor. The volume of the 3 holding
tanks at Derrinumera, if converted to SBR Units, are adequate to allow complete nitrification and to
reduce the risk of wash out of suspended solids. In an SBR system, settlement is achieved by periodic
switching off of the aeration system and decanting of the top clarified layer after a period of
settlement. The 3 holding tanks have adequate area for settlement.

Given the presence of polyaromatic hydrocarbons (PAHs) and Triphenyl Tin in the raw leachate
sampled at Derrinumera, but at levels only marginally above those permissible in a treated leachate, it
is possible that an activated carbon filtration system may be required to ‘polish’ the post-SBR treated
leachate with respect to these two elements. Again Activated Carbon treatment is a proven technology
in the removal of hydrophobic trace organics, and can be provided for provisionally in design, and

added at a later stage if the actual full scale performance of an SBR system needs this polishing stage.
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Table 5. Acid, Triazine and Nitrile Herbicides, Organophosphorous Pesticides, and Organotin Compound Laboratorty Suitc for Leachate Generated at
Derrinumera and Water Samples talen at Castlebar Wastewater Treatment Plant

Leachate Resulis Wastewater Results
SI12,2001 EP% .. | Dutch Criteria — o
Water Quality | oerim [ Dutch Criterin | 5, ) 3 8 2 2 3 g =
Parameters (Dangerous Guideltas (me/l) v = E o 8 B & =
Values for TV Q Q
Subsnssd) | ooater | crancen | OTER (|2 A4 3 E g
MAC : VENTION) < = < < < A :
Protection & B B = B = -
= B
ACID HERBICIDES .
Clopyralid I - 7| ooocot - - <0.003 | <0003 | <0.003 | <0.003 | <0.003 | <0.003 <0.003
Picoram : 0.0001 - - <0003 | <0.003 | <0.003 | <0.003 | <0.003 | <0.003 <0.003
2,4,6-TBA S ~ 0.0001 - - <0003 | <0.003 | <0.003 | <0.003 | <0.003 | <0.003 <0.003
Dicamba - 0.0001 - - <n.003 | <0.003 [ <0.003 | <0.003 | <0.003 | <0.003 <0.003
Benazolin - 0.0001 X - = | <0.0037| <0.003 | <0.003 | <0.003 | <0.003 | <0.003 <0.003
4-CPA : . 0.0001 - | - | <0003 | <0003 | <0.003 | <0.003 | <0.003 | <0.003 <0.003
Bentazone = 0.0001 - - <0.003 | <0.003 | <0.003 | <0.003 | <0003 | <0.003 <0.003
2,4-D ) - 0.0001 - - <0003 | <0.003 | <0.003 | <0.003 <0.003 | <0.003
MCPA - 0.0001 - - <0003 | <0.003 | <0.003 | <0.003 <0.003 <0.003
24-DP ) = 0.0001 - - <0003 | <0.003 | <0.003 | <0.003 | | <0.003 <0.003
Triclopyr - 0.0001 = - <0.003 ‘<UDU3 <0.003 | <0.003 ~ <0.003 <0.003
|Mecoprop - 0.01 : . <0.003 | <0.003 | <0.003 | <0.003 <0.003 <0.003
2,4,5-T - 00001 | - - <0003 | <0.003 | <0.003 | <0.003 | <0.003 <0.003
2,4-DB s 0.0001 - - <0.003 | <0.003 | <0.003 | <0.003 | <0.003 | <0.003 <0.003
MCPB - 0.0001 - - <0003 | <0.003 | <0.003 | <0.003 | <0.003 | <0.003 <0.003
Fenoprop (2,4,5-TP) ~ 0.0001 : : <0.003 | <0003 | <0.003 | <0.003 | <0.003 | <0.003 <0.003
Diclofop = 0.1 - = <0.003 | <0.003 | <0.003 | <0.003 | <0.003 | <0.003 <0.003
Pentachiorophenol - ©0.0001 - ) - | <0003 [ <0.003 | <0.003 | <0.003 | <0.003 | <0.003 <0.003
TRIAZINE HERBICIDES ) 1. ;
Afrazine 0.001 ~0.001 0.0000075 015 | <0.00f | <0.001 | <0.001 [ <0.001 | <0.001 | <0.001 <0.001
Simazine i 0.01 0.001 = - <0.001 gp.ﬂﬂl <0,001 | <0.001 | <0.001 | <0.001 <0.001
NITRILE HERBICIDES 3 : e ” | .
Bromexymil L | dess | - - | <63 | <0003 | <0.003 | <0.003 | <0.603 | <0.003 | <0.003
ORGANOPHOSPHORQUS PESTICIDES o{@\(@ w "N . )
Diclorves o - 0.000001 = oﬁ \OA <0.00001 | <0.00001 | <0.00001 | <0.00001 | <0.00001 | <0.00001 | _<0.00001
Mevinphos - 0.0001_ - o’ @ <0.00001 | <0.00001 | <0.00001 | <0.00001 | <0.00001 | <0.00001 | o)
Dimethaate ‘ 1 - .. | . ooo0! = }}Q O |:<0.00001 | <0.00001; <0.00001 | <0.00001
|Parathion ) - i 0.0001 - (\Q \&‘ - <0.00001 <0.00001 | <0.00001 | <0.00001 |
Methyl Parathion b = 0.0001 -;QO o = <0,00001 | <0.00001 | <0.00001 | <0.00001 | <0.00001 [ <0,00001 |
Propetamphos - 0.0001 & @Q - <0.60001 | <0.00001 | <0.00001 | <0.00051 | <0.00001 | <0.00001
fazi - 0.0001 ) 0&'\0 - d 001 | <0.00001 | <0.00001 | <0.00001 | <0.00001 | <0.00001
i . 00001 | (N .\é\ - <0.00001 | <0.00001 | <0.00001 | <0.00001 | <0.00001 | <0.00001
Chlumynfos-meLhy[ - 0.0001 _<<O \\’\._- ! - _ §<0.00001 <000001 <00000I <000001 <000001 <0.00001
Pirimiphos Methyl ‘ - . 0.0001 OOQ - - <0,00001 | <0.00001 | <0.00001 [ <0.00001 | <0.00001 | <0.00001 |
Fenitrothion : 00001 &l = - <0,00001 | <0.00001 | <0.00001 | <0.00001 [ <0.00001 | <0.00001
Malathion - - - <0.00001 <00C|E|0] <0.00001 <000001 <0.00001 | <0.00001
Fenthion = T s <0,00001 | <0.00001 | <0.00001 | <0.00001 | <0.00001 | <0.00001
Chilorpyrifos s - - <0.00001 | <0.00001 | <0.00001 | <0.00001 | <0.00001 | <0.00001
Chlorfenvinphos = - - | <0.00601 | <0.00001 | <0.00001 | <0.00001 | <0.00001 | <0.00001 i
Ethion 5 5 -7 | <0.00001 | <0.00001 | <0.00001 | <0.00001 | <0.00001 | <0.00001 <0.00001
Triazophos. L d = - |<0.00001 | <0.00001 | <0.00001 | <0.00001 | <0.00001 | <0.00001 |  <0.00001
Carbophenothion s - = <0.00001 | <0.00001 | <0.00001 | <0.00001 | <0.00001 | <0.00001 |  <0.00001
-~ - ) - <0.00001 | <0.00001 [ <0.00001 | <0.00001 | <0.00001 | <0.00001 <0.00001
Azipophosethyl = - - <0.00001 | <0.00001 | <0.00001 | <0,00001 { <0.00001 | <0.0001 |  <0.00001
Arinophos ethyl ‘ . - - | <0.00001 | <0.00001 <0.ﬁm)0_l <0.00001 <0.00001 | <0.00001 <0.00001
ORGANOTIN COMPOUNDS ! ) ) : .
Tributyltin ) 0.000001 0.0007" - - <0.00005(<0.00005(<0.00005|<0.00005|<0.00005| <0.00005 [  <0.00005
Triphenyltin - 0.0007" = . = <0.00005)<0.00005(<0.00005| 0.00041 |<0.00005| <0.00005 <(.00005
Dibutyltin = 00007 | - - <0.00005(<0.00005| <0.00005| <0.00005| < <0.00005 |  <0.00005
Note: M.A.C=Maximum Admissable Concentration, <=1Less than
Values are shaded wherever EPA Interim Guideline Values, Duteh-TV, Dutch-TV, 8.1. 12 or S.1.81 MAC Values are exceeded.
! signifies no Dutch-TV, Dutch-IV, S.I. 12 or S.1.81 MAC Vakhies are available.
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