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K.T.Cullen & Co. Ltd.

Soil and Hydrogeological Investigation

at

Greenfield Site, Ringaskiddy, Co. Cork

1 INTRODUCTION

At the request of Project Management Ltd., K.T. Cullen & Co. Ltd were requested to undertake a full

baseliﬁe hydrogeological investigation of a greenfield site at Ringaskiddy, Co. Cork.

This hydrogeological investigation involved the excavation of trial pits, installation of monitoring wells,

~ and sampling/analyses of both soil and groundwater.

The investigation was carried out to establish baseline conditions of soil and groundwater beneath the
ite, and to determine any going concerns regarding potential contamination in the subsurface. Field data

was also collected on the hydrogeological conditions encountered on site.

2 SITE DESCRIPTION

2.1 Physical Features _

The site is currently covered with grassland and appears to have been used for agricultural purposes in the
past. The east of the site is covered with gorse scrub. It is understood that large amounts of soil was
removed from the site in the past for reclamation purposes in the vicinity of the site, resulting in the steep

embankment located towards the southern boundary of the site.
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2.2 Land Use

The surrounding land is predonﬁnantly agricultural but industrial sites are common in the Ringaskiddy
area. Existing developments include the Hammond Lane Metal Company (HLM), located in the centre of
the proposed site for development. Ispat Metal Processors are located to the north of the site, band

Ringaskiddy Port to the northeast of the site.

23 Hydrology
2.3.1 Regional Drainage

‘The proposed area for development lies within 50m of the West Channel into Cork Harbour.

2.3.2 Local Drainage

Surface water within the sit’e,bouﬁdar'jf appears to drain natufally through land drains along the ficld

| soundaries, following the natural topography of the landscape, generally towards the north of the site.

Drainage is poor close to the road due to recent site activities, resulting in some flooding on site.

2.4 General Geology and Hydrogeology
In considering the impact of the proposed development on the geology and groundwater quality, K.T.

Cullen & Co. Ltd. have examined the following factors:

. Rock type and permeability

. Overburden type, thickness and, permeability
. Dcpth to water table

. Importance of groundwater as a resource

. Groundwafer vulnerability

Data has been collated frbmv previous investigations undertaken by this office in the Cork region, from the

GSI database for County Cork, and on-site observations.

2.4.1  Bedrock Geology

At this site the bedrock consists of pale green/grey mudstone, and is typical of the Lower Carboniferous
Kinsale Formation (Cuskinny Member). it is thought to be between 235 metres and 243 metres thick.
This member is typically made up of flaser-bedded sandstones and lenticular-bedded mudstones. It has
been described as beihg composed of relatively thick sometimes conglomeratic sandstone units,
alternating with thin sandstone laminated mudstones, massive claystones and heterolithic sediments

(Geological Survey of Ireland - Geology of South Cork, 1994)
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2.4.2  Overburden Geology
The overburden geology consists of a shallow topsoil layer underlain by soft silty clays with some fine
sands and gravels. Depth to bedrock varies across the site, from 1.0 metres below ground level (bgl) at

BH-1. to greater than 9.0 metres bgl at BH-2. This thickness variation is a reflection of the undulating

pre-glacial topography.

Sands were encountered in TP-1, TP-7, TP-16 and TP-17, and these areas are likely to allow water to be
stored and to move through the subsurface. As some of the overburden is less than 1.0 metre in thickness

(i.e. BHI), vertical migration of water directly into the bedrock aquifer is likely.

2.4.3  Hydrogeology »

The groundwater potential of Irish rocks is typically a function of fissure flow movement and storage,
-"_hich is conirdlled by the intensity and develo\pment' Status of fissures, fractures and joints. The rocks are
thought to be generally unproductive (i.e. individual well yields of less than 100 m3/day and often lower
than 40 m3day - Geological Survey of Ireland "Geology of South Cork", 1995) although hydrogeological
data is limited. This situation could be confirmed at the site by the drilling of a deep water well into the

bedrock.

Water strikes in the bedrock were observed between 5 and 12 metres bgl in the overburden, typically occurring

beneath the clays and immediately above the clean bedrock in the fractured/weathered zone.

2.44  Aquifer Vulnerability

The GSI's Groundwater Protection Scheme Classification ranks the site as having extreme (E)
vulnerability due to the limited overburden cover, which is less than 1.0 metres in thickness at some of
- soil abd groundwater survey points. As the bedrock is considered to be a poor but locally productive

aquifer (P1), the area can be assigned the rating PI/E under the GSI classification system.

3 FIELD ACTIVITIES

Field activities for the purpose of this hydrogeological investigation were undertaken in November 2000

and consisted of the following stages:

e Desktop Review of Geology and Hydrogeology
e  Soil Sampling

¢ Monitoring Well Installation
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e Groundwater Sampling

e Elevation Survey (yet to be undertaken)

3.1 Soil Sampling

A total of ten trial pits (TP-1 to TP-10) were initially excavated across the site in late November 2000.
Additional sampling was undertaken in January 2001 (TP-11 to TP-17) and all sampling locations are
shown in Figure 2 of this report. These excavations were undertaken to allow representative soil sample
collection. Based on visual observations made on site, soil samples from varying layers were taken from
each of the seventeen trial pit locations. Samples were sealed in a laboratory-supplied sample container

and maintained at a temperature of <4°C in a mobile field laboratory.

The seventeen soil samples were submitted to Geochem Group Laboratories Ltd. and analysed for the

following parameters:

e Petrol and Diesél Range Organics, Mineral Oils
e BTEX Compounds

e Volatile Organic Compounds (VOCs)

e Polycyclic Arofnat-ic Hydrocarbons (PAHs)

¢ Metals and Total Phenols

¢ Pesticides (OPPs, OCPs, ONPs)

e Polychlorinated Biphenyls (PCBS)

Trial pit sampling logs are included in Appendix A.

32 Monitoring Wéll:lnstallaﬁon

Five permanent monitoring boreholes locations (BH-1, BH-Z, BH-3, BH4, and BH-5) were drilled under
the continuous supervision of a K.T. Cullen & Co. Ltd. (KTC) Geologist. The well locations are shown
in Figure 2 of this report. These locations were selected during the preliminary site walkover, and are

based on the topography and geography of the site.

Items of concern noted during the site walkover include the Hammond Lane Metal Co. (HLM), which is
located in the centre of the proposed site. Current activities at this site include the preparation of scrap
metal, primarily from crushed cars, for reprocessing at the Ispat site located to the north of the property.
The metal is crushed and sorted using magnetic techniques. Potential sources of contamination from this

site would include hydrocarbon products remaining in the crushed cars.
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Four of the monitoring wells are installed in bedrock. BH-2 was drilled to a depth of 8.5 metres bgl in the
overburden, but did not encounter bedrock. Drilling and well construction logs are included in Appendix

B of this report.

Narrow slotted screen was installed at all well borings locations, with an internal diameter of 0.05 metres.
All screens were connected to the surface by PVC risers. A fine gravel pack was inétalled around each
screen in order to filter water entering the well. Each pack was sealed above by a bentonite seal in order

to prevent the vertical migration of fluids throngh the well annulus.

33 Groundwater Sampling

Fdllowing installation, e,'achv monitoring well was developed by the evacuation of more than three times
the annular velume of the well. Well development grades the gravel pack into more complete contact
with the aquifer and alléws removal of suspended éediment which may remain following the dnllmg of
the monitoring wells. More 1mportantly, well development ensures that future sampling is representative

of the quality of water in the surrounding aquifer.

All five monitoring wells were sampled on November 30 2000, and these samples were subsequently

forwarded to Alcontrol/ Geochem Group Laboratories in the U.K. for the following detailed analyéis:

e Petrol and Diesel Range Organics, Mineral OQils
¢ BTEX Compounds

s Volatile Organic Comp_dunds (VOCs)

* Polycyclic A;romatic Hydrocarbons (PAHs)

e Metals

e Pesticides (OPPs, OCPs, ONPs)

| e Polychlorinated Biphenyls (PCBS)

¢ [Inorganics

All samples were filled directly from a PVC bailer, preserved at <4°C and shipped to the laboratory in
dedicated containers. The number of bottles, their codes and volumes were recorded on Monitoring Well

Sampling Logs and on Chain of Custody forms.
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4. ANALYTICAL RESULTS
The analytical results for both soil and groundwater are presented in Tables 1 — 15 of this report.

Where relevant, the soil analytical results are discussed below with reference to the Dutch MAC
(Maximum Admissible Concentration) thresholds, as standards for soil are not available in Ireland at

present.

Groundwater analytical results are compared to the Irish Water Quality Standard for Drinking Water (S.1I.
No 81 of 1988) and the Dutch MAC Guidelines for groundwater as no other guidelines are currently
available. Under the Dutch criteria for both soil and groundwater, the degree of contamination is assessed

using the following guidelines:

S-Value ‘Reference for normal uncontaminated soil/groundwater

[-Value Thréshold for intervention

4.1 Soil Analytical Results

The soil analytical results are presented in Tables 1 — 7 of this report.

4.1.1  PROs, DROs and Mineral Oils
The analytical results for PROS, DROs and Mineral Oils are presented in Table 1. Detected
concentrations for PROs, DROs and Mineral Qils reflect normal background concentrations for these

N
Y

parameters.

4.1.2 BTEX Compounds
Results for the BTEX compounds are included in Table 2. Detected concentrations for these parameters

were all below the laboratory detection limit of <0.01 mg/kg at all sampling locations.

4.1.3  Volatile Organic Compounds
The analytical results for the VOCs are presented in Tables 3a and 3b and consist of 59 VOC parameters

(EPA List). Detected concentrations for all VOCs were below the laboratory detection limit of 1 pg/kg.

4.1.4 Polycyclic Aromatic Hydrocarbons (PAHs)
The analytical results for PAHs are presented in Tables 4a and 4b. The initial PAH results (sum of 10)
included in Table 4a indicated concentrations for this parameter at all sampling locations, ranging

between 1530 pg/kg to 29282 pg/kg across the site. These values exceed the Dutch MAC S-value of
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1000 pg/kg for this parameter.

As the site is a greenfield site, and these values were not expected, a second series of trial pits were
excavated in January 2001. TP-11 was placed immediately adjacent to TP-10 following a particularly
elevated PAH concentration at this location. A further seven trial pits were excavated around the site.

The resuits for this second sampling round are presented in Table 4b.

In the samples from the repeat trial pits, detected concentrations for the sum of 10 PAHs are considerably
jower than in the original sampling round, ranging from 6ug/kg in TP-11 to 54pg/kg again in TP-11.

None of the detected concentrations exceed the Dutch MAC S-value for the sum of 10 PAHs.

4.1.5  Metals and Total Phenols
The analytical results for Metals and Total Phenols are presented in Table 5 of this report. All metal

parameters were detected below their respective Dutch MAC S-Values.

4.].6  Pesticides

The analytical results for Pesticides are presented in Table 6 of this report. The Geochem suite consists of
three separate types of pesticides inéluding Organochloride, Organonitrate and Organophosphate
Pesticides, covering a wide range of these parameters. No pesticides were detected in any soil sample

above the laboratory detection limit of 1 pg/kg (laboratory detection limit).

4.1.7  Polychlorinated Biphenyls (PCBs)

Analytical re'sults for PCBs are included in Table 7a and Table 7b of this report. Detected concentrations
for ;he 7 congeners (total) were elevated above the Dutch MAC S-Value for background conditions (20
ug/kg) at TP-2 (0-5.5 metres), arid TP-7 (0-2 metres), with levels of 643 pg/kg and 98 pg/kg respectively.

As the site is a greenfield location, KTC rescheduled this analysis to confirm the Alcontrol/ Geochem
analytical results. These results are included in Table 7b. The repeated results give values of 13pugkg in
TP-2 and 2ugkg in TP7, using a different extraction method, which is more applicable for greenfield

sites. These values are less than the Dutch MAC S-Value.

To confirm the above finding, KTC resampled the site at 7 additional sampling locations (TP-11 to TP-17
inclusive). Results for this analysis are included in Table 7 (c) of this report. Detected concentrations for

the repeat analysis were below the laboratory detection limit of 1 pg/kg.
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4.2 Groundwater Analytical Results

Groundwater analytical results for the five monitoring wells sampled, BH-1 to BH-5 inclusive, are

presented in Tables 8 to 15 of this report.

4.2.1 PROs. DROs, Mineral Oils
The analytical results for PROs, DROs and Mineral Oils are included in Table 8 of this report.

Concentrations were all below the laboratory detection limit of 10pg/1.

4.2.2  BTEX Compounds

Detected coricentrations for the BTEX parameters (Table 9) were below the laboratory detection limit of

10 pg/l at all well sampling locations.

4.2.3  Volatile Organic Compounds

All VOC parameters analysed for in the five groundwater sampling locations were below the laboratory

detection limit of 1 pg/1 (Table 10a and Table 10b)

4.2.4  Polycyclic Aromatic Hydrocarbons ( PAHs)
The 16 priority PAH pollutants, for groundwater are presented in Table 11. Two of the PAHS in

particular Flouranthene and Phenanthrene, were slightly above their respective Dutch MAC S-values in

BH-2. however these can be found naturally at such low concentrations.

4.2.5  Toxic Metals
Details of the toxic metal results are included in Table 12 of this report. Arsenic was detected in BH-2

1ghtly above the laboratory detection limit of 0.05, and appears to be an anomalous result. KTC has
dxscussed this result with Alcontrol Geochem Ltd and has concluded that sample 'noise’ may have

affected the reading. Detected concentrations of the other eight metals analysed for are below their

respective laboratory detection limits.

4.2.6 - Pesticides

The analytical results for Pesticides are presented in Table 13 of this report. Pesticide compounds were

not detected in any samples above the laboratory detection limit of 1 pg/l.

4.2.7  Polychlorinated Biphenyls (PCBs)

The analytical results for PCBs are presented in Table 14. PCBs were not detected in any samples above

the laboratory detection limit of 1 pg/l.
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4.28 Inorganics
Results for the inorganic parameters are included in Table 15 of this report. Detected concentrations for

many of these parameters are indicative of this type of agricultural setting.

However, Ammonia and Nitrite values across the site appear slightly elevated above background
concentrations at some of the sampling locations. Ammonia concentrations ranged between 1.0 mg/l and
1.9 mg/l. and Nitrite concentrations reached 0.1 mg/l in BH-3 and BH-4. Elevated concentrations for

these parameters suggest slight organic contamination, and may be of an agricultural nature.

5 - SUMMARY OF FINDINGS
5.1 Physical Observations
T' initial visual walkover survey showed no physical evidence of contamination across the c. 30 acre

site.

The physical examination of the soil and groundwater samples carried out at the Greenfield Site,
Ringaskiddy, Co. Cork revealed no physical evidence of contamination, such as chemical odours,

iridescence, or other signs of contamination in any of the samples.

. / . . . .
Much of the soil at the yﬂi and east end of the site has been removed for use in reclamation work in the
vicinity of the site to the north. The west of the site has been used for agricultural purposes only, and
excluding the Hammond Lane Metal Co. located in the centre of the site, there is no evidence of other

developments at the site.

£ - Soil Quality Investigation
Initial soil samples taken from the site indicated conccntrations for PAHs and PCBs above normal

background levels. These results did not reflect on-site observations, and additional samples were taken to

establish true conditions on site.

Results from samples taken during the repeat sampling round showed the soil to contain normal
concentrations below background levels for these parameters. Following detailed queries regarding the
PAH and PCB analysis, Alcontol Geochem has issued an explanation for the anomalous results
(Appendix C). It appears that there was a problem with the solvent extraction process during the

preparation of the soil samples.

Following detailed soil sampling and repeat analysis, the soil is free of industrial contaminants.
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10
53 Groundwater Quality Investigation
Slightly elevated Ammonia and Nitrite concentrations suggest potential organic contamination in the
bedrock aquifer. Due to the shallow overburden cover and agricultural activity in this area, these values

are not uncommon and are likely to be of agricultural origin.

All other groundwater results reflected normal background conditions for this type of environmental

setting.

6  CONCLUSIONS
6.1 Soil and Groundwater Quality
The results of the soil and groundwater samplmg suggest that there is no significant soil or groundwater

~ontamination at the Ringaskiddy Greenfield site in Co. Cork.
Repeat sampling for PAHs and PCBs in the soils revealed that previous elevated results were erroneous.

High inorganics in the bedrock aquifer can most likely be attributed to agricultural activities on a site with
very little or no overburden cover. It should also be noted that the levels of contamination in the

groundwater are only slightly elevated above background.

6.2 Site Vulnerability
Based on' visual observations made on site during drilling and soil sampling, the overburden cover is very

-

shallow, in some cases less than 1.0 metres in thickness in parts of the site.

~ Based on the thlckness and type of overburden cover, the aquifer vulnerability for this site is considered
extreme (GSI Guidelines for aquifer protection). As the bedrock is considered to be a poor but locally
productive aquifer (PI), the area can be assigned the rating PI/E under the GSI classification system. (See

Appendix D)

6.3 Future Monitoring
To assess any variations in groundwater during the development of the Ringaskiddy Greenfield Site,

monitoring of certain indicator parameters at all groundwater sampling locations is recommended.
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Senior Environmental Scientist
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;Proiect No.: 2626 Location: Ringaskiddy, Co. Cork Date: 29/11/2000

Excavation Method: HyMac Supervisor: Andrew Skelton

G
"

TRIAL PIT NO.

TP1
'ology Depth (m) Description:

0-0.1 TOPSOIL comprising medium brown soft damp silty clay with rootlets

0.1-0.4 Greyish brown loose dry gravelly silty CLAY

0.4-0.9 Orange loose dry gravelly silty. CLAY :
0.9-4 Grey|sh brown Ioose gravelly s:lty CLAY wnth some greenish horizons with sands becommg 1

frequent
k  4-45 Pale green broken MUDSTONE

hinant Matrix:

inant Clasts:

ipth to Rock: 4m
Rock Type: Pale green mudstone
Water Level: 1m
Water Entry: 1.8m
Total Depth: 4.5m

Comments: Pit collapsing from 2.5m

Sampled at 1.8m

tllen & Co. Ltd.
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Project No.: 2626 Location: Ringaskiddy, Co. Cork Date: 29/11/2000

Excavation Method: HyMac Supervisor: Andrew Skelton

TRIAL PIT NO.

TP2
sology: Depth (m): Description: |
. 0-0.2 TOPSOIL comprising medium brown moist sandy silt with rootlets
0.2-0.5 Orange slightly loose dry sandy clayey SILT
0.5-5.5 Medium brown slightly loose dry gravelly saridy SILT with occasional boulders
5.5-5.6 Pale green broken MUDSTONE

inant Matrix:

inant Clasts:

epth to Rock: 5.5m

"Rock Type: Pale green mudstone
W:éter Léife.l: 4..5m'

Water' Entry: 5m

Total Depth: 5.6m

Comments: Sampled from 0-5.5m

& Co. Ltd.




Project No.: 2626 Location: Ringaskiddy, Co. Cork: Date: 30/11/2000

Excavation Method: HyMac Supervisor: Andrew Skelton

@jé,ology: Depth (m): Description:
TOPSOIL comprising medium brown soft silty clay with rootlets

il 0-0.1
.. 0.1-06
sedrock  0.6-1.9

inant Matrix:

inant - Clasts:

oth to Rock:
Rock Type:
> Water Level:
Water Entry:
Total Depth:

Comments:

TRIAL PIT NO.

TP3

Orange brown silty CLAY
Weathered fractured green MUDSTONE

0.6m

Green mudstone -

1.9m

Sampled 0-1.9m




Project No.: 2626 Location: Ringaskiddy, Co. Cork Date: 30/11/2000

Excavation Method: HyMac Supervisor: Conor Wall

TRIAL PIT NO.

TP4
pology: Depth (m): Description:
i 0-0.1 TOPSOIL _
0.1-2.4 Medium brown silty gravelly CLAY

2.4-4 Medium brown clayey SILT with fine sands

LT e NP

%
-

nant Matrix:
ant Clasts:

pth to Rock:

8
x-
-
@
b o]
o

Water Le\fel’: -
Water Entry: Slight entry at 3.4m
Total Depth: 4m

Comments: Sambled 0-3.5m
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No.: 2626 Location: Ringaskiddy, Co. Cork Date: 30/11/2000

tion Method: HyMac Supervisor: Andrew Skelton

TRIAL PIT NO.

Depth (m): Description:

0-0.2
0.2-1
1-2.8

fatrix:

Jlasts:

o Rock:
k T,éé:
r Level:
r Entry:
Depth:

iments:

TOPSOIL 5
Medium brown soft clayey SILT with occasional gravels
Medium browri soft clayey SILT with sands and gravels

2m
im, 2.5m
2.8m

Pit collapsing
Sample 0 - 2.8m

o. Lid,




gr——

Project No.: 2626 Location: Ringaskiddy, Co. Cork Date: 30/11/2000 |
- Excavation Method: HyMac Supervisor: Andrew Skelton
TRIAL PIT NO.
TP7
‘gology Depth (m): DeScription
§u.; 0-2 Medium brown soft clayey SILT with subrounded gravels and frequent subrounded
E cobbles
fé_ - 2:3 Medium ‘brown soft clayey fine SAND with subrounded cobbles
pdrock 3-4 Broken green mudstone BEDROCK

inant Matrix:
inant Clasts:

> “h to Rock: 3m
- Rock Type: Green mudstone
Water Level: 3m
Water Entry: 3m
 Total Depth: 4m

Comments: Sampled 0-2m and 3-4m




Project No.: 2626

Excavation Method: HyMac

Location: Ringaskiddy, Co. Cork

Date: 30/11/2000

Supervisor: Andrew Skelton

eology: Depth (m):

il . 0-0.3

edrock - 0.3-1

iminant Matrix:
minant Clasts:

g

?;‘Dept.h to Rock:
.ock- Type:
tic Water Level:
Water Entry:
Total Depth:

Comments:

Description:

TRIAL PIT NO.
TP9

Medium brown soft clayey SILT with 5ubrounded gravels and frequent subrounded

cobbles

Pate green broken mudstone BEDROCK

0.3m
Green mudstone

im

Sampled 0-1m




Project No.: 2626 Location: Ringaskiddy, Co. Cork Date: 30/11/2000

Excavation Method: HyMac Supervisor: Andrew Skelton

srm—

TRIAL PIT NO.

TP10
?‘;‘eﬂology: Depth (m): Description:
!! 0-1 Mediu‘m brown gravelly SIL.T withj frequent subrounded cabbles
jedrock  1-1.2 Pale green broken mudstone BEDROCK

inant Matrix:

inant Clasts:

Pepth to Rock: im

Rock Type: Green mudstone
Water Level: - |

: Water Entry: -

Total Depth: 1.2m

Comments: Sampled 0-1m

n & Co, Lid.
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Project No.: 2626

- Excavation Method: HyMac

Date: 12/1/2001

Location: Ringaskiddy, Co. Cork

Supervisor: Andrew Skelton

pm——

¥
IS

Fology: Depth (m):
i 0-3

!

nant Matrix:

nant Clasfs:

)epth to Rock: -
Rock Type: -

c Water Level: -
" Water Entry: 2.1m
- Total Depth: 3m

Comments:

No odour

TRIAL PIT NO.
TP11

Description:
Medium brown firm dry clayey SILT with frequent angular gravels and frequent angular
" cobbles and boulders

Sampled 0-1m
Sampled 1-3m

len & Co. Ltd.




Project No.: 2626 Location: Ringaskiddy, Co. Cork Date: 12/1/2001

Excavation Method: HyMac ) Supervisor: Andrew Skelion ; ;

TRIAL PIT NO.

TP12
eology: Depth (m): Des’eript_ioﬂn: ‘
il 0-2.6 Medium brown firm dry gravelly clayey SILT with frequent angular cobbles
ock 2.6- Pale green fissile mudstone BEDROCK

yminant Matrix:

Dfepth to ‘Rocki 2.6m
Rock Typ_e‘: Pale green mudstone bedrock
Wafér Léfvel: -
Water Entry:' -
Total Depth: 2.6m

Comments: Sampled 0-1m X
Sampled 1-2.6m

No odour

len & Co. Ltd.




Trial

Project No.: 2626 Location: Ringaskiddy, Co. Cork Date: 12/1/2001

gxcavation Method: HyMac Supervisor: Andrew Skelton

TRIAL PIT NO.

13
gology: Depth (m): Description:

il 0-0.2 Grey brown sitty GRAVEL

5 0.2-2 Medium brown firm dry sandy clayey SILT with frewuent subrounded cobbles and gravels

2-3.6 Medium brown soft damp silty: SAND

f inant Matrix:

ninant Clasts: :

Depth to Rock:
~ Rock Typé: -
W-atef Level:
Water Entry: 3.4m
Total Depth: 3.6m

1

Comments: Sampled O-1m
Sampled 1-3.4m

No odour

en & Co. Ltd.




Date: 12/1/2001

iroject No.: 2626 Location: Ringaskiddy, Co. Cork
§Excavation Method: HyMac Supervisor: Andrew Skelton

b
&
&

TRIAL PIT NO.
[ TP14

:g‘ogy: Depth (m): Descri ption: }
L 0-2.6 Medium brown firm to soft dry clayey gravelly SILT with subangular cobbles

2.6-3.8 Medium brown soft damp fine sandy CLAY

nant Matrix:

nant Clasts:

Jepth to Rock: -
Roc*lv(‘ Type -
Water Level: -
Water Entry: 3m
Total Depth: 3.8m

Comments: Sampled 0-3.8m

No odour

en & Co. Ltd.




Trial Pit |

iy

Project No.: 2626

AR

Excavation Method: HyMac

Location: Ringaskiddy, Co. Cork

Supervisor:

Date: 12/1/2001

Andrew Skelton

TRIAL PIT NO.

eology: Depth (m):

Il 0-0.3
0.3-0.5
0.5-2

Description:

Medium brown loose dry silty TOPSOIL
Orange clayey gravelly SILT
- Medium brown loose gravelly clayey SILT

yminant Matrix:
minant Clasts:

."'B_iefipth to Rock: -
Rogk Typé: -
¢ Water Level: 1m
Water Entry: 1m (field drain)
Total, Depth: 2m

Comments: Sampled 0-2m

No odour
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Project No.: 2626 Location: Ringaskiddy, Co. Cork Date: 12/1/2001

Excavation Method: HyMac Supervisor: Andrew Skelton

mm——

TRIAL PIT NO.

~TP16 |
%;‘.eology: Depth (m): Description:
il 0-0.3 Medium brown loose dry clayey SILT
: 0.3-0.5 Orangey brown loose dry clayey SILT
0.5-1.5 Medium brown soft silty fine SAND
1.5-2.5 Medium brown soft wet fine SAND with gravels

inant Matrix:
minant Clasts:

Depth to Rock: -

" Rock Type: -

¢ Water Level: 1.5m
Water Entry: 2.56m
Total Depth: 2.5m

Comments: Sampled 0-2.5m

No odour




“Trial Pit R

ct No.: 2626 Location: Ringaskiddy, Co. Cork Date: 12/1/2001
avation Method: HyMac Supervisor: Andrew Skelton

TRIAL PIT NO.

[TPi7 |

i
7
I
&
3

i: Depth (m): Description:
& 0-04 Greyish brown soft dry clayey SILT
0.4-1.4 Medium brown to pale brown soft very fine sandy SILT
1.4-2 Medium brown wet silty fine SAND

Matrix:

asts:

rLevel: 1m '

yments: Sampled 0-2m

No odour

Lid.







WELL LOG

Wélll >Ic.!ent
2626/BH1

Description

Monitoring Well

Location

Ringaskiddy, Co. Cork

Drilling Date

All diameters In mm
A1l depths in metres Scale
Water Level (mOD) Level-Date Vertical Horizontal
50.0
Depth . . . Elev.
{m] Hole Annulus Casing | € Lithology i
0.5 - Backfil CLAY 05
1 —: —Y -1
15 - -1.5
2 »—-- Bentonite Seal - -2
25 - 25
] Pale grey/green mudstone -
3 2 - -3
35 - -3.5
1 200 50 -
4 - — -4
457 a5 - -45
7 y Water Entry "
5 = -5
. Gravel -
: ] Pack [
55 - - -5.5
6 -6
- : ) Pale grey/green mudstone E
6.5 - 6.5
7] - -7
75 76 26| 76 | 16 }s —-7.5
8 - -8
85 - 85
9 4 - -9
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WELL LOG

Well Ident

Description Location
2626/BH2 Monitoring Well Ringaskiddy, Co. Cork
Drilling Date
All diameters In mm
All depths in metres Scale
Water Level (mOD) Level-Date Vertical Horizontal
' 50.0
Depth | ; , " Etev.
Hi .
m] ole Annulus Casingr Lftl\Ology | [m]_
] Fil matoriel :

0.5 - - 0.5
14 F-
1.5 Bentonite Seal 15
2
2.5 - 25
3 2 -3
2 50 [

1 CLAY X
3.5 —~-3.5
4 - 4
1 200 N
45 45
E , Gravel L -

] Pask g
-1 —_' B -5
. 55 - 5.5

6 - -6
1 Water Entry X
6.5 _: 65 6.5 E— 45
7 - -7
7.5 Side wal collapse CLAY --7.5
8- - -8
g5-1.85 85 - 8.5
9 - -9




WELL LOG

Well Ident

Description Location
2626/BH3 Monitoring Well Ringaskiddy, Co. Cork

Drilling Date

All diameters In mm
cal
All depths in metres S e

Water Level (mOD) Level-Date Vertical Horizontal
80.0

Depth Lithology E[’;‘]’

im) Hole Annulus Casing

i,
| RARAN LARRS

-
)
-

Backfil cLAY

N

llIllIILIII!IIl"!lllllllllllllllll

fs

&

i

3 —
4 Bentonite Seal -4
5 _.5] -5

o
&

,1
4

200 o 50
i i . Pale grey mudstone

[
\
(=]

)
©

Gravel
Pad(‘ B

k.
(=]
0
Y
o

[
-t
ey

b
-

-
N
)
-
N
z

Water Entry

b
w

Pale grey rudstons

-t
S
[}
-
r-N

w0
llﬂllllllnllln‘llllIlnlIllnlunlnHI'IIn|||||l‘.l'-lllll||I||||,|‘H'll'l|||<|l||ll|l|'|Ilnllllllhjllhlllhnl
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- | WELL LOG | |

Well Ident

Description Location
2626/BH3 Monitoring Well Ringaskiddy, Co. Cork

Drilling Date

All diameters in mm
All depths in metres

Water Level (mOD) ' Level-Date Vertical Horizontal
80.0

Scale

Depth

! Annul i i
[m] | Hole nulus Cgsmg Screen Lithology )

i

- .| B | 15

s

b
=]

-8 |

-t
]

-7

PN
-]

e
©

!lll!llnl]llnllllllllll'lllIhnlrl‘n||‘||||||||||1|mIul,llIIIHllun'l'—ll.l-il||H[|||l||“lhll|‘|l|lIIllllll!IIllrnvllulllnl[n‘lll»]lul“n il

-19

-22

N
Y

n
3]

N
=]
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| - WELL LOG | l

Well Ident

Description Location
2626/BH4 Monitoring Well Ringaskiddy, Co. Cork

Drilling Date

All diameters in mm
All depths in metres

Water Level (mOD) Level-Date Vertical Horizontal
80.0

Scale

Depth Litholog ?;s]:

H { i
mi ole Annulus Casing

Bentonite Seal .
0.5

-

-1

2

Y

Boulder clay

w

F -9

200 50

L3}

Bentonite Seal

[}

Pale grey mudstone

-

Gravsl
Pack

-]

‘Walter Entry

Palfagreymudstone

.9

©

10 ‘ 1 10

- - - -
w N - o
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WELL LOG

Well Ident

'Description Location
2626/BH5 Monitoring Well Ringaskiddy, Co. Cork

Drilling Date
29.11.2000

All diameters in mm
Scale
All depths in metres )

Water Level (mOD) Level-Date : Vertical Horizontal
80.0

Depth - Elév.
m] Lﬂhology .

Hole Annulus Casing il

AN e e e

Benfonite Seal
: 05

-y

-1

CLAY

o0

Backil

N

W

- 3
Beniorite Seal

H

(4]
8
2

Pale grey mudstone

-2}

lilvllllL'lvlllvll|Il|llI‘Vlll!llIllll]ll”lll‘llfl'l,ll‘.

Gravel
Pack

-~

-

Water Entry

Pale gray mudstone

-
B~

10} 10

-k
o

1"

-
N
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:
{repeat data Wed, Jan 31, 2001

Hazel Davidson <hazel.davidson@geochem.com>
"rowall@ktcullen.ie'" <cwall@ktcullen.ie>
Tue, Dec 19, 2000, 18:27
ubject: repeat data

14:28

Dear Conor

With reference to the repeated PAH data, the tests confirm the presence of
trace amounts fof PAHs, but the naphthalene levels are significantly

| reduced. Upon investigation, this was found to be due to an artefact
jntroduced during the solvent extraction process, caused by a particular
vtch of solvent. This has now been rectified.

fhe soil samples do appear to be contaminated with PCBs, but the
consistency in the repeat analyses is probably due to a lack of
mogeneity in the wet soil samples, as small inclusions of contaminated
paterial may cause ‘hot spots'. We would recommend further analysis of
these samples to provide a better. overview of the site. ’

28 lour own benefit, we are running two of the samples using a semi-volatile
full scan, which will enable us to carry out a full library search.

#e will endeavour to provide this additional data as soon as possible, and
ease do not hesitate to contact me if you wish to discuss this further.

y and on behalf of
tcontrol Geochem -
ester Streéet

ster, CH4 8RD
ted Kingdom

hone: +44 (0)1244 671121

: +44 (0)1244 683306

ebsite: —~ www.alcontrol.com

th Sciences & Environmental Laboratory Services

Marketing Info : mkt@geochem.com ;

fhe information in this e-mail is confidential and may also be legally
rivileged.

he contents are intended for the recipient only and are subject to the
llegal notice available at http://www.alcontrol.com/email.htm

control Geochem is a trading division of ALcontrol UK Limited.
egistered Office : Templeborough House, Mill Close, Rotherham S60 1BZ
egistered in England & Wales No. 4057291
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3. Land Surface Zoning for Groundwater
Protection

T At e e

3.1 Information and Mapping Requirements for Land
. Surface Zoning

:The groundwater resources protection zone map is a land-use planning map, and therefore is
ithe most useful map for the decision-making process. It is the ultimate or final map as itis obtained
by combining the aquifer and vulnerability maps. The aquifer map boundaries, in turn, are
%based on the bedrock map boundaries and the aquifer categorles are obtalned from an
iassessment of the available hydrogeological data. The vulnerability map is based on the
jgsubsouls map, together with an assessment of relevant hydrogeeloglcal data, in particular
g dlcatlons of permeabmty and karstlﬁcatlon This is illustrated in Flgure 3.

milarly; the: source protectlon zone: maps ‘result from combmmg vulnerablllty and sotirce
otection area maps. The source protectlon areas are based largely on assessments of
y¢ geologlcal data. This is illustrated in thure 4. :

% : . (LAND-USE rLANch MAPJ

DERIVED OR INTERPRETATIVE
“MAPS AND INFORMATION

Fi‘g ure ’3 Conceptua! framework for producﬂon of groundwater
' resource protection zones, indicating information
_needs and links

C LAND-USE PLANNING j

Groundwater m
protection zoné map

DERIVED OR INTERPRETATIVE
MAPS AND INFORMATION

Grovudwater
\__guality data

( Bcdmck) ( Hydrogestogicat dats } [ \’s‘umqf ) . (oi:aip-ndgepmmb;émgk)

{ rrMARY DATA AND BASIC MAPS

Figure 4. Conceptual framework for production of groundwater
source protection zones, indicating information needs
and links



3.2 Vulnerability Categories

Vulnerability is a term used to represent the intrinsic geologiéal and hydrogeological
characteristics that determine the ease with which groundwater may-be contaminated by human
activities.

The vulnerability of groundwater depends on: (i) the time of travel of infiltrating water (and
contaminants); (ii) the relative quantity of contaminants that can reach the groundwater; and
(iii) the contaminant attenuation capacity of the geological materials through which the water
and contaminants infiltrate. As all groundwater is hydrologically connected to the land surface,
it is the effectiveness of this connection that determines the relative vulnerability to
contamination. Groundwater that readily and quickly receives water (and contaminants) from
the land surface is considered to be more vulnerable than groundwater that receives water

(and contaminants) more slowly and in lower quantities. The travel time, attenuation capacity

and quantity of con’taminan‘ts are a function of the following natural geological and
hydrogeological attributes of any area: : B

() the subsoils that overlie the groundwater;
(i) the type of recharge - whether point or diffuse; and
) the thickness of the unsaturated zone through which the contaminant moves.,

In general, little attenuation of contaminants occurs in the bedrock in Ireland because flow is
almost wholly via fissures. Consequently, the subsoils (sands, gravels, glacial tills (or boulder
clays), peat, lake and alluvial silts and clays), are the single most important natural feature
influencing groundwater vulnerability and groundwater contamination prevention. Groundwater
is most at risk where the subsoils are absent or thin and, in areas of karstic limestone, where
surface streams sink underground at swallow holes. '

The geological and hydrogeo'leg’ig:al characteristics can be examined and mapped, thereby

providing a' groundwater vulnerability assessment for any area or site. Four groundwater .

vulnerability categories are used in the scheme --extreme (E), high (H), moderate (M).and
low (L). The hydrogeological basis for these categories is summarised in Table 1 and further

- The ratings are based on pragmatic judgements:.
entific information. However, provided the limitations

details can be obtained from the GSI
experience andaVailableftéqhniqﬁg ‘anc
are appreciated, vulnerability assess
potentially polluting activities, As grour
the vulnerability concept is applied t
not take into consideration th
7~ usually discharged below
P.~tection responses take ace

ntire land surface. The ranking of vulnerability does
ally-active soil zene, as contaminants from point sources

unt of the point of discharge for each activity.

Vuln‘er__abili‘tyv maps are an' irﬁpdr;ant -part- of groundwater protection schemes and are an

essential element in the decision-making on the location of potentially polluting activities. -

Firstly, the vulnerability rating for an area indicates, and is a measure of, the likelihood of

contamination. Secondly, the vulnerability map helps to ensure that a groundwater protection -

scheme is not unnecessarily restrictive on human economic activity. Thirdly, the vulnerability
map helps in the choice of preventative measures and enables developments, which have a
significant potential to contaminate, to be located in areas of lower vulnerability.

In summary, the entire land surface is divided into four vulnerability categories - extreme (E),
high (H), moderate (M) and low (L) - based on the geological and hydrogeological factors
described above. This subdivision is shown on a groundwater vulnerability map. The map
shows the vulnerability of the first groundwater encountered (in either sand/gravel aquifers or
in bedrock) to contaminants released at depths of 1-2 m below the ground surface. Where
contaminants are released at significantly different depths, there will be a need to determine
groundwater vulnerability using site-specific data. The characteristics of individual contaminants
are not taken into account.

10

its are essential when considering the location of
eris considered to be present everywhere inIreland,

zone, often at depths of atleast 1m. However, the groundwater .




Hydrogeological Conditions

Subsoil Permeability (Type) and Thickness Unsaturated | Karst
Zone Features
High Moderate Low permeability | (Sand/gravel | (<30m
permeability | permeability | (e.g. Clayey subsoil,|  aquifers radius)
| o-7Z 7| (sand/gravel) [e.g. Sandysubsoil] - clay, peat) only)
Extreme(E) | 0- 3.0m 0- 3.0m 0- 3.0m 0- 3.0m -
High (H) >3.0m 3.0-100m 3.0-5.0m >3.0m N/A
Moderate (M) N/A > 10.0m 5.0-10.0m ‘N/A N/A
Low (L) .. N/A ' N/A ‘ > 10.0m N/A N/A

Notes: (1) N/A = not ap_plicable.
(2) Precise permeability values cannot be given at present. ,
(3) Release point of contaminants is assumed to be 1-2 m below ground surface.

Table 1, Vu’lnerability Mapping Guidelines -

1.3 Source Protection Zones

iroundwater sources, particularly public, group scheme and industrial supplies, are of critical
nportance in many regions. Consequently, the objective of source protection zones is to
rovide protection by placing tighter controls on activities within all or part of the zone of
ntribution (ZOC) of the source.

here are two main elements to source protection land surface zoning:

Areas surrounding individual groundwater sources; these are termed source protection
areas (SPAs) '

- Division ofﬁthe'S'_PAs on the basis of the vulnerability of the underlying groundwater to
contamination.

1ese elements are integrated to give the source protection zones.

3.1 D’el‘inieé‘tiqn of Source Protection Areas

vo s~"rce protection areas are recommended for delineation:
Inner Protection Area (SI);

Outer Protection Area (S0), encompassing the remainder of the source catchment area
or ZOC.

delineating the inner (S1) and outer (SO) protection areas, there are two broad approaches:
st, using arbitrary fixed radii, which do not incorporate hydrogeological considerations; and
condly, a scientific approach using hydrogeological information and analysis, in particular
? hydrogeological characteristics of the aquifer, the direction of groundwater flow, the pumping
e and the recharge. , '

1ere the hydrogeological information is poor and/or where time and resources are limited,
» simple zonation approach using the arbitrary fixed radius method is a good first step that
juires little technical expertise. However, it can both over- and under-protect. It usually
er-protects on the downgradient side of the source and may under-protect on the upgradient
e, particularly in karst areas. It is particularly inappropriate in the case of springs where
re is no part of the downgradient side in the ZOC. Also, the lack of a scientific basis reduces
defensibility as a method.

11




There are several hydrogeological methods for delineating SPAs. They vary in complexity,
cost and the level of data and hydrogeological analysis required. Four methods, in order of
increasing technical sophistication, are used by the GSI:

()  calculated fixed radius;

(i)  analytical methods;

(i)  hydrogeological mapping; and
(iv) numerical modelling.

Each method has limitations. Even with relatively good hydrogeological data, the heterogeneity
of lrish aq‘uiférs will generally prevent the delineation of definitive SPA boundaries.
Consequently, the boundaries must be seen as a guide for decision-making, which can be
reappraised in the light of new knowledge or changed circumstances.

3.3.1.1 Inger Protection Area {sh)

This area is designed to protect against the effects of human activities that might have an
immediate effect on the sourceand, in particular, against microbial poliution. The area is
defined by a 100-day time of travel (TOT) from any point below the water table to the source.
(The TOT varies significantly between regulatory-agencies in different countries. The 100-day
Vit is chosen for Ireland as a relatively conservative limit to-allow for the heterogeneous
nature of lrish aquifers and to reduce the risk of pollution from bagcteria and viruses, which in
some circumstances can live longer than 50.days in groundwater.) In karst areas, it will not
usually be feasible to delineate 100-day TOT boundaries, as there are large variations in
permeability, high flow velocities and a low level of predictability. In these areas, the total
catchment area of the source will frequently be classed as SI. :

Ifitis necessary to use the arbitrary fixed radius method, a distance of 300m is normally used.
A semi-circular area is used for springs. The distance may be increased for sources in karst
aquifers and reduced in granular aquifers and around low yielding-sources.

3.3.1.2 Outer Protection Area (SO)

This area covers the remainder of the ZOC (or complete catchment area) of the groundwater
source; Itis defined as the area needed to support an abstraction from long-term groundwater
recharge i.e. the proportion of effective rainfall that infilirates to the water table. The abstraction
rate used in delineating the zone will depend on the views and recommendations of the source
owner. A factor of saf be taken inte account whereby the maximum daily abstraction
rate-is increased (typically by 50%) to allow for possible future increases in.abstraction and
{ _2xpansion of the ZOC in dry periods. In order to take account of the heterogeneity of many
Irish aquifers and possible errors in estimating the groundwater flow direction, a variation in
the flow direction (typically:£10-20°) is frequently included as a safety margin in delineating
the ZOC.

A cohceptual model of the ZOC and the 100-day TOT boundary is given in Figure 5.

If the arbitrary fixed radius method is used, a distance of 1000m is recommended with, in
some instances, variations in karst aquifers and around springs and low-yielding wells.

The boundaries of the SPAs are based on the horizontal flow of water to the source and, in the
case particularly of the Inner Protection Area, on the time of travel in the aquifer. Consequently,
the vertical movement of a water particle or contaminant from the land surface to the water
table is not taken into account. This vertical movement is a critical factor in contaminant
attenuation, contaminant flow velocities and in dictating the likelihood of contamination. It can
be taken into account by mapping the groundwater vulnerability to contamination.
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(\’\ Groundwater

\“/ Divide

not to scale

Figure 5. Conceptual Model of the Zone of Contnbutnon (ZOC) at a

Pumpmg Well (adapted fiom US EPA, 1987)

3.3.2 Delineation of Source Protection Zones

The matrix in Table 2 below gives the result of integrating the two elements of land surface
zoning (SPAs and vulnerability categories) — a possible total of eight source protection zones.
In practice, the source protection zones are obtained by superimposing the vulnerability map
on the source protection area map. Each zone is represented by a code e.g. SO/H, which i

represents an Outer Source Protection area where the groundwater is highly vulnerable to

contamination. The recommended map scale is 1:10,560 (or 1:10,000 if available), though a
smaller scale may be appropriate for large springs.

VULNERABILITY SOUR,_f E PROTECTION ZONE |
‘RATING Inner (sn ~ Outer (SO)
| Extreme (E) ~SIUE SO/E
High (H) SI/H SOMH
Moderate (M) SIM SO/M
Low (L) - SIL SO/L

Table 2. Matrix of Source Protection Zones
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All of the hydrogeological settings represented by the zones may not be present around each
groundwater source. The integration of the SPAs and the vulnerability ratings is illustrated in

Figure 6.

Well Extreme (E)

inner source
protection area
(sh

Outer source
protection
area (SO)

Fele

€33
Qﬁ

&
0%

o655
&
G
%
X
SRR

¢

OO
5
%
&
%
&
!\' Q

o*o5
&

Source Protection Zones

Figure 6. - Delineation of source protection zones around a public s,upply well from
' the integration of the source protection area map and the vulnérability map.

3.4 Resource Protection Zones

For any region, the area outside the SPAs can be subdivided, based on the value of the
resource and the hydrogeological characteristics, into eight aquifer categories:

Regionally Important (R) Aquifers

(i) Karstified aquifers (Rk)
(i) Fissured bedrock aquifers (Rf)

(iii) Extensive sand/gravel aquifers (Rg)
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Locally Important (L) Aquifers

()  Sand/gravel (Lg)
(i)  Bedrock which is Generally Moderately Productive (Lm)

(iii) Bedrock which is Moderately Productive only in Local Zones (LD

Poor (P) Aquifers

® Bedrock which is Generally Unproductive except for Local Zones (PI)

(i)  Bedrock which is Generally Unproductive (Pu)

These aquifer categories are shown on an aquifer map, which can be used not only as an
element of a groundwater protection scheme but also for groundwater development purposes.

The matrix in Table 3 below gives the result of integrating the two regional elements of land
surface zoning (vulnerability categories and resource protection areas) — a possible total of
24 resource protection zones. In praetice this is achieved by superimposing the vulnerability
. map on the aquifer map. Each zone is represented by a code e.g. Rf/M, which represents

- areas of regionally important fissured aquifers where the groundwater is moderately vulnerable

to contamination. In land surface zoning for groundwater protection purposes, regionally
important sand/gravel (Rg) and fissured aquifers (Rf) are zoned together, as are locally
important sand/gravel (Lg) and bedrock which is moderately productive (Lm). All of the
hydrogeological settings represented by the zones may not be present in each local authority
area. .

EeY

"RESOURCE PROTECTION ZONES
Regionally Important Locally Important |  Poor Aquifers
3 Agquifers (R) Aquifers (L) ®)
; %] Rk | RiRg Lm/Lg L1 Pl Pu
Extreme (E) RKE REE LovE  LIE PI/E PWE.
. High (1) A | RwH | REH | LmH LI/H PI/H PwH
| Moderate) |  RWM | RiM Lm/M LM PIM PuM
“Low (L) __ROL | ROL | Lwi LUL | PUL | PuL

'.l‘avb”k:a‘ 3 Matnx of f";eséurcé betei:tion Zdneé
3.5 Flexibility, Limitations and Uncertainty

The land surface zoning ‘is only as good as the information which is used in its compilation
(geological mapping, hydrogeological assessment, etc.) and these are subject to revision as
new information is produced. Therefore a scheme must be flexible and allow for regular revision.

Uncertainty is an inherent element in drawing geological boundaries and there is a degree of
generalisation because of the map scales used. Therefore the scheme is not intended to give
sufficient information for site-specific decisions. Also, where site specific data received by a
regulatory body in the future are at variance with the maps, this does not undermine a scheme,
but rather provides an opportunity to improve it. ) :

15







S A R AT

1002 ‘uBr : 8isg 1 [}
b ainbBid 9292 ‘ON aof ‘Pr1e0 ¥ usind L™
Jo1- N g——————

Afojoen _mco_mmm Aigpunog Esmm\omm @mcoame_.s uw usaisAleg

#03 APPPISEBUIY “W'd e i G gl et

_ (185 8 SOUCISPNIN) 'UW4 BusSBAA|EE %mm% (seveiowojBuoD B 17 ‘uid S|GIEIN pey WoQ

i - (seUOiSpUBS 2 SBUOISHIG) "Ll UBSIAD) AT (sBUoISPAN) "UL Youleds

: . . Mmmcovmvcmm ULty BUISPUES PREH DIO. (§aUOISAUIN) ‘UL PUB(S! BIHT
SIYLINOTIN ajw | = youpjey 10 0ZL 921 ' 1 IO 30UGISPN P SBUOISpUES) Ul [esUDy {sBuOiSBLIT) "uuid DIPOABUSEIQ r
: . i (SeUCISPRI) "UW4 A 18USTBUINNGY (seuoispniN B SEUOISPUBS) "ULd PUBNSBIUM [T T
pusben feoiboloen

i
T




1002 'uer | eleg i ¥ ooy

9292 'ON 907 ‘pri 00 ¥ uelindLA
suolyeoo-] Buuojuo pue nofe] els
Apppisebuld quawaebeuepy yuofoid

2 ainbid

T

supry seo Jofe = = =~
IGA UBPINGISAD  (&/0)
uopeao BuliouUon Jmempunosn. @HHE
uopyeoco Bujidiues 10§ 3d BiL @idl
Bupyng Bupsxs 1
fsepunog 84S ‘P11 [E16}\ BUET PUOLIIBH s
AJEPUNOE SIS e

aNgoa1







.G.&a meH - :V:
2@3@& yon QYA :San =

FISPUN 936 SIS0y

eﬂa A ne:S%EH =an[eA-T

- o onjex 10818], =ONEA-S
. saurepmS UOHERUSOU0) JQISSIUPY wnaEe Yomd - SOVIN 1and

S)UEIMSUO;) [BIUIUNMOTAUT PUrE eo13o(0a30apARL wresdorny Jod sure S - - gyj3m
Pr1 0D B WMD" LA “Tpuesy]
100> 100> | 00> | 100> 100> 100> oo | 100> | 100> sopuediQ 98uey [059d
| 6 62 e 81 . O Te3dUA
. 6L | A sormed1p oduey 1959t

T aysm 215413

“t-0 (o) wla
" pal uopeso]

929¢

(0002 99a) ApppisEBuUIY ‘Wd

- 110 Teio0i ‘OHA ‘Ol - SHNSOY (BOBAIRUY 10S °L OIAEL

B R N A AP T RN O TSN B




spuRymsUo) [eIuswuoIAuY pue —S_wo_oawﬁn..om

uey} SS9 = >
apqetreat 10U DYIN ywma = .

SHIRE By

[2A UOHUSAION] =ATE, 1
anfeA WEmL =en[eA-S

SOUNaPING UORBIUSDUCD 2{GISSIPY wmxeN yownd - SOVIN yora
wexfopy Jod suressH - Bxy/8ut

PY1°0D B USIND'L'A PSS
5t oo | 00> |7 100 QudlhX
0s 100> 100> 10'0> suszusqIAYE
0€1 10°0> yooe | 100> SueniOL
1 100> o> | 100> suszuog

T TR/ s E

AM[EA-T 1-0 120 :
SOVIN WIna 01 dL Ldi_| LdL 9 dlL SdaL

(000Z 90@) ApppiseBuld Wd - X318 - synsey

jeonkeuy 1j0s "¢ elaBL




Table 3a. Soil Analytical Resuits - VOCs - PM, Ringaskiddy (Dec 2000) 2626

‘Trace Organics (VOCs) TP1 TP3 TP4 __TPs Dutch MACs
‘ - ‘ Depth (m) 1.8 0-1.5 0-30 0-3.0 S-Value | I-Value
_ T - » , : ’
chhlomﬂuoromethane ' pefkg <1 <1 <1 <1 - -
Chloromethane. pglkg <1 <1 <1 < - -
Vinylchloride uglkg <1 <1 <« <1 - 100
Bromomethane . R _uplkg | <1 o< - <1 <1 - -

j i <1 | <1 <1 o<l - -
<1 <1 <1 - -
<1 <1 <1 - -
<1 <l <1 - 20,000
<1 <1 <l - -
<1 <1 <1 - -
<1 <l <1. - -
< <1 <l - -
< <1 <1 - -
< <1 <1 - B
<l <1 <1 - 4.000
<1 <1 <1 - -
<1 <1 <1 - -
<1 <1 <1 . 50 1,000
<1 <1 <1 - -
<1 =8 <1 - <
<1 <1 <1 - -
<1 <1 <1 - -
<1 <1 <1 1 60,000
<1 <1 <1 - -
<1 <1 <1 - -
<1 <l . <1 B
<1 <1 <1 50 130,000
<] <1 <1 - -
<1 <1 <1 - -
<1 <1 <l - -
<l <1 <1 10 -4,000
<1 <1 <1 B
<1 <] <1 - -
<1 <1 <1 50 50,000

p,g/kg micrograms per kxlogram

MAC: Maxitnim Adiissible Concentrauon
Dutch S-Value: Target Valug: -

Dutch I-Value: Intervention-Value

2: MAC Guideline Not Available

< = Below current laboratory detection limit
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Table 10a. Groundwater Analytical Results - VOCs - PM, Ringaskiddy (Dec 2000) 2626
Trace Organics (VOCs) Location BH1 BH 2 BH3 BH4 BH 5 Dutch MACs
' ; Units ‘ S-Value I-Value
Dichloroflupromethane -~ |  pg/t <1 <1 <1 <1 <1 - -
Chloromethane pgfl <1 <1 <1 <1 <1 - -
Vinyichloride pg/l <1 <1 <1 <1 <1 - -
Bromig me | peft <1 <1 <1 <1 <1 - -
gl <1 <1 <1 <1 <1 - -
pel <1 <t <1 <1 <t - -
__peflt <1 <1 <l <l <1 - -
pell S I <l <1 <1 - -
T <t <l <1 <l <t - el
Wl e o <L <1 - 22
~ pefl <1 < <1 <1 <i - L=
Y A | _ <1 <1 <1 <1 - -
pell <1 <1 <1 <1 <1 - -
pel - <1 <t <1 <1 <1 0.01 50 .
ug/l <i <1 <1 <1 <1 0.01 400
pgfl <1 <1 « <1 <1 - Te
ugfl <1 <1 <1 <1 . <1 - .
ugh <1 <l <1 < <1 0.01 50
pg/ <1 <1 <1. <1 <1 - e
ug/l <1 <1 <1 <1 <1 0.01 50
pg/l <t <1 <1 <1 <1 - -
pe/t <l <1 <1 <1 <1 - -
pgi <1 <1 <1 <1 <1 - N
pgl <1 <1 <1 <1 <1 - -
pe/l <1 <1 <1 <1 <1 0.20 30
pgfl <1 <1 <1 <1 <1 - -
pgll <1 <1 <1 <1 <1 - -
pg/l <i <1 <1 <1 <1
_pefl <1 <1 <l <1’ <1 - -
g/l <t <t <1 <1 <1
“pgfl <L <1. <1 <1 <1 - .
pgfl <1 <1 <1 <1 <1 - -
g/l <1 .. <l <1 <1 <1
gl <l < <1 <1 <i - -

pg/l: micrograms per lire
MAC: Maximum Admissible Concentration
Dutch S-Value: Target Value

Dutch I-Value: Intervention Value

-t MAC Guideline Not Available

< = Below current laboratory detection limit




Table 10b. Groundwater Analytical Results - VOCs - PM, Ringaskiddy (Dec 2000) 2626
Tracegl_'ganics (VOCs) Location BH1 BH2 BH3 BH4 BHS Dutch MACs
:  Units : S-Value 1-Value
p/m Xylenes ) <1 <1 <1 <1 <1 - =
Bromoform o Cpgll <1 <1 <1 - o<l <l - -
Styrene pe/l <1 <1 <l <t <l - -
‘ ) S <1 <l <1 <1 - -
<1 <1 < < <1 - -
<l <1 <1 o< <1 - -
<1 <1 <1 C <«
<1 <1 <l <1- <l 0.2 150
o<l <1 <t | T« <l . - -
<l <1 <1 T RS e - -
<1, - I N N = 0 R S i - : 1
<1 <L | <a (< 1 < - - i
<1 <1 T ] < o<l - -
S| < ] <t | < el ' - kL
<1 <1 1 | < | <l 0.2 70 :
<1 <1 <1 -« o< - -
<1 <1 1 <« ) <1 Sl ] 0.5 300
<1 <1 I < T IS - -
L <l . <1 <1 R S <1 001 40
<1 <1 S| <l <l 0.2 1000
<1 <1 <1 <t |« - -
<1 | <1 <1 = <1 - -
<1 <1 <1 RS <] - -
<1 <1 a |- <« ]« - -
<1 <1 <l <1 - <1 - 0.7
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1 INTRODUCTION

Hammond Lane Metal Company commissioned O’Callaghan Moran & Associates
(OCM) to carry out a hydrogeological assessment of their scrap metal processing
facility in Ringaskiddy. The facility operates under Waste Permit No WFP-CK-10-
0077-02 issued by Cork County Council in 2010.

The assessment was requested by the planning authority as part of a planning
application to expand the facility operations. The objective is to determine if there are
any impacts on groundwater quality associated with the past use of the site.

An initial assessment of the subsoils within the site boundary, undertaken in 1997 by
Mayer Environmental, did not identify the presence of any significant impacts on the
subsoils. In 2010 OCM completed a further assessment of the subsoils, which
confirmed that there was no evidence of any impact on the soils associated with site
operations. The 2010 OCM Report is included in Appendix 1.

The 1997 and 2010 investigations were confined to the investigation of the soils and
did not include an assessment of groundwater quality beneath the site. As there were
no on-site monitoring wells, the hydrogeological assessment involved the installation
and monitoring of four groundwater wells.

This report describes the well installation and groundwater monitoring programme. It
also presents an update of site operations and revises the environmental risk
assessment, based on the additional monitoring data.

C:\1\099_HammondLaneMetalCo.\10_Ringaskiddy,Cork\0991001.Doc August 2011 (SM/BS)
1of 19




2  SITE DESCRIPTION

2.1 Site Location

The site location and layout is shown on the Figure 2.1. The site encompasses
approximately 1 hectare (ha) and is benched into the hillside to the south of the main
Ringaskiddy to Haulbowline Island road.

Immediately to the north, the ground slopes to a low lying field which is the site of the
proposed incinerator and is currently used for tillage. The Naval Maritime College is
across the public road to the north and further north is Cork Harbour. The bridge
crossing to Haulbowline Island is to the northeast. The lands to the west comprise
open scrub land, overgrown with furze. There is an ESB Sub-Station adjacent to the
northeastern site boundary.

2.2 Site History

Hammond Land Metal Company developed the facility in 1989 on a greenfield site
previously used for agricultural purposes and the site has always been used as a metal
processing facility since that time.

2.3 Site Layout

The site is accessed from the public road to the north. There is a weighbridge on the
access road, with a site office to the east. The office houses administration, canteen,
stores and toilets facilities. Sanitary wastewater discharges to a septic tank and
percolation area located to the north of the building. The system was installed when
the site was initially developed and Hammond Lane Metal Company informed OCM
that it has always operated satisfactorily.

The access road slopes to the south towards the main yard area, which is located at a
higher bench level cut into the hillside. The road is paved with tarmac, while the
main operational area on site is concrete paved. The concrete is in generally good
repair, however there are cracks and damaged areas along the northeast section of the
access road. This damaged will be repaired as part of the proposed expansion of
facility operations.
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Storm water run-off from the site is collected in an ACCO type drain covered with a
steel grid that runs along the northern site boundary. OCM inspected drain and the
the northern boundary with the adjoining agricultural land and did not identify any
evidence of the overflow of oil contaminated run-off from the drain.

In 2010, OCM noted a section of the drain in the western part of the site was partially
covered with scrap metal over spilling from the site and that some debris has also
fallen into the drain. These materials were since removed and the drain cleared.

The drain connects to a settlement tank located to the east of access road and south of
the offices. The settlement tank overflows to an oil interceptor located the west of the
site access road. The water from the interceptor discharges to the local authority
storm water sewer.

The oil interceptor is routinely inspected and the discharge is monitored. OCM
understand that the monitoring has established that the discharge complies with the
emission limit values set in the Waste Permit. The oil accumulating in the interceptor
is routinely skimmed of and used to lubricate the on-site shredder.

The settlement tank is de-sludged every six weeks and the contents are recycled over
the scrap metal stock pile.

A steel frame and metal clad garage is located at the southern site boundary. Some oil
staining was observed in 2010 and 2011 on the concrete floor, however the floor
appears to be in good condition. There is a 1000 litre (I) polyethylene waste oil
storage tank sitting in a steel bund, with two other smaller (205 1) waste oil tanks in an
adjoining bund. Oil spill clean-up materials (Oil Dry) are stored inside the building
and used to clean-up any minor spills that occur. The waste oil is collected as by
ENVA a permitted waste contractor, and removed from the site for treatment.

There are two fuel oil tanks in a concrete bund to the east of the garage. The first is a
steel rectangular tank c15001 and the second is a polyethylene cylindrical tank of
similar capacity. Both tanks appear to be in good repair. The bund is roofed and
enclosed on three sides. At the time of the inspection in 2011, OCM noted the
presence of a small amount of water in the bund, most likely from rainfall entering the
open side to the enclosure. There were four 2051 steel waste oil drums located on a
drum storage pallet in this area.

OCM did not observe any evidence of leaks at any of the bunds though some staining
is present along the fill port of the steel rectangular tank.
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Any oil spill within the garage that was not contained by site staff could escape onto
the paved yard and ultimately be collected in the surface drain located in the drain
along the northern boundary.

To the west of the garage is the incoming scrap metal stockpile, where materials are
stored pending processing in the nearby shredder unit. The shredded metal is
stockpiled to the west of the shredder.
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24 Geology and Hydrogeology

Information on the local and regional geology and hydrogeology was derived from a
desk study, which included Geological Survey of Ireland (GSI) geology databases;
Teagasc Soil Maps for the region; in-house databases prepared by OCM and the well
installation programme undertaken by OCM in July 2011. The latter is described in
Section 3.

2.4.1 Soils and Subsoil

The subsoil distribution is shown on Figure 2.3. The site is underlain by 0.3 —
0.75m of gravelly fill partially comprising in-situ weathered and broken shale and
sandstone bedrock. The Teagasc Soil Maps indicate the in-situ soils in the
northern section of the site comprise Devonian Sandstone Till (TDSs). The
southern section of the site is described as being underlain by non calcareous rock
(RckNCa). This classification was confirmed by the 2011 investigation.

The depth of subsoils ranges from 2.7m in the north of the site to 0.3m near the
southern boundary. Rock is exposed along the southem site boundary and also
along the northwest site boundary, where the site is benched into the bedrock.

2.4.2 Bedrock

The bedrock geology is illustrated on Figure 2.4. The GSI maps indicated that
northern section of the site is underlain by the Ballysteen formation, which
comprises dark muddy limestone and shale, while the southern section of the site
is underlain by the Cuskinny Member of the Kinsale formation, which comprises
Flaser-bedded sandstone & mudstone. However, based on the bedrock
encountered during the monitoring well installation, it appears that the entire site
is underlain by the Cuskinny Member.

2.5 Hydrogeology
2.5.1 Agquifer Classification

The GSI has developed a classification system for aquifers based on the value of
the resource and the hydrogeological characteristics. The bedrock aquifer beneath
the site is characterised by the GSI as a Locally Important Aquifer (L), which is
moderately productive in local zones. The aquifer classification is illustrated on
Figure 2.5.
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2.5.2 Agquifer Vulnerability

Vulnerability is defined by the GSI as the intrinsic geological and hydrogeological
characteristics that determine the ease with which groundwater may be
contaminated by human activities. Vulnerability categories range from Extreme
(E) to High (H) to Moderate (M) to Low (L) and are dependant on the nature and
thickness of subsoils above the water table.

The GSI vulnerability map indicates that the rating at the site ranges from extreme
(E) in the northern part of the site to x-extreme (X) in the south. The site
investigation confirmed this classification. The depth to bedrock in the northern
section of the site at MW-1 was 2.7m, while in the south of the site (MW-4) the
depth was 0.3m. The aquifer vulnerability is illustrated on Figure 2.6.

2.5.3 Aquifer Characteristics

The Cuskinny shale and sandstone and the Ballysteen Limestone formations are
characterised by the GSI as a Locally Important Aquifers that are productive only
in local zones (L) and are essentially poor aquifers. Typically groundwater yields
from these aquifers are very low and in this area and they are not deemed to be a
significant resource given that much of the land to the north of the site is
reclaimed from the estuary and the likely impacts of saline intrusion.

2.54 Groundwater Flow Direction

Groundwater flow follows the local topography and is from the south to the north
toward Cork Harbour.

2.5.5 Neighbouring Wells and Karst Features

The closest recorded wells are approximately lkm to the south in the Lough Beg
Hovione facility. These wells are in a separate hydrologic catchment and range in
depth from 7m to 21m. There is no information of what the wells are used for.
There are no karst features recorded in the vicinity of the site.

2.5.6 Designated Areas

The nearest designated area is a Special Protected Area (SPA) located
approximately 600m to the south in Lough Beg. Lough Beg is also a Proposed
Natural Heritage Area (PNHA). The closest Special Area of Conservation (SAC) is
approximately 6km to the north, in Great Island Channel.
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2.6  Conceptual Model

There are no surface water streams or springs in the vicinity of the site. The site is
entirely covered with impermeable concrete paved yards and buildings, which means
that rainfall recharge does not occur within the site boundaries.

Groundwater flow locally is expected to be from the high ground south of the site
toward the harbour to the north. The bedrock aquifer comprises low permeability
sandstone and shale. Groundwater flowing beneath the site is expected to discharge
either to the low reclaimed land to the north and/or the estuary further to the north.
The lands to the north of the public road and east of the Navy College have been
reclaimed by progressively infilling with dredge spoil and construction demolition
debris over many years.

Groundwater moving to the north from the poor aquifer beneath the site is likely to
connect to the brackish groundwater near the estuary rather than moving deeper into
the bedrock.
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3 GROUNDWATER INVESTIGATION

3.1 Waell Installation

Four monitoring wells (MW-1 to MW-4) were installed at the site between the 21% and 22™
July 2011. The well locations are shown on Figure 3.1. The well locations were selected
by OCM.

MW-1 is located along the northern site boundary and immediately down hydraulic
gradient of the oil interceptor and the septic tank. MW-2 and MW-3 are directly down
hydraulic gradient of the main operational area, while MW-4 is along the southern site
boundary and upgradient of the operational areas.

The wells were installed by Ground Investigations Ireland using a rotary percussion drill rig
under the supervision of an OCM hydrogeologist. The borehole logs and well construction
details are presented in Appendix 2.

The boreholes were drilled at 150mm diameter and cased to the top of bedrock.
Groundwater strikes were not recorded in the subsoils. Bedrock was encountered in MW-1
at 2.7m, MW-2 at 2m, MW-3 at 1.5m and in MW-4 at 0.3m. Groundwater was
encountered in MW-1 at 3.56m, in MW-2 at 9.5m, in MW-3 at 9.6m and in MW-4 at
10.2m. The total depths of the boreholes ranged from 10m in MW-1 to 14m in MW-3.

The monitoring wells were constructed using uPVC 50 mm diameter standpipe. A slotted
section of standpipe was installed in the water bearing section of the bedrock in each
borehole. The remainder of the well piping above the slotted section comprised solid
50mm uPVC pipe.

The annulus surrounding the slotted section in each well was back filled with washed pea
gravel to act as a filter. Above the pea gravel the annulus surrounding the solid well pipe
was back filled with bentonite to act as a seal to prevent the infiltration of surface water into
the water bearing section of the well. Each borehole was finished with an upright steel well
head set in concrete.

C:\11\099_HammondLaneMetalCo.A10_Ringaskiddy,Cork\0991001.Doc 14 Of 19 August 2011 (SM/BS)




3.2 Groundwater Sampling

Groundwater samples were collected from the wells on the 27" July 2011 in accordance
with OCM sampling protocols, a copy of which is included in Appendix 3. pH,
temperature and electrical conductivity were measured in the field and the results are
presented in Table 3.1.

Table 3.1 2.66 8.43 6.97 Not Known
Well ID MW-1 MW-2 MW-3 MW-4
Sample Date | 27" July 2011 | 27™ July 2011 | 27% July 2011 | 27" July 2011
Water Level
(mBTOC) 3.14 8.45 7.15 8.87
Stick Up (m) 0.37 0.25 0.43 0.30
Water Level
(mBGL) 2.77 8.2 6.72 8.57
pH (pH Units) 6.96 7.26 7.55 7.47
Electrical
Conductivity 789 969 897 776
(uS/cm)
Temperature (°C) 13.1 13.2 13.3 13.1
Water level - mOD 0.11 .23 0.25 ?2?7?7?

After completion of groundwater level measurements, the wells were purged to remove the
stagnant water from the well pipe and the surrounding gravel packs. Purging is necessary
to ensure that the groundwater parameters measured are representative of the formation and
not the stagnant water in the monitoring well or surrounding gravel filter.

The samples were placed in laboratory prepared containers and stored in coolers prior to
shipment to Jones Environmental Forensics in the UK.
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3.3 Groundwater Analysis

The samples were analysed for a range of parameters based on the use of the site as a metal
processing facility. The parameters included heavy metals (lead, nickel, copper, zinc,
arsenic, antimony, cadmium, chromium and mercury), phenols, Petrol Range Organics,
Diesel Range Organics, Benzene, Toluene, Ethylbenzene, and Xylene (BTEX), polycyclic
aromatic hydrocarbons (PAH). The methodologies used by the laboratory were ISO/CEN
approved or equivalent and the method detection limits (MDL) were all below relevant
limits and comparative guidance values.

The laboratory reports are included in Appendix 4 and the results are summarised in Tables
3.2 to 3.4. The table includes Interim Guideline Values (IGV) published by the EPA. The
IGVs are not statutory, but were developed to assist in the assessment of impacts on
groundwater quality in the context of the implementation of the EU Water Framework
Directive. The guidelines are based on, but are more conservative than the Drinking Water
quality standards. The table also includes for comparative purposes the Groundwater
Threshold Values (GTV) set out in the European Communities Environmental Objectives
(Groundwater) Regulations (S.I. 9 of 2010).

With the exception of low levels of nickel in MW-2 (at the MDL) and zinc in MW-2, 3 and
4, heavy metals were not detected. The levels of nickel and zinc are below the IGV.
Petroleum hydrocarbons were not detected. With the exception of naphthalene, PAH were
not detected. While naphthalene was detected in all the samples, the levels were
significantly lower than the IGV. There is no GTV for naphthalene.

3.4 Data Interpretation
The analytical results confirm that site activities have not impacted on the quality of the

groundwater beneath the site. The data also indicates that the septic tank is not having any
impact on the shallow groundwater immediately down hydraulic gradient at MW-1.
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4 CONCLUSIONS AND RECOMMENDATIONS

4.1 Conclusions

The site is entirely covered with impermeable hardstanding and buildings, which
prevents infiltration of rainfall to the subsoils. The surface water drainage system,
including the settlement tank and interceptor appear to be functioning properly.

The bedrock aquifer beneath the site is characterised by the GSI as a Locally
Important Aquifer (L1), which is moderately productive only in local zones. Based on
the site investigation data, the aquifer vulnerability is extreme. There are no public or
private groundwater wells used for potable supply within 2km of the site.

The groundwater quality monitoring has established that the groundwater beneath the
site has not been impacted by either the historical or current use of the site. The
findings support the conclusions of the 2010 Environmental Site Assessment that the
site activities are not impacting on the subsoil or groundwater quality beneath or
down gradient of the facility.

4.2 Recommendations
The groundwater monitoring should wells be clearly identified and protected by

providing buffer areas around the wells where material cannot be placed on the
ground. This is to prevent damage to the wells during day to day site activities.
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OCM 2010 Report
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APPENDIX 2

Borehole Logs
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Borehole 1.D, MW-1
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Borehole 1., MW-2
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Borehole I.ID, MW-3

Project: 11 09¢ 10
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Shest: 1 of 1




Borehole 1., MW-4
Froject: 11 099 10
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wnsirenmesial management bar Buniness

STANDARD OPERATING PROCEDURE

GROUNDWATER SAMPLING

The primary objective of groundwater sampling is to evaluate whether the potential
contaminant sources at a site have impacted the quality of the groundwater in the underlying
aquifer. The additional objective is to measure hydraulic gradient, or slope, of the water table
in the shallow aquifer in an effort to evaluate the direction of groundwater flow.

The purpose of this procedure is to ensure that representative samples of groundwater are
collected and documented using consistent methods to ensure sample integrity.

1.0 SAMPLING PROCEDURES

1.1 Well Operating and Purging Procedures

All groundwater sampling will be conducted after the installed and developed wells have been
allowed to equilibrate for at least 2 to 3 days. A Field Data Sheet for Well Sampling will be
completed for each well.

Groundwater sampling teams will use to following procedure for approaching, opening,
purging and sampling all wells unless directed otherwise by the workplan.

1)  Prior to placing any equipment into the well, decontaminate the sampling equipment
according to standard decontamination protocol.

2)  Approach the well with a working FID/PID , a well key, and a depth-to-water meter.

3)  Unlock and open the well cap just enough to insert the probe of the PID/FID. Take and
record a reading. A decision to upgrade PPE may be necessary based on the FID/PID
readings in the breathing zone.

4)  Where practical, the surface water column will be visually examined for the presence of
hydrocarbons, if present or suspected, the thickness of the hydrocarbon layer will be
measured using either an oil/water interface probe or transparent bailer prior to taking
the depth-to-water measurement.

5) Insert the water level probe into the well and measure and record the static water level

to the nearest 0.01 m with respect to the established survey point on top of the well
casing.
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6)

7

8)

9

10)

1.2

Decontaminate the water level probe with DDI water (Do not rinse with any solvents
unless product was encountered).

Calculate and record the minimum volume of water to be purged according to the
following conversion factors: -

1 well volume = water column in metres X litres/linear metre
2 inch casing = 2.0LPM
4 inch casing = 8.1 LPM
6 inch casing e 18.2 LPM
8 inch casing = 32.4 LPM

Purge the well of at least 3 casing volumes by pumping using a peristaltic pump with
flow controller or bailing with a decontaminated submersible pump or PVC bailer
equipped with a bottom filling check valve (if the purge volume is low, generally less
than 100 litres, the sampling team might find it more efficient to purge with a bailer
than a pump). Use a graduated bucket to track the amount of water removed from the
well. The determination of purging and sampling will depend on parameters being
analysed. Periodically determine the pH, temperature and specific conductance of the
purged water. Continue purging until the well has been completely evacuated or until
the pH and specific conductance measurements have stabilised for at least one well
volume. Wells that become dewatered prior to producing three casing volumes will be
sampled as soon as practical once they recover sufficiently.

Dispose of purge water collected in the graduated bucket by dumping onto the ground at
a distance of 50 to 60 metres from the vicinity of the well. If the water is known or
suspected to be significantly contaminated, it may be necessary to store the purge water
in a secure container, such as a drum, pending proper disposal.

Be aware and record any unusual occurrence during purging such as cascading (a
shallow water entry zone that trickles into the borehole).

Field Parameter Measurement

Measurements of field parameters of pH, temperature and electrical conductivity are collected
and organic vapour screening is conducted while the well is purged. To facilitate the
collection of basic field parameters, the field team needs to: -

° Purge three well volumes of water from the well and measure field parameters
for each well volume removed.

° Collection of water samples should take place after stabilisation of the following
parameters: -

. Temperature */- 1°C

- pH (meter or paper) /- 0.2 units
Dissolved Oxygen +/-0.1 mg/1

- Specific conductivity */- 5%
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1.3

o If the aforementioned parameters do not stabilise within three purge volumes,
the well will be purged up to a maximum of six borehole volumes unless two
consecutive sets of stabilised parameters are obtained.

° Note any observations in the field logbook.

Collection of Water Samples

All samples or chemical analysis will be placed in laboratory prepared bottles. The types of
sample containers and preservative required for each type of analysis are described in the
workplan. Where product layers are present a procedure and rational for the collection of
such layers should be outlined in the site specific work plan. If required, preservatives will be
placed in the sample containers prior to collecting the samples.

The following procedure will be used to sample a well: -

1y

2)

3)

4)

5)

6)

After the well has been purged and allowed to recover, sample the well using a properly
decontaminated or dedicated disposable bailer. Gently lower the bailer into the water
column. Allow the bailer to sink and fill with a minimum of surface disturbance.

Slowly raise the bailer out of the well. Do not allow the bailer line to contact the
ground, either by coiling it on a clean plastic sheet or by looping it from arm to arm as
the line is extracted from the well.

Samples will be collected for VOCs analysis immediately after purging is complete and
before other samples are collected. Pour the samples slowly into the laboratory
prepared 40 ml glass vial. Overfill each vial slightly to eliminate air bubbles, a convex
meniscus should be present at the top of the vial. Ensure that the Teflon liner of the
septum cap is facing inward and that no bubbles are entrapped. After capping securely,
turn bottle upside-down, tap it against your other hand, and observe sample water for
bubbles. If bubbles are observed, remove the cap, overfill the vial and reseal. Repeat
this step for each vial until the samples with no bubbles are obtained.

Place a label on the container and enter the following information: -

Client/Site Name

Date Collected

Time Collected

Analysis

Preservative

Sample Identification Number

Record pertinent information in the field logbook and on the Field Data Sheet for Well
Sampling. Complete chain-of-custody form.

Place custody seals on the container caps. As soon as possible, place sample containers
in a cooler with bagged ice and maintain at 4°C until extraction. Surround the bottles
with vermiculite.
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8)

9

10)

11)

12)

13)
14)

15)

Obtain the semi-volatile compound/pesticides/PCBs sample(s) by transferring the water
to a laboratory prepared 1000 ml amber glass bottle with Teflon-lined cap. Fill the
bottle to the bottom of the neck and follow steps 4, 5 and 6 above.

Dissolved metals (if necessary) requires the team to filter the sample water through a
.45 micron filter. The water is collected in a 1 litre, unpreserved, plastic or glass bottle
with HNO; preservative. Filtering must be done within 15 minutes of sample
collection.

Obtain the total metals sample by directly transferring the water from the bailer into a
laboratory prepared 1000 ml plastic or glass bottle with HNQOs preservative.

Be sure the pH of the metals sampled is less than 2 by pouring off an aliquot in a clean
jar and testing for pH using litmus paper. Dispose of this water and rinse the jar.

Collect and prepare Field QA/QC samples in accordance with separate SOP.

Be sure to record all data required on the Field Data Sheet or Well Sampling and
appropriate entries into the field logbook.

Secure the well cap and replace the locking cover.

Decontaminate all sampling equipment according to procedure.

Decontaminate submersible pumps as follows: -
Scrub pump and cord in a tub of Liquinox/or similar and potable water
Pump at least 80 litres of soapy water through pump
Rinse with potable water

Pump at least 80 litres of rinse water through the pump
Rinse with D1 water before lowering pump into the next well.

END.
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Jones Environmental Laboratory

O'Callaghan Moran & Associates

Granary House
Rutland Street
Cork

Ireland

Attention :

Date :

Your reference :

Our reference :
Location :

Date samples received :
Status :

Issue :

Barry Sexton

4th August, 2011

11-099-10

Test Report 11/5533 Batch 1
HAMMOND LANE RINGASKIDDY
28th July, 2011

Final report

1

Unit 3 Deeside Point
Zone 3

Deeside Industrial Park
Deeside

CHS 2UA

Tel: +44 (0) 1244 833780
Fax: +44 (0) 1244 833781

No.4225

Four samples were received for analysis on 28th July, 2011. Please find attached our Test Report which should be read with notes at the end of the
report and should include all sections if reproduced. Interpretations and opinions are outside the scope of any accreditation, and all results relate

only to samples supplied.
All analysis is carried out on as received samples and reported on a dry weight basis unless stated otherwise. Results are not surrogate corrected.

J W Farrell- Jones CChem FRSC
Chartered Chemist

QF-PM 3.1.1v3

Please Include all sectlons of this report If it Is reproduced
All solid results are expressed on a dry weight basis unless stated otherwise. 1of5




Jones Environmental Laboratory

Client Name: O'Callaghan Moran & Associates Report : Liquid
Reference: 11-099-10
Location: HAMMOND LANE RINGASKIDDY
Contact: Barry Sexton Liquids/products: V=40ml vial, G=glass bottle, P=plastic bottle
JE Job No.: 11/5533 H=H,S0,, Z=ZnAc, N=NaOH, HN=HNO,
J E Sample No,| 1-5 6-10 11-15 16-20
SampleID] MwW-1 MW-2 MW-3 MW-+4
Depth Please see attached notes for all
COC No/ misc abbrevialions and acronyms
Ci s] VHPG VHPG VHPG VHPG
Sample Date] 21/07/2011| 21/07/2011 21/07/2011) 21/07/2011
Sample Type] Ground Waler| Ground Watet| Ground Water| Ground Water
Batch Number 1 1 1 1 Lob Units MeNt:od
Date of R pt] 28/07/2011| 268/07/2011 | 28/07/2011 | 28/07/2011 =
Dissolved Anlimony * <2 <2 <2 <2 <2 ugl TM30/PM14
Dissolved Arsenic " <2.6 <2.5 <2.5 <2.5 <2.5 ug/l TM30/PM14
Dissotved Cadmium <0.5 <0.5 <0.5 <0.5 <0.5 ug/l TM30/PM14
Total Dissolved Chromium* <1.5 <1.5 <1.5 <1.5 <1.5 ug/ TM30/PM14
Dissolved Copper # <7 <7 <7 <7 <7 ug/l TM30/PM14!
Dissolved Lead " <5 <5 <5 <5 <5 ug/ TM30/PM14
Dissolved Mercury * <1 <1 <1 <1 <1 ugl TM30/PM14
Dissolved Nickel " <2 2 <2 <2 <2 ug/ TM30/PM14
Dissolved Zinc <3 12 12 15 <3 ug/ TM30/PM14
PAH MS
Naphthalene 0.020 0.020 0,030 0.020 <0.014 ugll TM4/PM30
Acenaphthylene <0.013 <0,013 <0013 <0013 <0.013 ug | TM4/PM30
Acenaphlhene * <0.013 <0.013 <0013 <0,013 <0.013 ugh TM4/PM30
Fluorene" <0.014 <0.014 <0.014 <0,014 <0.014 ugi TM4/PM30
Phenanthrene * <0.011 <0.011 <0.011 <0.011 <0.011 ugl TM4/PM30
Anthracene * <0.013 <0.013 <0.013 <0.013 <0.013 ugl TM4/PM30
Fluoranthene” <0.012 <0.012 <0.012 <0012 <0.012 ugi TM4/PM30
Pyrene” <0.013 <0.013 <0.013 <0.013 <0013 ug/ TM4/PM30
Benz(a)anlhracene ' <0.015 <0.015 <0.015 <0.015 <0.015 ug/ TM4/PM30
Chrysene” <0.011 <0.011 <0.011 <0011 <0.011 ugh TMA/PM30
Benzo(bk)fluoranthene * <0.018 <0.018 <0018 <0018 <0.018 ugh TM4/PM30
Benzo(a)pyrene <0.016 <0.016 <0,016 <0,016 <0.016 ug/l TM4/PM30
Indeno(123cd)pyrene * <0.011 <0.011 <0.011 <0.011 <0.011 ugl | TM4/PM30
Dibenzo(ah)anthracene * <0.01 <0.01 <0.01 <0.01 <0.01 ug/l TM4/PM30
Benzo(ghilperylene " <0.011 <0.011 <0.011 <0.011 <0.011 ug/l TM4/PM30
PAH 16 Total” <0.195 <0.195 <0.195 <0.195 <0.195 ug/l TM4/PM30
Benzo(b)tluoranthene <0.01 <0.01 <0.01 <0.01 <0.01 ugl TM4/PM30
Benzo(k)fluoranthene <0.01 <0.01 <0.01 <0.01 <0.01 ugl TM4/PM30
PAH Surrogate % Recovery 121 99 134 124 <0 % TM4/PM30
EPH (C8-C40) " <10 <10 <10 <10 <10 ugl | ™s/PM30
Mineral Qil (Calculation) <10 <10 <10 <10 <10 ug/l TM5/PM30
Tolal Phenols HPLC <0,15 <0.15 <0.15 <0.16 <0.15 mg/l TM26/PMO
GRO (C4-C8) : <100 <100 <100 <100 <100 ugh TM36/PM12]
GRO (C8-C12) ) <100 <100 <100 <100 <100 ugh TM36/PM12
GRO (C4-12)* <100 <100 <100 <100 <100 ugh  [Tm3ePMIZ]
vTBE ¥ <5 <5 <5 <5 <5 ugh | TMasPMI2
Benzene’ <5 <5 <5 <5 <5 ugl TM36/PM12]
Toluene* <5 <5 <5 <5 <5 ugl | TM3s/PMi2|
Ethyl benzene B <5 <5 <5 <5 <5 ugh TM36/PM12
m/p-Xylene* <5 <5 <5 <5 <5 ugh TM36/PM12
o-Xylene : <5 <5 <5 <5 <5 ugh TM36/PM12
Please include all sections of this report if it is reproduced
QF-PM 3.1.2v9 All solid results are expressed on a dry weight basis unless stated otherwise. 20f5




NOTES TO ACCOMPANY ALL SCHEDULES AND REPORTS
SOILS

Please note we are only MCERTS accredited for sand, loam and clay and any other matrix is outside our scope of accreditation.

Where an MCERTS report has been requested, you will be notified within 48 hours of any samples that have been identified as being outside our
MCERTS scope. As validation has been performed on clay, sand and loam, only samples that are predominantly these matrices, or combinations
of them will be within our MCERTS scope. If samples are not one of a combination of the above matrices they will not be marked as MCERTS
accredited.

It is assumed that you have taken representative samples on site and require analysis on a representative subsample. Stones will generally be
included unless we are requested to remove them.

All samples will be discarded one month after the date of reporting, unless we are instructed to the contrary. If we are instructed to keep samples,
a storage charge of £1 (1.5 Euros) per sample per month will be applied until we are asked to dispose of them.

If you have not already done so, please send us a purchase order if this is required by your company.
Where appropriate please make sure that our detection limits are suitable for your needs, if they are not, please notify us immediately.

All analysis is reported on a dry weight basis unless stated otherwise. Results are not surrogate corrected. Samples are dried at 35°C unless
otherwise stated. Moisture content for CEN Leachate tests are dried at 105°C

WATERS

Please note we are not a Drinking Water Inspectorate (DWI1) Approved Laboratory . It is important that detection limits are carefully considered
when requesting water analysis.

UKAS accreditation applies to surface water and groundwater and one other matrix which is analysis specific, any other liquids are outside our
scope of accreditation

As surface waters require different sample preparation to groundwaters the laboratory must be informed of the water type when submitting
samples. All samples are treated as groundwaters and analysis performed on settled samples unless we are instructed otherwise.

DEVIATING SAMPLES

Samples must be received in a condition appropriate to the requested analyses. All samples should be submitted to the laboratory in suitable
containers with sufficient ice packs to sustain an appropriate temperature for the requested analysis. If this is not the case you will be informed
and any analysis that may be compromised highlighted on your schedule/ report by the use of a symbol.

The use of any of the following symbols indicates that the sample was deviating and the test result may be unreliable:

$ Sample temperature on receipt considered inappropriate for analysis requested.

Samples exceeding recommended holding times.

& Samples received in inappropriate containers (e.g. volatile samples not submitted in VOC jars/vials).
- No sampling date given, unable to confirm if samples are with acceptable holding times.
SURROGATES

Surrogate compounds are added during the preparation process to monitor recovery of analytes. However low recovery in soils is often due to
peat, clay or other organic rich matrices. For waters this can be due to oxidants, surfactants, organic rich sediments or remediation fluids.
Acceptable limits for most organic methods are 70 - 130% and for VOCs are 50 - 150%. When surrogate recoveries are outside the performance
criteria but the associated AQC passes this is assumed to be due to matrix effect. Results are not surrogate corrected.

AQCs
Where AQC's fall outside UKAS/MCERTS criteria analysis is repeated if possible.

NOTE

Data is only accredited when all the requirements of our Quality System have been met. In certain circumstances where the requirements have
not been met, the laboratory may issue the data in its final report if it believes that the validity of the data has not been conpromised but will
remove the accreditation. Please do not hesitate to contact the laboratory if further details are required of the circumstances which have led to the
removal of accreditation.

Please include all sections of this report if it is reproduced
QF-PM 3.1.9v12 All solid results are expressed on a dry weight basis unless stated otherwise. 30of5




ABBREVIATIONS and ACRONYMS USED

# UKAS accredited.
M MCERTS accredited.
NAD No Asbestos Detected.
NFD No Fibres Detected
ND None Detected (usually refers to VOC and/SVOC TICs).
SS Calibrated against a single substance.
" Analysis subcontracted to a Jones Environmental approved laboratory.
w Results expressed on as received basis.
+ Accreditation has been removed from this result, if appropriate, see 'Note' on previous page.
++ Result outside calibration range, results should be considered as indicative only and are not accredited.
sSv Surrogate recovery outside performance criteria. This may be due to a matrix effect.
DR Dilution required.

QF-PM 3.1.9v12

Please include all sections of this report if it is reproduced
All solid results are expressed on a dry weight basis unless stated otherwise.
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Jones Environmental Laboratory Method Code Appendix

Test Mathod Prep Melhad MCERTS| Analysls dons on As Salid Resulls
No. Descriplion No. {if Descriplion UKAS (solls Recsived (AR) or Air expressed on
3 appropriate) only) Drled (AD) Dry/Wet basis
TM4 16 PAH by GC-MS, moditied USEPA 8270 PM30 Magnelic sfimer extraclion
TM4 16 PAH by GC-MS, modilied USEPA 8270 PM3c ic stimer i Yes
TM5 EPH by GC-FID, modified USEPA 8015 PMa30 Magnelic slirer exiraclion AR
TMS [EPH by GC-FID, modified USEPA 8015 PM30 Magnetic slirrer exiraclion Yes AR
TM26 Phenols by HPLC PMO No Preparation
TM30 Melals by ICP-OES PM14 Metals by ICP (Waters) Yes
TM36 GRO by Headspace GC-FID PM12 GRO GC-FID Yes
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