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Appendix A WFD Catchments,
Watercourses and
Groundwater Bodies
in Study Area

Water Framework Directive Assessment Cam, Co.
Roscommon

Roadstone Ltd
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Roadstone Ltd.

Water Framework Directive Assessment Cam, Co. Roscommon

18 November 2025
SLR Project No.: 501.065512.00001

Study Area Catchments and Surface Water Bodies (within 15 km of the site)

WFD Catchment

Hierarchy

WFD Catchment Name

71

Catchments

Upper Shannon, Catchment ID. No.
26D

Distance froa\?bSite

Site is within catchment

Upper Shannon, Catchment ID. No.
26G

c. 300m east of the proposed
development site

Upper Shannon, Catchment ID. No.
26E

c. 9.4km north of proposed
development site

Sub Catchments

Suck_SC_090

Site is within sub catchment

Shannon[Upper]SC_100

c. 300m east of the proposed
development site

Shannon[Upper]_SC 090

c. 7.6km east of the proposed
development site

Suck_SC_070 c. 6.8km west of the proposed
development site

Suck _SC 060 c. 6km northwest of site

Suck _SC 050 c. 9.4km northwest of site

Knockcroghery_SC_010

c. 9.2km north of site

Shannon[Lower] _SC 010

c. 13.7km southeast of site

Shannon[Lower] _SC 020

c. 10.3km south of site

Suck_SC_080

c. 12.2km southeast of site

River Sub Basins

BALLYGLASS_010

Site is within river sub basin

CROSS (ROSCOMMON)_020

c. 300m east of the proposed
development site

CROSS (ROSCOMMON)_010

c.2km northeast of site

KILLEGAN TRIB NORTH_010

c. 3.5km southwest of site

KILLEGLAN_010

c. 600m south of site

SUCK_130

c. 4.8km southwest of site

BALLYDANGAN_010

c. 9.9km south of site

SHANNON (Upper)_130

c. 13.7km south of site

A-1
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Roadstone Ltd.
Water Framework Directive Assessment Cam, Co. Roscommon

18 November 2025
SLR Project No.: 501.065512.00001

WFD Catchment

. WFD Catchment Name
Hierarchy

Culliaghbeg_010

. 14.1km south of site

Distanc@l{}om Site

SUCK_140

. 11.6km southwest of site

AHASCRAGH_040

. 12km southwest of site

AHASCRAGH_030

. 13.2km southwest of site

SHIVEN (SOUTH)_040

. 12.4km west of site

SHIVEN (SOUTH)_050

. 11.1km northwest of site

SHIVEN (SOUTH)_060

. 10km northwest of site

SUCK_120 . 5.9km northwest of site
SUCK_110 . 9.3km northwest of site
SUCK_090 . 7.9km north of site

Knockcroghery 010

. 8.7km north of site

CARROWPHADEEN_010

. 8.7km northeast of site

LECARROW (LOUGH REE)_010

. 10.7km northeast of site

SHANNON (Upper)_110

. 13.3km northeast of site

BALLYBAY_010

. 7km east of site

CROSS (ROSCOMMON)_030

. 9.2km southeast of site

CROSS (ROSCOMMON)_040

. 11.7km southeast of site

MIHANBOY_010

. 8.3km southeast of site

SHANNON (Upper)_120

. 9km southwest of site

BALLYDANGAN_020

. 10.5km southwest of site

HIND_030

. 13.9km north of site

A-2



Roadstone Ltd.

Water Framework Directive Assessment Cam, Co. Roscommon

18 November 2025
SLR Project No.: 501.065512.00001

WFD Catchment
Hierarchy

WFD Catchment Name

HIND_020

. 12.7km north of sité

Distanc@l{}om Site

ROCKSAVAGE_010

. 13.4km northwest of site

Surface Water
Bodies

BALLYGLASS_010

. 1.1km northwest of site

CROSS (ROSCOMMON)_010

. 2.5km northeast of the site

SUCK_120

. 6.9km northwest of the site

SUCK_130

. 7.5km west of site

Killaderry stream_010

. 7.9km southwest of the site

LUGHANAGH_010

. 8.6km southwest of the site

KILLEGAN TRIB NORTH_010

. 4.1km south of site

KILLEGLAN_010

. 6.1km southwest of site

CUILLEEN STREAM_010

. 11.5km southwest of site

SUCK_140

. 11.6km southwest of site

AHASCRAGH_040

¢.13.6km southwest of site

AHASCRAGH_030

. 13.7km southwest of site

DERRYMULLAN STREAM_020

. 14.7km southwest of site

Culliaghbeg_010

. 14.5km south of site

BALLYDANGAN_010

. 10.4km southeast of the site

BALLYDANGAN_020

. 10.3km southeast of the site

SHANNON (Upper)_120

. 8.7km southeast of the site

MIHANBOY_010

. 7.9km southeast of the site

CROSS (ROSCOMMON)_020

. 4.5km east of site

A-3
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Roadstone Ltd.

Water Framework Directive Assessment Cam, Co. Roscommon

18 November 2025
SLR Project No.: 501.065512.00001

WFD Catchment
Hierarchy

WFD Catchment Name

CROSS (ROSCOMMON)_030

Distanc@l{}om Site

c. 9.3km southeast'¢f the site

CROSS (ROSCOMMON)_040

c. 12.1km southeast of the(site

SHANNON (Upper)_130

c. 14.5km south of the site

SHANNON (Upper)_110

c. 12.7km east of the site

BALLYBAY_010

c. 8.1km east of the site

Lake Ree

c. 11.9km east of the site

SHIVEN (SOUTH)_040

c. 12.6km west of the site

SHIVEN (SOUTH)_050

c. 11.9km northwest of the site

SHIVEN (SOUTH)_060

c. 9.3km northwest of the site

SUCK_090

c. 11.1 northwest of the site

ROCKSAVAGE_010

c. 14.9km northwest of the site

Knockcroghery 010

c. 10.8km northeast of the site

LECARROW (LOUGH REE)_010

c. 11.2km northwest of the site

CARROWPHADEEN_010

c. 10.54km northwest of the
site

Groundwater
Bodies

Suck South Site is within

Funshinagh c. 840m east of the site
Aughrim €.9.7km south of the site
Athlone West c. 9.8km south of the site

Industrial Facility (P0110-01)

c. 10.6km southeast of the site

Athlone Gravels

c. 12.7km west of the site

Inny

c. 14km west of the site

A-4
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Roadstone Ltd. 18 November 2025
Water Framework Directive Assessment Cam, Co. Roscommon SLR Project No.: 501.065512.00001

WFD Catchment
Hierarchy

WFD Catchment Name Distanc@l{}om Site

Ballygar c. 14km northwest of the site
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Roadstone Ltd. 18 November 2025
Water Framework Directive Assessment Cam, Co. Roscommon SLR Project No.: 501.065512.00001

WFD surface waters classification (Ecological Status).

High

No or only minor difference from reference condition

Moderate
Moderate difference from reference condition
Moderate change in community structure and loss of some niche species.
Some ecological processes altered.
Reduced resilence and ability 10 absorb external shocks.

Bad

Severe difference from reference condition
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18 November 2025
SLR Project No.: 501.065512.00001

Roadstone Ltd.
Water Framework Directive Assessment Cam, Co. Roscommon

A
6\0

Approach to the classification of ecological status and ecological poté&}'al
L é{)
o gctqeiny | vo [ i va [ R | e p—" o
poahio 7| mect high status? e —— high status \7\_3/
22
o No " 3)

Do the estimated values for Yes Do the physico-chemical v
the biological quality conditions (a) ensure =
clements deviate only » ccosystem functioning

slightly from reference and (b) meet the EQSs
condition values? for specific pollutants?

No No
\ 4
Classify on the basis of Yes v
the biological deviation Is the deviation ' Classify as
from reference > moderate? moderate status
conditions
l(:mter
s the devietion | 1
major?

Classify as bad
status

Indication of the relative roles of biological, hydromorphological and physico-chemical quality elements in

Figure 1.
ecological status classification according the normative definitions in WFD Annex V:1.2. [Note: Figure
reproduced from WFD CIS Guidance Documents 10 and 5].
Source: Common Implementation Strategy for the Water Framework Directive (2000/60/EC). Guidance
document No. 13 Overall approach to the classification of ecological status and ecological potential
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Roadstone Ltd.

Water Framework Directive Assessment Cam, Co. Roscommon

18 November 2025
SLR Project No.: 501.065512.00001

WFD Stage 1 Screening for surface water bodies and WFD details.

Surface water
body

Distance from
Site

Ecological

Status

(2009 - 2015)

Ecological
Status

(2013 - 2018)

Ecological
Status

(2016 - 2021)

WFD Second Cycle

Pressures
(2016 - 2021)

WEFD Third Cycle

Risk

(2022 - 2027)

Catchment (ID)

i

Ballyglass River | Surface water | Unassigned Good Good N/A Under review Upper Shannon
(BALLYGLASS_ | is located c. (26D)
010) 1.1km
northwest of
site
CROSS C. 2.5km Poor Poor Moderate Morphological, At risk Upper Shannon
(ROSCOMMON | northeast of Organic, Other (26G)
)_010 the site Significant Impacts
from
Hydromorphology
and Industry
SUCK_120 c. 6.9km Moderate Moderate Moderate Hydrological, At risk Upper Shannon
northwest of Morphological from (26D)
the site Hydromorphology
SUCK_130 c. 7.5km west | Good Good Good N/A Not at risk Upper Shannon
of site (26D)
Killaderry C. 7.9km Unassigned Moderate Moderate N/A Under review Upper Shannon
stream_010 southwest of (26D)
the site
LUGHANAGH_ | c. 8.6km Unassigned Good Good N/A Under review Upper Shannon
010 southwest of (26D)
the site
KILLEGAN c. 4.1km south | Unassigned Moderate Good N/A Under review Upper Shannon
TRIB of site (26D)
NORTH_010
3
D-1




18 November 2025
SLR Project No.: 501.065512.00001

Roadstone Ltd.
Water Framework Directive Assessment Cam, Co. Roscommon

Surface water | Distance from Ecological Ecological Ecological WFD Second Cycle | WFD Third S@Ie Catchment (ID)
body Site Status Status Status Pressures Risk 6\([
(2009 - 2015) | (2013 -2018) | (2016 - 2021) (2016 - 2021) (2022 - 2027)
KILLEGLAN_01 | c. 6.1km Poor Moderate Good N/A Not at risk Upgper Shannon
0 southwest of (26D)
site
CUILLEEN c. 11.5km Poor Moderate Good Sediments and At risk Upper Shannon
STREAM_010 southwest of Nutrients from (26D)
site Agriculture
SUCK_140 c. 11.6km Moderate Moderate Moderate Hydrological, At risk Upper Shannon
southwest of Morphological from (26D)
site Hydromorphology
AHASCRAGH_ | ¢.13.6km Good Good Good N/A Not at risk Upper Shannon
040 southwest of (26D)
site
AHASCRAGH_ | c. 13.7km Moderate Poor Poor Sediment, At risk Upper Shannon
030 southwest of Morphological, (26D)
site Nutrients, Organic
from
Hydromorphology,
Agriculture and
Urban Waste Water
DERRYMULLA | c. 14.7km Moderate Moderate Moderate Unknown Impact At risk Upper Shannon
N STREAM_020 | southwest of Type (26D)
site
Culliaghbeg_01 | c. 14.5km Unassigned Moderate Moderate N/A Under review Upper Shannon
0 south of site (26D)
3
D-2




Roadstone Ltd.

Water Framework Directive Assessment Cam, Co. Roscommon

18 November 2025

SLR Project No.: 501.065512.00001

Surface water
body

Distance from

Site

Ecological
Status

Ecological
Status

Ecological
Status

WFD Second Cycle

Pressures

WEFD Third
Risk

le

&
Z

Catchment (ID)

(2009 - 2015) | (2013 -2018) | (2016 - 2021) (2016 - 2021) (2022 - 2027)
BALLYDANGAN | c. 10.4km Good Good Moderate N/A Under review Upgper Shannon
_010 southeast of (26G)
the site
BALLYDANGAN | c. 10.3km Poor Poor Poor Morphological, At risk Upper Shannon
_ 020 southeast of Organic, (26G)
the site Other Significant
Impacts from
Hydromorphology
and Industry
SHANNON c. 8.7km Poor Poor Poor Hydrological, At risk Upper Shannon
(Upper)_120 southeast of Morphological, (26G)
the site Nutrients from
Hydromorphology
and Peat
MIHANBOY_ 01 | c. 7.9km Moderate Moderate Moderate Morphological from At risk Upper Shannon
0 southeast of Hydromorphology (26G)
the site and Peat
CROSS C. 4.5km east Good Good Moderate Sediment, At risk Upper Shannon
(ROSCOMMON | of site Morphological, (26G)
)_020 Nutrients, Organic
from
Hydromorphology
CROSS c. 9.3km Good Moderate Moderate Sediment, At risk Upper Shannon
(ROSCOMMON | southeast of Morphological, (26G)
)_030 the site Nutrients, Organic
from
Hydromorphology,
3
D-3



Roadstone Ltd.
Water Framework Directive Assessment Cam, Co. Roscommon

18 November 2025
SLR Project No.: 501.065512.00001

Distance from
Site

Surface water
body

Ecological
Status

Ecological
Status

Ecological
Status

WFD Second Cycle
Pressures

WEFD Third
Risk

le

&
Z

Catchment (ID)

(2009 - 2015) | (2013 -2018) | (2016 - 2021)

(2016 - 2021)

(2022 - 2027)

Agriculture and
Urban Waste Water
CROSS c. 12.1km Moderate Moderate Moderate Hydrological, At risk Upper Shannon
)_040 the site Nutrients from
Hydromorphology
and Peat
SHANNON c. 14.5km Unassigned Poor Moderate N/A Under review Upper Shannon
(Upper)_130 south of the (26G)
site
SHANNON c. 12.7km east | Unassigned Poor Poor Morphological, At risk Upper Shannon
(Upper)_110 of the site Nutrients from (26E)
Agriculture,
Hydromorphology
and Atmospheric
BALLYBAY_010 | c. 8.1km east Unassigned Poor Moderate N/A Under review Upper Shannon
of the site (26E)
Lake Ree c. 11.9km east | Moderate Good Good N/A Not at risk Upper Shannon
of the site (26G)
SHIVEN c. 12.6km west | Good Good Good N/A Not at risk Upper Shannon
(SOUTH)_040 of the site (26D)
3
D-4




Roadstone Ltd. 18 November 2025
Water Framework Directive Assessment Cam, Co. Roscommon SLR Project No.: 501.065512.00001

Surface water | Distance from Ecological Ecological Ecological WFD Second Cycle | WFD Third S@Ie Catchment (ID)

body Site Status Status Status Pressures Risk

&
Z

(2009 - 2015) | (2013 -2018) | (2016 - 2021) (2016 - 2021) (2022 - 2027)
SHIVEN c. 11.9km Good Good Good Hydrological, At risk Upgper Shannon
(SOUTH)_050 northwest of Morphological from (26D)
the site Hydromorphology
SHIVEN c. 9.3km Unassigned Good Good N/A Not at risk Upper Shannon
(SOUTH)_060 northwest of (26D)
the site
SUCK_090 c. 111 Good Moderate Poor Sediment, At risk Upper Shannon
northwest of Morphological, (26D)
the site Nutrients, Organic
from
Hydromorphology
and Agriculture
ROCKSAVAGE | c. 14.9km Moderate Moderate Moderate Morphological, At risk Upper Shannon
_010 northwest of Nutrients, (26E)
the site Organic from
Hydromorphology
and Agriculture
Knockcroghery | c. 10.8km Unassigned Good Moderate N/A Not at risk Upper Shannon
010 northeast of (26E)
the site
LECARROW c. 11.2km Unassigned Moderate Moderate N/A Under review Upper Shannon
(LOUGH northwest of (26E)
REE)_010 the site

3
D-5



Roadstone Ltd. 18 November 2025
Water Framework Directive Assessment Cam, Co. Roscommon SLR Project No.: 501.065512.00001

Surface water | Distance from Ecological Ecological Ecological WFD Second Cycle | WFD Third %Ie Catchment (ID)
body Site Status Status Status Pressures Risk 6\([
(2009 - 2015) | (2013 -2018) | (2016 - 2021) (2016 - 2021) (2022 - 2027)
CARROWPHAD | c. 10.54km Unassigned Moderate Moderate N/A Under review Upgper Shannon
EEN_010 northwest of (26E)
the site

3
D-6
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Roadstone Ltd. 18 November 2025
Water Framework Directive Assessment Cam, Co. Roscommon SLR Project No.: 501.065512.00001

WFD Stage 1 Screening for groundwater bodies WFD Details.

WFD Second<>| WFD Third Cycle

Distance from Overall Status Overall Status Overall Status

Groundwater Body . Cycle Pressures Risk
Sit - - - (o
ite (2010 - 2015) (2013 - 2018) (2016 - 2021) (2016 - 2021) 962022 - 2027)

Suck South Site is within GWB | Good Good Good N/A Not at risk

Funshinagh c. 840m east of Good Good Good N/A Not at risk
the site

Aughrim €.9.7km south of Good Good Good N/A Not at risk
the site

Athlone West c. 9.8km south of | Good Good Good N/A Not at risk
the site

Industrial Facility (P0110- c. 10.6km Good Good Good N/A Under review

01) southeast of the
site

Athlone Gravels c. 12.7km west of | Good Good Good N/A Not at risk
the site

Inny c. 14km west of Good Good Good N/A Not at risk
the site

Ballygar c. 14km northwest | Good Good Good N/A Not at risk
of the site
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Roadstone Ltd. 18 November 2025
Water Framework Directive Assessment Cam, Co. Roscommon SLR Project No.: 501.065512.00001

Designated Areas — including European Sites within the Zone of Influence of the Project.

Designated Site Site Code Location at Closest Point to the Zone of Iﬁf%ence
Project Site5 7
<
Feacle Lough pNHA 001634 c.1.9km southeast of site Proposed Development is within the 15 «Kri Zone of
Influence and has hydrogeological link to the Site..
Ballynamona Bog and Corkip 002339 c. 3.2km southeast of site Proposed Development is within the 15 km Zone of
Lough SAC Influence and has hydrogeological link to the Site...
Lough Croan Turlough SAC, SAC/pNHA: 000610 c.2.6km north of the proposed Proposed Development is within the 15 km Zone of
SPA and pNHA SPA: 004139 application site Influence and has hydrogeological link to the Site..
Lough Funshinagh SAC and 000611 c. 5.79km northeast of site Proposed Development is within the 15 km Zone of
pNHA Influence.
Four Roads Turlough SPA, SAC | SAC/pNHA: 001637 c. 7.7km northwest of site Proposed Development is within the 15 km Zone of
and pNHA SPA: 004140 Influence.
Lough Ree SPA, SAC and SAC/pNHA: 000440 c. 9.79km northeast of site Proposed Development is within the 15 km Zone of
pPNHA SPA: 004064 Influence.
Castlesampson Esker SAC and | 001625 c. 4.5km southeast of site Proposed Development is within the 15 km Zone of
pNHA Influence.
Killeglan Grassland SAC 002214 c. 4km southwest of site Proposed Development is within the 15 km Zone of
Influence.
River Suck Callows SPA and SPA: 004097 c. 6.2km southwest of site Proposed Development is within the 15 km Zone of
NHA NHA: 000222 Influence and has hydrological link (downstream) to the
Site.
Castle Ffrench East and West East: 001244 c.11.41km west of site Proposed Development is within the 15 km Zone of
Bog NHA West: 000280 Influence.

5 When measured in a straight line over the shortest distance between the Site and European site

3
F-1



Roadstone Ltd.

Water Framework Directive Assessment Cam, Co. Roscommon

18 November 2025
SLR Project No.: 501.065512.00001

Designated Site

Site Code

Location at Closest Point to the
Project Site5

Zone/ég{nfluence

Q.
0.

Ballygar (Aghrane) Bog SAC SAC : 002199 c. 14.12km northwest of site Proposed Development is within th& 15 km Zone of

and NHA NHA: 000229 Influence.

Lisduff Turlough SAC and pNHA | 000609 c. 11.17km northwest of site Proposed Development is within the 15 km Zone of
Influence.

Carrickynaghtan Bog NHA 001623 ¢. 13.96km southeast of site Proposed Development is within the 15 km Zone of

Influence.

River Shannon Callows SAC

SAC/pNHA: 000216

c. 13.7km southeast of the site

Proposed Development is within the 15 km Zone of

and pNHA / Middle Shannon SPA: 004096 Influence and has hydrological link (downstream) to the

Callows SPA Site.

Annaghbeg Bog NHA 002344 c. 10.68km southwest of site Proposed Development is within the 15 km Zone of
Influence.

Killure Bog NHA 001283 c. 13.92km southwest of site Proposed Development is within the 15 km Zone of

Influence.

F-2
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Roadstone Ltd. 18 November 2025
Water Framework Directive Assessment Cam, Co. Roscommon SLR Project No.: 501.065512.00001

Hydrological Connectivity to Site

Drinking Water Protected Area Location at Closest Point to Project Site (i.e. sanme'SW catchment, Aquifer or in PWS Zone of
/) Contribution)
Killeglan PWS Located directly south of southern boundary of Site Within 15km potential zong of.influence and is hydraulically linked to Site
Mount Talbot PWS Located c. 7.75km northwest of Site Within 15km potential zone (;inf!uence and is not hydraulically linked to Site
Roscommon Ballinagard RWSS Located c. 13km north of Site Within 15km potential zone of inﬁu_c;nce and is not hydraulically linked to Site
Knockcroghery Lecarrow PWS Located c. 14.7km north of Site Within 15km potential zone of influen(; 2ind is not hydraulically linked to Site
Lowville No. 1 GWS Located c. 14.5km southwest of Site Within 15km potential zone of influence and4s,not hydraulically linked to Site
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Page 7
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Roadstone Provinces Limited Page 6 Project No. 080302

Cam, Co. Roscommon Hydrogeological Report Draft Wednesday, 15 September 2004

Table No. 2: Summary of Likely Quarry Discharges

Bench No. Precipitation daily average Storage Ground Water Inflow

Best Case Worst Case Best Case Worst Case Best Case Worst Case
Bench 1 80m- 297 m3/day 1,297 m3/day - - - -
110m O.D.
Bench 2 60m- 297 m3/day 1,297 m3/day - Localised small - Limited.and
80m O.D. quantities intermittent
Bench 3 40m- 297 m3/day 1,297 m3/day 5.5 m3/day 16.5 m3/day <620 m3/day 1240 m3/day
60m O.D.

Based upon the above table the worst case scenario for quarry water management when the quarry

has been developed to an elevation of 40m O.D. is approximately 2,600m3/day, i.e., precipitation,

water from storage and ground water inflow.




Roadstone Provinces Limited Page 5 Project No. 080302
Cam, Co. Roscommon Hydrogeological Report Draft Wednesday, 15 September 2004

=-150.65m?
The average drawdown is therefore
150.65m?/507m = 0.297m

The average calculated drawdown above is based upon a theoretical cone of drawdown with a
circular plan. In reality the cone of drawdown would be elliptical and these calculations again
represent a worst case scenario. The aerial extent of this theoretical cone of drawdown will be
approximately 807,545m?. The total rock volume within this cone of drawdown will therefore be

239,840m?.

Since an average discharge volume of 36.9m3/d, for the first 46.5 hours, produced 0.297m of
drawdown over an area of an area of 807,545m?, this discharge rate should therefore produce a
theoretical 1 metre of drawdown over an area of 239,840m?2. Since the quarry footprint is believed to
be 200,000m? the discharge rate to produce 1 metre of drawdown over the planned quarry area will
be 30.8m3/d. Since the average summer ground water table in the proposed extractive area is 60m
O.D. and therefore 20 metres of drawdown is required to maintain dry conditions in the quarry to an
elevation of 40m O.D., then a discharge rate of 620m3/day should achieve this. Since the quarry is to
be developed only in relatively unfractured bedrock and the there was evidence of recharge of the
aquifer during the constant discharge rate pump test this figure should be considered a worst case
scenario. It would be prudent however to build into any calculation of potential ground water
inflow a safety margin of 100%. OGE would therefore contend that the likely ground water in flow

to the quarry at a working level of 40 m O.D will be less than 1240m3/ day.

Quarry Development and Discharges

Discharges from the quarry will have three components, effective rainfall, ground water released
from storage and ground water inflow to retain dry conditions in the quarry. The level of effective
rainfall requiring management is based upon the average daily effective rainfall falling on the
application site. The amount of run-off requiring management (and discharge) as presented below
is therefore the worst case scenario. Detailed water balance calculations for the site are presented in
the EIS Water Section. The likely ground water discharges from the site as the quarry is developed

are summarised in the Table No. 2.
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average interconnected porosity in the bedrock is around 4%. OGE would.contend that effective

porosity and storage will generally decrease with depth and in areas where the‘t@iek is less fractured.

As a first pass OGE have assumed that the average (of the whole rock mass to a final’elevation of
40m O.D.) effective porosity and storativity in relatively unfractured limestone is aroixad 1%.
Karstified limestone can potentially have interconnected porosity of 15%, but the indications form
the drilling work is that many of the fractures are clay filled. As a worst case scenario OGE have
assumed that the highly fractured areas of limestone have interconnected porosity of approximately
10%. Moderately fractured limestones are assumed to have interconnected porosity of 2% - 5%. The
quarry is to be located within the relatively unfractured bedrock. Based upon the estimates of the
effective porosity of the bedrock and the planned area of extraction, OGE calculate a worst case
scenario would require approximately 6,000m? of ground water from storage to be managed per

annum or 16.5m?3 per day.
Ground Water Inflow and Drawdown under the Proposed Development
Based on the findings of the constant discharge rate pumping test a distance/drawdown
relationship for the bedrock during the test can be constructed. A graph of the distance drawdown
relationship for the pump test is shown in the Data Sheets. The regression line of the
distance/drawdown curve was determined as the following;

y =0.297Ln(x) -1.85

The integral of the above equation is
= 0.297(Ln(x).x-x) -1.85(x)

Since the maximum drawdown is at Om from the pumping well and the zero drawdown point is
507m from the pumping well, the average drawdown can be estimated by integrating the above
equation between the known limits. The integral of the above equation between the limits of 0 and
507 is thus

= (0.297(Ln(507)507-507) -1.85(507))-(0.297(Ln(0)0-0) -1.85(0))

= (-1387.71+1675.24)-(0)
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illustrating the drawdown in, and discharge from, the production well durig.the test is also shown

in graphical form within the Data Sheets.

The water levels within the monitoring wells are detailed in tabular form within the Data Sheets.
This information is also shown in graphical form in the Data Sheets. Maximum drawdown ¢alues
within the monitoring wells are taken from the level of maximum drawdown in the production well

approximately 47 hours from the start of the test. These details are summarised in Table No. 1.

Table No 1. Summary of Observed Pumping Test Results

Borehole Static Water Abstraction Duration (minutes Change in Water Distance from
Level 28/06/04 rate since start of the Level over Duration Production Well (m)
prior to 12:32:00 test) of Pumping Test
m O.D. (m)

Production Well 54.24 0.265 - 0.410 -2.55 -
PW2A 1/s

BH1 67.70 2917 +0.730 871

BH3 54.72 2898 -0.035 268

BH5 54.14 2923 -0.085 749

BH6 70.75 2906 -0.24 499

BHS8 55.64 2955 -0.055 469

BH9 68.09 2978 -0.30 354
BH10 54.82 2758 -0.89 17

BH11 61.31 2988 0.16 516
MW1 53.79 2948 -0.05 593
MW2 63.02 2736 0.04 455

Values in RED are drawdown, black values represent recovery during test

Rainfall

Periodic showers occurred during the pump test allowing limited recharge.
Hydrochemistry

The unstable hydrochemistry of the discharge was monitored during the test. The results are
presented with the main pump test data of the data sheet and also presented in graphical form in the
Data Sheets. A water sample was taken at the end of the test and sent for analysis. The results of

this analysis are presented in the EIS Water Section.
Ground Water Storage in the Bedrock

Based upon the medium term ground water monitoring results the average annual fluctuation in the

ground water level below the site is approximately 10 metres. A probable upper range estimate of
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The pumping test was commenced at 12:32:00 on the 28t June 2004 and completed at 12:30:00 on the
1st July 2004, a period of 72 hours (4318 minutes). The recovery was measured fram 12:30:00 on the
1st July 2004 to 12:35:00 on the 2"d July 2004, a period of 24 hours (1445 minutes).

Excluding the production well (PW2A) there were ten boreholes monitored during the test. Cthe
production well (PW2A) and two monitoring wells (MW1 and MW2) were drilled specifically for
the undertaking of the hydrogeological investigation between March and May 2004. The production
well was located within a central location of the application site within fractured bedrock probably
associated with a fault zone. Details of the boreholes drilled for this investigation are contained
within the appendices to the EIS Water Section. Eight other ground water monitoring boreholes
previously constructed by Roadstone Provinces Limited either on the application site or in adjacent
land were also monitored during the test. A location map of the site boreholes is contained within

the EIS Water Section.

An Airlift test was carried out on the Production Well (PW2A) on the 11t May 2004. The maximum
short term yield of the well was assessed at 0.561/s. Details of the Airlift Test are contained within
Data Sheets at the end of this report. Although the bedrock encountered within the production well
was fractured the majority of these fractures appeared clay-filled. OGE assessed the predominant
water making feature within the well was a cavity located at between 47.00 and 50.20 metres O.D.

Only small inflows occurred from other levels.

On the basis of the observations of the Airlift Test, a pump was selected that could potentially
abstracted close to that of the maximum yield of the well. OGE assessed that if the water level in the
production well was drawn down below the main cavity then the maximum safe yield of the well
would be exceeded and the water level in the borehole would then rapidly drawdown. The initial
flow rate from the production well at the start of the test was 0.2651/s, less than originally intended.
The drawdown in the production well after a period of 22 hours (1344 minutes) was 1.40 metres
from a rest level of 44.24 m below datum. A second pump was installed and started at 10:54:00 on
the 29th June 2004. The discharge from the production well was increased to 0.41 1/s, approximately
75% of the estimated maximum yield of the well. After a period of 24.6 hours (1477 minutes) the
second pump failed, however, a drawdown of 2.55 metres was achieved. The water level within the
production well was therefore less than 1 metre above the main water bearing feature. The test was
continued for a further 25.45 hours (1527 minutes) at the reduced pumping rate of 0.2651/s. Details

of the data obtained during the test are presented in tabular form in the Data Sheets. A graph
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HYDROGEOLOGICAL REPORT FOR PROPOSED QUARRY AT CURRY/CLOONACALTRY

CO. ROSCOMMON FOR ROADSTONE PROVINCES LIMITED

Introduction

O'Neill Ground Water Engineering Limited (OGE) were engaged by Roadstone Provinces Limited
to undertake a hydrogeological investigation for a proposed quarry site at Curry/Cloonacaltry, Co.
Roscommon. The objective of that work was to establish the hydrogeological constraints to the full

development of the proposed quarry. Essentially two questions were required to be answered.

e Can the quarry be developed to the maximum planned depth of approximately 40 to 70
metres bgl (40 metres O.D.);

e How much water would require to be managed and discharged as the quarry is
deepened.

This report summarises the findings of a constant discharge rate pumping test carried out on the site
between the 28t June 2004 and 1t July 2004, an Airlifting Test carried out on the 11t May 2004, and
combines ground water information collected by OGE and Roadstone Provinces Limited over a six
month period to provide provisional answers to the above questions. All the data compiled during
the constant discharge pumping test and ground water reading taken prior to the test is presented in
tabular and graphic form in the Data Sheets at the end of this report. OGE installed pressure
transducers in two boreholes (MW1 and MW?2) to monitor trends within the ground water at these
locations. This information is presented in tabular form within the Data Sheets at the end of this
report. Ground water data from the other monitoring points compiled by OGE and Roadstone
Provinces Limited is also presented within the Data Sheets at the end of this report. These two data
sets are combined in graphical form with the rainfall data (sourced from Met Eireann) from the
nearest weather station over this period to illustrate the medium term ground water trends below

the site. This graph is also included in the Data Sheets.

Constant Discharge Pumping Test - Methodology
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INTRODUCTION
3.4.1 This report focuses on the surface water and ground water components of the En¢ironmental Impact

3.4.2

Statement (EIS).

Personnel involved in the assessment were:

Dr. Cameron Latimer BSc PhD

EurGeol Shane O'Neill MSc PGeo DipCECLA

The objectives of this chapter of the EIS are to:

° Characterise the current hydrological and hydrogeological systems within the area of
study;
° Assess the impact of the present activities and proposed development on the following:

o Soils and geology in the context of the water environment;
o Surface water flows;

o Surface water hydrochemistry and quality;

o Ground water flows and local wells;

o Ground water hydrochemistry and quality;

o Management of water within the quarry;

o Aquifer vulnerability, with regard to potential increases in vulnerability during
operation of the proposed quarry;

o Resource Protection, and,
o The impacts of the proposed quarry water discharge on the Ballyglass River.

e Provide mitigation solutions to minimise the impact and maintain a good water quality

status for all waters which may be potentially impacted upon by the proposed development.
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N 343
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The site is located on lands at Curry/Cloonacaltry; some 3.5 kilometres west of Brideswell, Co.
Roscommon. The centre of the site is located at approximate National Grid Reference E 190050 N
244850, see Figure No. 3.4.1. The site occupies an area of approximately 68 Ha/(c. 168 acres) and is
currently utilized as rough pasture. The site is approximately irregular in shépe and measures
approximately 1350 metres north to south and a maximum 480 metre east to west, Roadstone

Provinces Limited is seeking planning permission for the development of a limestone quarry’

The primary study area is shown on Figure No. 3.4.1 and represents a radius of study of
approximately 2 kilometres from the centre of the site. The northern limit of the study area is
Cuilleenirwan Lough, the eastern limit is Cam village, the southern limit is the townlands of
Boleyduff, Skeavally, Feacle and Tawnagh, and the western limit is the Ballyglass River. Since a
portion of the southern part of the application site falls within the Zone of Contribution to the
Killeglan Public Water Supply aspects of the hydrology and hydrogeology relating to this water
supply are also considered.

SOURCES OF DATA

Background data on the site was compiled by OGE. Further information and data was collected on
site by OGE during the course of the field visits. OGE were contracted by Roadstone Provinces
Limited to produce a Hydrogeological Report assessing the ground water conditions of the site. The
aim of the hydrogeological investigation was to produce a conceptual ground water model for the
site and adjacent areas. In addition to the information sources the hydrogeological investigation

utilized the following data sources:

Nine (9) cored holes (on the site) completed with ground water monitoring standpipes;

e A geophysical survey of the site with accompanying report;

e Long term ground water monitoring data compiled by OGE and Roadstone Provinces

Limited;

e« Two (2) additional ground water monitoring wells and a production well for the purposes
of undertaking a pump test; and

e A3 day pumping test.
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™ 3.4.6 The Factual Hydrogeological Report compiled by OGE is included as Appendix 3.41. The

conclusions of the conceptual ground water model are detailed later in this‘¢hapter.
347 All other relevant data was compiled and collated by OGE, from data sourcéd at Roscommon

County Council (Water Services Department), Geological Survey of Ireland (GSI), Environmental
Protection Agency (EPA), Ordnance Survey of Ireland (OSI), Teagasc and Met. Eireann.

METHODOLOGY
3438 There were three stages to this investigation:

e A desk study and analysis where data was collected from the GSI and Roscommon County
Council. Data from the EPA, Teagasc, Met Fireann and the OSI was also reviewed at the offices
of OGE.

o  The undertaking of a hydrogeological investigation with accompanying report (Appendix 3.4.1).

¢ Site visits and fieldwork (for the Environmental Impact Statement) which included:

o An assessment of the surface drainage patterns within the study area;

o Ground water monitoring of the existing site boreholes;

o An assessment of the bedrock and quaternary geology and geomorphology of the study area

and the relationship of these to surface and groundwater flow patterns;
o Collection of surface and ground water samples for chemical analysis;
o An assessment of the projected water management of the site;
o Compilation of third party well data from the GSI and fieldwork;

o An assessment of the potential surface water and ground water hazards within the study

area; and,

o Design of proposed waste water treatment system;
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3.4.9

3.4.10

34.11

3.4.12

3413

THE EXISTING ENVIRONMENT

Topography

The proposed development is located within an area of undulating and hummocicy. topography
varying in elevation from approximately 80 metres O.D along the north, eastern and setitheastern
margins of the application site and rising in the central and western portion of the“site to
approximately 110 metres O.D. The northern edge zone of contribution to the Killeglan Public
Water Supply has been delimited by Kelly and Lee (2003) to fall in the southern part of the
application area along a topographic divide. This topographic divide is shown on Figure No. 3.4.1.

Within the site are a number of bowl-shaped structures on the order of 10’s of metres in diameter

which probably represent enclosed depressions related to the karstification of the area.

A number of possible lineaments can be determined when the topography of the application site and
environs are examined. The possible lineament trending north-west to south-east may link Corkip
Lough with a linear valley structure to the north-west and probable enclosed depression in the north
part of the application site. This lineament may represent a fault that has undergone preferential
weathering and karstification and is marked as Lineament 1 on Figure No. 3.4.1. The hill forming the
central upland area of the site has a north-west to south trend although this swings to north-
northwest-south-southeast trend southwards. Although less well developed than Lineament 1, this
feature, marked Lineament 2 on Figure No. 3.4.1 may also be indicative of a fault structure along the
south-western flank of the hill. The north-western faces of the hill form the uplands of the
application site, Cam Hill and a hill to north of the townland of Boleyduff form a general south-west
to north-east trend and are identified as Lineament 3 on Figure No.3.4.1.

Bedrock Geology

The site is underlain by Lower Carboniferous age Undifferentiated Visean Limestone. Logged rock
core from the site indicate that the limestone is a grey, crystalline and bioclastic with corals,
brachiopods and crinoid fragments.

These rocks have undergone partial karstification and locally have many clay filled fractures and
fissures. These fissures and fractures probably follow the main faulting and jointing pattern of the
area which is inferred to be orientated south-west to north-east and north-west to south-east
reflecting the more regional faulting pattern around the site. The regional faulting pattern can be
seen on Sheet 12 (Geology of Longford - Roscommon) of 1:100,000 scale GSI bedrock geology maps.
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Karstification
3.414 The formation of karst features exploit structural weaknesses or faults in the fock, and these features

34.15

3.4.16

can be greatly enhanced by chemical weathering. Substantial falls in sea-level during the Triassic,
Tertiary and most recently the Holocene glacial periods and the related drop in ground water levels
below the present ground water levels facilitated the deep weathering of these limestones by
meteoric waters and the creation of a network of fissures/ cavities through which water could move.
The formation of karst features occurs where the bedrock limestone is unsaturated. In Ireland today
ground water tables are generally high so active karst formation is only occurring in limited
geographical areas. Permeabilities in the karstified rocks are extremely variable, although they are
generally highest in the upper (more weathered) part of the aquifer. The upper highly weathered
karstified limestone is referred to as Epikarst.

Within this part of County Roscommon karst features are common. A list of karst features as
recorded by the GSI are presented in Appendix 3.4.2. A map of those which fall within the study area
is shown on Figure No. 3.4.2. In addition to the karst features identified by GSI three possible karst
features (enclosed depressions) identified on the application site, but not recorded by the GSI are
also shown on Figure No. 3.4.2. From information in the GSI karst database only Corkip Lough
(turlough) and Feacle Lough (turlough) which are discussed later in this chapter, Tobermore Spring
(Killeglan Public Water Supply) which is discussed throughout this chapter, and Cuilleenirwan
Lough (turlough) are considered significant to this study. Cuilleenirwan Lough feeds the Ballyglass
River. Hydrological calculations on the Ballyglass River are presented later in this chapter, although
it is likely that water depth within the Cuilleenirwan Lough does not vary significantly seasonally
unlike Corkip Lough and Feacle Lough. The surface water level of Coolagarry Lough which is in

connection with Cuilleenirwan Lough is 65 metres O.D.

In this report additional karst features identified as significant in the context of the hydrogeology of

the application site are summarised below:

° 3 No. circular depressions in the northern part of the application area which represent
potential sinks of surface run-off to ground water; the locations of these circular depressions

are shown on Figure No. 3.4.2;

] A pond located at approximate NGR E189800 E246080 possibly representing a spring and
therefore sourced by ground water. This potential spring lies up hydraulic gradient from
Cuilleenirwan Lough and to the north of the application site. The approximately reduced
level of this pond is 69 metres O.D.; and,
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3.4.17

) 3418

3.4.19

] Three approximately linear areas of broken bedrock have been identified during the
geophysical survey conducted by Apex Geoservices Limited. A discussion of the fracturing
within the bedrock derived from the finds of the Apex Geoservicés Limited report is

presented in the next section.

During the exploratory drilling for the Hydrogeological Investigation programme a mnber of
cavities were encountered below the site on selected boreholes. In general significant cavities-were
not found during the drilling works with the exception of production well PW2A. Where cavities
have been identified these were either clay-filled or had relatively poor yields of ground water.
Details of these cavities are found in the borehole records in Appendix 3.4.3.

Geophysical Survey and Bedrock Structure of the Application Site

Apex Geoservices Limited undertook various geophysical surveys while a programme of
exploratory hole drilling at the application site was undertaken between 2001 and 2003. This
information was used to produce an interpretative map of the bedrock quality underlying the site.
This interpretative map based on the geophysics and the drilling was reproduced in the project
scoping document dated January 2004, and reproduced as Figure No. 3.4.4 in this report. The

bedrock is classified into 4 zones:

. Zone 1 - Area of thicker overburden (3-16m) and probably highly fissured and karstified
bedrock;

] Zone 2 - Area of variable overburden (1-10) and highly to moderately fissured/weathered
bedrock;

e Zone 3- Area of medium thickness overburden (1-10m) overlying moderate to slightly

fissured good rock quality limestone; and,

° Zome 4 - Area of shallower overburden (04m) overlying generally strong, clean, slightly
fissured, thickly bedded limestone.

For simplicity, OGE have grouped both Zone 1 and Zone 2 (of the Apex Geosciences Limited
definitions) into areas of fractured and karstified rock and Zone 3 and Zone 4 into areas of relatively
unfractured and unkarstified rock. This interpretation is shown on Figure No. 3.4.5a and from this
the fractured and karstified areas of the site bedrock form two approximately north-west to south-




Roadstone Provinces Ltd Page 11 Project No. 060201/3
EIS Water Section FINAI Report September 2004

3.4.20

3.4.21

east trending lineaments. Although not shown in Apex Geoservices Limited December 2003 report
additional geophysical investigative works were carried out to the east of tie application site. These
works suggested a third zone of broken and karstified rock trending north“northwest to south-
south-east. Borehole BHS5 is located close to this karstified zone.

A 2-D Resistivity Profile (Profile No. 5 of Apex Geoservices Limited December 2003 (Report)
identified an area of deep weathering and fracturing representing a probable fault. Boreholes BH10
and PW2A were drilled through this fault zone. The fault appears to trend south-west to north-east
and dips at around 70° to the south-east. The results of the exploratory boreholes undertaken during
the initial phase of investigative works and those undertaken for the hydrogeological investigation
are consistent with the findings of the geophysical investigation in terms of depth to bedrock and
overall bedrock quality. On the basis of the geophysical investigations the planned area of
extraction was located in areas that had been assessed as relatively unfractured. The exploratory
boreholes in confirming the veracity of the geophysical investigations indicate that the assumptions

upon which the initial quarry design were based are valid.

Quaternary Geology

Based upon the evidence of the exploratory boreholes undertaken at the site, overburden deposits
comprise a sandy Glacial Till with frequent cobbles and boulders. Locally this may be absent and
the overburden comprises highly weathered bedrock. Within areas of karstification broken bedrock
with sand and clay infilling may be present to some depth. These above deposit types are difficult to
distinguish by rotary drilling techniques. Overburden thickness generally varies from
approximately 3 metres to 12 metres, although is locally reported to be up to 16 metres in thickness.
In selected locations overburden thickness is however 2 metres or less. According to the records of
the GSI the high ground of the site (above approximately 80 metres) is covered by peat lying directly
over bedrock. The lower ground has a covering of glacial till dominated by limestone clasts.
Evidence from the exploratory holes suggests that thin or patchy glacial till covers a greater area of,
and persists to a greater elevation on, the site than indicated by the records of the GSI. To the south
of site there are two ridges formed of glacial sand and gravel. These ridges have north-west to
south-east orientation. An area of marl is shown in the locality of Feacle Lough. A map of the
Quaternary Geology of the study area reproduced from the records of the GSI is presented as Figure
No. 3.4.2.
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Soils
34.22 The soil type of the site is typical of that developed from Glacial Till parent material namely minimal

3.4.23

34.24

grey-brown podzolics. The ground surface is generally boulder strewn and soil development is

probably very patchy.

Depth to Bedrock

Depth to bedrock information has been compiled from the following sources:

e  Nine cored boreholes drilled on the site in June 2003 for Roadstone Provinces Limited

e Five boreholes (including 2 which were terminated and backfilled) drilled as part of the
Hydrogeological investigation;

e 2D Resistivity survey lines undertaken as part of a large geophysical survey of the site and
surrounding areas in January 2003;

o  Well data supplied by the GSI;

The available information on the depth to bedrock in the areas within and immediately adjacent to
the application area is presented below (Table Nos. 3.4.1 and 3.4.2). As part of a Geological and
Geophysical Report compiled by Apex Geoservices Limited for Roadstone Provinces Limited a
geological classification of the application site was produced combining information from the cored
boreholes and resistivity survey with other geophysical techniques. The map produced by Apex
Geoservices Limited classified the site in terms of overburden thickness and the degree of bedrock
fracturing. This interpretation has been used with other information to produce an interpretative

hydrogeological map of the site.

Table No. 3.4.1: Depth to bedrock within the application area

Data Source Location NGR Depth to Rockhead (metres) and Nature of Drift (if known)
Site Borehole BH-03 E 190099 3 metres (overburden type not recorded)
_ N 244700

Site Borehole BH-06 E 190211 5.5 metres (overburden type not recorded)
N 244403

Site Borehole BH-07 E 189939 8 metres (overburden type recorded as rock and boulders)
N 244576

Site Borehole BH-08 E 189933 3 metres (overburden type recorded as boulders and clay)
N244912
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Data Source Location NGR Depth to Rockhead (metres) and Nature of Drift (if known)
Site Borehole BH-09 E 190273 3.metres (overburden type not recorded)
N 244912
Site Borehole BH-10 E 189894 9 metres (overburden type recorded as boulders and clay to
N 245238 7.40m bgl) /-
Site Borehole BH-11 E 190056 2.5 metres (overburden type nGtrecorded)
N 244348
Monitoring Borehole E 190427 7.50m (Glacial Till/Highly Weathered Eiifestone)
MW1 N 245328
Monitoring Borehole E 190281 4.20m (Glacial Till/Highly Weathered Limesicni)
MW2 N 244897
Pumping Well PW2A E 190281 7.00m (Glacial Till/Highly Weathered Limestone)
{Roadstone Provinces Ltd) N 244897
Abandoned Well PW1 E 190174 2.00m (Glacial Till/Highly Weathered Limestone)
N 244806
2D - Resistivity Survey SSE and NNW of ¢.2.0m-c.4.0m (high boulder and low clay content overburden)
line 5 (Apex Geoservices) Borehole BH10 SSE part of line and ¢ 7.0m~c.16.0m (low boulder and high clay

content overburden) NNW part of site

2D - Resistivity Survey

From Borehole BH9 to SE

¢.4.0m-.9.0m (medium to high boulder and medium to low dlay

Surveys in NE of site
(Apex Geoservices

line 6 (Apex Geoservices) content overburden)

2D - Resistivity Survey From Borehole BH3 to the | c. 1.0m-.2.0m (high boulder and low clay content overburden)
line 7 (Apex Geoservices) NW

2D - Resistivity Survey SSE and NNW of ¢. 1.0m-.3.0m (high boulder and low clay content overburden)
line 8 (Apex Geoservices) Borehole BH 6

2D - Resistivity Survey From Borehole BH7 to c. 2.0m->10.0m (high boulder and low dlay content overburden)
line 9 (Apex Geoservices) ENE

2D - Resistivity Survey SW corner of application | c.2.0m~.7.0m (high boulder and low clay content overburden)
line 10 (Apex Geoservices) site

Various Resistivity NE of application site ¢. 2.0m-.12.0m (high boulder and low clay content overburden)

The GSI Geodata database (of well records) provided depth to bedrock information for the study

area, which is summarized in Table No. 3.4.2 below. Details of the known rock outcrops (or areas of

shallow rock) are shown in map format on Figure No. 3.4.2.

Table No. 3.4.2: Depth to bedrock within study area based on well data supplied by the GSI and other sources

Data Source Location (NGR) Depth to Bedrock
Site Borehole BH-01 E 190455 3 metres (overburden type not recorded)
N 244044
Site Borehole BH-05 E 190606 6 metres (overburden type not recorded)
N 244222
Resistivity Survey Lands immediately south | c.1.0m-c.2.0m (medium boulder and medium clay
of application site content overburden)
Resistivity Survey Lands immediately Variable c. 1.0m-.5.0 of (low boulder and high clay
southeast of application | content overburden and high boulder and low clay
site content overburden
GSI Database E 189000 N 245000 2 metres (overburden not recorded)
GSI Database E 189100 N 242950 6 metres (overburden not recorded)
GSI Database E 189700 N 242940 39 metres (overburden not recorded)
GSI Database E 189750 N 243060 33 metres (overburden not recorded)
GSI Database E189850 N 243140 11 metres (overburden not recorded)
GSI Database E190000 N 243000 15 metres (overburden not recorded)
GSI Database E 190000 N 243000 48 metres (overburden not recorded)
GSI Database E 190000 N 244000 8.5 metres (overburden not recorded)
GSI Database E 190000 N 246000 6 metres (overburden not recorded)
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Data Source Location (NGR) Depth to Bedrock
GSI Database E 190930 N 243540 2 metres (overburden noizecorded)
GSI Database E 191000 N 243000 9 metres (overburden not recorded)
GSI Database E 191270 N 242830 24 metres (overburden not recorded)
GSI Database E 191300 N 242800 24 metres (overburden not recorded)
3.4.26 Based upon the depth to bedrock data for the site and environs its likely that over the’higher ground

3.4.27

3.4.28

the bedrock is less than 5 metres below the surface. In other areas depth to bedrock‘i® generally
between 5 metres and 10 metres, although it may exceed 10 metres in localised areas.. The

overburden type is generally relatively permeable.

Conclusions on Site Geology from a Hydrogeological Perspective

The topographical evidence, regional bedrock structure, palaco-drainage pattern and the location of
karst features suggest that the geology of the application site and its environs is controlled by two
sets of faults. The primary faulting trend is north-west or north-northwest to south-east or south-
southeast. The secondary fault set trends north-east to south-west. These faults may have been
preferentially weathered and karstified. The primary conduits for ground water flow beneath the
site will be along these conduits. The implication is that the directions of ground water flow beneath
the site will be determined by a combination of topography and structural bedrock geology. Surface
water catchment areas will not accurately delimit ground water catchment areas. Ground water can
be transferred from one surface water catchment to another along ground water conduits. The

significance of this conclusion will be demonstrated in the following sections.

HYDROLOGY

Regional Hydrology

For the purposes of this report OGE have divided the regional hydrology into three systems as
shown on Figure No. 3.4.6:

¢ Killeglan System which covers the zone of contribution to the Killeglan Public Water Supply

at the Tobermore Spring as well as other springs and water courses;

e Ballyglass System which includes the surface water catchment for the Ballyglass River,
Coolagarry Lough and Cuilleenirwan Lough (turlough); and,

e Cross River System which includes all the land to the west of the application site and to the
north-east and east of the zone of contribution to the Killeglan Public Water Supply.
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) 3.4.29 The approximate watersheds for these surface water systems are shown on Figure No. 3.4.6.
Killeglan System

3.4.30 The hydrology of the zone of contribution to the Killeglan Public Water Supply is qtioted directly
from the work of Kelly and Lee (2003):

“The surface water regime is closely interconnected with the groundwater regime. There are several
springs, swallow holes and numerous collapse features that are linked to the main surface water bodies

in the area.
There are four main stream networks in the vicinity of Tobermore Spring. These are as follows:

1. Just north of Taghmaconnell, a stream rises in the townland of Bellaneeny. This stream flows

west for approximately 4 km, to join the Killeglan River, which then discharges in the River Suck.

2. A stream network exists to the south of Taghmaconnell, in the townlands of Knock and Sraduff.
These streams flow to a turlough in the townland of Glennanea. This turlough appears to take all the
flow from the stream network. Another section of stream tises east of this network and then disappears
after flowing approximately 1 km to the north-east.

3. An intermittent, seasonal stream is located to the east of the Tobermore Spring. This stream
rises in the townland of Carrowduff and Garbally, and travels first north.and then east. During wet
weather the upper parts of the stream are flowing. Groundwater from the Tobermore Spring and
discharge area joints this channel to form the head of the Killeglan River (Figure 1)

4. A small stream network is located in the townland of Esker. This stream network is recorded as
having permanent flow, but has no apparent surface outlet. It is therefore likely that this area of surface

water feeds into the groundwater system.

The majority of outflow from this area is via the Killeglan River, which includes the Tobermore Spring
discharge. A second smaller outflow is through the stream at Bellaneeny, south of the springs.”

3.4.31 Killeglan River flows in a west-southwesterly direction and is joined by the water from the stream
emanating at Bellaneeny and then discharges to the River Suck. Feacle Lough is located within this
system and is discussed later in this chapter.
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Ballyglass System

3.4.32 The Ballyglass River rises from the Coolagarry Lough and Cuilleenirwan Lough {turlough) where the

3.4.33

3.4.34

3.4.35

3.4.36

water flows south-west to discharge to the River Suck.

Cross River System

This system which includes Corkip Lough (discussed later in this chapter) drains the land to the
northeast and east of the application area. The Cross River discharges to the River Shannon.

Local Hydrology

Based upon topographic considerations the majority of the site falls within the surface water
catchment to the Ballyglass System. The northeast of the application area is within the surface water
catchment area of the Ballyglass system above the discharge point of the Cuilleenirwan Lough to the
Ballyglass River. Theoretically run-off should eventually enter either Coolagarry Lough or
Cuilleenirwan Lough. The east of the site is within the surface water catchment of the Ballyglass
System although surface run-off should discharge directly to the Ballyglass River, down gradient of
the proposed quarry water discharge point unlike the northern part of the application site whose
surface run-off should enter the Ballyglass System above the proposed discharge point. The
southern part of the site is within the Killeglan System.

Kelly and Lee (2003) studying the hydrology and hydrogeology of the Killeglan Public Water
Supply (Tobermore Spring) concluded that only 80% of the water available from run-off goes to
ground water. Based upon the permeable nature of the overburden and the probable presence of
sinkholes this figure may be an underestimate and all available water may recharge the bedrock
aquifer.

Water Balance

The following water balance calculations are based on topographic considerations, i.e., based upon
the surface water catchments. As previously explained the surface water catchments in karstified

terrains may not accurately reflect the ground water catchments. Since most (if not all) water
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available for run-off or ground water recharge probably soaks to ground water within the
application site the ‘actual’ water balance (in terms of partition of this watér to different catchments)
for the site should be based on the ground water catchments and not the sutface water catchments.
Approximate ground water catchments below the site can be determined fromi. the interpreted
ground water flow directions. OGE will show within following sections of this chapter that the
ground water catchments are indeed different to the surface water catchments of the application site

and the ‘true’ water balance for the site is recalculated later in this chapter.

3.4.37 Rainfall and evaporation data was sourced from Met Eireann. The average annual rainfall (AAR),
based on data from four rainfall stations in the area, was determined to be 950.33mm (Table No.
3.3.3). The locations of these meteorological stations are shown on Figure No.3.4.6. All the stations
are now closed. Met Fireann have estimated that the climate change in the recent past is less than
1% and therefore, the data from 1941-1993 is still relevant.

3.4.38 The closest synoptic stations to the site are at Claremorris and Mullingar. The Average Potential
Evaporation (PE) for Claremorris and Mullingar is 428.75mm/yr. This value is used as a best
estimate of the site PE. Actual Evaporation (AE) at the site is estimated as 407.31mm/yr (0.95 PE).
An ER figure of 697mm/yr is used in Groundwater Source Protection Zone assessment for the
Killeglan Water Supply Scheme, Lee and Kelly, 2003. The ER determined by OGE and that used by
Lee and Kelly, 2003 are different owing to a difference in assumed precipitation.

The Effective Rainfall (ER) for the site is determined from:-
ER=AAR - AE.
= 950.3mm/ yr - 407.3mm/yr
ER = 543mm/yr (OGE)
ER = 697mm/yr (Kelly and Lee, 2003 for Killeglan Spring)
Table No. 3.4.3: Annual Average Rainfall Data adjacent to Site

Station Grid Ref.  Ht (m O.D.) Opened Closed
Athleague G.5.  M833576 53 1951 1988
Jan Feb Mar Apr  May Jun July Aug Sept Oct Nov Dec  Annual
101 70 78 59 66 62 59 87 86 102 926 96 961

Station Grid Ref. Ht (m O.D.) Opened Closed
Ballyforan G.S.  MB824466 50 1944 1983
Jan Feb Mar Apr  May Jun July Aug Sept Oct Nov Dec  Annual
99 68 75 56 68 65 59 88 88 100 95 97 958
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Station Grid Ref. Ht (m O.D.) Opened Closed N
Taughmaconnell M898389 59 1941 1993
GS.
Jan Feb Mar Apr May Jun July Aug Sept Oct Nov Dec  Annual
94 68 73 56 64 62 63 87 84 % 90 95 932
average 950.33
3.4.39 ER represents the water available for run-off and ground water recharge in a catchment. A

3.440

3441

3.4.42

preliminary surface water balance for the site can be determined from this data.

The total area of the application site 68 Ha (168 acres). Therefore the total effective precipitation

falling on the site available for run-off and ground water recharge is therefore;
Application area = (680,000m?)(0.543m/ yr)(OGE figures)
Application area = (680,000m?2)(0.697m/ yr)(Kelly and Lee, 2003)

=369,240m%/yr (1,011m?/day)(OGE)
=473,969m3/yr (1,298m%/day)(Kelly and Lee, 2003)

The surface catchment divide for the Killeglan Public Water Supply at the Tobermore Spring is
located across the southernmost part of the application area. The area of the application within the
Zone of Contribution to the Killeglan Public Water Supply is approximately 8.8Ha (21.8 acres) the
total effective precipitation falling on area of the site with the Zone of Contribution to the Killeglan
Public Water Supply is therefore estimated at:

Application area within Killeglan ZOC = (88,370m?)(0.543m/yr)(OGE figures)
Application area Killeglan ZOC = (88,370m?)(0.697m/yr)(Kelly and Lee, 2003)

=47,985%/yr (131.4m%day)(OGE)

=61,594m3/yr (168.6m3/day)(Kelly and Lee, 2003)

The surface water catchment contributing to (and including) the application area representing the

potential source of all water infiltrating into the application has been estimated to be 982,000m?,
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3443

3.4.44

3.4.45

Figure No. 3.4.6. This is based upon the local topographic surface water catchment to the quarry

area.

Contribution to application area = (982,000m?2)(0.543m/yr)(OGE figures)
Contribution to application area = (982,000m2)(0.697m/yr)(Kelly and Lee, 2003)

=533,226m3/yr (1,460m3/day)(OGE)
=684,454m3/yr (1,874m%/day)(Kelly and Lee, 2003)

The proportion of this surface water catchment contributing to (and including) the application area
representing the potential source of all water infiltrating into the application area that falls within
the Zone of Contribution to the Killeglan Public Water Supply is 18% which equates to:

=95,981m%yr (263m3/day)(OGE)
=123,202m3/yr (337m%/day)(Kelly and Lee, 2003)

The total planned extractive area is approximately 23.7 Ha. Therefore the total effective precipitation
falling on the planned quarry footprint and available for run-off and ground water recharge is

therefore:
Footprint of proposed quarry = (237,000m2)(0.543m/yr)(OGE figures)
Footprint of proposed quarry = (237,000m2)(0.697m/yr)(Kelly and Lee, 2003)

=128,691m3/yr (352m3/day)(OGE)
=165,189m’/yr (452m’/day)(Kelly and Lee, 2003)
The surface water catchment contributing to (and including) the proposed quarry footprint
representing the potential source of all water infiltrating into that footprint has been estimated to be
318,000m?, Figure No. 3.4.6. This is based upon the local topographic surface water catchment to the
quarry area.
Contribution to proposed quarry footprint = (318,000m?2)(0.543m/yr)(OGE figures)

Contribution to proposed quarry footprint = (318,000m?)(0.697m/yr)(Kelly and Lee, 2003)

=172,674m3/yr (473m%day)(OGE)
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3.4.46

3.4.47

3448

=221,646m3/yr (607m>/day)(Kelly and Lee, 2003)

The zone of contribution to the Killeglan Public Water Supply at the Tobefmore Spring was
determined by Lee and Kelly, 2003, and the aerial extent of this zone has been estimated by OGE to
cover approximately 41.7 km2. Using the figures of Lee and Kelly (2003), then the average daily
recharge to the zone of contribution of the Tobermore Spring is 80,000m?®/ day. The discharge in the
vicinity of the Tobermore Spring is approximately 35,000m?/day. Kelly and Lee (2003) noted the

following;:

“To date, the discharge data (from the area of the Tobermore Spring) are not comprehensive enough to
undertake a water balance and thus accurately estimate the catchment area for the discharge at the
head of Killeglan River. However an approximation of the average discharge data and recharge data

indicate that the delineated catchment is (sic) area is large enough to meet the discharge from the
springs.”

Designated Hydrological Sites Significant to the Hydrogeology of Site and Adjoining Areas

Corkip Lough

Corkip Lough is a turlough located approximately 2.5 kilometres (NGR E192840 N243470) to east-
southeast of the application site, see Figure No. 3.4.1. The turlough is a Special Area of Conservation
(SAC), Ref: 002339 and National Heritage Area (NHA), Ref: 001628. The site is described thus:

“Corkip Lough is a turlough-type lake located 2km southwest of Brideswell, County Roscommon, in
low-lying agricultural land. This site is important for both its flora and fauna. As the actual area of
open water has been reduced considerably in recent years due to drainage activities, this site is more

appropriately termed a turlough now.

The lake retains a small area of open water in the summer and is surrounded by lowland wet

grassland which is flooded in winter.”

The site is significant to the hydrogeological regime of the area since a turlough is fed by ground
water. Rising ground water levels in winter result in the filling of the turlough.




Roadstone Provinces Ltd Page 21 Project No. 060201/3

EIS Water Section FINAI Report September 2004
Feacle Lough
3449 Feacle Lough is a turlough located some 800 metres (NGR E190790 N243390) south-east of the

3.4.50

3.4.51

southern boundary of the application area, see Figure No. 3.4.1. The turlough is 2 proposed National
Heritage Area (pNHA) Ref: 001634. The site is described thus:

“Feacle turlough lies approximately 12km west of Athlone in an uneven terrain of glacial deposits.
The basin, which runs roughly east-west, but whose edges are sinuous because of encroaching
mounds, has an even floor with a number of discrete hollows. Outcrop is visible at the western end -
elsewhere there is some loose rock. A permanent pond occurs at the north-western end, but there is no

apparent inflow.”

OGE visited the turlough in June 2004 and found the only open water was within the pond
described above. The water in this pond appears perched above the ground water table. Towards
the western end of the turlough area (close to the road) is a circular depression and possible
swallow-hole. A hand dug well with pump house is located on the end of this depression. Local
knowledge suggested that during winter when maximum filling of the turlough occurs the pump
house is just above the high water mark. OGE measured the ground water level in this well and
found it to be approximately 6 metres below the pump house level. This suggests that ground water

levels in the area rise by approximately 5 to 6 metes above the June level in winter.

Interim Conclusions of Hydrology

Both Feacle Lough and Corkip Lough are turloughs and by definition, fed by ground water.
Significant rises in ground water levels during winter months cause these turloughs to flood. The
primary conduits for ground water flow are fissures and fractures in the bedrock enhanced by
karstification. The karstified conduits are generally related to structural features such as faults.
Corkip Lough, as previously stated is probably located along a fault line which continues into the
northern part of the application area. However, it is generally accepted that the majority of
turloughs are fed by ground water from the epikarst. Both Corkip Lough and Feacle Lough are lower
in elevation than the application area, such that the ground water table in these areas is within the
epikarst. In the pump test, the results of which are shown in Appendix One, the permeability of the
karstified areas of the bedrock below the site were tested. Within karstified aquifers ‘deeper’ karst
features can be the primary ground water conduits. The results of the pump test carried out at the
site suggest however that permeability of the karst features below the site is relatively low. As such,
although the turloughs (in particular Corkip Lough) may be located above zones of deeper
karstification the contribution of ground water from the deeper karst to these features is probably
very limited.
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Regional Surface Water Quality
3.4.52 Details of the Biological River Water Quality for two locations on the River-Suck and a location on

the Killeglan River are presented as Table No. 3.4.4; the locations of these samplir{g points are shown
on Figure No. 3.4.6. The two sampling stations on the River Suck are at points up and.down stream
on the confluence of the Ballyglass River. As the proposed development progresses it is’proposed
to discharge ground water and surface run-off inflows into the quarry to the Ballyglass River.< These
stations would therefore represent potential up and down gradient locations to the confluence of the
Ballyglass River which will be receiving the proposed quarry discharge and direct it to the River
Suck.

Table No. 3.4.4: River Water Quality data from selected locations on the River Suck upstream and downstream of the site

3.4.53

3.4.54

and Killeglan River (Data supplied from the Environmental Protection Agency website)

Year Killeglan River - River Suck - Bridge River Suck - Ballyforan
Bridge upstream West of Feevagh Bridge (upstream from
from confluence with (downstream from confluence with the
River Suck. Station confluence with Ballyglass River.
No. 0200 (River Code Ballyglass River. Station No. 1100 (River
26K04) Station No. 1125 (River Code 26507)
Code 26507)

1999 4 4 4

1996 4 4 4

1992 4 4 4

1987 4 4 4

1984 - - 4

1983 4 -

1980 4

1978 4-5

1974 5

1971 5

Where a value of, 4, 4-5, 5 = Unpolluted; 34 = slightly polluted; 2-3, 3 = moderately polluted; 1, 1-2,
2 = seriously polluted.

In terms of water quality, the River Suck and Killeglan River at the three sampling locations is/has

been unpolluted.

Chemical parameters were measured at the two above locations on the River Suck during the year
1995 to 2000 and collated by the EPA. This data is presented in Table No 3.4.5 together with a
summary of data collected by Roscommon County Council for the Killeglan Public Water Supply.
Full details of the chemical analyses carried out on the pre-treatment Killeglan Public Water Supply
are presented in Appendix 3.4.4 together with abstraction data for the water supply.
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Table No. 3.4.5: Hydrochemical data of river water samples from selected locations on the River Suck from
1995 to 2000 (EPA website) and from Killeglan Public Water Supply (Roscomion. County Council) 2002 to

2004
Chemical River Suck - Bridge West of River Suck - Ballyforan Killeglan/Pizblic Water Supply
Parameter Feevagh (downstream from Bridge (upstream from from dat< supplied by
confluence with Ballyglass confluence with the Roscommon Ceunty sample
River. Station No. 1125 Ballyglass River. Station No. dates FEB 0210 FEB 04
(River Code 26507) 1999- 1100 (River Code 26507) 1995-
2000 1997
Min Median Min Median Min Medidn

B.0.D (mg/1 O) 0.6 1.3 0.5 17 - -
Chloride (mg/1Cl) - - 15 19 - -
Colour (Hazen) 19 76 30 70 4 21
Conductivity (uS/cm) 283 529 348 506 392 597
Dissolved  Oxygen 71 10.6 9.1 104 = -
(mg/102)
Dissolved Oxygen 69 93 81 90 - -
(% saturation)
Ortho-Phosphate 0.00 0.02 0.01 0.03 0.002 0.005
Mg/1P)
Oxidised Nitrogen 0.1 0.8 0.2 1.0 1414 3.184
(mg/1N)
pH 7.7 8.0 7.6 7.9 7.06 7.38
Temperature 3.3 9.0 0.3 9.5 - -
Total Ammonia 0.0 0.02 0.01 0.03 0.002 0.007
(mg/1N)
Un-ionised Ammonia 0.000 0.000 0.000 0.001 = -
(mg/1 NH?)

The general chemistry indicates that, the minimum and median values of the samples generally met
the European Communities (Quality of Water Intended for the Abstraction of Drinking Water)
Regulations, 1989 standards, although colour may be of concern towards the upper range of the

samples.

Theoretical Flows and Bankfull Capacities in the Ballyglass River at the Proposed Quarry Water
Discharge Point

Dry Weather Flow (DWF)

Dry Weather Flow (DWF) is the annual minimum daily mean flow rate with a return period of 50

years.

Catchment Low Flow (gso)
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3.4.60

3.4.61

3.4.62

There is no information available about the flow regime of the Ballyglass River at the point of the
proposed quarry water discharges. The proposed discharge point is adjdcent to the bridge on the
R363 to Ballyforan where the road crosses the Ballyglass River. OGE estimated minimum flows in
the catchment using the methodology outlined in Analysis and Prediction of Low Flow and Drought
Volumes for Selected Irish Rivers (Martin & Cunnane, 1976).

Calculation of the low flow was determined as follows: The area of the catchment (A) to the bridge
was calculated as being 7.97km?2. Using this, a value for gso could be determined. gso is the estimated

low flow with a recurrence interval of 50 years. This is also referred to as the Dry Weather Flow

(DWE).

gs0 =14.5A16 x 104 m3/s

This equation is empirical and based upon a ‘best fit’ curve for modelled data from 18 catchments
where the relationship between gs is plotted against catchment area

gs0 =14.5(7.97)16 x 106 m3/s
gs0 =4.02 x 104m3/s (0.4021/s)

A 66% confidence interval for this result (derived from statistical analysis) extends an amount of 0.41
on either side of the predicted value. In other words if a value of qs is estimated (by this method)
the 66% confidence interval extends from qso/2.5 to 2.5qso. Therefore we can be 66% confident that
the value of gso is in the range of 0.161 - 1.004 1/s.

This range of values represents the minimum flows in the catchment. These values are often over-

conservative, and can be checked against the estimated catchment mean flow, F.

Catchment mean flow

Martin & Cunnane suggest that the minimum flow in a catchment with an area less than 800km? is

always greater than 2 percent of F. The mean catchment flow F can be obtained in two ways:

Mean flow from rainfall and losses

The mean rainfall (R) for this catchment was determined to be 950mm/year (OGE) and
1039mm/year (Kelly and Lee, 2003). An evaporation loss of 450mm/year is assumed. The equation

uses an evaporation rate of 450mm rather than actual evaporation rates.
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F = (R - 450) x A/31536 (seconds in a year, based on 365 days divided by 1000 since rainfall is

expressed in mm and needs to be converted to méizes)

F = (950 - 450) x 7.97/31536 (OGE)

F=0.126 m3/s (126.41/5)(OGE)

F = (1039 - 450) x 7.97/31536 (Kelly and Lee, 2003)

F =0.149 m3/s (148.9 I/s)(Kelly and Lee, 2003)

Specific mean flow from rainfall

F=Ax(1.9R13 x 10%)

This equation is empirical and based upon a ‘best fit’ curve for modelled data where F/A (mean catchment

flow/area) is plotted against R (Rainfall)
F=7.97 x (1.9 x (950)13 x 10%)(OGE)
F=0.113m3/s (112.6 1/s) (OGE)
F=797x (1.9 x (1039)13 x 10-6)(Kelly and Lee, 2003)
F=0.126m3/5 (126.4 I/s) (Kelly and Lee, 2003)
A conservative estimate of mean flow is 112.6 1/s.
2%F = (0.02) x (0.113m3/s) = 2.25 x 103 m3/s or 2.25 1/s (OGE)
2%F = (0.02) x (0.126m3/s) = 2.53 x 103 m3/s or 2.53 l/s (Kelly and Lee, 2003)

34.63 Compared to the gsp values determined above this value is larger than the upper range. Martin and

Cunnane point out that the equations must be used with great care in small catchments. The

relationship between F and qso is less well defined in smaller catchments (less than 800km?) but the

estimates of flow can be generally relied upon.
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So for the purposes of this EIS the conservative value 1.61 x 104 m3/s will be used for Dry Weather
Flow (DWF).

Determination of Q Mean (Annual Maximum Flood) from Catchment <Characteristics of

Ballyglass River at the point of proposed quarry water discharge

In the absence of flow data it is possible to determine the annual maximum flood using catchment
characteristics, as outlined in the Flood Studies Report. This is not the average flow. The annual
maximum flood is larger than the mean flow, and statistically it exceeds the one-year flood by
approximately 15 percent. This flow is used as a basis for determining larger flows of a greater
return period.

The equation is:

Q Mean = 0.00042 A095F0.22G118R1.054-0.9350.19

Where:
A = catchment area (km?) = 7.97
F; = channel network = 0.681
G = winter rainfall acceptance potential = 0.150
R = average annual rainfall = 1039 (worst case)
w = storage index = 1.84
s = slope of main channel = 1.23 m/km

The area of the catchment to the confluence with the unnamed stream was determined to be

7.97km2. OGE used the 1:50 000 Discovery Series map (Sheet 47) to determine the area.

The values of the parameters above were determined using the methods outlined in the Flood Studies Report

and the resulting equation for the area was found to be:
Q Mean = (0.00042)(7.97)950.681°-220.1501.181(0391.051.84-0931.23019
Q Mean = 0.256m%s (256.4)/s)
The mean of the annual maximum flood flow of the receiving stream immediately upstream of the

discharge point is only 0.256m3/s (since the effects of the flooding are buffered by the large area of

lake upstream), based on the characteristics of the catchment.
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Coolagarry Lough is in hydraulic connectivity with the ground water table. All the run-off and
ground water recharge within the surface water catchment of the lake wiil collect in the lake. The
lake will buffer the discharge to the Ballyglass River such that there is little variation in dry weather
and flood flow conditions in the river immediately downstream on the lake discharge point. A
preliminary water balance for the catchment of the Ballyglass River above the preposed quarry
water discharge point suggests that the maximum average discharge should be appreximately
1761/s (based on the recharge figures of Kelly and Lee, 2003). Estimates of the catchment meaiv flow
using the recharge figures of Kelly and Lee (2003) range from 1261/s to 1491/s. The average mean
flood discharge for the Ballyglass River at the proposed discharge point is therefore around 85%

greater than the mean discharge.

Determination of Qso and Q10 from Q Mean of the Ballyglass River

A series of growth factors for flood flows of varying recurrence intervals was determined for Ireland
(Cunnane & Lynn, 1976). The Qse and Qqo0 multipliers are, respectively, 1.77 and 1.96. (These values
are determined from the relationship between Qr/Q Mean and the Extreme Value Type 1 Reduced

Variate)

For the receiving stream above the discharge point, the 50-year and 100-year floods would be
expected to be:

Qso = (0.256m3/5)(1.77) = 0.454m3/s (454 1/s)
Quoo = (0.256m3/5)(1.96) = 0.503m?/s (503 1/s)

The buffering effect of the lake is marked since the predicted precipitation (based upon the Flood
Studies Report Methodologies) within the catchment during a 24 hour duration 50 and 100 year
return period storm event are 6,5501/s and 7,4001/s respectively.

In Summary:

Table No. 3.4.6: Summary of Likely Flows in the Ballyglass River at the Proposed Quarry Water Discharge

Point
Discharge Conditions in Ballyglass River Lower Value (l/s) Upper Value (l/s)
Dry Weather Flow 0.16 2.5
Mean Flow 113 149
Annual Maximum Flood Flow (Q) 233 256
Qso 413 454
Qioo 458 503
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Mixing Proportion of the Ballyglass River discharge and potential quarry water discharge

OGE have calculated the likely discharge of water from the proposed quarry when devéloped toa
elevation of 40 metres O.D. as 2600m3/day or 301/s. The calculations of the likely quarry water
discharges are presented in the Factual Hydrogeological Report as Appendix 3.4.1. In'Iable No. 3.4.7
the portion of the likely total discharge in the Ballyglass River at the quarry water discharge point is
shown under different flow regimes in the river. During dry flow conditions the quarry discharge
water is likely to comprise between 92.3% and 99.5% of the total discharge in the Ballyglass River at
the proposed discharge point. During mean flow conditions the quarry discharge water is likely to
comprise between 16.6% and 21% of the total discharge in the Ballyglass River at the proposed
discharge point. During average flood flow conditions the quarry discharge water is likely to
comprise between 10.5% and 11.4% of the total discharge in the Ballyglass River at the proposed
discharge point. If the quarry were to discharge the maximum potential of the effluent treatment
system of 10Ml/day (1151/s) during a flooding event this would increase the discharge in the
Ballyglass River (during a typical annual flooding event) by approximately 50%, i.e., the discharge
would comprise approximate 33% of the total volume of water in the river. This figure is just above

the discharge component during mean flow when the quarry discharge will be 2.6Ml/ day.

Table No. 3.4.7: Relative Proportions of Proposed Quarry Discharge Water in the Ballyglass River during
Different Discharge Conditions

Discharge Conditions in % of total discharge derived from potential % of total discharge derived
Ballyglass River quarry water management using lower value of from potential quarry water
river discharge (I/s) management using upper value
of river discharge (I/s)

Dry Weather Flow 99.5 92.3
Mean Flow 21 16.6
Annual Maximum Flood Flow (Q) 114 10.5
Qso 6.8 6.2
Qino 6.1 5.6

Capacity of channel & Instantaneous Discharge Readings

OGE collected measurements of the Ballyglass River at the proposed quarry water discharge point to
estimate its carrying capacity (bank-full capacity).

The proposed quarry water discharge point is immediately south of the bridge over the Ballyglass
River on the R343 at Cuilleenirwan, see Figure No. 3.4.6. The Ballyglass River is culverted into a
1200mm diameter concrete pipe at the bridge crossing. On the 1st September 2004 the average flow
rate in this pipe was measured at 0.139m/s using a hand-held impellor flow meter. The water depth

in the pipe was 0.27 metres. Using a simple velocity/area calculation the discharge at the
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downstream end of the culvert was approximately 271/s. This is towards the lower end of the
predicted flows in the Ballyglass River and not inconsistent with expécted river levels in late

summer being below the predicted mean flow but above dry weather flow.

The dimensions of the channel were recorded at two locations, one location 8 meties.downstream
from the culvert and a second a further 25 metres downstream from the first measurement’point. As
a visual assessment the eastern bank of the Ballyglass River was found to be lower than that f the
western bank. The channel appears to have two components at these locations, a lower more incised
channel and a more gently sloping upper profile. As a worst case scenario of the bank full capacity
only the lower more incised channel was used in the calculations. As such the actual bank full
capacities of the Ballyglass River at the study locations will probably exceed that calculated. The
channel is locally overgrown. The water level in the stream was approximately 0.15 metres above
the bed (1t September 2004). Based upon the high tide mark on the vegetation, the average annual
flood level in the stream is approximately 0.35 metres above the level recorded on the 1st September
2004. The stream bed is rough and stoney. As of 15% August 2004 OGE have been unable to clarify
with the Shannon Regional Fisheries Board whether the Ballyglass River is classified as salmonid.
The predicted chemistry of the Ballyglass River after the addition of the proposed quarry discharge
is however compared with the required chemistry for such rivers. The information collated was
processed in a channel modelling programme Flowmaster V6.1 to determine the bank full capacities.
The bank full capacities of the Ballyglass River at the study locations are as follows; the results of the

Flowmaster v6.1 analyses are presented in Appendix 3.4.6.

Location 1, 8 metres south of culvert bank full capacity (based on a slope of 0.00123) = 4m%s or
4,0001/s

Location 2, 33 metres south of culvert bank full capacity (based on a slope of 0.00123) = 3.3m%s or
3,300l/s

Using Flowmaster V6.1 and the assumed annual flood level in the Ballyglass River then the predicted
discharge in the channel during such events can be calculated. The predicted annual average flood
discharge in the Ballyglass River at the two locations ranged from 2801/s - 295 1/s, see Appendix
3.4.9. These values are consistent with modelled values of the annual mean flood flow of 2331/s -
2561/s. The water depth as recorded on the 1st September 2004 was approximately 0.15 metres.
Using Flowmaster V6.1 the calculated discharge in the Ballyglass River at the two study points on the
1st September 2004 ranged from 141/s - 161/s. These values are consistent with the discharge as
measures on the downstream end of the culvert. The predicted flows in the Ballyglass River under
various conditions are compared to the bank full capacity of the stream with and without the
additional load of the proposed quarry water discharge in Table No. 3.4.8. If the quarry were to
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discharge the potential maximum from the effluent discharge system on 10Ml/day, then during a
flooding event of 100 year return period the Channel of the Ballyglass River would be at less than
20% capacity.

Table 3.4.8: Percentage of Bank Full Capacity of the Ballyglass River under Various Flow Conditions

Discharge Conditions in Upper Value % of Channel Upper Value of % ‘et<Channel
Ballyglass River of River Filled at Proposed | River Discharge | Filled af Proposed
Discharge Discharge Point with Additional Discharge Foint
without (worst case bank Quarry Water at with Quany
Additional full capacity 2.6M1/d (30)/s) Discharge (worsé
Quarry Water 3.3mi/s (/s) case bank full
(1/s) capacity 3.3m¥/s
Dry Weather Flow 2.5 0.08 325 0.99
Mean Flow 149 45 179 54
Annual Maximum Flood Flow (Q) 256 76 286 8.7
Qs 454 13.6 484 147
Qio 503 15.2 533 16.2
Quarry Water Management

The quarry will be developed in three benches with a maximum bench height of 19.8 metres to a
total estimated elevation of 40 metres O.D. Ground water levels varied across the site from around
55 metres to 70 metres O.D in February 2004 and from around 60 metres to 75 metres O.D in June
2004. Ground water levels are generally lower within the karstified bedrock and higher in the
relatively unkarstified bedrock forming the central area of the site. As the quarry is developed water
collecting in the quarry void will have to be managed.

OGE compiled a Factual Hydrogeological Report on the site to calculate the likely amount of water
that will need to be managed.

It is proposed that water from the quarry will be pumped via a pipeline to be discharged to the
Ballyglass River some 1300 metres to the west of the site. The estimated fall between the north-
western corner of the site and the Ballyglass River is approximately 20 metres. The fall on the
pipeline is therefore approximately 0.016. Assuming the estimated average daily discharge rate of
2,600m3/day (301/s) at the end of the life of the quarry and a welded uPVC pipeline, then the
minimum pipe diameter that is required is 150mm. In Appendix 3.4.7 the proposed settlement
lagoon will have a capacity of 10Ml/day. To discharge this amount of water would require a pipe of
up to 255mm diameter. This pipe diameter is based upon an unpressurised system, the diameter
would decrease if the system was pressurised and this would be determined in the final design. A
pipe diameter of 255mm would therefore represent the maximum pipe diameter required. OGE
propose that the discharge pipe is constructed to a diameter of 255mm to facilitate potential
additional capacity although these levels of discharge are unlikely to ever be required. The likely
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maximum daily discharges from the quarry would be 2.6Ml/day. The potential impacts on the
Ballyglass River are based upon these figures. Roadstone Provinces Liriited will however seek a
discharge licence based upon the theoretical maximum discharge from the quaryy of 10Ml/day. The
likely impact on the river chemistry of such a discharge would however be less than those during
dry flow conditions since such a level of discharge may only be required during periods of very
heavy rainfall when discharges in the Ballyglass River are high. The bank full capacity of the
Ballyglass River will accommodate such an increased discharge.

A discharge licence for the quarry water will be sought by Roadstone Provinces Limited from the

Environment Section of Roscommon County Council.

In the above Local Hydrology section OGE have calculated the different flows in the Ballyglass River
during different conditions in the river. All the calculations of likely flows within the Ballyglass
River at the proposed discharge point are based on an estimate of the surface water catchment to the
system above that point. In this report OGE have shown that the ground water and surface water
catchments in the environs of the application site are probably not synonymous. In the Factual
Hydrogeological Report that is reproduced as Appendix 3.4.1, OGE have calculated the likely
discharges from the quarry to maintain dry working conditions as the extraction of limestone
progresses. At a final bench level of 40.00m O.D. estimated discharges of ground water are likely to
be of the order of 2.6 Ml/day or 30 1/s based on a worst case estimate. This figure would represent
the additional load on the Ballyglass River owing to the proposed quarrying activities. Within this
OGE demonstrate that the ground water below the site discharges to both the Killeglan Spring
catchment and that of the Cross River (Corkip Lough). The discharge of the quarry water to the
Ballyglass River would therefore represent an increase in the discharge in this river. In Table No.
3.4.7 the relative proportion of the predicted water likely to be discharged from the proposed

development is compared to that of the predicted flows during different conditions in the river.

From Table No. 3.4.7 it can be demonstrated that quarry discharges would only add an additional 6%
to the total flow of the Ballyglass River (at the point of discharge) during a 100 year return period
storm event. During such a storm event discharges from the quarry would remain constant as the
lower parts of the working quarry would be allowed to flood owing to the volume of water
accumulating in the quarry through direct precipitation. The volumes of water that would
potentially accumulate in the quarry during a 50 year and 100 year return period event were
calculated and the tabulated figures presented as Appendix 3.4.5. The mean direct precipitation to
the proposed quarry over a 24 hour period during a 50 year return period storm event is estimated

to be 0.559m3/s for the application area and 0.193m?3/s for the quarry footprint. The mean direct
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precipitation to the proposed quarry over a 24 hour period during a 100 year return period storm
event is estimated to be 0.631m3/s for the application area and 0.218m?3/ s {or the quarry footprint.

Dust suppression water will be sourced initially from ground water and surface fun-off water may
be utilised as the quarry develops. A production well (BH-PW2A) drilled during the
hydrogeological investigation could be utilised as a water supply for the quarry operations, A safe
yield of 30m3/day could currently be abstracted from this well. Water consumption for’dust

suppression measures is unlikely to exceed 5m3/day.

A wheel wash facility will be located within the quarry management area of the proposed
development. Water to top-up the facilities to account for evaporitic losses will be sourced from
ground water. OGE contend that water consumption for the wheel-wash facility would be less than
1m3/day. The site production well could be constructed to meet this need. The water used within

the system will be re-cycled to minimize water usage.

Within the quarry management and concrete making areas, workshops and re-fuelling areas will be
located on concrete surfaces. The drainage system for the areas of hardstanding including the block
yard will be such that all run-off is collected within a central sump/reservoir and initially processed
through an oil trap and klargester system prior to being directed to the main quarry sump. In Table
No. 3.4.9 OGE have calculated the likely daily mean and 1, 50, and 100 year return period storm
event run-off from all areas of hardstanding (including surfaced roads) and roofs. The central
sump/reservoir will have a volume of 300m? (approximately 7 days of annual run-off) and the

Klargester oil inceptor should be capable of treating 20 1/s of water.

Table No. 3.4.9: Predicted run-off from areas of hardstanding on site

Quarry Management Area (hardstanding and
roofs)
Area of concrete slab in block yeard 12,800m2
Estimated area of hardstanding (including roads) 9,250m?
Area of roofs (office and workshop) 534m?
Total Area 22,584m?2
Predicted run-off conditions Volume of run-off m¥%day (I/s)
Average daily mean 43.1m? (0.51/s)
1 yr return period 24 hr event 833m3 (9.61/s)
50 yr return period 24 hr event 1604m? (18.51/s)
100 yr return period 24 hr event 1812m3 (21.1/s)
Maximum short duration event based on 3171/s
Department of the Environment guidelines
(applicable to drain design and not storage lagoon)
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Water for drinking and to service the toilet facilities (located within the site office) will be supplied
from the bored supply. Water consumption for these services is unlikely to exceed 3m3/day. The
chemistry of the ground water meets drinking water standards, for those parameters tested. A UV
filter will be installed to treat the water prior to consumption.

3.4.87 Waste water from the welfare facilities will be treated via a septic tank and percolation area’located
within the site boundaries. A separate site assessment has been carried out for the installation ‘of the
waste treatment system. Details of the site assessment which will included the location of the
proposed percolation area are included Appendix 3.4.8. This facility is providing for forty-five
permanent and temporary site employees.

3.4.88 The development will also comprise concrete making facilities. It is proposed to produce 50,000m3
of readymix concrete per annum. Each 1m3 of readymix concrete requires 150-170 litres of water.
This level of production would require a water consumption of 8,500m?/yr or 30m3/day based on
5.5 day working week. This water will be sourced from the treated effluent that has passed through
the effluent treatment system and is available for discharge and the surface run-off central storage
sump/reservoir located in the quarry management area. In addition to the readymix concrete it is
proposed to produce 5 million concrete blocks per annum. This would equate to approximately

40,000m3 of blocks and require 3,200m3/yr or 8.7m3/ day of water to produce.

Table No: 3.4.10: Summary of Quarry Water Management System

Water inputs and abstraction relevant Water consumption Water discharges to ground, water
to the development courses or other losses
Surface run-off and ground inputs to Concrete Block Making Discharge to Ballyglass River daily
quarry 8.7m3/ day average following treatment by the
2,600m?/ day Readymix Concrete effluent treatment system
30m3/day 2,561.7m3/ day
Ground water abstraction from borehole | Dust suppression measures Evaporitic losses
9m3/day 5m3/day 6m3/day
Wheel-wash facility
1m3/day
Welfare facilities Discharges to ground through effluent
3m3/day treatment system
3m?3/day
Run-off on areas of hardstanding on site Variable dependent on 431 mé
including block yard availability Discharge to quarry sump and
eventual discharge to Ballylass River
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HYDROGEOLOGY
Well Data

3.4.89 Well data was available in the records of the GSI, and water levels were obtained wherever possible
from the wells local to, or within the proposed quarry. Water levels recorded by OGEare tabulated
in Table No. 3.4.11; the locations of the wells are shown of Figure No. 3.4.7. The majority of the
residences within the study area are on public water mains supply, so there is little reliance on
ground water. All the houses and farms in the local area use septic tanks. Detailed ground water
observations from the site wells are included within the Factual Hydrogeological Report (Appendix

3.4.1).
Table No 3.4.11: Summary of Site and Third Party Wells
Well No. and Ground Grid Depth of Well Depth to Depth to Date Remarks
Owner Level m Reference (m bgl) water (m Water (m Measured
0.D. bel) 0.D)
1. 84.20 E 190455 26/06/04
Site Monitoring N 244044 4600 4031 5779
BH1 (Roadstone
Provinces Ltd)
2, 101.58 E 190099 61.40? 26/06/04
Site Monitoring N 244700 46.86 54.72
BH3 (Roadstone
Provinces Ltd)
3. 95.99 E 190606 84.50 26/06/04
Site Monitoring N 244222 =65 il
BHS5 (Roadstone
Provinces Ltd)
4, 99.48 E 190211 60.00 26/06/04
Site Monitoring N 244403 2 7075
BH6 (Roadstone
Provinces Ltd)
5. 91.00 E 189939 61.40? 26/06/04
Site Monitoring N 244576 35.36 .
BHS (Roadstone
Provinces Ltd)
6. 96.48 E 189933 62.00 26/06/04
Site Monitoring N244912 28.40 68.09
BH9 (Roadstone
Provinces Ltd)
7. 96.71 E 190273 61.80? 26/06/04
Site Monitoring N 244912 =63 oA62
BH10 (Roadstone
Provinces Ltd)
8. 87.35 E 189894 56.00 26/06/04
Site Monitoring N 245238 26.04 61.31
BH11 (Roadstone
Provinces Ltd)
9. 88.40 E 190056 39.00 26/06/04
Site Monitoring N 244348 34.61 53.79
MW1 (Roadstone
Provinces Ltd)
10. 90.28 E 190427 39.00 26/06/04
Site Moritoring N 245328 20 63.02
MW2 (Roadstone
Provinces Ltd)
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11. 96.84 E 190281 80.00 26/06/04
Pumping Well N 244897 42.60 6040
PW2A (Roadstone
Provinces Ltd) A
12, NR E 190132 NR 29/06/04 8” steel
Mr. John-Joe Kelly N 242893* 2021 - casing still
useable
Mains
supply
13. NR E 190275 NR 15.40 - 29/06/04 67 steel
Mrs, Donaghue N 242770* casing. ot
used - Mains
supply
14. NR E189816 NR 26.92 - 23/06/04 6" steel
Mrs. Bulter N 245464* casing, not
used - Mains
supply
15. NR E 188664 NR 12.45 - 23/06/04 6” steel
Mr. Daley N 244819* casing, not
used - Mains
supply
16. NR E 191247 NR 11.40 - 29/06/04 Not used
Mr. Keogh N 242831* but
serviceable
17. NR E 190690 NR 6.15 - 29/06/04 Old hand
Mr. Cooney N 243349* dug wellin
Feacle
Turlough

3.4.90

3491

Ground Water Flow Directions

OGE have integrated the bedrock quality map (Apex Geoservices Limited), topographic
information, site karst features and the ground water contours for June 2004 to assess the likely
directions of ground water flow beneath the site. This information is presented on Figures Nos. 3.4.3
and 3.4.4. Using this information the primary bedrock structures and therefore the main ground
water conduits can be determined. This interpretative map of the ground water flow directions is
presented in Figure No. 3.4.5a. Three ground water areas beneath the application site have been
determined. Essentially ground water flow directions have two components; where the rock is
relatively unfractured, the permeability of the bedrock is low and ground water directions follow
topographic contours. The water levels in the unfractured rock are elevated relative to those within

the main ground water conduits:

Area 1 - northern and northeastern application site

Below Area 1 ground water generally flows from the areas of less fractured bedrock into a central
fractured and karstified zone. Ground water discharges under the site in a southeasterly direction
into the Cross River catchment. Rises in ground water levels in the central fractured zone of the site

during the winter appear to correspond to the maximum flood levels in Corkip Lough (turlough).
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Ground water therefore flows naturally from the Ballyglass surface water catchment to that of the
Cross River catchment. Since most of the water available for recharge in t!is part of the site soaks to
ground water most of the precipitation falling on this area of site will enter th¢ Cross River system
and not the Ballyglass system which is at odds with the surface water catchments for these systems.

Area 2 —western application site

3.4.92 It is likely that ground water beneath this part of the site flows from the topographically higher and
less fractured rock from the east and then in south-southeasterly direction along a fractured zone.
Ground water flows naturally from the Ballyglass surface water catchment to that of the Killeglan
Public Water Supply. Since most of the water available for recharge in this part of this site soaks to
ground water most of the precipitation falling on this area of site will enter the Killeglan system and
not the Ballyglass system which is at odds with the surface water catchments for these systems.

Area 3 —southern application site

3.4.93 Ground water beneath this area of the site flows in south-southeasterly direction. This area is within
the Zone of Contribution to the Killeglan Public Water Supply. It is not planned to extract any
bedrock from this area. A wayleave of approximately 50 metres is designed between the most

southern part of the planned extraction and the northern boundary of this area.

Recalculated Water Balance for Application Site

' 3.4.94 OGE have shown in the proceeding sections of this chapter that between 80% and 100% of all water
falling on the site and available for run-off or recharge to the aquifer will in fact soak to ground water.
OGE have also demonstrated that the ground water catchments within the application site differ from
the surface water catchments on site (based upon topography). In the above section OGE have
delineated the probable ground water catchments of the site. Using the Effective Rainfall data
determined by OGE and Kelly and Lee (2003) the water balance for the site can be recalculated to
determine the average annual volume of water soaking down into each ground water catchment and
run-off to surface catchment within the site. Table No. 3.4.12 shows the different ground water and
surface catchment areas of the site and to which ground water and surface water system the effective

rainfall for that area discharges to.
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3.4.95

3.4.96

Table No. 3.4.12: Summary of Ground Water and Surface Water Catchments within Difference Sub-divisions

of the Application Site
Application site Total Area Extractive Area Surface Water Ground Water
area m? m? Catchment {Catchment
Area 1 (northern 342,070 109,360 Ballyglass (north of CrossRiver (Corkip
site) discharge from Kough)
Cuilleenirwan Lough) p)
Area 2 (western 249,560 127,640 Ballyglass (south of Killeglan
site) discharge from
Cuilleenirwan Lough)
Area 3 (southern 88,370 n/a Killeglan Public Water Supply Zone of
site) Contribution
680,000 237,000

The annual average effective rainfall figures for the site have been calculated as 543mm/yr (OGE)
and 687mm/yr (Kelly and Lee, 2003). Assuming a 20% run-off figure, the partition of the water
falling on the site to ground water and surface water within each area is calculated and presented in

Table No. 3.4.13. For Areas 1 and 2 the water balance for the extractive areas within these site sub-

divisions is also calculated.

Table No. 3.4.13: Revised Water Balance for the Application Site

Application site area Average annual run- | Average annual run- Average annual Average annual
off volume and to off volume and to ground water ground water
which system (OGE which system (Kelly recharge volume and | recharge volume and
ER figures) m3 and Lee, 2003 ER to which system to which system
figures) m? (OGE ER figures) m3 (Kelly and Lee, 2003
ER figures) m3
Area1 all (northern site) | 37,148 (yr) 101.7 (day) | 47,685 (yr) 130.5 (day) 148,595 (yr) 406.8 190,738 (yr) 522.2
Ballyglass System Ballyglass System (day) Cross River {day) Cross River
(Corkip Lough) (Corkip Lough)
Area 1 (Extractive area) | [11,876 (yr) 325 (day) | [15,244 (yr) 41.7 (day) [47,506 (yr) 130 (day) [60,979 (y1) 167 (day)
Ballyglass System] Ballyglass System] Cross River (Corkip Cross River (Corkip
Lough)] Lough)]
Area 2 all (westernsite) | 27,102 (yr) 74.2 (day) 34,789 (yr) 95.2 (day) 108,409 (yr) 296.8 139,155 (yr) 381.0
Ballyglass System Ballyglass System (day) Killeglan (day) Killeglan
Area 2 (Extractive area) [13,862 (yr) 38 (day) [17,793 (yr) 48.7 (day) | 55,447 (yr) 151.8 (day) | 71,172 (yr) 194.9 (day)
Ballyglass System)] Ballyglass System] Killeglan Killeglan
Area 3 (southern site) 47,985 (yr) to 61,594 (yr) or 1314 (day) to 168.6 (day) Killeglan

Ground recharge and discharge

Recharge to the bedrock aquifer occurs at all points on the study site. In the central and western
areas of the site, the bedrock aquifer is either exposed or underlain by relatively thin (< 3 metres) of
overburden and highly weathered rock. There are no surface water courses either on or
immediately adjacent to the site, and therefore majority of the precipitation falling on the site will
recharge the bedrock aquifer. Where the overburden cover is thicker (3.00 to 10.00 metres) the
permeability of the drift is such that diffuse aquifer recharge is possible. Within these areas of
thicker overburden are areas of internal drainage some of which are probably related to karst
collapse structures in the bedrock and thus represent swallow holes and points of discrete recharge.
Kelly and Lee (2003) estimated that approximately 20% of the water available for potential run-off
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3.4.97

3.4.98

3.4.99

3.4.100

within the zone of contribution to Killeglan Public Water Supply fails to recharge the aquifer. OGE
would contend that this figure is probably also applicable to the application site.

Based upon observation taken during the constant rate pumping test during longerterm monitoring
of water levels in selected boreholes from the application site ground water recharge fesponse times

are rapid on the scale of a few hours.

As previously discussed the inferred limit of the zone of contribution to the Killeglan Public Water
Supply is located within the southern part of the site. Ultimately ground water within the zone of
contribution to Killeglan Public Water Supply will either discharge locally to the head of the
Killeglan River or from other surface water discharge points within this ground water catchment
(see Hydrology Section). Ground water below the eastern part of the application site will also
discharge to the Zone of Contribution to the Killeglan Public Water Supply although this is to the
north of the Zone of Contribution as defined by Lee and Kelly (2003). Ground water below the north
part of the site will discharge towards Cross River catchment, although this area is located within
the surface water catchment to the Ballyglass River.

Aquifer Classification

As discussed in Soils (and Geology) Section of this EIS, the site is underlain by Undifferentiated
Visean Limestone. Rock core retrieved from the nine cored exploratory boreholes drilled on the site
(and adjacent lands) do not contradict this interpretation. The County Roscommon Groundwater
Protection Scheme, 2002 (Draft) classifies this aquifer as Rf - a regional important aquifer - fissure

flow dominant and describes it thus:

“Overall, the Undifferentiated Visean Limestone generally comprises clean, highly karstified rocks,

which are capable of sustaining significant yields, including six public water supply schemes.”

Evidence from the site geology confirms that the bedrock is indeed ‘clean’, i.e., generally lacking in
clastic clays and shale beds and evidence of karstification, particularly in parts of the northern and
eastern parts of the site is noted. However, in the areas of the bedrock that are karstified the
majority of the fractures and fissures that would provide ground water conduits are clay-filled.
Therefore although the permeability of the fractured and karstified zones is higher than the
unfractured bedrock they are relatively low for karstified limestones. The Killeglan Public Supply
Scheme located approximately 4 kilometres south-southwest is major public water supply sourced
from the Undifferentiated Visean Limestone. However, the OGE Factual Hydrogeological Report
(Appendix 3.4.1) suggests that potential yields in the bedrock aquifer below the application site are
not significant.
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) 34101  The overburden deposits of the study area are not considered as potential aquifers.

3.4.102

3.4.103

3.4.104

3.4.105

Ground water Vulnerability and Resource Protection

The vulnerability of an aquifer is dependent upon the permeability of the overlying sub-soils and
their thickness. In Table No. 3.4.14 the guidelines for assessing the vulnerability of an aqaifer are

defined.
Table No. 3.4.14: Vulnerability Mapping Guideline (Adapted from DELG, 1999)
Unsaturated Zone | Sub-soil Thickness Hydrogeological Conditions (Diffuse Recharge: Sub-soil
Permeability and Type)
Sand and gravel High Permeability Moderate Low
aquifers only (sand/gravel) Permeability (e.g. Permeability
sandy sub-soil) (e.g. Clayey
sub-soil, clay,
peat)
Extreme 0~-3.0m Extreme Extreme Extreme
High 3.0-50m High High High
High 5.0-10.0m High High Moderate
High >10.0m High Moderate Low

The vulnerability (of the bedrock aquifer) is reproduced from that of the GSI and is shown as Figure
No 3.4.8 as part of a resource protection classification map. The map (as reproduced from the
records of the GSI) shows that over the majority of the site the bedrock aquifer is classified of
extreme vulnerability, i.e., bedrock is relatively shallow (< 3 metres below ground level), although
the geophyisical evidence from the application site suggests the overburden is thicker than this
under many areas. The sections of the eastern and northeastern parts of the site would be classified
of high vulnerability based upon the records of the GSI. This interpretation is partly co-incident
with the observed site geology where the areas of the northern and eastern parts of the site are

underlain by thicker overburden and more fractured bedrock.

Based upon the site geology alone and incorporating depth to bedrock information from this chapter
the central and western areas of the application site are characterised by shallow relatively
unfractured bedrock and would be classified as being of extreme vulnerability. All other areas of the
site would be classified of high vulnerability, since the overburden is probably of moderate
permeability and ranges in thickness from approximately 3.00 to 10.00 metres.

As a consequence of the proposed development the topsoil and sub-soils will be stripped from the
proposed extractive areas and stored as site screening bunds. The vulnerability of the bedrock
aquifer will therefore become extreme (within the proposed extractive areas) during the quarrying

operations.
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3.4.107

3.4.108

3.4.109

3.4110

3.4.111

Based upon the classifications of the aquifer underlying the site and the vulnerability of that aquifer,
a resource protection classification for the aquifer can be assigned. The kiedrock aquifer below the
site would therefore generally have a resource protection classification of/Rf/fH - Regionally
Important Aquifer - fissure flow dominant of High Vulnerability, locally Rf/E - Regionally
Important Aquifer - fissure flow dominant of Extreme Vulnerability. As a consequence of the
proposed development the resource protection classification of the bedrock aquifer in the’extractive
areas would become Rf/E - Regionally Important Aquifer ~ fissure flow dominant of Extreme

Vulnerability.

Bedrock Aquifer Properties

As part of a hydrogeological investigation a pumping test was commenced at 12:32hrs on the 28%
June 2004, and completed at 12:30hrs on the 1st July 2004, a period of 71.97hrs (4318 minutes). A
hydrogeological report based upon the findings of the pump test was compiled by OGE, a copy of
which is enclosed as Appendix 3.4.1 to this Section of the Environmental Impact Statement.

The bedrock aquifer is fractured and unconfined. Hydraulic gradients in the less fractured bedrock
are approximately 0.07 whereas in the fractured and karstified bedrock the hydraulic gradient falls
to approximately 0.007.

Analyses of the time/drawdown graphs for nearest monitoring well (Borehole BH10) during the
pumping test suggested a Transmissivity (T) value of 12m?/d, and a storativity value of 1.4 x 10+,
Assuming an aquifer thickness of 38 metres, then the Hydraulic Conductivity of the aquifer in this
location is 0.14m/d (1.66 x106 m/s). This Hydraulic Conductivity value would be considered

medium to low.

The Pumping Well (PW2A) is located within a zone of fractured bedrock. The value of Hydraulic
Conductivity recorded is therefore likely to be at the upper range of values for the bedrock beneath

the site as a whole.

Existing Potential Contamination

None of the houses, farms and other commercial enterprises are served by mains sewerage and
waste water is treated by septic tanks. Effluent from septic tanks is a potential point source of
ground water contamination. OGE have assumed that all these residences have septic tanks and

provide potential point sources for contamination. Farm yard waste also provides a probable point
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34.113

source of ground water contamination. The other industrial, agricultural and commercial activities

also provide possible point sources of contamination from spillages of fuek'or other chemicals.

The proposed development would provide the following additional potential soiixces of surface and

ground water contamination

e Septic tank servicing the on-site toilet facilities, located adjacent to the office;

¢ A bunded diesel tank to refuel mobile plant to be located within the quarry managemerit

area;

e Waste oils from the workshop to be located within the quarry management area;

e Accidental fuel or leaks from mobile plant;

e Potentially contaminated wash-down water within the workshop yard;

¢ The steam cleaning of plant in the workshop area may also produce potentially

contaminated surface water run-off; and

e Potential contaminated run-off from precipitation and dust suppression measures.

Site Water Chemistry

A sample of the ground water was collected at the end of the pumping test and sent to Alcontrol

Laboratories, Ballycoolin to be analysed for the list of parameters present in Table No. 3.4.13. A water

sample from the Ballyglass River was collected on the 31st August 2004 and also analysed for the

same parameters. The results of these analyses are also presented in Table No. 3.4.13.

Table No.3.4.15: Hydrochemical Results of the Ground Water Sample from the site and Surface Water Sample from the

Ballyglass River
Parameter Units Ground | Surface Water Killeglan I/PV value GV
Water Sample from Public Water values
Sample at | the Ballyglass | Supply from
end of River date supplied
pump test by Roscommon
County sample
dates FEB 02 to
FEB 04 -
median value
pH 7.1 8.0 715 5585+ | 2655
9.5
Conductivity (uS/ cm) 537 518 597 1000 1000
Dissolved (mg/1) 12.8 NR -
Oxygen
Total Dissolved | mg/1 383 304 - n/a 1,000
Solids
Ammoniacal mg/1N <02 <0.2 0.007 n/a n/a
Nitrogen (Ammonia)
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Parameter Units Ground | Surface Water Killeglan I/PV value GV
Water Sample from | Public Water wvalues
Sample at | the Ballyglass | Supply from
end of River date supplied
pump test by Roscommon
County sample
dates FEB 02 to
FEB 04 -
median value
Calcdum mg/1Ca 107.7 106.6 - n/a 200
Chloride mg/1Cl 10 13 - 200 30
Iron mg/1Fe 0.017 0.132 0.048 0.1 0.2
Magnesium mg/1 Mg 3.95 3.10 - n/a 50
Manganese mg/1Mn 0.016 0.014 0.006 0.05 0.05
Potassium mg/1K 02 20 - n/a 5
Sodium mg/1 Na 5.8 7.3 - 200 150
Sulphate mg/1S0, 4 <3 - 250 200
Total Alkalinity mg/1 240 310 - n/a n/a
CaCOs
Nitrate as NOs mg/1 31 1.0 3.33 50 25
Nitrite as NO: mg/1 <0.05 047 0.002 05 0.1
Phosphorus mg/lP <0.05 <0.05 - n/a n/a
Orthophosphate | mg/1PO. <0.03 <0.03 0.005
Colour Hazen 1 93 21
Total Suspended mg/1 10 <10 -
Solids
Minerals Oils pg/l <10 <10 -
Total Phenols mg/1 <0.01 <0.01 0.01 (G/A3)
Total PAH's (16 mg/1 <0.2 0.0003 -
EPA species)
Oils, Fats and mg/1 <1 <1 -
Greases
NSO/ Resins mg/l <1 <1
BOD unfiltered mg/1 <2 3 <3 (G/Al)
COD settled mg/1 <15 44 30 (G/ A3)

34114

34115

* 75/44EEC “Surface Water Directive” guideline value for Al waters

surface water quality results are given relative to the I/PV values set out in 75/44/EEC Council
Directive of 16 June 1975 concerning the quality required of surface water intended for the abstraction of
drinking water in the Member States. This directive is informally referred to as the Surface Water
Directive. The ground water results are being measured against the proposed standards for ground

water as published by the EPA in the Interim Guideline Values for Groundwater.

The ground water and surface water samples were found to be a calcium-bicarbonate type typical of
limestone terrains. The ground water sample does not exceed any of the Interim Guideline Values
for Groundwater, nor since the water is intended for discharge to the Ballyglass River, does any of
the parameters measured exceed the standards for surface water intended for drinking. Where the
ground water sample from the site and the hydrochemical results of the on-going monitoring at the

Killeglan have parameters in common the chemistry of both waters is similar.

Impact of Quarry Discharge on Killeglan Public Water Supply
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OGE have estimated the likely daily discharges of surface run-off and ground water inflow to the
quarry and proposed for discharge to the Ballyglass River is 2.6 M1/ day. <tligher discharges would
be extremely infrequent and for short durations only. Some of this water is ground water from the
Cross River system and other water would have naturally run-off to the Ballyglass River. The
estimated worst case scenario of ground water inflow to the proposed development whei the quarry
floor is at an elevation of 40 m O.D is 1.3 Ml/d. Of this worst case figure of 1.3 Ml/day f ground
water ingress, around 50% should be taken from the Cross River system. Therefore the worst case
scenario of ground water loss and potential impact on the Killeglan source is around 650m?/day.
The average daily amount of precipitation available for run-off and recharge in the zone of
contribution to the Killeglan Public Water Supply is estimated as 80Ml/day. The potential impact of
the quarry development on the Killeglan source is therefore estimated at less than 1%.

Impact of Quarry Discharge on Corkip Lough

Corkip Lough was originally a turlough-type lake being feed by ground water and surface run-off.
Drainage works have resulted in the lake becoming a turlough fed predominantly by ground water.
As previously discussed the majority of precipitation falling within a catchment to a river or lake
within this area soaks to ground water (c. 80%). Therefore the primary component of recharge to the
lake will be from ground water. The majority of turloughs are fed by relatively shallow ground
water emanating from the epikarst. Based upon the evidence presented in this report Corkip Lough
lies at the down gradient end of a deep karst structure (and ground water conduit) that also
underlies the northern part of the application site. Corkip Lough is therefore likely to have three

recharge components:

e Ground water recharge from deeper karstified bedrock which is sourced from the north-west;

¢ Run-off within the surface water catchment to the lough; and,

e  Shallow ground water from the epikarst also sourced from the surface water catchment.

The Working Group on Turloughs (formed as part of the Water Framework Directive) on which
OGE are represented identifies the following pressures on turloughs:

¢  Changes to water inputs to the turlough by abstractive activities;

e Changes in drainage; and
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e Changes in land use which could potential alter nutrient and/or sediment loads on the
turlough.

Based upon the hydrogeological evidence, although Corkip Lough is probably located above an area
of deep karstification, the lower karst probably provides little recharge to the turlough. The vast
majority of the ground water recharge to the turlough will emanate from the epikarst. The.gyarry is
only to be developed in the unfractured bedrock of the application site and the cone of depression
formed as the quarry is developed to full depth is likely to be of limited extent. Furthermore, the
cavities within area of fractured and karstified bedrock underlying the northern application area
(and which may share a structure connection with Corkip Lough) are clay-filled and the
permeability within the bedrock relatively low. It is likely therefore that the proposed quarry
development will have little or no impact on Corkip Lough.

Impact of Quarry Discharge on Feacle Lough

Feacle Lough has been classified by the Working Group on Turloughs as a Mesotrophic turlough.
This classification is based on the work of R. Goodwillie and the Duchas Ellenburgh classification.
In ecological terms the turlough is therefore moderately productive but not sensitive within the

terms of the Water Framework Directive. The turlough has already been impacted by other

activities.

Most turloughs are fed by ground water from the epikarst. Based on the ground water levels in June
2004, Feacle Lough is up gradient from the karstified bedrock of Area 2 (Western Application Site).
The ground water level in Borehole MW2 was approximately 54.00m O.D. in June 2004 whereas the
water level below Feacle Lough was approximately 60.00 m O.D. The karstified bedrock below Area
2 of the Application site represents deep karst, whereas Feacle Lough is likely to be fed by shallow
ground water from the epikarst. In general the relative ground water levels are lower in more
karstified bedrock and this suggests that Feacle Lough is not fed by deep karst structures. Therefore,
although ground water beneath the western and southern parts of the application site flow south-
southeasterly in the general direction of Feacle Lough, the ground water that feeds this turlough is
up gradient from the main ground water conduits below the site and as such the proposed quarry

development will not impact the turlough.




Roadstone Provinces Ltd Page 45 Project No. 060201/3
EI5 Water Section FINAL Report September 2004

Assimilative Capacity of Ballyglass River at the Proposed Discharge Point of the Quarry Water

34122  OGE used AquaChem v4.0 software to calculate the expected concentrations of each chemical
parameter within the receiving water below the confluence with the discharge(vater under dry
weather, mean flow and mean annual flood conditions. These mixing calculations are_based upon a

daily quarry discharge of 2.6Ml/day.

34123  From the discharge and mixing calculations presented earlier in this chapter we can show that the
receiving stream below the confluence with the discharge waters will comprise the following ratios
of original receiving water and discharge water (based upon maximum discharge) under the

following stream flow conditions:

e Dry Weather Conditions = 1 part original receiving water to 187.5 parts discharge water
(0.00533:1 or 0.5% to 99.5%)

e Mean Flow Conditions = 3.77 part original receiving water to 1 part discharge water (1:0.265
or 79% to 21%)

e Mean Annual Flood Flow Conditions = 7.77 part receiving water to 1 part discharge water
(1:0.129 or 88.6% to 11.4%)

34124  The model calculates the resulting concentration by mixing the different solutions according to the
equation below (Aquachem v.4.0, 2003):

Cp= Z %,y 0.C.+ chy
’ Z s Ox Qy

Where  C;= Resultant concentration in stream (mg/1)
Qx« = Discharge rate of effluent (1/s)

Cx = Concentration of parameter in effluent (mg/1)
Qy = Discharge rate of stream (1/s)

Cy = Concentration of parameter in stream (mg/1)

The predicted mixed waters are presented in Table No. 3.4.16.
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3.4.125

3.4.126

3.4.127

3.4.128

3.4.129

3.4.130

3.4.131

IMPACT OF PROPOSED DEVELOPMENT

Ground Water

Negative Impacts

The local ground water table in the immediate area of the quarry will be lowered during extraction
to approximately 40 metres O.D. The evidence from the Hydrogeological Report (Appendix 3.4.1) is
that the permeability of the bedrock aquifer (particularly in the planned extractive area) is relatively
low and that relatively steep gradients will develop on the cone of drawdown around the site. The
majority of the residences in the study area have access to mains water supply. The cone of

depression is unlikely to impact third party wells adjacent to the site.

The likely impact on the Killeglan source from discharges of ground water that will ingress into the
quarry are negligible, probably less than 1%.

The extractive area of the quarry is located within the unfractured bedrock where the permeability is
low and steep hydraulic gradient is likely to develop behind the quarry faces. Limited seepage of
ground water may occur from the areas more fractured and karstified bedrock. However since
Feacle Lough and Corkip Lough are fed by ground water predominantly from the epikarst the
proposed development is unlikely to significantly impact on these.

The local ground water quality may be affected by accidental spillages on the exposed limestone
within the quarry if mitigating measures are not put into place. Domestic effluent will be collected

and treated on site through a septic tank system as there is no mains sewerage scheme in the area.

Neutral or Indirect Impacts

Following completion of the extraction (to an elevation of 40 metres O.D.) the central section of the

site will form a large void space.

Following completion of the extraction the void space within the central section of the quarry will
fill with water to a surface level of around 55 metres O.D. (summer ) and 60 metres O.D. (winter).

The level of the quarry lake will fluctuate seasonally not unlike the neighbouring turloughs.

In the event of storm rainfall events, the water level in the quarry would not rise significantly
because of the very large storage capacity provided by the flooded quarry.

Surface Waters
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Neutral or Indirect Impacts
34.132  Discharge from the site will be to the Ballyglass River located to the west of(the site. The discharge

) 3.4.133

3.4.134

3.4.135

of quarry water will lead to an increase in the flow of the Ballyglass River of approximately 20%
during mean flow conditions. The channel of the Ballyglass River is relatively large and will
accommodate this increase in discharge. During a 100 year return period storm event the discharge
will represent an increase of 6% above the predicted discharge for the Ballyglass River durinig such

an event.

MITIGATION MEASURES FOR WATER RESOURCES

Ground water

A number of ground water monitoring boreholes have been constructed in the fractured bedrock
beneath the application site adjacent to the extractive area. A programme of regular monitoring will
be undertaken on these boreholes, the well at Feacle Lough and surface water levels in Corkip

Lough. This will ensure that these designated sites are not being impacted by the operation.

If it is discovered that the excavation at the quarry is having an adverse affect on any local wells then
an alternative water supply will be provided. However, based the hydrogoelogical evidence any
impact on any third party well is unlikely and mains supply is available to the residences within the

environs of the proposed development.

Measures will be taken at site to ensure that water entering the quarry does not become

contaminated. The following procedures will be adhered to:

e  All petroleum products and chemicals will be stored in paved and bunded areas. In
particular all diesel tanks will be set upon concrete hardstanding and potential spillages
contained within a bund wall with a minimum capacity of 110% of the total tank(s)
volume. A sloping pre-fabricated galvanized roof will be added to the bund structures
to prevent rainwater collecting within the bund and potentially becoming contaminated;

o All waste oils and chemicals will be stored inside a workshop and disposed of off-site by

a specialist contractor;

¢ Refueling and maintenance of plant will take place in a designated facility which will be
provided with a concrete surface. All run-off will be collected within a central
sump/reservoir and initially processed through an oil trap and klargester system prior

to being directed to the main quarry sump.
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34136

3.4.137

o The drainage system of the quarry management and concrete making areas will be
designed so that all run-off and any potential spills will draiit }o a central point. This
water will then pass through an oil interceptor prior to being directed to the main
quarry sump.

e All other surface run-off, ground water ingress and dust suppression watep (not lost
through evaporation) will be discharged off site through the effluent treatment(system.
The settlement lagoon and klargester system will be located in the north-western part of
the site as shown in the operation section of this EIS. Details of the effluent treatment

system are presented in Appendix 3.4.7.

Effluent from the toilet facilities on site will collected and treated in an on-site septic tank. A
separate site suitability assessment has been carried out and this is presented as Appendix 3.4.8. The

proposed location of the effluent percolation area is also shown on the site assessment form.
Surface Waters

The quality of the waters being discharged off site will be controlled by a licence to discharge trade
effluent which will be sought under a separate application. The chemical compatibility of the
Ballyglass River water and discharge water is assessed in this report and will also be presented in
the discharge licence application. The assimilative capacity of the receiving water has also been
assessed and the capacity of the channel to take the increased flow. The channel capacity of the
Ballyglass River was found to be adequate to incorporate the projected increased flow. The
projected quarry water discharge will not adversely impact the water chemistry of the Ballyglass

River.
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0'Neill

ground water engineering

HYDROGEOLOGICAL REPORT FOR PROPOSED QUARRY AT CURRY/CLOONACALTRY

CO. ROSCOMMON FOR ROADSTONE PROVINCES LIMITED

Introduction

O’'Neill Ground Water Engineering Limited (OGE) were engaged by Roadstone Provinces Limited
to undertake a hydrogeological investigation for a proposed quarry site at Curry/Cloonacaltry, Co.
Roscommon. The objective of that work was to establish the hydrogeological constraints to the full

development of the proposed quarry. Essentially two questions were required to be answered.

e Can the quarry be developed to the maximum planned depth of approximately 40 to 70
metres bgl (40 metres O.D.);

e How much water would require to be managed and discharged as the quarry is
deepened. ’

This report summarises the findings of a constant discharge rate pumping test carried out on the site
between the 28t June 2004 and 1st July 2004, an Airlifting Test carried out on the 11% May 2004, and
combines ground water information collected by OGE and Roadstone Provinces Limited over a six
month period to provide answers to the above questions. All the data compiled during the constant
discharge pumping test and ground water reading taken prior to the test is presented in tabular and
graphic form in the Data Sheets at the end of this report. OGE installed pressure transducers in two
boreholes (MW1 and MW?2) to monitor trends within the ground water at these locations. This
information is presented in tabular form within the Data Sheets at the end of this report. Ground
water data from the other monitoring points compiled by OGE and Roadstone Provinces Limited is
also presented within the Data Sheets at the end of this report. These two data sets are combined in
graphical form with the rainfall data (sourced from Met Eireann) from the nearest weather station
over this period to illustrate the medium term ground water trends below the site. This graph is also

included in the Data Sheets.

7, South Main Street, Naas, Co. Kildare
T:045-895668 F:045-881705 MDb:087-2300933
Email: info@groundwatereng.ie
Directors: S O'Neill (Managing) O O'Neill
Registered Office as above. Registered No. 354725. VAT No. 3900664V
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Constant Discharge Pumping Test - Methodology

The pumping test was commenced at 12:32:00 on the 28t June 2004 and completed-at 12:30:00 on the
13t July 2004, a period of 72 hours (4318 minutes). The recovery was measured from 12:30:00 on the
1st July 2004 to 12:35:00 on the 2nd July 2004, a period of 24 hours (1445 minutes).

Excluding the production well (PW2A) there were ten boreholes monitored during the test. The
production well (PW2A) and two monitoring wells (MW1 and MW2) were drilled specifically for
the undertaking of the hydrogeological investigation between March and May 2004. The production
well was located within a central location of the application site within fractured bedrock probably
associated with a fault zone. Details of the boreholes drilled for this investigation are contained
within the appendices to the EIS Water Section. Eight other ground water monitoring boreholes
previously constructed by Roadstone Provinces Limited either on the application site or in adjacent
land were also monitored during the test. A location map of the site boreholes is contained within

the EIS Water Section.

An Airlift test was carried out on the Production Well (PW2A) on the 11t May 2004. The maximum
short term yield of the well was assessed at 0.561/s. Details of the Airlift Test are contained within
Data Sheets at the end of this report. Although the bedrock encountered within the production well
was fractured the majority of these fractures appeared clay-filled. OGE assessed the predominant
water making feature within the well was a cavity located at between 47.00 and 50.20 metres O.D.

Only small inflows occurred from other levels.

On the basis of the observations of the Airlift Test, a pump was selected that could potentially
abstract close to that of the maximum yield of the well. OGE assessed that if the water level in the
production well was drawn down below the main cavity then the maximum safe yield of the well
would be exceeded and the water level in the borehole would then rapidly drawdown. The initial
flow rate from the production well at the start of the test was 0.2651/s, less than originally intended.
The drawdown in the production well after a period of 22 hours (1344 minutes) was 1.40 metres
from a rest level of 44.24 m below datum. A second pump was installed and started at 10:54:00 on
the 29t June 2004. The discharge from the production well was increased to 0.41 1/s, approximately
75% of the estimated maximum yield of the well. After a period of 24.6 hours (1477 minutes) the
second pump failed, however, a drawdown of 2.55 metres was achieved. The water level within the
production well was therefore less than 1 metre above the main water bearing feature. The test was

continued for a further 25.45 hours (1527 minutes) at the reduced pumping rate of 0.2651/s. Details

@
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of the data obtained during the test are presented in tabular form in the DataSheets. A graph
illustrating the drawdown in, and discharge from, the production well duringthe test is also shown

in graphical form within the Data Sheets.

The water levels within the monitoring wells are detailed in tabular form within the Data Shezts.
This information is also shown in graphical form in the Data Sheets. Maximum drawdown values
within the monitoring wells are taken from the level of maximum drawdown in the production well

approximately 47 hours from the start of the test. These details are summarised in Table No. 1.

Table No 1. Summary of Observed Pumping Test Results

Borehole Static Water Abstraction Duration (minutes Change in Water Distance from
Level 28/06/04 rate since start of the Level over Duration | Production Well (m)
prior to 12:32:00 test) of Pumping Test
m O.D. (m)

Production Well 54.24 0.265 - 0.410 -2.55 -
PW2A 1/s

BH1 67.70 2917 +0.730 871

BH3 54.72 2898 -0.035 268

BH5 54.14 2923 -0.085 749

BH6 70.75 2906 -0.24 499

BH8 55.64 2955 -0.055 469

BH9 68.09 2978 -0.30 354
BH10 54.82 2758 -0.89 17

BH11 61.31 2988 0.16 516
MW1 53.79 2948 -0.05 593
MW2 63.02 2736 0.04 455

Values in RED are drawdown, black values represent recovery during test

Rainfall

Periodic showers occurred during the pump test allowing limited recharge.

Hydrochemistry

The hydrochemical parameters of the discharge were monitored during the test. The results are
presented with the main pump test data of the data sheet and also presented in graphical form in the
Data Sheets. A water sample was taken at the end of the test and sent for analysis. The results of

this analysis are presented in the EIS Water Section.
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Ground Water Storage in the Bedrock

Based upon the medium term ground water monitoring results the average annudl-fluctuation in the
ground water level below the site is approximately 10 metres. A probable upper rarige estimate of
average interconnected porosity in the bedrock is around 4%. OGE would contend that gffective

porosity and storage will generally decrease with depth and in areas where the rock is less fractured.

As a first pass OGE have assumed that the average (of the whole rock mass to a final elevation of
40m O.D.) effective porosity and storativity in relatively unfractured limestone is around 1%.
Karstified limestone can potentially have interconnected porosity of 15%, but the indications from
the drilling work is that many of the fractures are clay filled. As a worst case scenario OGE have
assumed that the highly fractured areas of limestone have interconnected porosity of approximately
10%. Moderately fractured limestones are assumed to have interconnected porosity of 2% - 5%. The
quarry is to be located within the relatively unfractured bedrock. Based upon the estimates of the
effective porosity of the bedrock and the planned area of extraction, OGE calculate a worst case
scenario would require approximately 6,000m? of ground water from storage to be managed per

annum or 16.5m3 per day.

Ground Water Inflow and Drawdown under the Proposed Development

Based on the findings of the constant discharge rate pumping test a distance/drawdown
relationship for the bedrock during the test can be constructed. A graph of the distance drawdown
relationship for the pump test is shown in the Data Sheets. The regression line of the

distance/drawdown curve was determined as the following:

y = 0.297Ln(x) -1.85

The integral of the above equation is

= 0.297(Ln(x).x-x) -1.85(x)

Since the maximum drawdown is at Om from the pumping well and the zero drawdown point is
507m from the pumping well, the average drawdown can be estimated by integrating the above
equation between the known limits. The integral of the above equation between the limits of 0 and
507 is thus
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= (0.297(Ln(507)507-507) -1.85(507))-(0.297(Ln(0)0-0) -1.85(0))
= (-1387.71+1675.24)-(0)
=-150.65m?
The average drawdown is therefore
150.65m2/507m = 0.297m

The average calculated drawdown above is based upon a theoretical cone of drawdown with a
circular plan. In reality the cone of drawdown would be elliptical and these calculations again
represent a worst case scenario. The aerial extent of this theoretical cone of drawdown will be
approximately 807,545m2. The total rock volume within this cone of drawdown will therefore be

239,840m3.

Since an average discharge volume of 36.9m3/d, for the first 46.5 hours, produced 0.297m of
drawdown over an area of an area of 807,545m?, this discharge rate should therefore produce a
theoretical 1 metre of drawdown over an area of 239,840m?2. Since the quarry footprint is believed to
be 237,000m? the discharge rate to produce 1 metre of drawdown over the planned quarry area will
be 36.5m3/d. Since the average summer ground water table in the proposed extractive area is 60m
O.D. and therefore 20 metres of drawdown is required to maintain dry conditions in the quarry to an
elevation of 40m O.D., then a discharge rate of 665m?3/day should achieve this. Since the quarry is to
be developed only in relatively unfractured bedrock and the there was evidence of recharge of the
aquifer during the constant discharge rate pump test this figure should be considered a worst case
scenario. It would be prudent however to build into any calculation of potential ground water
inflow a safety margin of 100%. OGE would therefore contend that the likely ground water in flow
to the quarry at a working level of 40 m O.D will be less than 1330m?/ day.

BA
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Quarry Development and Discharges

Discharges from the quarry will have three components, effective rainfall, ground water released
from storage and ground water inflow to retain dry conditions in the quarry. The levelof effective
rainfall requiring management is based upon the average daily effective rainfall falling on the
application site. The amount of run-off requiring management (and discharge) as presented below
is therefore the worst case scenario. Detailed water balance calculations for the site are presented in
the EIS Water Section. The likely ground water discharges from the site as the quarry is developed

are summarised in the Table No. 2.

Table No. 2: Summary of Likely Quarry Discharges

Bench No. Precipitation daily average Storage Ground Water Inflow

Best Case Worst Case Best Case Worst Case Best Case Worst Case
Bench 1 80m- 297 m*/day 1,297 m3/day - - - -
110m O.D.
Bench 2 60m- 297 m*/ day 1,297 m*/day - Localised small - Limited and
80m O.D. quantities intermittent
Bench 3 40m- 297 m?/day 1,297 m3/day 5.5 m3/day 16.5 m3/day <665 m3/ day 1330 m3/day
60m O.D.

Based upon the above table the worst case scenario for quarry water management when the quarry
has been developed to an elevation of 40m O.D. is approximately 2.6Ml/day, i.e., precipitation,

water from storage and ground water inflow.




Roadstone Provinces Limited Page 7 Project No. 080302
Cam, Co. Roscommon Hydrogeological Report Thursday, 16 September 2004

DATA SHEETS
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Ground Water Level (m O.D.)

Long Term Ground Water Level
and Daily Rainfall Data (Athlone)

10 —————— -

w
o

g
Q
T
S I
e P || PN T JBHUE -
| S i | | BH-05 = — 4
| | —f| £l
T [=4
e =2
Il 18 [ -
so ULl il r ||I ol —4 L
0 25 50 75 100 125

19th FEB 04 Days 23rd JUN 04



98'6C 800 L8'6C 489 489 1S¥4'6 T€49°0 00°009SZ¥L 00°094¢C 0591 96¢ §¢'S€-90 ¥00CT0'80
98'62 000 98'62 889 88'9 65LL°6 S€L9°0 00°00TTTH1 00'025€T £E91 265 STSETO 002 H0°'80
$8'6C 000 ¥8'6C 06'9 06'9 646 65290 00°00896€T 00°08Z€T LY91 98¢ ST'SETT 002 H0°L0
¥8 6T 000 ¥8'6C 069 069 65LL°6 86490 00°00%¢8eT 00°0¥0€C 0091 8¢ STSe-81 $002F0°L0
286C 000 T8'6C 769 769 20946 64490 00'00089€T 00°0082Z €8'GT 08¢ STEEDL $00TH0'Z0
| 6L6T 000 64'6C S6'9 S6'9 1SvL°6 890 00°009¢s€T 00°09sZ¢ 291 94¢ STSE0T ¥002$0°20
_-1 44°6T 000 4L°6T 469 46’9 6GL4L°6 97890 00°0026¢€EL 00'0Zece 05'ST e 625290 $00CF0°L0
LL°6C 000 LL°6C 269 469 £094°6 2890 00°008%ZCL 00°080cc €eST 89¢ SCGET0 ¥00CH0L0
LL6T 000 LL6T £6'9 £6'9 6SLL'6 92890 00°'00%0TET 0007812 LUST $9¢ STSETT 00250790
SL6C 000 SL'6T 66'9 66'9 20926 £¥89°0 00'000962T 0000912 00°ST 09€ STSE8T H00T'H0'90
TL6C 000 TL6T 0L 202 65LL°6 14890 00'009T821 00°09€1T €891 9g¢ STSEVL H002'50'90
0L'6T 000 0462 ¥0'Z $0'Z 65LL6 $689°0 000022921 0002112 L9¥1 zee STEE0L F00ZF0'90
02'6C 000 0s6T 302 0L 646 96890 00'00825ZL 00'0880C 0591 8ve ST:SE90 002090
99'6c 000 9962 602 602 20926 86690 00°00%8¢1 00'0¥90C €691 e ST:SE20 H00TH0°90
S9'6C 000 S9'6C 602 602 65LL'6 690 00°000¥2Z1 0000502 LUL 0%¢ STEETT F00Z'H0°'S0
€962 000 €962 (497 1497 20926 19690 00°00960Z1 0009102 0071 9€¢ STSE8T 00T H0'SO
£9'6C 00'8%LL $002'50°'S0
Pup 103 | uonpsrio) Pq doxp 103 pesH | D, dwag, Teq Spuodag SUTIA she@ | smopgyg

papaIIo)

W [2A9] [enuely | amssarg Surpeax awiy, pue aje(q
PAdT
DM wyuQq IdJeAL | pajsaIIo) ®IoL 18307 | 18307 pasderg pasderg [pasderq | pasderg

¥0/50/¢1 1aD : 4q papiduro)

/102090 :13quIny 3oenu0)
S9OUTAOI ] SUO0}SPROY 0] UOUIWOISOY] "00) “UIe))
(Burroyruowr urrsy Suoy TMIN) ere( 159, Burdwin : xipuaddy

ar3uasorempunoB@ o :peme

£€600€C L80 © oW

SOLI88 SpO *uI

899568 S0 ‘™

"IEpID 0D ‘e N 120115 UNe I YINo§ ‘L

Burresurduy e PUNOID IRN,O




15°0€ 000 IS0€ €9 948 20946 9580 00°0002.81 00°0021€ L9'1T 0cs ST:GE0L $O0CTHOEL
9¥'0¢ 000 9%°0¢ 829 188 £094°6 T2980 00'009458T 00'0960€ 051C 91§ STGE90 POOTHOEL
TH0E 000 THoe €9 s8'8 €46 $998°0 00002€781 00°02£0€ €€1T 40 STSET0 FO0THOEL
LEGE 000 LEOE 89 068 €46 60,870 000088281 00'08%0€ LITT 809 ST'SETT H00THOTT
LT 000 8T0E 99 668 6SLL°6 S088°0 000055181 00'0¥20€ 00'1C 05 ST'GESL HOOTFOTL
<8z 0¢ 000 8Z0¢€ 959 959 L0946 €90 00°000008T 00°0000€ €8°0C 00S STSEPL FO0TFOTL
8C0¢ 000 820¢ 9%9 959 L0926 $2€9°0 000095841 0009262 £9°0C 96¥ ST'GE0T H00THOTT
STOE 000 9z 0€ 879 859 646 6¥9°0 00°00Z1LLT 0002562 050T T6¥ ST:SE90 $O0THOTL
9C0€ 000 92 0¢ 859 859 20946 9590 000089541 00°0826¢ €602 8% ST:SETO HO0CFOTL
€C0E 000 €208 169 159 L0946 69€9°0 00°00¥THLL 00°0%06T L10T $8p STSETT FOOTHOLL
12°0€ 000 12°0¢ €59 €59 £09L°6 7690 00°0008241 0000882 0002 08y ST'GE/T H00TFOTT
¥T0E 000 ¥20e 059 059 1946 £9€9°0 00°009€1LT 0009582 €861 9Ly ST'SEWL PO0THO'LL
61°0¢ 000 61°0€ 869 569 £09L'6 $159°0 00°0026691 00'02€8T 1961 Uy STEE0T FOOTTOTL
9T'0E 000 AR 89 L89 1ShL'6 9£59°0 00°0087891 00'0808C 0561 89% STGE90 FO0THOLL
91°0¢ 000 LTOE 189 59 L0926 LEVIO 00007091 00°0¥84C €661 9% ST'SET0 FO0THO'LL
$L0¢ 000 proe 099 09'9 L0926 990 00°0009591 007009/ LT6L 09% STSETT HO0THO 0T
$10¢ 000 ¥T0€E 099 099 1SPL6 85590 00°0091591 00'09€4T 0061 9sp STSEST FO0THO 0T
Troe 000 Tros 299 299 65LL°6 $859'0 000024291 00'02TLT £8'81 [ STSEPT FO0TFO 0L
oT0¢ 000 0T0¢ $99 99 16846 50590 000082191 0008892 L9'8L 8t STSE0L $00CTHO0L
L00E 000 L0°0€ £99 £9'9 £094°6 82590 00°00¥86ST 00°0%99¢ 05'8L ¥ ST'SE90 $O0THOOL
S0°0€ 000 S00€ 699 699 65LL°6 £559°0 00°000%8ST 00°00%9¢C ££81 0% SCGEZ0 FO0THO 0L
S0°0€ 000 S00€ 699 699 15946 6%59°0 000096951 0009192 LU8L 9¢p STSETT HO0CTHO'60
S00¢ 000 S0°0€ 699 699 15546 67590 00°002SSST 00°0265¢C 0081 ey STGEZL $O0THO 60
£0°0¢ 000 £€0°0€ 129 149 15946 °89°0 00°0080%S1 0008952 €91 8Th STSEFL FO0THO 60
000€ 000 00°0€ L9 bL9 66LL6 8659°0 00°00F92ST 00°0¥bST L9241 72 ST'SE0T H00TH0'60
86'6C 000 86'6C 9.9 949 6SLL6 1299°0 00°00021ST 00'002ST 04T 0cy ST'SE90 FO0TT0'60
£6'62 000 €662 189 189 15546 £999°0 00°009£6¥1 00°096%C €ELL 91y ST'GETO $O0TF0'60
96'6C 000 96'62 8,9 849 L094'6 5990 00°00ZE8¥T 00°0¢L¥T LULL At STSECT $O0THO'80
€6'62 000 €662 189 18'9 1SPL°6 £€999°0 000088951 00°08%¥C 00°LT 80% ST'SE8T HO0THO'G0
£6'62 000 £6'6C 18'9 189 1546 £999'0 00°00¥5SPT 00°'0¥ChT €8°91 w07 STSEPL HOOTHO'80
68'62 000 6867 89 $8'9 20926 1£9°0 00°0000%%1 00'000%2 L99L 00% STSE0L $00TH0 80
JUIp 10J | uoyIAIIO)) Pq doip 103 PesH | D, dwal Ieq Spuo0dag SUTIA[ sdeq | smoyg
IETREY S (g
I [9A3] [enuely | amssaig Surpearx awIr], pue 3y
[9A97
™M Bua BIeM  [paweno) ®IoL 198807 | 18807 pasdefq pasderg |pasdery [posderq




6£’IE 800 ov'ie vcs L84 1Sv4'6 1220 00°00¥81¢C 00°0¥98¢ €89 9 STSevl Y002 7081
SE'IE 000 SE'Te 6€'S 6L 1S¥4'6 SGLLO 00°000%0¢€C 00°00%8¢ 99T 0%9 ST:6e:0T $00C 081
0c'1e 000 (115917 s L6'L 20926 0820 00°00968¢C 00°0918¢ 05'9¢ 9¢9 GC:Se90 $00ZH0'8L
0c'te 000 0€'1E s 16’4 £094°6 20820 00°00cs4ee 00'0T64€ £€e'9T (4% §T:6620 F¥00CH0°8T
943 000 ITIE 8¥'S 10'8 1SvL'6 9¥8L°0 00°00809¢C 00°0894¢ AN 4 879 §TSECC Y00TYO'LL
CC1e 000 eC'le 15 08 £094°6 14840 00°00¥97¢T 00°0¥¥L€ 00'9¢ ¥29 SC'SE'81 V00T T0LL
nllmw.ﬂm 000 €C1e 1S 08 6SLL°6 L840 00°000cccC 00°00cse €8'ST 029 STSEVL F00CTOLL
[ 1] £ 000 8T'TE 96's 608 6SLL°6 81640 00°00941¢C 00°0969¢ £9'SC 919 STSE0T $00TP0°LL
ylic 000 i491%7 09's (18] 1Sv/'6 9640 00°002¢e0TT 0002/29¢ 05'sT <9 ST:6E:90 Y00CTO AL
60'IE 000 60'1c §9'S 81’8 19v.'6 90080 00°008881¢ 00°08¥9¢ £6'ST 809 62620 $00TH0°LL
L0'Te 000 L0'TE £9'S (4] 20946 €080 00°00¥%¥41C 00°0%29¢ LT'SC 09 STSETC $00TH09T
c0'1e 000 c0'1E [7A° SC'8 19v4'6 $408°0 00°000091C 00°0009¢ 00'st 009 GCSe81 ¥00TT091
0'Ie 000 c0'e (7] S8 6SLL°6 £4£08°0 00°009s¥1T 00°094S¢ €8¢ 965 STSEPL ¥00TF091
66'0¢ 000 66'0€ SL'S 8T8 646 0180 00°00CTETC 00°0csse 497 68 STSE0T $00TH0'91
260¢ 000 86°0¢ 948 678 20946 1¢18°0 00°0089T1C 00°082s¢ 05%¢ 885 62690 ¥00ZH09L
S6'0¢ 000 S6°0¢ 64’ 8 20926 9180 00°00¥201C 00°0¥0s¢ 2 74 78S ST'SE°C0 Y00TH091
€60 000 €60 18's ve8 £094°6 L9180 00°000880¢ 00°008¥¢ AN 74 089 SCSETC P00THOST
€6°0¢ 000 €60 18'S 12%!] £094°6 £918°0 00°009¢£0C 00°09Sve (V174 9.8 GC'GE-81 002 TO'ST
06°0¢ 000 160 €8S 9¢'8 240946 6818°0 00'0026S0T 00'0Teve £€8'€C [24°) STSe¥L F00TH0ST
88°0¢ 000 88°0¢ 98'S 6¢'8 20926 [Ar4:44) 00°008¥%0C 00°0807¢ L9°€C 89S §¢'GE0T $002F0°ST
98'0¢ 000 98'0¢c 88'S e 6SLL°6 9¢78'0 00'00%0€0¢ 00°0¥8¢¢ 05'€c ¥9s §¢:6¢90 $00CF0ST
¥8°0¢c 000 ¥8°0¢ 06'S €78 €L6 6280 00°000910¢ 00°009¢e €e'ee 09S S¢-GE°C0 $00TH0'ST
808 000 8'0¢ ¢6'S Eig] 891L°6 G280 00°009100C 00°09¢ce LT'EC 9sS SCSETC Y00TTOPT
640€ 000 6408 S6'S 8¥'8 €L'6 €80 00°00zZ486T 00°0c1ES 00'ec ss SC'SE81 Y00CHO VL
LL°0E 000 L40¢ 26'S 058 1Sv46 ¥2e80 00°0082Z61 00°088Z¢ €8'Ce 87s STSe VL Y00THOFL
[4A1] 000 °L0e 209 qe8 1SP46 £€8°0 00'00¥8S61 00°0%9¢e £49°CC s S¢Se01 ¥00CH0FT
69°0¢ 000 69°0¢ §09 898 6542’6 96€£8°0 00°000¥v61 00°00%CE 05T 0¥S GC'SE-90 Y00TT0FT
S9°0¢E 000 S9°0¢ 609 298 2092’6 6£¥8°0 00°0096¢261 00°0912¢ €T 9¢es ST:6ET0 F00CTOFL
£€9°0¢ 000 €9°0¢ 119 98 1SvL6 19780 00°00ZST6T 00°0261E JANZ4 es §¢'SETC V00T H0EL
85°0¢ 00°0 85°0¢ 919 698 1s¥L'6 90580 000080061 00°0891¢ 00ce 879 GT6E:8T $00CTOCL
95°0¢ 000 95°0¢ 819 148 TSvL6 6¢S8°0 00°00%9881 00°0%¥1€ £8'1e 4% STGEFT Y002 H0°EL
Pup 103 | wondaLI0) Pq doxp 103 pesH | D, dwal Teq spuodag SUIIA sheq@ | smoy

papauI0)

W [949] [enuely | amssarg Burpeax sy, pue ajeq
1Ll
pIEM wyua BEM | paparo) relol w3807 | 18307 pasderg pasdeg | pasderq | pasderg




0 0L1€ ¥06 L5L 1746 Y1540 00°008%9.T 00°0809% 00ZE 897 STEE8L H00TH0'ET

10°0- 0£1€ $0'G 82 1SPL'6 PIFLO 000030522 0005855 €8'1¢ ¥9L STSEFL HO0TH0'EC

000 L91€ 205 09'z 1SPL6 LEVLO 00000942 00'0095% L9TE 09z ST'SE0T PO0TH0'ET

000 L91E L0°S 09°L 10946 8€9L0 00°009124C 00°09€5P 0STE 95/ ST:SE90 HO0THOET

000 89°1E 60'S (23 20946 19740 000024042 00°0Z1SP £ETE 8L ST:SETO O0THO'ET

000 S9TE 60'S T94 1746 69940 00°008269C 00°088%¥ AR 8h. STSETT $O0TFOTT

000 S9'1¢ 60°S 294 15526 65940 00°00%8.92 00°0%9%% 001E 421 ST'SEBT $O0CFOTC

000 991€ 60'S 294 1ShL6 65640 00°000%992 00'00%H¥ €8°0€ %L STSEPT $O0CHOTT

000 L91€ £0°S 092 15546 LEVLO 00°0096¥92 00°09THF L90€E 9¢/, STSE0T $00CFOTT

000 S9'1E 60'S 294 £09L°6 19640 000025€9Z 00°026€7 050€ TeL STGE90 $00THOTT

000 €91¢ 60°S 9L L0946 19%4°0 00°'008029¢C 00°089¢% £60¢ 8TL STSETO BO0THOTT

000 €9°1¢ s ¥94 L0946 ¥89L0 000079092 00°0FFE LT0E L ST:SETT HO0THO'TC

000 L91E L0'S 092 20946 8540 000002652 007002y 00°0¢ 0zs ST'GE8T HO0THO'IT

000 99°1¢ 60'S [ZP €46 85VL'0 00°009445¢C 00'096¢F €8'6T 91L STSEPL $O0THOIT

000 S9°1€ 60°S 294 6SLL'6 £994°0 00°00Z€95T 000242 £9'6C L ST'SE0T $00C 01T

000 91 L0S 09'2 £092°6 8EVL0 00°0088¥%SC 00°08%¢y 05'6C 80/ ST'SE90 HO0THO'IT

000 S9°IE 60°S 9L L09L6 19%2°0 00°00%%€ST 00°0vZey £E'6T P04 ST'SETO PO0THOTC

000 €9°1€ 1rs $94 20946 ¥894°0 00°00002ST 00°000Ty LU6C 00 STSETT POOTTO'0T

000 £9°1€ s ¥9L 20946 $8540 000095052 0009417 00'6T 969 ST'SE8L $OOTHO 0T

000 951E 8IS L £09L6 TSSL0 00002 16+C 000251y €8'8¢C 69 STSEPT FO0THO 0T

000 €5'IE 1S VL4 2096 SLSL0 00°008925T 00°0821% L9°8T 889 STSE0T H00TH0°0T

000 $S1E 0z'S €LL 1SPL'6 €4SL°0 00°00¥29%C 00'0%01% 0582 89 ST'GE'90 $00TH0'0T

000 [ €S 9LL 20926 8654°0 00°0008%T 00°0080% £6'8C 089 ST'SET0 $O0TH0'0C

000 6'1¢€ ses 8L 6SLL'6 72940 00°'009€€%C 0009507 JAR4 9.9 ST'GETE HO0TFO'61

000 6%°1€ §Ts 8/ 1ShL6 61940 000026152 00°02€0% 0082 L9 STSEST FO0THO 6L

000 6'I€ §z'g 8L L0946 2940 00°00870¥Z 000800% 84T 899 STSEFT FO0TTO6T

000 9%1E 8T'S 182 £094°6 €6920 00°00%065C 00°0%86€ L9l 99 STGE0L FO0TFO'6L

000 i 8¢S 18°4 6S.L°6 S%94°0 00°00092¢C 00°0096¢ 05'4C 099 §¢6€90 $00ZF0'61

000 (420 4 s/ L0926 68940 00°00919¢T 00'09¢6€ €€lT 959 STCET0 00T FO6T

000 0v'1E ¥ES L84 15046 14470 00°00Z4¥€C 000216¢ LUiT 299 ST'SETT PO0THOST

6£TE 000 0v'1E ¥ES 82 15946 1440 00°0082€€T 00'0888€ 002 879 ST'SEL $O0THOBL

Pup 103 | uomdIIIO) Pq doxp 103 pedsH | D, dway Teq Spuodag SUTA skeq | smoy
PpapaIIo)
W [9A9] [enuely | amssaig Surpeaz suILy, pue aje(q
[2Ad]
DM wyuQa DM |poparIo) relol 198307 | 198307 pasderg pasderg |pasderq |posderq




€1'CE B0~ PITE 097 €T/ 20926 €8690 00°00Z11CE 00'02SES LULE 268 STSETT $O0TH0'ST
1ree 10°0- 1ree €9Y E1¥ 20946 90040 00°008961¢ 00°08¢es 00°4¢ 888 STSE8T Y00TT0'8C
60'CE 100~ 60'Cce 9 8TL 1SvL°6 42040 00°00¥Z81¢ 00°0%0¢s £€89¢ 788 STREFL Y00CH0'8C
£L0CE 100 £0'ee 97 0T’ 89126 Y040 00°000891¢ 00°008¢S £99¢ 088 S¢9e:01 00T 70'8C
waTe 100~ soce 69% (24 | 574 €£0L0 00°009¢S1E 00°095¢S 059¢ 9/8 GC'S€-90 ¥00CF0°8T
V'ce 100~ a0ce (744 ST4 1S¥2°6 S604°0 00°00c6¢1E 00°0¢€Cs £€€'9¢ (4] §TSEC0 $00230°8C
7 202€ 10°0- w0Te (4474 STL £094°6 246040 00°0087¢LE 00°080¢s L19¢ 898 GTSECC V00T T0'LC
°0Ce 00~ 20'Ce (74 4 SCL 19946 S604°0 00'00%0T1LE 00°0%81S 009¢ 798 GT6E8T ¥00CF0°LL
66'1E 100~ 00'ce {74 4 L 1Sv4'6 8T14°0 00°000960¢ 00°0091S €8'se 098 STSEV1 Y00CH0°LL
L6'1E 100~ L6'1E LLY 0c’s £094°6 V140 00°009180¢ 00°09¢1S FAR 958 S¢SE0L $00CH04L
S6'1e 10°0- S6°'1¢ 6LV (A4 20926 G91L°0 00°002490¢€ 000Z1IS 05'se S8 626690 ¥00TF0°4
S6°1¢ 100~ S6°Te 6LV [y 1S¥2'6 ¥914°0 00°0082S0€ 00°0880S £€'6E 8¥8 SC'SEC0 ¥00CT0LT
€6°1¢ 100~ €6'le 8% Vel €46 S812°0 00°00780¢ 0007905 LTSE 8 S¢GE°¢C 00T H0'9C
06°T¢ 100~ T16'1¢ €8y 9¢'L 12574 60240 00°000¥%20¢ 00°00%0S 00°5¢ 078 §TSE8T 00209
06'1¢ 00 06'lc 8 L84 £092°6 11220 00°009600¢ 00°0910S €87¢ 9¢8 STSEPL $00C$0°9C
06'LE 100- 16°'TC 87 9¢’/ €L'6 £024°0 00°00cs66C 00°0Z66¥% L97¢ (A% §¢SE0T ¥00CH0'9C
88'T¢ 100~ 2 987 6€4 5574 [4/A ] 00'008086¢ 00°0896% 05ve 8c8 §¢:6€90 ¥00CV0'9C
s8'1e 10°0- 98°1¢ 88% |54/ 1S¥4°6 §SCL0 00°00%99%6¢ 00°0vv6v €eve Va8 SCG€'C0 ¥00CT0'9C
S8'TE 100~ 98'1¢ 887 Wi £094°6 95¢L0 00'000s6C 000026 LT%E 0z8 §¢-ee-Ce ¥00CP0'sT
8’1 100~ 78'1¢ 06'v VL 20946 64CL0 00°009486¢ 0009687 007¢ 918 SC9E:81 V00T H0'SC
18'1¢ 100- 181¢ €6y Ei 4 1SvL6 €40 00°00cec6e 00°0TL8% £8°¢e CI8 STSEVL ¥00CH0°ST
84'1¢ 100~ 64'1C 56 8v'L 19946 €CEL0 00°008806¢ 0070878V £9°¢€e 808 STSE0L $00TT0°SC
8/4°1¢ 10°0- 64'TC S6v 8V’ 1Sv4°6 €CEL0 00°00%¥68C 00°0%T8Y 05'ee ¥08 §T'S€90 $00TT0°SC
9416 10°0- LL1e L6V 052 1sv4'6 9veL0 00°000088T 00°0008% £€e'ee 008 §T'SE-T0 $00CT0'SC
vi1e 100~ vL1e 00°'s €54 1sv.4'6 89¢€4°0 00'009598¢ 0009447 AR 964 S2:6eCC Y00TV0FC
9L'TE 10°0- LLTE L6V 05’2 €L'6 eL0 00°0021S8¢C 00°0TSLy 00'ce (74 §TSE81 YOOTTO¥C
(47 100~ (457 0's SSL €L'6 6€40 00°0089¢8¢ 000824y €8°Ce 88/ STSEVE F00THOTT
vL1e 10°0- {7 %% 00's €54 £092°6 JAYAY 00°00¥ccse 00°0%04% L9te 8 ST:6e 01 $00TF0FC
(4455 100 °LTE c0's §S°2 €L'6 6€4°0 00°000808C 00°0089% 05°Te 084 §¢S€90 ¥00TH07C
69'LC 00 0L'1e vo's L84 €L'6 [45 741 00'009¢64C 00°0959% €eee 92/, STSETO $00CH0FC
69°'1¢ 10°0- 04'1¢ v0's 184 1S¥L'6 [4574Y 00°00Z644T 00°0ce9y LT'ce (477 STSETC $00CH0'eC
Pup 10j | UoPAIIO) Pq doip 103 pPeaH |D.dwag Teq Spuodag SUTAl sheq | smoy
papa1I0)
I [9A3] [enuely | amssaig Surprear WLl pue ayeq
Paa1
1M Byuq npEM |papero) ®ioL 138307 | 188071 pasdery pasderg |pasderq | pesderg




84TE 00 6LT€ S6°E 879 1Sh46 SPE9°0 00°009459¢ 00'09609 €5Th 9101 STEET0 $00T'SOH0
PLTE 100 sLTe 66°€ 259 €6 88€9°0 00'002€EFIE 00'02£09 LUTH TI0L STEETT $O0T'SO'E0
69°C¢ 100~ 04'ce Wy LS9 1svL'6 9¢¥9'0 00°008879¢ 00°08%09 00'cy 8001 GC:9e-8T ¥00C'S0'c0
S9'te 100- 99'C¢e 60V 299 8914°6 84%9°0 00°00%¥19¢ 00°0%209 €81y Y001 SCSE VL $002'S0°c0
9% 100- €9°T¢ Iy ¥9'9 €46 20590 00°000009¢ 0000009 L9'TY 0001 STSE0T F002'S0'E0
[ 09ze 100- 19°¢E €Lp 999 €46 S259°0 00°'009585€ 00°09.6S 0S'I¥ 966 STSE90 $00T'S0'E0
09°2E 100- 192 84 999 €46 §259'0 00°00ZTL5E 00°0256S £E'TH 266 STEET0 $00C'SO'ED
85Te 10°0- 95E 8L'p 129 1726 TL59°0 00'008955€ 0008265 LUTH 886 STEETT $00C'S0TO
€52 100 €5T¢ 1T ¥4'9 15746 96990 00°00%TPSE 00°0%065 00°TH 86 STSEBL F00T'SOTO
19¢e 100~ 16°Ce €&y 949 €46 91990 00°0008cSe 00°00885 €80V 086 SCSEFT ¥002'S0°C0
8v'ze 10°0- 6°2¢ STY 8.9 8914’6 ££99°0 00°009€1S€E 0009585 L90Y 926 ST:SE0L $002'S0°T0
e 10°0- L¥TE LY 089 €46 29990 00°00T667€ 00°02€8S 05°0% (7 STSE'90 $002'S0Z0
I'ce 100- 9v'ce A4 189 1sv2'6 €999°0 00°00878¥¢ 00°0808< g0y 896 §T:6¢°¢0 ¥00C'S0°C0
£9°CE 100- ¥Wee 0€V €89 1S92°6 98990 00°0030%€ 00°0¥8.5 LTOF $96 STSETT F002'S0'10
TH'ee 100 e [455 2 689 €46 20290 00°00095¥€ 0000945 00°0% 096 ST'SE8T $00T'SO'T0
w'ee 100~ ar'ee (A5 4 689 1Sv4°6 60290 00°0091¥%P¢ 00'09¢4S £8'6€ 956 S¢S ¥002'S0'10
6€TE 100- 0¥'2E ¥ED 489 89146 82490 00°0024T7¢ 00'02145 L9°6€ 256 ST:SE0L $002°S0'T0
LETE 10°0- LETE LEY 06'9 €46 T6L9'0 00°008CTHE 00°0889S 05'6€ 8%6 STEE90 H00T'SO'T0
9€TE 100 LETE LEV 06'9 1946 $6£9°0 00°00%86€E€E 0007995 £€6€ 6 STEE'T0 $00T'SO'T0
$EE 100 SETE 6€F 269 2096 64490 00'000%8€€ 0000795 LU6E 0%6 STEETC PO0THO0E
$ETE 100 agTe 657 269 L0926 64490 00°00969€€ 0009195 00'6€ 9¢6 STSEBL FO0T F0'0E
TeTe 100- TETE 4474 969 1SP46 890 00°0028S€S 00'0265S €8¢ 66 STSEPL F00TF00E
°€TE 10°0- £€T¢E 547 69 89146 L6£9°0 00°0080%€€ 00'0895S £9°8¢ 826 STSE0L $002FH0°0€
0£ZE 100- 0€Z€ 444 169 1SPL'6 TT890 00°00F92€€ 00°0¥%55 05°8¢ 26 STSE90 FO0TF00E
LTTE 100- 8CTE 9% 669 ISPL'6 7890 00°000T1EE 00'002SG £€'8¢ 026 STSETO FO0TFO0E
sTee 100~ rad 6% w4l 20946 2890 00°00946C¢ 00°096¥%S L1'8¢ 916 GT:SE'TC Y00TH0'6C
STTe 100- erArAy 6%y WL 20926 4890 00°002¢c8ze 00°0Csps 00'8¢ <l6 SC:SE-8T ¥00CH0'6T
0zzE 10°0- 1Zee €57 90°L 1SP46 €169'0 00008892 00'08%%5 €828 806 ST'SEFL F0O0TFO6C
0zee 100- 1ZCE €57 902 5743 £169°0 00°00F¥52¢ 00°0¥2¥S 192 506 STSE0T 002 06T
91'Ce 10°0- 9T'ce 8G¥ s 1Sv4°6 69690 00°0000¥CE 00°000%S 0s'4¢€ 006 §C:6€:90 700CH0'6C
€1ee 10°0- j4%4% 09% [ 4 1Sv.'6 28690 00°0095¢Ce 00°094¢S (2 WA 968 STSET0 ¥00TP0'6C
Pup 103 | uoydaIIo) pPq doap 1oy pedH | D, dway Teq Spuodag SUIA sdeq | smoyg
paypa1Io)
I [9A3] [enuey | Inssarg Surpeax surLy, pue aje(q
9491
BIEM Puq RjeM |papeiIo) eioL 13307 | 198807 pasderg pasderg |pasderq |pasderg




€r'ee 00 j4%% 09'¢c €19 €46 20090 00°000701% 00°00%89 0S¥ 1,498 §¢'S¢'90 ¥002'S0°60
e€ree 100- pree 09°¢c €19 €6 20090 00'009680¥ 00°09189 12 A4 9¢TL 62960 $00Z'S0°60
Ires 100 Tree T9'€ S1'9 €46 $209°0 00°002SL0¥ 00°026.£9 LULY 4448 STGETT $00T'S0'80
e 10°0- Zree 29'c 19 891L°6 €209°0 00°008090% 00°08949 00°2L¥ :7408 ST:6E81 $00T°S0°80
Ties 10°0- cree 9'¢ S19 5574 92090 00°00%9%0% 00°0%%£9 €8'9¥ 740 STSePL $002°S0'80
8U'ce 100~ 60°cc 99'c 819 £09L°6 S09°0 00°0002€0¥ 00°00T49 L99Y 17495 S¢Se0L ¥00T°S0°80
_il vo'ce 100~ S0'ee 69°¢ a9 €L'6 €609°0 00°009.10% 0009699 05'9% 9111 §¢:6¢90 $00T°S0°80
yo'ee 100 S0'ce 69'c 9 €L6 €609°0 00°00¢€00v 00°0T£99 €c9¥ <IIt 62620 $002°S0'80
yo'ee 100 [0'ee 69'c 9 1Sv.6 6090 00'008886€ 00°08¥99 LT9% 8011 S¢:SETC ¥00T'S0°20
¥0ee 100~ S0'ee 69'c 9 €L'6 £609°0 00°00¥v.L6S 00°0¥299 00'9% JO1L §T6e 81 ¥002°50°L0
F0°cE 100 S0'€E 69°€ 9 €46 £609°0 00°000096€ 0000099 €8'Sh 0011T ST:SEPL $O0T'S0'L0
10°€€ 100 T0°eE (745 sT9 1SPL'6 41190 00°0095¥76€ 00°0959 L9'Sy 9601 STSEOT $00T'S0°LO
yo'ee 100 S0'ee 69'c a9 19v4°6 6090 00°00C1g6E 000289 0s'sy <601 §C:S¢90 $00T'S0°L0
10°¢e 100~ °0'ce (72 ST9 1S¥.'6 L1190 00'008916€ 0008299 2814 880T G¢:9¢-20 ¥00C'S0°Z0
66'T€ 100- 00'€E VL€ LT9 573 7190 00°00%206€ 00'0%059 AN« 801 ST'SE'TT $002'S0'90
66'CE 100- 00'ce vie £T9 ISvL'6 190 007000888¢ 00700879 00'sy 080T S¢5e81 $002'S0'90
10°€E 100 T0°€E 1753 sT'9 15546 L1190 00'009€48¢ 00°095%9 {51347 9201 ST'SEHL $00T'S0'90
10°€E 10'0- T0°€E (74 79 ISVL6 L1190 00°002658€ 00°0Z€%9 L9 201 STSEOT $002'S0'90
66'CE 100 00'€€ vLE LZ9 1S6L'6 $19°0 00°008738¢€ 00'080%9 0S¥ 8901 STSE'90 $002'S0'90
662€ 100 00°€€ $LE LT9 ISP2'6 $19°0 00°00%0€3¢€ 00°0¥8€9 €CHY $901 STEETO H00Z'S0'90
L6TE 10°0- 86'C€ 9€ 629 G174 €919°0 00°000918€ 00°009€9 VAN <4 0901 STSETT F00T'S0'SO
L6CE 100- 862€ 9.¢ 629 89126 9190 00'009108€ 00°09€€9 00'%% 980T STEE'8T $00T'S0'SO
16T 10'0- 86'7€ 9L'¢ 629 8916 919'0 00°002284¢€ 00'021€9 €8°Ch (40114 STEEHL $00T'S0'S0
L6CE 100- 86'C¢ 9L'€ 629 €6 1919°0 00°008244€ 00°08829 L9°ey 8v01 STEE0L F00T'S0'S0
86'2€ 100 S6'7€ 64°€ (44 €46 $819°0 00°00¥85.¢€ 00°0¥929 0S¢y 501 STSE90 $00Z'S0'S0
26'CC 100- £6°CE I8¢ 9 €46 90290 00°000%92¢ 00°00¥C9 ceey 0v01 S¢SET0 $002'S0°S0
48T€ 100- 28'2¢ 98¢ 6€9 L0946 §629'0 00°009624€ 00709129 AR 4 9€0T STSETT HO0T'SOH0
06CE 100 16C€ €8°¢ 9€'9 €L6 62290 00°002ST4€ 00°02619 00'€¥ T€0T STEET $00Z'SOF0
06'C¢ 10°0- T6'CE €8¢ 9¢9 1Sv46 1€¢9°0 00'008004¢ 00°08919 £8'Ch 8201 STSEVL $002°S0P0
G8'CE 10°0- 98°2¢ 88'¢c 54 €L'6 §4C9°0 00°00%989¢ 00°0¥%19 L9'Cy oL SCSE0T $002'S0F0
€8°Ce 100~ ¥8ce 06'c %9 1Sv26 66¢9°0 000002/9¢ 00°00TT9 05Ty 0201 $¢:S£90 ¥00T°S0P0
Jup 103 | UOIAIIOD) Pa doip 10j peaqg |[D,dwag, Treq Spuodag SUTAl sAeq | smoyg
papaILIo)
uI [9A9] Enuely | 2ImssaLy Surpeax surLy, pue areq
[Pad]
I9)eM Byua PepM | paorio) ®of, 3307 | 193807 pasderg pasderg |pasdery | pasderg




0T'€E 00°LT:L $00T'SO'LL
0T'ee 10°0- 1z€e €5°€ 90'9 €46 €650 00°00216TH 00'0ZSTZ L96Y 611 ST'SE0T $002'SO'LL
0z'€E 100- 1T€E €€ 909 89146 79650 00°0089.T% 0008214 0S'6% 81T ST'SE90 F00T'SOLL
0Z€E 10°0- 1Cee €5°€ 90'9 €46 £666°0 00°005292% 0005012 €E6Y $8LT ST'GET0 $00T'SOTL
0C'€E 10°0- 1T€s €5'e 909 89146 76650 00°00085C% 00'0080Z LU6Y 08LL STSETT $00T'SO0T
0C'€E 10°0- 1ee €5°¢ 909 15946 SE65°0 00'009€£Z7 000950/ 00'6% 9411 ST:SE8T $00C'S0'0T
8T'€c 100- 6L'€E SS'E 809 €46 95650 00°00Z612% 00'02€04 £9'8% (7431 ST:SEPT $00T'SO0L
8T'ce 100~ 61'ce qs'e 809 €46 9564°0 00°008v0CY 0008004 £9'8¥ 8911 SCSE01 ¥002°S00T
FAR Y 100~ 8T'ee 96°¢ 609 £094'6 69650 00°00%0617 00°0¥869 0587 911 62°6e:90 ¥002°S001
sT'ee 100~ IaT'ee 85°¢ 9 €L6 64650 00°000941¥ 00°00969 €c8y 0911 S¢S0 $002'S0°0T
gree 10°0- 9T'€es 85°¢ 1r'9 €46 62650 00°009T91% 00'0969 L18Y 9511 STSETT $00T'SO'60
ST'ee 100~ Iar'ee 85¢ e 1Sv4°6 186S°0 00°002LV1Y 00°0C169 00°8% SIt S¢Se'8T $00C°S0°60
Sree 10°0- or'€e 85°¢ 9 15946 18650 00°008ZETH 00°08889 €8'Lb 8p11 ST'SEFT $00T'S0'60
£r'eE 10°0- PLEE 09'¢ €19 €46 20090 0000781TH 00'0%989 L9l LI ST'SEOT $002'S0'60
Pup 103 | uondaII0) Pq doap 103 pesH | D, duwal, Teq Spuo0d3g SUTIA sfeq | smoy
paaII0)
I [9A9] [enuely | amssaig Surpearx swir], pue sy
[PAST
133eM puqa DM | pearo) TeioL 18307 | 108307 pasderg pasderg |pasderq | pasderg




_H 0S°4T 100 0S°4C S0'9 866'6 8C650 00°009¢€4C 00°09s% AR 94 €3:9€:TT 700T'€0°SC
v €GLT 100 (42974 £09 $£86'6 €065°0 00°002652 00°02EY 00°€ [ £2:9€:81 F00TEY'ST
€5/ 100 [£:774 €09 ¥£86'6 €065°0 00°008¥%C 00°080% €8¢ 89 €C9EFL $00TE0'ST
SS'4T 100 S§4T 009 76866 64860 00°0070€2 00°0%8€ £9T ) £29€:0T H00T'E0'ST
Q94T 100 SS°LC 009 8896°6 84890 00°00091C 00°009¢ 05T 09 €2°9€:90 ¥00T'€0°SC
LS'LT 100 yAyA4 86'S 8666 25850 00°00910C 00°09¢e €ET 9 €¢9¢:20 $00T€0°SC
0942 100 69°4T 96'G €866 €850 007002481 00°021€ 41T s €0°9¢-TC P002'€0¥2
S92 100 ¥9LT 16'G $686'6 8480 00008241 000882 00T 8y £T9€:8T H00TE0HT
S9LL 100 ¥4 16'S 88966 £845°0 00°007891 00°0¥9¢ €81 44 €CI9EVT ¥00T'€0°'7T
9L 000 294 €6’ 8666 1850 00°000%¥%1 00°00%C 91 (114 €¢'9¢:0T 7002 €0'7C
94T 000 ¥9'LT 16'S £86°6 68450 00°0096<T 00°091C 05T 9€ €¢:9¢:90 00T €0¥T
69'4T 000 69LT 98'g 8666 6€450 0000ZSTT 000261 €61 43 £296:20 YO0TE0HT
694 000 69°L2 98's ¥€86'6 LELSO 00°00800L 000891 1T i €T9E°TC TO0T'E0'ET
e 000 wie €8's 8896'6 TS0 00°00%98 00°0%H1T 001 <4 £29€:81 $O0TE0'EL
VLT 000 Vil 186 8896'6 68950 00°0002. 000021 €80 0z €C9EFT 00T E0°ET
V44T 000 VLT 18'S e86'6 6950 00°0094S 00096 490 91 £29¢°01 $002'€0°€C
oLLT 000 oLt €89 88966 4S80 00°002¢y 00°024 050 (43 €2°9€:90 ¥00T'€0°€C
VLiT 000 VLT 18'G 6866 6950 0000882 00°08¥ €0 8 £296:Z0 $00TE0'ET
VLT 000 VLLT 186 2666 26950 0000751 00'0%C L10 ¥ €7'96°TC POOTENTT
VLT 000 VLLT 18'S £Z10°01 £695°0 000 000 000 0 00°'GE'8T $00TE0TT
{7474 00-82°ST #002'€0'C

pomoron | P20 P4 PeRH [Dodwar [ Ieq spuodag SUN | sheq | smoy
PaYT W [9A9] | renuepy | ainssaig Surpeas awr], pue ayeq

RyEM wyua RIEM T30l 198807 | 1988071 pasde[g pasderg |poasderg | pasderg

££600€T L8O

$0/50/21 1aD : 4q panidwo)

/102090 “IequInN 1enuo)
S9OUIAOIJ SUOISPEOY I0J UOWILOISOY "0D) “UIe))
(Burroyruowr wriay 3uor ZMIAD) e 3521, Surdumg : xipuaddy

: qiqow

a1 usiejem punolS@oguy - wemd
SOLI 88 SHO **°3

899668 S¥0 1

"BIPIIY 0D ‘BN 192K We A Ymos L

Burreaurduy 123ep| pUNoIn) [[ION,O




80'8C €00 S0°'8T 0s’s €866 ¥8€S0 00°002€94 0002421 €88 21T €T9EFT 00T E0'IE
80°8C €00 S0°'8T 08's 88966 T8ES°0 00'0088V4 00°08%CL 498 80T £29€:0T $00T'€0'TE
S0'8T 200 £0°'9C %S ¥£86'6 L0750 00°007%€4 00°0¥ZCL 05’8 0T £C9€'90 700T'€0'TE
20'8C 700 0082 gg's 421001 $EPS0 00'00002/ 00°000ZL €E'8 00C €2:9€°20 700C'E0'IE
0082 200 86'4T i8S 866'6 95¥5°0 00°009504 00'094T1 418 961 £C:96:2C 00T E0°0E
86'4C w00 S6'LT 09°¢ $€86'6 84750 00'002169 00°0zZSTL 008 6t €C-9E8T Y00T'E00E
86'4C 00 S6'4T 09's 7€86'6 84¥50 00008949 00°08CTL €84 881 €T9EVL F00T'€0°0E
€6'4C 200 16’42 9's ¥E86'6 §T8S0 0000%299 00°0%0TL £9°L 81 €219¢:01 $002'€0°0€
£6'4C 200 16'4C y9'Q 8896'6 2950 00000879 0000801 092 081 €4:9€°90 $002'€0°0E
88'4C 00 984T 69'G 866’6 ¥465°0 00'009¢€9 0009501 €e'L 91 €2'9¢°C0 $002°€0°0€
98'/2 200 ¥ 146 8896'6 6650 00°002619 00°0ZE0T AV [748 £2:9€°TC F00C'€0'62
£8'42 200 1842 $LS 8896'6 81950 00°008509 00°0800L 00'Z 891 €T9€'8T 00T €0'67
18°4C 200 64°LT 9L'S 88966 w950 00°00¥06S 00°0%86 €89 P91 €T9CFT F00T'€0'6C
84°LT 00 9L'LT 64'S ¥€86'6 £995°0 00000945 000096 199 091 €29€:01 $00T°€0'6C
84'4T 200 94T 64'S 866'6 89950 00009195 0009¢6 059 94t €2-9690 $00T'€0'6C
84T 200 9T 64°G 866'6 89950 00°0024%5 000216 €69 (218 £2°:9€°70 $O0T'E0'6T
SLLT 00 vilc 18'S 866'6 6950 00°0082eS 00°0888 419 8yl €¢9€:TC ¥002'€0°8T
sLiT 200 VLT 185 8666 26950 00°00781S 000798 00'9 w1 €981 $002'€0'8T
SLLT <00 {744 18'S 866'6 6950 00°000%0S 00°00%8 €8S [1i4) €2-9€71 $002°€0'8C
SLLT 200 VLT 18 ¥€86'6 6950 00°00968% 000918 296 9e1 €T9E0L FOOT'E0'8T
SLLT 200 VLT 18 866'6 26950 00°002SLy 00°0262 05 (43! €C:9€:90 F00T€0'ST
SLLT 200 VL 18'S 8896'6 68950 00°00809% 00°089% €e's gL €T9ET0 F00T €0°'8T
e€LlT 100 | 7444 8's ¥£86'6 P1450 0000%9%v 00°0%¥%4 LTS 148 €T9€ETT Y00TE0LT
0442 100 69'/2 98' 866'6 66450 00'0002€% 00002 00°S 0zt €T9E:8L $O0TE0'LT
99'4T 100 v9'LC 16'S ¥£86'6 68490 00009417 000969 €8y 9L €C9CHT $002'€0'LT
S9'4T 100 ¥9'4T 16'S £21001 88450 00°00Z€0% 00'02£9 9% (431 €29€:0T $00TE0'LT
€9'4T 100 wiae €6'G 8896'6 40850 00'00888¢ 00°08%9 0S'y 801 €019€:90 $00T'€0'LT
19'4¢ 100 09°'/2 §6'G 8896'6 €850 00°00¥v4¢€ 00°0%29 1334 0T €29€°T0 $002'€0°4C
85'4T 100 Ji:g44 86' ¥E86'6 5860 00'00009€ 00°0009 1% 001 €T-9€TT 00T '€0'9T
99°4C 100 SS°LT 009 8896'6 84850 00°0095%€ 000945 00 96 €C9¢:81 ¥00C'€0'9¢C
96°/T 100 §6°4T 00’9 PE86'6 64850 0000T1€E 00°02ss €8'c 6 €T9¢P1 ¥002'€0'9C
€6°4C 100 wslT €09 421001 50650 00°00891¢€ 000828 £9°¢ 88 £€2°9¢:0T $002'€0'9C
16'¢ 100 05'sT 0'9 866'6 82650 00°00¥20€ 00°0%05 05°€ i) €990 $00T'€0'9Z
1542 100 0S'4e S0'9 ¥€86'6 92660 00°000882 00°008% €E'€ 08 €T9E°T0 FOOT'E0'9C
vwﬂw.nwww uondAIIo)) Pq pesH | D, dwaj, Teq Spu0d’3g STl sheq | smoyg
A>T W [243] | [enuepy | amssaig Surpeax auILy, pue aje(y
BPIEM wyug IdIeM TeloL 198807 | 198807 pasdeg pasderg |pasderq | pasderq




[~ 864z 000 86'4C L8 €866 SPS0 00°00¥8¢€ZL 00°0¥90¢ £CTL 42 €¢-96-T0 700 70°90
86'LC 000 86'4C 18°G 88966 €750 000005221 0000302 LTF1 0v€ £2'9€°TC P00TH0'S0
86'/C 000 86°4C 488 $E86'6 $595°0 00°009602T 000910C 0071 9¢€ €29€:8L $00T70'S0
08T 85'9C STee 00:G0°ST $00ZT'H0°G0
¥0°8¢ w00 008 gs's ¥£86'6 1€95°0 00'00CS6TL 0002661 £8'¢l e €C9EV1 $00C'70°S0
90°8¢ 700 20'8T €9 £TT0°0T 1950 0070080811 0008961 L9EL 8¢ €2'9¢-0T $00T'50°S0
£0'8T 00 €0'8¢C °9'S 7£86'6 £LOVS0 00°00¥9911 00°0%961 0sel yie £¢9¢90 $002'70°S0
£0'8¢ 00 €0°8¢ ss 88966 90%S°0 00°0002STT 0000261 €e'el 0ze €2'9€20 $002'%0°50
£0'8C ¥0°0 €0°'8T <g's ¥£86'6 LOVS0 00°0094€TL 00°09681 JANA 91¢ £¢96TC ¥00T 7070
0°8C 700 00'8¢ o] £86'6 TEPS0 00°00Z€CTL 00702481 00°ct cie €C:9¢°81 7002 70¥0
60'8C 500 S0'8C 05°S 7E86'6 ¥8EG0 000088011 0008781 €81 80€ €C9EHT HO0TH0H0
60°'8T %00 S0°8T 05'S 9£96'6 18€5°0 000077601 0007281 L9TL $0€ €2:9€°0T F00TF0F0
60'8C 700 60'82 0s5'S 8896’6 ¢8ES'0 000000801 00°0008T 0s¢L 00€ €0°9¢€:90 Y00T70F0
60'8C $0°0 90°'8¢ 6V'S 66€6'6 6LESO 00°009590T 0009441 €€Cl 96¢ £2'9£°70 F00Z 700
60'8Z $00 S0°82 05'S 8896'6 2865°0 00°00Z1501 0002541 JARA! T6T €T:9£7TC PO0TH0'€0
€r'se €00 or'ge Sv'S 866'6 8EES0 00°0089€0T 0008241 001 88z £2:9€'8T 002 'F0°E0
€18t €00 01’8 4% 7e86'6 9€€S0 00°00%2co1 0007041 €811 8T €3 9EFT 00T T0E0
9r'ge £0°0 (481 £7'S ¥686'6 €LES0 00'000800T 0000891 L9T1 08z €C:9E:01 00T 30°E0
81'8C €00 ST'8T ov's 9€386'6 98250 00°009¢€66 00709591 09’1t 9T €2°9¢°90 ¥00C'¥0'€0
orge €00 €1'8T s 88966 11650 00002646 0002€91 £6°TL [ 724 €T9ET0 FO0THO'ED
1%:74 €00 [A%:14 1374 866’6 ¥1€9°0 00°008%96 00°08091 LT'TL 892 €¢-9€°CC Y00TH0C0
98T €00 £1'8C s 88966 TI€50 00°007056 00°0¥85L 00°TL 9T £C9€:81 HOOTHO'TO
5514 €00 [48:14 €v's 866'6 Ies0 00°0009€6 00°0095T €801 09¢ €C9EFT $00TH0°C0
ST8e €00 (454 €75 $€86'6 €IE50 00'009126 00°09€ST L901 95T €2°9€:0T H00T70°T0
ST8C €0°0 [1%: 'S ¥E86'6 €IES0 00002206 00°021ST 0501 75T €C9£'90 F00ZF0'T0
91'8C €00 €182 (44 8896'6 L1£50 00008268 00°088%1 €E0T 174 £C:9€20 $00T'H0°TO
8182 €00 ST8C 0v's 88966 88¢5°0 00'00%8.8 0007971 4101 i €2:96°TT P00CH0°10
JAR: 4 €00 STse 0%'S 866'6 16250 0000098 0000751 00°0T 052 £T'9€:8T F00TF0'10
S1'8T €00 [4%:74 €v's 866'6 P1ES0 00009678 00°091¥1 €86 9¢€C €C9EVL $00TH0'10
K4 £0°0 or'ge S¥'s 88966 SEES'0 00'002SES 00'026€T 196 [44 €2:9€:01 $00ZH0°10
1 1%:14 €00 01'82 sv's 7£86'6 9€ES0 00°0080¢8 00°089¢T 056 8¢C €C9€:90 $00TH0'10
[1)%:4 €00 80°8¢ s 8896'6 65€5°0 00007908 00°0¥¥CT €e6 414 €¢:9¢:20 $00C'70'T0
80°'8¢ £0°0 S0°82 0SS 88966 78650 00°000Z62 00°002€T LT6 0ze £29€°CT PO0T'E0TE
80°8T €00 S0'82 0SS $E86'6 #8650 007009442 0009621 00'6 91z £2°9€'8T F00TE0°TE

I.wn.u.w um“u UON}3110D) Pa pesy | D, duag, Teq Spuo0dag SUIIA sAe@ | smoy

P Mm Ao & w[9Ad] | renuepy | amssaig Surpeax awr], pue ajeq

DM B»uQa )M TeioL 13307 | 1988071 pasderq pasderg |posdery | pasderg




Ve 400 80°8C 444 9€56°6 £8€S°0 00°0008T41 00°0088C 00°0¢ 08y €C9C:8L Y00TTO'TL
¥19C £00 8097 Ly's 8896'6 65€5°0 00°009€TZT 0009582 £8°61 9% €T9EHT FO0ZTHO'TL
[A%:14 L00 S0'8T 0s's 866'6 G8eS0 000026691 00°02€8C 961 (744 €¢9¢:01 $00TP0'TL
v1'8C 900 80°'8¢ iv's 9€£56'6 £8€50 00°008¥891 00°0808¢C 0s61 897 €2:9¢'90 00T 01T
(454 900 90'82 6v'S 66€6'6 64€50 000070491 00'0¥8.2 €E61 9% €960 $00THO'TT
60'8T 900 £0'8C z8°S 8896'6 90750 00°000959T 00'009.Z LU61 09% €T9€:TT FO0THO0L
11’82 900 $0°'8C 05’ 8896'6 78€5°0 00°0091¥91 0009¢/C 0061 9% €¢-9¢:81 ¥00C 7001
11'8e 900 S0°8C 0g's 9€56'6 18£S°0 00'0024291 000214C £8'8L 4ei4 €C9CFT 00T 7001
80'8C <00 €08C [Ashe] 88966 90750 00'008T19t 0008892 4981 iz4 €¢9¢:01 ¥002'%0°0L
'8 S0°0 90°8C 6¥'9 66€6°'6 64€5°0 00°00%786ST 00°0¥99¢ 09'81 244 €2°9€:90 0027001
80'8C S0'0 €0°8C s's 88966 90¥5°0 00°000%8ST 00°00¥9C €E8L [ti%4 €2°9¢:20 $00270°01
0’8z 500 00'82 85°S ¥€86'6 €950 00'00969ST 0009192 4181 9ep €29ETT $O0TH0'60
L0'8T S0°0 £0'82 75's 8896'6 90950 00°00ZSGST 0002652 00'8L [53] £T9€'8L $O0TH0'60
£0°'8C 00 €0'8¢ fAoge) $£86'6 LOVS0 00°00807ST 00°0895C €8'/1 1474 €29E¥1 0027060
20'8T ¥0°0 86°4C 4SS 7£86'6 PS50 00°00¥92ST 000v95C JANAS (444 €C9¢:01 $00TF0'60
2082 700 86'4C L8 7€86'6 $595°0 00'00021ST 00°0025C 0541 ocy £C9E:90 $00TFO'60
0°8¢ 00 0082 §6°S 866’6 TEVS0 00009261 00°096%C el El54 €¢9£20 ¥00T¥0'60
08¢ 00 86'4T 458 ¥£86'6 $9¥5°0 00°002€8v1L 0002L¥%C JAWAS (454 €¢9€°CC Y00270'80
1082 €00 86'4Z 8°G £Z10°0L L5750 00°00889¥1 00'08%%C 00°41 80% €2:9€'8T F00TH0'80
664 £0°0 96'L2 65 8896'6 LLPS0 00°0059S¥1 00'0¥CHC £8'91 0¥ €C9E'FL F00TH0'80
86'4Z €0°0 S6'42 09'G 8666 64750 00°000071 0000072 2991 00% €T'9€0T $00CF0'80
86°4T €00 S6'4T 099 ¥£86'6 84¥5'0 00°0095TVT 00094£C 0991 96€ €¢:9¢:90 007080
96'4T €0°0 €6'4C 29§ ¥686'6 20850 00°00CT171 00°02S€T €691 T6€ €C9€7T0 $00T 70'80
96'4T 200 €6°4C °9's 9€£56'6 66750 00°00896€T 00°08TEC 4191 88¢ €¢9¢T¢ 00T 7040
€6°4C 00 16’42 ¥9'¢q 8896'6 ¥2as0 00°00%Z8¢cT 00°0%0€C 0091 y8c €C-9e8L F002F0°L0
86'LC 00 G6'LC 09°¢ $€86'6 84¥9°0 00°00089¢€1 000082 €8'ST 08¢ €T $00TF0°L0
0082 200 86'4T 56 ¥£86'6 $S750 00°009€SET 0009522 L9'ST 9/¢ €C9E0T F00CF0'L0
00'8C 0o 86°LT LSS £86'6 ¥svS0 0000T6€ET 00°02€TT 09'ST TLE €¢°9€:90 ¥00C70°Z0
00'8¢ 200 86'4T 489 9£96'6 T¢SYS0 00°008%CEL 00°0802¢ €e'st 89¢ €¢:9¢:T0 Y00T70°£0
66°4C 100 86'4C 45°S 88966 €svs0 00°00701€T 00°0781¢C LUST ¥9¢ €¢'9E°TC Y00T'7090
66'4T 10'0 86’42 86 8896'6 €5550 00'000962T 0000912 00°ST 09€ €C:9€'81 $00C'50°90
66'LT 100 86'LC 4SS €866 PSvS0 00°00918¢1 00°09¢1C €8'YL 9s¢€ €C9EFT F00T70°90
10'82 100 0082 56 8896'6 62550 000022921 0002112 2971 [ €950 $00T'H0°90
86°4C 100 86'4C 89 866'6 9550 00°008TSCT 00°0880T 0SPL 87t €¢:9¢:90 ¥00C'%0°90

JMHHHM uoppani)y | pq PBH |Dodundy| rq Spu02ag SN | sde@ | smoH

P Pas 2 w [9A3] | Tenuely | amssaig SBurpeax aurry, pue aje(q

RIBM yua nIEM eI 138807 | 198307 pasderg pasdergy |pasdepq | pasderg




1482 €10 85°8T L6V 866'6 998%°0 00°002€0Ce 00°02¢29¢ 05'sT 219 €C'9€:90 F00TTOLT
¥9'8C €10 19°8C ¥0's 9€96'6 €667°0 00°008881¢C 00°08%9¢ €€’ 809 €2:9¢20 P00TF0LT
65'8C €10 98T 60°S 9€G6'6 8670 00007741C 00°0729€¢ LTST %09 £T9ETT HOOTHO'9L
6597 €10 98¢ 60°S 88966 18650 000000912 00°0009€ 00°sT 009 £2:9€81 $00CF09L
95T z10 €v'8T Trs 866'6 80050 0070095712 00°0945€ €87C 965 €Z:9EFL $O0TH0'9T
€9'8C o 5414 484 866’6 T€0S0 00°00CIE1T 00°02ssE L9VC 68 €2-9¢:0T P00TH0'91
19°8¢ <ro 6£'8C 9Ts 88966 25050 00°008911C 00°08¢se 05¥¢ 889 €2°9€:90 $00TH0°9T
6¥'8C ro LE'ST 1% 9€56'6 94050 00°00¥201C 00°0%0S€ 13474 ¥8S €¢19€:20 F00T70°91T
19°8¢ (444 6€'8C ITs 9€56'6 15050 00°0008802 00°0087¢ AN 4 08S £€0:96CC Y00TF0'ST
88T 10 L£8C 81'G 9656'6 $£0G0 00'009€40T 00°095%€ 007 98 €C9E:8T HO0THO'ST
8¥'8C 1ro 4E'8C 8T'S 8896'6 94050 00002650 00°0zETE £€8'¢T (74 €C9EFT V00T FO'ST
Sh8e 10 $E'8C 18 $€86'6 10150 000085502 00°080%€ L9€T 899 €T9E:0T HO0THO'ST
L¥8T 110 9C'8T 61'S ¥686'6 LL0S0 00°00¥0€0T 00°0P8€€ 05°€C %95 €C:9€90 $00TF0'ST
Vig: 4 1ro 9¢'8T 6T'S $£86'6 LL08°0 00°000910Z 00°009€€ €E'€T 095 €C9€:T0 $00TH0°ST
S¥'8T 1o ve'8C 1S 8896'6 66050 00°009100C 00°09¢ee LUEC 955 £0:9¢°TC T0TH0FL
Vig4 010 LE9T 81'G 8396'6 9050 000024861 00°021€E 00°€T 258 €2:9€81 H00TFOFT
¥'8C 0ro YE'8e TS 9656'6 86050 000082461 00°0882€ €8ce 875 EC9ETL FO0THOPL
6€'8C 010 62°8C 9T's 8896'6 97150 00°00¥8561T 00°0¥%9ce £9'TC i) €29¢°0T $002' 7071
6£'8C 010 628¢ 9'S 9€56'6 SPIS0 000005761 00'00%2€ 05Ce 0%5 €C:9€:90 FO0THOTT
¥E'8C 010 $T8T €5 $686'6 S615°0 000096261 000972 €ETT 9¢g €C9€°Z0 FO0THOFL
W 600 e £6'S 88966 L1ZS0 000025161 00'0261€ A% 42 £2:9€°CC FO0CHOET
62'8C 600 0C'8e SES 9656'6 66250 00'0080061 00°0891€ 00T 875 €T9E'81 YO0TH0ET
9¢'8C 600 L1'8T 8E'S 8896'6 9750 00°00¥9881 00°0¥%¥1E €8'1¢ 4] €C9EFT F00TFO'ET
$T9T 600 STgT 0¥'S 8896'6 88250 00000281 00°00Z1€ 912 0cs €C:9€0T $00TH0EL
28T 600 [1%:14 f44°% 9€56'6 1€50 00°0092881 000960¢ 05’12 918 €2:9¢°90 700T70ET
61'8C 800 or'se S¥'S 9€56'6 $EECD 00°002€P81 00°02£0€ €ETT IS €290 F00TFOEL
81'8C 800 01’82 Sv's 9€56'6 ¥EES0 00°0088Z81 00'0870€ JAR 805 €C9€:TC FOOTHOTL
91'8C 80°0 80°'8C LS 6866 9E5°0 00°0075181L 00°0%20€ 00T $05 €T9€'8T F00TF0°TL
S1'8e 80°0 80'8¢C LS 8896'6 6S£5°0 00°0000081 00°0000€ €8'0C 00s £€09eV1 $00TH0TL
$5'8C 00"000T64T 0005862 €402 SL6¥ 00:00:ZL $00THOTL
S1'8T 80°0 80'8C Ii4°] 7€86'6 9€50 0070095841 0009462 £90¢ 926 £€¢9¢:0T $00TH0°CT
S1'8C 400 80'8¢ Lv'S 66£6'6 9G€£5°0 00002T44T 00°0256C 0s°02 67 €2:9€°90 P00TF0TL
S1'8¢ 200 80'8T L¥'S 8896’6 6550 000089541 00°0826C €£0T 88¥% €¢'9€°¢0 $00TF0CT
SI8T £00 80'8C LS 66€6'6 95€S0 00°00%TPL1 0007062 L10T 8% €C:9€CC PO0THOTL
vwwww.uwmw uonIdIIIo)) Pq peaH | D, dwa], Ieq Spuo0dag SUIJAI sAeq | smoy
PasT W [9A9] | renuely | amssarg Surpeax aur], pue ajeq
I2JeAL yug RIeAA eloL, 18807 | 18807 pasderg pasderg |poasderq | pasderqg




L6'8C 0T0 J7X:14 84V 8666 84970 00°008269¢ 000887 LTTE 8¥4 £2:9¢TC V00T
£6'8T 020 8492 LY 8896'6 SL9%0 00'00%8£9C 00°0%9%% 00°T€ L €981 P00CH0'TT
S6'8C 610 SL'8T 08¥ 8896'6 86950 000007992 000057 €8°0€ 0P €C9EFT Y00 H0TT
$6'8C 610 SL'8T 08'% 9€56'6 L69%0 00°0096¥9C 000913 L9°0E 9€L €960 $00TH0'TT
96'8C 61°0 8L'8T 1LY 8896'6 SLOVO 00'0029E9T 00'026€¥ 05°0€ TEL €2:9€:90 F00THO'TT
96'8C 61°0 LL8T 8LY ¥E86'6 9L9%'0 00°008029C 00'089€¥ €E°0¢ 8L £2:9820 $00T'H0'TC
96'8C 610 44'8C 747 £86'6 949%'0 00°00%909¢ 00°0%¥Cy L1T0E veL €09€°¢C Y00THO'1T
10°6C 810 78'8C €Ly 7€86'6 62970 00°000265C 00°00zeY 000¢ 0T4 €2:9¢:81 $00TH0'1C
00'62 810 78'8C €LY $£86'6 629%°0 00°009£45T 00°096T% €8'6C 914 €C:9EFT PO0THO 1T
€0'62 810 S8'8C LY 8896'6 #0950 00°002€952 000242k L9°6T (4 €T9E0T $00TH0'IC
2062 81’0 <8'8T LY $E86'6 S09%°0 00°0088¥5C 00°085CF 0562 904 £2:9€:90 $00CH0'1C
00'6Z 81'0 982 €LY €866 629%°0 00°00%¥€ST 00°0¥22H £€'6Z 0L €9ET0 PO0THO'IT
06T LT0 88'8C 0L¥ ¥686'6 S09%°0 00'00002SZ 00°0002% LU6T 004 €292 $00TH0'0C
66'8C 410 4:4:14 €LY 7£86'6 62970 00°00950ST 00°0941% 00’62 969 €¢:9¢-81 70027002
682 LT0 LL8T 8L¥ 866'6 84950 00'00216%C 00'025T% €8'8T 269 ET9EFT F00CH00T
68'8C 410 €4°8C (237 ¥E86'6 €LY 0 00'00894¥T 00°08Z1¥ L9'8T 889 €T9€:0T 00TF0°0C
68'8¢ 410 [74:14 €8y 8666 SeLV 0 00°00%29vC 000701V 098¢ 89 €0°9¢90 $00C70°0C
L88T 91’0 082 8¥ 866'6 8570 00°0008¥5¢C 00'0080% £6'8Z 089 £2:9620 $00T'H0°0C
¥8'8C 910 89'8C 8% 7€86'6 LLY0 00'009€€5C 00'0950¥ LT8T 9£9 €:9ETC P00C 061
9882 910 0482 S8y €866 LYL50 000026152 00°0ZE0% 00'82 (72 €981 YO0T 06T
96'8C 910 08'8T SLY €866 <5970 00°00870%C 00'0800% €84C 899 €C9EvT F00C 061
€6'8C 910 L4°8T 8L¥ E86'6 9.9%'0 00°00%06€C 00°0¥86€ L9LT ¥99 €2:9¢°01 $00Cv0'61
€6'82 91’0 LL8T 8L% 866'6 849%°0 00'0009.€T 00°0096€ 054T 099 £2:9€:90 $00T'50'6T
88'82 ST0 £4'8C 87 ¥€86'6 €LY 0 00°00919¢C 00'09€6€ €642 959 €2:9€:20 Y00T 061
88'8C ST0 €4°8C t4:34 7£86'6 €LY 0 00°00TsveT 00°0T16€ LULT 99 €¢:98°CC Y00TH0'81
88'8C ST0 €4'8C 4 34 9£396'6 (7541} 00°008TeeT 00°0888¢ 00°4¢ 879 €29¢:81 $00T 081
18'9C ST0 €48T (222 €86'6 €TLY0 00°00¥8TEC 00°0798€ €8'92 9 €TIE VL $O0TH0'8T
06'82 ST0 SL8T 08'% €866 L0 00°00070€T 00'00¥8€ L9°9T 0%9 €C9€10T F00270'8T
68'8C 10 714 08% $€86'6 &¥0 00°00968¢¢ 00°0918¢€ 09'9¢ 9€9 €2:9€:90 0027081
1882 510 €482 (233 9€56'6 U0 00'002542T 000264 £€'92 Z£9 £C'9€720 $00TH0°8T
¥9'82 10 0482 a8y 9666 85LY0 00'008092C 00°089.€ LT'9T 829 €C:96:TC PO0TH0'4L
8'8T 710 0482 S8y 88966 SV 0 00°00%9vCT 00°0%¥Le 0092 ¥29 €29¢81 Y00T V04T
88T 10 89'82 187 8896'6 69470 00°0002€TT 00'002.E £8°5T 029 €TIEFL F00THOLL
LL'8T €10 £€9'8C (434 8896°6 918%°0 00°00941CC 00°0969¢ L9'ST 919 €2:9¢€01 00T 04T
vﬂﬂ.ﬂ uww.uu U0IAII0)) Pq pesH | D, duag, req Spuo0»g SUTIA sde | smoy
PAT W [a49] | [enuely | amssaig Surpeax duIL], pue e
Ia1ep yuq )M reiol 198807 | 183073 pasderg pasderg |pasderg [pasderg




Y 920 0v'iT S1'9 ¥686'6 12090 00°00%Z81E 00°0%0€5 £89€ 88 €29EL FO0THO'ST
99T 920 0v'LT ST'9 8896'6 61090 00°000891€ 0000829 L99E 088 £2/9E:0L FO0TF0'ST
99°'4C 90 (V44 s19 9€96'6 81090 00°009¢S1€ 00°0952s 059¢ 98 €2-9¢€:90 ¥00T%0'8C
9942 9Z'0 0%'42 Sr9 866'6 T209°0 00°00Z6€TE 00°0Z€TS ££9¢ /8 €2:9€°70 $00T'F0°'ST
99'/T ST0 oLz ST9 $686'6 12090 00°008%CIE 0008025 LL9E 898 €:9€°TC HO0THO'LT
89/ ST0 i €19 ¥686'6 L6650 00°005011E 00°0¥81S 009€ 798 £29E°8L FO0THO'LT
L9°LT 41 (4474 €19 866’6 86650 00°000960€ 0000915 £8'GE 098 €C9eVL Y00TTO LT
94T ST0 [V, 4744 ST'9 ¥€86'6 12090 00°009T80€ 00°09€1S £9°'Se 968 €2:9¢:01 ¥00TH0°LT
1972 ST Wi €19 ¥686'6 L6650 00°00Z£90€ 00°0CLIS 05°se 268 €C9€:90 F00ZH0'LT
L9LT Sz0 Wi €19 ¥€86'6 L6660 00°0082S0€ 0008805 €E'GE i) €2°9€:70 FOOTH0'LL
69°'LC 20 S¥iT or9 8666 CL6S0 00°00%8€0€ 00°0%905 AR 78 €¢-9¢-CC $00T¥0'9C
1442 $20 Wiz 809 ¥E86'6 650 00°000%20€ 00°00¥%0S 00°'SE 078 £T9€:81 FO0THO'9T
€442 ¥20 05'42 S0'9 866'6 82650 00°009600€ 0009105 £87€ 9¢8 €T9EFL HO0THO'IL
VLiT ¥20 [\=974 S0'9 88966 ST6S0 00°002S66C 00°0266% L9%€E 43 €29E0T $O0TFO9T
€L'4T 2o 05742 509 ¥E86'6 92650 00°008086¢ 00°0896¥% 0S'v¢ 878 €2:9€:90 ¥00TH0'9C
SLLT €20 LT €09 ¥686'6 €065°0 00°0079962 00'0¥¥6% £EPE 28 €2:9620 YO0TH0'9T
€44 €20 054 509 ¥E86'6 92650 000002562 00°0026% LUPE 0c8 €TIETT $OOTHO'ST
SLLT €20 42044 €09 ¥686'6 €066°0 00°0094€6T 00'0968% 007€ 918 £T9€:8L FOOTHO'ST
SLLT £20 074 €09 ¥€86'6 €065°0 00°00Z€T6Z 0002487 £8°€E T8 STIEFL POOTHO'ST
64T €20 L8LT 86'S 866'6 L5850 00°008806C 00°0878% L9€E 808 €C9E0L FOOTHO'ST
6442 0 L9°4T 86'S ¥€86'6 66850 00°00%%68¢C 00°0v28y 0s°ee 08 €¢'9€:90 $002'50'ST
18°42 [£4\) 65°4T 96°S 8666 €€89°0 00°0000882 000008% €Eee 008 €29€°20 ¥00T70'ST
84T o e €6'S 7£86'6 80850 000095982 00°0944% AR %Y 964 €¢9¢'TC $00TH0'¥C
16'4C o 69°LC 98's €866 YAYAH] 00002148 00°02SZ¥ 00'ce 6L €C9€:8T F00TTO¥T
€6'4C [£4Y 1Lt 'S €866 PILSO 00°0089€8Z 00°082.b 15:44% 83/ €T9EFL HO0THOFT
£0°8C 120 1842 LS 8896'6 81950 00°00¥2C8T 000707 £9TE 8L €T:9E0T HO0THOFT
17414 10 €0'8C sS 866'6 60750 00000808 00°0089¥% 05ce 082 €¢'9€:90 $00TH0'vC
£7'8C o [14:14 €e'9 7€86'6 61250 00009€642 00°0999% €CTe 944 €¢'9¢°C0 V00T T0'vT
09'8T 120 6£'8T or'g $E86'6 £€505°0 000026442 00°0Z€9% L1TE [ ET9E°TT HOOTHO'ET
98T 120 95°'8¢ 667 $686'6 88850 000085942 00°0809% 00ZE 892 €2:9€'81 FO0THO'ET
16'8C 120 04'82 S8y 786’6 JA744Y 00°00%054¢ 00:0¥85% £8'1e 94 EC9EFT V0T H0'ET
§6'8C (U 41) S4'8T 08'% €866 FA4\ 00°0009¢€4T 00°009s¥ L9'1E 092 €¢'9€°0T $00C'H0'€T
0062 0z'0 0882 SLY 866'6 $595°0 000091242 00°09€SY 051€ 952 £2:9€°90 $00T'H0'€ET
86'8C 0z0 890 75 9€56'6 €£9%°0 00°002£0£Z 00°0Z1S% ECTE [0 £2:9£°20 HO0THO'ET

Jw"ww.uw.....vu uonda110)) Pq pesq | D, dwlL Teq Spuoddg SUTIA] sAe@ | smoHy

3 Mu a3 & W [2A9] | renuepy | amssaig Surpeax awr], pue aje(]

I2)epL yua BIEM e10l 198807 | 198807 pasderg pasderg |pasdepq | pasdeg




6182 £€0 984T 69°S 88966 14650 00°0002.£9€ 00°00C19 0STH 0201 £2:9€:90 $00T'S0F0
A5 €0 1842 VLS 88966 81950 00'009£59€ 0009609 £6TH 9101 €2:9€°T0 $00T'S0T0
90'8Z €0 v LT 18 6866 6950 00'00TEYIE 00'02£09 L1TH T10T €C'9E:TT F00T'SO'E0
9642 €0 ¥9'4T 16'S €866 68480 00°008829¢ 00°08¥%09 00°¢y 8001 €981 $002°S0°CO
¥6'LT TE0 TR €6'S 9ES6'6 50850 00°007%19€ 00°0%209 £8'TH $00T €T9EFT HO0Z'SO'E0
68'4C 0 LSS4T 86'G 866’6 25850 00°000009€ 00°00009 L9TY 000T €¢'9¢:01 $002°50°c0
68'4T €0 LSLT 86'S 9566 €985°0 00°009585€ 00°09265 09°t¥ 966 £€2:9€:90 $002'S0°c0
83/ 1€0 Py 86°G $€86'6 5850 00°00Z14SE 00°0256S CE'TH 266 €960 $00C'S0°E0
98'/LT 1€0 SS°4C 009 8896'6 84850 00°008955€ 00°08¢6S LUTY 886 €¢9¢TC 0025070
98'42 1€'0 SS°4T 009 7€86'6 64850 00°00¥%CFse 00°0%06S 00'T¥ 786 £¢9e:81 $002'S0°C0
S8'LT €0 ¥S'LT 109 866'6 8850 00'000825€ 0000885 £80% 086 E€T9EFT $00T'S0'T0
S8'4T €0 SS°LT 009 9€56'6 94850 00'009€TSE 0009589 L9'0% 9.6 €090 $002'50°20
84T 0e0 SS°4T 009 88966 87890 00°002667C 00°02€8S 09°0% L6 €¢°9¢°90 $00Z'S0°C0
et 4 0e0 §5°4T 009 9€396°6 94850 00°008787¢ 0008085 ce0v 896 £€¢°9¢-20 $00¢'S0°C0
4:¥74 0g0 ;LT €09 9€86'6 650 00°00%04¥¢ 00°0¥848 LT'0¥ 796 €2:9¢C¢ $002'S0'T0
(974 0€'0 SS'4T 00'9 8896'6 8/85°0 00000957 00'009.5 00°0% 096 E€T9€:8T $00T'S0'T0
¥8°4C 0€0 SS°4C 009 8896'6 84850 00°009137€ 00°09€4S £8°6€ 956 €C9EY1 F002°'S0'T0
T84T 0€'0 i £0'9 8896'6 10650 00°0024ZPE 0002148 L9'6€ 56 €Z9E°01 $00T'S0'T0
¥l 620 ss'iT 009 88966 8/860 00°008CIFE 00'08895 05'6€ 8%6 €2°9€'90 $002'S0'T0
¥8LT 620 85'LT 009 88966 84850 00°00F86€EE 0007995 EE'6E 7¥6 €C:96:20 $002'S0'T0
18'42 620 (4:yx4 €09 9€56'6 6590 00°000%8¢€ 00°00%99 LT6E 0¥%6 €2:9¢:TC $00T70°0€
84T 6C0 es'LT 009 9€56'6 94850 00°00969¢E 00709195 00'6E 9¢€6 €2:9¢:81 $00C70°0€
£8°42 620 §§4T 009 9£56'6 9/850 00°00TSSEE 0002685 £€8'8¢ 66 €Z:9EPL HO0TFH00E
9842 8c0 4802 86'S 9€S6'6 £9850 00°0080¥tE 000899 £9'8¢ 86 €2:9¢:01 $002'70°0¢C
84T 820 LSLT 86'S $E86'6 59850 00°00792EE 00°0%%5S 05'8¢ ¥26 £2°9€'90 $00T'H0°0€
S84 90 Jreged 86'G 88966 6850 00°000T1EE 0000255 €6'8¢ 026 £C9€°Z0 $00TH0°0E
08'LT 820 LT €0'9 866'6 $065°0 00°009462€ 00°096¥5 LT8E 916 €C:9€TC $002'0°6T
08'42 820 ta-yx4 €09 8896’6 10650 00°00Ce8ce 00°0T4%S 00'8¢ (41} €¢9E81 00T H0'6T
SLLT 420 8¥'4T 209 €¥C6'6 79650 00°00889¢¢€ 00°087%S €8°LE 806 €29e-71 $002'%0'6C
CLLT 420 ST 0T'9 9€356'6 4650 00°00%¥SCe 00°0%TFS L9°LE 706 £¢'9¢:0T $00T70°6C
04 /T £Z0 €5'4C 4% 66€6'6 €6650 00°0000%2€ 00°000%5 054€ 006 €2'9€'90 002H0'6Z
044T L0 €viT (1%} 8896'6 §665°0 00°0095¢cE 00°094¢€S €eLE 968 £€0°9¢T0 $00C'70°6C
1942 L20 ov 4T ST'9 9€56'6 81090 00'00Z112€ 00°0z5€S LULE 768 €C9ETT FO0THO'ST
99°4Z 920 0%’/ 519 ¥€86'6 12090 00°008961€ 00'082€S 00°L€ 888 €2:9€:81 $00TH0'ST
Hwhww uHM.U uoIAII0)) Pq pesy | D, dway eq Spuo0dag SUIA skeq | smoyg
AT w[aAd] | [enuepy | amssaig Surpeax sy, pue ajeq
Bep yua PIEM ®lol, 198807 | 198807 pasderg pasdefg |pasderqg | pasderg




I~ s 6€0 984T 69°G ¥£86'6 TS50 00'009191% 00'09€69 L18Y 9511 €2:9€°TC $002'50'60
88T 6£0 884 £9°S 8896'6 L¥550 00°00CL7 1Y 0002169 0087 45148 £2:96:8T $00T'S0'60
o114 6€0 98°'/C 69°S 8896'6 14550 00°008TELY 00°08889 €84Y tig % €C9ETL $00Z'S0°60
T8t 6€0 88°4T 49'S 8666 6es’0 00°00781LY 00707989 LILY 4218 €¢'9¢'0T $002'50°60
74" 6£0 984T 69°S 866'6 4550 00°000%0T¥ 00°00%89 052y 0711 €2:9€:90 $002'S0°60
174:11 8c0 98°4T 699 866’6 4660 000096807 00°09189 ceLY 9¢ell £€¢°9€-C0 ¥002'S0°60
144:14 8€0 98'L2 69°G 7€86'6 L850 00°00TS40¥ 00'02649 LULY €ell €¢-9¢°CC P00T°S0'80
1282 8€0 €8°4T (74 7£86'6 96550 00°008090% 00°08949 00°2% 7448 £€¢'9¢:8T $002'50'80
12'8C 8€0 ¥8'2C 7 9E56'6 £€655°0 00°00%950% 0007929 €897 211 €Z9€FT $00T'S0'80
61'8C 8€0 18'4C {7A% 8896'6 81950 00°000Z€0¥ 0000249 £49'9% (17483 €C98:01 700C'S0°80
8T'8T LEO 1822 VLS ¥€86'6 2950 00°009410% 0009699 0597 91LL €C:9€90 $00T'S0'80
91'8Z LEO 644 92§ $£86'6 €950 00°00ZE£00% 0002299 £e'9¥ TIIL €2:9€°T0 $00T'S0'80
181 L0 I 64'S £T100L £950 00°008886¢€ 00°08%99 LU9v 8011 €2'9¢°CC ¥00T'S0°L0
€1'8T 40 94T 64'S 76866 29950 00°007¥.46E 00°0%299 00°9% V01T €2:9¢-81 $00T'S0°40
£19C L€0 9L 646 88966 69950 00°000096€ 0000099 €857 00LT £T9EHT $002'S0°L0
o114 9€0 94T 649 8896'6 S995°0 00°009576€ 00709459 L9'SY 9601 €2:9€:0T $002'S0°Z0
ST8e 9€0 64T 9GS $E86'6 £695°0 00°00CTEGE 0002659 05°Sp z601 £2:9€:90 H00T'S0"40
SI'8e 9€°0 6442 9GS 8896'6 TH95°0 00°0089T6€ 0008259 £6'SH 8801 €2:9€C0 $00T'SO'LO
S1'8T 9’0 64°LT 94S 88966 950 00°00%C06C 00°0%059 LISy 801 €¢'9¢-CC ¥002'S0°90
LU'82 9€'0 18'42 1744 8896’6 81950 00°000888¢€ 00°00879 00°s¥ 080T €219E:81 7002'S0°90
L1'8T Se0 18°4C 174 8896'6 81950 00°009¢€48¢ 00°095%9 €8y 9401 €¢'9e¥1 $002'S0°90
18T S0 18°42 VLS 66€6'6 S195°0 00°00Z6G8E 00°02€%9 L9V TL0T €2:9€:0T 70025090
91'8C Se'0 18'42 LS 88966 81950 00°008¥¥8¢€ 0008079 0S¥¥ 8901 €2:9¢:90 ¥002°'50'90
81'8C Ge0 €8'42 [74° LT100T 66550 00°0070€8€ 00°0¥8¢9 |28 747 7901 €¢°9¢-20 $002'S0'90
9I'8T Se'0 18°4C {74°} 8896'6 81950 00°000918€ 00°009¢€9 FAS 47 0901 £¢'9¢€°TC $00C'S0'S0
81'8C ¥E0 L0 LS 66€6'6 26550 00009108 00°09€£9 00'%% 9501 €2:9€'81 $00C'S0°S0
0T'8e €0 984T 69°S €866 LSS0 00°002484¢€ 007021€9 £€8°ch TS0t €C9evL $002'S0°S0
[44:(4 ¥E0 89'42 L9 $£86'6 6550 00008Z4LE 0008829 L9EY 8501 €2:9€:01 $002'S0'S0
wee o 88°4C £9'S £86'6 67550 00°00%854¢€ 0007929 0s°ey 701 €2°9€°90 ¥002°S0°S0
07T $E0 9g'LT 699 8896'6 14850 00'000%74E 00°00%29 €CEY 0%01 €29€°T0 $00T'S0'S0
FAR 4 €0 €842 (/A" 7£86'6 96650 00009624¢ 00709129 FAR %4 9€0T €296- T $00T'S0'70
(17474 €€0 984T 69°G 9€56'6 69550 00'00ZST4E 0002619 00°€w TE01 €2:9€'8T H00T'S0H0
¥T'8T €€0 164C ¥9'S ¥£86'6 TS50 00°00800L€ 00108919 £8TH 8201 £C9EHT FO0T'SOH0
€8T €60 0642 S9°g 8666 L2550 00'007989€ 00°0F¥19 L9Th $201 €C9E0T 00T SOF0

M.Hmw.u.umw U0N)I2110D) Pq peod | D, dumag, Teq Spu0ddg SUIIA[ sAe | simmoyg

Ao W [9A3] | renuepy | amssorg Surpeasx awr], pue aje(q
RIEM Buqa BIEM TeI0L 138307 | 129807 pasde[g pasderg |pasdery | pasderg




FE'8C £T9€0T $002°50'TT
e8¢ 170 €6°4C 9'S 8666 €050 00°00T16CY 00°02s1 L6V 611 €¢9¢:0T ¥00T'SO'LT
$€'8C 170 £6'42 [<X] 8896'6 S50 00°008942F 00'08Z14 05'6% 8811 €2°9€:90 $00Z'S0'TL
[4%:14 170 16'42 ¥9'e 9€56'6 TC8S0 00°00¥29cy 0007014 £E'6¥ 81T €¢9€°T0 P00TSO'TL
1€'82 0%'0 1642 ¥9'6 8896'6 #2450 00°0008%2F 00'0080Z LU6Y 0811 €T9€°TT HOOT'SO0L
1€'82 0v'0 1642 #9°S $€86'6 2650 00°009€€Ty 00'0950Z 00°6¥% 9L1L €T9E'8L FOOT'SO0L
1€'8C 0v'0 16'4C 9§ 88966 $2sS0 0000261V 00°02€0 £8'87 TLIL €T9EFL $002'S001T
8¢'8C 070 88'4C 149G €866 6550 00°008%0cy 0008004 £9°8¥ 8911 €¢'9¢:0T ¥00Z7'S0°01
9T'8C 0¥'0 984T 69°G 9€56'6 69550 0000%061Y 00°0¥869 0587 911 €29€:90 ¥00T'S0'0T
ST'8T 6€0 9g'/T 69 266'6 LSS0 00°000941% 00'00969 £E'8Y 0911 €C'9EZ0 $00Z'S0°01

IM"MM uwwu UOoLIIII0)) Pq pesH |D,dwag, Teq Spuo0d3g SUIAL sAeq | sinoy
P No A 0 W [9A9] | renuely | amssaig Surpeax aury, pue aje(
PIepM yug RIeAM reloL 198807 | 138807 pasderg pasdery | pasdery | pasderg




¥0/50/L1 L0:SL ZMIN no 1aBBoy
$0/S0/L) L0tFL LM Ino JaBBoq
$0/£0/50 00°51L LMW He pejlersul Jabbo
$0/£0/22 0£:5L ZMIN HE palleisul JaBBo7
JSEDIBA0 pue |002 002 ABW Ul | JoYyeapA

siamoys Aneay AJjeoo) sul 002 Y2JBIN PUZZ 10O
slamoys AAesy Ajleoo} sul 00z YoJEW Y6 L JaUieapn

sbujpeay JBjE) punoin

uowwodsoy o9 ‘wen Auend pasodold :awep josfold

102090 :ON 103l01d

a1'3uasejem punolfig)ogur

€6600€T L8O ‘T ¢0OLISR SYO X%
"AIRPIT 0 “STeN ‘199335 UEIN JIn0S L

Suneauiduy 18jeA| PUNOID [[PN,O

899568 S0

:S9JON

oL'or [pei0b Buiseo doj| vz Md

y€'8C |€0:SL ¥S'8¢ AN $0'8C |S0'S) v.'lZ |[BES) AN 82esve  |L2061 Buiseo doj| ZMINHE

0ZEE [LLiF) AN AN £9'6C _[8FLL abpnis WM pa|ly HE AN eveyye (95006}  [Bulseo doj| |MINHE

v6'v9 |bS'CC |ISPL [DO'/9 [8VOZ dN  |8¥'89 |00'6) |[6¥-¢L |€9'89 |98'8L |.G:€L [96°99 |ZG02 AN AN AN AN |ELQ  |B¥/8 Ge'/8 8€CS¥C  |¥68681 Buisea doy LIHYE
¥2'/S |09'6€ |BEOL |E€'65 |ISiE N {J€°09 |Z¥'9E |6S:0L |PO'O9 |09'SE [CS€L |20°09 |Z89€ AN (¥L'29 |0LVE AN |EL'0  |¥B'96 1196 clevve €£.2061 buiseo doj 0LHE
Ge'LlL |68'PC |ShvL [20'bL |UTe AN |90'9. |89°0C |[Zhvl |¥B'GL |06'02 |[Stel |/8'2L |/8€C N |b8'9. |06'6) AN 920 .96 896 196v¥2 £€6681 Buiseo doy 6H8
G995 |SS'PE |bebl |£8'8G |LETE AN |80°09 [2Vi€ |[95'LL |2E09 |8B°0E |[lL¥'vL |96°6S |VC'LE 4N [08°LS |0¥'62 iIN 020 0zZ’L6 00°L6 9.5vve 6£6681 Buises doy gHg
ISv¥. |60°GC |6EEL |98'V. |08%C AN |60°GL |4S'PC [LELL |E6'GL |EL'€Z [BO#L |09'¥. |98'vC IN  |gl’'s. |0S'vC AN |8L°0 99'66 8Y'66 1%) 4444 L1206} Guiseo doy 9HE
G995 |[IS6E |ESEL 168G |[STiE N |ZL°09 [66'SE [SO¥L SE'09 |18'SE AN 92719 |OV'pE AN [0 91'96 66'G6 (444444 909061 Buiseo doj SHE
¥.'9§ |[LO'SY [CE:€L |98'8F 06TV AN |150°09 [0L°Ly |2l [29°09 [8O0'LY [20-pL |SL09 [9Mb AN |S9°L9 |02 0V AN |ZL°0 sL’10l 85°L0} 00.v¥vT 660061 Bujses doy €HE
L2'0L [99°EL |BYEL [20°LL |SEEL AN jeLL [veel [leel G6'0L [ZVEL AN [Jg}L. |o0'Ed AN 1JL°0 LE'VS 0Z'¥8 vyovye G5v061 buiseo doy LHE
aojerei| ogerel| ewii[do (erel| oqersi| — ewlL[@'O Ierel| >'q[eAel|  ewWIL[Q'O BAS][ S'qBAS| WIL[G'O [eA8| G [eAR]|  BWIL|G O 1AS]| 9'q [eAS]|  eWii| dnyons| I BusED| jAIpunaig|  BuigHoN Bupseg wnieq|  sjoyeiog

AR ¥00Z IRy Wiz +00¢ ludy Uig ¥002 YABW PUZZ ¥002Z YN Yis 00T Alenuqad yig|




O'Neill Ground Water Engineering

7, South Main Street, Naes, Co. Kildare,
tel: 045 895668  rfax: 045 881705  mobik: 087 2300933
emil: info@groundwatereng.ie

Appendix One : Pumping Test Data (Monitoring Wells)
Proposed Quarry, Cam, Co. Roscommon
Contract Number: 060201/3
Compiled by : CDL 06/07/04
Date of Test: 28/06/04

BH1
Elapsed Time | Elapsed Time | Water Level | Drawdown Reduced
Time and Date below Datum
(seconds) (minutes) {metres) (metres) |Level (m .0.D)
23/06/2004 10:33 13.675 70.695
28/06/2004 10:41 14.650 69.720
28/06/2004 12:32 0 0 14.650 0.000 69.720 Pump on
29/06/2004 18:25 107580 1793 14.670 -0.020 69.700
30/06/2004 13:09 175020 2917 13.920 0.730 70.450
30/06/2004 19:56 199440 3324 14.625 0.025 69.745
01/07/2004 10:45 252780 4213 14.540 0.110 69.830
02/07/2004 13:17 348300 5805 14.660 -0.010 69.710 Pump off

Ground Level = 84.20
Stick-up = 0.17
Datum Level = 84.37



O'Neill Ground Water Engineering

7, South Main Street, Naas, Co. Kildare.

tel: 045 895668

Compiled by : CDL 05/07/04

fex: 045 881705

omil:  info @groundwaterengie
Bd
Appendix One : Pumping Test Data (Monitoring Wells)
Proposed Quarry, Cam, Co. Roscommon
Contract Number: 060201/3

Date of Test: 28/06/04

mobik : 087 2300933

BH3
Elapsed Time | Elapsed Time | Water Level | Drawdown Reduced
Time and Date below Datum
(seconds) (minutes) (metres) (metres) [Level (m .0.D)
23/06/2004 09:51 47.030 54.720
28/06/2004 09:51 47.020 54.730
28/06/2004 12:32 0 0 47.020 0.000 54.730 Pump on
28/06/2004 16:37 14700 245 47.040 -0.020 54.710
29/06/2004 10:21 78540 1309 47.020 0.000 54.730
29/06/2004 13:07 88500 1475 47.020 0.000 54.730
29/06/2004 18:05 106380 1773 47.050 -0.030 54.700
30/06/2004 12:50 173880 2898 47.055 -0.035 54.695
30/06/2004 19:35 198180 3303 47.050 -0.030 54.700
01/07/2004 10:10 250680 4178 47.040 -0.020 54.710
02/07/2004 09:50 335880 5598 47.060 -0.040 54.690 Pump off

Ground Level = 101.58

Stick-up=0.14

Datum Level = 101.75



O'Neill Ground Water Engineering

7, South Mam Street, Naas, Co. Kildare.
tel: 045 895668  fax: 045 881705  motik: 087 2300933
emil:  info@groundwatereng ic

na
Appendix One : Pumping Test Data (Monitoring Wells)
Proposed Quarry, Cam, Co. Roscommon
Contract Number: 060201/3
Compiled by : CDL 06/07/04
Date of Test: 28/06/04

BHS5
Elapsed Time | Elapsed Time | Water Level | Drawdown Reduced
Time and Date below Datum
(seconds) (minutes) (metres) (metres) |Level (m .0.D)
23/06/2004 10:44 42.020 54140
28/06/2004 11:15 42130 54.030
28/06/2004 12:32 0 0 42,130 0.000 54.030 Pump on
29/06/2004 18:43 108660 1811 42020 0.110 54.140
30/06/2004 13:15 175380 2923 42.215 -0.085 53.945
30/06/2004 20:02 199800 3330 42.210 -0.080 53.950
01/07/2004 11:15 254580 4243 42.235 -0.105 53.925
02/07/2004 13:12 348000 5800 42.270 -0.140 53.890 Pump off

Ground Level = 95.99
Stick-up = 0.17
Datum Level = 96.16



O'Neill Ground Water Engineering

7, South Main Street, Naas, Co. Kildare,

tol: 045 895668

Compiled by : CDL 05/07/04

fax: 045 881705

omil: info@groundwaterengie

hd
Appendix One : Pumping Test Data (Monitoring Wells)
Proposed Quarry, Cam, Co. Roscommon

Contract Number: 060201/3

Date of Test: 28/06/04

mobike: 087 2300933

BH6
Elapsed Time | Elapsed Time | Water Level | Drawdown Reduced
Time and Date below Datum
(seconds) (minutes) {metres) {metres) |Level (m .0.D)
23/06/2004 09:58 28.910 70.750
28/06/2004 10:02 29.890 69.770
28/06/2004 12:32 0 0 29.890 0.000 69.770
28/06/2004 16:05 12780 213 29.900 -0.010 69.760
29/06/2004 13:17 89100 1485 30.030 -0.140 69.630
29/06/2004 18:13 106860 1781 30.025 -0.135 69.635
30/06/2004 12:58 174360 2906 30.130 -0.240 69.530
30/06/2004 19:43 198660 3311 30.160 -0.270 69.500
01/07/2004 10:20 251280 4188 30.300 -0.410 69.360
02/07/2004 09:59 336420 5607 30.350 -0.460 69.310

Ground Level = 99.48

Stick-up = 0.18

Datum Level = 99.66

Pump on

Pump off



O'Neill Ground Water Engineering

7, South Main Street, Naas, Co. Kildare.

tel: 045895668

Compiled by : CDL 06/07/04

fax: 045 881705

email: info@groundwaterengie

Appendix One : Pumping Test Data (Monitoring Wells)
Proposed Quarry, Cam, Co. Roscommon
Contract Number: 060201/3

Date of Test: 28/06/04

mobib: 087 2300933

BHS8
Elapsed Time | Elapsed Time | Water Level | Drawdown Reduced
Time and Date below Datum -
(seconds) {minutes) (metres) (metres) Level (m .0.D)
23/06/2004 10:16 35.560 55.640
28/06/2004 10:17 36.650 54.550
28/06/2004 12:32 0 0 36.650 0.000 54.550 Pump on
28/06/2004 16:19 13620 227 36.640 0.010 54.560
29/06/2004 13:53 91260 1521 36.675 -0.025 54.525
29/06/2004 18:25 107580 1793 36.655 -0.005 54.545
30/06/2004 13:47 177300 2955 36.705 -0.055 54.495
30/06/2004 20:34 201720 3362 36.695 -0.045 54.505
01/07/2004 11:38 255960 4266 36.730 -0.080 54.470
02/07/2004 10:11 337140 5619 36.745 -0.095 54.455 Pump off

Ground Level = 91.00

Stick-up = 0.20

Datum Level = 91.20



O'Neill Ground Water Engineering

7, South Main Street, Naas, Co. Kildare.

tel: 045 895668

Compiled by : CDL 05/07/04

fax: 045 881705

emil:  info@groundwaterengie

Appendix One : Pumping Test Data (Monitoring Wells)
Proposed Quarry, Cam, Co. Roscommon
Contract Number: 060201 /3

Date of Test: 28/06/04

mobib: 087 2300933

BH9
Elapsed Time | Elapsed Time | Water Level | Drawdown Reduced
Time and Date below Datum
(seconds) (minutes) (metres) (metres) |Level (m.0.D)
23/06/2004 09:09 28.655 68.085
28/06/2004 09:16 29.260 67.480
28/06/2004 12:32 0 0 29.260 0.000 67.480
28/06/2004 17:51 19140 319 29.240 0.020 67.500
29/06/2004 09:23 75060 1251 29.295 -0.035 67.445
29/06/2004 15:39 97620 1627 29.255 0.005 67.485
29/06/2004 17:28 104160 1736 29.260 0.000 67.480
30/06/2004 14:10 178680 2978 29.290 -0.030 67.450
30/06/2004 20:43 202560 3376 29.285 -0.025 67.455
01/07/2004 11:59 257220 4287 29.345 -0.085 67.395
02/07/2004 12:40 346080 5768 29.380 -0.120 67.360

Ground Level = 96.48

Stick-up = 0.26

Datum Level = 96.74

Pump on

Pump off



O'Neill Ground Water Engineering

7, South Main Street, Naas, Co. Kildare.

tel: 045 895668

Compiled by : CDL 05/07/04

fax: 045 881705
info@groundwaterengie

mobib :

Appendix One : Pumping Test Data (Monitoring Wells)
Proposed Quarry, Cam, Co. Roscommon
Contract Number: 060201/3

Date of Test: 28/06/04

087 2300933

BH10
Elapsed Time | Elapsed Time | Water Level | Drawdown Reduced
Time and Date below Datum
(seconds) (minutes) (metres) (metres) Level (m .0.D)
23/06/2004 09:21 41.940 54.900
23/06/2004 12:36 41.940 54.900
23/06/2004 12:55 41.970 54.870
23/06/2004 14:23 42.050 54.790
28/06/2004 09:26 41,990 54.850
28/06/200412:18 42,020 54.820
28/06/200412:32 0 1] 42.020 0.000 54.820
28/06/2004 13:50 4680 78 42100 -0.080 54.740
28/06/2004 13:55 4980 83 42110 -0.090 54.730
28/06/2004 14:00 5280 88 42115 -0.095 54.725
28/06/2004 14:05 5580 93 42,120 -0.100 54.720
28/06/2004 14:10 5880 98 42120 -0.100 54.720
28/06/2004 14:22 6600 110 42130 -0.110 54.710
28/06/2004 14:27 6900 115 42,130 -0.110 54,710
28/06/2004 14:57 8700 145 42150 -0.130 54.690
28/06/2004 15:02 9000 150 42150 -0.130 54.690
28/06/2004 15:13 9660 161 42170 -0.150 54.670
28/06/2004 15:22 10200 170 42170 -0.150 54.670
28/06/2004 15:27 10500 175 42,170 -0.150 54.670
28/06/2004 15:32 10800 180 42180 -0.160 54.660
28/06/2004 17:03 16260 271 42,235 -0.215 54.605
28/06/200417:34 18120 302 42.250 -0.230 54.590
28/06/2004 18:39 22020 367 42.280 -0.260 54.560
28/06/2004 23:55 40980 683 42.405 -0.385 54.435
29/06/2004 06:12 63600 1060 42490 -0.470 54.350
29/06/2004 09:28 75360 1256 42.505 -0.485 54.335
29/06/2004 10:07 77700 1295 42.510 -0.490 54.330
29/06/2004 10:39 79620 1327 42515 -0.495 54.325
29/06/2004 10:55 80580 1343 42,515 -0.495 54.325
29/06/2004 10:56 80640 1344 42,520 -0.500 54.320
29/06/2004 10:57 80700 1345 42.520 -0.500 54.320
29/06/2004 10:58 80760 1346 42520 -0.500 54,320
29/06/2004 10:59 80820 1347 42.520 -0.500 54.320
29/06/2004 11:00 80880 1348 42520 -0.500 54.320
29/06/200411:01 80940 1349 42.530 -0.510 54.310
29/06/2004 11:02 81000 1350 42.530 -0.510 54.310
29/06/2004 11:03 81060 1351 42.535 -0.515 54.305
29/06/2004 11:04 81120 1352 42535 -0.515 54.305
29/06/2004 11:05 81180 1353 42.535 -0.515 54.305
29/06/2004 11:06 81240 1354 42,535 -0.515 54.305
29/06/2004 11:07 81300 1355 42,535 -0.515 54.305
29/06/2004 11:08 81360 1356 42.535 -0.515 54.305
29/06/2004 11:09 81420 1357 42535 -0.515 54.305
29/06/200411:14 81720 1362 42535 -0.515 54.305
29/06/2004 11:19 82020 1367 42.535 -0.515 54,305
29/06/2004 11:24 82320 1372 42.535 -0.515 54.305

Pump on

2nd Pump



Elapsed Time | Elapsed Time | Water Level | Drawdown Keduced
Time and Date below Datum
(seconds) (minutes) (metres) (metres) Level (m O.D)|
29/06/2004 11:29 82620 1377 42,540 -0.520 54.300
29/06/2004 11:38 83160 1386 42,545 -0.525 54.295
29/06/2004 12:00 84480 1408 42 560 -0.540 54.280
29/06/2004 12:11 85140 1419 42565 -0.545 54.275
29/06/2004 12:22 85800 1430 42,570 -0.550 54.270
29/06/2004 12:32 86400 1440 42570 -0.550 54.270
29/06/2004 12:57 87900 1465 42585 -0.565 54.255
29/06/2004 13:58 91560 1526 42615 -0.595 54.225
29/06/2004 16:03 99060 1651 42 650 -0.630 54.190
29/06/2004 16:33 100860 1681 42,660 -0.640 54,180
29/06/2004 17:03 102660 1711 42,675 -0.655 54.165
29/06/2004 18:59 109620 1827 42,705 -0.685 54135
29/06/2004 21:44 119520 1992 42.785 -0.765 54.055
30/06/2004 00:48 130560 2176 42.835 -0.815 54.005
30/06/2004 03:59 142020 2367 42875 -0.855 53.965
30/06/2004 07:38 155160 2586 42915 -0.895 53.925
30/06/2004 10:30 165480 2758 42910 -0.890 53.930
30/06/2004 12:24 172320 2872 42.775 -0.755 54.065
30/06/2004 14:01 178140 2969 42735 -0.715 54.105
30/06/2004 14:36 180240 3004 42.720 -0.700 54120
30/06/200419:19 197220 3287 42.640 -0.620 54.200
30/06/2004 21:35 205380 3423 42,615 -0.595 54.225
01/07/2004 04:11 229140 3819 42.565 -0.545 54.275
01/07/2004 09:41 248940 4149 42,540 -0.520 54.300
01/07/2004 12:17 258300 4305 42,525 -0.505 54.315
01/07/2004 12:31 259140 4319 42530 -0.510 54.310
01/07/2004 12:33 259260 4321 42520 -0.500 54.320
01/07/2004 12:35 259380 4323 42515 -0.495 54.325
01/07/2004 12:37 259500 4325 42,500 -0.480 54.340
01/07/2004 12:39 259620 4327 42.490 -0.470 54.350
01/07/2004 12:41 259740 4329 42485 -0.465 54.355
01/07 /2004 12:50 260280 4338 42 480 -0.460 54.360
01/07/2004 13:00 260880 4348 42475 -0.455 54.365
01/07/2004 13:15 261780 4363 42455 -0.435 54385
01/07/2004 13:30 262680 4378 42 440 -0.420 54.400
01/07/2004 16:48 274560 4576 42.340 -0.320 54.500
02/07/2004 09:43 335460 5591 42125 -0.105 54.715

Ground Level = 96.71

Stick-up = 0.13

Datum Level = 96.84



O'Neill Ground Water Engineering

7, South M ain Street, Naas, Co. Kildare.

tel: 045 895668

Compiled by : CDL 05/07/04

fex: 045 881705

mobik :

omil: info@groundwatereng.ie

Appendix One : Pumping Test Data (Monitoring Wells)
Proposed Quarry, Cam, Co. Roscommon
Contract Number: 060201/3

Date of Test: 28/06/04

087 2300933

Pump on

BH11
Elapsed Time | Elapsed Time | Water Level | Drawdown Reduced
Time and Date below Datum
(seconds) (minutes) (metres) (metres) [Level (m .0.D)
23/06/2004 09:05 25.740 61.740
28/06/2004 08:49 26.170 61.310
28/06/2004 12:32 0 0 26.170 0.000 61.310
28/06/2004 17:57 19500 325 26.150 0.020 61.330
29/06/2004 09:19 74820 1247 26.245 -0.075 61.235
29/06/2004 15:29 97020 1617 26.235 -0.065 61.245
29/06/2004 17:35 104580 1743 26.235 -0.065 61.245
30/06/2004 14:20 179280 2988 26.330 -0.160 61.150
30/06/2004 20:55 202980 3383 26.280 -0.110 61.200
01/07/2004 12:05 257580 4293 26.395 -0.225 61.085
02/07/2004 12:44 346320 5772 26.460 -0.290 61.020

Ground Level = 87.35

Stick-up = 0.13

Datum Level = 87.48

Pump off



O'Neill Ground Water Engineering

7, South Main Street, Naas, Co. Kildare.

tel: 045 895668

Compiled by : CDL 06/07/04
Date of Test: 28/06/04 (Start 2)

fax: 045 881705

omil: info@groundwaterengie

bd
Appendix One : Pumping Test Data (Monitoring Wells)

Proposed Quarry, Cam, Co. Roscommon
Contract Number: 060201 /3

mobib: 087 2300933

MW1
Elapsed Time | Elapsed Time | Water Level | Drawdown Reduced
Time and Date below Datum
(seconds) (minutes) (metres) (metres) |Level (m .0.D)
23/06/2004 10:09 35.215 53.935
28/06/2004 10:08 35.360 53.790
28/06/2004 12:32 0 0 35.360 0.000 53.790 Pump on
28/06/2004 16:10 13080 218 35.380 -0.020 53.770
29/06/2004 13:26 89640 1494 35.385 -0.025 53.765
29/06/2004 18:18 107160 1786 35.335 0.025 53.815
30/06/2004 13:40 176880 2948 35.410 -0.050 53.740
30/06/2004 20:23 201060 3351 35.410 -0.050 53.740
01/07/2004 11:32 255600 4260 35.440 -0.080 53.710
02/07/2004 10:04 336720 5612 35.450 -0.090 53.700 Pump off

Ground Level = 88.40

Stick-up = 0.75

Datum Level = 89.15



O'Neill Ground Water Engineering

7, South Main Street, Naas, Co. Kildare.

tel: 045 895668

Compiled by : CDL 05/07/04

fax: 045 881705

mobik :

emil: info@groundwatereng.ie

Appendix One : Pumping Test Data (Monitoring Wells)
Proposed Quarry, Cam, Co. Roscommon
Contract Number: 060201/3

Date of Test: 28/06/04

087 2300933

MW2
Elapsed Time | Elapsed Time | Water Level | Drawdown Reduced
Time and Date below Datum
(seconds) (minutes) (metres) (metres) Level (m .0.D)
23/06/2004 08:38 27.980 63.070
28/06/2004 08:20 28.030 63.020
28/06/2004 12:32 0 0 28.030 0.000 63.020
28/06/2004 18:11 20340 339 28.040 -0.010 63.010
29/06/2004 15:39 97620 1627 28.015 0.015 63.035
29/06/2004 17:48 105360 1756 28.015 0.015 63.035
30/06/2004 10:08 164160 2736 27.990 0.040 63.060
30/06/2004 22:23 208260 3471 28.080 -0.050 62.970
01/07/2004 09:10 247080 4118 28.150 -0.120 62.900
01/07/2004 16:35 273780 4563 28.280 -0.250 62.770
02/07/2004 12:51 346740 5779 28.380 -0.350 62.670

Ground Level = 90.28

Stick-up = 0.77

Datum Level = 91.05

Pump on

Pump off
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