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é,m,»acterization of the Avoca mine site

around the time that Wood adit was driven, in the first half of the 19" century, in order to
take advantage of the discharge from it,

4.3 WEST AVOCA SURFACE MINING FEATURES

~ Most of the modern mining at Avoca took place in the West Avoca mine. This was mainly
. underground mining but one open pit was also operated. Excavation of this pit together with
_the construction and subsequent removal of the mill and extensive workshops have
-~ significantly reduced the number of surface mine features on the site. The West Avoca site
covers an area of approximately 286,000 m’. There is a relatively large number of buildings
- dating from the modem mining period scattered in and around the mine site. Most of those in
the areas surrounding the site were mine workers’ accommodatxon and are now private
dwellings. Spml heaps cover 29% of the mine area (81,690 m ) and the open pits a further
12% (33,181 m) The remaining 59% of the site comprises roads, paths, heathland and
forested areas and the sites of the mill and other buildings, now lan%gcaped and revegetated.
N<

4.3.1 Spoil heaps A *\0‘

Spoil heaps in West Avoca, like those in East "\are products of both old and modern
mining activities. The most prominent heaps @c ng SP33 above the modern mine portal,
SP34a, SP34b and SP35 on Ballymurtagh hifl aind SP39 running along beside the main road
below Bell Rock, were all produced i in, o™ century as a result of surface ore dressing
(Fig. 4.14). Some, notably SP35 and S&S)S@, show stratification that is a feature of cobbings.
Some of these older heaps are extens&ye?y colonized by local plant species, notably heather,

() ine and birch.
gorse, p 0005?5\

In the modern underground mine, waste rock was backfilled underground. However, North

Lode open pit, excavated in the mid-19" century, was employed by AML as an emergency

- tailings pond. It is now filled by tailings and covered with a surface layer of spoil (SP 34).

c B | Excavation of the Pond Lode open pit in the 1970s did not give rise to waste heaps on the
: site: all material not left in the pit itself was passed through the mill.

Spoil heaps in West Avoca were mapped in the same manner as those in East Avoca.
Descriptions are given in Appendix 4.1. Areas of heaps were derived from AutoCAD and the
volumes of most were calculated using the area and estimates of height based either on
contour data or visual inspection. In the case of SP39, sections derived from surveys by P.
Behan Engineers were used to estimate the volume, as described for East Avoca heaps
; (section 4.2.1). The volume of SP34, the tailings filling the old open pit, was assumed to be
1 the same as that of the old North Lode open pit (section 4.3.2). Table 4.2 summarizes the
' data for West Avoca spoil heaps.
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Figure 4.14 West Avoca mine site, main features
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Characterization of the Avoca mine site

Table 4.2 West Avoca spoil heaps: areas, volumes and plant colonization
Spoil heap Area, m’ Volume, m’ Colonized area, % of heap area
m’ colonized
SP33 7253 7253% 1135 15.6
SP34 14304 233220 5112 35.7
SP34a 1034 20680 0 0
SP34b 25028 25028* 5900 235
SP35 242 4840 0 0
SP36 808 3232 0 0
SP37 17902 17902* 2607 14.5
SP38 526 1052 0 0
SP39 14593 109071+ 3006 20.5
*Thickness unknown: 1 m assumed. **Based on survey by P. Behan & Co.

4.3.2 Open pits

West Avoca contains the remains of North Lode open pit an Weaver’s Lode (or south North
Lode) open pit, both worked in the 19" century, as well ag®¥ond Lode open pit, excavated by
Avoca Mines Ltd. between 1973 and 1979 (Fig. 4@4‘)@nly the small Weaver’s Lode open
pit remains extant: North Lode open pit was u BY Avoca Mines Ltd. as an emergency
tailings pond and is almost completely ﬁllgd? Fond Lode open pit is currently used by

Wicklow County Council as a domestic.rg&é isposal site and is expected to be filled by

1999. > &
999 &@0 A
NS
1. North Lode open pit < Q*Q
)

North Lode open pit was mine,c\b“é’y the Wicklow Copper Mining Company in the 1850s.
When finished it had a lengthSof about 300 m, a maximum width of 30 m and an average
depth of 30 m. The area of 9774 m* implies a volume of 233,220 m’ if the walls of the pit
are taken as vertical. It was, for a time, the largest open pit in the world (P.McArdle, pers.
comm.). A contemporary account (Anon. 1856) catches well the wonder engendered by the
3 North Lode and its workings: “I have never seen anything equal to [the Great North Lode].
Wgz; : On the surface of the hill ..... appears a large bed of gossan, comprised of brown hematite ore,
L which reaches the enormous width of 100 feet. This gossan ..... has been worked as a quarry
at the surface to this enormous width. It is a most striking sight to stand upon the edge of this
great excavation and mark its enormous size which certainly shakes all of our preconceived
notions about lodes and mineral veins.” The gossan, itself a valuable ore containing 52 %
iron, formed a surpergene cap to massive pyrite ore which in the 1850s was the main export
from Avoca. The pyrite was mined mainly from underground workings that remain,
apparently mostly intact, below the open pit.

Today, only the uppermost sections of the pit walls at the southwestern end of the pit remain
as evidence of the pit’s existence. These walls define an area of approximately 2,529 m’. The
remainder of the pit is filled by tailings and fine spoil. The surface is currently the site of the
Life project revegetation trials conducted by Wicklow County Council. There is also some
extensive natural colonization of spoil by heather and gorse, especially at the southwestern
end in the area sheltered by the exposed pit walls.
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Characterization of the Avoca mine site

2. Weaver’s Lode open pit

This small pit has a length of 60 m, a maximum width of 10-15 m and a maximum depth of
10 m. Little is known about it or about the lode itself. It is not marked on Smyth’s 1853 map.
Mianrai Teoranta described this as “North Lode, south™ and evidently it was excavated in the
1850s contemporaneously with North Lode open pit. Barnes (1864) referred to the lode as a
sort of reserve, with full-scale mining of it awaiting an upturn in demand. The pit is underlain
by limited underground workings, previously accessed by the Spa adit. Mianrai Teoranta
described the pit on their 1951 map as the result of “caving, iron ore and ochre workings.”

The pit is of interest today because it contains good footwall and hangingwall exposures of
ore host rocks. The floor of the pit is obscured by debris and spoil and no has been observed
during this study.

3. Pond Lode open pit

The Pond Lode open pit has been referred to in recent years as Ballymurtagh open pit but this
name could equally be applied to the North Lode or Weaver’s Lode open pits. Its original
name is therefore preferred here. It was excavated between 1973 and 1979 by Avoca Mines
Ltd. on the surface extension of the Pond Lode and a total of 1,077,730 tonnes of ore grading
0.6% copper was produced. Prior to this, the area had suffered extensive caving as a resuit of
the collapse of underground workings precipitated by removalof pitlars by SPCM in 1961-
62. The open pit is approximately 320 m long and varies imc@idth from 50 to 200 m. In 1996
its surface area was 29,779 m®, It is currently bein%\ipf ed with domestic refuse, a process
scheduled to be completed by 1999. Although %ﬁ\n&ber of features of geological interest
remained exposed in 1996, these will be coveg@g{‘ﬁue course.

R
@
A
4.3.3 Adits and levels P
NN\
SN
Many of the underground workin KS?% West Avoca in the 19™ century were below the level
of the river and access was iz{xgyﬂly by shaft rather than adit. This, together with the effects

of modern mining, means tho w adits are exposed today on the site.

1. Road adit (32 m O0.D.)

This adit was driven in the 19" century to Ballygahan shaft and served as a drain for water
pumped up the shaft from the deep mine workings. In 1864, a 50” cylinder pumping engine
was used to raise water some 600 feet (180 m) from the bottom of the mine and discharge it
through this adit. An average of 10,000 gatlons (45,500 litres) were raised per hour (Barnes
1864).

The adit is located beside the main Avoca - Rathdrum road opposite Wicklow County
Council’s yard (Fig. 4.14). It was exposed here until the 1980s but is now covered by coarse
mine spoil. It is the main point of discharge for mine water in West Avoca and was used by
both SPCM and AML. The discharge is currently channelled into a pipe and thence to the
Avoca river.

2. Spaadit(114m O.D.)

The Spa adit was driven in the 1850s by WCMC to provide access to mine workings on the
south branch of the North Lode (Weaver’s Lode) (Fig. 4.14). It is located immediately east of
the road between the North Lode area and White Bridge. The adit is bricked up but a pipe
allows drainage of mine water. According to one report (Mining Services 1963), the adit is
partly collapsed. It originally had a length of about 300 m and it appears to be the only

Geological Survey of Ireland 56

EPA Export 26-07-2013:23:16:00



Characterization of the Avoca mine site

discharge pathway for mine water in the area of Weaver’s Lode. The North Lode workings
are directly linked to and drain into the main West Avoca underground mine workings.

3. Margaret adit (834 m O.D.)

This adit was begun in the 18" century by HMC with a view to discovering further copper
lodes north of the main lodes in West Avoca. It was abandoned before anything of interest
was intersected. WCMC later (1852) extended the adit, proving the South Lode in depth,
" discovering the Pond Lode and Weaver’s Lode and proving the North Lode in depth. The adit
is the only significant cross-cutting adit in West Avoca. It was still accessible via a trapdoor
in the garden of a private house when the mines closed in 1982 (Fig. 4.14). It is now sealed
by a concrete cap.

4. Knight Tunnel (65 m O.D.)

The Knight Tunnel was the main decline or access tunnel to the underground mine in modern
times. Shafts were not used in modem times except for services. The tunnel measured 5 x 5 m
at its portal. Trackless vehicles, including load-haul-dump and drilling vehicles, were driven
along it and could enter all parts of the underground workings. The opening of the Knight
Tunnel thus signalled the start of the modern mining era in Avoca when large volumes of ore
could be transported rapidly from the mining face. In the deeper levels, the ore was carried to
an underground crusher and thence to the surface mill by a conve§or. In the upper levels of the
mine, trackless vehicles were used to transport ore. SPCM @@gan constructing the decline in
1955 and it reached the 1670 level. AML extended it %ﬁ%s early 1970s to the 2000 level.
The tunne] has a decline of 12° and descends ver%@‘ﬁ\yﬁx some 350 m by reversing direction at
siX points. & &
NN
The Knight Tunnel was sealed by a cong &t Klug after the mine closed in 1982. The new
road counstructed by WCC to provide, to the landfill site in Pond Lode open pit largely
obscured what remains of the pon@cb;%&e top of 1t 1s still visible.

O

S
5. Ballygahan Deep Adit (30 m % )

This adit was linked to Ballggﬁ%han old engine shaft, formerly on the site of Pond Lode open
pit, and drained to the Avoca river. A narrow pipe in the river embankment (Fig. 4.14, MAP
5) now appears to carry discharge from this adit. No other trace of it has been found. Argall
(1880) and Smyth (1853) illustrate the adit. It runs directly under the floor of Pond Lode
open pit,

4.3.4 Shafts

Mianrai Teoranta’s 1951 map of the mine workings in West Avoca shows numerous shafts
linking adits and levels to the surface (Fig. 4.15). Many of these have since disappeared,
removed during open pit excavation or covered during other surface activities. Most of those
still visible on the surface are part of the North Lode workings which remain largely intact.

1. Vent shaft

This is the only shaft constructed during the period of modern mining between 1955 and
1982. It was begun by AML in April 1971 at the southwestern end of the mine workings,
linking the 1670 level with the surface and foul air was exhausted through it. Fans located in
this shaft and in the Twin shafts drew 280,000 cubic feet (4,375 mJ) per minute of fresh air
through the mine workings via the Knight tunnel and Ballygahan shaft.
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Figure 4.15 West Avoca, shafts mapped by Mianrai Teoranta, 1951
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Characterization of the Avoca mine site

The shaft is located in pasture west of the farm buildings to the southwest of the mine site
(Fig. 4.14). It is easily recognized by its 2 m high cylindrical concrete cap. A small vent in
the cap allows measurement of water level in the mine workings. The shaft runs vertically
from the surface (138 m O.D.) to the 1040 level (-12 m O.D.) and then inclines to the 1670
level (201 m O.D.).

2. Twin shafis

‘WCMC began work sinking these engine shafts side by side in the early 1850s (Smyth 1853)

as part of the westward extension of the mine. By 1864, they had reached their final depth of
about 300 m below the surface and formed “an efficient means of communication, drainage
and discharge” (Barnes 1864). They were “projected at a period when the prospects in
copper were most abundant and showing a large breadth going west and to replace the old
underlay shafts which had become unequal to the discharge of the increasing quantity of ore
and for the fixing of new and enlarged pitwork” (Barnes 1864). The shafts were used for
pumping water (Engine shaft) and raising ore (Drawing shaft). According to Barnes (1864), a
whim engine was used on the drawing shaft. In the modern era, the Twin shafts have been
used only for ventilation purposes and as an escape way.

Each shaft consists of a bare single compartment, 7° x 7’ (2.1 x 2.1 m) in size (Mining
Services 1963). When originally constructed, the shafts were ver&cal over the first 221 mto a
depth of -90 m O.D. and then inclined to -170 m O.D. They ‘g\o‘nnect with the Margaret adit
and with the modern 995, 1121 and 1300 levels. Today, the shafts have concrete caps. The
remains of hoisting wheel supports are visible nearb\é&*f\rz&\
N
3. Margaret adit shaft QQ&;\'?\@G
This short shaft (a few metres deep at mo Nistked Margaret adit to the surface, about 30 m
from the adit entrance. It was presum a'ventilation shaft. Today, the shaft is collapsed
and is marked by a conical pit besidg \g&bed Road.
L

S

4. Drawing shaft (Western Whim,@\

According to Smyth’s map (}853) and the Mianrai Teoranta map (1951), the Drawing shaft
extended vertically from 129 m O.D. to the 935 level (19.5 m O.D.) and then inclined to the
1550 level (-165 m Q.D.). It dates from at least the mid-19" century when a whim engine
e “of small dimensions” (Smyth 1853) was used to raise ore along it and it was called the
S 5 Western Whim shaft, It is marked on the 1908 Q.S. maps beside an engine house and stack,

neither of which remain today. Caving during 1958-62 following SPCM mining led to the
collapse of the shaft from a point 50 m below the surface down to the 935 level. Prior to this,
the shaft had been used for supplying fresh air to the mine using downcast fans installed on
the 935 level (Mining Services 1963).

The Drawing shaft is today within the fenced area on ground above the southwestern wall of
Pond Lode open pit (Fig. 4.14). It is capped by concrete that has encouraged a thick growth
of vegetation around it.

4. Ballygahan shaft

Ballygahan shaft dates from at least the first half of the 19" century and was the main shaft

in the old Ballygahan mine, used both for pumping water and for hoisting ore (Fig. 4.14).
Power was supplied via an overshot water wheel of “50 feet diameter and 30 inches breast”
(Smyth 1853). In the 1940s, Mianrai Teoranta rehabilitated the shaft and deepened it to -230
m O.D., 290 m below the surface, driving a new level, the 1670 level (-201 m O.D.), 750 m
to the southwest (Mining Services 1963). Mianrai Teoranta, SPCM and AML used this shaft
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Characterization of the Avoca mine site

as the main discharge route for mine water. Reservoirs were located at the 1670 and 70 fm
levels. Mianrai Teoranta pumped water from the 1670 level to the 70 fm level and from there
to the river via the Road adit. SPCM installed a KSB pump to pump water directly to the
Road adit from the 1670 level. AML followed this procedure. Electrical cables and water
lines were also brought into the mine via the shaft.

Ballygahan shaft is a small, four-compartment shaft, timbered with 8” x 8” (20 x 20 cm) sets.
« Two of the compartments, each 4’ 17 x 3* 10” {1.23 m x 1.15 m), were used for hoisting ore
(Mining Services 1963).

5. New Western shaft

This vertical shaft was begun around 1860 (Bames 1861) and extended to 141m O.D., 48 m
below the surface, where it connected with the western end of the 30 fm level. It was sunk at
the western end of the North Lode, providing a link to the levels being driven westwards
along the lode. This shaft was open along its length in 1951 (Mianrai Teoranta). It is now
capped and surrounded by a fence in an area overgrown by gorse and heather (Fig. 4.14). P

6. Inclined shaft &

0
This short shaft is located beside the New Western shaft wit;h@h the same fenced area and was
sunk around the same time. The North Lode mme\wa{g\%veloped in both an easterly and
westerly direction simultaneously and the Inclin Qhaft and the New Western shaft were
probably the last ones to be sunk. The Inclined Q@ é}’s very short and does not connect to any
North Lode levels (Mianrai Teoranta [951) &&g@?c on Mianrai Teoranta’s 1951 map/section
suggests that is was used for working ocge éi@bosns.
GO

S A\\O’
7. Air shaft \(,0
O

This is a short vertical shaft. Lgé?s not shown on the Mianrai Teoranta map and its depth is
unknown. It is surrounded Wa fence. Some steel bars are set across the top but the shaft is
effectively open.

8. Whelan’s shaft

This is the only remaining shaft on Weaver’s lode (Fig. 4.14). This lode was regarded as a
reserve by WCMC and was not opened beyond the 30 fm level (54 m below surface).
Whelan’s shaft was sunk vertically to 138 m O.D., 45 m below the surface, and then inclined
to 114 m O.D. It was linked to the Spa adit. In 1951, the shaft was apparently open along its
length (Mianrai Teoranta 1951). Today it is capped and fenced off.

9. Wheatley’s shaft

This was also known as the Eastern Whim shaft. In 1951 it was open along its length
(Mianrai Teoranta 1951). It extends vertically 48 m below the surface to the 45 fm level (120
m O.D.) and then inclines to the 80 fm level (63 m O.D.), intersecting the 60 fm level (95 m
0.D.). Little information is available about its development. It is now capped and fenced off
(Fig. 4.14).
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4.3.5 Engine houses and stacks

1. Twin Shafts engine houses

Two engine houses are located nearby and were apparently employed on the Twin Shafts
(Fig. 4.14). The walls and chimney stack of the northernmost one, located on the Drawing
shaft, lie behind the ruins of Mianrai Teoranta’s storage buildings and are largely intact
though covered in ivy. The southernmost one, beside the Engine shaft, is immediately beside
* the farm road and is now in ruins with only the base of parts of three walls discernible. Both
of these buildings presumably date from the early 1860s when sinking of the Twin Shafts
was completed. As noted by Coy (1996), the intact chimney stack is lower than other stacks
at Avoca. The Drawing shaft was worked by a whim engine which raised the ore from
underground; the engine employed on the Engine shaft was used for pumping out water.

2. Tramway Engine house stack

This ivy-covered stack (Fig. 4.14) stands immediately beside the path of the old tramway
(below, 4.3.7). The engine was used to haul ore wagons. The engine house is now
demolished.

3. Ballygahan Engine house

This house consists of an intact chimney stack and low ruined walls on the overgrown ground
above the northern wall of Pond Lode open pit (Fig. 4-14=6°3\-di 6a). It has been referred to as
“Ballygahan” engine house (Merrigan, pers. comm.){b\ltﬁo reference has been found to it in
the literature and it is not marked on any p1r<=:-20th & ry maps seen during this study. No
mine workings are known to lie below it or eveli ¢fdse to it. A narrow channel immediately
east of the house may be a counter balang\ng‘i%r flat rods channel. It appears to extend
southwards. If it is a flat rods channel, gienSit must originally have extended to a shaft. A
straight line extending 70 - 80 m sowf @P(mg the direction defined by the channel passes
within 10 m of a shaft marked o he1908 O.S. map but absent from Mianrai Teoranta’s
1951 map and from Smyth’s 185%\%0‘18@. The identity of this shaft is unknown. It does not
appear to have been an engine ghaft. The Ballymurtagh Old Engine shaft, the only known
engine shaft in the vicinity, was further west. If the line of the channel is extended 135 m
northwards it passes within 6 m of Wheatley’s shaft. The closest existing shaft is Whelan’s
shaft (100 m distant) on Weaver’s lode but this lies oblique to the line of the channel. Of
these, Wheatley’s shaft is the most likely, given its depth, to have been operated using an

M = ‘ engine.

4. Western Whim engine house

The base of a stack remains south of the North Lode open pit and west of the Tramway Arch
(Fig. 4.14). The old Western Whim shaft was situated 40 m west of this stack. Two adits, one
an access adit and one water discharge, were connected to the shaft in 1951 (Mianrai
Teoranta 1951). According to Barnes (1864), the underground works of the North mine were
initially drained along Margaret adit and finally, after the 56 fm crosscut was completed, to
the main underground workings of the South mine: “It is no small advantage to the mine that
we have obviated the necessity of additional pumping machinery by the deep sinking and
crosscut connecting the North and South mine, a heavy piece of work which has taken many
years to complete, the miners having to be supplied with air part of the time, driven through’
pipes by machinery. The North mine has thus been laid dry to a depth of 132 fathoms [792
feet or 239 m] perpendicular to the surface.”. Thus, engines were not used for pumping water
from the underground workings and it must be assumed that this engine house was
constructed for raising ore. The reason for the reference on Mianrai Teoranta’s 1951 map to
discharge from an adit is unclear.
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(a) Ballygahan engine house and
stack, West Avoca, looking SE.

"B R

(b) Tramway arch, West Avoca,
linking Hodgson’s tramway
and North Lode open pit.
Viewed from west.

FIGURE 4.16
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4.3.6 Other mine buildings

1. Pre-20 § century

The ruins of one small building can be seen directly south of the North Lode Air shaft. No
specific reference to it has been found in the literature or on any map.

2. Mianrai Teoranta 1941-1955

A number of buildings constructed and/or used by Mianrai Teoranta remain. The most
prominent building on the site is the concrete shell of storehouses located beside the Twin
Shafts. Wicklow County Council’s yard, east of the main road 200 m south of the entrance to
the West Avoca site, is the site of Mianrai Teoranta’s headquarters (Fig. 4.14). The stone
buildings here appear to date at least from this time: they are not marked on the 1908 O.S.
maps.

3. Saint Patrick’s Copper Mines Ltd.

A large number of buildings used and in many cases purpose built by SPCM staff remain on
and around the West Avoca mine site. On site, the building north of the site entrance was
built by SPCM as its main office and was later used by AMLfor the same purpose (Fig.
4.14). Tt is now being renovated for use as a miners’ museu “Behind this building are the
old staff hostels (Fig. 4.14). AML later converted_thes¢ to apartments, also for staff
accommodation. The remaining buildings are outsidﬁ\O site. Across the road from White
Bridge are two buildings: the one to the southO@%@Shsed as a garage and the other as a
Iaboratory for sample analyses by SPCM. ised the first building as a welding shop.
Both buildings are now privately owned a{ﬁ\ w ' use as workshops/dwellings. South of Bell
Rock and east of the Red Road, there ar@@@ﬁ: houses used as staff quarters. They include
a Directors’ Lodge and Mine Mana@ﬁi@louse. Most of this appear to have been built by
the company and were subsequentl%roéﬁs\ed for the same purpose by AML. All are now in
private hands. West of the Red Roz{dﬁs the building used as a magazine by SPCM for storing
explosives.
2
4. Avoca Mines Ltd.

As noted above, AML utilized many of the buildings constructed by SPCM, including the
now dismantled mine buildings such as the mill, as well as housing stock. Apart from these
buildings, the only remains specific to AML are the concrete foundations of workshops that
are visible east of the entrance road to the West Avoca landfill site.

4.3.7 Hodgson’s Tramway and Tramway Arch

This tramway was built to haul ore from West Avoca to Arklow harbour. Previously, ore had
always been carted to Arklow by local people who agreed a price per ton of ore and supplied
their own horse and cart. But there had been recurrent difficulties, with transport periodically
in short supply, for example at harvest time when all available carts were needed in the fields
(Cowman 1994). Henry Hodgson, proprietor of Ballygahan mine and director of WCMC
which operated Ballymurtagh mine, decided to construct a tramway to haul ore to Arklow. At
this time, the national rail network consisted of a short line from Dublin to Kingstown (Dun
Laoghaire). The tramway was completed in 1846, a fortuitous date since the beginning of the
Great Famine reduced sharply the availability of drivers and transport (Barnes 1864):
“Before 1846, and the famine period, the neighbourhood supplied horses and carts in
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abundance. Since that date the ores have been carried to Arklow by tramway.” Ore from East
Avoca continued to be transported by horse and cart.

The tramway probably began originally at the Tramway Engine house and followed a straight
line southeast before running along what part of what is now the Red Road. Later, as the
North mine was being developed, the tramway was extended to the north over an arch to the
North Lode open pit. The Tramway Arch (Fig. 4.16b) is one of the most striking architectural
" features preserved at Avoca. Between 1857 and 1859, the Avoca - Dublin railway was joined
with Hodgson’s Avoca - Arklow railway.

4.3.8 Water drainage and discharge

The West Avoca mine is drained today in much the same way as it was in the 19" century,
i.e. via Ballygahan shaft, although today the water drains along the Road adit whereas then it
was pumped out with power supplied from a water wheel. In the 1940s and 1950s Mianrai
Teoranta drained water from the Twin Shafts along the now-disappeared 22 fm adit and
subsequently to the Avoca River via the Red Road stream. They also constructed a pipeline
to carry discharge to the river, This is visible close to the Ballygahan shaft and can be traced
south along the side of the spoil heap SP39 until in turns to draiwbelow the road and into the
river at the site of the Ballymurtagh weir. At this time, w\gg;e\\’r levels in parts of the mine
would have been higher than they are today both because 3.19\: workings were much shallower
and less extensive and because various dams were @ tﬁ?cted to block off different sections
from one another. This pipeline appears to have gggg;‘built to draw off water from the upper
levels of the mine. Subsequently, SPCM re@ Sthe drainage system as described above
(section 4.3.4) and the mine has since beegx;\ig@&ed mainly via the Road adit.

KO
QS
\'&\QQ

E
4.4 UNDERGROUND MINE WGRKINGS

For most of its history, Avocﬁﬁi\as been operated as a number of underground mines. There is
a 27 km long network of adits and levels in East Avoca; the aggregate length of shafts, prior
to open pit excavation, was 3.5 km. In West Avoca, there are some 15-20 km of levels and
more than | km of shafts. There also remain huge volumes of stopes, partly backfilled, some
collapsed. The deeper levels of the mines, below ¢. 3¢ m O.D. or the level of the Avoca river,
are flooded. The East Avoca workings were mainly driven in the 18" and 19" centuries.
Only the 850 adit, built by SPCM in 1958-1962, post-dates this. Excavation of East Avoca
open pit and, especially, Cronebane open pit removed the upper levels of the workings
although most remain. Their condition is unknown but probably poor. They were last
completely mapped in the late [940s and early 1950s by Mianrai Teoranta geologists, who
produced maps and sections of both East and West Avoca underground workings. Extensive
underground development by SPCM and AML, excavation of the Pond Lode open pit and
serious caving in the upper levels have brought many changes to the West Avoca
underground workings since the 1950s. The exception is the North Lode mine, untouched
since the 19" century, where the Mianrai Teoranta map still appears valid. Plans of the
individual levels driven by AML and, in the case of some of the upper levels, by SPCM form
the basis for the underground map of the modern West Avoca mine.

Two 3-D digital maps of underground mine workings have been compiled, one of East

Avoca (Map 4) and one of West Avoca (Map 5). In both cases, the emphasis has been placed
on drawing the adits, levels and shafts in order to convey the spatial extent and complexity of
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mine workings. For East Avoca, no stopes have been drawn. Although stopes are shown in
section on the Mianrai Teoranta compilation, no plans are available for them so they cannot
be drawn accurately in a 3-D map. Stopes have been drawn in the West Avoca map since the
modern mine plans generally contain stopes outlines which can be linked on successive
levels. However, not all plans show stopes and in places stopes are drawn in a somewhat
schematic way. Plans of lodes appear on many West Avoca mine plans so Map 5 contains
reconstructions of the Pond Lode and South Lode. Gaps in the data mean that these are also

* schematic to some extent. Appendices 4.2 and 4.3 contain a listings of all levels, adits and
shafts drawn in Maps 4 and S and a list of data sources.

Adits and levels have been given a standard width/height, usually 2 or 3 m, except where
exact information is available. For example, the Knight Tunnel is known to have measured 5
x 5 m. Shafts have all been drawn with 4 x 4 m horizontal dimensions, partly for
convenience. In many cases, they exceed known dimensions.

The maps were digitized in AutoCAD. 3-D drawing techniques were employed to digitize
vertical and inclined shafts and to position the adits and levels at different topographic
elevations. The AutoCAD drawing can be viewed from any perspective and overlaid in 2-D
on the topographic map. Unfortunately, they are not “solid”, i.e. they lack any depiction of
ground and the various features in it appear simply as a series of connected lines. In 3-D,
they overlap in space such that drawing elements which shouldsbe hidden from the viewer by
other elements in front them instead can still be seen. Aut%&‘%\D allows some hiding of these
lines, so reducing the confusion. Nevertheless, the IQ@; gﬂany background terrain element in
the drawing makes it essentially a technical drawing, suitable mainly for
scientific/engineering purposes. For display pufpasés, especially in the context of the Life
project, a more realistic version was felt to b\&q&ssary
5° @

The technique of Ray Tracing was u 4;8 create a “solid” 3-D image of the underground
workings (Fig. 4.17 and 4.18). U@&Q formation about the viewer’s perspective and the
position of the drawing elements, eéé s, shafts, etc., in space, ray tracing involves rendering
an image based on mathematica odellmg of the interaction of light rays and the objects of
interest. The images generated™by ray tracing software make use of “primitive” geometrical
objects such as cylinders, spheres, etc. Grouping these together can produce a complex 3-D
image. For example, in the image of the underground workings at Avoca, the horizontal
levels are rendered as cylinders (Fig. 4.17 and 4.18). The software package used for the
c ' Avoca images is Rayshade and the images were output at large screen resolution (1920 x
' 1440) for subsequent reproduction on 35 mm transparency film. The ray tracing modelling
was carried out for GSI by Dr. K. Russ, Camborne School of Mines, Cornwall, England.

4.5 ENVIRONMENTAL IMPACTS

4.5.1 Introduction

The two major environmental impacts observed at Avoca mines are 1) the pollution of the
Avoca river by AMD and 2) physical alteration of the landscape by mining activity. The
contamination of soil in areas surrounding the mine site by heavy metals is described in Chapter
5. Physical alteration of the landscape was a continuous process during nearly three hundred
years of mining at Avoca. However, the scale of alteration increased dramatically in the 1970s
when AML excavated open pits in East and West Avoca. The large spoil heaps and open pits
that resulted from these operations represented significant new visual impacts on the landscape,
impacts that remain unchanged after more than twenty years. In contrast to much of the rest of
the site, which has acquired significant vegetation cover over many years, the heaps and pits
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Figure 4.17 3-D reconstruction of underground mine workings, East Avoca
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Figure 4.18 Two views of 3-D reconstruction of underground mine workings,
West Avoca, from southeast (top) and south (scalebar = 200 m)
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support no significant vegetation. For some, these untouched relics of mining amount to visual
pollution in a valley renowned for its natural beauty. For others, they are valuable parts of the
mining heritage which is an essential component of Avoca’s history. These issues are discussed
further in Chapter 6. Below, the sources and pathways of AMD are described and the
implications discussed in the light of possible future attempts at remediation.

* 4.5.2 Sources and pathways of AMD

Sources of AMD

AMD is generated by the oxidation of sulphide minerals in the presence of air and water; the
reaction is catalyzed by sulphur-producing bacteria. The most important mineral in this respect
is pyrite which is also by far the most abundant sulphide in the mineralized rocks of Avoca.
There are large volumes of sulphide-bearing bedrock and spoil exposed to air and water on the
Avoca mine site. AMD is generated by leaching of bedrock sulphides principally within and
around the underground mine workings where mineralized rock is still in sitw and is accessible
to water in a number of ways: 1) along cleavage planes, joints, fractures and faults in the
footwall, hangingwall and country rocks; 2) in the rocks faces forming the walls, floors and
roofs of 50 km of levels and shafts and an unknown volume of stopes and 3) in large but
unknown volumes of mineralized waste rock left underground byl 8" and 19" century miners
as backfilling for stopes. The host rock sequence of volc tuffs contains no significant
volume of carbonate lithologies that could help to buffggo{g\,gfé\utraiize AMD.
&

The volume and sulphur content of all such migg{@ﬁ\zoed rock cannot be calculated but it is
possible to estimate the amount and composi@fb@‘b\f ore-grade bedrock for most of East and
West Avoca using ore reserves established @Q joca Mines Ltd. (section 3.6). For West Avoca,
the calculated reserves are 4.5 million Q@? (M¢) of vein/disseminated ore (0.68% Cu, 17%
pyrite) and 259,210 tonnes (t) of ba g@é}& (0.61% Cu, 65% pyrite). The percentages of pyrite
present in these ores are taken to beod@e same as those quoted for the different ore types by
McaArdle (1993). According to sta{f&ard volume/weight conversion factors employed by AML,
these tonnages are contained 1¢91,477,964 m’ and 79,318 m® of rock, respectively. The ore
contains some 929,863 t of §§9rite and 534,161 t of sulphur, including a small component in
chalcopyrite. In East Avoca, calculated reserves are 11,703,120 t of vein/disseminated ore
(0.52% Cu, 17% pyrite) and 2,623,750 t of banded ore (1.37% Cu, 65% pyrite). These tonnages
are contained in 3,862,030 m’ and 802,868 m’ of rock, respectively. The ore contains some
3,694,968 t of pyrite and 2,174,179 t of sulphur, including a contribution of about 200,000 t
sulphur from sulphides other than pyrite.

‘)

‘)

Some of the figures quoted here are ecither drill-indicated or inferred and as such must be
regarded as, at best, approximations. There is no reason to believe, however, that they are
grossly exaggerated. Indeed, there is reason to regard them as an underestimate since the
mineralized zones in Cronebane and Connary in East Avoca are excluded because no data are
available for them. Moreover, the calculations refer to ore-grade material only, specifically
copper ore, i.e. chalcopyrite-bearing rocks. They therefore exclude possibly very large tonnages
of pyrite-bearing rocks that have chalcopyrite contents below a certain cut-off level (not
specified) and are thus not regarded as ore.

Pathways for AMD

Most of the AMD generated in Avoca is now discharged either through the Deep Adit (East
Avoca) or the Road adit (West Avoca) into the Avoca river (Fig. 4.2, 4.14). A much smaller
amount is continuously discharged from Cronebane Shallow adit above and south of the rim of
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East Avoca open pit, intermittently from Madam Butler’s and Kilmacoo North adits in
Cronebane and Connary, respectively, and from the Spa adit and Deep adit in West Avoca.
Water enters the underground mine workings either as groundwater passing laterally through
the rocks along cleavage planes, faults and fractures or as rainwater falling directly on the mine
site and passing vertically through the roof of the mine or through open shafts. The rainwater
will also percolate through spoil heaps. Where these overlie caved areas, AMD generated by
leaching of spoil will pass quickly into the underground workings and thence to the river. Spail

. heaps SP5, SP8 and SP10 in East Avoca are the best known examples of this. Even where spoil
heaps overlie bedrock that has not collapsed, any AMD generated in them may still pass down
into the mine workings, although this will be dependent on the permeability of the rock. In
some cases at least, especially around Mount Platt (SP20) in East Avoca, permeability is low
and the AMD emerges as springs around the base of the heap before running along the surface.
It may then flow to a more permeable area, such as the base of Cronebane open pit, or simply
seep into the soil in the areas surrounding the mine site. Any AMD that stays within the
boundary of the mine site will most likely end up as discharge from one of the adits,

In summary, virtually all the AMD generated in Avoca, whether by leaching of bedrock
sulphides or spoil heap sulphides, is eventually discharged from the mine workings into the
Avoca river.

&
4.5.3 Discussion @
The estimated volume of 6.22 x 10° m’ of ore compareiw'@is\the estimated volume 1.4 x 10° m’
for spoil heaps in East and West Avoca (Tables 4@‘0&5\2)‘ Since the ore is much richer in
sulphur, it is clear that the mineralized bedrock rep @éms a potentially much greater source of
AMD than spoil heaps. According to T@Q@\\ﬁata (Herr and Gray 1995b), the mean
concentration of SO4° in the East Avoca De Adit discharge over a period of seven months in
1994 was 1596 mg I'". For a mean dis@fa(‘&rg% rate of 17.2 15" (Gray 19995), this indicates that
790 kg of sulphur per day are addec&f‘&{& river in the form of SO,* from the Deep Adit, A
similar amount is added each day é‘ YWest Avoca via the Road adit. At this rate, some 7540
years would pass before the calcu\léﬁted in situ bedrock reserves of sulphur in East Avoca were
leached and deposited in the rixé?? This assumes that ail the sulphur in the Deep Adit discharge
is derived from bedrock. Sifie some comes from spoil heaps, the estimated period of time
would be greater. Lower figures apply to West Avoca on account of the smaller ore reserves
there. These calculations are necessarily highly simplified but serve to emphasise the
importance of bedrock mineralization to the problem of riverine pollution at Avoca.

The calculations also indicate that rehabilitation of surface spoil heaps will not greatly
ameliorate the AMD problem. Active treatment of discharge waters will be costly; passive
treatment will require construction of wetlands at a suitable site. Rehabilitation of the river will
involve a long-term commitment and significant resources.
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Appendix 4.3 Underground mine workings, West Avoca

1. LEVELS AND ADITS IN 3-D DIGITAL RECONSTRUCTION
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2. REMAINING SHAFTS

Shaft Layer {AutoCAD) Type: V/IVE Elevation, m 0.D.
top hinge bottom
Ballygahan shaft_ballygahan \' 60 -210
Drawing shaft_drawing \ 129 84
New western  |shaft_new-western \ 189 141
Twin: Drawing |shaft_twin_drawing Vi 131 -80 -170
Twin: Engine shaft_twin_engine \ 131 -90 -201 e,
Vent shaft_vent VI 138 -12 -201
Wheatley's shaft_wheatleys Vi 168 120 63
Whelan's shaft_whelans Vi .. 159 138 114
D~
&
S
V: vertical Q@:rz@
VI vertical +inclined P
I: inclined | S
<
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S
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QQ\ *'\\q
S
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LANDFILL DESIGN AT BALLYMURTAGH OPEN PIT_AVOCA CO. WICKLOW

Site Description:

The Pallymurtagh open pit is a disused mine excavation
which was developed to exploit the Pond Lode in West
Avoca. The pit itself covers approximately 1 hectare
which 1is fully enclosed by a high chain link perimeter
fence some 1,370 m. long and covering some 8 hectares.
The open pit is a long (180 4@ ), unarrow (556 m,)
excavation which is nearly ful%y encloged by high walls
. S

of rock and mine waste. SO

The floor of the Ballym§%§égh open pit is a flat surface
which results froggéég‘use as a settlement pond for
liguid mine waé@g& with up to 16.5 m. of tailings
occuring bcneg&% the present floor. The tailings,
which are ﬁhlnjy in the silt range (0.002-0.06 m.m.),
have infilled the deeper parts of the open pit and now
have & thin covering layer of overburden. While the
tailings were in a liquid state when pumped to the open
pit for settlement, drainage through the base of the
open pit has allowed the tailings to dry out and
censolidate. Standard penetration tests carried out
during the drilling operations associated with this
study indicate that the tailings are now in a medium

dense condition and only show signs of softening in the

deeper levels below 6 m. This process of consolidation
will continue as further drainage takes place

2.
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1.

Ths present cpsn pit floor iz dry and except for a few

seepages from the enclosing walls the excavation is
devoid of water. Some isolated ponding of rainwater
does take place on the opven pit floor where the thin
layer of overburden has been compacted by truck

novements

Fit Floor Drainage:

The pit floor in periods of high rainfall becomes
saturated with a considerable amount of standing water
indicating the impermeability nature of the tailings
material. This property which 1is advantageous in
controlling +the rate of acepdgeé@? generated leachate
will cause operational and g@gﬁgfuotlon difficulties.
¥

In order to provide aqééflsfactory working base for the
construction and oggﬁgsﬁon of the open pit, it will be
necessary to 1ns%%§1 land drains below the present level
of the pit fkgﬁz approx. 1.5 m. deep on average at a&
spacing of ?8 m. The purpose of these land drains is
twofold :-

{(a) To improve the bearing capacity of the tailings;

(b) To provide for better socakage of the leachate.

We would propose to lay 2 No. longitudinal drains 15 m.
apart 1.5 m. deep and 800 m.m. wide filled with 19.25
m.m. crushed stone and surround with "Terram” 700 acting

as a filter medium.

Pit Floor Bearing Capacity:

The tailings forming the pit floor at present are only
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partially compacted and would not form a satisfactory
working hase. It is proposed 1o improve this by means
of a separating membrane of Terram 1000 on which a
graded granular layer 500 m.m. thick sub-base is placed
and compacted. This sub~base will then provide a base
on which the generated leachate can be dispersed
laterally inte the drains and taillings. The separating
membrane will prevent loss of the granular materiazl into
its mine tailings. The specification of the 500mm layer
shall be crushed stone graded 100mm to 12mm. This 1is T
likely +to be its most costly part of the developement
costs of this land fill site and ggﬁ%he site trial tests
should Dbe carried out to de§§§m1ne if some of its on
site material could be us\.oﬁm its upper 200mm as stated
above. The purpose of«ﬁ%&s laver is two fold, one to
provide a worklnp é@ase to carry the imposed truck
loading and two,ééko provide for lateral dispersal of
generated le%gﬁgfe. The thickness of the free draining

layer would be adequate at 300mnm

Containment of Leachate:

The PRallymurtagh site is designed to operate as a
dilute and disperse site i.e. its leachate to filter
through the mine tailings, in the base into its mine

working shafts and there diluted by the mine waters.
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To ensure that the leachate is contained in thisz path it
is rproposed to construct a bund at the Eastern end of
the pit. The bund should be raised to the level of 5
meters over the base of the pit and shall be lined on
the pit side by means of a Butyl Rubber Lining. The

lining shall be roughly 2 meters below the present floox
of the pit. On top of the impermeable lining a free
draining layer of stones shall be placed to ensure that
any liquid reaching the face of the bund is drained off

into the drains running back into the pit.

1:4 Gas_ Dispersal &
éo
Landfill gas consisting pringipally of methane and
S
carbondioxide is a natuﬁgpgéégduct of land fill sites.
The design includes QQgﬁhtlng system consisting of a
é
stone filled rolum§9 th perferated collecting pipes as
shown in deta11¢ﬁ§§ to ensure safe dispersal of the
gases into thgﬁﬁ%mosphﬁre The pipes shall be extended

upwards as ﬂﬂe pit is filled.

Mg

The main pit at present has a concrete post and a chaln link
fence with 3 strands of barbed wire security fence all
around. It is proposed to extend this fencing out to

the entrance gate and around the entrance facilities and

to  link it back with the existing fence.

Portions of the existing fence have been removed or

damaged and it is proposed to make these sections good.

\1
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Site Facilities

The site has been laid out with the minimum visibility

from +the Arklow Rathdrum Road.It is propoased that the
site be indicated by sign posts on this road and with a
finger post sign at the entrance. A new entrance is to
he constructed at the site and 1t will improve
visibility. The site entrance proper is to be set back
heyond where the housing access road meets the main

access road. It 1is proposed at this point to erect a
sign showing hours of opening charges etec and a cattle
grid and peers will define the start of the site. The
access road is to be laid to 49 good standard to
encourage full usage of the lagﬁéfill site. The main
site buildings will be cogﬁﬁéﬁgled on the platue level
of 63M.0.D. and partia&@%@%creened from the rocad. These
include site officeé§§$§§el wash and weigh bridge and a
week- end fa0111§9Q$QThe site proper is not to be opened
over the full g@ek end and it is proposed that domestic
use at weeﬁénds would be into two collection skips.

These collection skips would then be transported to the

main pit at the beginning of the working week.

In normal operation all waste would be directly disposed
of into the main pit. Domestic use would be at the
turning circle directly beyond the screen bund and

industrial use along the access road directly into the

pit.
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I’;]

Gtel

E

54.

s

»
il

S

mhrs.,

.mhrs.

GJ.mors.

mtrs. 11,000

mtrs. 10,000

850

mbrs. 650

620

50

m 505

L1006

Preparation_of Land Fill Base

shall be
aven
tracked
all

The base of the pit
graded Lo  aeffect An
surfacs by means of 2
mauﬂ‘nu to rEmove
agulaviniaes.

The floor of the iﬁ hal
De drained as

measurs land dys

"Terram
the entire arsa of pit
turned up 1 metre at all edg
Laps between sheest to be 0.5m a
in accordance with detail

D3

Provide and lay

aver

&.
&
(Q

R

Prov1de,«§%$% compact crushed
stone y @ﬁd 100mm. to iZmm. - a
layer &° g&n thich wminimum over

Thedﬁﬁp re area to base of pit.

~©
quﬁiu and  lay 1mm, Butyl
%§8bpr impermeable membrans to
aca screensad vand as shown on
d§‘detail Dd

lLayver of
ded 40

ay 300 mm
g 3atous g

o detall D4

Provide and 1
fres drainina
mm to 20 mm £

TOUTMm
1l D4

Srram

Provide and lay Te
too d

Filner Membrans

thick
detall

and  lay 75 am
sancd o

Provide
layer of »
D4

LB E

2 araont 4 no.

”hamb@”“
i T mwm boring

rovide
dispersal
axtension

bore holaes

Frovide and ns WW.’JO'L“G

nipswork
ahambars

To Summary

then
and

000"
and

50 5,500 OC

A5 1 A950 o

5.00 50,000 O

8.00

5,200 O

1,950 ¢

.50 325 0

1.C0

500.0 2,000 ©

5.00 2,525 ¢

v . o i e sy e 2

£73,700 ©
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i3

ot

cn.mhbs.

rop.omhg

1O45HEB

5¢0

B
A

RN

RSN

road works.

site Laaranees
ruhbi,_ demolibion
genaral grading  te

Lmprove

b 5oy ) . AT I~ QU | - - i .
nenoval  of  Tenclng and PO

shoring for re eroctioa.

it T
{ Lo

axcavatlon o
provids fill matheris
embankments  and gub-pase R
road. The matsrial  to be
..Jhc:lll. e hake T ron

the South section of the plt.
This area m}uall he reduced O
the lLevels requi g for the
access road and tw§ additional
material ag@;§ from higher
ground to tg@ North WHst. The
material S&q§,dvatuu Qhall.'b@

pushed O@Qﬂ&ULCd and deposited
along 5% entrance road and
emba@ﬁ@@n*a to  form ths sub-
ba“@?@QLUx the road. The
matgrial shall be deposited in
L@@ers not grsatay Fhan 200mn
Jpread and cempacted i

BEulk

excavated

P accardance  with ¢ Launse 609 of

the D.0O.E. spec fox road works.

Bxtra oy e

axcavation in Yool

ial  Lype
Layad

acoordancs

200

5.00 705

1,50 29,184

10.00 5,000

3.00 12,765

/% 67,225
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b/f 67,225 OC

2 no o ourfs
1 acnords

4230 I J ‘ 2.50 10,575  Of

A Lay rrecass

conorete 1} Lo B.o. 340 setl;
Jointed  and painted ln  cement
norvtar  on and including  1H0mm
. of conoretse iy 6o, 20,
350mm wide copcrste haunchi
sdime 25Cmm oz 220mm to back o
Eerhs, te detail DB, iaclading
curving.

Ty - 4 o
COVIiIas

xv
=
i
e
=
—
=
Iss
L
-
—
[ ¥
-

10.00 11,800 ¢©

Provide and install catn
Lo entrance bto detall DT
Item 1,500 ¢©

[t

y To Summary £91,1C0 C

o O ats e o e
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ot

X

Lrenohaes

v f e

it to pF dralnl
crushaed stone 500mm wide by L. &
Lin.m 3606 metras deep. 12,00 +,560 0O

it

Frovide aad  lay "Terrvam 7207
filter i trunch  as
Lig.om. 33890 BELOWT 2190/01 4. 6m wide gsp ¢ 190 @0

Provide and lay crushed s
graded 40mm tc 20 mm in  Lre
cu.m 34 and compact. 10,00 3,420 OC

ir.m T mxocavata Lrench to  base  of
screen  bund  to  recaslive frae
draining crushed stone GO0 mm.
wide by 1.45nm. desp 12.00 o0 AX

Provids and lay “Terram 7007
filter nmambrane in trench
shown on detai%r 217a,/00
lin.m, 70 4. 5m.wide &> .50 55 0C
&
Cu.m. 673 Provide and&§: crushed stons
graded 40 mpBo 20 mm in trench
and oﬁnnpgééﬁf 10.00 530 oC

Q o .
Excav&@%@%rench 00 wide x 300
deeg& a¥side slopes through top
50££@§'1ay “Terram 7007  2.25n
w.%g§ £11l with crushed stone
g§%ded AC mm Lo 20mm and close
any atl az shown on

2 attached 5,00 50 oC

lin.n 20

To Summary M, 525 uC

10.
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Surface Water dralnags.

Frovide and lay surface watear
sewsar  along  road as shown  on
drawings

22 5mm diamaterr Wavinssway

avarags depth 1. 5m.
Lin.m 4o 12.00 5,064 00

FAN

375mm cdlametsr  sewsr averags

: depth 1.75m. ,
Lin.m. 98 30.00 2,940 O

; - 5.W. Manholes to detail.
No. ¢+ 7 700.00 b4,900 O«

s

Headwall at  connaection to

' : river. &

PNe 1 &> 600 O

L &

Cut off lrd"qtagﬁbop read to be

connectad 2@ hine shaft .
1,000

Ttam \Q S

<
é>®5
Pragq§%3$ronvrpt road gullies
3ndg§@ﬁm~” with connecting pipe

qo?%§%o etall.
350,00 5,250 o]t

=
|
@‘

& To Summary £19,7s4
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Site Services

Counec Lo exigting watermal:
at antrance ine Ludea tor
providers Thnm Tee conmectbion
THmm  slulce valve and valvs
chiamber.

Provide and  lay  ThHhmm Wavino
wataer mala along road bhase to
entrance hul, avaerage depth

dUOmw

Lin m 396 : £8.00 3,120 00

Frovide and idnstall booster
pump in  entrance hut to provide
. supply to cantesn and toilet.
Ttam : Loo 00
3ing mzin Lo zﬁﬂhee 2w olix
id in  road avdErage denth
C B00mm, d§\é§
Lin m 150 : &gso@s@ k.00 600 00
§
Plumeng'@Qﬁtunneﬁt]Oﬁa
1Zmm 4n1een sink
um(& @ W.C. and W.{.8.
%@t\l\ o Bi k cock 2 No.
g@ to Wheel wash.

&

&
T tam »df 800  ©O

Frovide 1 No flanged hydrant
and Tse and chamber Lo | 13!

R
Mex . 1

To Summary £5,820 00

12.
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) . Ttem

¢ Item:

Ttem

L

D P [hem

[l
P

te Facilities.

[

Frovide the P.O. sum of £15,000
For hhe provision and
installation of a welght -
bridge.

Extra over item A for welghi-
bridge bullding wori.

Dyovide and oonstruct  whesl-
wash to dsbtall.

rovide and construct cantsen

and tollet ta detaill.

Frovida and construct entrance
hut ta detail. ég

)
Bottle Ban d§§éﬁ
£§

(? N
¢§ N
Waste . Qq)é

<‘Ht%§&

&
etail.

Eecovery Drill to

é§¥ To Summary
N

13

£15,000 OC

4,950 00

9,600 00

3,220 00

2,450 00

400 00

350 Q0

a2t o 000 e

£35,980 00
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A Ttam.

H40

r—
=
o4
-
——

€ T tem

T ameant for obbtainiag

alactrical supply

phAase

B.oo.B.

Provide and  lay undsragronnd
ducting from supply pcinh Lo

exhernal compound and  canteen

buaillding.

P.C.  sum for a2lectrical work
noluding,
4 No.

4 Nao.
3 No.

external standards.
powar sockelts.

lights.

0"ﬂg/'l’o Summary

1,

<,000 00

.00 2,700 00
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D

B

R
[ROHE

LGin.m

Ttem.

Lio.m

No

Neo

3K

120

3

od

Fencing and Gates.

and inatall 2.4 matre
sacurl by concrete
chain link mag!
barbed wire

detatl.

Frovids
nish shandard
fencing with
ancd 3 strands
match existing, Lo

Make good o axi

: UL
fencing to sscoure entire site.

and  ilnstall 1
sn fencing on SBpruce
4.75% bkigh to detail.

and install entrance

detail.

Provide
gates to

Provide and gabe Lo

To Summary

0.00 5,000 00

1,000 0O

10.00 1,200 0O

wH0.00

1,700 00

v00.00
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amoun”

UNIT

QUANTITY

for

sumpary
Preliminaries and Insurances
Contingency sum
Preparation of land f£ill Base

Site Access and Road Works

Land drainage

Ssurface water drainage
Water main

Site Facilities
Flectrical Works

Fencing and Gates
Landscaping ég?
&
S
&
Monitori &é‘@
oni orln%@\$ s

Q.

Land cos®s

osz"‘&@*@

N

QQ\ QA?\\Q

To%&& (excl v.a.t.)
A

&

&

C"I’his estimate 1is Dbased on
current building costs (April
1988). A number of items above
have been excluded as noted
owing to lack of information
and should be added to the
final overall costing. Value
Added Tax has also not been
accounted for.

Design fees

16.

RATE £ p

not irglcluded
20,000
73,100
E9‘[ , 100

92.925

8 8 8 8 8

19,754 0
5,820 10

o

8

35,980
7,600
7,700 |00
10,000 00
not included
not included

not included

£280,979 00
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job ' job no
; : T AL A RFACHH H oot
Malachi Cullen Assoc. | __ / oELH Zro
CONSULTING ENGINEERS Ptf“BA-—)E RN FEEFA - drg no
15 Custume Place, Athlone. oy Jate “Toy
Tel (0902) 7A26A or 78422 S@IE ) /75 AMAEC ’{9&& Jo - D§ .
REfcisk "7

yd

.
p
S/ \\\// \\ //K

ECOMM  oF GRADED ARomCH-AR
:iz.e MAy  ROW/A
o«

N\

MOX SPALKIGH O DR2A|
B> a4 &é\
- S
CROSAAELD SHOM E—,O@A(u
@)

/4/:\,(‘ e " K 2 oy Iy .
’ Y : ) - e ‘ ) . ’
. R , o mTEZQAM LoD,

; i . ‘. X *:“ ‘/[ ' 4 .

Laps " “, -

CARA  FOO /‘Z-/J’ l S v
Lot T ROID O 3 ;

[N

oo M

O S

Desail o DRaM. THRO
2 Mo 'j'f-u’-«“&
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REE ORAIIME

STO~EE i

TERRAM, JOO ROUND.
S

T

oh ] job no
: BALLSYMARTAG H  CFEN it
Malachi Cullen Assoc. _ 21t
' -
CONSULTING ENGINEERS LARD DRAN OEFAILS. drg no
15 Custume Place. Athione. e date By
| Tel (09¢2) 74284 or 78422 !fro. Apil es | I >z,
\ OO man

~IOD ran TOP SOIL
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job . . job no
i BALINANARIAGHA OPEERd [H4-
Maiachi Cullen AssocC. |__ A 2rFo
CONSULTING ENGINEERS EncleE OF pit DETAIL drg no
15 Custume Place, Athione. v “ate by
Tet; (0302) 74264 or 78422 Voo APRIL 1988] ID> . =3
EDGE ofF DIt

: RAA TURMED Of2

L. METRE 7 |

i e e BComm of CBUSHED STONE.

; o / | GrADED 1CO M TO {2 rara.

le uYe)

DetaiL A1 Epas oF P
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10 AL s pmac A OpEM P

job no

Malachi Cullen Assoc. |__ 23>
1 ) .

CONSULTING ENGINEERS PEAL. AT SIDES OF Pri drg o

15 Custume Place, Athlone. v Jaits By

Tet; (0902) 74264 or 78422 Mozt Ioeg, D p@

F5 san COARSE AN

¢ {g&zfzu SE

TERRAM FOO
CILTE R MEDICAM

2D AMan O 40 rag
20 man STC)FK-(& TO

Tram B/l ROBRER -~
MAPERMNEARLE
AMEABRANES

Soe DEfAILS. -

Fron ] Rosi.
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s

Malachi Cullen Assoc.

COMSULTING ENGINEEZRS
15 Custume Place, Athione,

Job . \ job no
BALU/MCRIOGHA  CPR [PIY 2170
title

e DELERSAL CHAMEERS MGrgno

rev date by
Tel: {0902) 74264 or 78422 | 7 ARl 028 I .
i
B s JodE

1700 ¢ P Lo,
MBMIHOLLE  FRINMGH |
WA BOma G HOLES '
AT BOD pmac CERTRES |
CRILED oy SPES. |
MH Rt TO RE

L ED Wit KTONE ,
SIRALED 100 ramd 12 1an jxg@g

CA N2 T D 7"0
S-I_OH‘EJD WCANS (4

pips.

Wi PIDE -

L AS REFUSE ROILDS UP
- EORE +—?/:c.>Lg PIPES spe
&QOQ\* L TORE EXTEADED AS MOTER.

’ A =D !

ol < i N -~ ’ r
rJ "{ '/’<‘)'L(\<—> P ~3 """T \ (,_///\\ Q
g H =, A‘A.,_,)‘-", PN, _Z ; ( ) m :
Iy . L=y e BT,
IS e e R SO Do e e & AN
o . o P . . L , ) - oo, - 09
. 202~ TEREANA

- Ge DicpersaL CHAMBER

. pedo. Trdeus
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job

Malachi Cullen Assoc. | BobyveiRiaciet opir P L o,

lob ho

title
CONSULTING ENGINEERS

Roald g kERK PEfails.  [grgno

15 Custume Place, Athione. Tov S5ts

Tel; (0962) 74264 or 78422 fio 1B | April 1285 ID.

by

v

(o

KERS DET,L\IL_ 'r’O B=s.240.
f\Pv(wC. 1255 aian X ZEO A
/ HALE RATIERED .

Cord C L 4 DOMICH
TO Back: OF KER]

&
| O
QQ&.D Q§$
| D ‘e

&&6\

&

PN
D M
o A DCADDIN .

‘ 7 LobTS OF TAR + <H P

200 MAn O CRFHED
LYOE:

oF DEASE BHOME

')'ypféé\:., Lo DecHon.

[ oTlE  ROAD ASCVE PEOPLES FAC(Lr'f»/\,/ ™ RE

( A O condby & HOT .eeQB&L)j

EPA Export 26-07-2013:23:16:01



job ] _ e
Malachi Culien Assoc. | BAbymerizct obsd Fif 2170,

job no

title
CONSULTING ENGINEERS

Caqie aain. (1o s o

15 Custume Place, Athione,

rev date by
Tel: {03G2) 74264 or 78422 Vous 17| APRIL D8 JD. DY

, X . = §)
i | A*':os«A_E(E BLOCk PER )

IFZHDTLIUD. IOOK(CO"%%@

g(, 1

[ S

\\Q@\

B po THUS  HorDldid
OXNaret 1O Z ids 100 %100 < & L. BROTED
£ o= 4+ FLAT DLATES O~ CEMTRE Whais

di ,goé

T S
%—: 7 _f)_o* i ..(:.. PSS e oo

o BRSNS - = l‘.‘;’;/
T o8 = L Q% '
TR - o -
i o S ,@ .
- Q .

O

lora SeECHON - 1me

i 20 .75,

o x OO 5 B HS 7 HEBOLTS

D\ DT COMC BAND
{ &L ROAD TO>

E z
- = TR O OO i
X e . : l°° Lo l e L .- o
] s ! | « - AL WALLS pLASTERED ‘
XD P oG] - i g AP EIRAS LY, ,
2100 < D00 * ] ® l .
Bow CEER o o @
Comic, BAsE .
_____ e Zico . g
Cross -SEci IO,
]
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Tet: (0202) 74284 or 78422

Nig3

Al (288 |

job ] \ job no
p N B yORTAGK . CPEN Pt _
Malachi Cullen AssocC. |__ 2o
CONMSULTING EMGINEERS LIHTER SeRefng e <ivact ToeTs
15 Custume Place, Athione, s P By

08,

CGTFRO KA HIGHA
SPROCE POLES \adit &

L \w e g 50 Aan
AA =Sk | ’Z
S

e
LES ST 1T =}
g:l? 2o |} MF_T/‘“KC?E/TC'/
7 i

« Sl
B Q“‘\'{\L

]
IO =Y DO M, &
i

N S N
e : ’ ) OI\Q

e

o A SEOBR S MES -]

.‘.kj‘t

£, o o (i WARES,
4 1S 5 otaOGHS
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e

lMaiachi Cullen Assoc.

lob _
BALLYMAARZTAGHA CpEM P

job no
2170,

title
CONSULTING ENGINMEE=RS

MAIHOLE DETJAILS .

drg no

i 15 Custume Place, Athicne -
rey date

| Tt (0202) 74284 or 78422 T

S, LApRIL2es

1

| AECR SRE of COVEE SR 8§

VDR of COVEZ BEFES To
/ c{:z:,::@. (=

/‘\\ f“ ;&‘éﬁ_‘—-&——v——:z‘”aﬁ AR o //\\ /,.‘(.:‘\‘,.‘;/.\\_‘;r o 1::‘5‘————“ A7 \__{;‘//\
LT j r'/.xv‘ z R L N
o ! - - | - ‘
el '\-f""‘}“az‘cc HECEig T L “r
i : P o e
: NG R 72‘5../—\& ComC s b
X : % N 1
| — - | |
i }1. SED Rou ,
n ’ ] Wrie, Y27 <0
R e at A
h i A" , S ’ q .
T T M-S0 Come afrorH - ;
| = &/ |
| & ZSwas Ran) | ¢
- ; ! y i lé’:l~-:<>‘-:.m4xd- :
Sl i e e 4%7&” i {mere i ,
T“:m!\i!::!:glm}m:g;: “ 63)*‘\ -", . . (/"',”’"“
e ,_‘ - : . S \\>Q N A ‘.;,..\_,,{'_ MR e
D P RS &P_;_ Ce s 7
’ AF i 7o X - ’

2.8

SECHOH!.

P L 275 Mo
ComiC2e e 2a2E
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ico jcb no
i BALL/MURTAGHA  CLEs _
Malachi Cullen Assoc. [Aekt oF T 2
CONSULTING ENGINEZAS U 2080 @ity DERNLS ——
15 Custume Blaca. Athions. ! o 4 #
R e lrev idate jby
Tel: (020G2) 71284 ¢r 728422 | | . -
LS | ApR(L s | JD- a2,
e
TATING T l \ A 2000 To LU,
GRANE B i '.,.{. AL
8 g
® /
\ ¥
22%mm Conc Or Block Wail ST ‘“—""‘f o ‘*-j
v—“‘ -t -
—t
Flan
Section
T . CUTIGGRW Y et -——~—~--~—~~-——-—-—~§; T N
3 g N b “
b B S Z BN
S ol i S
oo VAT EEE " T ¢3or 2% Berd
Ccncre!e Block. / §| l///~—-—-— Ae Requred
A o 7 _}'I &. "
L e e é\}
r - Y MCreyn
30 g;f[gm Class \\ Y\\(\ Surround Class 210!'L0‘“" Saddle Pecz
O&A 3
Method Of @m@i{@g Gulty Ait To
SW Sewer Orb site Side Of
Camagew@\ S
\\ég\\
S
Q
& N
LR B
A A "‘w{,"@f}%
Cencerzte Class (- e
WD ot —& |
Cencrete Bleck ‘r Q! 577
K "'" ; K
i ___ Zoncrete Class 8
" =010 . Y
Method Of Cennecting Gully Pt 1o 100 Corerete _l.
Deep SW Sewer On Cpposite Side Surmound Class 20§20 \r} 1 ‘}
Of Cermageway b
o) ¥ V'l\
Conerate Class 3&))20
|, Or Concree Block.
~100mm Concrete Suround
Gias <00
Method Of Connecting Guily Pt To SW
Sewer On Same Sde Of Carriageway

RIs,j
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- job - ’
Ma;aChi CUﬂeﬂ ASSOC BALLNYMAARMIAGHH  OpEal [ -

fch no

title
CONSULTING ENGINEERS '

MMILOLE, COVERS + TRAMES.

2 117@
drg no

15 Custume Place, Athlane, ey Tgat b
¥ a

Tel; (0302) 74264 or 78422 uTe M?z", e, !

o [ )

T2

Jo

Manhole Covers & Frames

Mecnhole Covers And Frames Shall Be As Approved And
Uniess Specified Otherwise Shatl Comply With B S 497 In

Al But [hmensions The Mnimum Opeming  Dimensions
Shall Be 600m m X 600mm Rectangular Or If Circular
550mm Diameter The Appropnate Grade Of Caver And Frame
Which Shatl Be Used In Any Locationis Given in Table

TABLE1 Manhole Covers And Frames

8 5497 Grade Location
Gracde A Carriageways ,\\,?53"
Grade B Rotpaths Verges O"é\@

Vehicular Accew

75
Grade C S/{uaz‘/ons,\@ @%ess:b/e
To WhQ&%gﬁ%ehcles

R

&
S
RSB

/O\\\:\\éﬁ\

Table 2 Sluice Valve And \ii?g?acock Boxes
8 S1L26 And 361 Grcc;%\\v Location

»

Heavy Type H & Carriageway s
Medmum Type M Footpaths Verges

Yehicular Accesses

Light Type A Stuations Inaccessible
To Wheeled Traffic

k3.

Indicator FPlates And Marker Posts

Hydranis Air Vaives And Siuice Valves Shall Be Locared By indicator Flates
Positioned To The Approval 07 The Local Authorrty, Hydrant incicator Plates Shall
Be Single Hydrant indicator Plates With Fixed Black Lefters Complying With 8 53321
Except That The Flates Shall Be White. Air Valve And Siurce Vaive Indicator Flates i
Shall Comply With The Specificatton For Singie Hycrant incicator Flates With fixed
Lefters in B.S 3521 Except That They Shall Be Coloursd Nhite Ard Insitead Of The
Lefter H Shail Bear The Letters AV And SV Respectvely As Approved.
Where Marker Posts Are Used They Shall 8e Concrete Complying With | 5762

Jor
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