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necessary to screen the 5 to 40mm fraction twice before a concentration of <40 mg/kg total PAH was
achieved. These recovered gravels were then recycled in Ireland in the same way as the product of
the gravel washing process.

PHYSIO-CHEMICAL WASHING AND THERMAL TREATMENT IN EUROPE
Soilwashing in Belgium

Material suitable for soilwashing was shipped to a facility in Antwerp. The criteria for ensuring the
soil was suitable for soil washing were both chemical and physical. The particle size distribution had
to be such that no more than 15% of the particles were Jess than 63pm otherwise the process was not
economically viable. The process was successful in extracting heavy metal, cyanide, sulphate and
other inorganic contamination from the soil. It was also efficient at removing light hydrocarbons, but
less so with viscous tars. In general the plant removed 85% of the PAH loading from sands and
gravels. If the residual PAH loading in the washed gravel or sand exceeds generic Belgian soil
guidelines the material cannot be recycled. If there was a risk that any individual PAH would exceed
these guidelines after washing, the soil was sent for thermal treatment instead. PAH species were
assessed individually, but in general if total PAH exceeded 1250 mg/kg the soil was thermally treated.

The soilwashing plant operated by DEC in Antwerp is the most sophisticated in Europe and combines
many extraction techniques. Figure 3.4.1 below outlines the main elements of the soilwashing process
applied to the gravels in Belgium. The process produces three main outputs: Clean gravel, clean sand
and a filter cake/silt containing concentrated contamination. The two clean products are used in
Belgian construction projects (¢.g. roads) and the filter cake is dried and eventually removed to an
engineered landfill. Typically 80% of the soil exported to Belgium for soilwashing was recycled for
future use in construction. o
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Figure 3.4.1 Physio-chemical soilwashing process flow diagram.
Contaminated gravels with 2 sand content too high for recovery
on site were exported to Belgium for treatment.



Thermal Desorption in Holland

Gravels that were too saturated with tar for so1lwashmg (Total PAH >1250 mg/kg) were shipped to
Rotterdam for treatment. Thermal desorption operates at lower temperatures-than incineration which
has two advantages:
I.  The process uses less energy and is therefore more economic.
2. 'The product is still marketable as a soil rather than the ash produced by high temperature
incineration.
3. Emissions from the furnace are less noxious (and hence treated more economically) than
those from incineration.
Once the soil arrived at the thermal desorption facility it was assessed based on soil chemistry and
structure to establish whether the material would need improvement before entering the furnace. The
gravels did not require improvement like the more cohesive alluvial silt and clay, which was mixed
- with granular material prior to treatment. This mixing was necessary to expose more soil particle
surface area.

Thermal desorption of contaminants from the Dublin gravels took place at 800 to 900°C depending on
the exact chemistry, moisture content and soil structure of the batch. The soil was discharged from the
furnace and allowed to cool, whilst the air was drawn off into a series of filters and purification
measures to remove dust, sulphur, organic contaminants and other fumes. Desorbing contamination
from the soil is a relatively small part of the operation and most of the plant is devoted to purifying
the air in order to meet Dutch air emission standards. The product is a black sand or gravel that still
resembles a soil, but has no organic content and is therefore incapable of sustaining plant life. This
soil is assessed against generic Dutch soil standards and recycled in civil construction works. The
gravels are usually used in road construction, as there is a high demand for aggregates i in the
Netherlands.

4. CONCLUSIONS

By first isolating and subsequently removing the sources of contamination from the gravels further
contamination has been prevented and on completion the site will be ready for development. The
operation of the project under a waste licence ensured the involvement of the EPA and that the local
environment was protected during the works. Recovery of gravels on site has provided cost savings
. for our client as less material had to be shipped to the continent for treatment. The Irish environment
has also benefited from the use of recycled aggregate rather than quarried stone. Dry screening
contaminated gravels was a faster way of recovering the gravels when compared with washing
although a cleaner product was obtained with washing.
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GRAVELS AND PLANNING: RURAL BLESSING AND URBAN PROBLEM
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Abstract

Gravels and sands in a rural area are beneficial because they form shallow high specific yield
aguifers and clean up recharge en route to deeper bedrock aquifers. Sand and gravel at depth in the
bedrock is usually seen as a problem but with perseverance can be a significant benefit. By contrast
gravel aquifers are a problem in urban areas. They become a problem because their presence, role

and importance is either overlooked or poorly understood.

1. INTRODUCTION

Hydrogeology, development of groundwater supplies and planning in Ireland has tended to focus on
bedrock aguifers. Gravels and sands have not received the same level of attention because they are
perceived as a small scale and discontinuous resource. Gravels are often not explored or developed
by drillers because they are disliked. Drillers discount gravels because drilling is still paid for on a
price per foot of hole drilled, and gravel water resources are nsually shallow. Gravels and sands also
present problems for drillers because it is difficult to place a well screen in a water bearing grave]
using the most common drilling method; down the hole hammer drilling. Water bearing
uncensolidated deposits are prone to collapse, unless the borehole walls are supported by casing or
drilling mud.

The focus to date on bedrock aquifers has influenced the discourse on aquifer protection and
planning. This i turn has lead to simple guidelines for planners particularly regarding unsewered
single houses and small developments. SR 6, and later derivatives, state that boreholes or wells
should not be within 15 metres of a septic tank and percolation area, regardless of the method of
borehole construction, depth of the water table or the nature of the aquifer and overburden. Whilst
these guidelines are generally sound they are often applied rigidly by planning authorities, and
several well researched and properly designed schemes have either been turmed down or cast into
uncertainty because the planners have not felt confident that they understood hydrogeology and that
the guidelines permit interpretation and common sense.

Urban hydrogeology in Ireland is in its infancy. Most work by hydrogeologists in an urban setting is
concerned with pollution and clean ups. Little attention has been paid to either the water resources of
a town or city, the impact of building on these water resources, and in turn the impact of the
groundwater flow system on the built fabric of the city.

2. GRAVELS: A RURAL BLESSING

Gravels and sands can be a refreshing and uplifting experience for hydrogeologists in Ireland. This is
because they can be aquifers that conform to textbook principals. There is porosity, permeability and
storage and a degree of homogeneity and predictability, that is not found in ancient, hard, fractured,
bedrock aquifers.

Several papers in this seminar have already dealt with protection, exploitation and contamination in
the context of gravel and sand aquifers. Below I will use three examples to illustrate how sands and
gravels in different settings are generally a benefit in a rural setting.

Example 1 Doon Co. Limerick

Sand and gravel deposits can protect underlying groundwater resources in the bedrock from the
inadvertent pollution taking place at the surface from either housing, urban development or farming.

A groundwater exploration programme in east Limerick for Limerick County Council was based on
the GSI Groundwater Protection Maps for the county and also the GSI bedrock maps. Water
availability and quality have been an issue in this area for some time. The County Council agreed to a



programme of exploration to lead to the siting and development of a well field to provide a
sustainable high quality supply for the village and a large area around.

The groundwater protection maps showed that the vulnerability of the bedrock aquifer was “high”.
The bedrock map showed that the bedrock below the village was Old Red Sandstone or Lower
Limestone Shales. However the village is on the castern margin of the Limerick Basin. To the south
east of the viliage the above two aquifers were overlain by a featheredge of Ballysteen Limestone.
This rock type can be productive where it is fractured, but generally it is a low permeability sequence
of interbedded shales and muddy limestones. Given the objective and the apparent vulnerability of
the aquifer it was decided to site exploration boreholes on the Ballysteen outcrop and drill through
the Ballysteen to reach the underlying white, pink and pale green sandstones in the Lower Limestone
Shales (Kiltorcan sandstones) below. The Ballysteen would be used as a protective cover. The design
concept for future production boreholes would be to drill through the Ballysteen to the top of the
Lower Limestone Shales, and then case and cement grout off the Ballysteen. After the ‘pump
~ chamber casing’ had been cemented into place, the drilling would recommence to open up the
producing section of the borehole in the Lower Limestone Shales. The one concern I had was the
possibility of open vertical fractures in the Ballysteen protective cover. These fractures or faults
could short-circuit the protection. The County Council naturally wanted any site to be close to roads
" -and existing pipelines. Sites in these locations inevitably in rural Ireland are close to both stand alone
unsewered rural housing and also farms with associated dungsteads, byres, slatted units and feeding
troughs. I therefore selected a site and obtained permission for drilling in an area away from the
village and in an area of good soil drainage above a spring line, hoping for a reasonable thickness of
overburden to add to the protection afforded by the Ballysteen formation. I was particularly
concerned about three houses with septic tanks upgradient of the site, the cattle in the pastures around
and a large fault in the Ballysteen about 150 metres to the southeast. 1 found in the exploration
borehole that the well-drained soils had arisen because the site was on a 24.5 metre thick deposit of
dry and then saturated sands and gravels. Subsequent pump testing of the simple exploration borehole
(without a cement grouted pump chamber casing) has not only proven the vield but also was
excellent quality. Even the earliest water samples after just one day of pumping showed minimal
TVC counts and zero Coliforms, Faecal Coliforms and Faecal Streptococci.

The deep sands and gravels could be developed as a source but even though the sands and gravels
provide protection against faecal bacteria, there could still be a risk of elevated ammonia levels.
Production boreholes aimed at the Lower Limestone Shales are planned for construction in
November this year.

Example 2 Brittas Bay, Co Wicklow

A new development of holiday homes was planned for a large site at Brittas Bay in County Wicklow.
The site was centred on the break of slope between the ancient shore line and the stabilised back
dunes and hollows to the west of the main beach. The part of the site on the slope was underlain by a
variable thickness of glacial clays overlying Ordovician slates. This bedrock can form a promising
aquifer in terms of yield but I was concerned about very intensive cattle yards, and numerous
unsewered caravan sites and new housing developments up hill and up gradient of the site. The lower
part of the site was a proposed NHA and consisted of old beach deposits of sand and gravel overlying
the bedrock. The clays appeared to have been eroded at the base of the old shoreline. I, the sanitation
engineer and the architects decided to harness the beneficial characteristics of the sands and gravels
to provide both a sustainable high quality water supply and dispose of highly treated effluent without
effecting either groundwater levels or water quality for the NHA.

A well field of three shallow boreholes were drilled at the northern end of the site at the edge of the
NHA. The effluent from the 50 or more houses would be treated by aerobic digestion feeding into a
constructed wetland on the clays at the southern end of the site and then percolated back into the
sands and gravels. Observation boreholes for determining the groundwater gradient and monitoring
the effect of pumping were constructed in numerous positions across the site.

The three boreholes in the wellfield were able to provide a sustainable yield that was over double the
peak-projected demand for the development, even though the boreholes were deliberately pumped at
a gentle rate. The boreholes were only 25 feet deep. Each hole was constructed with a 5 metre long
ribbed well screen with 2mm slots but covered by a 300p mesh geotextile.



The boreholes in the well field were successful because they induced both shallow and deep
groundwater flow to pass through the filter media of the fine gravel and sand deposits. This media
was harnessed as if it were a slow sand filter at a water treatment works. Tests for quality at different
times and seasons during a year showed that there were no faecal bacteria in the water supply. The
pumping tests did not create a drawdown in the aquifer that in any way approached the percolation
area for the wetland. There was therefore no risk of recycling the effluent back into the water supply.

Example 3 Sands and Gravels in Deep Karst Caves and Fracture zones Co. Laois

It is common to find karst features deep in Carboniferous limestones in the Midlands and west of
Ireland. These features are found at depths of 30 to 90 metres. They are probably ancient karst
features that were formed when sea levels were much lower than at present. These deep cavities and
cave systems are now often below sea level and below the zone of active circulation of modern
groundwater. They appear to be dormant groundwater flow conduits. They often have become
clogged or filled with clays, sands and gravels washed down into them during or at the end of the last
ice age.

The common perception of sand and gravel filled cavities deep in karst bedrock is generally negative.
Drillers hate them because hole diameters at depth in bedrock boreholes are usually narrow and mean
that neither casing nor screen can be usefully installed. It is common for there to be a problem of
‘running’ sands from the cavities when casing or screen cannot be used to control the sands and
gravels. A stream of sand and fine gravel can flow into the borehole and if the pump is ill advisedly
placed at the bottom of the hole or if the drawdown during pumping is too severe, these granular
deposits can rise and flow into the pump. Pump life can be shortened to a matter of a few days or
weeks. Therefore hydrogeologists and engineers do not generally perceive sands and gravels in
cavities as a benefit. They are frustrated by the apparent availability of water that cannot be easily or
cheaply abstracted.

Contrary to the common perception, sands and gravels in large conduits can be a great benefit. It is
well recognised that Karst limestones in the West and some parts of the Midlands are extremely
vulnerable to contamination. Soils are thin and provide little protection and large open conduits even
at depth can provide rapid throughflow from a pollution source to an abstraction borehole. Therefore
in these areas many domestic and group water scheme supplies are susceptible, periodicaily, to
contamination. The history of this has, in part, lead to Ireland’s recent reputation for poor quality
rural supplies.

If we seriously attempt to utilise superficial or surface sands and gravel deposits to clean up and
protect rural water supplies as in the two examples above, then why not use these same deposits for .
the same purpose at depth? Over many years I have seen several reports of groundwater exploration
programmes that ended in negative answers when sands and gravels were encountered at depth. The
reasons for ‘failures’ appear to be broadly; poor borehole design, lack of confidence by both drillers
and hydrogeologists, lack of supervision and lack of perseverance.

The main problem with gravels and sands at depth are that the exposed area of sands and gravels is
controfled by both the diameter or width of the karst cavity and the borehole. In other words little
water can be drawn from a sand filled cavity which is only 1 metre wide. If a 6 inch diameter screen
is placed against the sands and gravels in the cavity the open area is very small, even if the infill
material has a porosity of 10% or more. Therefore the opportunity to obtain a reasonable yield by
screening off the gravel only occurs where the cavity is very large, say 10 to 20 metres.

However, most karst caves or cavities are usually neither horizontal nor of uniform width. Therefore
if a cavity only 1 metre wide is encountered by the borehole it does not necessarily mean that the
cavity adjacent to the borehole is the same meagre width. It could be much larger. This possibility
invites another method of exploiting the groundwater. Airlift development using the drill string with
the down the hole hammer in the cavity usually leads to such violent disturbance that the discharge at
the top of the hole appears to be a persistent torrent of water sand and gravel. However if the
supervising hydrogeologist asks the driller to raise the drill string say 2-3 metres above the cavity and
circulate air gently it is common to find that the sand and gravel content of the water diminishes with
time. If the driller then lowers the drill string carefully cleaning and surging, down the hole in stages
it has been found to be possible to maintain the yield with little or no sand flow. This is because the
cavity around and adjacent to the borehole has been cleaned of gravel and sand and the turbulent {low



has been kept to a minimum. With sensitivity and perseverance it is often possible to clean the gravel
and sand from the cavity near the hole, but leave stable deposits in the rest of the cavity system. This
has recently been achieved with gravel and sand filled cavities 1-2 metres wide at depths of 50 - 60
metres near Portarlington. The sustained flow was 5,000 gallons per hour.

It is obviously important to place a pump in such a hole well above the cavity, and to gently pump the
borehole in gradually increasing steps. It is important to ensure that the pumping rate is not
exceeded. : :

The overall message from a planning perspective is look carefully at sites and situations where sand
and gravel are present but think vertically as well as horizontally, and insist on proper borehole
design and construction to harness the beneficial characteristics of the gravel and sand.

3. GRAVELS: AN URBAN PROBLEM

Gravels and sands in an urban setting could be considered to have the same benefits for water
supplies as found in rural settings. However there are few urban groundwater supplies and most
towns and cities are fully serviced with sewers and storm drains.

Groundwater drainage through gravel and sand deposits is very important for our cities and towns,
yet this importance is usually not recognised. The unrestricted movement of water through the sands
and gravels is an important part of both the historical and modern substructure of our urban centres.
The position of the water table and the availability of adequate supplies of groundwater were usually
important considerations in the location and evolution of cities, towns and villages. Unfortunately the
understanding of groundwater and drainage has been lost since the 19™ century urban water supply
and drainage schemes were constructed. Therefore planners, engineers, architects and even some
hydrogeologists do not seem to fully recognise the extent, magnitude and importance of groundwater
movement below urban areas. Nor do they fully recognise or address the potential repercussions of
deliberately or inadvertently tampering with the groundwater flow system. This lack of awareness is
understandable given that most developments are considered on a site specific basis. It is difficult
with existing planning procedures and laws for developers and regulatory authorities to consider the
local and wider implications of single developments, however large they may be. Part of the problem
is that our cities and towns do not have an established infrastructure of monitoring boreholes.

I will use to recent examples from Dublin to illustrate the problem of groundwater, planning and
sands and gravels.

Example 1 Archaeological Investigations in the Coombe, Dublin 2001

Earlier this year archaeologists found several old wells along the excavated alignment of the Coombe
Relief Road. The engineers involved in the road project were worried about the high water levels in
the wells and for some reason believed that these wells were “springs”. They were concerned that
flow from these “springs’ could wash away the hard core below the road and cause subsidence. They
wanted to stick large diameter pipes on top of these wells and feed the ‘spring discharge’ via a
syphon into a main carrier sewer. I became involved because advice was sought on the size of pipe
necessary to take this imagined spring flow. I obviously corrected the misapprehensions regarding
wells, springs and groundwater levels and also explained that connecting the sewer to the wells
would probably lead to a reverse situation, where raw sewage and storm water become injected into
the groundwater system below Dublin when the sewer ‘surcharges’ during a storm. Having dealt with
the engineering aspects, I assisted the archaeologists in excavating a shallow stone lined well at the
eastern end of the road. We had to dewater the well in order to reach the bottom. The hole contained
a wooden pump stock (stick). There was a continuous and copious flow into the well from the gravels
through the stone lining at a rate of 2,000 to 3,000 gallons per hour with a drawdown of about 4
metres. The static water level was at the old field soil level. There had been about 2 metres of fill
above this level, '

1 realised during the efforts to maintain the dewatering that in the 18™ century it would have been
impossible to construct and line this well with such a flow rate. I also realised that the fields outside
the city wall could not have been tilled if the water levels were so high. I inferred that the coarse
permeable gravels were more fully saturated and water levels were higher than in the past. The most
probable reasons for this are that either groundwater flow through the gravels had been impeded by,
in effect, an underground dam, or that recharge (leaking water mains and sewers) had increased. The



latter reason is less convincing, given that natural recharge is likely to have diminished during the fast
two hundred years, and the Corporation has recently made strenuous efforts to find and mend leaks.
The underground dam has two obvious possibilities; the recent work to re-do the culverting of the
Poddle River and the building of blocks of flats with basements along Patrick Street and the corner of
Patrick street and the Coombe. It is difficult to be precise, but from observations of the soil section
and the well it appears that the water table has risen 1-2 metres in this small area of Dublin.
Fortunately there are few old buildings with basements in the Coombe.

Example 2 Spencer Docks Proposed Development Dublin 2000

The National Conference Centre and Spencer Docks proposed development is located on a curved
wide strip of land to the east of the Royal Canal, which is underlain by man placed and naturally
occurring sands, gravels and clays. The site is oriented at roughly right angles to the Liffey. The quay
walls appear to be relatively impermeable. Groundwater flow in the area appears to be sub parallel to
the alignment of the river. The proposed development consisted of massive blocks of offices and
apartments. There was much discussion by planners, architects and developers of the ‘permeability’
of the overground built structures. There was much discussion of the ease of access of people,
vehicles, wind, light and sun. However little consideration had been given to the permeability of the
below ground structure. Because the developers wanted to keep heights down but maximise the use
of the site the proposal for the full development involved the construction of a 3 storey deep, 22 acre
underground car park. This ‘dam’ would have extended at right angles to the groundwater flow
direction and extended some 6 - 8 metres below the water table. It would also have penetrated semi
confined gravels below silt layers. The consequences of constructing an underground dam across the
major sand and gravel aquifer on the north side of the Liffey had not been fully assessed. It was
conceivable that water levels up gradient of the dam would have risen and that basements (bank
vaults, church crypts, hotel kitchens and flats) and services such as sewers and cables in the 18™ and
19" century east inner city would have been affected. These limited depth structures would not have
been constructed with modern water tight concrete.

Spencer Docks is an easily identified large development project that would have probably altered the
urban groundwater drainage in gravels, but over the last 4 years Dublin has seen numerous new
smaller developments that have included major excavations and construction of deep underground
car parks and service areas. Each one, individually, would not have probably created a dam, but
together in clusters could certainly alter groundwater flow. Therefore the challenge for planners and
regulatory authorities is to assess developments in context below ground as well as above ground. It
could be said that assessing the over ground part is the easy part. It is easier to imagine or draw than
the below ground part. Particular care should be taken with infil] sites between existing large office
and apartment developments.

Example 3 Dewatering for cleanups, construction and tunnelling

A final problem presented by sands and gravels in an urban area concerns dewatering. The previous
paper refers to the dewatering to clean up the gas works site on Sir John Rogerson Quay. The concern
about groundwater dams and or dewatering has been well described with this example. Other
examples exist throughout the city of Dublin where developers have used secant or sheet piling to
stabilise the sides of a large underground excavation and found large inflows through the floor of pit.
The solution for the contractors has been to pump. This has lead to two consequences. First there has
been a large, unregulated discharge of uncertain chemistry, probably brackish, water into the city’s
sewers and second an un-monitored lowering of the water table around the excavation. I understand
that the owner of an 19" century pub is currently taking a developer/contractor to Court because his
building (with shallow foundations) subsided and cracked during recent dewatering.

One of the intrinsic benefits of gravels and sands in a rural setting is their high permeability and
potential as aquifers. In an urban setting the permeability of the gravels is seldom assessed. I have
recently been called in as a last resort by contractors trying to drive a tunnel below a road and
services in the Dublin docks. Though a report consisting of 13 volumes provided the raw data on the
ground investigations and pumping tests in the area, little had been made of these data. For various
reasons it has become essential to drive the pipe/tunnel at a depth of -7.5 m OD or about 4 metres
below the water table through fine running sands underlain by very high permeability gravels. The
tunnellers had been held up for 6 weeks trying different methods of stabilising the saturated sands.



Eventually the magnitude of the problem was realised and emergency dewatering boreholes were
requested. -

There is no difficulty constrocting a borehole that can be pumped at a very high rate. A 12 inch
borehole fully penetrating the sands and gravels can yield 70,000 gailons per hour with a drawdown
of only 4 metres in the pumping well and 60 cms drawdown in an observation borehole 20 metres
away. Therefore taking water out of the gravels is easy, but the difficulty occurs in trying to take
_water out of the shallow finer sands, and lower the water table in these sands. Taking water out of
the gravels does not lead to dewatering of the sands because the horizontal permeability and specific
vield is far greater than the vertical permeability. A solution that appears to be working was to
construct shallow boreholes (14-15 metres deep), just penetrating the gravels and cobbles, and use a
relatively coarse 1mm screen in the upper sands and a 3mm screen in the lower sands and top of the
gravels. The holes are not being pumped using an electrical submersible but are instcad are being
airlift pumped. Airlift pumping can cope with running sands. The running sands diminished during
borehole development and an extensive natural gravel pack has been created around the screen with
time. The yield from the shallow boreholes is 5,000-15,000 gallons per hour. The water table has
been lowered by 2-3 metres, though tunnelhng work has to ease or stop for a time on elther side of
high tide.

4. CONCLUSION

The value of sands and gravels as aquifers for water supplies and as filters to protect the quality of
groundwater resources needs to be more fully appreciated by planners, engineers, hydrogeologists
and drillers. As I have said in this Seminar on previous years, the present method of specifying and
pricing drilling does not lead to proper construction of sustainable water supply boreholes. The better
use of the nations gravel deposits as either a source or a protection could lead to con51derable savings
in on - going water treatment costs in rural areas.

The presence of sands and gravels below cities and towns has been a historical benefit, but the
insufficient awareness of groundwater flow below the urban centres now means that sands and
gravels present numerous problems. It is important that planners and other professionals realise that
unrestricted development below the water table in sands and gravels could lead to an unwitting
degradation of the historical subsurface structure and foundations of cities and towns.






