















































































































































































































































































































































contamination hazard is very rare. It is therefore important to rank the risks in terms of severity and
duration of impact and distance from the potential groundwater source and vulnerability of the aquifer.
The combination of the results of the well inventory and the contamination hazard survey will yield
information that has a bearing on the design of the new groundwater source and on the design of the
catchment monitoring protocols to be carried out after the source has been constructed. The two
surveys above could be regarded as baseline surveys.

4. BOREHOLE

4.1, Location

The location of a new groundwater source is often constrained by the site of the developer. Even so
there are some obvious and less than obvious considerations that are worth expressing.

First it is important to consider vulnerability to both contamination from outside and inside the site and
from vandalism. An ideal location from the external perspective would be a site as far as possible
down gradient from adjacent lands upon which activities cannot be controlled and away from public
roads or footpaths. Boreholes can be protected but it is wise to not make them obvious from the
outside.

The ideal down gradient site will obviously have to be modified if either an existing plant or occupied
building is on the site or if a new building is going to be constructed. The risks posed by an existing
building can be assessed. The risks in the construction of a new building need careful thought and
preparation. Modern building techniques involve the use of machines and many additives, solvents,
mastics, wood preservers and paints. If a new source has to be sited down gradient of a new building it
is important to ensure that all plant (diggers, graders, compressors, generators etc.) are refuclied off
site in an area where fuel can be stored and spillages can be contained. Similarly whilst the correct
application of paint probably poses little risk 1o groundwater the disposal of paint solvents wood
preservatives etc. on the site adjacent to the borehole could have immediate and long term
consequences. It is recommended that the hydrogeologist is involved in the supervision and
environmental safety decisions for any new construction on a site upgradient or adjacent to a new high
quality groundwater source.

There are numerous obvious considerations in terms of milking parlours, silage pits slurry pits,
soakaways, septic tanks, sewers and fuel tanks that have been mentioned frequently in previous
proceedings and are well expressed in the GSI guidelines on aquifer and source protection zones.

4.2. Borehole Design

The final design of a new production borehole should be preceded by the construction of at least one
test or exploration borehole. This borehole might be considered as a trial that could be converted into a
production hole but often this multiple objective leads to unacceptable compromises in the
construction of the production hole. It is therefore best to drill an exploration borehole as an
exploration hole and not iry to achieve too much.

The purpose of the exploration hole is to establish the site groundwater conditions; the geology,
permeability, chemistry and bacteriology. A the first hole on a new site could be likened to a voyage of
discovery. The hole should be drilled under the direction and supervision of a hydrogeologist. The
exploration hole should be constructed in such a manner that it can be tested with confidence for yield
and quality, and used for long term groundwater monitoring.

The design of the production hole is based on the resuits of all the preceding work.

There is a considerable body of international literature conceming the design of a borehole or well.
Some of it focuses on specific aspects in great detail. I cannot in the space available cover the whole
arca therefore I will restrict myself to comments and guidelines that may be useful in the context of
local borehole design and drilling.

In Ireland there are two types of borehole design; first a simple borehole often designed by a driller
within the financial constraints imposed by the client, and second a more sophisticated borehole
designed by hydrogeologists and engineers for specific requirements. We cannot do much in the short
term to improve or change the design of the typical cheap individual water supply borehole for a farm
or house without a National Standard, but I think we can make immediate improvements in the design
and construction of the professional water supply borehole.

Many of the basics are well known but I would add the following where I think improvements or
changes can be made:-

1. Drilling Diameters

The concept behind borehole drilling diameters and casing and screen sizes is a telescope. There are a
series of step downs in these diameters to allow for ease of insertion of casing, injection of grout and
then onward drilling and installation of screen. I suggest that hydrogeologists should specify drilling
sizes that are one step bigger than is the minimum needed. This is to allow for unexpected drilling



problems. It gives the flexibility to case off a problem and stiil achieve the final design diameter. For
example a hole which needs a producing section or open hole diameter of approximately 6" would be
. frequently sized as follows:-

Drill 93/8" from ground level to base of the overburden
Insert 8" conductor casing

Drill 73/8" open hole into bedrock
Insert 6" ID casing

Drill 57/8" open hole section
Whereas 1 would recommend the following:-

Drilt 133/8" from ground level to base of the overburden
Insert 10" conductor casing

Drill 97/8" open hole into bedrock

Insert 6" ID casing

DPriil 57/8" open hole section
~ The advantage with this design is two fold. First it means that if a drilling problem occurs in the 95/8"

~ section then it can be cased off with 8" casing and drilling can continue at 75/8". If there is no problem
then the large annulus around the 6" casing means the casing can be easily installed and a good
thickness of cement grout can be emplaced around the casing.

2. The Concept of a Pump Chamber Casing

In many Irish aquifers there is a zone of high permeability at the base of the overburden and the top of
the bedrock. In order to benefit from the relatively high yield in this zone, the final casing is set to the
top of the bedrock, it is not fully grouted in, and the pump is often suspended in the open hole section
below the casing. There are many flaws in this design when considered within the context of a
sustainable good quality groundwater source. To shift the pendulum away from this design I would
promote the concept of a pump chamber casing. -

Electric submersible or lineshaft turbine pumps should not be suspended in an open hole with unlined
sides. There are four reasons for this:-

- a).Unstable portions of the bedrock can fall off and down and trap the pump so that it cannot be
withdrawn to be replaced or serviced. If the pump cannot be withdrawn it requires either over drilling
down the outside of the rising main; a tricky and expensive procedure; or the hole has to be abandoned
when the pump fails.

b). Electric submersible pumps have an electric motor below the pump impellers. Part of the reason for
this is that it is assumed the pump will be in a pump chamber casing and the motor will be cooled by
an up flow of water past the motor to the intake at the bottom of the impellers. If the flow is from
above then the motor can remain in static water and not be consistently cooled.

). If coarse and fine sediment comes down the hole to the impellers it will all be sucked into the
impellers and cause wear on the impellers and pump bowls. If water comes into the borehole from

- below the pump, the effect of less turbulent flow and gravity will tend to let the coarser fractions settle
out to the bottom of the hole,

d). Pumps should be installed with centralisers on the pump and rising main. These are to hold the
pump in the centre of the hole and aliow an even flow to the pump inlet, ¢venly cool the motor and
stop the whole assembly thrashing around in the hole when the pump switches in or out. However
centralisers are seldom used, and a common cause of pump failure is abrasion on the power cable
~caused by movement of, particularly hydradare, flexible rising main against sharp edges on the
bedrock. Placing a pump in a smooth sided pump chamber casing lessens the risk of this happening.
A pump chamber casing is advocated in order to seal off the upper high permeability zone at the base
of the overburden. This may seem self defeating, if the emphasis is on yield, but it is not in the context
of a sustainable good quality borehole source. Experience under a wide range of conditions in Ireland
has shown that the groundwater obtained from this zone is often contaminated or subject to periodic
contamination. In the context of a good quality sustainable source we should ask 'Do we want this
water?' I appreciate that there is a fear of not finding fractures or permeable rocks at greater depth.
Also there is a fear that deeper fractures may be directly linked to the upper poor quality zone.
Decisions conceming these risks have to be taken. Confidence in taking the risk can be gained from
the results of the exploration borehole. Sometimes the end user or client needs to be faced with a some
difficult options: for example a lower yielding hole with sustainable good quality water plus water
saving measures to reduce demand may be acceptable and preferable to abundant water of uncertain or
poor quality and many downstream problems of treatment and biofouling and frequent treatment
adjustments.

3. Cement Grouting

The case for grouting is straight forward. Casing has to be smaller in diameter than the drill hole.
Therefore around the casing is an annular space. Unless this is sealed, water and other fluids can flow
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down the annulus and enter the producing section of the borehole. An open annulus becomes a by-pass
to any natural protection afforded by the overburden or low permeability horizons above the producing
zone. A good quality groundwater from the producing zone may become unsustainable because poor
quality water or surface contaminants can be drawn into the borehole. The value of grouting the
annulus has become better appreciated during the last 10 years, but still it appears to be seen as
something awkward and special rather than routine or standard. Part of the problem is extra cost and
time delays and partly the absence of equipment and tools to carry out the work.

Grouting the annulus around a casing is difficult. The casing seldom lies central in the hole, and
sometimes soft or unstable material in the upper horizons slumps against the casing. As a result the
annulus varies in width. It is not possible 10 pour in a cement, sand and cement, or bentonite grout
from the surface and have confidence that the annulus is fully sealed. It is likely that bridging will
occur and air or water will be trapped. There will be gaps or pockets with no grout and the seal will be
incomplete. Grout must therefore be injected from the base of the casing and fill the annulus upwards
from the bottom.

The method used to inject a grout and the nature and consistency of the grout arc important design
considerations. Grouting cannot be done as an afterthought.

There are esscntially two methods of emplacing grout. One is to inject grout at the base of the annulus
outside the casing via a tremi pipe. If this method is used then the annulus should be at least 2 inches
wide; i.e. the drill diameter is 4" wider than the outer diameter of the casing. This is to safely
accommodate the tremi pipe diameter and the wider couplings. The larger annulus gives rise to wider
diameter and more expensive drilling and also slower emplacement of larger volumes of grout. There
is also a danger that an ordinary cement grout with a specific gravity of 1.7 to 1.8 injected into a 30 -
50 metre long annulus will start to set before the grouting is complete.

A second method is to mix up a large volume of grout and inject it from inside the casing (either
directly via the casing or the drill pipe) out around the base of the casing and up the annulus. This can
be done by using a grout float shoe with a non return valve on the bottom of the casing. I personailly
prefer the second method because it is efficient but float shoes and high capacity cement mixing tanks
and duplex injection pumps are not common pieces of equipment in Ireland.

Grouting is complete when the grout shows at full strength at the surface. Drilling should not re-
commence until a cement grout has achieved near full strength. This is likely to take 48 hours,
therefore it is useful to aim to carry out grouting on a Friday and start drilling again on a Monday.

4. Choice of Materials for Future Quality Assurance

It is important to specify the casing and screen diameters, wall thickness', slot size, slot design etc. for
a borehole on the basis of hydraulic efficiency and the hydrogeological conditions. This is well known
and I will not refer to it further.

Borehole materials also have a considerable bearing on the long term sustainable efficiency of the
borehole and the quality of the water. This is less often considered at the design and contract
specification stage.

It is important to choose materials that have sufficient strength that they do not deform with
temperature, pressure and change in hole diameter. These are not common problems in Ireland but
with longer holes and in particular longer casing with cement grouting there are risks of deformation in
cheaper plastic casings, which mean that pumps cannot be installed to the design depth and surge
blocks cannot be used at a later stage to mechanically clean the inside of a hole.

It is important to establish from the exploration borchole whether the ground water is corrosive and
then choose appropriate materials for the production borehole. Corrosive water can obviously destroy
mild steel casing and widen the slot size on steel screen. Corrosive water also means that iron can be
stable in the ferrous state in the water, and the presence of ferrous ions will encourage the growth of
ferrophyllic bacteria slime biofilms that clog screen slots and spall off into the discharge water. Mild
steel casing and screen is not recommended in even mildly corrosive water because it provides a ready
supply of ferrous iron and a good media for bacteria growth.

Several groups of bacteria find PVC and ABS suitable media for attachment and growth as biofilms.
Naturally occurring soil coliform species and psendomonads readily grow on these materials. They are
difficult to eradicate and control once they have become established. Plastic and fibre glass casing can
become scored during the drilling of the producing zone. Removing bacteria from these scratches is
difficult by chemical and mechanical methods. Therefore to obtain a sustainable good quality
groundwater it is important to consider the choice of inert, strong casing and well screen that can be
safely and easily worked over, mechanically or chemically, at a later date. Materials such as stainless
steel are initially expensive but are cost effective over a long maintenance period of a borehole.

5. Choice of Drilling Method and Specification of Drilling Contract.
There are many aspects of a drilling specification and contract that require attention. I draw attention to
a few that have a bearing on the sustainability of the source.

a). Specification of hygiene and cleanliness of the drilling rig, drilling tools and drilling additives. It is
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prudent to avoid contamination of the ground by dirty drilling tools. The outside of the drill string may
be scoured by cuttings but the inner surfaces may carry oil and bacteria. Many rigs also leak hydraulic
fluid and the leaks themselves plus attached mud or worse can fall down into the hole or contaminate
the ground around the hole. This is not a serious problem if both the driller and the hydrogeologist are
aware, but I once visited a drilling site where a leaking rig lost severat litres of hydraulic fluid down

-the outside of a conductor casing over a weekend before grouting. The casing had to be withdrawn, the
borehole cleaned as far as possible and eventually backfilled and abandoned. Drilling additives such as
lube oil injected into the airstream for down the hole hammers should be kept to a minimum and shut
off when drilling is not in progress.

b).Choice of drilling method for overburden and bedrock drilling.
Most bedrock boreholes in Ireland are drilled using the down the hole hammer method. Whilst this is
efficient and appropriate for the bedrock it has disadvantages when drilling in clays and at the top of
the bedrock in unconsolidated gravels and broken ground.
Down the hole hammer bits are not designed for drilling through soft, compressible materials
particularly in the unsaturated zone. The result is that the bit does not create small cuttings that can
easily be cleared from the hole. Instead the it creates large wads of clay that tend to clog the hole
behind the bit and drill collar. These heavy lumps can only be cleared by high air pressures and air
volumes. Even so circulation is frequently lost and air, or air and water is forced sideways into the
-overburden. This tends to fracture or open up fractures in the overburden, and air bubbles often appear
at the surface some distance from the rig. This improves the vertical permeability of the overburden
i.e. it breeches the protective, insulating nature of the overburden. '
To conserve the natural characteristics of the overburden drilling should be slow and carefully carried
out using long toothed drag bits, clay cutters or soft formation rock roller tri-cones.

¢} Verticality

A borehole is seldom perfecily straight or vertical. Most holes are gentle helixes. This does not matter
as long as the casing and screen can be instailed freely and the pump can hang vertically.

- However too much down the hole weight, incorrect diameter stabilizers or inclined beds of different

hardness strata can lead to dog legged holes, stepped offsets and loss of verticality.

The consequences are noticed beyond the obvious construction problems in the form of increased

pump wear. A pump that should Iast 8§ years can be wom out in 3 months by wear on the bearings and

impellers caused by lack of verticality.

I recommend that the centre line of the pump chamber casing should for its full length be less than
ldegree off vertical, measured from the centre of the casing at ground level. This is not difficult to

achieve. It just requires care, equipment and awareness.

4.3. Borehole Construction and Testing’

A new borehole for a sustainable groundwater source should be drilled under the direction and
- supervision of an experienced hydrogeologist. The objective is to carry out the contract, make
decisions on site in relation to the findings during drilling and in particular ensure that no aspect of the
work is likely to prejudice the integrity of the aquifer or borehole in the future.

The new production borehole requires thorough yield and quality testing. In addition to the standard
testing procedure I would suggest that testing under mock production conditions is extended to
establish the optimum sustainable yield and quality. I suggest that an emphasis is placed on
establishing a detailed understanding of the link between quality and pumping regime. For example
daily measurecments of key well head chemistry parameters and frequent bacteria sampling may
indicate a correlation between quality and discharge rate and duration. A recent example showed that
at a continuous low discharge the blend of water from a borehole had a sodium level of 58 - 64 mg/1. If
the borehole was pumped over a long period, intermittently at a high discharge, the sodium level
remained at 32 - 35 mg/l.

4.4. Borehole Completion
The compiletion of a borehole is often ignored, or seen as an after thought. This attitude is symptomatic
of the old perception that the hole in the ground is the important thing. The completion of the borehole
is critically important in the coniext of a sustainable groundwater source. If the borehole is equipped
- with inappropriate pump, controls, switch gear, rising main, valves, meters, sample points, pressure
“release valves, discharge pipe to the end user, and well house, a perfectly good groundwater source
will become unmanageable and unsustainable. When designing the completion of a borehole it is wise
to always bear in mind that things are going to change, things will go wrong and work will have to take
place to correct problems and maintain the borehole. The borehole completion design should be made
on this basis.
Below are some relevant points :-
The well house or pump house has to be designed and constructed so that either shear legs or a rig can
be positioned over the hole in order to remove the pump or work over the hole. The well house should
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also protect the well head from both the elements and casual intruders, and should be dry and drained
because it will contain electrical switch gear.

I personally favour a design with outside dimensions that are 5 metres long by 3 metres wide and 2
metres deep, that has a roof at ground level, In other words it is a buried well house. The advantage of
the design is that it is visually unobtrusive and the pump can be removed and the hole worked over via
detachable roof panels. The borehole should be close to one wall and at one end. The space on one side
should be sufficient to allow the use of 24 inch pipe wrenches. Admixes in the mass concrete floor and
in a 3 coat layer of sand and cement plaster on the walls will keep the house dry even with high water
table conditions. The walls can be built with concrete blocks and if necessary topped out with a
reinforced concrete beam cast insitu. A thick hard standing should be made adjacent to the well house
on the side nearest the borehole so that a rig can work directly over the hole. The well house floor
should have a slight slope and at the lower end there should be drainage to take water spilt during
sampling or leakage from pipe connections and the operation of a pressure release valve. A sustainable
borehole should not be sited in a place where the winter water table is within 3 metres of ground level.
The borehole should have a detachable lockable cap which allows the insertion of a water level
indicator probe but is vermin proof.

The rising main, valves, and pipework to the end user should ideaily be stainless steel. This is to inhibit
the growth of biofilms and to pemit the use of strong chlorine solutions in a strong alkali base to treat
biofilms when they develop. The long termn problems with materials mentioned in the context of casing
and screen equally applies to the rising main and delivery pipe. I accept that often stainless steel is too
costly and cheaper alternatives must be used. The purpose of this note is to draw attention to the fact
that cheaper alternatives can lead to severe degradation of the water quality and serious on-going
maintenance and management problems in the future. The client and the consultant need to be aware of
this risk at the time decisions are made concemning the completion of the borehole.

The pipe work at the well head must have provision for sampling the discharge for bacteria and water
chemistry and pumping to waste during routine yield testing and cleaning. The discharge to the testing
outlet should be controllable from inside the well house but the end of the pipe should be a sufficient
distance from the hole to inhibit recirculation to groundwater near the hole, The sample taps or bleed
nipples should be flameable for sterilisation and detachable for cleaning.

It is an added but prudent expense to install a return line from either the end user or storage reservoir to
allow sterilising solutions to be circulated back to the well head and either down the hole or up the
delivery pipe for cleaning in piace or CIP.

The overall dimensions of the well house are designed to accommodate the pipe work valves and
connections and also allow the electrical controls to be at hand but distant from the places where water
may splash.

There are many other details to provide but space does not permit. However one final point is the area
around the well house, I recommend that a stock proof fence should be located 30 metres away around
the hole, with a wide gate for heavy equipment. The ground inside the fence should be maintained
without the use of herbicides or fertilisers. Any further fencing using wood should not be treated in situ
with wood preservatives.

5. COMPLETE SOURCE MONITORING AND MANAGEMENT

The monitoring and management of a source is a simple concept that has many ramifications. It
involves the monitoring and management of the borehole and whole delivery system to the end user,
the monitoring of the resource that is drawn upon by the borehole, and the management, as far as
possible, of the landuse and other activities in the groundwater catchment area.

5.1. Resource Monitoring and Management

Eugene Daly's paper earlier in these proceedings has covered the basic components of resource
monitoring. From the perspective of sustaining a source the focus shifts to monitoring of activities in
the catchment area that may influence or prejudice the availability, quality and economics of
groundwater at the site. The scale of monitoring ranges from a whole catchment monitoring of natural
events such as rainfall, streamflow and the fluctuations in groundwater levels down to particular
attention to events or activities on adjacent sites up gradient of the borehole. There are numerous
examples but to take two; a new borehole or well field on an adjacent site that may deplete the
resource or distort the groundwater flow system; or a change of landuse involving the application of
fertiliser or herbicides. The monitoring process involves regular walks over the immediate catchment
area, and driving the full catchment, in order to observe changes that may influence the source. It also
involves monitoring planning applications lodged with the local authorities.

Management is more difficult. It involves education of neighbours and local authorities about activities
that may be unacceptable, or lodging objections to proposed developments that may be prejudicial. It
also involves spotting unauthorised dumping or inappropriate waste disposal, and arranging a clean up.
A final, and extreme management technique would be to install scavenger or injection wells upgradient
of the production boreholes in order to actively cleanup or block the flow of contaminated
groundwater. The same monitoring principles apply to all activities on the site.



5.2, Production Borehole Monitoring '
The purpose of borehole monitoring is two fold. First it meets the need 1o be sure that the borehole is
operating normally and that the water delivered to the end user is within quality protocols, Second it is

10 get time-series information on the performance of the borehole and the groundwater quality that will
‘show seasonal or long term trends. It is proposed that for an important groundwater source a series of
key indicator parameters are measured at least once a day if not continuously. These key indicator
parameters could be on-line measurements of water levels, discharge rates and electrical conductivity.
The latter being a good general indicator of sudden changes in groundwater chemistry. _

: Protocols should be drawn up for routine monitoring of other parameters chosen on the basis of
experience and the quality of the water required by the end user. If possible these parameters should be
measured at the site, or in a site laboratory. '

:5.3. Production Borehole Management
Borehole management consists of two activities. First the routine cleaning, repair and maintenance of

‘the borehole and the pumping equipment and delivery lines. Second a response to the raw and
interpreted monitoring information.

It is recommended that the source production schedule includes provision for each production borehole
to be shut down for at least two weeks each year, in order to clean the borehole, sterilise the
equipment, and carry out pumping tests to observe any changes in performance and aquifer
characteristics. A two week shut down is needed because chemicals may be used, and it is important to

- allow time for tests and the results that confirm the hole is meeting specifications before the borehole

-is brought back into production.

- The management in response to monitoring information depends upon the frequency and quality of the

information and the history or experience with the borehole and the aquifer in the past. For example
after a year of monitoring and management it may be possible to be proactive rather than responsive. It
could be that at the end of each summer it was observed that there was an unacceptable shift in the
hydrochemistry, that arose from the upconing of deeper groundwater. Such an event could be
proactively countered by a reduction in pumping rates perhaps accompanied by switching in an
additional standby source. '
Responsive management may involve a temporary shut down over a weekend to counter a sudden
build up of bacteria as biofilms in the rising main or délivery line that is undermining the
microbiological water quality. It could involve altering the pumping rate and regime in order to
minimise the downward leakage from an upper aquifer contaminated by a spill or a sudden increase in
bacteria levels after recharge.

6. CONCLUSION

The points raised in this paper have been presented to emphasise the importance of considering a
* sustainable source as more than just a hole in the ground. A source can only be sustainable if it is
monitored and, as far as possible, managed from recharge to discharge and the structure that is used to
exploit the resource is carefully sited, designed and constructed. The ideal is to find a source that never
changes. My experience of reality is that all sources change; some daily, some with the scasons and
some progressively over a long time. To sustain a source it is important to understand and plan for
these changes. To do otherwise leads to insecurity and failure of the source.
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