












































































































































































































































































































































Figure No. 6 Summary Of Well and Aquifer Losses And Efficiencies : Borehole In Limestone Aquifer
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Generalised Drawdown Equation - Post Cleaning And Acidisation
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Post Cleaning And Acidisation

Fiéure No. 6{(a) : Comparison Of Generalised Drawdown Equations For Pre- Cleaning
and Post Cleaning Multiple Rate Step Tests
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The resultant generalised drawdown equations for the original step test and for the two step tests
carried out four years later before and after the well was cleaned and acidised are given in Table 3 :

Table 3 : Comparison Of Generalised Drawdown Equations For Same Borehole

Type Of Test Generalised Equation Comment
Multiple Stage Step Test, 1990 Sw = 3.5x10’2Q + 1.28x10" | The well was only completed a
2 month
Multiple Rate Step Test 1994 |Sw = 4.678x02 + 8.75x10" | Pre-cleaning test
Before Cleaning 5Q2
Multiple Rate Step Test 1994 After |Sw = 3.3 08x10‘2Q + | Post cleaning and acidisation
Cleaning 5.56x10-5Q72

These drawdown equations can be used to plot summary diagrams for the well (Figure No.6).

Figure No.6 (a} is a graph of the two resultant generalised drawdown equations calculated from the
multiple rate step tests. The multiple stage steps tests carried out in January 1990 (not shown) and the
multiple rate step tests carried out in November 1994 before cleaning piot on the same line. Therefore
there has been no change in the overall well performance. It also demonstrates that both
methodologies are equally applicable. The lower line is for the multiple rate step test carried out after
the acidisation. There has been a very marked improvement in the overall well performance.

In Figure No. 6(b) the various components of each generalised drawdown equation are separated. The
values for BQ and CQ2 are plotted separately. After acidisation the formation losses have reverted to

their former levels. The well losses, CQ2, after the well was acidised are the lowest of all and, when
combined with the reduced formation losses, result in an overall improved well performance.

The final plot, Figure No. 6(c) is a plot of efficiencies for each step test. The step tests of November
1994 have a range of efficiencies from 82% to 57%. The highest efficiencies are from the post
acidised step test with a range of 83% to 60%.

A conclusion from this example, for a borehole completed in a fractured limestone aquifer, is that in

terms of overall well performance, well losses, CQ2, are more important to the overall well
performance than formation losses and that acidisation is a very effective way to improve the overall
well performance.

5.0 UTILISATION OF STEP TEST DATA
5.1 Commissioning a Wel

The generalised drawdown equation can be used to calculate the drawdown for the maximum duty
discharge required of the well. The pump intake can then be set below this level.

It is good practice not to dewater the well screen as this will encourage encrustation, bacterial growth
and excessive well losses as a consequence of turbulent flow (Howsam et al., 1995). Therefore if the
pump chamber casing is located below the screened section then it is important to limit the abstraction
rate from the hole such that the dynamic water level does not fall below the top of the screen. It is
possible to calculate the maximum permissible discharge that will not cause the screen to be
dewatered using the generalised drawdown equation. The maximum discharge can then be limited to
that rate.

Step tests are carried out over four or five discharge intervals. However the well maybe required to
produce at a higher rate than originally tested. The generalised drawdown equation can be used to
predict what the drawdown would be for that untested discharge rate and assessment made of the
impact of that rate on the well performance.

Well Performance Tests
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Finally the data can be used to calculate head losses in the well and through the pipework to ensure
that a duty pump capable of overcoming these head losses is selected correctly.

There is a programme called OPTEST (Paudyal and Das Gupta, 1986) which uses specific capacity
data to calculate values for B, C and p, well performance criteria, and the cost of pumping.

5.2 Monitoring Well Performance

Case history 2 in this paper illustrates how and why step tests can be used to monitor the well
performance over time. The data can also be used to compare the performance of various different
wells in the same aquifer.

Banks et al., 1993 present a very good case study of a borehole acidisation programme whereby step
tests were carried out on the wells both before and after the acidisation to assess the effect that the
technique had on the overall performance of the well. Howsam, 1990 provides in a single volume a
very good series of papers covering all aspects of well performance and maintenance and how the life
of a production well can be prolonged.

53 Preventative Maintenance

Step tests when carried out on a periodic basis can be used to assess whether or not a well needs to be
shut down for routine maintenance such as air development and airlifting or whether it needs to be
acidised, if appropriate, to totally rehabilitate a well. Step tests can be combined with the use of
BARTS to assess if there is any bacterial growth or bacterial clogging of the well screen or fractures
(Mansuy et al., 1990). A decision can then be made to chlorinate the well or apply some other
bactericide or bacteriostatic methods to remove the bacterial growth. Clark et al, 1988 give an
excellent discussion on the effects of biofouling and clogging on recharge wells and the methods to
both clean the wells and assess the effectiveness of the cleaning process. van Beek, 1989 also
provides an example of rehabilitation of clogged wells.

5.4 Aquifer Hydraulics

A final use of step test data can be to calculate aquifer parameters. Multiple stage step tests can be
analysed individually to give values for the various appropriate aquifer parameters.

Table 4 is a list of the aquifer parameters calculated from the drawdown data collected as part of the
multiple stage step test data collected in January 1990. The values for transmissivity progressively
decline from 21m2/d down to 13m2/d for the highest discharge rate. Similarly the storage coefficient,
S, declines from 6.9x10-2 down to 3.91x10-2. Likewise the leakage factor, L, declines from 123m,
which is low, down to 82m, which is a high amount of leakage, at the highest rate. Similarly the
values for hydraulic resistance, ¢, declines from 718 days down to 501 days. Again it indicates that as
discharge increases the amount of hydraulic resistance to vertical flow decreases.

Table 4 : Variation In Aquifer Parameters Calculated From A Series Of Multiple Stage Step

Tests
Test No. Q T Kh S L c
(m3/d) (m2/d) (m/d) (m) (days)

1. 112.32 21 0.092 eoxjo<4 123 718
2. 188.35 18 0.08 549x102 56 175
3. 335.23 14 0.06 43xi02 87 532
4, 374.11 13 0.06 39x1-2 8 501

Overall the hydraulics of the well indicate that as discharge increases the volume of aquifer required to
meet the requirements of the well increases (Figure No. 7). The overall bulk transmissivity of the
aquifer declines as a greater and greater volume of aquifer is sampled by the analysis. Consequently
as a larger volume of the aquifer is exploited, the amount of leakage increases and the degree of
hydraulic resistance declines. The values for transmissivity, storage and hydraulic conductivity tend
to a minimum assymptotic value as discharge increases.

Well Performance Tests
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Figure No. 7 : Variation Of Aquifer Parameters For Varying Discharges Calculated From A
Multiple Stage Step Test

All the multiple rate step test data can be modelled in a computerised pumping test programme to
calculate the appropriate aquifer hydraulic parameters (Figure No. 8) that satisfy all steps of the test.
The programme uses the principal of superposition as developed by Birsoy-Summers, 1980 with, in
this case, Moench, 1985, analytical model for a fractured aquifer, with storage in the aguiclude,
borehole storage and well skin effects. This pumping test modelling programme result is not able to
allow for the effects of dewatering and the changing from confined to unconfined conditions in the

upper part of the aquifer as a consequence of the large amounts of drawdown in the late stages of the
performance test.

Well Performance Tests
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WATER WELLS: CONTRACTS AND SPECIFICATIONS

Eugene Daly
Eugene Daly Associates

ABSTRACT

Water wells are the source of water for a significant part of the population in Ireland. The majority of
water wells are drilled without a written contract, In the near future it is likely that regulators, consumers
and well drillers will require some form of written contract for all water wells. The principle components
of civil engineering contracts can be incorporated into standard or individual contracts that would cover
the range of well drilling in Ireland,

INTRODUCTION

In Ireland 3,000 - 4,000 water wells are drilled each year. Over 90% of these wells are low yielding and are
drilted for domestic and farm supplies. In the vast majority of these welis the contract is a verbal agreement
based on a footage rate and ‘no water no fee’.

For most of the remaining wells some form of written contract is used. The degree of detail and specialisation
of the contract document(s) are a function of the size and technical and/or legal complexity of the work.
There are no type contracts commonly in use in the Republic. Some local authorties, consultants and well
drillers have developed their own.

There is very little regulation of groundwater development in the Republic of Ireland. Water abstractions and
water well drillers are not licensed and there is no standard for water well drilling. It is therefore not
surprising that, although the quality of groundwater is generally thought to be good, many low yielding
domestic and farm wells have been found to show some degree of contamination. With the increasing interest
in the environment and food quality it is likely that groundwater will be more regulated in the fiture. As part
of this increased level of regulation the consumer may require some formn of contract for histher water well,

This short paper describes the essential components that a contract document(s) should contain irrespective of
the extent of the work.

CONTRACTS

Any arrangement by a well contractor to perform work for a well owner in return for some sort of payment
constitutes a contract. The form of the agreement may be a verbal contract, a crude notation on the back of a
business card or a 50 page document signed by both parties in the presence of witnesses (Driscoll, 1987).
Any agreement between the contractor and the owner is a contract in that there has been mutual agreement on
all elements of the project.

The well owner, hydrogeologist/engineer and well contractor have well-defined responsibilities m every well
construction project. In retumn for payment, the hydrogeologist/engineer and well contractor must provide a
well that gives clear, good quality water, produces the desired yield, has the highest possible specific capacity
and provides long service at low operational and maintenance costs.
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With over 200,000 wells successfully in use in this country and most drilled on the basis of a handshake, 1t is
a reasonable question to ask if some form of written agreement is necessary. In these litigious days where
development is concentrated and large quantities of waste are being produced I feel there will be an inevitable
move towards written contracts. These contracts are necessary to protect both the well owner and well
contractor especially where problems arise either durng drilling or where disagreement arises over the
product.

A well by its nature is below ground and cannot be readily investigated. If a problem arises, finding the cause
and apportioning blame may often be difficult if not impossible. In these circumstances drawmng up an
effective contract is a serious challenge to the ingenuity of contractors, hydrogeologists/engineers and

lawyers.

CONTRACT DOCUMENTS
All of the individual documents that are part of an agreement are part of the contract.

In a section below the range of water wells drilled in Ireland have been split into four categories

The contract document(s) for the four well categories will be very different m the degree of detail. However,
contracts for each category should contain all of the essential components irrespective of the size of the
works. At one extreme all of the essential elements will fit on a page and on the other some of the mdividuai
components may consist of a small report sized document.

A brief description of the principal components (documents) of a civil engineering contract are given below.
CONDITIONS OF CONTRACT

The conditions of contract refers to documents produced by engineers and contractors’ professional
associations. There are quite a number of these documents in use, e.g. the 1 EI Conditions of Contract (LE ],
1995). These conditions of contract (contract forms) are designed to distribute fairly the nsks inherent in civil
enginesring projects.

The contract system on which these conditions of contract are based has been in use for over a century. The
documents are well known, widely used and are accepted by both employers and contractors. The LEL
Conditions of Contract (1995) referred to above contains 70 main clauses under 21 headings on all aspects of
construction contracts. They are intended for use in large engineering works and are only really practical in
very large water well drilling contracts.

In some well drilling contracts the conditions of contract are referred to by a simple clause in a section entitled
general conditions which also include clauses on the following;

®

The scope of the works and location

References to any relevant Irish or British standards

Definitions

Safety on the drilling site

Guarantees of materials and workmanship

Indemnities and insurance

Reporting

s & & & & »
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SPECIFICATIONS

The specification is a detailed description setting out the design, dimensions and other details of the proposed
works. In water well drilling contracts the specification may be broken up into sections dealing with water
well dritling and well testing.

Some of the principal items to be included m a well specification are as follows:

» The construction details of the wetl(s), may include references to drawings
Well casing and screens

The disposal of drilling muds, chippings and water

Geological information

Measures to prevent pollution during drilling

Sampling, site record and well log

Well development

Site restoration

Description of the pumping test

s Monitoring

* &

BILL OF QUANTITIES AND SCHEDULE OF RATES

The Bill of Quantities defines the extent of the contractors operation. The contractor makes an estimate of the
quantities involved and the likely cost, based on the specification. A schedule of rates is included n many
well drilling contracts to cover the uncertainty associated with well drilling

FORMS OF TENDER AND AGREEMENT

These are standard forms that summarise the contractors bid and the agreement between well owner and well
contractor and contain all of the correct legal wording.

WELL CATEGORIES

For the purposes of this lecture I will subdivide the range of water wells normally drilled in Ireland into four
groups in order to discuss the principle contract features required for each group. I is important that the
contract documents are consistent with the scale of the work.

I DOMESTIC AND FARM WELLS

This group is the major part of the water well drilling market in Ireland. The work usually consists of one
borehole with an average depth of 60m providing a supply of less than 50m%d. The main contractual
problem relates to the definition of water. The contract would seldom exceed a value of £2,500. As has been
stated above written contracts are rarely used for wells of this type in Ireland. This is not the norm m many
developed countries.

It is likely that some form of simple contract will be developed in the future. When a contract is in writing the
courts will presume the written part constitutes the whole contract. Hence, drawing up a standard contract to
cover most eventualities encountered in this type of water well dnilling will not be easy. Nevertheless it

3
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should be possible to produce a simple document (ideally one page) that will meet the requirements of both
driller and consumer. A standard contract for low yielding domestic and farm wells should cover at least the
following items (see Brassington, 1983):

¢ What the contractor will do

= Payment to the contractor

s Rates for drilling and casing

e Measures to protect the supply from pollution
o Date and signatures

o A well record.

On completion of the well the consumer should be given a short simple document with advice on the
maintenance and protection of the supply over time.

[ WELLS OF MEDIUM CAPACITY

Wells in this category would typically be used for group schemes, small local authority supplies or
commercial users. The work would consist of one or possibly two boreholes with a yield requirement of up
to 500m’d. Wells would typically be 150/200mm in diameter. Domestic or farm wells mvolving poor
ground conditions or requiring screens would be included in this category. The value of work will be less
than £10,000 and frequently a good deal less.

Many wells in this category are drilled for organisations that will require some form of contract. As the size
of the work in financial terms is similar to buying a small car the paperwork ideally shouid be kept to 5 pages
or less. A standard contract would be useful for this category of wells. Ideally it should contain a few
general conditions, a short well specification, schedule of rates and a signed agreement.

I HIGH CAPACITY WELLS

Wells in this category would normally be sunk with a view to giving yields of 500m’/d to 2,500m’/d The
contracts would typically be for one or two large diameter (250-400mm) wells up to 100/150m deep. The
value of the work would be less than £75,000.

All wells in this category should have a detailed and specific contract. There should be an hydrogeological
input into the contract. Reference should be made to one of the standard conditions of contract.

IV LARGE WELLFIELDS

Since the early 1990’s there have been a couple of contracts n Treland for 4-10 high capacity, large diameter
water wells of up to 150m deep.

Wells in this category require a contract similar to other civil engineering projects. They will generally
require hydrogeological, engineering and legal input.
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CONCLUSIONS
All well drifling should be covered by some form of written contract. The principal components of civil
engineering contracts can be incorporated into standard or individual contracts that would cover the range of
well drilling n Ireland.
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