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1 Introduction

Purpose

The purpose of this technical guideline (TA) is to provide clear instructions
for the establishment, maintenance, operation, and possible cancellation of
boreholes used in the NOVANA groundwater monitoring in Denmark. The
borehole intakes (screen or part of a screen) must form the basis for
knowledge about the chemical and quantitative state and trends in the
groundwater. In addition, the boreholes contribute with significant metadata
to the monitoring in the form of information about the geological layer met
in the borehole.

Principle

The fully equipped monitoring boreholes must be able to provide repre-
sentative data on ground water quality and hydraulic pressure/ water table
in the aquifers in which the screens are set. The screen interval where wa-
ter flows into the borehole is referred to as an intake. This concept is linked
to the data structure in Jupiter and is defined in Stockmarr et al. 2001 link
(see Figure 1.3 in that report).

The monitoring objectives has implications on the requirements for the
technical design of the boreholes. First of all, that the borehole intake is
protected against unwanted factors that may affect water sampling and wa-
ter level data. Optimizing the performance and operation of the intakes will
depend on a combination of technical choices, the borehole layout, and the
hydraulic properties of the aquifer layers adjacent to each individual intake.

2 Method

Establishment, maintenance, and operation of monitoring wells involve sev-
eral steps:

e Selection of approximate drilling location according to prioritized
monitoring needs.

e Specific (written) agreement for site in the field, established in coop-
eration with the landowner.

e Selection of drilling method and agreement with the drilling company
and supervision tasks (potentially involving a consultant), regarding,
among other things, geological sequence description in accordance
with GeoVejledning 1 (Ditlefsen et al. 2008).

e Drilling operation, completion with filters, casing, gravel packing, and
sealing.

e Storage of all relevant information associated with the drilling opera-
tion in the GEUS Jupiter database.

e Finalisation with borehole protection, pumps, and adapter construc-
tion.

e Post-drilling tasks: Once drilling is complete, tasks not described in
detail in this technical instruction must be addressed, specifically re-
garding the legal registration of easements (tinglysning) and storage
of the collected data.
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e Entry into the station network: When it is decided that a borehole in-
take is to be included in the monitoring network, a legal declaration
approved by the landowner is registered as an easement to ensure
the future establishment of time series. Registration must ensure ac-
cess to the borehole and protection of the immediate area without an
expiration date. This process is outside the scope of this Technical
Guidance.

e During the operation of the borehole, it must be continuously checked
and documented that the collected data are valid and that the bore-
hole does not cause contamination (see, e.g., section 2.4).

e General legislation and requirements for boreholes can be found in
the overview via: Brgnde og boringer - Miljgstyrelsen.

2.1 Time, place, and period

When the location of the borehole is to be determined, a specific inspection
of the conditions in the field must be conducted. This applies in particular
to:

e Access conditions, including possibilities for staying and working during
sampling.

e risk of local flooding in depressions and ditches.

e risk of traffic collision with the borehole installation ore the samplers.

Monitoring boreholes are best placed by a fixed access road, to avoid having
to drive to the borehole across fields etc. Otherwise, soft terrain after pro-
longed rain can cause field damage requiring compensation and unpredicta-
ble time consumption after getting stuck and towing.

Establishment, supervision, surveying, and sampling of boreholes can take
place at any time of the year, except during periods of extreme frost and
heavy snow.

2.2 Drilling technical requirements and methods

Choice of drilling method

The aim must always be to have the least possible impact on the horizontal
and vertical surroundings of the well, which is why dry drilling techniques
should be preferred as first choice (auger and bucket drilling, lined or hollow
auger, respectively. However, these methods will often require the use of a
smaller amount of water, which must be of drinking water quality.

It may be necessary to choose a reverse flushing drilling (air lift/suction
drilling), where the use of actual drilling fluid/mud must be accepted. This is
the case if there is a need for an intake at a greater depth. The same ap-
plies in solid rocks such as limestone and on Bornholm. There must always
be a specific assessment that justifies the use of drilling methods that in-
volve drilling fluid/mud, including weighing up costs, local geological condi-
tions, and the dimensions of the well.
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Direct flushing drilling, where there is a significant overpressure on the drill-
ing fluid/mud, may only be used under very special circumstances (e.g.
strongly artesian conditions), where otherwise there is no possible and the
risk of permanent impact is minimal.

Material requirements

The boreholes must be established with the aim of obtaining representative
samples and measurements of the groundwater in the filtered layer in front
of the borehole intake.

Drilling methods must be selected that as far as possible do not introduce
foreign substances into the area in and around the borehole, including in
particular drilling fluid, carrier substances or stabilizers that can be depos-
ited in the borehole or washed out.

Materials used in the development of the borehole, casing, filter and seals,
must be fully documented and to the greatest extent possible be inert, with
special focus on the parts that come close to the borehole intake. The intro-
duction of any substance that may increase the risk of contamination must
be discussed with the national Topic Centre for Groundwater and Wells.

Drilling mud and drilling fluid

The addition of drilling fluid/mud, which can change the redox conditions
and ion exchange conditions in and around the borehole, must be avoided
as much as possible. In cases where drilling fluid/mud are indispensable, all
additives used in the drilling fluid/mud must be documented.

Where the addition of drilling fluid is necessary, the water must be of drink-
ing water quality.

During the drilling process, is it in any case essential that careful records
are kept of the consumption and viscosity of the drilling fluid/mud in rela-
tion to the quantities of sediments drilled up from the borehole and the ex-
pected volume of the borehole itself. Greater losses of drilling fluid/mud to
the formation or dilution of drilling fluid/mud must be prevented in view of
possible cavities or highly permeable layers. The amount of drilling
fluid/mud used must be limited, which must be documented in the drilling
report, so that the impact, especially nearby the borehole intake, can be as-
sessed. The conditions surrounding the use of the drilling fluid/mud (quality
and quantity) are an important part of the supervision of the drilling work.

Due to the risk of contamination, it must be checked whether there are pa-
rameters that are, or can be, affected by the drilling fluid/mud, for example
sulphate, nitrate, sodium, potassium, calcium, magnesium, and chloride in
the first years after the establishment of the well. After the first years of
sampling, it must be assessed whether these data should be rejected.

At the start of the drilling work
A DGU. no. must be requested from the drilling archive at GEUS immedi-
ately after drilling work is initiated. The DGU no. must be used to uniquely
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identify all notes about the work on the well. A prerequisite for obtaining a

DGU no. is generally that the drilling has begun and that there are approxi-
mate coordinates on the well. In this way, it is ensured that all information
collected during the drilling work is linked to a correct well.

Completing the borehole

In principle, a filter pipe with a small diameter and short filter length pro-
vides the best sample in relation to the monitoring needs in groundwater
monitoring, where the focus is on time series. Therefore, the first choice is a
short intake of 1 m, and a liner must be established that enables the use of
3’ submersible pumps.

The filter should be installed as far as possible in aquifers where sufficient
performance can be expected. The goal for the fully established intake is
that during pre-pumping and sampling there is a performance of at least 2
litres per minute, with a lowering that does not reach the upper edge of the
intake.

E e vt V) R 2 .
Figure 1. Well completion. In this case, there are two casing strings in the same

borehole.
To ensure optimal completion around the intake and casing with filter and

sealing materials, the pipes must be positioned at a safe distance from the
borehole walls. It must be ensured that the sealing materials can be placed
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so they completely encircle the casing and seal any penetrated, low-perme-
able layers. Generally, only one filter and casing are placed in a single bore-
hole. However, if special conditions necessitate it, two pipes may be in-
stalled in the same borehole, provided that pipe centralizers ensure the cor-
rect installation of filter and sealing materials. Exceptionally, multiple in-
takes may be established if the borehole diameter permits and extreme
caution is taken regarding potential leaks.

Casings and filters must possess high material density and strength to pro-
vide maximum protection against deformation, fractures, or leaks. Further-
more, they must not contain substances that can be released over a very
long period. This means, for example, that filters must not be made of met-
als such as stainless steel, as acidic water can lead to the leaching of trace
elements.

Similarly, sealing materials must be inert, mineral-based, and natural to en-
sure minimal impact on the natural groundwater.

Well Development

The drilling contractor’s establishment of a new intake is only complete once
the well has undergone thorough and sufficiently prolonged well develop-
ment (# pre-pumping). Development must be performed immediately after
the filter is set, but only after the installed clay seals/plugs have fully hy-
drated, to avoid pulling bentonite from the clay plugs into the filter.

Figure 2 shows a conceptual diagram of well hydrology during pumping. It
illustrates that the drawdown inside the well is caused by water resistance
in the form of formation loss and well loss. The purpose of well development
is to minimize well loss.
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Figure 2. Conceptual diagram of well design with a pump positioned immedi-

ately above the intake, showing the cone of depression, well loss, and formation
loss.

During well development, the well's performance is optimized by removing
fine-grained material around the intake and, in particular, minimizing geo-
chemical impacts on water samples resulting from the drilling process. Well
development should be conducted as step-drawdown pumping, typically in
three stages, where the yield is doubled for each stage, reaching maximum
capacity in the final stage. The duration of the final stage must be at least 4
hours, and the pumped water must be sediment-free after each stage. The
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screen must not be dewatered during the development process; see tech-
nical instructions for groundwater sampling (Thorling, 2012).

Inclusion of other wells for monitoring

In addition to establishing new monitoring wells, existing wells drilled for
other purposes may be included in the monitoring station network. First
choice must be wells that meet the requirements of this Technical Instruc-
tion (TI). Wells that do not meet the requirements for new monitoring wells
in this TI may, under extraordinary circumstances, be used for specific se-
lected monitoring needs.

The decision on the extent to which an existing well can be used for moni-
toring depends on a specific assessment of, for example, the lack of possi-
bility for a landowner agreement to establish a standard monitoring well, as
well as the hydrological and chemical conditions of the well.

A well with a long intake (screen), for example, may be suitable for water
level soundings. If an existing well with screen lengths > 2-3 m, or with
screens crossing low-permeability layers, is used for water level monitoring,
there must be a thorough understanding of the vertical pressure conditions.
For instance, a flow log can document whether an intake covers layers with
differing pressure heads.

The assessment of which chemical parameters are expected to have results
affected by leaching from the well installation, requires knowledge of the
materials used during the construction and completion of the well to be con-
sidered included in the monitoring program.

In exceptional cases, for example, while clarifying the suitability of a long
screen for monitoring, packer testing or zone-specific sampling down
through the intake may be performed. This can reveal whether there are
significant variations in water quality throughout the intake.

It is not possible to provide an exhaustive list of the specific conditions that
limit an existing well's suitability for NOVANA (the national groundwater
monitoring program); therefore, these must always be discussed with the
Topic Centre for Groundwater and Well at GEUS.

Surveying and securing the ground level elevation during drilling
Before drilling commences, a well-defined 'ground level' must be estab-
lished, which the driller shall use as a reference for depths throughout the
drilling process. After the completion of drilling, including well completion
and screen installation, this 'ground level' must be surveyed and recorded in
relation to the well's permanent reference point (benchmark), see Figure 3.

Lithology, events during drilling, any borehole logs, screen placement, and

subsurface completion must all be measured and related via this 'ground
level' to the well's permanent benchmark.
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Figure 3. Conceptual diagram for the establishment of a temporary ground ref-
erence point during drilling operations. https://www.geus.dk/me-
dia/7300/vejledning-dybderegistrering.pdf

Accuracy and Precision

During drilling, the contractor is responsible for correct registration of
depths to formation boundaries, intakes, clay seals, etc. while the supervi-
sor ensures the ground reference point remains stable and samples and
logs are correctly recorded. If discrepancies are discovered between the
driller's depth descriptions and other measurements relative to 'ground lev-
el' during drilling, the supervisor is responsible for ensuring any necessary
consequential corrections in the overall documentation, including the drill-
er's well report.

All other above-ground measurements of the well must be performed rela-
tive to the well's 'benchmark’ with a maximum uncertainty of 1 cm. The
recorded measurements must be described with sketches and documented
with photographs as a crucial part of the well's 'Localization.' This ensures
that the collected water table measurements (soundings) possess a data
quality suitable for determining groundwater potentiometric conditions, both
geographically and between aquifers at the same site.

Drill Samples, Submission, and Storage

During drilling, soil samples must be collected for every meter, and all for-
mation boundaries must be recorded, even if multiple boundaries occur
within a single meter.

Immediately after drilling, a sub-sample of all drill samples must be taken
and stored in airtight containers, such as plastic bags. The remaining sam-
ple material is to be placed on a draining surface and covered with rainproof
material. The collected lithological sequence must be photographed continu-
ously throughout the drilling process.

If sediment-chemical analyses or other sample descriptions are required be-
yond the basic geological sample description at the GEUS core laboratory,
the specific project description for the well must specify how the samples
are to be collected, handled, and subsequently analysed.
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All samples must be delivered to GEUS accompanied by a well report detail-
ing the sample ID (at minimum: DGU no., depth, date and time, and sam-
pler ID), as well as the field registration results, to allow for electronic
transfer to the Jupiter database. These procedures are available on the
GEUS website link.

Figure 4. | Sediment sampls fom the drilling process laid out so the Iithological
sequence can be easily followed, ensuring accurate geological description on-site.

Discarding Samples

If there is any doubt regarding the depth from which a sample originates, it
must be discarded. The same applies if material from multiple depths has
been mixed. It must be noted in the supervision report which samples were
discarded and the reason why.

2.3 Surveying and Final Localization of Wells

The purpose of well localization is to obtain an exact, unambiguous descrip-
tion of the well's location in the terrain, a description of its technical design,
and a description of the practical access to the well. This information is re-
ported to Jupiter at GEUS.

All surveying data must be linked to the well's permanent benchmark. The
benchmark must be placed on the best fixed structure to ensure the eleva-
tion does not change over time. This is most easily achieved by placing the
mark on the well's innermost (deepest) casing. The well's permanent
benchmark must be surveyed with an absolute uncertainty of less than 10
cm according to the Danish coordinate system(DVR90).

A link to the localization form is available on the GEUS website here, along
with a guide.
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A link to general forms and guides at GEUS for obtaining DGU numbers,
abandonment forms, etc., can be found in the bibliography.

Gound level
Groundwater
table

Intake/filter

Figure 5. Completed well with locked proteion. Note that a secure but lightweight
cover is installed. To the left, a conceptual diagram.

Labelling of Well Intakes

All intakes must be labelled with a unique identity (DGU and intake num-
ber), and a well sign with a barcode, printed from GEUS.dk, must be
mounted: https://data.geus.dk/boringsskilt.

The ID, consisting of the DGU and intake number, must be used during all
site visits and must be traceable in notes and records from supervision and
monitoring. For further information, please refer to the Data Technical Guid-
ance’s for Groundwater Chemistry and Water Level Measurements (DG-01 &
DG-02).

2.4 Equipping and completion of monitoring wells

When a borehole is included in the station network, it must—in addition to
general legislative requirements for boreholes—meet a number of specific
requirements for groundwater monitoring. These requirements depend on
whether water samples are to be collected or if the borehole is used solely
for water level monitoring (sounding). The completion must ensure that
representative samples and measurements can be obtained from the intake,
while ensuring that operations are efficient and can be integrated into the
landowner's land use with minimal nuisance.

A lockable well protector is installed around the borehole as physical protec-
tion against potential collisions or other forceful activities, see Figure 5.
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Inside the well protector, a tight seal is fitted on top of the individual
liner/casing. This seal can simultaneously integrate an adapter for the pump
outlet and a sounding port, see Figure 6.

Vent cowl
for
sounding
port

[ Electric cable for pump.

Pump outlet with
camlock-fitting

Lockable well
protector

Stopper for
sounding port

Sounding
ort

Figure 6. Example of top seal on the well liner/casing with adapter.

Safe, efficient operation of groundwater monitoring requires that the fixed
protection of pipes and the well seal interact constructively with various
types of related equipment, such as the following:

e The well protector must be capable of being locked and opened with-
out physical strain.

e The protector must shield the borehole, e.g., in the event of a colli-
sion.

e The well protector can be a steel pipe, in the form of a so-called 'Aar-
hus completion' (/&rhus—afslutning), or a concrete ring with a light-
weight, high-strength cover, see Figure 5.

e Heavy concrete manhole covers must not be used.

e The casing top seal must be airtight and protect against aerosols.

e As a general rule, pumps should be permanently installed to mitigate
the risk of cross contamination from mobile pumps; additionally,
fewer heavy lifts improve the working environment and save time.

e The pump is connected through the casing seal via tight, shielded
couplings to an adapter used for purging and sampling.
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Side 13

Borehole installations and connected equipment must, as far as possible, be
constructed from inert materials. Certain analytical parameters (e.g., PFAS)
are particularly sensitive to contamination. Therefore, reliable knowledge of
potential contamination sources is always required.

Pumps
First choice is permanently installed pumps to be used in all intakes.

Pump dimensioning depends on the borehole design, casing diameter, filter
lengths, the depth to the static water level (and thus the expected head),
and the well yield. Information from the well driller’s final development
pumping is crucial for selecting the pump for an intake, as it reflects the
performance of the specific intake.

A pump should be selected by balancing the well yield and the volume of
water to be removed for sufficient purging against time consumption, draw-
down, and the amount of suspended solids in the intake. This is described in
further detail in the technical instructions for sampling (Thorling, 2012).
Whenever possible, the pump is placed immediately above the intake to en-
sure that the drawdown of the water level during sampling does not fall be-
low the top of the intake. The installation must be designed so that the
pump can be easily retrieved and maintained.

Pumps with variable flow rates are advantageous, as they allow for the re-
duction of heat impact and flow rate after purging and prior to the actual
sampling.

Not all pumps are equally suitable for all types of parameters. For instance,
a suction pump may be used for 'non-volatile substances,' but it is unsuita-
ble for a large number of parameters as it alters the dissolved gas content
of the sample, thereby changing pH and oxygen levels. Furthermore, there
is a risk of losing volatile compounds. A suction pump may potentially be
used for initial purging or in combination with another pump used for the
actual sampling.

As a general rule, the following pump types should be used for sampling:
e Submersible pump, with flow rate control
e Direct air-driven (N2) 'Montejus pump'
e Indirect air-driven 'bladder pump' (e.g., AP1)
e Various other small 12 V battery-powered submersible pumps (e.g.,
Whale pumps)
e Peristaltic (suction) pumps
e Where necessary, other motorized or hand-operated suction pumps
may be used.
The pumping equipment should, as far as possible, be configured to main-
tain a slight positive pressure in the pump and hose connections during
purging and sampling to prevent air from entering the hoses through leaks.
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A

Figure 7. Preparation for instIIation of a larger electric submersible pump and
hoses. The equipment is pre-assembled in the workshop, where hose lengths are
adjusted to the technical completion of the borehole.

Mobile equipment, adapters, hoses, and hose reels

When selecting hoses, it is crucial to use materials that do not leach sub-
stances into the samples or adsorb compounds. There is extensive experi-
ence-based literature in this field (Sgrensen, 2009 and AVJ, 2003). The risk
of leaching depends partly on the choice of material and partly on the
water's flow rate through the hose. In low-yield boreholes, there is a need
for more diffusion-tight hoses to prevent the exchange of gases (e.g., O,
COy, HS) with the surroundings, which could alter the chemical balance of
the water before the sample is collected.

As a general rule, VA-approved (Water and Waste Approval) hoses made of
polyethylene (PE) or uncoloured PE must be used.

Hose reels on wheels must be used in conjunction with mobile pumps to
prevent hoses from touching the ground during sampling and to ensure
practical and efficient task execution. If soil does get on the exterior of the
hoses, they must be cleaned and rinsed with drinking-quality water.

Hoses must not be stored with volatile substances such as gasoline, etc., as
experience shows that hoses can adsorb fuel vapours and later release
them into water samples—for example, if a fuel canister is stored alongside
hoses in a field vehicle.

Cleaning the pump

If a mobile pump is used, it must be thoroughly cleaned before being
moved and submerged into another intake. The pump must be flushed with
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groundwater in which no organic substances have been detected at concen-
trations exceeding the drinking water limit. The pump must not have been
previously used in a borehole used for monitoring or mapping contaminated
soil or waste sites. In very low-yield boreholes (with yields below approx. 2
I/min), mobile pumps should generally be avoided entirely. However, for pi-
lot studies or short-term monitoring programs, mobile pumps may be the
most practical option.

After installing the mobile pump, it must be flushed before sampling using
one of the following methods, depending on the pump and the borehole
yield:
e The pump runs for at least 30 minutes (yields > 2 I/min).
e At least 100 litres are pumped through the hoses.
e In very low-yield boreholes (yields below 2 |/min), the hoses are
flushed with at least 10 times the total hose volume.

Method to calculate stagnant water volume in hoses:

V=Lxmx(d/2)?
where:
V: volume [m3]
L: length of hose [m]
d: internal diameter of hose [m]
V [litres] = V [m3] \times 1000

Example of calculating water volume in hoses:

L = 50 m hose, d = 4 cm internal diameter: V = 63 litres.

L = 100 m hose, d = 2 cm internal diameter: V = 31 litres.
L =10 m hose, d = 1 cm internal diameter: V = 0.8 litres.

Note: This flushing procedure protects against cross-contamination from
highly soluble substances at concentrations below drinking water criteria,
but it does not protect against the risk of cross-contamination if the pump
and hoses have been used in a heavily contaminated borehole.

Power sources for pumps

Wherever possible, battery and inverter-powered solutions should be used
for electric pumps. A motor generator may be used, though it requires addi-
tional measures to minimize contamination risk. The choice of power source
depends on energy requirements, as high heads or high flow rates require
high power output. Battery and frequency converter technologies are now
so advanced that they are expected to replace gasoline/diesel generators in
the future.

When a motor generator is necessary, the field work environment must be
considered, as this may involve many heavy lifts. Lifting can be reduced by
using a lift/hoist in the sampling vehicle.
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Sampling vehicles with the engine and generator running must be posi-
tioned so that the wind carries exhaust away from the borehole during sam-
pling, as exhaust gases can contaminate samples with organic micro-pollu-
tants, among other things.

Several pumps rely on propellants such as compressed air from a compres-
sor or a nitrogen pressurised cylinder. It is critical that any propellant gas
coming into direct contact with the water during sampling is of high purity,
e.g., at least Nitrogen 4.6 (< 5 ppm 02, purity > 99.996%).

Field vehicle (Sampling vehicle)

As groundwater monitoring is equipment-intensive, efficient organization re-
quires that field vehicles are equipped to transport propellants, hoses, filtra-
tion equipment, and field analysis gear. Collected samples must be kept
cold, and the field vehicle must contain either a refrigerator or facilities for
the secure transport of coolers and ice packs. A selection of spare parts for
pumps and boreholes, pipes, sand, and bentonite must be carried to allow
for on-site repair of minor damage or equipment failure. The vehicle layout
must ensure that the risk of contaminating sampling equipment and col-
lected samples is minimized.

For instance, fuel for generators must be kept well-separated from hoses
and sample bottles. There must also be facilities for the ongoing cleaning of
hoses, filtration equipment, and measuring tools.

A lightweight folding table must be part of the vehicle's equipment to en-
sure optimal setup during sampling, allowing sample bottles to be placed on
a table rather than in mud, which risks contaminating the sample during
handling in the field and subsequently in the laboratory. This is particularly
relevant when many sub-samples are to be collected.

The specific layout of field vehicles is otherwise outside the scope of this
technical manual.

Safety

A safe workplace setup goes hand-in-hand with efficient work organization
and must be integrated into the overall planning of field work. Heavy equip-
ment (> 20-30 kg), high-voltage electricity in damp environments, pres-
sure cylinders, and high-pressure pumping systems are frequently used.
Boreholes located inside deep wells (manholes) should be modified when-
ever possible so that the sampler does not have to climb down into them.

In all cases, it is necessary to address occupational safety to avoid acci-
dents. Guidelines from the Danish Working Environment Authority (Ar-
bejdstilsynet) should be used when establishing workplace instructions. A
review of safety regulations is outside the scope of this technical manual;
see AV], 2003, for further information.

2.5 Repairs and modifications to boreholes

Situations may arise requiring repairs or changes to the technical comple-
tion of boreholes. This may result in changes to the borehole's reference
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point (datum), measuring points, intake top and bottom, pipe diameters,
etc.

All such changes must be reported to the Well Archive at GEUS, and a new
location form (lokaliseringsskema) will often be required.

If an intake is modified such that the depth to the top or bottom of the in-
take changes, the intake must be given a "closing date" in the Jupiter data-
base. Going forward, the intake must have a new Intake ID and Intake
Number in Jupiter. Additionally, a new GRUMO number must be created
through the Well Archive. For practical reasons, the lowest available intake
number not previously used for the borehole in question is chosen.

2.6 Cancellation of boreholes

If a borehole is no longer to be used—typically because it is damaged or can
no longer meet monitoring needs—it must be cancellated (decommis-
sioned). During cancellation, the borehole is completely removed from the
surface and upper soil layers so that future land use is no longer disturbed.
This means that any easements or land registrations must be discharged.

To ensure compliance with the Executive Order on the Execution and can-
cellation of Boreholes on Land, an initial assessment must be made to de-
termine if the casing is correctly sealed. Over-drilling and sealing the entire
old borehole and casing may be necessary if the alternative leaves leaks.

If a borehole is correctly sealed around the liner, cancellation can be carried
out just by sealing the inside of the casing with grout (a sealant typically
consisting of a mixture of bentonite and cement), pellets, or other types of
seals that can be reliably placed without leaving underground voids. The fill-
ing process must be monitored from the bottom up, and it must be continu-
ously verified that the quantity of sealant added corresponds to the filled
volume. When using grout, it must be pumped into the borehole from the
bottom via a hose (tremie pipe method) to ensure the mixture does not di-
lute or undergo sedimentation through the water column.

Finally, the casing must be cut at least one meter below ground level, and
the cancellation must be reported in the correct form by the well driller to
the Well Archive at GEUS.

2.7 Ongoing Inspection of Boreholes

Every visit to a borehole must, at a minimum, include an inspection to fol-
low up on notes from previous visits. Results are recorded on a standard
pumping log or a specific inspection form.

An inspection must include the following activities:
e Examine whether the borehole appears undisturbed and has not been
damaged by collisions or other destructive activities. Observations
must be noted in the pumping log.
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e Mow grass and remove brush around the borehole to the extent nec-
essary for future sampling. The extent of vegetation clearing, includ-
ing any outstanding needs, is noted in the pumping log.

e Note any signs of pesticide spraying in the immediate vicinity of or on
the borehole.

e Unlock the borehole and check if hinges or the lock requires lubrica-
tion or replacement. If so, lubricate the lock or replace it with a new
one. Use the same key for all completions.

e Verify the borehole and intake IDs on the tags. Missing or damaged
tags must be replaced. A template for borehole tags can be found on
the GEUS Well Archive website: www.geus.dk/borearkiv.

e Measure the water level (sounding) and record the measurement in
the pumping log.

e Inspect the interior of the well completion, checking if the casing is
damaged, if a hissing sound from leaks can be heard in the casing,
and if pests are present in the wellhead (mice, snails, etc.). Signs of
standing water or water backup around the casing must be noted.

e If repairs are carried out (e.g., replacing rusted screws), this must be
noted in the pumping log.

e If a need for repairs is identified that cannot be performed immedi-
ately during the inspection, this must be noted in the pumping log for
follow-up.

e Information must be transferred to the relevant registries no later
than upon return from the field.

e All equipment in the borehole must be maintained regularly. An
equipment logbook must be kept, where all observations are continu-
ously recorded Brgnde og boringer - Miljgstyrelsen.

2.8 Maintenance of Fixed Equipment

Pumps and other electrical equipment require ongoing maintenance. All mo-
bile field equipment must be inspected at least once a year, typically in con-
nection with sampling. Fixed pumps must be tested and, if necessary, in-
spected at least every 5 years. Pump durability varies, and pumps may re-
quire replacement or maintenance if, for example, there is excessive sand
infiltration, as suspended sand wears down the moving parts of the pumps.

Some maintenance work can be performed while purging the boreholes.
Other maintenance requires workshop facilities and potentially additional
competencies regarding high-voltage electricity or similar.

2.9 Special Precautions - Pitfalls

Access conditions to a borehole can deteriorate when landowners, for exam-
ple, merge fields or abandon field roads, which can lead to extra time spent
on planning or potentially make sampling impossible.
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Frost does not usually challenge monitoring wells, which are designed as far
as possible so that no water remains in hoses or other components above
ground level. Therefore, only very severe frost would challenge sampling.
However, it is worth noting that certain types of plastic (e.g., PVC) become
very brittle in freezing temperatures and can be more easily damaged by
impacts, etc.

Be aware that during the development (purging) of newly established bore-
holes, relatively large volumes of water may run off onto frozen ground into
surface water, potentially discharging ochre or thawing the discharge area,

making the frozen ground too soft for driving.

Very specific conditions apply to artesian boreholes—not only during estab-
lishment, which is handled by the well driller. In boreholes where the water
cannot be kept below the frost-free depth between samplings, special pre-
cautions must be taken to prevent frost bursting. A dry well may be the ulti-
mate solution to protect against frost damage in artesian boreholes, along
with the specific measures that requires.

The solution will depend on local conditions, where it is generally preferred
to insulate an area around and up the casing. This requires a larger well
protector, potentially a so-called raw water station.

Pump dimensioning, particularly regarding flow rate (yield), is crucial to en-
sure the quality and efficiency of the monitoring task. A pump with too low
a capacity leads to unnecessary time consumption. A pump that is too large
can heat the water and compromise the integrity of the samples for analy-
sis, as the pump placement must always ensure that the water level is not
drawn down into the filter/screen interval.

4 Quality Assurance

4.1 Quality Assurance of Methods

Quality assurance of the work performed depends on whether the borehole
is newly constructed or whether an existing borehole, previously used for a
different purpose, is incorporated into the program.

When incorporating an existing borehole, all information regarding the bore-
hole must be reviewed, and it must be assessed whether the available doc-
umentation of location, chemistry, and intake satisfies the technical require-
ments for monitoring.

Quality assurance of the well completion and documentation during the es-
tablishment of a new borehole depends largely on the cooperation with the
parts (e.g., consultant) specifically supervising the drilling work, particularly
how the supervision is conducted. Careful supervision of screen placement
and sealing must always be carried out in cooperation with the well driller to
achieve, among other things, optimal intake placement and maximum yield
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without sand or fines infiltration, while ensuring that the seal provides suffi-
cient integrity. The construction of a borehole always involves development
pumping of the intake, which is carried out as soon as the curing of the
seals allows.

The ongoing quality control of monitoring wells is conducted through the ap-
plication of technical instructions for water level measurement, inspection,
and sampling.

The following classification is used when evaluating geological and other in-
formation from existing boreholes:

Quality Sampling Scope of Description Boundaries for Aq-
Density uifers and Aqui-
tards Known
1 One per 1-2 FGD, including all relevant info; Yes
m stated as sealed with approved
materials
2 One per 2-5 FGD, including screen interval; Yes
m and one stated as sealed with approved
per layer materials
3 One per 2-5 WD, including screen interval; Yes
m and one stated as sealed with drilled
per layer material
4 Fewer than WD and/or geophysical log and Yes
one per5m screen interval; no information
on sealing
5 Fewer than No
one per 5 m

Table 1: Quality assessment of geological information regarding the stratigraphy at
a gauging station. FGD: Full Geological Description. WD: General Well Driller's De-
scription.

In other Technical Instructions (TA) and Data Technical Instructions (dTA)
for Groundwater, guidelines are provided for water level measurement,
sampling, data processing, and quality assurance. The quality-assured data
ultimately uploaded to the national borehole database, Jupiter, provide a
picture of how water levels and chemistry vary within the individual bore-
hole intake.

In the national gauging network, the primary objective is to obtain data that
are not directly affected by the cone of depression immediately surrounding
abstraction wells. In an overall quality assessment of a monitoring well, it is
therefore important to evaluate whether there are individual or recurring
signs of nearby water abstractions that locally affect the water level.
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Figure 8. Water level affected by nearby recurring pumping. Upon pump start-up, a
relatively rapid drawdown of up to 5 m is observed, and upon pump shutdown, an
asymptotic recovery to the unaffected static water level is seen.

4.2 Quality Assurance of Data and Data Submission

Once the well driller has reported the borehole to the Jupiter database, it
must be verified that the borehole log and location forms are completed
correctly and that all information, including any remarks from the drilling
process, has been reported and is retrievable in Jupiter.

Furthermore, there must be consistency between the descriptions of the
colours and lithology of the drilled layers from the field and those from the
core sample laboratory. It must also be ensured that all information regard-
ing well completion and development pumping (and, if applicable, test
pumping) is available.

Be aware that the Intake Number and Intake ID may differ. The measuring
point (datum) must be described correctly and must correspond to the
borehole's signage. If the measuring point is changed, it must be registered
in Jupiter, and a new sign must be installed based on a printout of the infor-
mation in Jupiter: https://jupiter.geus.dk/boringsskilt/.
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6 Appendix

List of related Technical Guidance

G02- Groundwater sampling Technical Guidance, NOVANA, Denmark.
GO03- Groundwater sounding, Technical Guidance, NOVANA, Denmark.

Alle Technical Guidance can be found on the homepage of the groundwater
monitoring at GEUS Monitoring homepage, GEUS
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Appendix 6.1 Example of borehole log and location form.

PDFs of these borehole logs can be downloaded separately from the GEUS
website, where they are stored alongside the borehole data. Here an exam-
ple of borehole data and geological sequence.

@ De Mationale Geologiske Underssgelser for Danmark og Granland Udskrevet 201 2022 Side 1
* BORERAPPORT DGU arkivnr: 106. 1517
GEUS
Borested : Tyrstingve) 33 Kommune : [kast-Brande
A765 Klovborg Region  : Midtjylland
Erstatter 106.451,0 5mved siden af
Boringsdato : 9/ 2011 Boringsdybde : 231 meter Terreenkote : 53 3 meter o. DMK
Brgndborer : Brandevejens Vandteknik Prawver
MOB-nr : - modtaget 11402011 antal : 7
BB journr - beskrevet 275 2012 af: SHEHJIG
BB-bornr - antal gemt : 0
Formal Wandfarsyning sbaring Korthlad 1274 [INY Datum - EUREFES
Anvendelse : “andforsyningshoring UTM-zone : 32 Koordinatkilde  GEUS
Boremetode : Tarboring/slagharing UTM-koord. : 531992, 61938472 Koordinatmetode : Andet
Ro-vandstand Pejledato Yieke Sankning Pumpetid
Indtag 1 (seneste) 1 meter u.t. 95 2011 20 it g meter 15 time(r)
Krorost raticrsd
220—| meterut, Klimastratigraf
@125 ! Dannelsssmili |

U IMGEH PREVE, (muild).
0.5 SAND, mest mellem, Iys gulbrn, kalkir, "smeltesandszand”. Prave udtaget ved 4m. alf| gl [k
a
3 Hi
Lerspeerre
O LER, steerkt sandet, gruset, svact sitet, merk grdbrun, steerkt kalkhol dig, "morseneler. Prove T
uiktaget ved ¥ m.
3.2 LER, steerkt sandet, gruset, sitet, mark grébnin, steerkt kalkholdig, ‘'morseneler”. Prave
udtaget ved 9 m . Note: 20% hestér af lest sand.
\g LER, svagt gruset, svagt sancet, svact sitet, merk ord, steekt kalkholdig, "morseneler”. Prave
udtaget ved 11 m. re
HE
15 122 SAHD, mest mellem, gruset, gulbrun, kalkfri, "smeltevandszand”. Preve udtaget ved 17 m. [arf]
18 SAHD, mest mellem, gulbrun, kalkfri | "smetevandssand”. Prove udtaget ved 22 m.
19
Gruskastning
0.5-1 2mm 20
Fitter 17
05smm
23213 23 | ER, sandet, siftet, harisontal lagdeling, lys brun, kalkfri. (ler). Prave uctaget ved 23.05m, =
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LOKALISERINGSSKEMA Lokatiseringsdato

M, t GEUS d. | DGU ark.n
prosnm e m——— ey SRR 18-12-2015 | fe3.1991
: Lokaliseret af [ LOhEnS BT, NN j e pport or. (MOB) | Indtagsnr,
Firmanavn: : JMJ 2
: [ ' I Intent registrerings - eller joumaliseningsnr
, i 37943
I
| . fiay
| Subsurface Expertise " 0
! 1 GEUS
) 1 De Nationale Gaologisks Underss-  @ister Voldgade 10 Telafon: 38 14 20 00
P | GEUS geiser for Danmark op Grenland 1350 Kebenhavn K Telefax: 38 14 20 50
Vejnavn og ir, neermeste by elier lokalitetsnavn{e)
Lervangvej 7, @lstrup
Borestedets | Postnr. mé{ o Kammuna
adresse  |6950 Ringkebing Ringkebing - Skjern
Ejandomsnavn / firma / matr, S Region
16k, Degneboligen, Blstrup Midtjylland
Brandbarer udfen den Forenarsdiameter Starste dyvbde
Borings- |BOregruppen A/S 31/03/2015 200 mm 25 m
oplysninger Oplysninger Oplysninger Lokalt .,.,,;ngs..umN
e i st 1 ST vest 20

Borestedet foravist al

ojer pé
NST Ringkebing

Boringans Nigmng aighad Pejlbathed:  Ja E Nej ID
| pumpohus D | gammel brend [D Kun brend [D

Borestedets | . oo
lokalisering | instal diun:brsnu.E Borerar stér frit D Andel:

tarorend

Invendig diameter
i

@viige opiysninger om boringen, f.eks. sjer .
iBonngsﬁxpunkt Top forergr 1.

Beliggenhedsskitse Anlaeggets indretning

83 199) //

.
I~y
S g
F, et
Shndergdrd :'I B
4 PR /
° ' /
/ Jsonder B
oy
G;‘t'
&
\3&‘
Bumgsﬁkspunklskale.‘rw forﬂmr a 32 49
: i
Terraen i m Under Bonngsfikspunkt ST 02
EDS0 ETRS85\WGSE4/ uTM ’
Datum D EUREFBS E [ Zone Terraenkate c=a-b 3229

Pejlepunkisbeskrivelse
Boringstiks- | * (AL C121914714] [39] ” 415 Overkant forergr
punkis m Pejlepunkt m under boringsfikspunkt e . 7
koordinater Y l 3 I I 0,0

Pejlepunkiskote f=a-e
M
umm iad E D KMS digitale 32,56
DGPs Lo ottt Pejling af vandspejl under pejlepunkt 9306
D afvigelse x,y: 1 cm '
Dig. Luftioto Andet___ lekole h=tf-g 29 50

GPS alvigelse pa X.Y E D Vandspejl m under terraen i=g-h 2]79
Koten er hajden over ra—m_l n—g-l El D Afienst
v i DGPS GPS Mivelieet pélwﬂD Andet

Boringsfiks- | oynet med fortegn R
punktskote GPS afvigelse pa Z : : SystemDmD DVRS0 E] Andet afv’gelse 2. 1 cm

Amyeidofe Wandvasrk D Markvanding D ushokd D Industri D Damiy D Andet Ouer\fégning

Example of a location form (lokaliseringsskema) from the Jupiter database
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Appendix 6.2 Equipment for the sampling vehicle.
The following tools and equipment must be available in a field vehicle:

Hoses for pumps, discharge hoses, adapters, etc.

Mobile pumps, potentially mounted on hose reels on wheels for bore-
holes without fixed pumps.

Fittings and adapters for various discharge taps on water supply sys-
tems.

Field measurement equipment, etc., in accordance with Technical In-
struction (TA) for groundwater sampling (TA G02).

Filtration equipment.

Cooling unit for samples.

Sufficient power supply for pump operation.

Pressure cylinders for sampling with air-driven pumps (e.g., Montejus
pumps).

Manual water level meters (dip meters/sounders).

Spare batteries, spare parts, gaskets, and bolts/screws for equip-
ment.

Optional oil-free compressor.

Wipes/towels.

Deionized water.

Extra filter sand and bentonite for minor repairs of collapses, etc.
Rubber gloves in various sizes.

Hand tools: Screwdrivers, wrenches, wire cutters, etc.

Shovel, scythe, loppers, saw, etc., for maintenance of the borehole’s
immediate surroundings.
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Appendix 6.3. Overview of regulations for reporting borehole
information, including from the Well Archive

An overview of the legal framework and regulations can be found at the
Danish Environmental Protection Agency (Miljgstyrelsen):
Brgnde og boringer - Miljgstyrelsen.

The Borehole Order (Boringsbekendtggrelsen)

The rules for how boreholes must be constructed and how boreholes and
wells must be cancellated (decommissioned) are found in the Borehole Or-
der: Executive Order No. 1260 of 28 October 2013 on the Construction and
Abandonment of Boreholes on Land.

The Education Order (Uddannelsesbekendtggrelsen)

The rules for the training of personnel performing the construction and
abandonment of boreholes and wells on land are found in the Education Or-
der: Executive Order No. 915 of 27 June 2016.

The Borehole Guidelines (Boringsvejledningen)

The guidelines for avoiding the risk of groundwater contamination during
drilling operations are found in the Borehole Guidelines: Guidelines on Bore-
holes on Land.

Cancellation of Boreholes and Wells

When a well or borehole is cancellated, it must be performed in such a way
that the site remains sufficiently sealed for all future time to prevent
groundwater contamination or the exchange of water between different ag-
uifers. The cancellation of boreholes or wells must be performed by individ-
uals with the necessary training as certified well drillers. The technical re-
quirements for cancellation are specified in the Borehole Order.

The abandonment must be reported to GEUS (using a cancellation form).

Drilling Permit
Before any drilling work can commence, a drilling permit must be obtained.
The drilling permit is applied for at the respective municipality.

Reporting of Borehole Information

The rules for reporting boreholes to GEUS are set out in Chapter 5 of the
Borehole Order. All information regarding the drilling method, stratigraphy,
soil and water samples, well completion including intakes (screens), casing,
and sealing must be reported to GEUS no later than 3 months after estab-
lishment. Once the final localization is available, this must likewise be re-
ported to GEUS.

See the overview and guidelines for reporting here:
https://www.geus.dk/produkter-ydelser-og-faciliteter/arkiver/boreark-
ivet/indberetning-af-boringer-skemaer-og-vejledninger
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