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Preface
Today, it takes thousands of pages of laws and commentaries summarized in ugly red tomes to make a
reasonably orderly coexistence possible.
That's why I wrote this book from practical expert to practical expert called:

"The 12 Chapters
for the construction and operation of a well"
More than 50 years of experience in the drilling and well construction business has prompted me to write down
some of the things I have learned in these many years from experience. I will try to keep this book updated as
long as possible. Especially technical knowledge, experience in comparison of practice and theory, can be
found in this book in a simple and comprehensible form.
To my former superiors and foster fathers, even if they have already become wiser, looking at things from
above (or from below, as is usual with drilling☺), and are certainly better informed today, I would like to
apologize here already if I hold a different opinion from them here and there in my book.
Also, it can easily happen that I contradict the DVGW – Technical Regulations and sometimes even my former
conviction. Leaflets are created democratically - but my own opinion is not - and even my old experiences are
subject to change by new ones. Often they were bitter, dearly paid experiences. Leaders around the world
have long held against better knowledge stubbornly and momentously the opinion that the earth is a disk. Just
imagine that! If that were still the case today, we would have to try to drill through that disk, at a good price, of
course. I would have warned against this, because logically all the groundwater would have to run away when
the pipe is punctured and we drillers would never have anything to do again, except perhaps sealing in
accordance with W135, - but with what water could we mix the cement? We would certainly have invented a
regulation, or even a law for it and - most certainly installed an authority for it. Even if it wouldn't have been of
any use.
In my professional career, I was often a technical revolutionary, causing hatred; but also recognition among
competitors, authorities and clients.
Not that much has changed in that respect to this day. Perhaps, however, one or the other says or thinks: "If
only the old geezer would stop spoiling our soup all the time!"

Please note that all formulas and sizes are based on the metric system and follow the German
standards set by the DVGW as mentioned in this book.

Umrechnungen / Conversion metric in US values
1,00 m = 3,28 ft
1,00 cm = 0,394 inch
1,00 cm² = 0,155 square-inch
1,00 ltr (dm³) = 0,035 cft
1 ,0 bar = 14,5 psi
1,0 kg/l = 8,345 lbs/US gal
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Chapter 1:
Classification of drilling methods
Under "Dry drilling" one understands all drilling methods that operate without rinsing circuit. Boreholes with
air flushing could actually be counted as dry boreholes, but according to common usage they are "flushing
boreholes with compressed air as flushing medium".
Dry wells are drilled as rotary or pile-driven shafts, rod free-fall or wireline free-fall wells, or with grabs and
valve bushings of all types.
Under "Flushing holes" one understands all drilling processes with mud circuit. They are usually drilled with
rotary drilling rigs and direct or indirect mud flow direction (also called right or left mud flow). This also includes
core and down-the-hole hammer drilling.

LOOSE ROCK DRILLINGS
Boreholes in loose rock with auxiliary casings

Especially in alternating layers of gravels, sands, silts and clays, the auxiliary cased dry wells pose a great risk
to the permeability of the water-bearing strata due to skin formation. Worst of all - in the dangerous
interchangeable bearings - are drilling with casing machines. The borehole wall is literally "plastered", which
results in an almost impermeable skin (Filter cake / Skin* see photos below).
Fine grains and clays are always carried away into the well water-bearing strata, first when the auxiliary pipes
are lowered down, and later when they are pulled up again. Most of the time it is not even noticed, unless the
efficiency of a well (see further below) is determined, or can be. The natural permeability, which in simplified
terms is the horizontal permeability of a layer, is sensitively disturbed and deteriorated. Even a larger bore
diameter does not help much, because it only enters linearly into the increase in area, while the clogging (skin)
enters in the third power (area to volume).
Also, the often unavoidable collapsing material, which occurs when the casings once no longer "go" and is
predrilled, or when the collapsing material, slips behind the pipes, drags the layers with the same, negative
result.
This brings us to the very important sieve analyses for determining the filter gravel grain size and the slot width
of the screens in the unconsolidated rock. A sieve analysis can only be as good as the drilling sample taken
allows! A sieve analysis from a sample mixture of collapsing material , and impinging rock must be incorrect.

The inevitable silting up between two casing tours is even worse. They form a filter cake (skin), which cannot
be removed by development, when the casings are pulled, and this is several centimetres thick.

Not a casing, but a filter cake

Two filter cakes with double gravel fill
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What can be done about it?

•

Already when dimensioning the bore and the screen string, it is of utmost importance to ensure good
developability after screening the hole. The smallest possible annular space for the filter gravel pack and
mechanically well-developable screen constructions - bridge slotted or, even better, wire wrapped screensare the order of the day, so that the borehole wall can also be reached during development.

•

Use the best mechanical development methods, such as the ETSCHEL JET Master®

•

ETSCHEL JET Master® that makes it possible to at least partially destroy the skin. Clear pumping, pistons
and partial desanding between packer discs are usually more expensive and yet not as effective. Actually
use the filter gravel fill only to be able to create a "natural" graded grain structure in the strata during
development.

•

Avoid any glued on gravel filter screens by all means. They are very prone to irreversible clogging.

•

Double gravel fill must be avoided at all costs, which is no longer a problem today – with wire wrapped
and stainless steel high-performance bridge slotted screens or even new PVC screens based on the wire
wrapped technology!! (see later).

Drilling in unconsolidated rock without auxiliary casing

These are mostly air lift boreholes where, apart from one or two standpipes, no further auxiliary casing is
required.
Which drilling mud should be used?

• The so-called pure water flushing becomes a "genetic defect" of the later well !! Fine clay and
sand/silt particles circulating in the flushing water form a skin that grows almost linearly with the
drilling duration (time). Wells dredged in the brown coal opencast mines have proven this. (See
photos above) The skin is a nearly impermeable skin on the borehole wall that is formed by filtering
the cuttings-laden mud circuit, and can grow to several centimetres in thickness.

• In alternating layers of clay and sand a light bentonite-polymer (CMC) fluid is best because it
virtually prevents the clays from swelling, and also produces a filter cake that no longer grows with
drilling time. Some swear by only using polymer, but this is wrong. See below: " Mud and mud
care". This bentonite-CMC filter cake also has a thickness of only tenths of a millimetre and,
because of that it is water-soluble, it can also be removed easily and almost completely (on sands).
Caution is advised, however, as polymers are breeding grounds for germs and bacteria. However,
by continuously disinfecting the mud and pumping it out later, this problem can be largely overcome.
Once the polymers in the well have been "eaten up", the germs and bacteria no longer find anything
to eat and quickly give up their reproduction.

• In alternating layers of clay, sand and gravel a bentonite - polymer - mud is called for. First mix
bentonite with water and let it swell, then add polymer. In principle, the same applies as I said
before. The bentonite serves to avoid mud losses. The aim should be to avoid mud losses as much
as possible !! They can possibly block the water-bearing layers in the aquifer, which is the greater
evil compared to a removable skin!

• Mud care is the most important point (see later).
• The Bohrmeister/drillers opinion: "much helps much" is wrong, correct dosage and care is key to
success!
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Solid Rock Drilling
Percussion drilling in solid rock

Dry drilling can be used in all solid rock. The drilling rigs required for this are much cheaper than rotary drilling
rigs, require far less power input and less infrastructure, but the drilling progress is much slower.
In many geological stratas, auxiliary casings are required due to the long drilling time. There is even a risk that
auxiliary casings, which are located in swelling mudstones, can no longer be pulled, or may even tear off during
pulling,
With what pulling force (from above, without internal pipe lifter, etc.) pipes must be pulled following the VOB
(German law) - "pipes that can no longer be pulled" (means: you have to be paid for lost casings) - comes into
force?
About 15% below the elastic limit of the casings so that they are not overstretched and thus unusable.
Everything else that is required - including the use of an inner pipe lifter, vibrators, etc. - must be remunerated
separately. An exclusion of the remuneration of these extras, already in the tender, is legally at least
questionable, because these are not calculable risks!
However, this does not apply if the contractor has made mistakes, such as too much ground contact of the
individual casing length, or has used or executed casings that are to weak, old threads, defective welding, etc.
Then the casings tear off before 85% (100-15) are reached.
The percussion drilling method is mostly used when

• severe mud losses and / or a lack of flushing water make rotary mud drilling impossible or uneconomical.
• special perpendicularity is important (especially in the case of free-fall rods).
the rock is so hard that dry drilling becomes cheaper despite less progress in drilling.

A skin (filter cake) also forms during dry drilling in hard rock!
In rare cases, when it is necessary to keep the filter cake thin and detachable and / or to reduce auxiliary
casings to a minimum, it is even advisable to work with so called “standing mud”.
The risk of filter cakes in solid rock having a negative impact on the efficiency of the well is relatively low,
because in solid rock it is mainly fissure water and not pore water that is extracted. The risk to remove drilling
mud, or mud thickened with mud additives, or mud penetrating into the finest fractures is far greater.
The widespread misconception that, for example, water can be extracted from the pores of sandstone - no
matter how coarse-grained - is ineradicable. Before the water would squeeze through the pore channels during
pumping, it flows much more easily through the fissures, even if they are only tenths of a millimetre thick. The
resistance in the fissures is usually lower than in the pores, especially since the pores in the sandstone are
often clogged with fine particles or even caked and sintered.
In the case of percussion drilling in hard rock, an attempt should be made to develop the open hole before it
is screened and gravel packed. What can be extracted from the fissures in the form of natural and introduced
deposits (crevice filling) before screening does not have to be dragged through the filter gravel later. While
doing that the risk of clogging increases.
With auxiliary casings, care should always be taken to ensure that the casings are connected to the lower
edge of a clay layer (if available). This avoids clayey, plugging collapsing material that settles irremovably into
the annular space to the next smaller casing. In practice, however, this is not always possible.

Mud drilling in solid rock

Drilling holes with mud, water or air circulation in solid rock (and also in loose rock) are the most common
practices today. They have largely replaced dry percussion drilling, especially at depths exceeding approx.
50m.
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For drilling diameters up to about 311mm (12 ¼ ") it is commonly drilled with flush to the right,
for drilling diameters about 216mm (8 ½ ") mostly with left flush.
The 311/216 overlap is not a printing error, but depends on the performance of the available mud pumps and
the diameter of the drill pipe. Depending on the viscosity of the mud, the ascending speed in the annular
spaces between the borehole/rod and casing/rod should not be less than 0.60 m/s (2 ft/s) in right-hand mud
boreholes.
The overlap also comes from the fact that today airlifting is possible as a left-hand flushing process with modern
double-wall rods (without flanges), even with small bore diameters. Double wall linkage is important because
the inner passage becomes too small with the air tube installed inside (stopper) and flange linkage, with outer
air tube, is too large. Double-walled rods are already available today with almost 110mm
(4 1/3”) o.d.
and 70mm (2 ¾”) i.d., which would even be suitable for a drilling diameter of approx. 150 mm (6”).
Drilling diameters range up to more than two meters and with smaller drilling diameters, depths of up to 1000
m and more can be drilled by applying airlifting.
Airlifting has prevailed over suction drilling with sewer wheel pumps or water jet pumps. Freezing problems
are far less in winter, and the frequent rupture of the mud flow, due to air suction at leaking hoses and
connections, is also no longer relevant.
With regard to the formation of the filter cake, the use of mud additives, etc., more or less the same applies as
for percussion drilled holes.
The drilling methods with left-hand circulation are far superior to those with right-hand circulation with respect
to the risk of blockage of fractures in hard rock or pores in unconsolidated strata, since here only the natural
overpressure (static water level (SWL) to ground + pressure difference due to increase of the spec. weight) is
pending. If the mud level can even be kept below ground level, at about the level of the SWL (which is not
possible with right-hand mud flow), the situation is even better. Another advantage is that a vacuum is created
at the bit, and the mud flowing downwards in the annular space between the borehole wall and the drill pipe
has already been largely cleaned of cuttings.
In the case of right-hand mud, the pump pressure at the bit and the friction loss in the annular space between
the borehole wall and the drill rod promote clogging in addition to the natural overpressure of the mud column.
In addition, the mud, fully loaded with all the cuttings, must be "pressed" upwards along the entire borehole
wall. However, right-hand flush holes are far more stable because, among other things, there is no negative
pressure around the bit.
Development prior to screening is also of great advantage in the case of flush drilling. It should be done
whenever possible.
Cost should not be an issue unless it puts the whole well in jeopardy.
The drill samples obtained from the mud flow are, of course, much better with left mud methods, since they
come to light more true to the ground and largely unmixed; they do not have to pass through scoured-out
borehole sections and can hardly become loaded along the borehole wall with washed-off material or
collapsing material.
The ascending velocity, regardless of drilling diameters and scour, is always the same and can be kept much
higher than 0.60 m/s. The time delay until the cuttings reach the top can be estimated or - better - practically
determined depending on the depth.
How does this come about?
When setting up a rod, you stop the time until the first cuttings arrive at the top again after a new drilling start.
However, the stepped roller bits ( Hole Opener, Christmas tree ) have a disadvantage for the soil sample
quality with large drilling diameters, as with these the samples are mixed at the total height of the stepped
roller
bit.
However, since it is normally mandatory to take borehole samples every meter, this error is usually not serious.
A correct level assignment of the soil samples in case of a geological layer change is still possible for the
trained drilling foreman and the geologist. If the first cuttings of the clearly recognizable new layer are already
contained in the drill sample at depth X, this depth is to be considered as the upper edge of the new layer (of
course, taking into account the time delay during ascent). A discussion between the drilling supervisor and the
profiling geologist, as well as careful logging in the daily reports, are essential, since the drilling foreman often
announces or writes down observations, e.g. changes in drilling progress, which are another indication of a
geological change of shift.
The same applies analogously to mud drilling in unconsolidated rock.
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Of course, developing in the open borehole is not possible with this. Mud maintenance and cleaning is
particularly important here to keep the filter cake in such a way that it can also be removed as far as possible
after the drill bits have been removed. Here, the ETSCHEL JET Master® has proven itself in the best possible
way
See DVGW, W 115
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Mud and mud care
As I said: the motto “a lot helps a lot” is wrong. As basic recipes for well construction can be mentioned here:

Strata with embedded ...............
Mudstone, clay marl, clay

Bentonite

Polymer

up to 5%

0.2
to
0.4%

3%

0.3%

clay-bound sand, sand, gravel
Dto, but for artesian

Weighting

pH value
8.0
to
9.0

Clay powder
Barite

8.0
to
9.0

Chalk
always mix bentonite first and allow to swell
Control the pH by adding soda ash or caustic soda. Avoid caustic soda if possible, as it is hazardous to injuries
and the environment!
In no case go over pH of above 9.0 because then polymer is disturbed,
Caustic soda works faster, but is less environmentally friendly and also damages the polymers. With polymers
and bentonite, how much you need depends to a large extent on the quality.
Therefore, the above values can only represent very rough guidelines.
Again: always add bentonite to the water first and only when it has swelled for a few hours (agitation by stirring
helps to shorten the time), add polymer. If it is done the other way around, the polymer - water mixture no
longer releases water to the bentonite, a protective colloid forms around the bentonite particles, and it cannot
swell.
After cementations and drilling out cement, the mud is mostly spoiled. So it is no longer suitable for further
drilling. In most cases, however, it can be re-stabilized or regenerated by treating with citric acid. However,
this organic product increases the risk of germ contamination.
It is expedient to consult a mud specialist, but this is usually associated with the problem of having to sell mud
material in order to make a living.
It is a nonsensical and wrong suggestion of some geologists to demand pure polymer mud. Although this
accumulates when drilling through clays, it jeopardises the stability of the borehole and, on top of that, leads
to increased skin formation.
Mud must be properly turned on, then well maintained in circulation and largely cleaned (desanded) of drill
cuttings.
It does not matter whether it is a mud made of pure water or water with additives.
Pure water is hardly an option for right-hand circulation. In the case of left-hand circulation, the water must be
cleaned so well that as few solids as possible are present in the return flow to the well. These circulating solids,
consisting of mud and granular material, are responsible, as mentioned, for the build-up of the dreaded skin,
which grows steadily with the duration of the well. With pure water flushing, the skin grows particularly strong.

Cleaning of the mud is performed by:

• allowing to settle in several basins or basin chambers
• Flow over perforated plates (sieves) after the ejection / outlet
• Flow over mesh screens downstream of the perforated screens
• Flow over Vibrating screens
• Flow through Cyclones
or combinations of these. For example the first two to three or the last two.
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In the case of water with additives the flow of cuttings (drilling material) is also carried out using the above
equipment. A centrifuge can also be used in special cases.
The first three, that is, hole and possibly mesh screens with settling are common in well construction.
All other types of cleaning must be advertised in items and paid for separately. We warn against exaggerations
for reasons of cost.
In the case of rinses weighted with barite or chalk, neither cyclone nor centrifuge may be used, otherwise
both barite and chalk will be thrown out again.
It is important to monitor the mud parameters, which include:

• Spec. weight with properly working fluid scales or aerometer
• Viscosity with mesh funnel, flow time and remaining flow time
• Water delivery with ring funnel
• pH value with test strips.
According to W 116, the following guide values apply:
Mesh funnel

run-out time (AZ)

38 - 45 sec

Remaining run-out time (RAZ)

26 - 35 sec

Hydrometer / flushing balance density (spec. weight)

1.02 - 1.10 kg / l (max)

Ring apparatus

> 1000 sec

Measuring strips

water delivery time
pH value

8-9

The measurements that are still usual for deep boreholes (gas content, salination, etc.) are normally not
required in well construction.
The measurements should be taken at least twice a day and must be recorded.
In order to be able to detect mud changes, and thus artesian (dilution) or mud losses (increasing weight), more
quickly, two comparative samples should always be taken and examined, once at the outlet and once at the
inlet, irrespective of the mud flow direction. If you notice an increase or loss of mud volume, it is usually already
too late. The Arteser erupts or the aquifer is already damaged.
Mud losses should - if possible - be avoided in this way that the mud weight is kept as light as necessary to
stabilize the borehole. For air lift wells, attempts should be made to reduce the hydraulic overpressure on the
rock strata by "keeping the mud level low". However, both can only be "driven" as far as the borehole stability
allows and sufficient production is still possible during airlifting - for physical reasons. In the case of Artesian,
the mud weight just has to hold the Artesian back, but still securely. When air is lifted and suction is applied,
there is always a slight negative pressure at the mouth of the drill bit, which can quickly lead to dilution of the
mud, and thus to the Arteser breaking out. In this case, the weight must therefore be kept higher than in the
case of direct flushing, where excess pressure is created at the mouth of the drill bit (due to the friction of the
upward flow).
In which types of soil are flush additives unavoidable?

• In tertiary clays, sands and gravels
• In boreholes of swelling clays or mudstones, e.g. Firelets, Opalinus Clay etc..
• With artesians which need to be held back.
• In gravels and coarse gravels that cannot be held by excess water pressure alone, or where mud losses must
be limited.

• If the discharge of cuttings with water is not guaranteed with direct circulation bores (this is almost always the
case).
To be able to hold an Artesian back, the optimal specific weight of the mud must be calculated and
determined before drilling begins.
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Calculation example for the necessary specific weight of a flush:
Requirement: At 100m depth, an Arteser with 10m overpressure over terrain is expected.
Question: Which spec. weight, from at 100m drilling depth must exist?
yo = Equilibrium; ys = mud weight
yo = Depth + overpressure = 100m + 10m = 1.1
Depth
100m

With 1.1 the mud with the Artesian would theoretically be just about the same.
This is not enough in practice, as neither the depth of 100 m nor the 10 m overpressure are known exactly
beforehand. In addition, a safety margin must be added. This can be around 0.02 to 0.05, that is
ys = yo + 0.02 to 0.05 = 1.1 + 0.02 = 1.12 to 1.1 + 0.05 = 1.16.
As mentioned before, you will think of 1.12 with direct flushing and 1.15 when air lifting.
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Depending on the drilling progress, the spec. weight in the example should be reached at a depth of 230 ft to
260 ft. Attention: The mud is enriched with clay from the strata and becomes heavier of its own accord with
increasing depth
Calculation example for the necessary specific weight of a drilling mud:
Requirement: At 300 ft depth, an Arteser with 30 ft overpressure over terrain is expected.
Question: Which spec. weight, at 300 ft drilling must exist?
yo = Equilibrium; ys = mud weight
factor: 1 kg/dm³ = 62,4 lbs/ft³
y o = Depth + overpressure = 300ft + 30ft = 1.1 kg/dm³ x 62,4 = 68,64 lbs/ft³)
Depth
300ft

With 1.1 the mud with the Arteser would theoretically be just about the same.
This is not enough in practice, as neither the depth of 100 ft nor the 10 ft overpressure are known exactly
beforehand. In addition, a safety margin must be added. This can be around 0,02 to 0,05 kg/dm³, = 1,28 to
12,48 lbs/ft³ that is
ys = yo + 1,28 to 12,48 = 68,64+ 1,28 = 69,92

to

68,64 + 12,48 = 81,12

As mentioned before, you will think of the lower spec. weight with direct flushing and of the higher one when
air lift.
Depending on the drilling progress, the spec. weight in the example should be reached at a depth of 70 to
80m. Attention: The mud is enriched with clay from the strata and becomes heavier of its own accord with
increasing depth
Calculation of the specific weight:
The mud weight can be calculated in advance. Here metric system:
e.g. 1000ltr water + 50kg bentonite + 3kg polymer
y

bentonite

=

2.5

-

y

polymer

=

1.5

(spec.

dry

matter

weights)

y Flushing = 1000kg H2O + 50kg Bentonite + 3kg polymer
1000ltr H2O + 50kg Bentonite : 2.5 + 3kg polymer : 1.5
= 1053
1022

= 1.03 kg / dm³

Average values are:
y bentonite = 2.4 - 2.7

y chalk = 2.6 - 2.8

y CMC = 1.3 - 1.6

y barite = 4.0 - 4.5

y clay powder = 2.6 - 2.8

y cement = approx 2.7

The spec. weights of the dry matter of the individual mud components can be obtained from the supplier.
For artesian, the components clay powder, chalk or barite are added to the calculation. Corresponding
allowance tables, which save calculation, can be found in DVGW W 116
In order to prevent the mud level in the borehole from dropping during rod removal - or when starting up the
mud circuit in the case of air lift wells - so-called "trip tanks" are used in deep drilling technology. These are
equalization tanks connected to the borehole with float regulation, which can hold e.g. 1.5 - 2 times the volume
of the rod displacement (steel volume), and thus automatically equalize.
When airlifting (left hand mud flow direction) in well construction, the drilling supervisor usually sees the mud
level in the borehole, and can intervene in a regulating manner at the inflow gate valve or with a flow-controlled
pump.
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General:
Airlift holes in loose rock are dangerous for artesian, because there is always a negative pressure at the
bit mouth, which means that the mud can be diluted with sucked in groundwater. The mud is diluted and before
you go "above" (inlet) at the spec. weight the Artesian already breaks out. Here is the double measurement at
the discharge and at the inlet important because this is the quickest way to notice a change.
The spec. weight of the mud must then be kept a few hundredths to four tenths (depending on the depth)
higher than necessary. On the other hand, flushing loss due to high spec. weight has also to be avoided.
Measuring twice a day is not enough here!! Measurements must be taken almost continuously (approx. every
four hours), and the mud must be reweighted or eased as required. The lightening must not be done by diluting
with water, but, for example, by shearing off part of the mud that is too heavy and by adding of for example
new FL 100 Polymere mud.
Simultaneous record keeping is essential.
It is always advisable to ask a mud specialist (supplier of mud materials, or even better, a mud specialist who
is independent of suppliers).
See W 116

Perpendicularity and accuracy of a borehole

A vertical hole - without deviation - cannot be produced in the normal way by any company. For as long as
there have been boreholes, experts and drillers have argued about the permissible degree of deviation
without arriving at a "formula" for it. It doesn`t exists either. However, the drifting of a hole can be influenced
favourably or unfavourably.
Drilling influences are:

•

Do not work with drilling pressure from above.

•

Place the hole as perpendicular as possible. Starting crooked means ending even more crooked.

•

Work with as much weight on bit (WOB) as technically possible through heavy bars in rotary, rotary
percussion, and rod free-fall drilling. For cable percussion drilling, the bit or bush weight must be as high
as possible.

•

The neutral point (i.e. the point at which there is neither tension nor pressure) in the drill collar must be
one third of the upper end of the drill collar, i.e. relieve so much (drillometer or similar) that the drill collar
and 1/3 of the drill collar "hang" and only 2/3 press of the drill collar onto the sole with a bit. The problem
is that this oil rule is difficult to follow at the beginning of a well. Where should you bring the weight when
you start turning, for example, at a depth of 10m? Then it is just a matter of drilling slowly until enough
weight of the drill collar can be accommodated to adhere to the 1/3 to 2/3 rule.

•

The drill collar should be as thick as the drill diameter allows. A strand that is too thin is a long strand, a
thick strand is much shorter for the same weight and therefore presses further "down". The diameter is
included in the weight as a square.
V = d² x 3.14 : 4
Stabilizers immediately above the bit- and if possible - at the neutral point and at the top of the heavy bar
string, help to "keep the bore on course". For smaller drilling diameters, up to about 12 ¼ ", the"
stabilizers "must be in the tenth of a millimetre range smaller than the bit diameter, up to 17 ½" in the
range of 1mm and above in the range of up to 1cm. However, especially with large diameters and in
particular with indirect mud flow direction, it must be considered that the rods can become traps in case
of a partial collapse and must therefore often be dispensed with. They can also become a real brake on
drilling progress. Sometimes it is possible to correct and favourably influence the directional stability of a
bore by omitting the rod directly above the bit.

•

Then a few meters must be drilled with significantly less than 2/3 - for example with ¼ - WOB. The bit then
tries to straighten itself "perpendicular" again by itself due to the force of gravity of the strand above the
neutral point.
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•

Auxiliary casings must have precisely aligned connections. Crooked connections create a crooked hole,
they act like a whipstock.

•

Crooked rods = crooked borehole!

•

Thick rods are better than thin ones.

Influences of the strata on the perpendicularity:

•

Soft sedimentary strata, do not allow any prediction of the direction of the borehole. Most of the time, the
borehole runs in a slightly spiral shape, until it finally runs away - steadily increasing - often in the meter
range at depths of up to 100m, tens of meters up to approx. 500m and several tens of meters at depths of
1000 and more meters. Except for the aforementioned countermeasures in terms of drilling technology, it
can hardly be influenced and certainly not completely prevented

•

For hard, compact rock (such as sandstone, limestone, claystone, etc.) that is not stratified, the same
applies as above, only the tendency to deviate is usually lower (around half).

•

For hard to very hard, and in addition layered rock, with varying hardness, the deviation is preprogrammed.
If the layers are flatter than 45° from the horizontal the bit slides off. The borehole runs away until - in
extreme cases - it has assumed the inclination of the stratification - and then does what it wants.
If the layers are, steeper than 45° from the horizontal, the bit drifts into the layers until - in extreme cases
- it penetrates perpendicular to the layers.
The flatter or steeper, the clearer this "basic behaviour" is. Therefore, with accurate knowledge of the
strata "pre-calibration" is possible. Like artillery that shoots at a moving target. However, this requires a lot
of experience and the possibility of comparison with other boreholes in the same area (geology).

Directional drilling:
There are different ways and technical possibilities to direct a "running" hole. It is also technically possible to
direct a borehole to a specific target circle right from the start - in all possible directions. A few possibilities are
to be described here with the aid of examples.

•

Example 1: A test well was drilled in stratified or karstified bedrock. The course of the borehole was
measured with the multishot device, so it is precisely known. The water-bearing fissure zone lies at a
vertical depth of 150-165m, but at this depth one has arrived 2.50m to the south of the starting point. One
can now either use the test well as a pilot hole (for rotary drilling) to hit the fracture zone accurately again,
or use the very vertically accurate rod freefall method to drill the well itself. Since this becomes very
perpendicular (if the drill master can do it!), the starting point must be shifted 2.50 m to the south in this
case in order to get back into the test hole area at a depth of 150 - 165 m. It should be noted that the test
hole from final depth to just over 150 m must be backfilled with gravel or crushed stone, which must be
recovered at the time of the well drilling, to prove the encounter. It is therefore good to use gravel or
crushed stone that clearly differs from the strata. So you can recognize it better when you encounter it. A
gravel-sand cushion is placed over it. Further to GOK (terrain level) surface, it must be sealed with a
cement suspension, otherwise the test hole would act as a hydraulic short circuit on the sealing of the
well!!!

•

Example 2: A simple, but not entirely cheap, method of correcting an excessively deviated hole is to set
a directionally built-in whipstock, straighten the hole and then pull the wedge again.
The most accurate directional setting can be achieved with an anti-magnetic stainless steel wedge and
the Multishot, or with a steel wedge under television observation, with a pendulum plumb bob in front of
the lens.
However, this is only absolutely necessary once out of hundreds of holes, namely when the hole has a
kink (dog leg in deep drilling language). Among other things, such a dog leg can make it difficult to install
casings and/or screens, prevent proper sealing because it is no longer concentric, and/or make it difficult
to install the pump, etc.

•

Example 3: A borehole may not leave the property boundaries, which is the law in Austria, for example.
If, in the course of drilling, it is determined by photo plumbing that the well is about to leave the property,
either the wedge method described previously or directional drilling services must be used to "retrieve" the
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well. It should be noted that directional drilling companies can usually only direct up to 17 ½ ". In the vast
majority of well bores, it can only be a matter of straightening a pilot hole section. Straightening with
directional drilling service is extremely expensive, especially since your own equipment must also
correspond to deep drilling technology, e.g. mud pump, rods, mud cleaning with cyclones, etc.
Straightening with service is only possible in the direct flushing process, so it is not possible with well bores
with large diameters and left hand circulation, air lift and so on.
Actually, wells (boreholes) should be surveyed with the Multishot during, or at least after sinking and before
development, in order to at least have knowledge about the course of the borehole. This can be of great help
for later renovations or seals. These are not ancillary services according to VOB, so they have to be paid for
extra.

Notes for the tender

Of course, it is easy to pass all risk on to the drilling company. But this can have fatal consequences for the
client, i.e. for his well, its efficiency, service life and duration until the first and further intervals of rehabilitation!
So please note Mr. Geologist or Mr. Engineer and also Mr. Client:
➔ If you get a low, inadequate price for a service, the drilling company has to save. Save time and
quality. And if he is forced to do so, he will use "tricks" that are not noticeable at the moment and are
also hard to prove as hidden defects. Note: "Gagged drillers are smart", they cannot be generous,
because otherwise - as seen with so many companies in my long professional life - they will go
bankrupt!
➔ If a drilling mud has to meet high requirements, it should be remunerated as evidence. However, a
mud and material balance can then be requested. A drilling mud concept and mixing ratios must be
requested or prescribed. Good engineers or drillers can do this, or they can get advice from drilling
mud experts!
➔ Remove mud and develop: Specify the method precisely, if possible do not make a flat rate (see
above) Careful removal of the mud and good development brings the client "cash" in later operation
through energy savings! A poorly developed well has a poor efficiency. The pump has to be stronger
than necessary and therefore uses more electricity to pump the same amount of water.
➔ Better to ask a competent driller for advice than tender stupid stuff. The client seldom thanks you
for this, but you are a good consultant or a good official representative.
➔ Do not repeat yesterday's mistakes, but also do not blindly go along with false innovations, but think
carefully.
➔ Clearly describe requirements in the service items, do not hide them in the preliminary remarks,
possibly even behind general regulations that the bidder would have to look through first. According to
VOB, a service to be calculated must be described clearly, distinctly and in a way that can be
calculated from the desk.
➔ Inquire about possible alternatives - saves subsequent negotiations.
➔ Drill samples with left mud are better, as there is hardly any carry-over (always the same diameter
in the drill pipe, no contact with the borehole wall, no whirling of the cuttings in scouring).
➔ Either tender only among cheap Jakobs, or only among reputable specialist companies qualified
according to DVGW W120 (German standard certification for drilling companies).
The former results in an even greater risk for the site management and the building owner, which
increases the work involved in building supervision. To trade with cheap Jakob means: To act with
gross negligence against your better judgment.
If the client insists on it, he acts with gross negligence and has himself to blame if problems arise!
The tendering party and/or the contracting authority can even be prosecuted - precisely in the case
of gross negligence.
For example, if the general interest is violated, as in the case of a hydraulic short circuit due to poor
sealing.
➔ Public bidding is good at precisely definable performance. A drilling job can usually not be precisely
defined because it always goes from top to bottom into the realm of the "horse's foot".
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A restricted tender is correct with companies that the client and site management can trust.

The new DVGW W120 gives enough and reliable indications for the selection of companies, but also for the
justified refusal of the invitation to tender.
Due to the division into suitability groups, the new W120 certification is exemplary and even replaces the socalled “prequalification”.

Chapter 2
Well construction

Hurray, the hole is ready, it can be developed! -FALSEBefore that, i.e. already at the planning stage, you have to think about possible expansion options.
Points to consider include:
➔ geohydrological considerations
➔ hygienic aspects
➔ Water chemistry, as far as known or assessable
➔ expected discharge and water level conditions
➔ Pump dimensions
➔ later rehability
➔ later renovation
➔ later sealing, once the well is abandoned.

The first question arises: “With or without a barrage casing?"

With barrage casing (separate casings with sealing, also called Barrier Casing) later renovation and sealing
is much easier, and above all safer. In the case of both renovation and sealing, the additional costs incurred
in the case of new construction can be saved several times over. In purely cost terms, of course, this is offset
by the return on the higher investment costs.
Nevertheless, in most cases, the execution with a barrage casing will prevail, as this is the technically safer
way. So: Do the math!
When developing with a barrage casing, the gravel level can be measured at any time from the top and filled
up if necessary, which is not possible when developing without a barrage casing and sealing directly on the
extension casings of the screen string.
The gravel refill pipes, which are sometimes still "up to no good", - even with only 2 "- integrated into the seal,
have in no case yet fulfilled their purpose, namely to be able to check gravel and, if necessary, to refill it,
because they were already clogged during construction or later became ineffective due to clogging and the
like.
If relief screens are still provided in the extension casings within the barrage casings, this not only facilitates
regeneration, but also makes the operation of the well safer. Relief screens should be installed every 20 – 30
m in order to allow the water standing between the two casing strings to run quickly into the well in the event
of a high standing static water level SWL and rapid drawdown, without hydraulic external pressure (risk of
denting) being able to build up. Even if the SWL is low, relief filters should be installed around the first start-up
of the well to avoid external hydraulic pressure on the string. There are many opponents of the discharge
screens, but I think the advantages are obvious, and it should be considered at least once. Especially in the
solid rock, the relief screens are necessary because there may be water-bearing crevices above the lowered
water level. This water, when the well is in operation, must go down through the gravel pack (if there are no
relief screens there) and ochre the gravel.
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Then the performance of the well decreases, and the gravel behind the extension casings is neither
mechanically, nor chemically accessible (at least very difficult). This is a fact - proven hundreds of times in
practice - that simply cannot be ignored. In the loose rock strata, although the upper layers run empty down to
the lowered water level (lowering funnel), the gravel also clogs up. It is also not accessible during dismantling
(rehabilitation, sealing), and thus the auxiliary casings can only be pulled with increased effort and risk.
The cleaning of the upper annulus during rehabilitation (rehab) is also made easier by relief screens. It is
precisely this upper annular space that clogs up the most because there is a violent mixing of water and air
there. Also due to the fact that the water in this area is often only moved on and off, the omission of relief
screens is hygienically questionable. Short screens (e.g. 2m) can be installed here or so-called combination
pipes, which are cheaper, to be used. Here I have to disagree with the valid W123 (which recommends full
pipes down to the lowered water level), although I had a hand in it but couldn't quite get my way through.
In the case of barrage casings to be installed very deep (by 100m or more), the so-called "Lost expansion or
liner" should be considered. The overlap of screen string and barrage casing should be about 20 m - better
more - to give the gravel settlement sufficient volume. A built-in rib funnel (see W 123) with bayonet is
indispensable for gravel level measurements and any necessary gravel refills. It also makes it easier to enter
the screen string for measurements, for example television drives or geophysics, if the ribs are spaced
accordingly small.
Without barrage casing the extension is cheaper to manufacture, but I can only see the technical
disadvantages of this "primitive construction design".

The second question is "Which pipe diameter?"

• What amount of water and what lowering is expected? The pump-ø and the riser-ø are based on this. Often
a pump with a larger diameter is more economical and also more robust. The savings through economy
(electricity costs and efficiency) can be calculated. You can then decide on the diameter of the barrage casing
(if the pump is installed there) and the diameter of the screen string. The pipe in which the pump is installed
must logically be larger * than the pump diameter.

• Table * is valid for screening production wells
Pump-Ø

Larger*

Pump-Ø

Larger*

Pump-Ø

Larger*

up to 150 mm

+25
mm

150
to
300 mm

+50
mm

over 300
mm

+90
mm

If the water only flows from below to the pump, the flow velocity in the annular space of the motor / blind pipe
casing should also be calculated and taken into account. The guide values given in the table above can then
be doubled, compared to the motor / suction strainer diameter. If the speed is too high, the current can “break
off” there. This brings us straight to the blind casing: The pump always belongs into a blind casing, not in a
screen section!!! Therefore, always plan at least one, better two blind casings at a previously estimated
location for the pump.

• The barrage casing and drill diameter now result from the screen string diameter. If the expansion is lost,
the hydraulics in the lost screen string must be calculated (open inlet area and vertical flow). This means that
the amount of water coming through the slots of the screens can also flow vertically up the string. And that
without incurring any significant losses.
This results in the screen string diameter, from this in turn the drilling diameter in the productive part of the
borehole, from this the blocking tube diameter (but the pump must also go in, see table above) and finally from
this the upper drilling diameter .

• The barrage casing diameter is otherwise based on the screen string diameter, which means that the drilling
diameter can also be specified from bottom to top. The annulus (in well construction) for sealing should also
have minimum dimensions.
Largest barrage
casing ø
Up to 250 mm
(over sleeves)

annulus space

Largest barrage
casing ø

annulus space

2 x + 30mm

Over 250 mm
(over sleeves)

2 x . + 50 mm
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barrage casing

Without barrage casing

Screen string
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Liner screens

barrage casing

Screen string

• The API standards must be observed for deep drilling. Centralizers are essential for both the barrage
casings and the screen string. Recommended distance: 15 m to a maximum of 30 m. With small pipes casings
up to about 200 mm 4 arms are sufficient, with larger pipes the centralizers should have 5 or 6 arms.

• They must be so stable that they "survive" the installation on the one hand, and on the other hand do not
put undue stress on the casings in the event of a deviation from the perpendicular and thus put additional
strain on them.

• If monitoring screens have to be installed in the gravel pack, the annular space, and thus the bore diameter
for this, must be increased accordingly compared to the above table*. They should generally not be tied to
the screen string in the slotted area of the screen, but installed with spacers, as close as possible to the
borehole wall (Theoretically: Yes, - practically: How?) For example, it is impossible with auxiliary cased dry
boreholes). Ultimately, the monitoring string is used to measure the filter gravel resistance and its change,
which makes it possible to detect aging due to clogging etc. even before the bulk material subsides (see W
130). The monitoring string is not suitable for the installation of switch-on and switch-off electrodes!!!! These
electrodes belong into the screen section, i.e. on the pump riser, or even better, in a dip tube attached to the
pump riser. There the electrodes can be removed and installed separately from the pump. Note: Monitoring
screen strings in filter gravel rarely work, or at least not for long, because they silt up and/or become clogged,
like the filter gravel itself. They therefore often even lead to incorrect measured values.

• the hydrogeology has practically no influence on the determination of the drilling and screen string diameter!
(I hear the outcry here, too!) unless it is a water-bearing layer only a few decimetres thick. Filter gravel, and
even filter pipe, usually have a permeability greater than the rock in powers of ten!! If you don't believe it, do
the maths!

• There are hardly any advantages to increasing the drilling diameter, but it has the disadvantage of poorer
rehability. Other than that, it's expensive

• If the pump must be installed in the sump pipe , it is essential to surround it with a suction jacket. This
prevents the pump motor from silting up and thus not being cooled enough. The suction jacket forces a
deliberate flow diversion around the motor for better cooling. Otherwise the sump pipe is superfluous, even
harmful. The water in the sump pipe is never exchanged, so it is hygienically questionable. After all,
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sedimentation can also build up in the screens and be removed there from time to time. In the case of new
wells, the W123 even stipulates that the sump pipe should be omitted.

The third question is "screen type and material?"
In that order, hydraulically and fluidically
are the most suitable:
•
Wire wrapped screens (stainless or PVC)
•
Bridge slotted screens
•
Slot filter (e.g. PVC)
worst suitable:

•
•
•

Pre-packed screens
Adhesive gravel screens (without steel pipe)
Stoneware screens

The best material can be:
• Stainless steel, if it is adapted to the raw water and is transported and treated correctly
• Plastic, also GRP
•

The worst, most damage-sensitive material is:
Steel with a plastic coating

But it always depends on the treatment of the pipes and the installation conditions. For example, the excellent
stainless steel is worthless if it has not been processed correctly (pickling and passivation errors), or came into
contact with normal steel during transport and / or installation (this is where most errors occur.
See: Botch or specialist company - trained drilling staff or "converted" baker's apprentice).
In my experience, most of the danger arises from contact with normal steel during transport and installation
and that is on the outside. However, this external damage, is invisible upon the televised inspection. So the
well is apparently OK. Now, after 8 years, for example, prove to the driller that he has installed a hidden
defect!!! No chance!

The fourth question is "What kind of gravel?"
(See also 5. Chapter)

The gravel pack can have two different purposes, to keep out rock fissure or strata sand or/and to stabilize the
well. Once you understand that, you will automatically realize that loose sand & gravel wells should always be
gravelled.
Solid rock boreholes should only be gravelled if a borehole collapse is imminent, because why build in
resistance and cause for ousting if it is not absolutely necessary. So try to drill solid rock only with a barrage
casing and an open hole in the productive part of the borehole, or - to protect the pump against falling debris
- with a screen string without gravel pack. In several cases known to me from my practice, specific yield (Q
spec.) in the pumping test after gravel packing was only 1/3 of that before gravel packing. In most of these
cases, the graveling was removed again and behold: the old yield in the non-gravel well was back. The
explanation is simple: If there are many small crevices that "collect" the water, one can confidently pour coarsegrained supporting gravel (5,6 -8 or 8-16 mm). However, if there are only individual, larger fissures, the gravel
can penetrate into the fissures and logically "block them by 2/3". The latter occurs mainly in karstified strata.
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Requirements for the filter gravel:

• Always use quartz (silicate) gravel (smooth surfaces, monolithic and resistant to attack by water chemistry).
Local gravel would only be possible in limestone gravel, such as in the Bavarian Alpine valleys.

• As spherical as possible, and “einkorn” (one size corn) without undersized grain (all three conditions cannot
be met in practice except for the most expensive gravel). Not even the DIN standards can be met by the
German gravel suppliers, because the gravel has to be taken just as Mother Nature rounded it and deposited
it! However, this does not mean that you have to accept gravel that has too much undersize and/or non-quartz
content.

• In some cases it is even possible to use “glass beads” that can be produced today as a filter layer. The
advantage: The beads are absolutely smooth, round and evenly grained. The application of excretions to the
beads is made much more difficult. However the price difference maybe horrendous.

• only sack or big bag gravel is permitted! With all other, loose deliveries and storage, the risk of
contamination is far too great. A dead mouse in the filter gravel, a leaf from a neighbour's cherry tree, the
discharge of the dog that couldn't control itself, etc. can have devastating consequences.

• in loose rock the grain size is determined according to the most unfavourable sieve analysis (W 113, 114,
119). A vertically differentiated gravel fill is also possible, but has the disadvantage that when gravel is
deposited, the vertical gradation can slip unfavourably and become ineffective, sometimes even fatal. See
below!

The filter gravel bed has to fulfil three tasks:
1.) press the sand guide at least to the permissible level. (see W111 and W 119)
2.) enable well development and rehabilitation
3.) stabilize the well.

Sometimes it's like taking a shower without getting wet!!! If the aquifer is particularly fine-grained (less than 0.1
mm) and has a uniform shape, the first two conditions are usually impossible to meet. So you will sometimes
have to cut back on the permissible residual sand content of the W111 / 119 in favour of a tolerable level of
efficiency. (Water with sand or no water).
When adding the filter gravel, please note:

• Pour the filter gravel carefully and evenly, directly from the sack or bag, into the well annulus, if possible
via a small, clean pouring funnel, which, as with the hourglass, allows even, continuous slow trickling, thus
preventing bridging. Never open the Big Bag and put it in!

• Be careful when disinfecting with chlorine in combination with stainless steel!! Better to use other approved
disinfectants. Chlorine bleaching lye cancels the passivation of the stainless steel during longer dwell times
and subsequently leads to pitting corrosion.

• Continuous measurement with target and actual quantity comparison, e.g. to detect bridging immediately
and to be able to release it in time.

• Test sink speed in muds of different viscosities and spec. weight. Test weights, and take them into account
when weaning. You can proceed as follows: Start pouring and take your time. When the first gravel begins to
build up below, take your time again and hold on to the amount poured up until then. This is used to calculate
the sinking time and how much gravel is still on the way to the deepest section.
Both decrease evenly towards the top, so the sinking time becomes shorter and shorter. Especially with heavy
flushing (Arteser), it may be that the gravel does not sink at all due to gravity. It then has to be washed in.
There are several methods of doing this, which will be described later.
Example:
At a depth of 100 m, the first gravel reaches the bottom after 12 minutes. Up to then 800 litres = 0.8m³ of gravel
had been poured. So there are still 800 litres on the way, which with a calculated 400 l / m annulus volume
would have to build up around 2 m. If now, e.g. in the case of a lost extension, the gravel is to be poured
exactly to - 70m, at a depth of approx. 70m there would still be 12 min x 0.8m³ x 70/100 = 6.72 minutes, or 800
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ltr x 70/100 = 560 ltr gravel built up. That means: 560 l : 400 l / m = 1.40 m would build up in 6 ¾ minutes. So
you have to stop pouring and measuring already at a maximum of -72m gravel level. The actual remainder
can now be defined and safely refilled. I would stop at - 75m, because the above calculation assumes an even
pouring. I would be on the safe side with that. However, this example does not exempt one from measuring
over and over again while continuously pouring gravel and from checking the calculation. There can be
scouring and - worse still - borehole constrictions “on the way”, and then it is quickly overfilled.

• with fine gravel beds (2 - 3.15mm and smaller) continuous filling must be carried out. Interruptions, e.g.
overnight, even during break time, lead to deposits of undersized grains and suspended particles - similar to
filter cake - and form a counter-filter on the gravel. The result: The gravel is almost impermeable vertically at
these points. Should it be necessary to interrupt the process for compelling reasons, e.g. to pull auxiliary pipes,
the point of interruption should - if possible - always be located in a screened section. This is the only place
where the settling can be removed during development and the vertical flow can be restored.

• Important: During caking and at the beginning of the development process, the screen string is subject to
considerable compressive stress. It must be hung up otherwise the compressive stress will act on the screen
string. The string could not withstand this and would collapse if not hung up. Suspended in a controlled manner,
the compressive stress becomes tensile stress. It must be possible to measure this with a drillometer or similar.
If the tension becomes higher than about 30 to 60% of the pipe string weight in water, slackening is required
(observe the permissible tensile stress of the string!)
The string can be set by several decimetres for a 150m deep borehole!! Therefore, the hole must always be
at least 1m lower than the filter floor hangs at the beginning.

• At great depths (a few hundred meters) and / or very fine filter gravel, e.g. 1.0 - 2.0 mm and even finer, the
filter gravel can also be flushed in. A simple method is to build a 2”-sink pipe into the annulus. At the top, the
line has a funnel that is hung just below the mud level. The funnel and pipes must be suspended from the
rope, movable up and down. Now slowly (to avoid clogging) begin to sprinkle gravel.
Due to the fact that the spec. weight now in the 2" line, increases by charging with suspended gravel, the whole
thing starts to suck over the funnel and thus automatically flushes the gravel down, and constantly sucks over
the edge of the funnel new mud with the gravel poured into it - without a pump.
The speed of the flushing in can be regulated via the rope and the possible immersion depth adjustment of
the funnel.
The lower mouth of the 2 ”pipe must of course always be a few meters higher than the gravel level in the
annulus. Calculating and measuring is just as necessary here as described in the example above .
In extreme cases (e.g. thermal water deep boreholes), the filter gravel has to be flushed in with service
companies. I do not want to go into this in detail here.

Double and depth-differentiated gravel fill:
(a ghost still haunting the old walls!).
These double or even triple gravel piles, still do their mischief in some unteachable minds. In the W 123
SPECIALISTS finally have been able to agree that the triple is no longer mentioned at all, and the double
should only be considered if there is no other way at all. In practice, such cases no longer exist, since wire
wrapped screens were introduced. With these, the slot width can even be reduced to 0.2 to 0.3 mm (if the
inflow hydraulics in the well allow this - and it usually does), so that filter sand 0.4 - 0.7 mm - i.e. the finest filter
sand theoretically still conceivable in well construction - can still be poured (in practice, no smaller than 0.7 1.2 mm is poured!).
Whoever says otherwise, let them do the math!!!
(See also Chapter 5 "Efficiency")

Gravel fill with differentiated depths
It's unbelievable!
I believed, when I wrote the first version of this book in 2006, that the level-differentiated gravel fill had long
since been buried. There is even a German consultant in 2013 that planned this nonsense and had it carried
out. Even more so for wells with only about 27m depth and - to crown it all - partly with FOUR vertical depth
gradations on just under 15 m aquifer thickness. It can't get any worse!
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That gives me reason to consider the matter:
Nowadays (i.e. for decades!), the grade-differentiated gravel fill is as superfluous as a goitre. After all, you
have excellent wire wrapped screens where you can choose the slot width as you like. In practice, this means
slot widths of 0.4 mm upwards in tenths of a millimetres. That means filter gravel grain size from 0.7 - 1.2 mm
upwards. Smaller gravel fills are extremely rarely useful in well construction, because the "effective grain size"
of the rock would have to be less than 0.2 mm according to the sieve analysis. A well usually doesn't make
sense at that location, right?
If a differentiated gravel pack appears to be unavoidable, then only at well depths of around 100 m and deeper,
and then there MUST still be - from the layer structure - sufficient settlement distance between fine and coarser
fill. In such cases, however - because the layers in the settlement distance must be sandy-clayey - there are
usually two different aquifers, which, according to DVGW W 123 and common sense SHOULD not be
contained in one well . So here too the question arises of two wells of different depths that capture the two
layers separately.
In terms of flow, it is also certain that in well operation only the coarser aquifer is loaded and the finer one
simply refuses to operate. This has often been shown by flow meter measurements.
However, if it is still necessary to fill differentiated by level (in perhaps a case of thousands!), then there must
be a need according to sieve analyses for the fill grain sizes to be at least two grain levels apart. For example
1.0 - 1.2 mm and 2.0 - 2.15 mm. If this is not the case, it makes more sense to use the finer grain size and slot
width of the filter throughout . How can I say that? Of course: The permeability (k f) of the finer filter gravel is
still larger in powers of ten than that of the surrounding strata sand. One could possibly still go with the slot in
the coarser layer area of the strata to the largest still justifiable width.
If someone doesn't believe that, he should do the maths!
(See also Chapter 5 "Efficiency")
Afraid of fine slot widths? - Unfounded!
With fine slotted wire wrapped screens, you don't have to worry about them not letting enough water through.
To put it simply, it is still several times of what the fine strata sand lets through (k-value)!!
For example, with a screen Ø of 300mm and 0.5mm slot size and an entry velocity of 30mm / sec at Profile
350, the screen capacity 13.7 m³ / h (3.8 l / sec) per meter of screen length (Source: STÜWA). With a filter
length of only 10 m, you can still extract up to 38 l/sec. The wound wire filter suppliers have tables for this. So
this clearly shows that double gravel fill is no longer necessary.
Important to note:
The sand transported during developing must pass through the filter gravel and through the slots, otherwise
there will be blockages. The error can therefore only be made by incorrect matching of the desanding grain
size, to the filter gravel grain size and to the slot width. The better the sieve analysis of the strata sand, the
better this coordination is possible!
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Calculation of the filter gravel grain size according to W113 (Example No 1):
I’m sure there are special sieve analyse rules in your country available!
Formula: Ds = dg x Fg

Ds = Loose grain
dg = Grain diameter of the soil at the turn of the curve
Fg = Filter factor depending on U,

U = 60/10, Fg = 5 + U for 1<U5, Fg = 10 für U 5

For example:

10% = 0.15mm, 60% = 0.35mm, U 60/10 = 0.35: 0.15 = 2.3
i.e. less than 1 - 5, i.e. 5 + U
Fg = 5 + U = 5 + 2.3 = 7.3
Dg = 0.23 - 0.35 (the truth will probably be around 0.30)

Ds = dg x Fg = 0.23 x 7.3 = 1.68 mm or 0.35 x 7.3 =2.56 mm

So the right filter gravel will be 1.00 to 2.00 mm with extreme caution,
or 2.00 to 3.15mm with some self-confidence.

One thing is certain:
The 2.00 to 3.15 mm can be sanded more thoroughly. It will take a little longer, but the well will certainly be
more efficient, it will not age as quickly and it will also be easier and more sustainable to rehabilitate later.
Under the most unfavourable circumstances, the submersible-pump must be controlled with speed control in
order to reduce possible start-up sand flow. This is common practice today in favour of a better well.

Another calculation example No. 2 (red curve), based on W 113, but much more difficult, is given
here:

In example 2:
10% = 0.15 mm, 60% = 1.5 mm, U = 60/10 = 1.5: 0.15 = 10
i.e. greater than 5, therefore (randomly) Fg = 10*
Dg = 0.23 to 1.0

Ds = dg x Fg = 0.23 x 10* = 2.30 mm or 1.0 x 10* = 10.00 mm

Now it gets difficult, so the mind is called for!
Alt. 1. If you choose 2.30, this would result in a filter gravel of 2.00 - 3.15mm and you are on the safe side
when it comes to the sand flow. However, the well will tend to clog when it is desanded and later to age more
quickly.
Alt. 2. If you select 10.00, this would perhaps result in a filter gravel of 8.00 - 16.00mm. The well would have
to be desilted for a long time and possibly never be completely free of sand.
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Alt 3. If you go to a grain group smaller than 8-16, namely to 5.6 - 8.0mm, you would have to desand all
grain below 0.7mm. According to the sieve analysis, this would be approx. 27% (which is critically close to
the upper turning point of the curve). That's a lot - maybe too much!
Alt. 4 If we go back to the next smaller grit group, namely 3.15 - 5.6mm, we would have to desand all grit
below 0.4mm. According to the sieve analysis, this would be approx. 23% (but now near the lower turning
point of the curve). That sounds most plausible.
Alt 5. Looking only at the upper part of the curve (drawn in green), from about 0.5mm, the result is:
10% = 1.0, 60% = 3.0, U60 / 10 = 3.0 Fg = less than 5
ie 5 + U, hence 5 + 3 = 8.0
dg = 1.00mm to 2.00mm
Ds = dg x Fg = 1.00 x 8.0 = 8mm
2.00 x 8.0 = 16mm
You are faced with the dilemma 8.0 - 16.0mm, as with Alt 2
So you will - if you are careful - opt for Alt 4: 3.15 - 5.6mm. If you have courage - or rather: If you take a risk you take 5.6 - 8.0mm.
However, it would be advisable to take a look at the reports or to talk to the drill master. What use is the most
beautiful calculation if you do not know enough about the sample and how the soil samples have been taken!
A sieve analysis is only as good as the soil sample taken. Besides the mistakes that can be made during the
sampling itself, there are often geological backgrounds that can lead to misinterpretations. The sieve curve
should give an expert pause for thought, if only from the visual point of view.
Since samples are normally only taken every meter, or when the shift change is clearly recognisable, this
sample (curve) may represent a purely random result - just on this drill section of maybe only 5 cm thickness.
However, the graveling of the entire well will certainly not be geared towards this!
There are so-called "sandwich layers". These are thin (in the centimetre range) fine-grained layers that are
embedded between coarser ones. However, this is not evident during sampling, regardless of the drilling
method and sampling technique (except for core drilling). At first it is believed that it is a two-grain layer. One
must now see if such an unusual curve, a meter or two above, or below, is repeated. For this control sieve
analysis, the contents of the compartment boxes or sample bags (approx. 1 dm³) are sufficient, because - in
retrospect - no proper sieve analysis sample according to W 113 is available.
If the subsequently made sieve analyses are similar, it can be assumed that there is no sandwich layer.
According to Alt. 4, you should then pour gravel with a maximum of 3.15 - 5.6 mm.
If there is no similarity, i.e. the sample curves are completely different, it is most likely a local event of one
sandwich layer. In this case, I would bridge this zone with a solid casing five to six meters long, and pour three
to four meters of gravel 2.0 - 3.15 mm in this solid pipe area. The filters above and below, on the other hand,
should be poured with the calculated grain size. But that would also be the only case in which depthdifferentiated pouring makes sense.
It can therefore be clearly seen that such double S-curves are not that easy to assess.
So: Think - ask - rule out - interpret - and only then decide!
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Flushing in filter gravel

The fifth question is "Which seal?"

My basic principle is that: In wells only cement-based sealing should be used.
Spherical clays, lump clays, swell clays etc. have no place in a well because they can be flushed out by the
movements of the water level and the flowing of the water. Settlement then occurs.
Often enough, geophysical series of measurements revealed that clay seals in wells either no longer existed,
were shortened or had slipped completely.
Usually, the clay seals are at least disturbed already during the development of the well.
It is different with monitoring wells. Bulk clays can be used here. You only need to be careful when developing.
With narrow annular spaces, however, the risk of clogging is great! The safest thing to do, even at monitoring
wells, is a cement-based seal. However, it may hinder the dismantling later on.
Now for the different mixes, the application methods, etc .:

• Mixtures of:
dry bentonite - cement - water
Cement - water
Insulators - water
Insulators - cement - water
Clay flour - cement - water

are common.
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The pure cement mixture begins to solidify after 3-4 hours, i.e. the pumping process must be finished after 2
½ - 3 hours at the latest. Adding bentonite and twilight (first into the water) delay the solidification by approx.
1 - 3 hours or more, depending on the proportion.
They also counteract the formation of shrinkage cracks during setting and push the peak of setting heat
development downwards, which is important for plastic pipes.

• Insulator is questionable as it can often influence the pH value and conductivity of the water over the long
term (manufacturer's information). Besides, you don't know (and often neither does the manufacturer) exactly
what's in it. It is a little different with cement, where the “harmful” components are almost completely bound
The mixing ratios are variable. Only 2 to 3 kg of bentonite per m³ of water should be added, otherwise complete
setting and solidification may not occur. The spec. weight of the finished mixture should be between 1.6 (very
thin) and 1.85 (almost no longer pumpable). The mixture must be mixed with compulsory mixers, and without
lumps. Careful volume control must be made a requirement by means of defined volumes with a measuring
scale on the stirrers. If service companies are used, a premix tank must be prescribed for it. So-called
"hoppers", i.e. nozzle mixers, do not allow precise control of the mixing ratio and the amount actually pumped!

• If, for example, a service company has measured the pumping rate using the pump stroke rate, this
measurement is questionable. (See diagram). Sucking occurs in the injection line, the valves of the pump no
longer close and more is sucked through the pump than the stroke rate measurement indicates. This is not the
case when measuring via inductive water meter.

• The injection pump must never suck air, as air bubbles in the seal can be fatal.
• Note: "Do not trust a service company, they are at least as reckless as you" ☺. Discuss the exact program
with the service company beforehand, point out any dangers, have it recorded and signed. In plain language:
Make the service company responsible for their job!

• The cement quality must be adapted to the chemistry of the water.
• There are three different methods of insertion, two of which are shown below in the form of procedural
sketches at the end of this section.

• Keep reserve samples covered with water or mud on top, check for time of solidification and record. Please
take into account, however, that other pressure and temperature conditions prevail in the borehole, which can
shorten or lengthen the setting time!!

• Cementation, and especially when drilling out cement, disrupts the mud quality or breaks it down!! The mud
can be regenerated, however, with the addition of chemicals or similar (e.g. citric acid, premixed in the agitator
with water). Temporary microbial contamination often occurs. You don't have to know everything yourself, so
you shouldn't be afraid to ask a mud specialist "down to your shirt".
Examples:
➔ In the grouting lid process (Method V) the grout line must be flushed free of cement suspension at the
end of the cementing process, i.e. when the cement emerges from the annular space, by pumping a defined
quantity of water. The defined amount of water is equal to the content of the injection pipe, plus a maximum of
half the content of the cement deliberately left in the bottom of the barrage casings (approx. 1 m above the
casing shoe). On the one hand, the injection line should be completely free from cement suspension, on the
other hand water must not get behind the casings, otherwise no proper cement foot can develop on the casing
shoe. The seal has worked if, on the one hand, the grouting pipes are free on the inside and, on the other
hand, approx. 1/2 m of cement sealant still has to be drilled out of the casings later (plumbing and recording).
It's not that easy!! In practice, it has proven useful to make the lower 20 m of the injection line in redrillable
PVC for safety.
If these are accidentally partially cemented in, they can be torn off and the part stuck in the cement can be
easily drilled out. The disadvantage of the PVC pipe, however, is that the drilled material is interspersed with
PVC parts and would therefore have to be disposed of separately.
Caution: This process is only possible if there is no loss of mud and thus the barrage casings can be filled
with mud / water (almost bubble-free) up to the lid!!!! Otherwise, a compressible air cushion is created under
the press cover, which prevents correct pressing.
➔ Grouting through a foot valve with stab-in-adapter (Method S): Normally, the grout is rinsed out first,the
foot valve closes, and then the grout line can be flushed. However, if the foot valve does not hold tight - which
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happens now and then - on the one hand, it must remain in place until the cement begins to settle, but on the
other hand, the injection line should also be flushed clean.
Therefore under the foot valve should still be at least. 1 m of casing as a buffer, so that no water can get behind
the casing shoe when flushing the grout line in the inserted state, and the grout line can still be flushed free.
In particularly critical cases, cementing can also be carried out with two valves, namely with a foot valve and
about 5 m above it with another valve with a stab-in-adapter. One of the two valves will close.
➔ Grouting directly in the annulus with injection pipes is only possible with a sufficiently large annulus,
shallow depths and for re-cementing. The injection pipe mouth must (should) always be in the cement, even
when it is raised, in order to avoid the formation of water or air bubbles in the annulus cement. The individual
permissible cementing heights (to avoid denting) can be calculated. You just have to wait 5-8 hours with the
next batch (level). This is because the last batch is then safely solidified and no longer acts as "bulge
pressure" (see below) on the pipe.
➔ For grouting, use pressure- and suction-resistant hoses. Why? The typical pressure curve, caused by
changing specific weights in the injection pipe and in the annulus at different times, is shown in the sketch
further below.
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Injection pipes

stab in adapter unit
stab in adapter unit

➔ Air must never be allowed to enter the system during cementing, otherwise there will be air bubbles in the
cementation and, in the worst case, explosive degassing may even occur in the annulus. That is why the
mixers must never be sucked completely empty and all lines, especially the suction line, must be 100% tight.
➔ If, e.g. in the case of using barrage casings drilling continues after the seal has been applied, a hardening
pause of at least 24 h must be observed . Wait at least 48 hours before developing or attempting to pump,
better still more. Although the seal has solidified well in advance, the mechanical strength is not yet given to
withstand the stresses of drilling and/or developing.
➔ The height of the seal to be applied in one go depends on the maximum permissible denting pressure of
the pipes.
So calculate beforehand!!
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Simple calculator formulas for steel - casings for this are:
(You should have these formulas in your head!)

formula 1
➔ from the basic formula of buckling pressure:
H crit. = 40 x s × 100
D.

(

) ³ [m]

formula 2
H perm = H crit. X sf
(ya - yi)
Attention!
Use millimetre or meters in the formula no. 1. Multiply the result by 3,28 ft/m to get the result in feet

H crit = Critical heigth
H perm = Permissible cementing height in meters
s = Wall thickness of the casings in mm
D. = Outer diameter of the casings in mm
sf = Safety factor 0.4 to 0.7, depending on the degree of roundness and the wall thickness of the casings.
Sleeves have a stabilizing effect as knots, i.e. more in the direction of 0.7

Use meters, millimetres and kg/dm³ in the formula No 2. Multiply the result by 3,28 ft/m to get the result
in feet

ya = spec. weight outside (in the annular space casings / borehole)
yi = spec. weight. Inside (in the casings)
The steel quality (strength) of the casings does not play a significant role in our well construction stages and
is therefore not included in the formula.
The external pressure is determined by the different spec. weights of the inner filling (water 1.00 or rinse 1. xx)
and the outer cement suspension (1.6 to 1.85). The pumping pressure must also be taken into account in
procedure (S). In addition, the pumping pressure plays a role when pumping is carried out very quickly, i.e.
with a large amount, and when the mixture that is injected first starts to solidify at the top because the pumping
time is to long. So think beforehand.
Caution: A drop in the mud level inside the casings below ground has devastating consequences!
The casings should always be fully flushed when cementing stinger. If this is not the case, the height differential
pressure (inside to outside) has to be added!!
With grout lid cementation (V), the internal and external pressures are the same and therefore do not play a
role, but with stinger cementation (S) they do.
There are also those pre- and post-plug cementation, which is not used in classic well construction. A
description is therefore dispensed with.
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• PVC - pipes should only be sealed with insulating material or cement with low heat generation. Otherwise
plastic deformation will occur!! Since the above formula only applies to steel pipes, it can not be used for PVCpipes. For PVC pipes, H.perm is about ¼ of the Hperm of steel. But I wouldn't rely on it. The PVC pipe
manufacturers have tables for the indentation impressions of their pipes, which should also be included in the
new DIN 4925.

• Danger:
If the annular space is cemented with lances and the casings are open at the bottom, it may happen that
water pressure horizons separate when the first mixtures are introduced and the water level in the barrier
casing drops. The latter must be avoided by filling up immediately.
It is best to let water or mud run continuously into the casings (overflow system, known as a trip tank in deep
drilling) in order to prevent unexpected and sudden sinking as far as possible. Extreme caution is required if
there is a risk of separating water horizons.

• If a seal is made in the annulus (without a barrage casing) directly on top of the filter gravel, the filter gravel
is to be applied before the counter filter (gravel - sand - pad) is placed for the purpose of settlement,
otherwise the seal will hang in the "air" when the gravel is later placed. Despite the pistons, this can
unfortunately never be completely avoided. Settlement still occurs, especially when the wells are being
developed and when the wells are being rehabilitated even though the pebbles and sand pads were pistoned
before the padding. The gravel - sand cushion should be installed in a graded manner down to 0.4 - 0.7 as the
top layer.
Sand with 0.4 - 0.7 mm can be poured on gravel 3.15 - 5.6 mm. If the gravel is coarser than 3.15 - 5.6 mm,
one more step must be poured in between. The injection pipe must be at the bottom and only have openings
on the side otherwise the sand from the gravel-sand cushion will be whirled up by the jet spraying vertically
downwards and cement will get into the filter gravel below.

• When sealing the barrage casings float up (Difference of spec. weight inside and outside) So calculate
beforehand and, if necessary, secure the pipe string against floating.
See: W118 / 123

Chapter 3.
Breaking drilling mud and dispose of it

First, it must be pointed out again that the pouring of the filter gravel should take place without interruption if
possible. Of course, this is not possible with auxiliary-cased bores. With every interruption - during a pause,
over night, over the weekend, etc., a natural gravel-sand cushion and filter cake forms on the gravel that was
poured last, as already mentioned. If these areas are also behind full pipes, they can no longer be reached
and destroyed at all during development. On top of that, when the water level drops rapidly, they cause external
hydraulic pressure even on the screens.
When pouring in heavy and / or highly viscous mud, the bulk density is extremely loose, especially with fine
filter gravel. Bridging as well as strong and jerky settlements are the result during development. The sudden
settlement can lead to a collapse of the screen string!
Also not to be neglected is the fact that the gravel that is on its way down increases enormously the spec.
weight in the annulus. Now screens turn from a hydraulic point of view - temporarily "into full pipes”. This
happens because the mud does not come quickly enough vertically through the filter gravel that has already
been deposited to the next screen and because the gravel that is still in suspension acts like an extreme
weighting of the mud. External pressure then arises which can lead to indentations. So do tests in a container
beforehand to know about the sinking speed of the gravel and thus also have an idea of how much gravel is
still "on the way".
It can often take hours for fine gravel (e.g. 2.0 - 3.15 mm) to sink to -100 meters. So don't open the big bag
and let it rush, but try to sink it, measure it and then still let it trickle slowly. Even if it takes longer, it's worth it.
You can also determine the rate of descent by pouring so much gravel that it should be in the first or second
screen from below. Then wait until nothing builds up anymore. Then start pouring, constantly measuring,
waiting until the first gravel begins to measurably deposit. This time is the settling time at the corresponding
depth. It naturally decreases linearly (evenly) towards the top with decreasing depth.
Some consultants, before silicification, require a mud exchange in the bore, i.e. to replace the mud
contaminated with fines and clay with a new one. This is correct if the mud has not already been treated by
desanders (screens, cyclones and possibly centrifuges) during drilling. However, mud “thickened” by clay
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cannot be cleaned not even with desander. The only thing that helps here is to replace it with, or after, the
drilling work is finished.
Such measures must always be remunerated separately. Corresponding items are to be provided for. At least
they must be clearly required not hidden somewhere in the preliminary remarks.
Once the well has been developed, the mud must be broken before the well can be developed, regardless of
whether it is after replacement or treatment.
This is done by lowering the pH of the mud in the well. Swabbing the screened sections with the addition of
pH-reducing agents, such as hydrochloric acid, is well suited for well construction. But there are also special
products for this on the market. The mud service company or mud suppliers should be asked about this.
These measures require approval but are very, very useful!! Of course, immediately after swabbing, with a
compressor or subm. pump, the treated mud must be pumped out gradually from top to bottom. This
process can go hand in hand with "partial desanding" if it is used.
The ETSCHEL JET Master® is actually best suited for breaking mud, especially if pH-lowering agents can or
may be added to the water in the well.
It is therefore possible to save costs by breaking mud with the ETSCHEL JET Master® using the HPIProcess® and at the same time run the entire development program together. This is currently THE
MOST MARKETABLE AND EFFECTIVE DEVELOPMENT METHOD.

Disposal:
It is clear that the mud cannot simply be pumped into the “prairie”. It must be disposed of properly. This is also
to be paid for separately. Whether the mud can be diluted, disposed of through local sewers, landfills, fields,
or forests cannot be answered in general terms, but must be determined on a case-by-case, on-site basis. In
many cases this cannot be clarified when the offer is submitted because many disposal companies want to
know the actual composition of the conditioner, i.e. its ingredients. Unfortunately, the detergent manufacturers
are not very cooperative, they just like to sell.
However, drilling contractors may well be required to provide a mud balance sheet. This includes - daily or per
shift - logging:
Amount of conditioner applied,
additives used according to type and quantity,
Mud losses or increases, for example when an overflow occurs
discarded amount
Share of the mud contained in the discarded cuttings
On the basis of this mud balance, the disposal can be better controlled and "black disposal" prevented.

Chapter 4
Developing and pumping tests

The sixth question is: How is a water well (borehole) developed?

The correct and complete development of a well is one of the most important conditions for the optimal usability
of the well and already lays the foundation for delaying the first rehabilitation. Saving in development means
wasting energy later and having to rehabilitate earlier than necessary.
For as long as I've been involved in building wells, everyone has been arguing with each other and with
themselves whether to start gently or with force.
In the normal case (if you don't use the ETSCHEL JET Master® straight away) I would recommend taking the
following steps in sequence:
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• Swabbing the filter sections (entire well) until the filter gravel no longer settles. Here, too, the dispute over
whether to piston the entire well in stages or all at once is as old as swabbing itself. I recommend to swab in
sections from up to down (W119) ("you don't clean a staircase from the bottom to the top"; said the "water
popes" Mutschmann/Stimmelmaier!). With this method, the gravel, which has already been pre-cleaned from
undersized grain, mud residue and rock sand, can always settle from above. swabbing is an essential (except
when using the ETSCHEL JET Master®) development method, and very effective on top of that. During the
first few strokes, large and unpredictable tensile stresses arise on the hung up screen string. It is essential to
have these tensile stresses under control, for example using a drillometer. With deeper wells, the filter rod
subsides by a few decimetres due to slackening. The tensile stress should only ever be allowed to rise to a
level where the pipes and joints are certain not to suffer any damage.
High compressive stresses on the unsuspended filter string are most damaging; they lead to buckling and
denting.

• 2 - 6h

slow / tender

break and pumping out the mud (if present). Can also be useful before swabbing.
•

3-10h

gentle at first, but then brutal

Swabbing
•

20 - 100h and more

•

partial desanding between packer disks or foam packers, also from top to bottom, with 2 – 3 m disc
spacing, until each stage conveys less than 0.1 cm³ of sand (= 1.5 g) per 10 ltr sample.

Overload

There is a basic rule for partial desanding: The panes should, if possible, always sit in a “casing area”, in a
not slotted area of the connection or the slot-free central weld seam (this is especially important wire wrapped
screens!!). Since the screens are usually 2.50 m or 3.00 m, 5.00 m or 6.00 m in length the disc spacing is
actually already given with 2.50 m resp. 3.00 m .
The disc spacing is in a certain ratio to the flow rate of the pump used.
Example for calculating the pump to be used:
Expected well output: Q well = approx. 200m³ / h = approx. 56 l / s
Total built-in, active * screen length: L = 40m (only slotted area)
Distance between panes: S = 2.50m (see above)
according to W119: quantitative 5 ** -fold overuse when desanding
Q per m = Q well : L = 200m³ / h : 40m = 5m³ / hm

Q pump = S x Q per m x 5 ** = 2.50m x 5m³ / hmx 5 ** = 62.5m³ / h = approx 17 l / s

What is the active screen length?
Basically, this is the sum of the screen runs that lie opposite to the productive layers (e.g. sand / gravel). If
impermeable layers (e.g. clays) are piped with screens, these count not towards the active filter length, as do
the previously mentioned "relief filter"
However, it is best to:

• instead of pumping out, swabbing and partially desanding, use a more modern method, e.g. the HPIProcess powered by ETSCHEL JET Master®, while simultaneously pumping out a multiple of the treatment
water which is pumped in during the process. With this method, the sand content must be reduced to around
0.2 to 0.4 cm³ / 10ltr. The ETSCHEL JET Master® - development is the best development method currently
on the market and can replace all of the above-mentioned procedures ( see DVGW W 119).
5 - 8pm

Can be increased from tender to brutal
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Important notice:
In particular, I would like to refer to the W111 corresponding manifold with extraction tap and the correct
extraction devices according to W119. The fact that the small sample pipe has to sit eccentrically 25% of the
diameter of the elbow pipe has been refuted by series of measurements. It is correct to arrange it in the middle.
Of course only a few examples are shown for the extraction devices in the W119. There are of course other
devices recognized by courts and experts, such as, for example, the measuring sections developed by
ETSCHEL Brunnenservice GmbH for the ETSCHEL PUMP Master® whose correct measurement results
according to W111 have been proven in test series.
It is important that the extraction quantity "Q" is matched to the total delivery quantity "Q" in such a way that
the flow speed in the delivery pipe roughly corresponds to that in the extraction pipe.
This is not that easy to achieve in practice, because when the tap is turned on, the total delivery rate changes
in the range of 5 to 10%.
This is particularly noticeable with electronic data monitoring. With the device (W 111/119) developed by BauABC, Rostrup, this small error does not exist. But it is not that serious and does not cause any problems for
the experienced evaluator of the PV.

Seventh question "How to carry out the Pump Test ?"

Here I can refer to W111 with a clear conscience. There is not much to add to this.
Planning the pumping test and writing it out correctly is the responsibility of the consultant and not that of the
drilling company.
When it comes to the “farmers well”, the only thing that interests me is what I can extract, can I cover my peak
requirements, and how do I design the pump and pressure vessel. A short pumping attempt of 12 to 48 hours,
light solder and measuring box measurement is sufficient.
In the case of municipal and industrial wells, large waterworks and exploration measures, water management
and hydrogeological issues play an essential role. The pump tests are much longer here, and the data should
now be recorded and stored electronically, e.g. with the ETSCHEL PUMP Master®.
It is an erroneous view that the PT should be repeated if it is interrupted - e.g. by a power failure or a pump
failure. It is only important that the rise in wells and measuring points is measured and recorded immediately
after failure. It is further important that the pump has a fully closing check valve!!! At the ETSCHEL PUMP
Master® the measurement takes place automatically. It is problematic by hand, unless you have an acoustic
warning system in the event of failure and you start the measurements as quickly as you can. This is important
because the first few minutes of the ascent are particularly important. (See measuring intervals according to
W111)
Sand flow / residual sand content:
After the release of the new W 119, there are two operating states, each with its own sand-free status:
A clear distinction is made between the permitted residual sand content under switch-on or quantity change
and continuous operating conditions. Both requirements must be met.
W 111, sheet 37 says:
Two operating points of the pump test are decisive for the assessment of the technical absence of sand in a
well:
1.)
The sand content under the influence of switching on ** the pump or the change in the volume flow.
This is 15 gr / m³ or approx. 0.1 cm³ / 10 ltr (in the Imhoff funnel) of pumped water. For 1.) the measurement
is taken when the 1 ½ times the riser pipe content has been pumped.
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2.

The sand content in continuous operation after at least one hour * constant pumping.

The following values (2021) apply for this (according to W 119,):
Requirements for the
well (Section 11, W
119)

Solids content with
longer pumping *

Solids content
during shocking **

high

0.1 ml / m³

1.0 ml / m³

medium

1.0 ml / m³

10.0 ml / m³

low

2.0 ml / m³

20 ml / m³

When developing / desanding with the ETSCHEL JET Master® (W119) you will have to define a value yourself,
depending on the delivery rate of the U-pump. Normally it is 0.2 to 0.4 cm³ / 10ltr water (termination criterion).
This normally always results in less than 0.1 cm³ / 10 ltr - without nozzle operation.
To make a pumping attempt without thorough development would be fundamentally wrong. The W111 must
be read carefully and also followed.

Chapter 5
Efficiency of a well.
The efficiency of a well shows - to put it simply - the ratio of what the well could yield with optimal development
and 100% percent development to what it actually yields.
From a purely scientific point of view, this is not entirely correct, but for me it is not so important to bring in a
formula here, with which one can usually not even calculate due to missing values.
Correctly arranged measuring points, reliable measurements and some more are necessary to be able to
calculate the "real" efficiency. However, these conditions are usually missing, - so I will limit myself to
describing the mistakes that can be made to push the efficiency down and thus increase the energy
consumption.
Errors that reduce efficiency are:
1. Too small slot width of the screens in relation to the filter gravel grain size. The grain that the filter gravel
still lets through must pass effortlessly through the slots so as not to clog them. This means that the slot
width of the screens must be between 1/4 to 1/2 of the average filter gravel grain.

Filter gravel mm

Slot width mm

Filter gravel mm

Slot width mm

3.15-5.6

1.00 to 2.00

2.00-3.15

0.6 to 1.25

1.00-2.00

0.4 to 0.75

0.7 -1.2

0.25 to 0.5

In the case of gravel 0.4 - 0.7 mm, which occurs extremely rarely in well construction, the slot size can be 0.2
mm (see chap. 2 "What kind of gravel fill"). Then the filter gravel grains, which are not quite round, will not be
able to block the filter slots, and sufficiently large gusset spaces will remain open.
For high-performance bridge slotted screens made of stainless steel, with a slot width of 1.0 mm, gravel of 2.0
- 3.15 mm can be poured. If the filter gravel has to be less than 2.0 - 3.15 mm, you have to switch to a wire
wrapped screen. Sometimes gravel 2.0 - 3.15mm is also poured onto normal bridge slotted filters with 1.8 to
2.0 mm slot size. This is possible if there is no other choice, but it is very questionable because many gravel
grains with 2.0 mm, especially if they are flattened, i.e. not round, jam in the slots, and there cause a strong
reduction in the free passage (internal colmation). Also, a not inconsiderable amount of the gravel will be taken
out again here when developing.
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2. Much too fine filter gravel. In this case, the filter gravel clogs at the borehole wall with sand and silt parts
(external colmation). In the worst case, a secondary filter cake forms during development and operation.
This construction error is usually irreparable. Just as one destroys the secondary filter cake through
rehabilitation measures, however, it immediately rebuilds itself during operation.
3. Insufficient or incorrect development: A well is only properly developed when all the drilling mud (down
to the bottom of the well!) has been extracted, the filter cake (skin) has been destroyed, as far as technically
possible, and the operating water level can no longer be improved (pushed up) by intensive development
measures at maximum extraction rate.
If this improvement can be achieved, but it collapses again shortly afterwards, this is usually a sign of a
construction error, such as incorrect selection of the filter gravel grain size in relation to the existing sand
or too small a slot width (especially with wire wrapped screens). Both of these mean that the filter gravel
or the slots in the filter clog up again immediately.
grain size
Bridge slotted screen

Wire wrapped screen

S = slot width
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Chapter 6
Geophysics in well construction

The development of geophysical measurement methods is rapid. Therefore, only the state of knowledge 2016
can be explained here. In the meantime a lot has changed again. The current version of W116 must be
observed.
There is not much to add to the W 116, except that it is also slightly getting on in years.
Nevertheless, I would like to make a few timelessly important comments.
Cementation controls: CBL alone is usually not enough.
The CBL only shows the connection of the cement to the casings and conditionally also to the strata - nothing
else! A CBL can show very uneven connection quality, and still the seal is fully functional.
The CBL here Gamma-Gamma and Neutron-Neutron (Density, i.e. specific weight of the backfill and water
content) must be added to. Only all three together provide correct information about the real quality of the
seal. It must be pointed out, however, that all three measurement methods are difficult or even impossible with
large casings (over 400mm) commonly used in well construction.
For example, three selective measurements must be made. This means that the measuring probe is moved
and measured three times along the casing wall or the extension wall, each offset by 120 °.
Due to the deviation from the vertical by only the drilling diameter - e.g. 500 mm and 100 m drilling depth, that
is just 0.5% - the probes cannot be guided against the casings at a constant distance of 120 ° from one another,
for example. At the bottom they will always arrive on one casing side, and at least move away from the casing
wall along the way. An almost complete "all-round picture" is therefore not possible. A rotating probe would
have to be invented. So it is easy to demand such measurements, but often not sensible. Since 2020 there
are new methods in use. Get info by your geophysics company.
It is better to request that the waterproofing be tested by means of a leak measurement.
If, for example, before continuing to drill, the water level in the casings can be lowered, wait a few hours and
then measure the buoyancy for several hours. In the first few hours it can rise a little because water still
adhering to the casing wall runs downwards. But then only an insignificant amount of condensation water. A
measuring point next to the well would of course be ideal to be able to observe the reaction of the upper floor.
The aging in the filter gravel bed for example due to ochre formation, can be checked by gamma-gamma and
neutron-neutron measurements, ideally when an initial measurement (zero measurement) is available to
compare the state immediately after the final pump test. But it can also be done without this comparative
measurement, if a good geophysicist evaluates. With these control measurements - even before the well output
declines - a need for rehabilitation can be recognized. Flow meter comparisons also contribute to this. But you
should always work out what is cheaper. The cost of rehabilitating too early, or the geophysics, only to know
that you have to raise the funds for rehabilitation after all, or maybe you can delay it a bit.
It always depends on how important the statements of geophysics are and whether you can optimize the time
intervals between the rehabilitations. A cost / benefit comparison - before making a decision - is always
appropriate.
The usual measuring methods before development in an open borehole, such as gamma (natural radiation of
the rock), conductivity of the mud and the rock, calibre log, temperature, inclination, etc. are well described in
the W 116 according to the method and informative value for the decision to develop You shouldn't want to be
the “smartest” here either, but rather ask a good geophysicists for advice to find out what is useful and what
is nonsensical.
You can forget about using Calibre logs with 2 or 3-arms. To bad for the money! They have no significance
whatsoever.
They must be at least have 4 arms.
The spring force for the arms must be so great that one pair of arms (e.g. X-arms) does not show an apparently
smaller diameter than the other (e.g. Y-arms) due to the inclination. If the spring release force is to small, an
"oval" hole appears incorrectly. Calibre logs should also provide a volume calculation for the annulus, so you
don't have to laboriously and usually incorrectly estimate the volume of the seal or the filter gravel.
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Flow meter measurements do not make sense in large diameters and at low flow rates. In a well with (e.g.
500mm screens and/or 800mm drill hole), flowmeter makes no sense at all. The evaluation is comparable to
reading coffee grounds. In the open hole (e.g. 800mmø and scouring) it does not help either. Not even with
CAL. The sensible flowmeter measurement therefore remains more or less limited to small-calibre test bores
and small screen string diameters with high flow rates.
Good advice: A good geophysicists - and, if possible, independent of a measuring company - can help save
measurement costs by providing advice.

Chapter 7
Geology and drilling sample approach by the drilling supervisor
The drilling supervisor must not be tempted to wanting to brag about geological knowledge.
The drill samples must be described as he sees them and recognizes them during the drilling process.
Expressions like “Firelets, Trias, Shell Limestone, Gneiss etc.” have no place in the drilling supervisor's report!!
Classifying the soil samples geologically is a matter for the geologist, and for him it is often not possible - from
mere appearance.
One drills into rock; Sandstone; Mudstone; hard rock; Sand, coarse to medium; Gravel, fine; etc.
The rock is loose, soft; firmly; hard; bound - fissured; tight, etc.
The colour is red; brown; gray; beige; red green; white yellow; colourful; etc. Whereby everyone addresses the
same colour differently.
Much more important than the drill supervisor's description to the ground are his observations of mud loss,
overflow, water level, backfill upcoming, etc. To log these in accordance with the depth, or what else is required
in the report form or the work instructions, is already enough. If the geologist taking the profile knows, for
example, that the drill samples can be interspersed with decay between x and y meters, this information is
very helpful for him. It is also important whether the drilling was done with a flat drill head or a step roller bit
(see above).
The only decisive factors for the evaluating geologist are the quality of the sampling and the other observations
made by the drill supervisor.

Chapter 8
Refurbishment, dismantling and sealing
Slide-in screen string: The simplest refurbishment of a well is the insert of a screen string (inline screen). If
a well has a recognisable screen damage, or if such damage shows up during the television inspection, a
slide-in screen string can be sufficient to operate the well again for years or even for decades.
In most cases this is even possible without a measurable reduction in performance, especially if no filter gravel
has to be poured into the annulus between the old screen string and the new one. The well is then only secured
against collapse.
If - because filter gravel is already running in from the annulus behind the old screen string - gravel must be
poured between the new and old screen string, the following points must be observed:
1.) The inserted screen string must be well centralized.
2.) the annular space preferably 30mm - 40mm must be large enough to ensure an all-round filling
(depending on the gravel grain size)
3.) The new gravel grain size must be at least one grain size larger than the old one, and the slot width
must be large enough so that all grain that passes through the new filter gravel can also pass through
the slots. Otherwise there is a risk of clogging with an accompanying deterioration in efficiency ( inner
colmation).
4.) The disadvantage of slide-in screen strings - especially those with gravel - is that the pump and riser
are usually to big afterwards and have to be replaced. Later dismantling and sealing are also made
more difficult and therefore more expensive.
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Renovation by dismantling and screening: is possible without major problems and at reasonable cost with
barrage casings and in stable rock. First of all, the well should be mechanically rehabilitated so that any caked
filter gravel "runs" when it is sucked off. Simply put, the screen string is first slit in several places depths
To do this, you use your own slicers or get them from service companies. Large hole perforation (5 - 10cm
blast holes) is also possible.
Then the filter gravel is sucked out using an air lift process. After that, the screen string can usually be pulled
freely, screened and gravelled. The water well is then as good as new.
In non-stable, unconsolidated rock the deconstruction, even with barrage casings, becomes much more
difficult and therefore more expensive. Following the mech. rehabilitation and before slitting, the hole must be
filled with drilling mud. Often the screen string has to be cut off piece by piece and pulled.
In some cases it is also necessary to overdrill the screen string. The dismantling is very time-consuming, and
it cannot be said in advance which measures or how much time will be required and which tools will have to
be used in which order. Such work can actually only be billed according to "time and material".
Here an experienced and well-equipped company, even if it is apparently more expensive, is still cheaper in
the end. Without barrier casings (in loose rock) dismantling is only possible with flushing and overdrilling.
It is much more expensive than removing the barrage casings. It may not succeed at all.
Every well has its own characteristics. Every dismantling and every renovation must be planned and projected
separately. This calls for absolute experts in planning and execution.
Planning and execution is made much easier if good and truthful daily reports from the construction are still
available (An archive from all wells drilled by Etschel & Meyer and E + M Bohr GmbH is available without gaps
at ETSCHEL Brunnenservice GmbH back to the founding year of the Etschel business in 1919). Certain
geophysical measurements (e.g. gamma-gamma and neutron-neutron) are also useful before planning and
are often indispensable. It is not uncommon to experience surprises when comparing target development with
actual development.
Sometimes there are worlds in between. This makes dismantling more difficult and expensive. Here the bad
work and the paper lies of the cheap Jakobs are revealed, but unfortunately with the disadvantage that the
cheap Jakob is no longer to be prosecuted.
Knowing what material was available at the time the well was made also plays a role. Just think of the material
shortage of the WW II and post-war period!! Screen materials that have just come new to the market also had
their weaknesses.
Renovations are very often more expensive than a new well. Nevertheless, renovation can be unavoidable, as
a new well is often not approved. In addition, the entire renovation of the infrastructure, such as protection
zones, fencing, well connections, etc., must be taken into account when considering costs. The fact that an
abandoned well has to be sealed should also be taken into account.
Dismantling for the purpose of sealing is at least half the way to renovation in terms of technology and costs.
So you have to weigh costs and benefits against each other.
Dismantling and sealing: here, too, the barrage casing design is clearly superior. In most cases, it is sufficient
to slit the screen string at the lower end of the barrage casings, let the gravel run into the residual screen
string and suck off excess, then cut it off or pull it out completely. The barrier casings are then free and the
seal behind it can, if necessary, be checked for functionality with CBL, GG and NN.
If the sealing is in order, it can be done as described before!
If the old sealing is not in order, either the barrier casings, partially or completely, must be drilled over and
resealed, or the screen string must be cut off again a few metres below the lower end barrier, the casing
remnant pulled and then cemented up to the surface. There are as many varieties as there are wells.
Without barrage casings geophysics must be done first in any case. If the waterproofing is in order, it may be
sufficient to grout up to the lower end of waterproofing and cement above it up to the surface
If it is not in order, a standpipe a few meters long must first be overdrilled and this must be left standing. Then
a smaller diameter can be drilled over to the lower end seal, the screen string can be cut off there, pulled and
then cemented up to the surface. Otherwise, the same applies as described above under renovation.
All seals are subject to approval (by authority in Germany). A sealing proposal must therefore be made to the
competent authority (district office, water board, mining authority etc.). It is best to first discuss this with the
responsible hydrogeologist at authority and only submit the application after this preliminary clarification. If you
42

submit the application first, or if you even let the authority work out the proposal, it can be very expensive to
carry out. Once the geologist has settled on a line, it is of course difficult for him to get off it. See W 135

Chapter 9
Rehabilitation (rehab)

There are neither mechanical nor chemical rehabilitation processes that can be used everywhere and with
success.
Just as complex as the type of aging and development of a well are, just as diverse are the processes with
which the special well can be treated.
Often it even happens that a procedure leads to success but cannot be used, for example because it takes to
much time. Therefore, first of all the criteria should be listed according to which one can select the relevant
procedure.

CHECK LIST
Chemical processes:
1. Is the application of chemicals approved at all?
2. Does the material in the well tolerate chemicals?
3. Can the surrounding rock strata tolerate chemicals? (e.g. not in limestone, because the acid first tries to
dissolve the limestone and is very reluctant to get to the actual deposits. You would also need a lot of
chemicals and on top of that, you can permanently disturb the aquifer.)
4. Is chemistry even an option because of possible affection of neighbouring wells in operation?
5. Can a chemical process be used at all because of the long time it takes? Even if many claim otherwise, the
reputable Bieske and Partner, Prof. Treskatis have proven that chemical agents - if they are to work - need a
certain reaction time. So "in, out, done" is not an option!! In addition, a chemical rehabilitation must be
followed by a longer attempt at pumping before you can connect the well to the network again. In addition,
there is the big question of the disposal of the pumped water contaminated with residual chemicals and
residues.
6. Is it possible to reach the entire filter gravel bed and at least the wall of the borehole with the help of
chemicals, for example in the case of strong clogging?
With chemical processes, so much has to be extracted mechanically beforehand that the chemistry
can be reduced to a minimum. This is mandatory in W 130!

Mechanical Processes:
1. Is the envisaged mechanical process suitable at all? Will it undoubtedly jeopardize the installed material of
the well?
2. Can the envisaged mechanical process even completely efficiently treat the entire gravel pack and at least
still reach the borehole wall?
3. Which rotary nozzle design is especially useful for the rehabilitation of this well UNINOZ® MAXINOZ®,MEGANOZ® or TURBONOZ®?
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According to DVGW 130, good (mechanical or chemical) rehabilitation must fulfil three conditions
at the same time :
Separating - simultaneous pump
out -continuous measurements

Regardless of whether chemically or mechanically, the loosened material must be pumped out and measured
immediately, if possible at the same time as the detachment or detachment process. The success must be
measurable (controllable) so that one can determine a termination or termination criterion (termination time,
e.g. in the case of filter gravel extraction). Good chemical or mechanical process technologies, such as the
gravel washer with a measuring device for chem. processes or the ETSCHEL JET Master® with water
pumping operating at the same time as the separation process, fulfil this condition in an excellent manner.
All processes that cannot simultaneously discharge (dissolve or detach) and control (measure) are
questionable.
You have no control over what you separate and even more, separated material will be immediately deposited
back into the pore spaces of the filter gravel. No nice names and no patents will help here, only the technical
facts count:
Developing, desanding and redeveloping a well, or a monitoring well, are only useful mechanically, never
chemically.
Separating – simultaneous pumping out – continuous measurements
Rehabilitation should not primarily be cheap, but EFFECTIVE and SUSTAINABLE.
So much for the general rules of technology.

The following should be considered in detail:
1. With chemical rehabilitations - despite advertising to the contrary - it must always be born in mind that the
chemicals - regardless of the process and the equipment - need a certain amount of time to be able to react.
How long the response time is cannot be clearly determined in advance. The reaction time is accelerated by
"movement". Everyone knows the phenomenon of the dissolving time of candy sugar in tea. If you just throw
it in, it won't be completely dissolved after many hours. If you stir vigorously, the dissolution process takes a
couple of minutes. It's the same with chemicals. The old method: “Acid in, let it work overnight and then out
again” is completely wrong! The acid is "transported" by the groundwater flow in the strata. One imagines,
however, that it would have worked!
So it has to be "stirred". A good gravel washer (no "eye wipe") is best suited for this.
And nothing works without the possibility of ongoing and objective monitoring of the success of the solution.
So: If you apply chemical rehabilitation at all, then only with first-class and tested processes! Don't let yourself
be seduced by the “junk”, no matter how beautifully explained in a pseudo-scientific way.
2. For mechanical rehabilitations, care must be taken to select a process that has performed well in an
independent test procedure (e.g., the review procedure W 55/99 commissioned by the DVGW at the German
Groundwater Institute in Dresden)
One such method is the HPI-Process® powered by the ETSCHEL JET Master® which performed
excellently in the mechanical processes investigated. The effective depth of the ETSCHEL JET Master® has
been proven to reach up to 45 cm behind the screens and the impulses were measured even 2 m into the
aquifer!
Many other procedures especially, which have been given well-sounding names, show poorer results or have
not even come up for review.
Tests by ETSCHEL Brunnenservice GmbH, in an outdoor pool - carried out under the supervision of a DVGW
expert - have also been able to clearly demonstrate an effective depth far behind the simulated borehole wall,
as well as the formation of cavitation and reverse flow in the area between the two nozzle pairs, and also the
destruction of soft and very hard deposits - without the screen string being affected at all.
A few words about the ETSCHEL JET Master®:
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The condition of being able to separate, discharge and control at the same time is fulfilled using the HPIProcess® powered by the ETSCHEL JET Master® in an exemplary manner.
Depending on the screen string diameter, the pump-off volume can be a multiple of the introduced process
water. The larger the factor, the better the effect. The amount of process water is 1.5 to 3 l/s (5.4 to 10.8 m³/h).
With 4 to 5 “filters (e.g. measuring points) the pumped-out amount is still twice as high as the amount of process
water introduced, namely 1.5 x 2 = 3 l/s.
With large screen diameters, the pumping rate can be increased up to 10 times (30 l/s) and - under favorable
conditions - even more (ideally the production rate of the well). For this reason, the ETSCHEL JET Master®
is not only suitable for rehabilitation, but also excellently suited for developing and desanding new wells and
for redeveloping or desanding old wells. Using this technology will speed up development times significantly.
It replaces shock pumping and partial (intense) desanding and can be used as a service, also for wells drilled
by other companies. See DVGW W 119. The feed pump used should come close to the performance of the
later operating pump or even be higher, but this is not always possible.
The successes are spectacular.

Sequence of perfect rehabilitation:
1. Short pumping test
2. First television examination
3. Pre-cleaning with ETSCHEL JET Master®
4. Second television examination
5. Main cleaning with ETSCHEL JET Master

®

6. Third television investigation
7. Short pumping test
8. Compare Q spec. improvement

Ad 1 short pumping test (PT)
This is a well test according to DVGW W 111. This is strongly recommended when - as is usually the case the well owners write-ups are insufficient to compare the well's current performance with the pumping test
results after the well has been constructed. There is no need to persevere. However, it must be done
immediately after normal well operation has ended. Ideally, with the operating pump, perhaps even over a
digital measuring section "on the network" during operation.
If this is not possible, this PT makes little sense and can - or rather must - then unfortunately be omitted. Why?
The influence of recovery, by filling up the lowering funnel, is to high after a break in operation.
The duration should be set at 4 to 24 hours per pump stage. You can go to the lower limit here in terms of
time. However, tight measuring intervals and precise measurements are essential.
Ad 2.) First TV examination
This can be done "quickly" as it only serves to determine and document the optical condition of the well before
rehabilitation, and above all to clarify whether the well can be rehabilitated at all, or whether it is already
damaged to such an extent that it needs to be renovated first.
Ad 3.) Pre-cleaning with ETSCHEL JET Master®
It may well be that damage to the casings and screens is not visible during the first TV inspection due to severe
clogging. Therefore, the first visit with the ETSCHEL JET Master® should be performed carefully, with less
pressure and possibly from bottom to top. This largely prevents the nozzle unit from being “buried”. Sometimes
only the caked filter gravel holds the well together.
Ad 4.) second TV examination
The same applies here as for the first.
Annotation: If the well condition is OK according to 2.), this means that the well can be rehabilitated
immediately after 5.), i.e. 3.) and 4.) can be omitted.
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After one of the two TV inspections, the rotary nozzle design by ETSCHEL Brunnenservice GMBH suitable for
the special well can also be determined.
®

Ad 5.) Main cleaning with ETSCHEL JET Master
In this case, cleaning is preferred first from top to bottom and back up, and now with the selected pressure
according to Etschel experience of up to 550 bar. The development of the 10 liter residue measured in the
Imhoff cones is used as the termination criteria. A distinction is made between the proportion of sludge and
the proportion of solids (granular proportion). These two parts shift considerably in the course of the treatment.
Initially, the entire screen string is always treated, later concentrating on the sections that are still above the
amount specified under b.).
When does rehabilitation end?
a) when the sum of sludge and solids content does not change anymore in at least five consecutive
measurements. Otherwise, one could clean for all eternity.
b) if the sum of sludge and solids content has reached a certain, predetermined amount (e.g. 0.3 cm³/10 ltr),
in at least three consecutive measurements.
When is it measured?
There is no hard and fast rule for this. It seems appropriate - in any case at the same time in each case namely when the upper reversal point of the nozzle unit is reached or every 15 minutes.
With rehabilitation - regardless of the method used - there is always the risk of damaging the well. All types of
covered steel screens, wooden screens and pre-graveled screens are particularly at risk, unless you just
"stroke" them. But then you hardly see any rehabilitation success. The specialist responsible according to
W120, as well as the person carrying out the work on site, should have the best knowledge of water well
construction and not just be a "device operator".
Ad 6.) third TV examination
This examination corresponds roughly to an acceptance examination. It should therefore be carried out
carefully and well documented.
Ad 7.) Short pumping test
This can also be done again with the operating pump, initially for hygienic reasons a few hours into the
surrounding landscape, and thereafter even into the network.
Ad 8.) Compare Q spec. Improvement
It should be adapted to the first PT as much as possible in order to be able to compare changes from before
and after the rehabilitation. If possible also compare with original PT after well was drilled.
Note: In 7.) there is a lot of "eyewash" practiced. Often, the pumping is very short, seemingly feigning a
smashing success. During the rehabilitation and especially during the breaks when installing and removing
pumps, the well recovers and the "lowering funnel" fills up.
Therefore, if the PTs are to short under 7.), you get rather flattered results. Hence the request to either pump
long enough into the surrounding landscape before 7.) or to carry out this PT longer than the first two.
Information on the duration cannot be given here, as the reactions vary from well to well.
Final considerations:
In many cases, a very good well rehabilitation system also helps to increase the energy efficiency of the
installed pump, by bringing it as close back to its original design point - this saves electricity costs
Nowhere can there be so much lying and cheating as in rehabilitations. Good rehabilitation is time-consuming
and therefore expensive. If it is cheap and done in no time, it is usually no good - but the customer does not
notice that, or unfortunately only after years.
But it can also be offered cheaply in order to get the order first. But then, during the rehabilitation, there are
additional demands "for meaningful, further measures".
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Chapter 10:
Redeveloping older wells
I have already discussed the development of new wells above. I haven't mentioned the post-development
there yet. In this addendum, I would therefore like to specifically point out the possibility - often even necessity
- of redeveloping older wells .
Until around 1960, new wells for development were only developed by swabbing and sometimes shocked. The
swabbing could be executed perfectly with winch tensile forces of up to 5 tons and screen diameters, mostly
around 300mm. The shocking, however, was carried out with underpowered deep piston pumps, with a
capacity of 5 to max. 15 l/s.
Partial desanding (surge plugging) only came "into fashion" later (around 1975) - with the availability of large,
mobile power generators and submersible pumps. However, at that time in W 119 (February 1982) the rules
and calculations for partial desanding were not even known. So one has, so to say, "blindly" chosen the pump
size and the disc spacing in relation to the well capacity. It was only in the 1990s that it was recognized that
there must be a relationship between the expected well output, the pump output of the desanding pump and
the distance between the panes, which enables effective partial desanding. The formulas were then
incorporated for the first time in DVGW W 119 of December 2002. Nevertheless, some good specialist
companies, specialist authorities and consultants almost correctly assessed and dispatched the dimensions
already before 2002 according to similar criteria.
But also with the combination of swabbing, shocking and calculated partial desanding, quite a few wells simply
could not be fully developed. Above all, this meant that the filter cake could only be removed inadequately (see
above: 1. chapter).
Nevertheless: In many wells, the permeability of the strata, and thus the pouring, is so low that the goal of an
almost complete development could be achieved with the "old" development methods.
In some wells, however, especially in deep wells with a "lost" extension (screen string only begins at great
depth in the lower area of the barrier casings), it was not possible to partially desand the bottom of the screen
string. This means that only the upper meters of the screened sections could be developed by the inflow of
groundwater. The mostly larger, lower part therefore never took part in the “action” (of pumping). That was
clearly demonstrated by ETSCHEL Brunnenservice GmbH in many redevelopments occurring while
rehabilitating existing wells. During "jetmastering", the original drilling mud* was usually still pumped out of the
lower screen sections - often 60 to 80% of the total length of the screens. In such cases this has lead to an
increased Q spec. compared to the pump test after the well was drilled and developed.
With this one* could easily have drilled a new borehole.
Well, it is not unreasonable to assume that many such old wells have never been properly developed - indeed,
still are not. This begs the question:
How can you tell with some degree of certainty whether a well is fully developed or not?
or:
What are at least indications of an inadequate “development”?
Answering these questions is not that easy. Nevertheless, I would like to dare to make a few points.
In order to get an indication of imperfect development, one absolutely needs the original Q/s diagram of the
final pumping test and the well construction drawing with the drillers profile after completion of the well.
In the following I will try to give information about different types of wells. These are explicitly not "proofs", but
"hints" from practical experience! Of course, all accompanying circumstances must be taken into account. It is
always advisable to involve a well construction specialist with a lot of practical experience in the postdevelopment planning.
In the example shown below (Fig. 1) the slightly downwardly curved “Q/s actual curve” (shown here with an
exaggerated incline!!) indicates that the well was not fully developed.
The Q/s target curve should actually be a straight line as long as the lowering does not extend into the critical
area of a second aquifer.
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The suspicion here is that to much filter cake has remained on the borehole wall and / or that the area of the
surrounding aquifer near the borehole could not be properly desanded (build-up of a natural grain gradation).
This deficiency can be still be remedied retrospectively through treatment with the ETSCHEL JET Master® at least for the most part.
The next example is a well whose gravel bed was designed insufficiently large. The consequence of to small
a grain size in the loose strata is a partial clogging of the filter gravel which interstices with undersized grain
from the gravel-sand mixture of the strata.
Here you can try to remedy the defect with the ETSCHEL JET Master®. Since the ETSCHEL JET Master® is
the device that demonstrably works right down into the strata near the borehole wall (i.e. can also remove sand
there), it should be possible to remove undersize particles in the sand-gravel mixture of the strata near the
well. This ability of the ETSCHEL JET Master® was proven in the DVGW research project W 55/99 at the
German Groundwater Institute in Dresden. By removing undersized particles, the flow velocity and thus the
drag force of the water to the well is significantly reduced (in the third dimension!).
This may mean that undersized grains are no longer transported and can thus get into the filter gravel. The
following Q/s diagram (Fig. 2) indicates the deficiency. The Q/s curve should be a straight line (further as points
1 - 4).

Q/s
target
Fig. 1
Q / s is

1. Aquifer
Waterproofing

clay

2. Aquifer

clay

48

Fig. 2

Even worse is to small an outer filter gravel grain size with double gravel pack, and even much worse - and
rarely permanently remediable - is this with pre-gravel packed screens. With the double gravel fill, the grain
gradation may be confused, which can result in sand tracking. In the case of pre-gravel packed screens, the
clogging of the gusset spaces in the adhesive gravel, which are already reduced by the adhesive, is
preprogramed or cannot be permanently removed and is often irreparable.
But the Q/s line doesn't always indicate something. You have to pay attention to the type of well. In the following
configuration example, the kinked Q/s line (Fig. 1) is normal, and does not necessarily present a construction
fault or development defect.
In this case, the kink in the Q/s line - if the lowering is too great - can be due to physical-hydraulic reasons.
There are still combinations of blockages, remaining filter cake and other construction errors. As an example,
only the clogging of two-thirds of karst cavities with filter gravel should be mentioned here. This blockage
cannot be alleviated by post-development. If there are only individual but large crevices - which can swallow
tons of filter gravel - the gravel blocks these crevices by two thirds. This in turn means: Only a third of the
amount of water with the same lowering can enter the well.
Likewise, if the grain size graduation is to small with double gravel fill, even with pre-gravel packed screens,
e.g. 1 - 2 mm on 2 - 3.15 mm, instead of 3.15 - 5.6 mm), this cannot be remedied by redevelopment. The only
thing that helps here is dismantling!

Chapter 11

Well aging and rehabilitation
An aid to decision-making
Preface
Everything earthly is subject to aging, including your precious wells. The causes of aging in wells are just as
diverse as those in humans themselves. Already from the genes - in humans - and from the construction - in
the well - the foundation stones for faster or slower aging are laid. The way of life in humans and the mode of
operation in the case of the well play an equally important role. The blood count in humans, or the chemistry
and physics of the water in the well, are further criteria that lead to aging processes. All factors play a role.
That is why some people, or wells, age faster, others slower. In the DVGW - Worksheet W 130 / May 2007 the
most important aging processes are well described.
Below are two photos from my archive. They show the visibly stronger clogging at centering (left photo) and
with double gravel filling (right photo). The often centimetre-thick filter cake (grey) that forms with all drilling
methods, both on the borehole wall and between the inner and outer fills, can also be clearly seen. With the
development techniques available at that time (before 1995), these were only destroyed in a few places and
thus became permeable.
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How do design features influence the aging process?
The selection of the screen string material is of great importance.
A stainless steel - wire wrapped screen is the most idea screen string material if the stainless steel is adapted
in its quality to the chemistry of the well water.
The same applies to a large extent to bridge slotted, slot hole screens made of stainless steel and new PVC
disc screens. However, if they are coated with plastic or rubber, any kind of rehabilitation can damage the
coating. Especially the polyethylene-coated pipes, which were frequently used in the 1960s, are highly
susceptible to damage. Even the smallest damage to the coating that has occurred during installation or over
time is relentlessly “uncovered” and aggravated in all rehabilitation processes. It should be borne in mind that
the more delicately the process works, the less regenerative it is. The harder it works, the more effective it is.
Now you are spoiled for choice: "stroke" and protect, but without any noteworthy rehabilitation success, or
"knead" and damage, but with rehabilitation success.
Wood type screens made of synthetic resin pressed material used in the 60-70ies, etc. with cross-slot
perforations are not so easy to rehabilitate. Particularly with the synthetic resin-molded screens of the second
generation (with melamine resin), great care must be taken when rehabilitating! They often look quite mannerly
when examined on television, but inside they are just "soggy" cardboard. Furthermore, the few slots, which
are also centimetre thick, make it difficult to reach the borehole wall. At least it is the case with most mechanical
processes, and it is not much better with chemical processes either.
Among the mechanical methods, the high pressure impulse – process powered by the ETSCHEL JET
Master® is demonstrably able to reach the borehole wall while simultaneously* pumping larger quantities of
water. The emphasis here is on simultaneously *! Demonstrable? YES! Namely proven in two research
projects: DVGW, Dresden W 55/99 and in an in-house test of the company, under the supervision of a DVGW
expert. With the new nozzle designs e.g. MAXINOZ® etc. of ETSCHEL Brunnenservice GmbH success was
proven in practice. (See relevant publications at www.etbs.de)

Another important design feature is the thickness of the gravel bed. The thinner it is, the better the borehole
wall and the adjacent strata can be reached. It must be borne in mind that many wells drilled before 1965 were
drilled using the percussion drilling method, with telescoped auxiliary casing, and can have gravel pack
thicknesses of 30 cm and more. (See W 123).
You should still be able to watch the sinking of the filter gravel during rehabilitation. But this is only possible
with the design of barrage casings. In my decades of experience, the so-called gravel levelling or gravel refill
pipes (through the sealing to the top of the gravel fill) have never worked – never!
The gravel baked into them just doesn't slide. Not from the start, because it could never be developed
(cleaned)!
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The type and quality of the filter gravel have a significant impact on the rehability of the well. The more
spherical, the more monolithic it is, the fewer non-quartz components a filter gravel contains, the better it is to
clean, i.e. to remove build-ups.
The following picture shows the very well to rehabilitate "barrage casing design”, the also still regenerable
"blocking tube-less", and the only with reservations regenerable - because dangerous - lining types with nonsetting clay barriers or double gravel fill.
•

•

•

•

The expansion with barrage casings (Sperrrohr -Illustration 1) can be rehabilitated with very little risk
to the existence of the well. This is also logical, because you can observe the gravel level and any
settling of the gravel, and you can also refill it. The setting cement-based sealing material allows the
well to regenerate with "power" (if the screens material allows it, see above). On top of that, this type
of well is also ideally suited for rehabilitation and renovation.
The development without barrage casings (illustration 2) involves somewhat more risk - especially in
loose strata.
Here, a cave can form under the sealing due to settlement. If this then extends to the upper edge of
the first screen, the sand channel is already there and the well has significant damage that is difficult
to repair.
When expanding with non-setting clays and / or clay barriers (illustration 3), slipping of the seal and
the clay barriers cannot be avoided. This has often been proven with simple GR (geophysics)
measurements. However, it must be mentioned that this slippage usually started before the
rehabilitation, i.e. during normal well operation, and was only accelerated and/or unveiled by the
rehabilitation. Measurements before rehabilitation have proven this.
When developing with double gravel fill (Illustration 4) there is always a risk of the fills getting mixed
up - at least in places - provided an effective rehabilitation method is used. This can (but does not
have to!) trigger an increased sand flow of the water. I must advise against rehabilitation of vertically
differentiated gravel fills altogether. The fillings are sure to slip, unless you only stroke the well when
rehabilitating it.

Illustr. 1

Illustr. 2

Illustr. 3

Illustr. 4

Different types of wells - design features
How does the operating mode influence aging?
Only about 20 years ago, the entire expert world of well construction, from professors to drilling foremen, was
of the opinion: "A well needs - like humans and animals - rest breaks". So the water wells were only operated
(and often still do today!) 8-16 hours a day.
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What was done with it? The lowering funnel was pulled down, oxygen from the air was sucked into the well
and into the strata, let it work and then pushed out again during the resting period - the well has granted it. So
take a deep breath, digest it and exhale again. Isn`t it great? This is how you get a violent reaction.
Today we know better and try to run wells 24 hours a day, 365 (366) days a year with the most constant
possible delivery rate.
The lowering of the draw down water level into the aquifer when the groundwater is stressed is also poisonous
for the well.
How do water chemistry and physical processes influence aging?
Iron, manganese, etc. dissolved in water are transformed when they come into contact with oxygen, and the
products thereof are excreted where the flow rate of the water changes drastically (for details, see W 130).
This is at the borehole wall to the filter gravel - and there particularly drastically, because the flow velocity is
reduced enormously here - at the screens outside and inside, and in the slots. The filter gravel bed "ossifies"
from the borehole wall inwards and from the screen to the outside, in extreme cases until it is completely tight.
A distinction is made between chemical, bacterial and physically induced aging. In the chemical one, a
transformation of the iron, manganese, etc. takes place on contact with oxygen. The product is initially soft,
but over time hardens to "stone" on all parts of the well. In the bacterial aging, which occurs most frequently,
the excretions of the bacteria have the same effect. With precipitation of lime etc., changes in pressure cause
"sintering" and other nastiness on the borehole wall, gravel and all casings and screens.
When do you notice aging?
“Well, that's clear! The pumped water volume decreases and / or the lowering increases with the same
pumping rate. "
That is exactly what is wrong! When you notice this, it is often to late for a rehabilitation. However, changes
can also have hydrogeological causes.
At first - often for years - you do not notice the aging process. Just as in the case of arteriosclerosis and
excretions and deposits of fats from the blood of the person to the walls of the arteries, the person does not
notice anything for many years, even decades. The blood flows anyway. Only when the performance
decreases: panting at the slightest effort, heart attack, stroke, etc., the person will notice anything of the aging.
What is he doing preventively? If he is right, he has a blood count done every year as he gets older. The uncle
doctor then tells him, if he finds bad things in the blood, what he can do against further rapid aging. He changes
his "business" (way of life), he prescribes further examinations, medication and maybe even a cure. And: "What
you want people to do to you, do that to your well", one could say in a modified way. So one commissions a
television inspection of the well. You cannot see the "veins" from the inside - in the case of the well, the screens
cannot be seen from the outside - but you can draw good conclusions about the condition of the filter gravel
and the borehole wall from the picture of the deposits on the inside of the screens, pump and riser. Often you
can barely see the slots, and yet the well has not yet shown any noticeable reduction in performance. There
is only so little water flowing into the well from the strata, so that the ochred gravel still builds up less resistance
than the much finer-grained strata, or the fine fissures in the solid rock allow water to pass through.
How come?
Here are three grains of filter gravel:

White Deposit

Blue still open

Gusset still completely open

Gusset space blocked up to 50%

In the case of new wells after years of operation, there is still no noticeable decrease in the fill
Although the gusset spaces are clogged up to around 50%, they still allow several times more water to pass
through than the much smaller gusset spaces in the surrounding strata. Only when the interstices in the filter
gravel become more ossified a reduction in performance can be measured. (See page 15 / Fig. 2 in the W
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130). From this one can deduce that it is sensible to rehabilitate before the reduction in performance is
determined. If you notice that the well has already deteriorated (See page 16 / pt. 6.1.3 in W 130), the
rehabilitation will take longer and will also be more expensive as the square increases. In extreme cases, it
doesn't help at all - the well has to be renovated (for a lot of money) or even abandoned.
The expert can use television investigation and operating data (if available!) to assess whether, when or at
what intervals a rehabilitation is necessary, and this varies from well to well and ranges from two to twenty
years.
The water suppliers are obliged to record the operating data. It is highly recommendable to keep an operating
log for every well. The date, time, flow rate and the associated draw down must be entered there. Experience
has shown that these books cannot be used (it is usually not the fault of the water master/superintendent) if
the recording does not take place via automatic data acquisition.
How does this come about?
The pump switches on and off. Regularly when a timer is installed (e.g. to use cheaper night-time electricity),
but also when the elevated tank is almost empty or full. The regularity turns into a switch-on and switch-off
chaos. Our water master/superintendent does not note down (he often cannot do it at all) how long the pump
has been running at the time of measurement. He rarely catches the steady state in operation and at standstill.
90% of the data from the logbook cannot be used to assess performance.
What can be done to get meaningful well data?
A modern supplier has either installed electronic data acquisition or has a specialized company (and only one
such!!) install and evaluate a measuring section for a few days, or better weeks, to record at least the date /
time, flow rate and the associated draw down. The operation of the waterworks is not disrupted. In any case,
you will get a steady state several times in operation and at a standstill (static water level) SWL. You will ask,
why also at a standstill? Namely to be able to assess whether the changes are hydrogeological or age-related.
(See W 130 page 14/15 / Fig. 1a and b)
The increase in lowering, accompanied by a lower static water level, can also have hydrogeological and / or
pump-related (wear) causes, without well aging (reduction of Q spec.) being given. The influence of
neighbouring wells also plays a role. The person skilled in the art can distinguish between these factors.
Together with the television examination, it is now possible to assess the condition of the well, whether and at
what intervals a rehabilitation makes sense.
Only now do we know where we stand.
What can rehabilitation do, or rather: what must it be able to do?
No matter which rehabilitation method is applied, a weak, a strong, a mechanical, a chemical or both together,
NONE can restore 100% permeability to the borehole wall, filter gravel and screens unless the well has not
been properly developed. We will only ever achieve - let's say - 97%, the next 97 out of 97%, i.e. 94.1% etc.
etc. Everything has an end, only a sausage has two☺.
Some companies tell the client - on presentation of the pumping test results before and after the rehabilitation
- that the performance of the well is better than during production (final pumping test). This can only be possible
if the new well was not fully developed, i.e. it was redeveloped during rehabilitation. That sometimes happens.
Often, however, the executing company does window dressing. How? Quite simple. The well has not yet had
time to refill the drawdown funnel to 100% for the pump test, immediately after pump removal. However, this
is the case after rehabilitation. Now, if he does not pump to persistence (i.e., often many hours), he presents
a flattered result as his rehabilitation success - if he does so knowingly he is cheating, if he does so unknowingly
he is not a professional. Both are equally bad!
Again: A rehabilitation must be able to separate soft and hard deposits from the well construction and near the
well and SIMULTANEOUSLY remove them. The success must be constantly measurable (controllable).
Only a process, whether mechanical or chemical, that can separate according to W 130, discharge and control
solids SIMULTANEOUSLY, is technically state-of-the-art. All procedures that cannot do this have
shortcomings!
The ETSCHEL JET Master® allows separation, discharge and control at the same time in an exemplary
manner. Decades of development gave it that edge.
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Chemical rehabilitation.
Chemical rehabilitation must always be preceded by a mechanical one (W 130, S 24, Point 8.6.1). The
minimization of the chemical consumption dictates that! Consequently, the upstream mechanical rehabilitation
must pave the way for the chemicals and remove as much debris as possible in advance without chemicals.
Chemistry should only be left to do the fine work. While we're on the subject of ways and means: A hard,
almost one hundred percent blockage can no longer be cracked with chemicals. The acid would really have to
eat its way through, and that would take an infinitely long time, especially since the acid dilutes immediately
after it is introduced (natural groundwater flow vertically and horizontally). We know, however, that only a
concentration of pH 1.0 can work in a reasonable time. To "acidify" without movement, that is, to "let it work
overnight" is complete nonsense. The movement, however, e.g. by swabbing and also by the gravel washer,
inevitably entails a more or less strong dilution by sucking in groundwater, and this means re-dosing and more
consumption of chemistry than would be necessary for dissolving. Thus, chemical rehabilitations can only be
the last resort, indeed it can only be as good as its preceding mechanical process pre-cleaning. You were told
otherwise?
I said it already before: You know from your own experience that if you add sugar to tea and let it stand, it will
only dissolve very slowly. It only goes faster when you stir. If you even take sugar candy (hard crust everywhere
in the well ) it will only dissolve after days or you will have to stir long and vigorously. In the well, however,
stirring with pistons or pumping over also causes stagnant groundwater to move. When checking, one thinks
the acid has worked because it has been "broken down".
The fact is, the acid has only been partially broken down. A not inconsiderable part was only diluted by the
sucked in groundwater! In this way, the gravel washer easily becomes "window dressing" too.
Nevertheless, chemical rehabilitations with a proper gravel washer, after thorough mechanical rehabilitation
and - above all - correct assessment, is a good partial method for well rehabilitation.

Adjustable control current

Screen
screenscree
Borehole wall
Gravel
washer
Acid line and measuring probes

Effective wash current

Subm.-Pump

Groundwaterinflow
Seal Packer

Principle of a gravel washer for chemical rehabilitation (simplified illustration with only one submersible-pump)
So far I have only spoken of "acid". It goes without saying that before using chemicals, you should find out
what the deposits are made of and which rehabilitation agent can actually dissolve them. The palette ranges
from arsenic-free hydrochloric acid, sulfuric acid, etc. to the commercially available organic rehabilitation
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agents. Be careful with organic products! They can lead to germination! When using them, ensure that the well
is thoroughly disinfected during and / or after rehabilitation.
How do you get a deposit sample before rehabilitation?
Open the delivery pipe (e.g. remove the bend at the well head) and take a sample from the inside.
These are examined in the laboratory and one or more agents are recommended by the manufacurer. A word
of caution! Deposits in the pressure line, on the suction strainer of the pump, on the inner wall of the screen
and in the filter gravel can have different compositions. Therefore, you should definitely take a control sample
(under water!!!) from the inner wall of the screens, so that you can at least know more about it for the next
rehabilitation.
Please also pay attention to the extent to which the chemical agent attacks the material installed in the well!
Chemical rehabilitation permits (Germany):
For a chemical rehabilitation, the executing company / consultant- according to their procedure – must get a
permit beforehand in many countries!! It is particularly important to ensure that neighbouring wells (e.g. well
gallery) are not affected. And that's not that easy to guarantee. In any case, ongoing sampling of close by
neighbouring wells is essential so that they can be disconnected from the network as quickly as possible if an
influence is recorded. The safest way to do this is to use automatic pH value measurement with automatic
pump shutdown in an emergency.
The disposal of rehabilitating water and solids contaminated with residual chemicals must also be regulated.
Without submission of complete disposal certificates, nothing works in many countries.
So you can see that chemical well treatment is not a child's play and can therefore only be carried out by an
experienced specialist company (certified for this by DVGW according to W 120 / R2).
Anyone who does not observe this is at least negligent and is liable to prosecution - also as a client /
construction manager / consultant!
Mechanical rehabilitation
By far the largest share of rehabilitations are accounted for by mechanical processes. This is not surprising
because
a) the hazard potential is lower and
b) usually (due to the extraction and discharge of groundwater) only one notification is required. However, the
responsible authority should always be heard. This can save you some nasty surprises.
There are a number of mechanical processes, the most important of which are briefly mentioned and described
here. (For more details see W 130)
Brushes:
This only comprises a cleaning of the inner wall of the screen or casing string, in order to be able to determine
any existing damage during a TV examination. Can be replaced by the use of high pressure processes.
Swabbing and intensive sand removal (partial desanding):
A good rehabilitation method, but only for soft deposits. Effective depth far into the gravel bed, often even up
to the borehole wall and into the strata. However the swabbing has been increasingly replaced by the HPIProcess®.
Pressure flushing method (Jetting):
Generation of water pressure with mud pumps (from drilling) or plunger pumps, at pressures from 10 bar to
about 200bar (= low pressure). Forced-rotating nozzles by submersible motor or with linkage and power
swivel, nozzles rotating by water power (all in one plane only). With or without simultaneous pumping of
groundwater, and indeed a multiple of the introduced rehabilitating water, these are quite effective methods
capable of dissolving soft to medium-hard deposits. The effective depth however can reach the borehole wall
only under very favourable circumstances (e.g., with wire wrapped screens and thin gravel pack). Only
punctual treatment due to one rotating plane. Rehabilitation agent: Drinking water
Different pulse methods:
Explosive shocking (Also pressure wave impulses from oxygen,nitrogen or air compression, etc.):
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Very effective, danger for the casing material of the well, no simultaneous support possible. So it does not
meet the W 130 requirement: Disconnect - pump out - measure
at the same time. Risky to operate, when not perfectly trained for.
Ultrasound:
Effectiveness not always given because no frequency adjustment possible, no simultaneous pumping useful
because the flow distorts and dampens the frequencies in the well (Doppler effect).
So does not meet the W 130 requirement: Disconnect - pump out - measure
at the same time. Very rarely seen in the German market anymore.
High pressure Impulse – process HPI-Process®: e.g. ETSCHEL JET Master® :
Generation of variable, high-frequency pressure wave impulses (HPI), with build-up of cavitation between the
counter-rotating pairs of nozzles. Generation of the impulses by high water pressure starting from 270 to 550
bar (depending on the screen material). Meets all requirements of the W 130 in an exemplary manner.
Approved procedure: DVGW Dresden W 55/99 / KIWA water research (Netherlands) and various self-tests *
under the supervision of a DVGW expert. Reaches for any kind of sediment up to 45 cm behind the filter
screen, and even 2 m into the adjacent aquifer. Replaces brushes and pistons and pressure flushing. Two
dimensional treatment of an area due to rotating nozzles in two planes. Rehab agent: Drinking water

Underwater shot

Shot from above, shows cavitation
Self-test *: Cavitation made visible

Note: A detailed list of the rehabilitation processes can be found in W 130 and development processes in W
119
Permits for mechanical rehabilitation:
Mechanical rehabilitations that use only potable water as the regenerant do usually not require a special permit.
Only the abstraction of groundwater and the discharge may be subject to approval. In most cases it is sufficient
to notify the responsible authority. The customer should definitely ask for this beforehand.
Based on which physical laws does the ETSCHEL JET Master® work?
The two pairs of nozzles arranged one above the other (at a defined distance) rotate in opposite directions at
very high speed due to the recoil effect of the nozzles. The speed depends on the rotor diameter (slightly
smaller than the screens inner diameter), the nozzle configuration and the pump pressure present at the nozzle
unit (= pump pressure minus pressure loss in the hose). Impulses are generated with the ETSCHEL JET
Master® from minimum 270 bar pump pressure (depends on the length and diameter of the hose), From 270
bar onwards one can speak of a pressure wave impulse process with high water pressure in accordance with
DVGW W 130. Below 270 bar the ETSCHEL JET Master® is nothing more than a high or low pressure flushing
process. The speed can be increased to around 10,000 rpm by increasing the pump volume and pressure.
Submersible motors do not reach these speeds. Beyond the 270 bar mark, above and below the two pairs of
nozzles a "cavitation zone" is created with negative pressure close to vacuum. This constantly tries to fill up
with water from the well, which locally triggers an enormous suction effect. At the same time, these bubbles
seal upwards and downwards like an absolutely tight piston (packer). The flow created by the rehabilitation
water and the simultaneous pumping out with the submersible pump is forced to flow from below and above
through the screen slots and the filter gravel. The nozzle unit is continuously moved up and down.
The pulses cause the gravel grains and the pipes to vibrate, resulting in the separation of soft to very hard
incrustations. Thus, the particles, separated by the impulses of casings, screens and gravel, are immediately
transported into the well interior and from there, as sludge and solids simultaneously brought to the surface
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by the submersible pump. So, when the gravel grains settle again, they cannot backfill the spandrels.

Pressure hose

Vacuum generation
Upper pair of nozzles

Cavitation
bubble
Centralizer

Lower pair of nozzles
Vacuum generation

Principle of ETSCHEL JET Master® here: rotary nozzle design UNINOZ®

Time intervals for the control (sampling), i.e. in minutes, as suggested by W 130, are not effective with the
ETSCHEL JET Master®. In practice - with ten thousands of well rehabilitations - sampling has always proven
to be correct at the upper turning point during upward travel (for very deep wells at least 15 minutes). This also
applies if only sections of the screen string is processed. The samples taken can be compared directly with
one another. Since the time for a downward and an upward trip depends on travel speed and well depth, the
time intervals naturally vary from well to well. Depending on the depth of the well, these are usually intervals
of around 5 to 15 minutes.
How does the ETSCHEL JET Master® now differ from other, similar devices (pressure flushing
process)?
The pulses generated at over 270 bar, controllable, with different frequencies, make all the well parts vibrate.
Once the connection of the incrustations on the filter gravel grain has loosened, the individual gravel grains
start moving locally around the nozzle section. Now the remnants of the adhesions can be mechanically
"sanded off". Of course, non-monolithic gravel grains can break in the process. They are then simply pumped
out as "undersized grain splinters". Therefore, in the case of non-monolithic filter gravel, considerable
subsidence of the gravel bed can be observed. But that doesn't harm the well if gravel can be refilled. Actually,
only monolithic gravel should have been used when building a well.
However, since even monolithic gravel contains a certain amount of non-monolithic grains, settlement can
occur. In many other processes, the energy is simply insufficient to break the non-monolithic grains at their
naturally existing internal cleavage surfaces. In that case, however, the insufficient energy that is brought in is
not able to rehabilitate thoroughly.
At lower pressure and/or different nozzle configuration, a "rock-hard" jet is produced at the exit of the water
jet from the nozzle. This in turn "tears up" - again depending on the nozzle configuration, water volume and
pressure - at a relatively short distance from the nozzle.
Its washing effect is then close to zero.
It follows that with pressure flushing only the hard water jet cleans and not vibrations or pulses. If the water
jet breaks up before it reaches the inner wall of the screens, it hardly has any in depth cleaning effect.
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But even a hard jet of water might come through the slots (and that only when using wire wrapped screens
and slotted holes) and maybe a few more centimetres into the gravel, but then at the latest it will be “no more
fun”!
So no more effect, especially not when the incrustations become harder. With the ETSCHEL JET Master®
above 270 bar, it is not the hard water jet that is effective, but impulses and vibrations. However, the
impulses of the ETSCHEL JET Master® have an effect far behind the borehole wall (see W 55/99).
The resulting cavitation disinfects the well - as a by-product, so to speak.
The first two sample curves shown below for discharge measurements during rehabilitation with the ETSCHEL
JET Master® show that primarily the soft deposits are removed from the screen string and from the filter gravel
first. Then the hard incrustations are increasingly separated.

1200,0
1100,0
1000,0
900,0
800,0
700,0
600,0
500,0
400,0
300,0
200,0
100,0
0,0

Sludge conveying
Sand conveying

12,0
11,0
10,0
9,0
8,0
7,0
6,0
5,0
4,0
3,0
2,0
1,0
0,0

Sand concentration
(cm³/10l)

Sludge concentration
(cm³/ 10 l)

Diagram: Extraction of soft and hard deposits
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Diagram: Rehabilitation with predominantly soft deposits
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Diagram: Development of a new well (three days)

Conveying time

The well development curve shows as mud fraction (red) mud residues and destroyed filter cake and as
sand fraction (blue) strata sand and undersize in the filter gravel.
People often try to copy the ETSCHEL JET Master®. It will hardly work because a little secret of the
configuration remains with the ETSCHEL Brunnenservice GmbH, and the further development carried out
by it does not stand still either!
Technical and hygienic requirements for rehabilitation devices:
All parts that go into the well must be made of stainless steel, lead free bronze or plastic, because otherwise
stainless steel will be damaged by contact corrosion in the well casing. Furthermore, all parts must be free of
sharp edges so that they cannot get caught anywhere (especially with wire wrapped screens).
Hygienically clean storage and transport of the hose reel and nozzle unit (virtually all parts that are driven into
the well) in a closed vehicle must be a matter of course. This means that contamination with leaves, bird
droppings, etc. during standstill and transport must be ruled out.
The entire rehabilitation unit may only and exclusively be used in drinking water wells and springs. .
Cost / benefit comparison
The following calculation example with fictitious numbers is used to answer the question of whether you should
always regenerate mechanically and chemically, or only mechanically a few times and then mechanically and
chemically:
Based on EUROS (2021)
Rehab
costs mech. + chem.
Cleaning level
1. Reg. Mech. + chem.
10000 + 15000 = 25000 reaches 97%
2. Reg. Mech. + chem.
10000 + 15000 = 25000 reaches 95%
3. Reg. Mech. + chem.
10000 + 15000 = 25000 reaches 93%
4. Reg. Mech. + chem.
10000 + 15000 = 25000 reaches 91%
=100000

1.
2.
3.
4.

Rehab
Reg. Mech.
Reg. Mech.
Reg. Mech.
Reg. Mech. + chem.

costs
10000
10000
10000
25000
=55000

cleaning level
reaches 95%
reaches 90%
reaches 85%
reaches 91%
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So if you rehabilitate - always with prescribed mechanical pre-cleaning - and then chemically, the costs amount
to after 20 years:
100,000 (plus capital and interest service)
If, on the other hand, you rehabilitate three times only mechanically and only after 20 years - the fourth time first mechanically and then chemically, the costs amount to:
55,000 (plus capital and interest service)
So 45,000 less with practically the same result.
* Annotation = Certainly - in both cases of the example - the fourth time, i.e. here after 20 years, a little more
time and chemistry must be spent on both the mechanical and the chemical rehabilitation in order to achieve
a better result. It should be noted, however, that not in all cases an equal or better result than at 15 years can
be achieved. Costs, percentages of the original cleanliness and time intervals are arbitrarily set in the example.
In practice, these values differ from well to well. Experience shows that the percentages are 95 to 99% for
combined chem. and mech. Regeneration, and at 90 to 95% with only mech. Cleaning with the ETSCHEL JET
Master®. I refrain from evaluating other procedures (for legal reasons).
The above means: First rehabilitate two to four times mechanically only after the well was put in operation
initially, and only the third to fifth time mech./chem. combined. This can save enormous amounts of money
with the same effect.
Final remark.
The above statements are the result of 62 years of experience in well construction and rehabilitation. I have
seen many "new stars" in this field come – but also go again. Not everything that was loudly touted as "best"
and pseudo-scientifically substantiated could stand up to practical scrutiny and/or serious questioning.
Therefore, this "decision aid" is intended to be as honest a guide as possible for you to weigh up for yourself
what might be right for you - in your particular case.
I wish you every success for this and for making the right decision.

Chapter 12
Geothermal wells for heating purposes
Addendum to geothermal probes:
The certification according to DVGW W 120 and the drilling diameter have been addressed. Both are changing,
or have already changed - based on experiences made.
Firstly, the certification with the new W 120 and secondly, for the most installed double U-tube probes 2 x 32
x 9, the diameters with 120 and 140mm are no longer allowed. Today at least 152mm are required, or possibly
even more in the special permit for geological reasons.
Now to the actual topic:
Well for water-to-water heat pumps (WWWP).
It was until a few years ago that wells for water-water heat pumps with unfavourable water chemistry
(precipitates in the heat pumps) were a concern.
Reason:
Despite the many promises made by the heat pump manufacturers, the problems of excretions and
precipitations from the groundwater in the WWWP and an acceptable service life of the WWWP “innards” in
the face of aggressive water and suspended matter were simply not really under control. With the vast majority
of the manufacturers of today's WWWP, this is no longer a major problem. The materials have become more
resistant and protected against both deposits and corrosion. Suspended solids can now be filtered off before
the WWWP.
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However, the maintenance and cleaning instructions (for the filters) of the WWWP manufacturer must be
carefully observed.
The WWWP works in the same way as a geothermal probe WP. Here, groundwater is taken from a production
well, sent through the heat pump, where 5°K to 8°K temperature (i.e. heat) is extracted from the well water
without contact, this is "transformed up" to 40°C to approx. 50°C and transferred to the heating water. The
groundwater never comes into contact with the heating water or the outside air. Thus, we speak of a closed
circuit. The cooled well water is sunk back into the same aquifer in the absorption well.
I. What should be considered with the water-water variant:
1. Under water law, the wells are to be treated as normal wells and sip wells, which means that the
approval process is much more complicated than for borehole heat exchangers. A water law procedure
must be initiated. A discussion with the geologist of the responsible water management office is highly
recommended. I strongly advise against working without the involvement of a responsible expert
(possibly a consultant), i.e. only with the drilling contractor. It can easily lead to a "total bad investment"
if the extraction and/or discharge of groundwater cannot be approved in the end.
2. The first 9 commandments mentioned in the book apply accordingly to WW wells. Of course, the
official requirements are lower in individual cases, especially with regard to development and pumping
tests. Otherwise, however, the rules of well construction must be observed. It should also be borne in
mind that maintenance costs for rehabilitating the wells and maintaining the WWWP (see above) have
to be borne by the operator over the years. The designer of a WW system should always estimate
these costs as well and make them known to the operator unprompted and in writing.
3. The WW variants only work where the geology allows it. For example in coarse sand and gravel, as
well as in fissured rock with a lowered water level well below the terrain (approx. -3.00 to max. approx.
- 40.00m). The lower the lowered water level, the higher the electricity cost for pumping the water, but
the easier it is to swallow. In the case of Artesians, swallowing becomes problematic, if not impossible,
and therefore hardly approvable. Here, the seal would have to be made on barrier casings (never on
smooth PVC pipes!!!), and the well heads for Arteser must be pressure-tight. It would be far too much
effort for Artesians!
4. Advantage of the WW variant: They have a significantly better efficiency than geothermal probes and
can usually still be operated economically with a flow temperature of up to 50 ° C. This is particularly
useful for older heating systems (renovation of old buildings).
5. Often geothermal probes are not even possible in coarse gravel and in Malm Karst because they
cannot be safely backfilled with cement or the like due to total flushing loss. Then only the WWP with
wells remains.
6. For WWWP, a flow rate of more than approx. 0.5 l / s (1.8m³ / h) is generally required, i.e. a relatively
small amount.
7. Of utmost importance, however, is the ability of the absorption well to also "swallow" the pumping
volume to be delivered (demand of the heat pump at full load, to be inquired from the heating engineer)
of the delivery well. For this reason, I always recommend drilling the absorption well first, testing it with
tap water for its absorption capacity (duration at 1.5 x required amount of the WWWP: approx. 1 to a
maximum of 3 hours. A built-up water level that is more or less constant must be proven). Only proceed
to the production of the production well if the absorption well is successful.
In the event of failure, you save at least the costs of the second well and the (then wrong) heating
system.
8. Location of wells relative to each other: the sip well should be set at least approximately 15m
downstream of the groundwater flow to avoid backflow. The further away, the better.
II. How is an absorption well generally dimensioned?
1. Drill: For wells with gravel (in loose rock and with sloping rock): 244.5 to 254 mm (9 5/8 "or 10") drilling
diameter. In coarsely fissured solid rock (e.g. Malm Karst) without gravel: 152.4mm (6 “). Here,
however (as above) 244.5 resp. 254mm in the area of the prescribed sealing depth.
2. Development:
With gravel: PVC 115mm i.d. (as smoothly as possible on the outside so that no gravel bridges arise
when pouring gravel) Filter gravel fill (adapted to the rock mass), approx. 0.6m two-step gravel-sand
cushion, above which a cement seal over lancets (e.g. 1") at prescribed depth. Caution: It is essential
that the lancets are closed at the bottom, i.e. have suitable lateral outlet openings.
If you do not pay attention to this, you will inevitably flush up the gravel-sand pad, and the sealant will
penetrate into the filter gravel, i.e. into the productive part of the well.
Without gravel: PVC 115mm i.d. (here with sleeves). Sealing screen on the drilling diameter shoulder
at the prescribed sealing depth, approx. 0.6 m gravel-sand cushion, over it cement sealing as above.
(see sketch below).
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Underground Well room: About -1.50m depth, frost-proof. OK at + 0.10m, flood-proof made of
concrete rings 1.00m diameter and concrete cover. The well room must be able to drain, i.e.
condensation water and the like must be able to seep away. This is usually achieved either by making
a grouted hole (approx. 50mm diameter) in the concrete base, or by dispensing with the concrete base
altogether (where this is possible).
Well head: Waterproof, once for the U-pump, once for the intake pipe. Both with closable (threaded
plug) opening for water level measurements.
Intake pipe: e.g. 2“ PVC, the lower edge of which must be 0.5 to 1m above the filter floor and lower
than the lowest possible RWSp.
Caution: No air may be introduced into the absorption wells during operation. Air could lead to deposits
due to precipitation and result in frequent - in this case not entirely cheap - regenerations. Besides,
the devil never sleeps! You usually notice it when, for example, early on Christmas Day the heating
doesn't turn on. It's getting really cold in the house!
3. Developing, swallowing and pumping tests:
Developing both wells can be done by "blowing out" and swabbing. Blowing out can be stopped when
the water is reasonably clear and free of sand (usually after 1 to 4 hours). Usually 15 minutes are
enough for the flask. Verification of the absence of sand in the produced water from the production
well is carried out in the same way as for W 111 and 119, i.e. one sample (10 liters, of which 1 liter is
taken after settling in Imhoff funnels) is taken at the end of each development. During the pump test,
approx. 30 - 60 seconds after the pump has started, and after at least one hour of pumping at a
constant rate. The permissible sand content for this is regulated in the current W 119 and W 111. The
pumping attempt is simultaneously also the second swallowing attempt. The pumping/swallowing test
takes about 3 to max. 24 hours (24h only in doubtful cases, otherwise max. 8 hours are sufficient).
The flow rate and sip rate must be at least 1.5 times the amount of water required by the heat pump
with reasonably foreseeable persistence. In the case of the delivery well as well as the absorption well,
the re-rise of the water level must be measured and recorded immediately after the U-pump has been
switched off and, at the same time, the return of the water level in the case of the absorption well. So
there must be 2 light solders at the construction site.
4. Documentation:
Complete documentation (shift profile of the drill master, well construction drawings, actual / target
material consumption, development, pumping and swallowing test protocols based on W 111, shaft
and well head drawing, precise site plan) is a prerequisite for acceptance! (see below)
IV.) Performance limits
In order to avoid disputes, I advise defining the handover boundary between the well and heating contractor
precisely and documenting it in writing in both contracts. The well driller should - so I recommend - be
responsible for well construction including ancillary services, shaft construction and delivery of the well heads
and also for any subcontractors. He must hand over the well heads (or the exact drawings) to the heating
engineer before drilling begins so that he can adjust his submersible-pump, suction pipes, etc.
The heating engineer should be responsible for the delivery of the submersible-pump, the delivery and intake
pipes including fittings, lines and cable laying from the house to / from the well, electrics, heat pump, container,
etc., as well as for the ready-to-use installation of the entire heating system. Also for his subcontractors, such
as electricians, bricklayers, etc. the submersible-pump motor must not be filled with a glycol mixture, but with
drinking water!
Each trade should be partially accepted for itself and the complete system ready for operation should be
accepted again (commissioning with instruction of the client) as a whole.
The drilling contractor only needs to be present for the second inspection if he so wishes, or if defects in his
work can be identified in advance. Both companies have to provide a 5-year guarantee, as defects are often
only noticeable after one or more HEATING PERIODS. Acceptances shall be documented on the form of the
builder / consultant! A joint on-site meeting for coordination and documentation for the above-mentioned
service delimitation is recommended before the order is placed. If you, as the client, have a consultant, he or
she has to do it in your presence! (He is better as a witness than "the best wife of all", loosely based on Ephraim
Kishon).
It can't hurt to invite the responsible water management office (district office?) to the final acceptance. (That
would be even better than the better advisor, but usually nobody comes).
Assign all responsibility for compliance with regulatory requirements to the well and heating contractor by
verifiably handing over a copy of the permits with conditions included (e.g. distance from boundaries, max.
drilling depth, disposal, environmental concerns, reporting, etc.).
V.) Submersible-Pump
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As already said: The submersible-pump or the HP seldom fails on a working day!
Ask your heating contractor whether he has an emergency service that is always available and what the binding
delivery time is for a replacement submersible-pump. Is there an emergency service - including on public
holidays - that delivers the submersible-pump, and does your heating contractor also install it on a Saturday,
Sunday or public holiday?
If this is not the case and it can take days before he can get a replacement, ask for a reserve pump. He can
usually organize an emergency operation on the heating (also on the HP). Good for the one who now has a
stove installed in the house!
If the delivery well is built correctly (especially technically sand-free !!!), a good submersible-pump should have
a service life of around 20 years. Note: sand in the water wears out the pump more or less quickly (sometimes
in a few weeks, but then it is usually the well that is to blame).
Deposits from excretions are caused by the chemistry of the water and / or by bacteria. Both lead to clogging
of the pump and both wells which can be remedied by rehabilitation (preferably with the ETSCHEL JET
Master®).
The time intervals here for reasonably usable water are between 10 and 15 years, or even more. The well
builder will be able to estimate how big the intervals will be. However, don't let your wells rehabilitate cheaply
and half-heartedly. That doesn't pay off, because the next interval, and others are sure to get shorter and
shorter!

Cementation
Cover layer

Gravel-sand
cushion

Sealing
funnel

Solid rock

screens
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Well design in solid rock without filter gravel

Sample of an acceptance report
Individual acceptance / total acceptance
Place: …………………… Date : ………………….
Client:
Drilling company:
Consulting engineer:
…………………….............................................................................................
Name: …………………. Name: …………………. Name: ………………….
Documentation handed over (tick):
O site plan
// O well construction drawings // O layer profiles /
O sand measurement
O pumping / absorption test reports / O diagrams and
O well head drawing
O other documents for authorities: …………………………………………………………………
O measurement (if agreed)
O Commissioning / Name: …………………………… ..
Company …………………………….
O Commissioning / Name: …………………………… ..
Company …………………………….
O Instruction / Name: …………………………… ..
Company …………………………….
O Instruction / Name: …………………………… ..
Company …………………………….
Warranty period begins on: .................. and ends on: ..................
Copy received: O drilling company // O consulting engineer
Other findings, agreements etc .:
…………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………
…… ……………………………
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Signatures:
Owner: ………………….…. Drilling company: ……………….Consulting engineer:
Name: ………………….
Name: ………………….
Name: ………………….
…………………………….…………………………….…………………………….…………………………….
Date : ………………….

Appendix 1 - Drilling Rigs and Jet Master®:
When wells dug by hand - in Germany on castles, often to a depth of more than a hundred meters - became
unsustainable (because this inhuman work claimed to many victims), drilling equipment was invented. As far
as I know from the literature, however, it was already about 2500 years ago in Egypt, where diamond drilling
tools were used in the construction of the pyramids, and already about 600 before our era (i.e. 600 BC) drilling
tools were used in China. There it was a kind of rod-free-fall device that was operated with (initially human)
muscle power. I'll come back to that in a minute! The highly elastic - and due to the natural knots also highly
durable - bamboo poles were ideally suited as drill rod. As far as is known, boreholes of six hundred meters
depth have been drilled with it. Why poles, the reader may ask. There were no ropes that could withstand what
the hollow bamboo poles with their knots could withstand. The stabilizing principle of "hollow and socket" (as
a knot) is still used today for pipes and rods!
The first drilling rig from Etschel & Meyer - when the company was founded in 1919 - was also operated with
muscle power. Financially, it was not enough for more in the first two years.
Why is that? Engines and their operation were much more expensive than human labour. Only very "posh"
drilling companies (which no longer exist today) could afford motor-driven drilling rigs.
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Hand-and muscle operated drilling rig in 1920

First self-made rig by Etschel & Meyer

E+M rig with steam engine
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Laineck: Stadtwerke Bayreuth 1929-1931, 345m depth

BSX built in 1945 from scrap after WW II

Modern rehabilitation and well development unit ETSCHEL JET Master® since 1994
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Former E+M Drilling company in Germany

Presented by:

Etschel Brunnenservice GmbH
Rudolfstrasse 112
D-82152 Planegg
Tel. + 49-89-42049651
Fax + 49-89-42049655
info@etbs.de
www.etbs.de

Facebook: https://www.facebook.com/etschelbrunnenservice
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