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General Information and Basics

The Keys to
Your Success

¢ Get information about
the site specifications

© Anticipate soil
conditions

© Choose and control
the performance of
the drilling mud

¢ Monitor and correct
the drilling mud

Basics

The name “special foundations” cor-
responds to concrete underground
structures. It is always associated to
the method of construction of the
same name. This method consists
in excavating the ground with a
drilling fluid, generally a suspension
of bentonite which is afterwards
replaced by the concrete.

Heavy constructions have been
successfully built in places consid-
ered as not suitable due to the bad
soil conditions and/or the depth of
the substratum.

Only a limited number of special-
ized contractors have the know
how and the specific equipment to
undergo this type of work. The

SUD-CHEMIE Bentonites and Additives Recommen-

ded for the Excavation of Special Foundations

plastic clay

Salty water, other contamination

High permeability formation: BENTONIL® CF: 60 to 80 kg/1000 |
open ground, gravel, coarse sand... BENTONIL® C2/GTC4: 45 to 65 kg/1000 |
Non cohesive soil of medium permeability: BENTONIL® CF: 45 to 60 kg/1000 |
sandy formations BENTONIL® C2/GTC4: 40 to 50 kg/1000 |
Cohesive soil of medium permeability: BENTONIL® C2/GTC4: 35 to 40 kg/1000 |
silty sand
Cohesive soil of low permeability: BENTONIL® C2/GTC4: 30 to 35 kg/1000 |
Limestone BENTONIL® THR: 25 to 30 kg/1000 |
SC MUD: 0.5to 3 kg/1000 |
Water sensitive formations: BENTONIL® THR: 25 to 30 kg/1000 |

Potentially addition of an
organic colloid protector: SC VIS

Excavations generating high contents
of fine particles (i.e. Rotary drilling in
limestone...)

Thinner: BENTOCRYL 0.25 to 1 kg/m?

drilling mud is a key component for
this application. It must be consid-
ered as a tool which has to be cho-
sen, adapted and monitored
according to the site requirements.

SUD-CHEMIE group shares his
expertise in the field of drilling
muds and offers a comprehensive
range of products to the special-
ized contractors.

The Functions of the
Drilling Fluid

The drilling mud ensures the
stability of the excavation during
the drilling operation and until the
concrete pouring phase:

C It generates an impermeable
cake which permits the applica-

tion of the required hydrostatic
pressure to counterbalance the
in-situ stress (earth pressure and
groundwater).

© It maintains the cohesion of the
soil in the vicinity of the open
trench thanks to its yield point
that limits the penetration of the
drilling mud into the formation.

© The drilling mud allows the trans-
port and the removal of the cut-
tings.

The characteristics of the drilling
mud have to respect certain specif-
ic values presented in the following
chapter in order to get its optimum
performance.



Characteristics of the Drilling Fluid

A drilling mud is generally
characterized by:

Density

A fresh drilling mud normally con-
sists in 30 to 80 kg BENTONIL® for
1000 liters of water. It leads to a
density between 1.015 to 1.042
kg/l. The density has obviously a
limited effect on the stabilization of
the trench except in specific cases
(groundwater under pressure).
During the excavation, the fines

of the soil get into suspension

and then the density can reach
1.30 kg/l and more.

During concreting a mud density of
max. 1.25 kg/l is recommended.

Filter-Cake and Filtrate

These 2 characteristics are of main
concern. They are deeply depen-
dent. A thin and impervious cake is
generally associated to a low filtrate
which helps applying the hydrostat-
ic pressure and limiting at the same
time water from invading the for-
mation. A filtrate loss below

30 ml/ 30 min is recommended.

On the opposite, a thick cake is
related to bad water retention
capacity: a higher quantity of water
invades the formation decreasing

its cohesion. This type of cake can
interfere with the concrete substitu-
tion and have severe consequences
in terms of both mechanical and
visual failings.

Viscosity and Yield Point
These 2 characteristics express the
flow resistance of the drilling mud.
The viscosity can be associated
with the rapidity of the fluid to flow
whereas the yield point is associat-
ed with the supporting responsible
carrying capacity.

On the other hand, when the
drilling mud is not in movement, the
viscosity is associated to the settle-
ment speed of the particles where-
as the yield point conditions their
immobilisation. This happens when
the stress applied to the fluid is
below the yield point value.

These two characteristics can be
measured with a coaxial rheometer
and the obtained values are gener-
ally in the following range:

© Apparent viscosity (AV)
10-20cP

© Plastic viscosity (PV):
2-15cP

© Yield point (YP):
1-10Pa

On a job site, the driling muds are
generally characterized by a flowing
time. This method so called Marsh
Funnel Viscosity is extremely simple
and easy to use. However it is not
possible to distinguish the two pre-
vious characteristics which are inte-
grated in that value.

The field experiences led to the
definition of a range of Marsh vis-
cosities compatible with a good
practice for both the excavation
phase and the concrete pouring
phase.

The Marsh viscosity is generally
comprised between 32 and 60
seconds. For example, water has a
Marsh viscosity of 27 seconds.

Too high, the viscosity will slow
down the excavation and penalize
the de-sanding operation.

Too low, it allows a premature set-
tling of the cuttings. And the low
value of the yield point, which is
related to this, will result in severe
losses of drilling mud and conse-
quently the collapse of the trench.

Stability

A suspension is considered as sta-
ble when the solid and liquid phas-
es remain uniformly mixed. A
drilling mud which is not stable will
then present two separate phases.
The free water on the top of the
trench can have negative effects on
the stability of the invaded zone.

Generally, 2 maximum of 3% (Vol-
ume) of free water is accepted.



Formulation of a
BENTONIL® Mud

The formulation of a
BENTONIL® mud must take
into consideration the
following points:

© Contract requirements:
Referring to contractual docu-
ments or standards concerning
geotechnical works for instance
can help the contractor choosing

© Technical requirements:
The soil conditions are of main
concern. The table below is a
guideline for the end user.

Type of soil

the appropriate formulation.

Main characteristics
of the drilling mud

SUD-CHEMIE
Fluid Solutions

Highly permeable formations:
open ground,
coarse sands

High solids content
High Marsh viscosity
(high yield point)

BENTONIL® CF: 60 to 80 kg/1000 |
BENTONIL® C2/GTC4: 45 to 65 kg/1000 |

Non cohesive soils
of medium permeability:
sandy formations

Medium Marsh viscosity
(high yield point)
Low filtrate

BENTONIL® CF: 45 to 60 kg/1000 |
BENTONIL® C2/GTC4: 40 to 50 kg/1000 |

Cohesive soils

Medium Marsh viscosity

BENTONIL® C2/GTC4: 35 to 40 kg/1000 |

plastic clay.

Salty water, other contaminations

Resistance to chemical contaminations

of medium permeability: Low filtrate

silty sands

Cohesive soils of low permeability: Low filtrate BENTONIL® C2/GTC4: 30 to 35 kg/1000 |
limestone BENTONIL® THR: 25 to 30 kg/1000 |
Water sensitive formations: Low filtrate BENTONIL® THR: 25 to 35 kg/1000 |

If necessary addition of a colloid protector
SC VIS (suitability test)

Basically, the choice of the techni-
que will be determined by the most

unfavorable formation.

The site conditions are also of
importance: mixing equipment,
storage capacity of the bentonite

and the drilling mud, type of
excavation equipment, de-sanding,
etc.
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The Life of Drilling Mud

on Job Site

Preparation of the drilling mud:
The maximum yield of a bentonite
is obtained when the following
steps are respected:

© High shear mixing of the suspen-
sion: at least 5 minutes for 3000
liters at approx. 1500 rpm

© 4 hours minimum storage, prefer-
ably 24 hours before usage.

© Check the quality of the make up
water. If the water is found to

Type of soil

have high hardness or some
other contamination, then spe-
cial steps may need to be under-
taken to maximize the efficiency
of the bentonite mud.

The Life of drilling mud on

job site

During excavation, the above men-
tioned characteristics of the drilling
mud are affected. Ongoing quality

control and routine adjustments

Specific problems

can increase the lifetime of the
mud by preserving its characteris-
tics.

The regeneration of the mud is
generally achieved by means
of appropriate mechanical and
chemical treatment.

The table below presents
solutions to most common
problems:

Remedial actions

Soil of high permeability:
gravel, coarse sand
trench

Loss of mud potentially associ-
ated with collapse of the

Low Marsh viscosity

Increase the solids content:
BENTONIL®, if necessary
SC PLUG.

Addition of SC VIS.
Pre-injection (grouting).

Cohesive soil of low
permeability:

Clay, silt, fine sand, marl,
limestone

Thickening of the mud, solids
kept in suspension

density
Good filtrate

High Marsh viscosity and

Dispersion and fluidification by
addition of BENTOCRYL.
Never add water!!
Mechanical treatment of

the solids.

Non stable soils:
plastic clay, caving soil

Tightening of the excavation,
shale sloughing

High filtrate

Adjust the bentonite content
and/or lower the filtrate by
addition of SC VIS.

Increase the hydraulic head.

Reactive soils:
gypsum

Thickening of the mud, water
on top of the trench

Decrease of pH

High viscosity and filtrate

Chemical treatment with
sodium carbonate and thinning
agent BENTOCRYL.

Brackish groundwater

Water on top of the trench

Low viscosity

Increase the bentonite content

Settling of the cuttings High filtrate Addition of SC VIS.
Flocculation
Contact with cement: Thickening of the mud High pH Chemical treatment with
fresh or set High viscosity sodium bicarbonate and
High filtrate thinning agent BENTOCRYL.

The efficiency of these actions highly
depends on the pertinence of the
diagnostics. We recommend to run
some simple tests on the site before.




The Use of Polymer Mud

Appeared quite recently in special
foundations, the polymer mud can
replace totally or partially conven-
tional bentonite mud in specific
situations.

Polymer systems can be financially
and technically advantageous since
they simplify the preparation and
maintenance of the drilling mud.

These suspensions of polymers are
obtained by addition of 1 to 5 kg of
water soluble polymers to 1000
liters of water. These fluids are
highly viscous but do exhibit only
very low yield point. Furthermore,

the formation of a filter-cake is not
possible because of the very low
solid content compared to those of
bentonite muds.

This phenomenon restricts the
usage of polymers systems to low
permeability formations.

Specific care is then highly
recommended when using
these systems.

The Different Polymer Families
A polymer is a chemical product
issued from the polymerization of a
same compound so called

Characteristics

monomer. The degree of polymer-
ization represents the number of
repeated units which characterizes
the monomer.

The molecular weight is a function
of the degree of polymerization: it
determines the physical and chemi-
cal characteristics of the product.
As a rule of thumb, high molecular
weight polymers give high viscosity.

The main polymers used in special
foundations are organic water-solu-
ble materials classified according to
the 3 different following fami-
lies (see table below):

SUD-CHEMIE Products

Cellulosic ethers

Result from the chemical treat-
ment of the cellulose by cau-
stic soda and specific additives
Molecular weight < 1,000,000
Anionic charge

Biodegradable and
chemically degradable.
Powerful viscosifier.

Viscosifier.

drainage works.

Filtrate reducer when associa-
ted with bentonite mud.
Product of main interest for

SC VIS
powder or liquid,
low or high viscosity

Polyacrylamide

Result from the polymerization

of acrylamide (acrylic acid che-
mistry)

Molecular weight > 1,000,000
Anionic or cationic charge

Chemically degradable.

Very powerful viscosifier.
Flocculating properties.

Stabilization of clay.

Product for bore piling.

SC MUD
powder or liquid

Natural polymers and
bio-polymers:

guar gum, xanthan gum
Non ionic

Readily biodegradable.
Powerful viscosifier.
Good acceptance to salts.

(guar gum).

enhancer (xanthan).

Product for drainage works

Viscosity corrector, Yield Point

SC GUM
SC XGUM

Bore Piles

The geometry of such works is
favourable to polymer mud systems
and in particular in low permeability
soil formations (k<10° m/s) for
which the loss of drilling mud either
by injection or permeation in the for-
mation is very limited and the exter-

nal cake formation is not necessary
to ensure the stability of the bore
pile. The hydrostatic pressure can
actually be applied directly on the
bore wall or on a viscous phase
impregnating the surrounding for-
mation. This impregnated zone pre-
sents a higher cohesion thanks to

the bridging of the soil particles by
the polymer chains.

A polymer mud characterized by a
low solid content can replace effec-
tively a conventional bentonite mud.
The required viscosity is easily obtai-
ned with SC MUD polymers which



once dispersed in water build up
high viscosity solutions at low con-
centrations (40 to 50 seconds
Marsh).

Excavating with such a drilling mud
is comparable to the excavation with
conventional bentonite mud. Howe-
ver, the absence of yield point indu-
ces the settling of the cuttings, the
viscosity acting on the settling time.

After only a few hours, the settling
of the cuttings is achieved: all the
sediments stand at the bottom of
the bore pile. The cleaning of the
bore pile is then possible with an

adapted device. Conventional de-
sanding equipment is no longer
required, hence the potential for
cost savings on site.

After the concrete pouring, this
drilling mud can be re-used after
addition of polymer if needed and
pH adjustment (7.5 — 9.5). Such
polymers exhibit an interesting
tolerance to the main chemical
pollutants.

Diaphragm Wall Construction
The geometry of the panels requi-

res a real analysis of the opportuni-
ty to use polymer muds.

It is actually of main concern

to anticipate the following

aspects:

© Stability of the excavation.

© Consumption.

© Effective cleaning of the panels
before concreting.

Selection of Products
Depending on the site conditions and
the goal of the works, Std-Chemie
will propose different types of poly-
mers to foundations contractors. The
end user will use the frame below to
choose the appropriate product
according to his needs. Technical
data sheets explain how to use them.

Composition Blend of acrylamide based poly-  Blend of cellulosic ethers and Natural polymer
mers specific additives

Yield for a 40sec Marsh 0.5 to 3 kg/m?® 2 to 5 kg/m® 3 to 6 kg/m?®

viscosity

Bore piles vy v

Barret and d-wall v v

Plastic concrete v v

Drainage trenches v vv

Used Mud Treatment
SC VIS is a short chains polymer
that eases the desanding operation.

SC MUD and SC XGUM based
muds are relatively difficult to des-
and because of a higher molecular
weight.

Nature of mixed muds:

mixed muds are formulated with
both bentonite and polymers and
should be referred to as a conven-
tional bentonite drilling mud, the
bentonite actually being predomi-
nant.

It is of main concern when choo-
sing a drilling mud to consider its
disposal at the end of the project.

Getting rid of the used mud can be
very expensive. It must comply with
the local environmental regulations.

At the moment, bentonite drilling
muds can be mechanically treated
(filter press, centrifuge after floccu-
lation and coagulation).

Polymer drilling muds are degraded
by addition of strong oxidizers
(chlorinated solution, hydrogen
peroxide).

Reference Documents

If necessary, please refer to the fol-
lowing standards or informative
documents:

© European Standard EN 1538,
relating to the geotechnic works:
diaphragm walls

© Deutsche Norm DIN 4126

© Institution of Civil engineers (UK):
“PILING Procedures and specifi-
cations” 1978

Above mentioned information is given in good faith and by way of information at the time of printing. As the potential uses of our products are many and outside of our control, each user is res-
ponsible for asking us for information on planned application as we cannot be held liable on the basis of general information.




SUD-CHEMIE AG
Adsorbents and Additives
Ostenrieder StraBe 15
D-85368 Moosburg
Germany

Phone: +49-8761/82-625
Fax: +49-8761/82-665
www.sud-chemie.com

SC-0904-158 BD
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