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Encapsulation of an old industrial waste deposit, geotechnical investigations 

for a high density cut-off wall

Enceinte d’un depot de d6chets industriels, recherche geotechnique sur une parafouille a grande 

densite

Josef Brauns & Karl K a s t- U nive rsita t Karlsruhe, G erm any 

Dietmar Reiersloh & Bertram Schulze -  Trischler und Partner GmbH, Karlsruhe, G erm any

ABSTRACT: An old deposit of waste from chemical production had to be encapsulated by a surrounding cut-off wall (up to a depth of 

30 m) and a top cover. The design, the construction and the installation of the cut-off wall are described in the paper. Main attention was to 

be laid on the cutting technique which had to be adapted to the specific geological conditions and to the material (with a chemical binder) 

chosen for the surrounding wall. Because of the lack in large scale experiences with this material specific geotechnical investigations were 

required for the demonstration of the suitability and the feasibility under the specific site conditions. The paper deals with the investigations 

made before and during the construction and with the experiences made in the construction phase.

RESUME: Dans ce rapport, un cas est explique, qui demandait de construire un ecran etanche autour d ’un ancien depot des dechets 

industriels. Le projet, le systeme choisi et l ’execution sont decrits. II etait necessaire de prendre en consideration speciale la methode de 

construction non seulement en vue des conditions geologiques du lieu mais aussi en vue du materiau applique, qui est riche en solides et ne 

contient pas de ciment. Des investigations speciales sur ces materiaux etaient necessaires en ce qui concemait l ’utilite a la realisation au lieu, 

car il manquait d ’experiences sur une grande echelle. Les resultats des recherches avant construction et les experiences gagnees pendant la 

realisation sont rapportees.

1 INTRODUCTION

An old deposit of waste from chemical production is situated in 

granular, pervious soil over a rock surface at a depth of nearly 30 m 

below ground. The aquifer in the granular soil is used for the 

production of drinking water and, thus, encapsulation of the 

contaminated site (main contaminants are halogenated organic 

compounds) has proved to be indispensable. The encapsulation 

consists of a diaphragm wall surrounding the site and of a top cover 

to prevent infiltration of surface water. With the help of two large- 

size wells (0  800 mm) a stationary inversion hydraulic gradient 

into the encapsulation will be produced (Figure 1).

The underground conditions may be characterized as follows:

• layers of loose soils in a thickness of up to 26 m (Figure 1) 

with partly very pervious and porous zones with grain 

diameters of up to 30 cm,

• solid bedrock of varying solidity (sandstone with siltstone in 

changing proportions).

These conditions and the requirements for the cut-off material (see 

below) lead to the two-phase technique for the construction of the 

diaphragm wall. Using this technique, the individual panels are 

excavated to full depth with the help of a supporting bentonite slurry, 

which is then to be replaced by a special high density cut-off material 

in a second step. Because of the fact that it was the first application 

of this kind of material in such a scale, it is necessary to describe its 

most important properties in the following chapter.

2 HIGH DENSITY CUT-OFF MATERIAL

2.1 General aspects

For the purpose of safely sealing pervious underground around 

contaminated sites, HULS AG developed a special chemical (two 

component) binder (DYNAGROUT A+B) with high resistance 

against chemical attack. As the site was an old deposit of a company 

which had been taken over by HULS AG, it was decided to make 

use of this chemical binder instead of classical cement-boupd cut

off material.

Figure 1. Cross-section of the site before (top) and after (bottom) 

the encapsulation.

Furthermore, long term durability of cutoff materials can be at 

best achieved, if a maximum content o f insoluble m ineral 

components forms part of the material. Thus, a cut-off material with 

an optimum mixture of (i) mineral components and (ii) two- 

component chemical binder (DYNAGROUT) was used for the 

diaphragm wall.

In view of the various phases of (i) mixing, (ii) pumping, (iii) 

putting into place by feeding through a tremie pipe, (iv) being in
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place and setting, and - finally - (v) remaining in the ground forever, 

quite a number of material properties were of importance and had 

to be identified and quantitatively investigated in preparation for a 

call for bids from industry. Some of these properties will be briefly 

discussed in this paragraph.

2.2 Composition o f  the material

The general idea of an optimum composition of a high density cut

off material is to strive for

-  a Fuller-type grain skeleton of gravel, sand, silt and clay 

powder

-  a “glue”, formed by the liquid chemical binder, filling the 

voids of the “skeleton” so that it forms

• a mass suitable for pumping (like fresh concrete) after mixing, 

and

• a watertight material with a certain cohesive strength (against 

erosive attack) and a maximum of flexibility (insensitivity 

against mechanical deformation), after chemical reaction.

Extensive investigations, based on experiences from testing 

applications and from an installation on a much smaller scale 

(Diillmann et al. 1993) revealed, that the “formula” given in Figure

2 was most promising for achieving optimum properties.

0,001 0,01 0,1 1 10 100

G RA IN  S IZ E  d [mm]

Figure 2. Gradation of the solids in the high density cut-off material 

-  the table gives the ingredients and the „form ula“ for the 

composition.

As can be seen from Figure 2, the proportions of the chemical 

reactives are very low (which is simply a consequence of the low 

porosity of a well graded mix of solids).

The sodium silicate has also a very low proportion in the mass 

(1.6 %). It is important to mention that the sodium silicate is added 

right at the very end of the mixing procedure and that, prior to this, 

the mixture behaves more or less like a dry concrete mix which is 

very difficult to stir. Only after adding the small quantity of sodium 

silicate into the rest of the mass in the mixer (pug mill mixer) does 

the mass become a soft viscous material like fresh concrete (due to 

the pronounced liquefying effect of the sodium silicate).

2.3 Properties o f  material

Fresh material: In its ready-mixed state, the mass in question is a 

material like fresh concrete with a slump around 60 cm.

Testing the slump behaviour in function of time showed, that 

chemical reaction of the material resulting in an increase in viscosity

started after 3 to 5 hours after mixing at a temperature of under

19 °C. As setting results from chemical reaction, special care had to 

be taken regarding the influence of temperature under laboratory as 

well as under site conditions (summer/winter conditions, on site/in 

ground conditions).

Assuming there are no air voids in the fresh mix, the bulk density 

results analytically to p -  2.25 g/cm3. Density measurements in the 

laboratory produced results in the range of 2.00 g/cm3 p 2.26 g/ 

cm3.

Material after setting: Chemical reaction of the DYNAGROUT 

components (with some co-reaction with the fly ash) leads to a 

certain strength of the material, which is low but sufficient to make 

it safe against erosion under the hydraulic load to be expected under 

in situ conditions (say Ah = 0.5 m acting on a wall with thickness 

d = 0.8 m). The strength in uniaxial compression is only around 

qu = 30 to 40 kN/m2 and develops (under T = 10°C) within a few 

(around 10) days.

Along with the low strength values, another property of the 

material becomes important: the flexibility. Due to the fact that the 

material is a skeleton of well graded solids with a low content of 

voids, these voids being filled with a jelly-type glue, the cut-off 

wall remains flexible to a certain degree and can follow any 

deformations without developing cracks or other damage. On the 

other hand, this material can develop frictional strength due to the 

fact that it has a skeleton of grains. The strength behaviour was 

investigated in triaxial tests on specimens (10 cm in diameter) 

performed with porewater pressure measurements.

As regards the permeability of the material after setting, very 

low values of permeability were to be expected due to its high density 

and the absence of „free pore water". Accordingly, permeability 

tests with specimens of the dimensions h/d = 10 cm /10 cm -  when 

evaluated under the assumption of Darcy’s law -  revealed kf-values 

around 1010 to 10'" m/s. On this basis, the question of water tightness 

of a cut-off wall made from this type of material is reduced to the 

question of the tightness of the numerous joints between the primary 

and the secondary panels on the one hand, and of the effectiveness 

of the joint between the diaphragm wall and the rock layer 

underneath the water bearing alluvium to be sealed, on the other.

A number of further investigations were performed in the course 

of the design of the diaphragm wall in order to clarify aspects of 

material behaviour under the conditions of construction and long 

term effectiveness. Shrinkage tests, for instance, revealed that an 

extremely low degree of volume decrease could be expected even 

under conditions of drying in the open air. On the other hand, tests 

were made to study the consolidation" and setting behaviour of 

the material under natural temperature conditions in 4 m high tubes 

(with pore pressure measurements over a certain period of time). A 

view of one of these large scale specimens is given in Figure 3.

Figure 3. View of a 4 m long specimen produced in a simulation 

test in the laboratory (upper half of tube removed).
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Further tests with large scale simulations were made under 

laboratory conditions in order to investigate the quality of the joints 

between primary and secondary panels. These tests revealed, that 

bentonite inclusions in the interface would be limited to a tolerable 

extent, provided that the front face of the primary panel is sufficiently 

smooth.

All in all, the tests performed in the investigation programme 

formed a substantial basis to make use of the high density cut-off 

material with DYNAGROUT binder and to define all the details of 

the “quality control plan” (QCP) to be followed during construction.

3 CONSEQUENCES FOR DESIGN AND CONSTRUCTION

3.1 Quality assurance fo r  vertical cut-off walls

The efficiency of such an encapsulation mainly depends on the 

quality of the material used and on the careful execution on of the 

individual construction elements (primary and secondary panels). 

Due to (i) the great number of components of the cut-off material 

and to their composition (which had to be strictly controlled), (ii) to 

the special properties of the cut-off material (see above) and 

especially (iii) due to the lack of experience with the practical 

application of this material, an extensive concept for quality control 

had to be worked out. All working steps which were of importance 

during the execution (including the testing procedures for each step, 

the nominal values of properties and the ranges of tolerance) were 

summarised in a quality control plan.

• Due to the content of fly ash the strength of the cut-off material 

develops in dependence of time. The strength in uniaxial 

compression reaches values of only 10% of the values of cement- 

bound masses. Thus, together with the experiences gained from 

trial encapsulations (see below), it was decided that there should 

be a time interval of 14 days between the completion of the 

primary panel and the excavation of adjoining secondary panels.

• The high density (p 2.0 g/cm 3) and the low strength of the cut

off material (qu £ 50 kN/m2) require considerations regarding 

the stability of the front of the primary panel during the excavation 

of the secondary panel.

It could be shown that, assuming a safety factor of T| = 1.3 (for the 

state of construction), an angle of internal friction of <p 26.5° 

is required in the cut-off material in order to guarantee sufficient 

stability of the contact face.

Due to the lack of experience with the material in question and 

with problems of the sort discussed above, a trial encapsulation 

(9 m x 9 m in plan, full depth = 30 m) was constructed where certain 

panels were equipped with a large number of measuring instruments 

especially near the front faces of the primary panels. In addition to 

these measurements special monitoring equipment (echo sounder) 

was used in the secondary panels after excavation in order to 

investigate the condition (geometry) of the front faces of the primary 

panels.

After finishing the hydraulic tests (control of water-tightness) the 

trial encapsulation was cleared of soil in the surface zone (down to

5 m below ground) so that the panels could be inspected. Panels 

and joints were found to be of good quality.

3.2 Special items o f  the quality control plan

Controlling of the material properties: The material properties were 

checked in two parallel steps:

-  by the contractor (internal quality control) and

-  by an independent testing institute, which had its own laboratory 

and personnel on site over the entire period of construction (external 

quality control).

Each component of the cut-off material had to be checked on 

delivery to the site according to the demands of the QCP. Special 

attention had to be directed to the grain size distribution of the solids.

For the dosing of the individual components and for mixing the 

material, a computer controlled mixing plant was developed.

Several times a day the following properties of the ready-mix had 

to be determined before filling it into the panels: slump factor, 

density, temperature. The results gained were used

• for the assessment of the rheological behaviour (flow 

characteristics)

• for the assessment of the suitability as phase-two-material (safe 

displacement of the supporting fluid without mixing with the 

out-off wall material)

• for the controlling and the documentation of the mixing process 

(to ensure the same quality of mixture is maintained).

At regular intervals, laboratory tests were carried out with the 

material after setting (as is common with cement-bound cut-off 

material). In these tests the strength in uniaxial compression and 

the permeability in the triaxial cell were determined.

Specific material requirements:

• The setting behaviour of the DYNAGROUT-mass mainly 

depends on the temperature. With temperatures (of the mass) of 

T < 7.5 °C the setting reaction is greatly retarded, whereas at 

high temperatures it is accelerated. Therefore the temperature 

of the mass must not exceed T = 30 °C. This means:

-  that the components had to be mixed with warm water 

(T = 40°) in winter and

-  that it was necessary to cool the coarse materials with water 

and to slightly modify the mixing formula (increasing of the 

DYNAGROUT content) in summer.

4 EXPERIENCES UNDER SPECIFIC SITE CONDITIONS

4.1 Excavation techniques applied

According to the original proposal the primary panels as well as the 

secondary panels were to be excavated by a hydraulic trench cutter. 

Due to the great depth of the trenches and due to the partly very 

hard bedrock, the use of the hydraulic cutter appeared most promis

sing.

Following a special proposal of the contractor, the excavation of 

the panels in the trial encapsulation, however, was carried out in the 

following stages:

Step 1: Excavation of the primary panels down to the bedrock 

surface with a cable-operated grab.

Step 2a: Loosening and grinding of the bedrock in the primary 

panels by hole-to-hole drillings with a rotary rock drilling auger 

and overdrilling of the remaining rock areas using the rotary 

drilling rig with a coring machine (800 mm 0).

Step 2b: Excavation of the loosened rock in the primary panels 

with the cable-operated grab.

Step 3: Excavation of the secondary panels from top to bottom 

with a hydraulic trench cutter.

The results gained from the trial encapsulation led to a critical review 

of the scheme of construction, particularly as regards the use of the 

hydraulic trench cutter. Finally the contractor suggested the 

construction of both primary and secondary panels with the 

combined system of grabbing and drilling. After successful testing 

this method of construction in a second trial encapsulation, this 

procedure was adopted for the entire cut-off wall.

4.2 Results o f the trial encapsulations

The second trial encapsulation was equipped with monitoring 

systems similar to those of the first one. The observations and the 

results gained from both trial encapsulations can be summarized as 

follows:

Excavation procedure: Both procedures proved to be principally 

suitable for excavating the primary panels as well as the secondary 

panels as regarded verticality, sufficient overlapping, embedding 

depth in bedrock etc. During the excavation of the secondary panels
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with the hydraulic cutter (trial encapsulation No. 1), however, a 

number of difficulties with the coarse grained subsoil occurred (grain 

size diameter of more than 20 cm); moreover, the velocity of 

excavation was considerably less than anticipated.

Mixing of the cut-off material: The use of the computer controlled 

mixing plant and the demands laid down in the quality control plan 

(see below) proved to be both indispensable and efficient.

Despite the great number of components, the quality of the cut

off material could be maintained very well. Only a narrow range of 

scattering in the most important properties (such as grain size 

distribution in the mass, slump factor, density and temperature) was 

observed. Complaints, which led to rejection of single mixtures, 

occurred rarely and only in the initial stages of construction.

Stability of the primary panels during the excavation of the 

secondary panels: From what could be seen from the surface, there 

were no signs of instability (slipping down of parts of the primary 

panels into the „open“ (slurry supported) secondary panels) inde

pendent of the excavation technique. Obviously the available inner 

friction in the cut-off material was sufficient (after the 10 days 

interval, see above).

Measurements in the inclinometer tubes: The monitoring systems 

installed in the trial encapsulations Nos. 1 and 2 were to detect 

deformations in the primary panels during the excavation of the 

secondary panels. The measurements in the inclinometer tubes, 

installed near the front faces of the primary panels, however, 

indicated no movements, independent of the different excavation 

techniques in the trial applications.

M onitoring  o f the pore w ater p ressures: In both trial 

encapsulations the measurements of the pore water pressure in the 

cut-off material showed that there were significant reactions during 

the excavation and the refilling of the adjoining secondary 

panels.Yet, it could be shown that these reactions were not due to 

dangerous movements in the primary panels.

Measuring of the trench geometry with an echo sounder: The 

measurements with the echo sounder showed quite smooth surfaces 

of the longitudinal surfaces of the panels despite the extreme 

coarseness of the subsoil. At the front faces of the primary panels 

(joints betw een prim ary and secondary panels), however, a 

significant roughness (undulations) was to be observed. These 

undulations raised the question, whether the supporting fluid would 

be completely replaced by the cut-off material in these areas.

Altogether the measurements with the echo sounder in the 

secondary panels proved to be very informative, so that this 

technique was also applied during the entire construction of the 

cut-off wall.

Working with the quality control plan: In preparation of the 

construction works a series of forms had been worked out, which 

allowed the systematic and complete registration of all important 

working steps (initial testing of all components, testing of the mass 

in fresh condition and after setting, control and documentation of 

the excavation (trench geometry and exchange of masses). Along 

with this, it was necessary to define the procedure for the supervision 

of all steps in a clear and systematic way, so that good working 

progress without lack in quality could be achieved. After a short 

initial working phase the concept chosen proved to be a helpful and 

efficient tool for quality control and work performance.

4.3 Experience gained during the execution o f the encapsulation

The observations during the construction of the entire cut-off wall 

were similar to those of both trial encapsulations, so it would not 

seem necessary to enter into all details mentioned. Pore water 

pressure and inclinometer monitoring, however, were not been 

carried out during the building of the cut-off wall.

Only one observation, which must be seen in connection with 

the properties of the cut-off material, should be reported here: In 

the course of the wall line there were some areas, such as comers,

which required „short“ primary panels (1 = 2 m) whereas the usual 

length of the primary panels was 1 = 8.30 m. At one such a point, a 

short primary panel had already been completed some time back. 

On both sides of this primary panel, there were secondary panels 

filled with the supporting fluid.

One of the secondary panels was then filled with cut-off material 

into the trench discharging the supporting fluid. Just before the end 

of the filling process, the level of the fresh cut-off material sagged 

down abruptly, at the same time the supporting fluid of the secondary 

panel on the opposite side flowed out of the trench. After this process 

had stopped -  without visible effects at the surface of the primary 

panel in between -  the cut-off material in both secondary panels 

was found to be at the same level (problem: see Figure 4).

yt: bulk density of bentonite slurry =10.5 kN/m3
y2: bulk density of fresh high-density cut-off material =21 kN/m5 (=2 x y  )

Figure 4. Instability of a „short“ primary panel.

5 CLOSING REMARKS

This paper describes the application of a high density material of a 

special nature for the encapsulation of an existing deposit of chemical 

wastes by a surrounding cut-off wall in difficult ground. Maximum 

possible contents of solids, minimum contents of chemical (resistant) 

binder (DYNAGROUT), low but sufficient strength, a high degree 

of flexibility, and -  as a matter of fact and requirement -  very low 

permeability are the import factors of this material, making it suitable 

and thus resistant even under extreme conditions.

The special nature of this m aterial calls for adequate 

technologies during its practical application. The case study 

described is presented in order to demonstrate the successful 

performance of an application under difficult subsoil conditions. 

On the basis of the experience gained, the authors feel that the special 

advantages of the material make it worth using in other cases where 

a high degree of reliability and longterm resistance are required.
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