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Geotextiles in Tailings Dike Construction: Laboratory and Field Observations 

Les geotextiles dans les digues en steriles: observations en laboratoire et sur le terrain 

An experimental dike built to contain tailings 
by maximizing the tJse of waste materials in its COn~ 
str\lctioll i s described . Geotextiles were used to 
insul'e the integrity of a, blanket drelin plelced 
with in a starter dike. The results of an equivalent 
opening size test \~ere used to make a prellminary 
select ion, followed by a permeability-type test. 
The amount of tailings passing througn the 
geotextiles in this test was used to further narrow 
the fleld of candiMte fabrics. Field experience in 
the construction of an experimental dike 800 meters 
10ng showed relatively few problems. Based on the 
test program and the field exper;ence , a list of 
;tems to consider in the selection of fabrics to be 
used in the retention of tailings is suggested. 

INTRODUCTION 

Large quantities of solid waste materials are 
produced as a result of the mining and processing of 
mineral ores. Depletion of richer ores has led to 
the mining of lower-grade ores with lower recovery 
factors and consequently even larger proportions of 
waste material. To liberate the mineral values from 
the ore, it is often necessary to grind the ore down 
to a very fi ne powder, thus most of the resulti ng 
tailings are finer than 0.075 mm (US sieve 200). 
The typical recovery process produces large 
quantities of slurry which tend to form unstable 
depos its. These must be conta i ned beh i nd su itab 1 e 
dikes. 

The design and construction of tailings reten
tion structures depends on many factors. For 
example, the Canadian Department of Energy, Mines, 
and Resources has pointed out in its Tentative 
Design Guide for Mine Waste Embankments in Canada: 

"The design of mine tailings.embank
ments should consider the economics of 
alternate s ites, types of embankment and 
methods of waste disposal; these will be 
interdependent. The availability of con
struction materials, the quantities and 
characteristics of the wastes, climate, 
topography, and the nature of the founda
tions at alternative sites will all be 
factors" (.1). 

It is important that the retention structures be 
designed and constructed to safely store the wastes. 

\loila une description d' une digue exp~rimentale 
construite pour contenir les depots de r t'!sid u en 
sterile de mine, en utilisant dU max imum les 
mat!!riaux de rebu t (dechets) . Les g~otext il es 
!\taient util i st'!s pour assurer I' int~grite du drain 
"de couverture" plac~ ~ l'int~rieur de la digue 
in itiale . Pour faire l a s~lection prel iminaire , on 
se servait du r~sultat d'un essai de dimension 
d'ouverture ~quivalente suivi par un essai de 
perm~abil He. La s~l ection ~tait encore rhrecie en 
employant la qtJa.nti t~ de residu (en s~ri1e de mine) 
qui percole a traverse le geotextile dans cet essai. 
La const ructi on d'une digue experimentale de 800 m 
de longueur, sur 1e terrain, demontrait peu de 
problemes . Bas~ sur le programme d'essai et 
l'experience sur le terrain, voiti un liste de 
conside rati ons dans l a s€lection de textile utilise 
~ retenir les residvs en st~rile de mine. 

Furthermore, as there is no fiscal return from them, 
the storage system must be as economical as 
possible. 

In some cases, the dam is immediately 
constructed to the full height required for 
I He-of-mine. This has the advantage that it is 
easier to control the construction, therefore easier 
to build a safe dam. Also, the filling process is 
simpler (and less costly) to control. It is often 
possible to let the tailings spill into the basin 
with a minimum of daily attention. In short, this 
is the low-maintenance facility. 

Such constructi on may be costly, however, and 
requires a capital investment to be made long in 
advance of rea 1 i zi ng an economi c retu rn from the 
mining venture. Thus there is considerable interest 
in tailings dike systems which can be constructed 
only as they are needed, and in making maximum use 
of the tailings as the construction material. 

Three basic methods have evolved for construc
tion with tailings: the upstream method, the down
stream method, and the centerline method (4). In 
the upstream method, a starter dike is constructed 
of natural soil, and the slurry is spiggoted from 
the upstream shoulder (Fig. 1). The natural 
sedimentation process results in the coarsest 
portion of the tailings being deposited adjacent to 
the starter dike, with progressively finer material 
deposited further out into the pond. The clear 
water is decanted off in a suitable manner. When 
the basin formed by the starter dike is full, the 
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Fig. 1 Three Basic Methods of Constructing Dikes 
from Ta il i ngs. 

"sands" are bu11dozed or dragl ined up to the top of 
the starter dike to form a second level or 1 ift 
typically 2 to 8 meters high. Alternately, naturai 
soils may be used. The tailings pipeline is then 
raised to this new level and filling continued. The 
method is relatively simple and inexpensive, and can 
work well if the composition of the tailings is such 
that an adequate amount of sand or course material 
is produced. Ther~ is one major disadvantage, 
however, and that 1S when the dike is raised to 
large heights, the potential slope failure surface 
no longer passes through the coarse, relatively 
stab 1 e sands but through the fi ner "s 1 imes" whi ch 
may not have sufficient strength to resist shearing 
(2) . 

This problem is overcome in the downstream 
method, in which the sand is removed from the beach 
and placed on the downstream slope. Alternately, 
the sand may be . separated from the slimes by 
hydrocyclon1ng, w1th the sand then being placed 
directly on the downstream slope (5). Thus the 
c~arse free-draining material is-placed where it 
w111 be most advantageous. Also, this results in a 
wide base of stable material such that the critical 
surface passes through the coarse material only. 
Wh11e th1S method generally results in a safe dam 
it requires a much greater quantity of sand, plu~ 
the continual extra cost of equipment to shift the 
sand. If it is difficult to obtain sufficient 
coarse material in a given case, this method may not 
be feasible. 

The centerline method is similar to the down
stream method in that coarse material from the beach 
is placed on the downstream side, but the centerline 
or axis of the dike remains fixed, rather than 
shifting upstream or downstream as in the previous 
methods. 
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Although these methods are attractive because 
of their simplicity and relatively low cost, they 
cannot be used in alls ituati ons. For exampl e, if 
t~e grind of the tailings is very fine, there simply 
w111 not be enough coarse material present for any 
of the above methods to be successful. Also, in the 
ca ses where it is desired to raise a filled basin 
above its original design level, the foundation of 
the dike may of necessity be on the relatively weak 
fines, thus sharing the disadvantage of the upstream 
method. Therefore innovative methods must be 
developed which are both safe and economical. 

As the key to success in earth structures of 
thi s ki nd i s dra i nage, there shoul d be appropri ate 
uses for geotextiles. It is the purpose of this 
paper to examine some of these possibil ities in a 
specific case. 

ORIGINAL CONCEPTS OF FASRIC UTILIZATION 

As the original tailings basin in this case 
study filled up, it became necessary to find 
additional storage space. Suilding additional 
basins on adjacent land was deemed too costly. 
Therefore other approaches were sought. These 
generally focused on continuing to use the existing 
"fu11" . b~sin by piling the future tailings on top of 
the ta111ngs already there, and to use the tailings 
as construction material to the greatest extent 
practical. 

In 1971 a homogeneous cross-section dike was 
built using tailings as the construction material 
(l). It was located on a foundation of well drained 
coarse tailings. In anticipation of the required 
future construction, exploration was carried out on 
portions of the basin that were not so we11 drained 
and which contained finer grained tailings. Samples 
were analyzed for shear strength (2), (10) and 
susceptibil ity to frost action (9)-:- A study was 
made of the possibilities of- hydrocycloning to 
obtain coarse tail ings for some form of hydraul ic 
construction, but it was concluded that obtaining 
~nough . coa rse materi a 1 woul d be diffi cult, perhaps 
1mposs1ble (~). Therefore a modified homogeneous 
cross-section with a blanket drain was selected. 

The earlier dam showed a marked susceptibility 
to erosion CU, therefol'e it was considered very 
1mp?rtant to provide adequate filters to prevent 
~1P:ng (6), (~). In addition, s tability analysis 
1nd1catea that a dike could be built if there were 
adequate provision for drainage of the foundation 
tailings (10). A blanket drain would thus serve to 
drain the foundation as it came under load from the 
embankmen~, and serve as a toe drain to the tailings 
slope Wh1Ch would be eventually raised above the 
starter dike. Both the blanket drain and the 
tailings fill above it would be placed by 
conventional earthmoving equipment. Therefore to 
create the new storage basin, modified homogeneous 
dam sections would be placed around the perimeter of 
the existing basin. To gain practical experience 
with this method before construction became urgent, 
a trial embankment was to be constructed on a 
portion of the basin reserved for research purposes. 
This would also provide experience with the 
foundation of the dike, consisting of deposits of 
fine-grained tailings ranging in thickness to 25 
meters. 

It was origina11y planned to use waste rock 
from the mine in the blanket drain, as this would 
put some of the abundant waste rock to good use, and 
the resulting drain would have excellent perme
ability . However, it was determined that this would 
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require several layers of intermediate materials, 
and the total thickness required would be too great. 
At this point, the possible use of a "filter fabric" 
began to be attractive. 

To intercept the anticipated horizontal seepage 
through the stratified foundation tailings, a 
vertical cut-off drain was to be tied in to the 
blanket drain (Fig. 2). Fabric would be placed 
completely around the rock to prevent the tailings 
from moving into and clogging the drain. 

WASTE ROCK 
RIPRAR 

TAILINGS DEPOSIT 

Fig. 2 Preliminary Concept of Coarse Rock Blanket 
Drain Protected by Filter Fabric. 

To investigate the potential for using 
geotextiles, the available materials and their 
characteristics were reviewed and textile selection 
criteria were developed (7). Preventing the migra
tion of fines was of keyimportance because 1 ittle 
experience had been reported in the literature with 
soils as fine-grained as these tailings. With these 
considerations in mind, an equivalent opening size 
test was developed (7). The tail ings were washed 
through a piece of fabric clamped between two parts 
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Fig. 3 Equipment for Improvised Equivalent 
Opening Size Test. 
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of a compaction mold and the percent passing 
determined (Fig. 3). Any tendency for the tailings 
to excessively abrade the fabric was evaluated on a 
visual basis. 

Using this as a first screening test, the 
possible field of candidate fabrics was narrowed to 
four which were then subjected to additional 
testing. 1his test inVolved the use of a permea
meter-like device, with the fabric holding a com
pacted sample of tailings in place while water 
flowed downward through the sample under constant 
head conditions (Fig. 4). In addition to evaluating 
the permeabil ity of the system, thi s permi tted a 

WATER 
INLET---'=::::(] 

d= 152.4 mm --"f+-H---. 

FILTER 
CLOTH-

TUBE FOR 
AIR ESCAPE 

PIEZOMETER 
OUT LETS 

_ DISCHARGE 
OUTLET 

Fig. 4 Permeameter-Type Devise for Determining Loss 
of Tailings Through Fabric 

visual check of whether any tail ings were passing 
through the fabric (1). 

This part of the study concluded that either 
"A" or "C" would be suitable, with "A" apparently 
having a slight edge. Table 1 summarizes the 
results of the two stages in the selection process, 
showing how the original seven candidates were re
duced to four by the EOS test and other considera
tions, these four being further narrowed down to 
two. 

MODIFIED DESIGN SELECTED 

Because of economic conditions and mine operat
i ng considerations, the construction of the dike was 
~elayed for three years following the study on 
;":'rics. In the interim, foundation studies were 
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Table 1. Fabric Test Results and Selection Decisions 

Fabric Type Eguivalent Ogening Size Test Fi rst Permeabil ity Test 

% Soil EOS Equivalent Stage Soil Passing Suitable? Decision passinq mm US sieve 

A non-woven 77.2 0.09 200 test further negligible Yes 

B non-woven 90.1 0.12 120 eliminated (a)* --- (No) 

C non-woven 91.3 0.12 120 test further very 1 ittl e Yes 

0 non-woven 97.3 0.15 100 test furt her considerable No (d) 

E woven 97.7 0.15 100 eliminated (b) --- (No) 

F woven 98.7 0.16 100 test further excessive (No) (e) 

G woven 99.7 -- --- el iminated (c) --- (No) 

* NOTES: (a) high cost (b) apparent low strength and durability (c) functionally ineffective 

(d) stretched excessively (e) functionally ineffective 

conducted with dynamic and quasi-static cone pene
trometers, and the proposed al inement of the dike 
was shifted to adapt to changed operating 
conditions. Cone penetrometer studies on the new 
alinement showed a relatively stiff dry layer of 
tailings overlying a softer deposit. This crust was 
about 3 meters thick on the south end of the pro
posed dike axis, and gradually thinned to about 1.5 
meters at the north end. It was thought that the 
weight of the dike and the eventual fill ing behind 
the dike would result in excessive settlement or 
instability due to the presence of this softer layer 
at depth. 

To simpl ify construction, it was decided to 
eliminate the key or trench drain feature of the 
original cross-section design. Two drain designs 
would be used. One would be a simple blanket drain 
about 1 meter in thickness, while the other would 
have a raised portion near the upstream face. This 
raised portion would provide better drainage for the 
tailings to be placed behind the dike (Fig. 5). 

As the time for construction drew near, concern 
developed about possible construction difficulties, 
especially in the vicinity of a low spot about 100 
meters across where water had ponded. There was 
some difficulty draining it before construction 
began. Therefore it was decided to use a high
modulus woven fabric, which had not been available 
at the time of the lab evaluation, in addition to 
fabric "A". Thus the project would be divided into 
four sections, one representing each of the four 
possible combinations of cross-section and fabric 
(Fi g. 5). 

CONSTRUCTION PROCEDURES 

The construction sequence was to place the 
lower fabric, then place the sand over it in a 0.5 
meter lift. Following that, the sand was brought up 
to full height, then the second layer of fabric was 
placed. With the upper fabric layer in place, the 
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cross-section was completed with the coarsest avail
able tail ings. 

Construction began on the south end, nearest 
the source of the sand borrow. The slope stakes 
provided a guide for placing the fabric, which was 
rolled out perpendicular to the dam axis, with 
approximately 0.4 meter overlap. It was decided to 
run the fabric across the dike rather than parallel, 
as the most likely movement would be a spreading in 
the transverse direction. 

The work generally proceeded well, in spite of 
often windy conditions. The two men who rolled out 
the fabric were able to anchor the fabric by hand 
shoveling sand to tie down the edges, and still man
age to 1 ay down the fabri c rapi dly enough to keep 
ahead of the scrapers bringing in the sand. 

The contractor was reluctant to have the scrap
ers run off the end of the fi 11 and over the bare 
fabric, so the scrapers dumped their loads and let a 
dozer push the sand ahead to cover the fabric. Ta 
avoid excessive backing and loss of time, the scrap
ers were driven off the side of the fill so that 
they could return to the borrow pit by running over 
the tailings surface. This generally worked well 
until excessive rutting was noted at one point, and 
the non-woven fabric being used there failed in ten
sion over the pressure ridge formed between the two 
wheel tracks (Fig. 5). Fortunately there was no 
evidence of failure under the body of the fill; 
also, the scheduled change from non-woven to woven 
fabric occurred just a few meters away. 

The reason for the difficulty in this area was 
that water had ponded there duri ng the spring and 
early summer, and had not drained or evaporated. It 
was drained by a ditching operation only a few weeks 
before construction began, and thus was still wet. 
Changing to the high-modulus fabric permitted the 
construction to proceed, although it was also 
necessary to increase the lift thickness to success
fully get across this spot. 
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Fig. 5 Typical Cross-Sections and General Plan of Experimental Tailings Dike 

With further experience, the contractor found 
that he coul d run the scrapers off the end of the 
fill across the bare fabric if the machines moved 
slowly and steadily. There were no further diffi
culties with bearing capacity, although when it was 
later necessary to build a side ramp for the 
scrapers to turn off from the dike, fabric was used 
to insure that there would be no difficulty. 

Wh en t he sand for t he drain had been placed , 
the second l ayer of fabr ic was placed over it , wi th 
the fabri<: over lappi ng the f i rst l ayer at the toe of. 
the s lope . The di ke ~Ias then brought up to gl'a de 
with tail i ngs \1ith no unusual difficul ty , A layer 
of gravel was placed on t he top cf the di ke to carry 
truck traffi c , and ~i p - rap was placed on the s lopes . 

OBSERVATIONS AND CONCLUSIONS 

The deep-seated instabil ity by a rotational or 
sliding block movement that was considered a possi
bility did not, in fact, occur. There was no appar
ent buildup of pore pressure due to the load of the 
embankment. The peizometers did not show any change 
in pore pressure after the dike was placed. 

There has been no opportuni ty to observe the 
ultimate behavior of the project, as economic condi
tions caused a delay in the filling behind the dike. 

Both fabrics were easy to handle, in spite of 
some fairly strong winds. This is important in 
application to tailings basins, as they are often 

subject to high winds because of their exposure. 
Laying down a minimum amount of fabric in advance of 
covering with fill reduces the chance for 
difficulties due to sudden gusts of wind. 

When heavy earthmoving equipment is used, vari
ations in the trafficability of the top meter or so 
of the foundation tailings may be significant to the 
success of the pl acement of the fi rst 1 ift of fill. 
To continue successfu l ly with cons t ruction . it may 
be necessary t o change the thickness of a layer, as 
was done in the case descri bed. t hus chang i n9 the 
cross-section as des igned . If suc h a design change 
due to fiel d conditions 15 unacceptabl e , other 
alternatives shou l d be read il y availab le . One 
alternative would be to use lighter equipment. This 
probably would have worked in the case cited. 
Another possibility is to have alternate fabrics on 
hand on the jobsite, so that localized difficult 
spots can be readily dealt with. While intensive 
sampling or surface testing, say with a cone 
penetrometer, would help anticipate these spots, 
careful observation of the machinery and its effects 
on the 9 round can be very effect i ve in 1 ocat i ng 
difficult spots in advance. 

Careful study of the tailings to be protected, 
along with consideration of the true function of the 
fabric, is necessary. In the case reported here, it 
was possible to use tailings in the embankment which 
were somewhat coarser than originally planned for. 
This would mean that a larger EOS might have been 
acceptable. 
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FABRIC SELECTION FOR USE ON TAILINGS: A CHECK LIST 

Based on experience with the project cited 
above, a check list for fabric selection is present
ed. It is not claimed that this list is all
inclusive, but it should be useful to those 
contemplating tailings dike construction with 
fabri cs. 
1. What is the function of the fabric? What 
objective is to be realized? 

A. Separation, such as keeping the tailings 
out of the permeable drainage layer. 

B. Facilitate construction traffic. 
C. Direct drainage, that is the textile itself is 

the prime drainage agent, as by wick action. 
D. Other. 

RESULT: This should help to establish the 
genera 1 type of fabri c des i red. 

2. What is the range of gradation of the tailings? 
A. Relatively consistent. 
B. Stratified. 
C. Systematic change in gradation, as for 

example, from coarse at the point of 
discharge to very fine at the pond. 
RESULT: Indication of the required EOS. 

3. What materials are available for the drainage 
layers, traffic layers, etc., and what are the 
pertinent characteristics of these materials? 

A. Coarse, angular, sharp particles, such as 
mine stripping rock, would be potentially 
damaging to the fabric. 

B. Pit run sand and gravel would tend to be 
more friendly to the fabric. 
RESULT: Relative importance of tear strength 
and modulus as they affect construction 
survi vabi 1 ity. 

4. What equipment and construction methods will 
probably be used? 

A. Heavy earthmoving equipment will result in 
greater tensile stresses in the fabric. 

B. Heavy equipment combined with sharp angular 
large particles would increase the tendency 
to tear the fabric. 
RE5ULT: Further definition of strength and 
other survivability properties required of the 
fabric. 

5. What are likely to be the conditions at the time 
of construction? Are they likely to change on a 
seasonal basis? 

A. Extremely windy. 
B. Extremely wet. 

RE5ULT: In windy conditions, small rolls of 
fabric may minimize the problems of the fabric 
being blown away. If conditions are so wet 
that the fabric must be handled mostly by 
manpower, smaller rolls will be better. 

6. What is the probability that unexpected 
conditions will appear during construction? 

A. Exceptionally wet or weak foundation. 
B. Would critical locations control the entire 

design, or should special designs be develop
ed, perhaps using fabrics specially selected 
for these conditions? 
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RESULT: Adecision would be made whether to 
develop alternate designs, and if so, to be 
sure the necessary materials were available 
if and when needed. 
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