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SYNOPSIS

In the paper the infiltration window for supplying the groundwater basin from

head-race canal is described. The results from laboratory and field permeability tests of soils set
in the sandwich as well as permeability of geotextiles reinforcing the sandwich are presented. The

results obtained were compared with calculations,

in which the seepage was determined from pore

distribution and the specific surfaces of soil grains. On the basis of these laboratory tests and
calculations the prediction of seepage diminution for 3 year - period was made.

INTRODUCTION

In the valley of the river Danube_a big canal
with a capacity of 4000 to 4800 m3/s is being
constructed. It is 17 km long and its width
ranges from 340 to 700 m. In the given area
there are very unfavourable geological condi-
tions that in past time resulted in piping and
springs during flood period. To preceed those
unfavourable occurance a profound sealing of
embankments at the construction of water plant

at Gab&ikovo was suggested, namely, with asphalt
coating and in sandwich-way arranged layers with
PVC foil at the bottom of the canal, in whose
centre a special "window" by means of geotextile
was formed /Fig.1l/.
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Fig.1 Canal profile and sandwich composition:
a - canal, b - window, c - sealing layers
with PVC foil, 4@ - soil layers and geo-

textiles /3 alternatives/

The demand on permeability on the one hand and
the strict condition of bottom stability on the
other hand being stressed due to water flow and
motional mechanisms of vessels present a diffi-
cult problem, which has been analysed theoreti-
cally as well as in experiments - by tests in
laboratories and in the field. Some problems are
discussed in this paper.

COMPOSITION OF THE PERMEABLE SANDWICH

The infiltration sandwich window consisting of
several soil layers and the geotextile /TATRATEX/
demands a profound processing of soils and the
protecting liner as well. It consists of follo-
wing layers:

1 upper gravel layer protecting the sandwich
from flowing water.

2 infiltration control sealing layer preven-
ting from excessive seepage - particularly
in the first phases of canal filling, when
seepages are expected /through canal tightt-
ness as well as from the reservoir lying
over it/. This layer acquires a new function
within the further operation, namely, when
substantial infiltration through the sand-
wich window will be demanded.

3 inner protection layer - it protects the
geotextile from damage and enables forming
of bridging.

4 geotextile liner- with filter role. It
serves as filtration, separating and regula-
ting layer. It shall prevent from soil
erosion.

5 subsoil layer /loamy sand/ treated by over-
- ploughing and plained so that the geotex-
tile lying on this layers cannot be damaged.

PROPERTIES OF SOILS AND GEOTEXTILES

The range of permeablility coefficients /k/ show-
es I'ig.2. Almost generally, it concerns sandy
soils to which clays, loams but also gravels are
added,and which are deposited along the canal.
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Fig.3 Pore size distributions: a - geotextiles,
b - soils and "k" value change with pres-

sure of C/1 geotextiles, C/2 of solils
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Pore distribution of four non-woven geotextiles
points at /Fig.3a/ larger irregularities than
we had expected. The distribution reflects big
differences of "negg" values and of median
values <> This one is for 400-times lower of
GT/4 than of the preceeding geotextiles GT/1,
GT/2 and GT/3. The low value "ngg¢ and small
radius of geotextile pores GT/4 make her inappro-
priate for forming the infiltration window.

With regard to the danger of extrusion and chan-
ge of permeability the dependence of value "k"
upon pressure seems to be interesting. The geo-
textiles GT/1 and GT/2 are given benefit within
the comparison /Fig.3c/. The selected geotextile
GT/l a GT/2 /TATRATEX/ show following characte-—
ristics: m. = 400 * 10 % or 300 & 10 % g/m?,
thickness b = 4 or 3 mm, tensile strength - min
7-8 kN/m, extension_210 %; pore radius from

r = 1.1073 to 6.10"2 mm; median <r> = /3,7-3,8/
.107¢ mm; fibre diameter d¢ = /2,0 - 6,5/ . 1072
mm; <dg> = 3,7.1072 mm.

At Fig.3 pore distribution of the geotextiles
investigated and soil pore distribution diagrams
S/1 to S/5 are plotted. In the diagrams big dif-
ferences in porosity of geotextiles /particular-
ly of GT/4/ in comparison to fine grained soils
are obvious. When the permeability changes /k/
in the dependence on normal pressure /Fig.3c/are
compared, it can be found out that the chan-
ges are advantageous for GT/l1 and GT/2. For the
comparison there are also presented the changes
of permeability of the investigated soils. The
fine grained Danube soils can be characterized
by their permeability /k/ depending, to a large
extent, upon the voids ratio.

LABORATORY TESTS AND FIELD INVESTIGATIONS

The demand to ensure the water infiltration from
the canal into the groundwater basin required
many laboratory and field tests, which respec-
ted various special boundary conditions of the
ground water level /GWL/ that must not raise
over the ground surface /GS/ i.e. it shall be

1 or 2 m under the ground surface. Operational
reliability of the canal requires water to pene-
trate from canal to groundwater level by "free
fall". In this case the height of water in the
canal will be /h = 7-14 m/ divided into 5 piezo-
metric heights /indicated in Fig.l/ set in the
testing apparatus. Two kinds of filtration co-
lumns were used in laboratory: low pressure co-
lumns and high pressure ones - with different
arrangement of gravel and fine grained soils.
Position of the geotextile was unchanged as

well as its role as protecting element.

Similar tests were carried out in the field.
Methods and results from the field tests are
presented and discussed in /Mi%it,1987/. In

our paper we are reporting only about the la-
boratory test results and some special common
phenomena e.g. the method of adjusting the
"equilibrium state". Large fluctuation of pres-
sures /piezometric heights/, seepage rates and
quantities characterized the beginning of
tests.

In the course of most experiments a certain
transport activity by carrying out the fine

soil particles was developed, which, in general,
ceased after 15 or 20 days. By analysis of

all accompanying phenomena and their mutual



connections we came to the conclusion, that the
non-stable phase of seepage regime is caused by
non-compatibilty of seepage adjustment through

the soil-geotextile sandwich /Fig.4/. While it

is difficult to follow the functional dependence
upon time /t/ in the first seepage phase g=f/t/,
in the second one /from Ccomp/ the infiltration
quantity development can be predicted being very
important from the point of view of the proper

function of the infiltration window - see below.

Fig.4 Soil geotextile compatibility tests

From the safety point of view there is also in-
teresting the distribution of shear stresses
/Z/ in separate layers, whose values are chang-
ing in the separate phases /I,II,III/. It is
clear, that different layer arrangement corres-
ponds with the different diagram of shear-stress
distribution /Fig.5/. There is, however, one
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Fig.5 Shear stress /7/ within the layers: by

different column tests; a - low pressure
column /state I,II,III/, b - by double
gravel layer /b/1/ and enlarged protec-
tion sand layer /b/2/
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common feature - all shear stresses are shifted
to the window subsoil. The shear stresses /7/
were determined from pressure gradient /Ap/H/
and specific surface /sy/ - by following formula:

Ap
T-TO-H— /1/

Neither clogging in the Danube canal can be
ignored. The deposits will decrease the infil-
tration ability and effectiveness of the work,
therefore their removal from the infiltration
window is to be considered.

PERMEABILITY DETERMINATION AND SOME SPECIAL
PHENOMENA

In comparison to classic methods of permeability
determination, prevailingly based on the applica-
tion of the Darcy’s Law, we used at sandwich di-
mensioning a little more complex and exact for-
mulas for calculations of soil and geotextile
seepages. The adapted equation /Q/ is formulated
as follows:

o
Q=A(A*i-B-—5-D)=A/N/ =hug /2/
i

where A*, B, C, D - being coefficients respec-
ting seepage conditions
A,v, Ug - being cross section and ve-
locity /ug/ - superficial

For the coefficient of geotextile permeability
/kp/ we used the formula derived before /Peter
P.,1988/:

- 1_52 .
kT = EL -1n$ - 5 3 328 <r>2 tp,cC /3/
v 1+§ _
3/2 3/2
n <r> 8y w9
B = eff s ¢ = S 8 74/
5o z So 3/2
3 ® -1 <>
R=— 1n — xX = /5/
2 %+ 1 G

resulting in the equation for superficial velo-
city in the form:

u, =kp i - By i-Cpi™>-D(pl - Dlc) /6/
m
where §=— - portion of fibres being /7/
§s b dependent on mass of fabric
/Mqp/, polymer density /eg/
and thickness /b/ of the
geotextile
<r> - pore radius median
7,# - dynamic, kinematic water
viscosity

S4, N, T r 9

?:’ i = & - specific surface, porosity,
gravity acceleration, water
density and hydraulic gra-
dient

neff=(1—5)—no-nt /8/

- porosity reduced by closed pores
/no/ and clogged pores /n/

~ seépage decrease caused by pressure
/extrusion and so on/

D/p/
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b/c/ - decrease due to clogging
R - parameter of pore distribution
G - standard deviation

Boundary condition gives the equation for the
incipient gradient /io/:
- . =3
i, /B kT/ =Cp i . /9/

o

PREDICTION OF INFILTRATION QUANTITY

On the one hand the infiltration quantity decre-
ase can be ocaused by pore clogging of separate
layers and geotextile sandwich liner, on the
other hand by clogging layer on its surface.
Clogging influence of soil layers can be fol-
lowed by means of Carman - Kozeny’'s equation.
Change of geotextile permeability is followed
in the equation /3/, in which the pore size
/value «<r> / and effective porosity /n FF/ are
decreased due to the clogging, whereas the
value § 1is increased. Simultaneously the hydra-
ulic gradient and its initial value io are
increasing.

The results obtained from the analysis for geo-
textile GT/1 /Fig.6/ showed that the clogging of
the geotextile pores can cause the decrease of
the geotextile permeability by 2 or 3 orders or
even more.
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Fig.6 Permeability changes of geotextile by its

clogging

Regarding the function of the infiltration win-
dow the change of the value g = f/t/ is impor-
tant for the whole sandwich that is to be
designed so that a substantial clogging of the
geotextile could not occur. In a such case the
decrease of infiltration quantities due to the
thickening of the sealing layer /2/ and growing
of clogging cake will have influence upon the
change q - in accordance to relations presented
above.

We obtain the first information by the equation:

*

=2 comp /10/

2%t [ exp { -§,7,)) ~g(D)

*

comp - specific seepage in inci-

where o¥ t . 9
A~ —~ .
pient compatibility
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[ 3,8 . 1077,
5; = 1ln l_1+av ————————-———)- seepage /11/
\ k/t/ % decrease factor
f; - time factor; for
sealing layer
¢.(D) - seepage decrease

due to the clogging

The reasons for the applied formula /10/ are gi-
ven in the reference /Peter - Tavoda,1985/.

For the seepage quantity prediction we used the
concrete values obtained in the laboratory and
field investigations /Peter - Dovicin,1988/.
These values were applied at the layer /2/:

k =2.1078 to 1,2 . 1077 m/s, L = 7,5;

A = 10° /window area/; gq; = 15 . 10'3 to

90 . 10”2 m’/s. Applying thé equation /9/ and
/10/ to the change of seepage in the course of
3 years /36 months/ - with conditions given in
paragraphs 4 and 5 we obtained.

at Q; = Q = 45 . 10 m /s for 36 months
the decrease D/p/ = . 10-3 m3/s of the in-
fluence due to layer compression and clogging
effect was D/C/ =1 . 10'3 m3/s. The rest will
be 45 - 27 = 18 . 10”3 m3/s. It indicates that
the window will be closed almost for 3 years.

In the next period it will be advantageous to
increase the infiltration capacity by removal
of the sealing layer /2/. In a such manner the
layer /3/ will be decisive for seepages, her
permeability being approxlmately hlgher by 2
orders namely, /k = 1.107 6 to 6.107° m/s/, the-
refore the seepage capacity will 1ngrease up to
the value g = 1200 to 5000 . 10-3

CONCLUSIONS

For the sealing and possibility of appropriate

infiltration from the Danube canal we designed

a special type of infiltration soil synthetic

window with the regard to the following aspects:

/1/ The seepage quantity should be adjustable

/2/ we took into account the pore size distribu-
tion density and specific surface /r, so/ of
the medium /soil, GT/

/3/ value of inital hydraulic gradient /ig/

/4/ shear stress distribution /2/ along the
sandwich layers

/5/ clogging influence /decrease of the value
u_/

/6/ ngcessity of two operational phases of the
window - closed phase and the open phase
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