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Design of geotextile french drains -  A case study of geotextiles under hydrodynamic 

filtration conditions

Conception du drain frangais avec geotextile -  Etude d’un cas sous conditions de filtration 

hydrodynamique

V.Trueba -  M e xica n Institute  o f W ater Technology, M e xico

A b s t r a c t : As an alternative to conventional granular filter drains, the use of geotextile-wrapped french drains to control groundwater flow 

may represent a virtually less economical cost, and a better engineering solution for particular projects. This paper presents a case study, in 

which geotextile-wrapped french drains are used to intercept groundwater flow in order to dewatering and avoid a piping problem. The actual 

design criteria and outstanding aspects o f the geotextile french drain, related to its geotechnical feasibility, are also presented. This case is 

interesting because geotextiles are subjected to hydrodynamic flow of springs during the rainy seasons. A field experimental work was carried 

out in such a way that the geotextile was tested under the in-situ hydrodynamic filtration conditions. Installed since 1993, a monitoring 

program has been undertaken during the last years, and the results show that the drains have a satisfactory performance.

Re s u m e : Comme une alternative aux drains avec filtre granulaire ou conventionel, l’utilisation du drain frangais avec geotextile pour controler 

l’ecoulement de l’eau souterraine peut representer, au-dela des economies importantes, une meilleure solution d’ingenierie pour certains 

projets. Dans cet article on presente un cas d’etude dans lequel des drains franfais avec geotextile ont ete installes pour intercepter 

l’ecoulement souterrain pour abaisser la nappe phreatique a fin de pouvoir construire et de stopper un probleme de renard. On presente aussi 

les criteres actuels pour la conception des drains franfais avec geotextile, surtout en ce qui conceme le probleme geotechnique. Le cas qu’on 

presente ici est interessant du aux conditions de filtration hydrodynamique auxquelles les geotextiles sont soumis pendant la saison des pluies. 

Un travail de recherche experimentale a ete realise dans le but d’essayer les geotextiles sous les conditions hydrodynamiques reelles du site. 

Installes depuis 1993, le comportement de ces drains a ete monitore et les resultats montrent que les drains ont eu une tres bonne performance.

1. INTRODUCTION

In the I960’, the geotextiles became to be employed, giving thus 
beginning to the development o f new technologies as that known 
as the Geotextile French Drain (GFD), which consists in a 
geotextile-wrapped french drain. Rankilor (1981) describes in 
detail the technology and application spectrum of the GFD. 
Christopher and Holtz (1984) proposed and recommend the em
ployment of the GFD in Civil Engineering. Farrar and Samuel 
(1989) confirmed the efficiency of a GFD upon studying its be
havior throughout 9 years o f use, after substituting with this sys
tem to a conventional drain in service with efficiency decrease 
during 20 years. Dempsey (1989) reports its utilization with some 
modifications and good results in the underdrains construction for 
highways protection, yet when it was presented hydrodynamic 
conditions which had potential to produce clogging o f the 
geotextile. Originally to drain, its employment has been extended 
to other applications. For example, John (1987) describes its 
utilization in a wide range o f applications. Olcese el al. (1990) 
report a case o f application to stabilize natural slopes. Perrier el 
al. (1990) describe the results obtained in cases with particular 
soils and climates. Detailed formulae and empirical rules for the 
geotechnical analysis and design are well described in Rankilor 
(1981), Christopher and Holtz (1984) and Koemer (1994).

A GFD system for groundwater table dewatering and piping 
control purposes o f about 1,000 m length was constructed in the 
FIRIOB Waterwaste Treatment Plant at Ixtaczoquitlan (Mexico). 
The geotechnical problems which drove to the construction of the 
underdrains system were, among others, those related to ground
water flow very near to the foundation grade of embankments 
which support eight, 90x32x7.5 m, reinforced concrete Anaerobic 
Reactors. Groundwater flow and piping problems had causing se
rious problems to the construction of the embankments.

2. GEOTECHNICAL DESCRIPTION OF THE SITE

The region has a semitropical climate, and is located in the front 
of the Eastern Sierra Madre. The meteorology is complex due to

the sharp topographic and barometric transition between the flat
ness coastal of the Gulf of Mexico and the Anahuac Plateau; so, 
that there is a high concentration of clouds and very abundant 
pluvial rainfalls which reach 2,200 mm annual, with storms up to 
20 mm of rain per day. On the south and east, the site is delimited 
by two deep ravines, more than 100 m depth: the Barranca de Es- 
camela on the NE-E, and the Barranca de Tuxpango on the SE- 
SW. In the later, the Blanco river forms the impoundment of the 
Tuxpango Dam.

The geotechnical information was obtained through the ac
complishment of 18 drill-holes carried out up to 20 m depth, as 
well as more than 40 pits excavated up to 7 m depth. The index 
and mechanical properties of soils were obtained by carry out 
laboratory tests on alterated as well as on cubic undisturbed soil 
samples. The subsoil in the site is constituted by alluvial deposits 
which are disposed in space and time as follows:

a) Under an organic soil cap o f 30 cm thick, and in occasions 
outcropping, it was found a young calcareous tuff deposit o f trav
ertine. This travertine is present interlayered by sandy silts and 
silty sands. From the original project, before accomplishing the 
geotechnical study, the travertine had been totally removed from 
the reactors’ platform. Its total thickness was varying in the range 
of 0.4 to 2.4 m; and in some places it was not detected.

b) The travertine is underlayered by a deposit of gap-graded, 
clear to yellowish brown silty sand, in a dense state, with variable 
calcite content acting as a cement. There is an intercalated stra
tum of yellowish brown silty clay (CL) and clayey silt (MH), co
hesive, o f medium to hard consistency. There are also interstrati- 
fied layers o f cobbles and boulders, packed in a dense to very 
dense silty and sandy gravel. This deposit has an average thick
ness of 8 m. The embankments were founded on this deposit.

c) Underlying the previous deposit, there is a stratum of an- 
desitic cobbles, boulders, and coarse gravel, rounded, packed in 
sand and interstratified with thin layers or bags o f hard silty clay.

3. HYDROGEOLOGICAL CONDITIONS

The Hydrogeology of the site was investigated as follows. The 
groundwater levels were continuously monitored in 16 open pie
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zometers installed in the drill-holes, as well as in 20 pits. Addi
tional information was obtained by performing pumping tests and 
flow measurements in several springs, located in pits and trenches 
strategically excavated in order to intercept the groundwater flow. 
The observational period for the design stage was extended for 8 
months in order to study the seasons influence. The analysis of 
the results allows to conclude that there was a complex and lo
calized groundwater flow pattern, occurring mainly through un
derground conduits (springs), with an apparently random distri
bution but always flowing sensibly guided according to the origi
nal superficial topography. It was also observed that the ground
water flow is concentrated in the aerobic zone, where the phreatic 
table is subjected to important seasonal variations.

In the site, there were clear evidences of piping in the subsoil, 
as it was observed in pits and trenches as well as on the hillsides 
of the ravines. The presence of piping conduits indicates also the 
existence of a defective filtration o f the groundwater flow through 
the subsoil and that the hydraulic gradients are critical, both ef
fects lead to important flow concentrations that originate conduits 
which reach up to 150 mm in diameter. Furthermore, the piping 
could also be explained because the fine soils that prevail in the 
stratum are ML and MH silts, and CL clays, so that they consti
tute susceptible soils to internal erosion. A cross section of the 
flat o f the hillside o f the ravine of Tuxpango is showed in fig 1.

Fig. 1. Hydrogeological cross section of the site

The hydrogeological conditions o f the site did not allow to 
consider, rigorously, homogeneous boundary conditions to ana
lyze the problem through well known techniques, because the lo
calized and turbulent groundwater flow. However, on the as
sumption that the boundary conditions applied to plane conditions 
for permanent laminar groundwater flow occurring with free or 
confined surface could be accepted as a first approximation, the 
problem was analyzed using analytical methods (Chapman, im
ages, etc.), as well as by the finite element method (FEM). The 
obtained results were employed as a reference benchmark through 
which, a semiempirical design supported on field experiments 
and measurements of the hydraulic conditions o f the site can be 
rationally evaluated. In order to reduce some uncertainty by ob
taining maximum flow rates and hydrodynamic forces, the 
springs were assumed to operate as full pipes in turbulent flow 
conditions (James, 1992). The flow rates determined in the 
pumping tests as well as those measured from the springs, were in 
the range of 1 to 4 1/s. It was then considered that the design flow 
rate could be taken as 6.75 1/s per conduit.

4. THE GFD DRAINAGE SYSTEM

A solution adopted for earth dams was consisted on putting wa
terproof barriers that, upon avoiding the groundwater flow, cause 
a reduction of both the hydraulic gradient and the internal erosion 
effects (Marsal, 1979). However, the nearness of the ravines, 
which constitute a natural and unavoidable exit for the ground
water flow, not allow to estimate a priori the consequences of 
deepening the free surface of the groundwater flow, since this 
could have an effect o f seepage concentration on the banks of the

ravines, bringing about a decrease o f the safety factor against 

landslide of the banks. Another solution was consisted on un

derdrains which intercepts the groundwater flow avoiding piping 

of the useful area. Thus, the construction of a GFD system was 

decided based upon the geotechnical and a benefit/cost analyses.
From the results o f the flow analysis as well as on the local

ization of conduits in the field, it was decided that the design flow 

rate corresponded to five conduits flowing simultaneously per 
unit length o f the drain. Taking into account that the flow rate o f a 

singe conduit was 6.75 1/s, and a safety factor o f FS=2.5, it was 

obtained that the design flow rate for the drain was 85 1/s/m.
The of Anaerobic Reactors GFD System is composed by four 

underdrains, designated according to their function and location 

as shown in fig 2. In this figure, there are also shown the man

holes to allow flow direction changes and observation, as we ll as 

the outlets equipped with a spillway in order to measure the exit 

flow rate. The water is conveyed from the outlets to the Blanco 

river on the South through pipelines with leant falls, and to the 

Escamela river on the East by the effluent pipeline of the plant.
The North Interceptor underdrain constitutes the principal bar 

rier to the groundwater flow towards the Anaerobic Reactors Plat 

form, while the West underdrain fulfills a double function, since 

it must intercept the groundwater flow coming from the NW- W, 

as well as that coming from the almost half capacity o f the North 

underdrain. The Central Interceptor and the East Collector un-  

derdrains have as a primary function to collect and to convey the 

water provided by the North Interceptor underdrain. Furthermore, 
as a secondary function, the East underdrain will eventually allow 

the drainage of the Platform, avoiding the levels recovery at the 

interior area.

5. CRITERIA FOR GEOTEXTILE SELECTION

The design o f a geotextile-wrapped french drain (GFD) as a filter 
and drain, consists on selection of the appropriate geotextile ac

cording to the following fundamental criteria: (a) transmissivity 
or flow capacity; (b) soil retention; (c) clogging or the long-term 
equilibrium flow rate; and, (d) strength and durability.

The adequate flow capacity whereby the geotextile can trans
mit the required amount o f seepage flow through its open voids, 
depends on 3 basic aspects: (1) permeability (Giroud, 1981); (2) 
the flow rate (Van der Sluys & Dierickx, 1987); and, (3) its per 

mittivity (Koemer, 1994). In table 1 is presented the criterion of 

Giroud (1982). The criterion of Carroll is expressed as: 095<(2 or

3)dso, where O95 is the opening size of the geotextile's pores, in 
millimeters (the AOS is equivalent expressed as a sieve number).

Table 1. Giroud s Criterion for Geotextile Retention Design

Relative Density 1 < CU < 3 CU > 3

Loss (DR<50%) 

Medium (DR<80%) 

Dense (DR<80%)

O95 <(CU)(d50) 

0 95 <1.5(CU)(dS0) 

0 ,5 <2(CU)(d50)

0 „  <(9dso)/(CU) 

O,s<(13dso)/(CU) 

0 95 <(18d50)/(CU)

Note: Dr , d50 y CU are, respectively, the relative density, the panicle diameter of the 
50% o f the soil, and the uniformity coefficient (=d6c/d|0).
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The subsoil characteristics at the site demonstrated that there 
was a meaningful clogging risk because the presence of some gap 
graded soils with two discrete particle sizes; thus, geotextile 
clogging could be possible because the hydrodynamic conditions 
should induce turbidness (5-25 g/1). In order to analyze the clog
ging of the geotextile by other reasons, additional information 
consisting in the geochemistry, alkalinity, amount and nature of 
the suspended solids in the groundwater, was obtained. The pH 
was slightly greater than 7, and the amount o f suspended and dis
solved solids which was typically below 5 g/1, thus, they did not 
represent any danger o f clogging.

In addition to the already exposed criteria for retention, it was 
checked the range of feasible geotextiles according to other crite
ria. For example, agreement to the criterion of positive retention, 
095/d5o=/(CU), with a safety factor o f 5 for the O95, it had been 
recommended that 095=0.35 mm (AOS # 40). However, taking 
into account the Calhoun recommendation that the O95 should not 
be greater than 0.20 mm for sandy silts with few cohesion, by this 
criterion of positive retention it was decided to take AOS=#60 
(0.25 mm), fulfilling the condition: AOS<5dso. This AOS fulfils 
also the updated Corps o f Engineers criterion, since soil complies 
with d5o>0.075 mm.

According to the criterion of Giroud, for a gradient ;'<5, the 
AOS determined satisfies the expression o f this criterion, for this 
soil and previous a convenient transformation of the parameters 
of the criterion. Also, the geotextile satisfies the criterion AOS> 
m (4dis), here m is a transformation factor. According to the crite
rion of the committee AASHTO - AGC-ARTBA-Task Force 25, 
it must be that 0.6kg > 10k allows to avoid clogging. Also it was 
verified the criterion 095>2d i5; as well as the criterion of Ogink 

since 09o~0.85095 As in the site the typical value is d9o>2 mm, 

and consequently d9o>1009o- The as constructed cross section of 
the GFD West Drain AR-2/3 is shown in fig 3.

Fig. 3. The GFD West Drain as constructed

6. FIELD TESTS UNDER HYDRODYNAMIC CONDITIONS

The geotextile behavior was studied and verified by an experi
mental field work which was carried out under the real hydrody
namic filtration conditions o f the site. The field experimental 
work was defined on the basis o f the following laboratory tests: 
the LFT test o f Koemer and Ko (1982), the GR test of ASTM 
D5101-90, and the HCR test o f Williams and Abouzakhm (1989). 
The field tests consisted on three trenches excavated at the site in 
order to have at least two springs flowing on a trench wall.

Three geotextiles, one of Tensar® and two Pavitex® of Geo- 
productos Mexicanos, with different AOS were placed into the 
trench directly against the walls and the springs, forming a box 
filled with the design backfill consisting on rounded andesitic 
cobbles and boulders o f 100 to 250 mm in diameter. In order to 
measure the piezometry, several vertical pipes were placed into 
each trench. An additional pipe was placed in order to have an 
exit for the water from each trench as well as to allow the meas
urement of the exit flow rates. The experiments were performed 
during 100 days. During this lapse, after an equilibrium state was 
reached (typically in 15-20 days), the flow rates did not suffer 

considerable variations and the water levels in the trenches were 
maintained practically constant; i.e. the geotextiles permitted the

groundwater flow but avoiding the loss o f soil. At the end o f the 
experiments, all the 3 geotextiles were recovered to examine 
them, no observing particular clogging signs in its fabric. The 

Pavitex 350® geotextile was selected because it represented the 
lowest cost and shown very good performance in the experiments. 
The experimental arrangement is shown in fig. 4.

Fig. 4. The GFD hydrodynamic filtration conditions test

7. OBSERVED PREFORMANCE OF THE GFD SYSTEM

The monitoring of the piezometric stations and the observations 
accomplished in springs and spillways of the constructed drainage 
system showed that, between its entry in operation in the spring 
o f 1993 and just to the Fall 1996, the behavior of the underdrains 
has been satisfactory. Further confirmation of the good operation 
o f the drainage system can not be established before the elapsed 
time should be not less than five years, in order to observe the ca
pacity of the geotextile submitted to filtration conditions hydro- 
dynamic along several rainy seasons. The monitoring of the un- 
derdrains has been accomplished through the piezometers in
stalled in both sides of the underdrains as well as by observation 
o f the spillways operating at the outlets.

The monitoring of the piezometric stations yet in operation, 
show that the aerobic runoff is intercepted and controlled effi
ciently by the underdrains system. The spillways in the outlets 
have been uninterruptedly working during the rainy seasons of 
1993, 1994, 1995, and 1996, letting to operate during the dry sea
sons of those years. To the scale o f the project, this fact allows to 
corroborate that the groundwater flow is due to the aerobic runoff 
generated by an excess o f surcharge in the regional aquifer, such 
as it was investigated and concluded from the hydrogeological 
study of the site. Furthermore, it has been observed that the 
springs located on the hillsides o f the ravines, over the un
derdrains elevation, had let to flow from the entry in operation of 
the drainage system in 1993.

The construction procedure o f the GFD was very simple and 
the monitoring results were proved its correct application. The 
construction of the GFD in 1993 is shown in fig. 5.

8. CONCLUSIONS

This work has permitted to check the current design criteria for 
geotextiles as a filter in underdrains. Also, it is they have checked 
the relevant aspects o f the use o f the Geotextile French Drain to 
control groundwater flow, including those aspects related to the 
geotechnical feasibility as well as those which are in connection 
with its economical feasibility. The volume of work and the con
structive procedures of the GFD can lead to a saving of resources, 
effective and substantial, for particular projects. However, due to 
the limitations of the equipment, that have a direct impact on the 
constructive procedures, the use of geotextiles not always lead to 
a greater economy, thus, in some cases, a conventional underdrain 
with multilayer graduated filter could be more economic, in terms 
of the benefit/cost relationship.
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Fig. 5. The construction of the FIRIOB GFD System in 1993

Of the range o f problems that they can be presented when con
structing a filter in a particular site, independently that this will be 
conventional or geotextile, the filter clogging is the phenomenon 
that cause the greatest uncertainty during the design process. In 
order to guarantee the efficiency of the underdrain during its use
ful life, it is necessary to assure the balance between the flow 
conditions and the long-term behavior o f the filter. This is a deli
cate problem, since under certain circumstances it can be even 
unfeasible the solution with underdrains. The review of the lit
erature and the experience acquired in the FIRIOB Plant, allow to 
conclude that the current laboratory experimental techniques do 
not permit to reproduce in occasions the real hydrogeological 
characteristics relevant for the site. For this reason, it is therefore 
indispensable and urgent, to contribute to the development of 
field experimental techniques, that allow to reduce the uncertain
ties, in particular when there are hydrodynamic groundwater flow 
conditions as those described herein.

The exclusion of experimental work and/or monitoring in cer
tain importance projects, sometimes justified arguing economical 
reasons, constitutes a wrong premise. The experimental work and 
monitoring are factors that to contribute to verify and justify with 
a rational basis the adopted solutions. Both, the experimental 
field work and the monitoring task undertaken were the basis of 
the successful construction and behavior o f the underdrains sys
tem in the FIRIOB Plant.
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