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Draining trenches in unconfined aquifers
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Transient regime: Drains laid on an impermeable layer
Variable regime: decreasing water table (drying phase)
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Variable water table during the drying phase

Drains laid on an impermeable layer

Objective: to lower the water table by a height 𝛥 within a time T

h0 : initial conditions
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If the drawdown is non-linear, it is frequently
adopted:

h(t) = h0 e-at, being for  t = T:  h(T) = h0 e-aT

a  : groundwater reaction coefficient

Assuming that the temporal variation in the 
drawdown can be considered linear :

𝛥 = ho – h(T),    soit:    h(T) = ho – 𝛥



Case of drains located above the impermeable layer -

Glover-Dumm formula

d : equivalent
depth
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Variable water table during the drying phase

Objective: to lower the water table by a height 𝛥 within a time T

Hyp.: Temporal variation in linear drawdown :
𝛥 = ho – h(T),    soit:    h(T) = ho – 𝛥
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If the drawdown is non-linear, it is frequently
adopted:

h(t) = h0 e-at, being for  t = T:  h(T) = h0 e-aT

a  : groundwater reaction coefficient



Standard drain spacing: examples

Heavy or compact soils 10*- 15 m

Fine soils 15 - 20 m

Silty-sandy soils 15 - 25 m

Sandy soils 20 - 35 m 

* In very clayey soils, only a few metres apart



Characteristic geometry of drains
• Depth of the drains

ü minimum:  80 cm
ü maximum: 1.5 to 2 m

Depth frequently imposed: low permeability horizon, 
outlet elevation, etc.

• Depth of collectors

ü avoid depths > 3 m
ü generally surrounded by a gravel

encapsulation filter to increase their
resistance to external factors*

* for diameters greater than 60 cm and if the soil cover is less
than 1 m or greater than 2.5 m, concrete encasement is used

• Maximal length of drain lines

ü frequently imposed (topography, location of 
collectors, surface area to be drained, etc.)

ü free surface flow è L = f (collected flow, slope, 
diameter, type of drains, etc..). 

Max. length between 200 et 300 m.

• Slope of drains

ü often conditioned by topography
ü v > 0.4 - 0.5 m/s, otherwise filters
ü minimum slope: 1 to 2 ‰



Sizing of drains and collectors

Q = V S

V = K R2/3 I1/2

Q = K R2/3 I1/2 S

(Manning-Strickler)

Q: flow rate
S: wetted cross-section
V: average water velocity
K: roughness coefficient
R: hydraulic radius; R = S/P
P: wetted perimeter
I : slope of the load line

slope of the pipe under uniform flow 
conditions

Drains:

Permanent regime: Qmax = qc E L

Wetted section < drain section (open surface flow, etc.)



Drainage by pumping wells from a free water table

Objective: to calculate the flow rate Q that can be
extracted from a well of radius r reaching the
impermeable bedrock, so as to maintain a
constant head of water zo in the well, when
steady state is reached.

The influence of pumping is felt over a certain
distance R (radius of action) from the axis of
the well.

Surface of the water table = conical surface of
revolution (cone of depression). Isopies:
concentric circles; the liquid threads
converge towards the well.

à aquifer with converging streamlines

Flow rate Q through a cylindrical surface of radius x
and height z concentric with the well :
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Drainage by pumping wells from a free water table

Advantages

- the water table can be lowered to great depths;
- the water pumped can be used for irrigation, if
its quality is good;
- pumping can reduce the pressure of deep
aquifers, increasing downward flow;

Disadvantages

- complex and costly structures
- only suitable for aquifers with favourable
hydraulic characteristics
- not viable for small areas

Drawdown by "interfering" wells

The cone of depression tends towards a quasi-
permanent regime.
In general, the zones of influence of the various
drainage wells overlap (interference)

To calculate the drawdown, we use the effect
superposition method, which states (for linear systems)
that the drawdown at any point P is the sum of the
drawdowns induced by the individual wells.

e↵ects (Forbes, Ball, and McLay 2015). However, SEPA note that woodlands can clearly influence

localised and more frequent flooding events by abstracting water from the ground, lowering the water

table and increasing the storage capacity of the soil.

Figure 1.3: E↵ect of single (a) and multiple (b) abstraction points on groundwater level and flow

There are multiple case studies demonstrating the e↵ectiveness of a↵orestation for reducing the risk

of flooding. For example, in the North-East of England, a scheme called ‘Slowing the Flow’ has been

successfully implemented, coupling other flood mitigation measures with planting of 44 hectares of

woodland (Forest Research n.d.). Evidently, planting is a sustainable and natural method of flood al-

leviation that, if successful, can provide benefits to the surrounding environment. However, Greenwood

et al. (1992) show that although planting can lower the water table locally, the wider area remains

unchanged, meaning that a large spread of vegetation may be necessary.

Within Mauritania, there are existing projects considering the impacts of planting. For example,

the ‘Great Green Wall’, is an ambitious and partially implemented project to create a ‘wall’ of trees

from the border of Senegal and Mauritania in the west of Africa, all the way across to Ethiopia,

Djibouti and Eritrea in the east (Ngugi 2016) (Fig. 1.4). This project is aimed at combatting “climate

change, drought, famine, conflict and migration” (Great Green Wall n.d.). Additionally, the ‘Nature

à Tevragh-Zeina’ proposal is primarily aimed at creating natural spaces for bird observation within

Nouakchott (Mairie de Tevragh-Zeina 2014). These plans would include planting to utilise flooded

land and allow natural biodiversity to flourish in these areas. Furthermore, the plans highlight, as a

secondary e↵ect, the positive impact that planting could have on lowering the water table and reducing

flooding (Mairie de Tevragh-Zeina 2014). However, existing planting schemes within Nouakchott, and

even across northern Africa, have not looked at the possible e↵ect of vegetation on flood risk and the

groundwater table in detail.
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Drainage as superposition of interfering wells
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by rewriting :

For N wells (superposition principle) : 

Qi : pumping rate in well i
xi : distance from the point in question to the well i
Ri : range of wells i
h : height of the water table outside the pumping
zone
z : height of the water table during pumping at the 
point in question
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In general, the flow from an individual
well* is :
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Conception and Layout of a drainage network



Conception
1. Precise topographical survey (1/1000)

2. Determination of soil characteristics

3. Network design

üstudy of the hydrological environment
üdefinition of the ASD
üdetermination of the characteristic

drainage rate
üchoice of drain depth and minimum water 

table depth

è Calculating drain spacing

• Developing the network

• Calculation of flow rates to be evacuated

• Sizing drains and collectors

üstudy of the shape of the land, identification of
thalwegs and ridge lines

üpreliminary sketch: layout of collectors, layout of
longitudinal profiles, layout of inspection
chambers (changes in gradient and direction,
connections to other collectors) (every 100 to

150 m)
üdetailed drainage layout
üdetermination of lengths, gradients and depths



The spatial layout of the drains and

collectors depends on:

– the size of the area affected

– the topography

– the position of the outfall

• Spatially separated areas to be drained:

• natural system

Natural system

Different drain layout diagrams



• Continuous drainage area:

• regular systems with parallel drains

• longitudinal system

• transverse system

• oblique system

Système oblique (en 
arêtes de hareng)Système transversal

drains

Système longitudinal



Inspection chambers



Presentation of a drainage project

Recommendation SIA 406

Directives concerning Land 

Improvements

In particular:

Recommendation SIA 406.17

Site plan for a drainage scheme

SERVICE FEDERAL DES 
AMELIORATIONS FONCIERES 

Berne, l e 13 février 1992 
3023.1 ams/bor 

Aux Services cantonaux chargés 
des améliorations foncières et 
des constructions rurales 

Circulaire 1992/2 

Recommandation SIA 406, contenu et présentation de projets d'améliorations 
foncières 

(en allemand, français et italien) 

Mesdaines et Messieurs, 

La norme SIA 171 "Directives pour la présentation de projets 
d'améliorations foncières", appliquée depuis une vingtaine d'an-
nées, f u t soumise à une révision t o t a l e par l a Commission SIA 406 
dès 1986. Les travaux ont été achevés en 1991, et la nouvelle re-
cormnandation SIA 406 "Contenu et présentation de projets d'amé-
l i o r a t i o n s foncières" put a i n s i être mise en vigueur par l e Comi-
té-Central de l a SIA l e 1er décembre 1991. 

I l parut en e f f e t indiqué de remplacer l a norme 171, car les e x i -
gences que doivent remplir les projets ne cessent de croître et 
les questions de coordination ne sont pas réservées aux spécia-
l i s t e s des domaines techniques. Contrairement à l'ancienne, la 
nouvelle norme ne t r a i t e pas seulement l a présentation des pro-
j e t s , e l l e f a i t aussi fonction de recommandation pour leur conte-
nu . 

1. Rapports avec d'autres directives et recommandations 

La recommandation SIA 406 s ' i n s c r i t dans l e contexte des nouvel-
les dispositions légales et du désir de bien étayer les projets 
et d'assurer q u ' i l s soient étudiés à fond. Avec l e guide "Protec-
t i o n de l a nature et du paysage lors d'améliorations foncières" 
de 1983, l a brochure "Documentation pour les améliorations fon-
cières subventionnées" de 1984 et la publication "Etude de l'im-
pact sur, l'environnement (EIE) lor s d'améliorations foncières" 
parue en 1989, e l l e forme une base commune visant à assurer une 
élaboration, évaluation et réalisation rationnelles des projets 
d'améliorations foncières. 


