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So far, attention has only been focused on the technical aspects of a reconnaissance 
study. Some remarks on the institutional and economic aspects are therefore fully 
warranted. 

The initiative for a reconnaissance study is usually taken by the national 
government. Although the study is often part of an overall national water-resources- 
development plan, its implementation mainly depends on the available construction 
capacity and the financial resources. Lack of resources for major engineering works 
such as a major outfall drain to the sea can considerably delay drainage construction. 
This has happened, for instance, in the Lower Indus Plain and the Lower 

Reconnaissance studies are generally implemented by a public authority (e.g. the 
U.S. Bureau of Reclamation), an international agency (e.g. FAO), or by an 
international company working under contract to a public authority (e.g. the Egyptian 
Public Authority for Drainage Projects/EPADP in Egypt, and the Water and Power 

1 Mesopotamian Plain. 

I Development Authority/WAPDA in Pakistan). 
I These Authorities are also responsible for securing the funds for project execution, 

funds that are often provided by international banking consortia or donor countries. 

that it should meet a pre-set minimum rate of economic return. 
At reconnaissance level, the project should be economically viable, which means 

18.2.4 Institutional and Economic Aspects 

18.3 The Feasibility Study 

The objective of a feasibility (or semi-detailed) study is to demonstrate that the project 
is technically and environmentally sound, as well as being economically, financially, 
and administratively workable (FAO 1983). In land drainage, nearly all problems - 
however difficult they may be - can be solved. The question is: ‘At what cost? A 
feasibility study should indicate the best of the alternative solutions under the existing 
technical and other constraints. 

Funds for project implementation will have to be secured, and can only be obtained 
if a proper account is given of the project’s costs and benefits. Evaluating the direct 
profitability of the project and preparing a cost-benefit analysis are not the tasks of 
a drainage engineer. He or she, however, should provide the economist with the 
information that is needed to prepare an economic and financial appraisal of the 
project. 

The drainage engineer, in cooperation with the agronomist and the irrigation 
engineer, has to estimate the expected increases in crop yields and in the gross 
agricultural outputs that the project will bring about. He or she must also calculate 
the costs of the drainage works, including both the capital cost of construction and 
the costs of operation and maintenance. 

In general, the costs of the major engineering works should be estimated to an 
accuracy of some 10% (FAO 1983; Bergmann and Boussard 1976). Hence, the main 
drainage system should be designed to a sufficient degree of detail; there may be no 
scope for radical changes at a later design stage, or during the tendering and 
construction phases. 

’ 
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A map should be prepared showing the layout of the main drains and the location 
of structures in the main drains and at the outlets. Cross-sections and longitudinal 
profiles of the main drains and drawings of the structures are needed. A detailed 
account of the design criteria should be presented, and pumped drainage, if needed, 
should be carefully justified. 

On-farm drainage systems (field drainage) can generally be designed on a model 
basis. Typical designs of field-drainage systems should be made for sample areas of 
some tens to a hundred hectares, which are representative of the soils, relief, and 
principal farm types. Attention should be given to drainage machinery and drainage 
materials, particularly when the on-farm drainage is to be a subsurface system. The 
equipment and materials needed will often have to be imported, and this requires 
foreign currency. 

How the project is to be executed and how it is to be operated once it has been 
implemented is of great importance. Administrative arrangements should therefore 
be carefully documented. 

18.3.1 Topography 

A plan of the drainage network is an essential part of the feasibility study. This plan 
should be presented on a map at a scale of 1:lO 000. Generally, contour lines at an 
interval of 0.5 m will suffice, except on very flat land, when 0.25 m contour intervals 
should be used. 

Of the various sample areas maps at  a scale of 1:5000 are needed for the design 
of the field-drainage systems. For areas where important structures are to be built 
and for the areas around the drainage outlets, maps at  a scale of 1:5000 to 1:2500 
and with contour intervals of 0.25 m or less are needed. 

Surface-drainage problems occurring in flat land can usually only be solved by land 
grading. This requires information on the micro-relief (see Chapter 20). 

18.3.2 Drainage Criteria 

For the proper dimensioning of the field and main drains, and of the pumping station, 
if any, the discharge criteria of the project area must be assessed. 

The main question to be answered is: ‘What quantities of excess water drained from 
the fields will the main drainage system have to cope with per unit of time in different 
parts of the year?’ 

As a drainage system is designed primarily to control water levels, the drainage 
criteria should preferably be based on a description of the desired water-level regime. 
Agricultural requirements (e.g. the crops to be cultivated, soil tillage, and soil 
salinization) determine the desired regime. (The principles of assessing the agricultural 
drainage criteria were discussed in Chapter 17.) 

In areas with high rainfall intensities, surface runoff can be appreciable, particularly 
on soils with a low infiltration rate, such as clay soils, soils with a slowly pervious 
layer at  shallow depth (Planosols), and soils prone to surface sealing. The gradient 
is another important factor: on very flat land, excess rainwater will stagnate on the 
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~ soil surface, whereas on sloping land, excess water will rapidly flow towards the lowest 
spots. 

Where there is a high infiltration rate or a low rainfall intensity, most of the 
rainwater, if not all of it, will infiltrate into the soil. When this exceeds the 
evapotranspiration, the watertable may rise. The height to which the groundwater 
is allowed to rise depends on the type of crops that will be grown, on the capillary 
properties of the soil, and on the quality of the groundwater. 

If external water - whether it be excess rain, irrigation water, or net groundwater 
inflow - should cause the watertable to rise to a level detrimental to crop growth, 
it must be drained off by field drains and collectors that discharge into a main drainage 
system. The same is true for flat land, where water stagnates on the soil surface. During 
the growing season, most crops will be seriously affected if water remains on the soil 
surface for more than a few days. 

A careful study of the runoff of streams that drain into the area should be made 
on the basis of precipitation data and discharge measurements in the stream channels. 
A decision needs to be made on whether this surface water will pass through the project 
area or will be diverted around the area. The disposal of waste water or sewage water 
also needs to be taken into account. (Chapters 19 and 23 will discuss engineering 
aspects such as permissible flow velocities in canals, cross-sections of canals, 
embankment protection, structures, and pumps.) 

To dimension the main drainage system and to compute the spacing between field 
drains, not only is an assessment of the drainage criteria required, but also details 
from the basic data obtained during the reconnaissance study. There will usually be 
some field work still to be done, although the amount and coverage of the drainage 
investigations depend much on  the knowledge and experience of the drainage engineer. 
What is now required is a clear picture of: 
- The rainfall intensity and frequency of occurrence; 
- The deep percolation losses from irrigation and precipitation; 
- The amount of surface runoff from precipitation, and surface waste from irrigation; 
- River discharge, including the peak discharge, the frequency of its occurrence, and 

- The soil texture and soil salinity, preferably to a depth of 4.0 to 5.0 m, and whether 

- The hydraulic conductivity of the soil profile, especially that of the layer a t  a depth 

- The occurrence and depth of an ‘impervious’ base layer; 
- The depth to the watertable, the watertable fluctuation, and the chemical 

composition of the groundwater; 
- The piezometric head of. the groundwater at different depth intervals, (e.g. at 3, 

5 and I O  m), or at any other depth depending on the subsurface geological 
conditions, as a basis for estimating the upward or downward flow of groundwater, 
the inflow into and outflow from the project area, and the natural drainage. 

, 

the risk of inundation; 

slowly pervious layers occur within that depth; 

of 1.5 to 2.5 m; 

The techniques and methods to be applied in collecting all this information have been 



- How important is the contour map of the impervious base layer and the contour 

- How should drainage sub-areas (or sample areas) be delineated, each of which is 

- How should rainfall data be handled and evaluated? 

map of the aquifer? 

characterized by a single drain spacing? 

18.3.3 The Observation Network and the Mapping Procedure 

The required density of observations on soil, subsoil, shallow substratum, and 
groundwater conditions depends mainly on the geomorphology of the area and the 
corresponding homogeneity or heterogeneity to be expected. Hence, to attain the same 
level of accuracy, fewer observations are needed in areas of homogeneous soils, 
subsoils, and shallow substrata than in areas where these are heterogeneous. The 
expected spacing between field drains also has a certain bearing on the density of 
the observation sites, in that the wider the drain spacing, the more widely-spaced the 
network of observations can be. This is only important if information on the subsoil 
and the shallow substratum (stratification, hydraulic conductivity, and depth to the 
impervious layer) is available prior to the feasibility study being undertaken. Useful 
data may have been collected during the reconnaissance survey. 

In drainage investigations, a generally accepted density of hydraulic conductivity 
measurements is one per I O  to 20 ha. One deep boring to a depth of 4.0 to 5.0 m 
per 50 ha will suffice in most cases. There are, however, differing opinions on these 
densities. 

It used to be common practice in The Netherlands to make one hydraulic 
conductivity measurement per 5 to 10 ha (Van der Meer 1979). The number of borings 
to a depth of 2.0 to 4.0 m was only a fraction of the hydraulic conductivity 
measurements. 

In the valley and delta of the River Nile, it was found that one observation per 
4 ha was sufficient to gain a proper knowledge of the main soil characteristics. 

Taking into account soil variability and expected drain spacing, FAO ( 1  983) arrived 
at a range of areas to be covered by one hydraulic conductivity measurement. These 
varied from 40 - 75 ha in homogeneous soils and drain spacings of over 75 m, to 
less than 5 ha in heterogeneous soils and drain spacings of 30 m or less. For deep 
borings, one measurement covers about 500 ha in uniform soils where a wide drain 
spacing is expected, and I O  ha in stratified soils where a narrow drain spacing is 
expected. In the Nile Delta, one deep boring per 40 ha is considered a minimum. 

Soil maps are usually available or are being prepared. Hence, a logical question that 
could be raised is whether a conventional soil map might be used as a basis for selecting 
observation sites. 

Figures 18.4A and B present examples of the texture of a sample area to a depth 
of 1.2 m and from 1.8 to 2.2 m. Table 18.4 presents the hydraulic conductivity (the 
geometric average) for the various textural groupings. Because soil maps are usually 
based on observations to a depth of 1.2 m, the examples make clear that, for drainage 
investigations, it can be misleading to select observation sites from soil maps. 

Hydraulic conductivity measurements - an important item in drainage 
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Figure 18.4 A: Soil texture from surface to a depth of 1.2 m of a sample area 
B: Soil texture from 1 .SO to 2.20 m below the soil surface of a sample area 
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Table 18.4 Hydraulic conductivity according to soil texture of the sample area 

Texture Hydraulic conductivity (mld) 

Mean Standard 
deviation 

Fine 
Medium 
Coarse 

0.20 
1.00 
4.75 

o. 15 
0.59 
2.33 

investigations - are time-consuming. The number of these measurements can be 
reduced if a relationship can be established between the soil-profile characteristics 
and the drain spacing (see Chapter 12). A statistical investigation conducted by the 
Dutch Government Service for Land and Water Use (Van der Meer 1979) revealed 
such a relationship. It showed that many of the auger-hole measurements could be 
replaced by profile descriptions, and that if the depth of the profile observation was 
increased to 1.5 m, the number of auger-hole measurements could be even further 
reduced. It should be borne in mind that, in The Netherlands, the depth of observation 
can be limited to approximately 1.5 m because of the geological conditions, the 
relatively narrow drain spacings (often less than 30 m), and the shallow drain depth 
(1.0 to 1.2 m). 

The idea that drainage engineers (and other specialists) could make better use of 
soil maps is an interesting one that merits a closer look. It is the task of the drainage 
engineer to define what soil and subsoil properties are of importance in land drainage. 
The degree of detail which it is possible to attain should be discussed with the soil 
surveyor. 

In practice, a grid system is used to mark the sites at  which the hydrological 
characteristics of the soil, subsoil, the shallow substratum, and the groundwater are 
to be observed and measured. Such a system has the advantage of being objective 
with respect to the unknown geological conditions below I .2 m, while the observation 
sites are easily detected in the field. 

Deep borings and piezometers are often sited in a rectangular grid, which may be 
oriented in any convenient direction. It is advisable, however, to have one axis of 
the grid coinciding with the general direction of groundwater flow. Under normal 
conditions, this will be perpendicular to the land surface contour lines and parallel 
to the main direction of sedimentation. 

In planning the layout of a grid or the traverses, one should make use of all available 
information on geology, physiography, and soils, and of any aerial photo mosaics. 

The location of the augerhole traverses or gridlines should be perpendicular to the 
land surface contours, to a river, and to the boundaries of soil mapping units, and 
parallel to the main direction of sedimentation. (See also Chapter 2, Figure 2.15.) 

In cases where a provisional layout of the collector system can be made first, the 
observations can be taken in lines parallel to the collector. 

The required density of the network depends on: 
- The intensity of the survey and the corresponding mapping scales; 
- The geomorphology of the area and the corresponding homogeneity or 

heterogeneity to be expected. 
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The distance between two consecutive gridlines should be two or more times the 
distance between the observations along each gridline. The minimum mapping 
distance between two observation sites on a given gridline is 1 cm, and that between 
two gridlines is 2 cm. These distances result in one observation per 8 ha at a mapping 
scale of 1:20 000, and one observation per 50 ha at a mapping scale of 1 :50 000. 

Wider spacings can be used if the available geological, physiographic, and soil data 
suggest relatively homogeneous conditions. Nor will it be necessary to install a 
piezometer at each nodal point of the grid or in each auger hole of a traverse. On 
the other hand, some additional piezometers may be necessary where grid lines cross 

< 7 4 0 m + M S L  
7 40-7 60m+ M S L 
7 60-7 80m+ M S L 
7 80-8 Oom+ M S L 

>8 Oom+ M S L 
O spoo0 

- irrigation canal augerhole boring and permeability 
o measurement lo a depth of 2 m - - maindrain 

augerhole boring and permeability - irrigation distributary . measurement to a depth of 3 - 9 m - road or main road 

Eh village 

pit for measuring vertical permeability 

L, ground water observation well 
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18.3.4 The Hydraulic Conductivity Map 

Figure 18.6 presents a map of the hydraulic conductivity of the soil below the 
watertable. 

The hydraulic-conductivity measurements were taken at the nodal points of the 
grid system and, provided that the impervious base layer lies some metres below the 
watertable, these may be taken at  regular depth intervals of, say, 1 m. The maximum 
depth of a hand auger hole being approximately 5.0 m, three or four measurements 
can usually be made in one hole. The shallow measurements can be taken by the auger 
hole method, but the deeper ones call for the use of the piezometer method. It is often 
difficult, and sometimes impossible, to take measurements in the lower horizons. 

In these circumstances, and also when the impervious base layer lies deeper than 
5 m, one has to estimate the hydraulic conductivity of the lower horizon from the 
lithology as described in the logs of hand borings or from those of mechanically-made 
deep borings. In situations where the aquifer is thick, a limited number of pumping 
tests will have to be performed to find the value of the hydraulic conductivity. The 
test wells need not be deeper than about 1/4 to 1/6 of the estimated drain spacing 
because this depth of the transmission zone plays the major role in the flow of 
groundwater towards the drains. 

The measurements at successive depths have to be processed. I f  all the successive 
K-values have the same order of magnitude, a homogeneous soil profile can be 
assumed. The average K-value then equals the sum of the thicknesses of the various 
layers, multiplied by their respective hydraulic conductivities and divided by the total 
thickness of all layers. All nodal point K-values are then plotted on the map and lines 
of equal hydraulic conductivity are drawn. 

More often than not, a soil profile is made up ofalternating layers of varying texture 
and thickness. In such a situation, the above procedure for homogeneous soils is also 
applied. 

It may happen, however, that a distinctly two-layered profile occurs (e.g. loam on 

W 

,----o,os_/ line o1 equal hydraulic 
conductivity in d d a y  

Figure 18.6 Contour map of the hydraulic conductivity below the watertable 
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sand, clay on fine sand, fine clayey sand on coarse clay-free sand). If so, two K-values 
have to be plotted on the map, one for the top layer and the other for the sub-layer. 
The procedure to be followed is then somewhat different from the above, because 
first the boundary between the two layers has to be detected. It is common practice 
to work with two bore holes of different depths, taking care that the bottom of the 
shallow hole is at least I O  to 15 cm above the lower layer (Van Beers 1983). 

18.3.5 The Contour Map of the Impervious Base Layer 

The occurrence and depth of the impervious base layer is of major importance in 
any study of subsurface drainage because it has a great bearing on the spacing of 
the field drains. The deeper this impervious layer, the greater the thickness of the 
overlying water-transmitting layer, and consequently the wider the drain spacing can 
be. This will now be demonstrated. 

Assume a homogeneous soil with a hydraulic conductivity K = 0.5 m/d. The 
impervious base layer is found at two different depths: 3 and 5 m below the soil surface. 

From Hooghoudt’s equation (see Chapter 8, Section 8.2.2), we find that the drain 
spacings are respectively 58 and 73 m for a discharge q = 2 mm/d, pipe drains with 
a wetted perimeter u = 0.3 m, an average watertable at 1 .O m, and an available head 
h = 0.8 m. This difference in drain spacing clearly indicates the effect of the depth 
of the impervious base layer. 

If no impervious base layer is found within 5.0 m of the surface, deeper observations 
may be required. Hence, if, in the above example, the impervious base layer were 
to be located at great (infinite) depth, the drain spacing would be 112 m. It thus makes 
sense to do some deep augerings beyond a depth of 5.0 m below the surface. 

Recommended depths of observations are 1/8 to 1/20 of the expected drain spacing 
in homogeneous and stratified soils respectively (FAO 1983). The crucial question 
is: ‘What drain spacing can be expected?’ This question can only be answered through 
trial and error. An example may illustrate this. 

In the above-mentioned homogeneous soil, with an impervious base layer at a depth 
of 10 m, a drain spacing of 92 m is required. If deep augerings to this depth did not 
reveal any sign of the impervious base layer, borings to an even greater depth could 
be considered. Deep borings, however, are time consuming and costly. The available 
data indicate that the drain spacing will be somewhere between 92 and 112 m. Other 
factors (e.g. plot size) will dictate what drain spacing to apply in practice. 

If, in the above-mentioned homogeneous soil, a hydraulic conductivity K = 2.0 
m/d was found, the drain spacing would be 212 m where the pervious base layer lies 
at  a depth of I O  m, and 358 m where it lies at an infinite depth. The relatively large 
increment in drain spacing with increasing depth of the impervious base layer warrants 
borings beyond a depth of I O  m. 

18.3.6 Field-Drainage System in Sub-Areas 

As a result of the generally large spatial variation in the hydrological characteristics 
of the soil, subsoil, and substratum, one single spacing between field drains is seldom 
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applicable to the entire project area. To cope with these large variations in the 
hydrological characteristics of the flow medium, the drain spacing, L, is usually 
calculated for each nodal point where the K- and D-values have been determined. 
Because L varies with the square root of K and D, the L-value will vary less than 
the K- and D values do separately. 

The values of L thus obtained are plotted on a map on which the collector drainage 
system has already been delineated. The next step is to divide the whole area into 
a number of drainage sub-areas, each of them characterized by a single drain spacing. 
These sub-areas are defined as areas whose drain spacings may differ but which have 
roughly the same order of magnitude. The uniform drain spacing of a sub-area is 
found simply by calculating the arithmetic mean of the various drain spacings inside 
the sub-area (Figure 18.7). The drainage sub-areas should, in principle, coincide with 
the collector block boundaries, but if two or more collector units have equal drain 
spacings they may be combined to form one unit. 

It is obvious that within a drainage sub-area we may, at certain locations, find a 
calculated drain spacing that deviates substantially from the mean spacing. Such an 
extreme value is usually disregarded and the sub-area's mean spacing is maintained. 
Only when, in a certain part of the sub-area, several drain-spacing values deviate 
greatly from the mean, can a narrower or wider drain spacing be adopted in that 
particular part, as is required. 

18.3.7 Climatological and Other Hydrological Data  

Drainage standards and recommended practices should be based on carefully collected 
and evaluated climatological and hydrological data. There are many different kinds 

DRAIN - 1 " C - T  

+ IRRIGATION CANAL 

I block of equal drain 

D drain depth (al collector) 

L drain spacing in m 

spacing and depth 

in m 

Figure 18.7 Distinction of drainage sub-areas, each of them characterized by the same drain spacing and 
drain depth (FAO 1966) 
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of climatological and other hydrological data, the most important ones for drainage 
surveys being precipitation, runoff, evaporation, river flow and quality, and 
groundwater flow and quality. Much of this information can be obtained from existing 
networks. 

Precipitation 
Rainfall is the most significant climatic feature influencing the design of a drainage 
system. The availability of reliable records over a sufficient number of years is therefore 
of primary importance, particularly in humid regions. 

The minimum density of precipitation networks is as follows (WMO 198 1): 
- Flat regions of temperate, Mediterranean, and tropical zones need one station for 

- Mountainous regions in temperate, Mediterranean, and tropical zones need one 

- Arid zones need one station for 1500 - I O  O00 km2. 

600 - 900 km2, decreasing to 900 - 3000 km2 for difficult conditions; 

station for 100- 250 km2, decreasing to 250- 1000 km2 for difficult conditions; 

The number of rainfall stations determines the accuracy of measurement, whereby 
the larger the area under consideration, the lower the network density required to 
determine the area’s average rainfall. This is clearly shown in Figure 18.8, which gives 
the relationship between the rain-gauge network density, the drainage area for the 
relatively flat Muskingum Basin, U.S.A., and the percentage standard error of 
estimates. 

In some countries, rainfall figures are often the only available data. Precipitation 
depths can be converted to stream flows, from which hydrographs can be readily 
derived. There are also methods of extrapolating rainfall to extreme values in order 
to estimate the effect of floods. 

Mean Rainfall Over a Basin 
Rainfall records from a network can be analyzed with one of the following methods: 

Figure 18.8 Rain-gauge network and percentage standard error for different drainage areas (Wiesner 1970) 
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the arithmetic mean method, the Thiessen mean method, and the isohyetal or 
isopluvial method. These were discussed in Chapter 4, Section 4.2. I .  

Depth-Duration-Frequency Relationships to Determine a Drainage Design Discharge 
When rainfall records over a sufficient number of years exist, it is possible to make 
a rainfall-frequency analysis, analyzing rainfall for both frequency and duration. 
These relationships can be assumed representative of the area surrounding the 
recording station. Thirty to forty years of rainfall records are usually required to give 
a stable frequency distribution. 

When rainfall records over a sufficient number of years do not exist, recourse can 
be made to generalized methods of estimating the relationships between depth, 
duration, and frequency. These include empirical formulas relating depth, duration 
and frequency, and maps with isopluvials, from which the rainfall depth for any 
particular location and a certain combination of duration and frequency can be read. 

In the design of the drainage capacity, the frequency of the total rainfall over short 
periods of one to ten days is important. From the available daily totals for certain 
critical periods, rainfall frequency curves can be derived. From these curves, the 
maximum total rainfall for a certain period (n days) and its frequency can be read. 

(For the application of depth-duration-frequency relationships in determining a 
drainage design discharge, see Chapter 6.) 

Runoff 
Runoff is that part of the precipitation which flows to stream channels, to lakes, or 
directly to the sea. There are a number of methods of predicting runoff, distinguishing 
between direct runoff and groundwater runoff (see Chapter 4). 

To establish relationships between rainfall and runoff, long-term records are 
required: IO-year records are of some value; 25-year records are generally reliable; 
50-year records are the optimum. Duration-frequency maps can be prepared for 
intense storms of 12, 24, and 48 hours, and for expected recurrences of once every 
I ,  2,3 ,4 ,5 ,  and 10 years. 

Regular rainstorm and flood observation networks generally give an incomplete 
picture of storm rainfall distribution. It is therefore important to collect factual 
information in a storm and flood area just after a severe occurrence. 

Evaporation 
Evaporation can be estimated directly by extrapolation from pan measurements, and 
indirectly through water-budget and energy-budget methods, or through an 
aerodynamic approach. 

The need for evaporation data increases with the degree of aridity. The minimum 
density of evaporation networks is as follows (WMO 1981): 
- Arid regions need one station for 30 O00 km2; 
- Humid temperate regions need one station for 50 O00 km2; 
- Cold regions need one station for 1 O0 O00 km2. 

It is recommended that standard pans (e.g. the U.S. Weather Bureau Class A pan) 
be used in the network, and that the data be converted to free water evaporation. 
Since short periods of evaporation measurement of the order of one day or less are 
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not very reliable, monthly evaporation data are generally used in drainage studies. 
Computations of evaporation from climatological observations can strengthen the 
estimates from pan data. (For more information, see Chapter 5.) 

River Flow and Its Quality 
River flow is an important factor in the magnitude and frequency of flooding. A river- 
gauging network can provide an insight into the availability of surface water resources. 

The minimum density of river-gauging networks is as follows (WMO 1981): 
- Flat regions in temperate, Mediterranean, and tropical zones need one station for 

1 O00 - 2500 km2, decreasing to 3000 - 1 O O00 km2 for difficult conditions; 
- Mountainous regions in temperate, Mediterranean, and tropical zones need one 

station for 300 - 1000 km2, decreasing to 1000 - 5000 km2 for difficult conditions; 
- Arid zones need one station for 5000 - 20 O00 km2, depending on feasibility. 

At each gauging station, a continuous record of mean discharge for each day, month, 
and year is tabulated, which may be computed from a record of stages and the stage- 
discharge relationship. 

In  cases where the chemical quality of the water, and especially its salt content, 
is an important factor in a drainage project, records of water quality should be 
obtained at a minimum of 25% of the stations in arid regions and at 5% of the stations 
in humid temperate and tropical regions (WMO 1981). 

Groundwater Flow and Its Quality 
For drainage projects, the main aim of a groundwater network is to determine the 
direction of groundwater flow, the depth to the watertable, and the mineralization 
of the groundwater. 

The density of the network depends on the size and hydrogeological complexity 
of the area, and varies from one observation point per km2 for areas with a shallow 
watertable (which may lead to secondary salinization of soils), to one observation 
point per 4 to 20 km2 for areas with a deep watertable. For small project areas, the 
network should be more closely spaced, with the observation wells placed some 500 
m apart (WMO 1981). . 

18.3.8 Institutional and Economic Aspects 

As previously stated, the aim of a feasibility study is to determine the technical 
feasibility of a proposed drainage project, the economic benefit, and the financial 
return to the farmers. It should also deal with the financial implications for the 
authority operating the project and the way the investments made in the project should 
be repaid. 

The initiative for a feasibility study is usually taken by the national government. 
The project is then implemented either by a public authority with its own staff, such 
as WAPDA in Pakistan, or in association with an international consulting firm. 

Throughout the project, data on soil, watertable depth, and the salinity status of 
the soil and the groundwater are being collected by the authority and properly 
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