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Discussion of Session 1 

Question from Mr. Martinez Beltràn (Spain) 
What are the costs of gravel mole drains in comparison with standard mole drains? 
Answer of Mr. Galvin (Ireland) 
The costs of gravel moles, spaced at 1.50 m, are 900-1300 Irish pounds per ha. The 
variation is due mainly to the transport costs of the gravel (graded between 20 and 
40 mm). The costs of standard mole drains are 500-600 Irish pounds per ha. On experi- 
mental sites the capacity of gravel moles is studied. For example in gravel moles, spaced 
at 1.30 m and having a cross section of 140x70 mm2 and where collector drains are 
spaced at 50 m, peak discharge rates of 1 I O  "/day are recorded. It should be noted 
that for normal farm drainage, the gravel mole cross section is usually 80x70 mm2. 

Question from Mr. Bhatti (Pakistan) 
What is the role of the synthetic sheet below a pipe drain? 
Answer of Mr. Mortensen (Denmark) 
In unstable soils the pipe drain has to be protected against siltation of soil particles, 
which could otherwise enter from below. Under our conditions very often a thin syn- 
thetic sheet is placed beneath the pipe, with gravel or sawdust on the sides and above 
the pipe drain. 

Question from Mr. Jokhio (Pakistan) and Mr. Abdel-Dayem (Egypt) 
Sawdust used as envelope material and its success over time. Does it need more mainte- 
nance cost? 
Answer of Mr. Mortensen (Denmark) 
In Denmark sawdust is very often used as an envelope material for agricultural subsur- 
face drainage. There are very good experiences with the use of conifer sawdust. The 
sawdust decays with time, but under our conditions there are drains, enveloped with 
sawdust, which are functioning for over 30-40 years. The use of sawdust as envelope 
material does not imply more maintenance costs. Ochre formation is a problem in 
Denmark, but drainage water is purified from iron in special iron extraction plants. 

Comment of Mr. van der Molen and Mr. van Someren (The Netherlands) 
On the use of organic envelope materials: 
In irrigated soils of the (semi-)arid tropics organic envelope materials have usually 
failed. 

Comment of Mr. Henkin (Israel) on ochre control: 
The problem of ochre formation occurred in Israel in a marshy soil, in an area south 
of the Dead Sea. The problem was studied by a micro-biologist, who identified the 
clogging material as a result of the Leptothrix Desrophorous bacteria. Ochre control 
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was obtained by creating anaerobic conditions in the drainage system by placing an 
elbow at the outlet and reducing the slope. This solution was very soon effective (within 
1-2 days) and the process seems continuously reversible. 
Comment of Mr. MatiEiE (Yugoslavia) on ochre control: 
There are ochre problems in the pseudo-gley soils of Slovenia and Bosnia (Yugoslavia), 
where trenches were filled with chipped wood as permeable backfill material. These 
drains didn’t function well. 
Comment of Mr. Ochs (World Bank) on ochre control: 
There is ochre formation in all kinds of soils, especially in peat and muck soils, and 
in any climate of the USA. Biocides in polyethylene pipes (10% more costly) can be 
effective, but for how long is this working? Small quantities of biocide have been ob- 
served in drainage water, but it decomposes. 
Comment of Mr. Csontos (Hungary) on ochre control: 
In Hungary ochre formation is a minor problem in clay soils and it only occurs where 
groundwater contains iron. Plastic pipes are more susceptible to the problem than 
clay pipes. 

Question from Mr. Cavelaars (The Netherlands) 
In Table 3 of Mr. Morris’ paper drainage performances are given. What are the causes 
for failure? 
Answer of Mr. Morris (Scotland) 
A detailed investigation was undertaken at  each of the sites where drainage perfor- 
mance was classified as sub-optimal or poor to identify the reasons for this. In more 
than 50% of the cases the primary reason for drain failure was due to a drain trenchline 
permeability problem. In approximately 25% of the cases the presence of ochre was 
the reason for poor drainage. In the remainder cases the cause of failure was due 
to inadequate design. 

Question from Mr. Abdel-Dayem (Egypt) 
Are there alternative envelope materials tried instead of gravel to reduce the construc- 
tion cost? 
Answer of Mr. Morris (Scotland) 
Because of the high cost of gravel, alternatives to its use have been sought. This has 
included the use of other naturally occurring materials and industrial waste products. 
Where there is no local source of gravel or crushed rock, the use of these materials 
supposes local importance. The use of soil stabilizers on the natural soil as trench 
backfill has also been examined, but it proved not to be an attractive or viable alterna- 
tive. 
Comment of Mr. Spoor (England) 
Alternatives to gravel or stone as a permeable backfill material above pipes in the 
form of stable clinker and power station waste materials are used and selection usually 
depends on availability and transport costs. The major aim in schemes where perme- 
able fill is required is to minimize the quantity used. This can be done by minimizing 
the width of the trench. In schemes where subsoiling and moling operations are to 
be carried out a minimum trench width of 100 mm is used. 
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Question from Mr. Feyen (Belgium) 
The different contributions from West European countries show a sharp decline in 
drainage efforts by the governments, but an increase in small scale drainage works 
and do-it-yourself-drainage practices. Those have, however, a low efficiency. What 
can be done to protect the farmers from incompetence of drainage contractors? 
Answer of Mr. Morris (Scotland) 
In Scotland there is no licence nor formal training required for a contractor to con- 
struct drainage systems. Most of the work in this area is carried out with backacting 
equipment, because many Scottish farms already have such a versatile machine for 
other uses on the farm. Interest has also been expressed by groups of farmers in getting 
together in a consortium to acquire single purpose drainage machines. 

Question from Mr. Smedema (The Netherlands) 
Some years ago there was a tendency in going from single systems to composite sys- 
tems. What is the present situation? 
Answer of Mr. Wemeling (The Netherlands) 
I do not see the application of composite systems in flat humid regions for two reasons: 
a. additional structures for control and maintenance (manholes) make a composite 

b. large composite systems require lower water levels at the outlet, so pumping cost 

c. a third reason could be that nowadays drainage is a matter of private farmers and 

system more expensive; 

increases considerably; 

projects are not large enough to allow composite systems. 

Question from Mr. Mihnea (Romania) 
What is the total energy requirement for mole drainage? 
Answer of Mr. Spoor (England) 
The energy requirement for mole drainage is dependent upon the depth of fdrainage 
and the shear strength of the soil. Traction is one of the most important considerations. 
The following power units are commonly used in UK for moling operations and indi- 
cate the energy and traction requirements: 
a. for installing moles at a depth of 0.5-0.6 m in strong clay soils with dry bulk density 

1.5-1.7 gr/cm3 and moisture content at or below plastic limit, a 100 HP crawler 
tractor or 150-200 HP 4-wheel drive tractor is required; 

b. for installing moles at a depth of 0.45-0.50 m in weaker clay soils with dry bulk 
density 1.1-1.3 gr/cm3 and moisture content at or above plastic limit, a 70 HP 
crawler tractor or 100 HP 4-wheel drive tractor is required. 

Discussion of Session 2 

Question from Mr. Singh (India) 
In Mr. Jokhio’s paper on the East Khairpur Tile Drainage Project a capital cost of 
US$IOOO per acre is given. The annual interest and operation and maintenance charge- 
sare 12 to 15%, which means about ÚS$120 to 150 per acre. Could the author indicate 
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the expected as well as the actual income from crop production per acre before and 
after the project was completed? 
Answer of Mr. Jokhio (Pakistan) 
The East Khairpur Tile Drainage Project was started as a pilot project in Pakistan. 
The cost per acre has increased due to the fact that the construction period was planned 
for five years, but it took actually ten years. As indicated in my paper if the project 
had been completed in the planned perio.d, which in future will happen, the cost would 
be half, so the price may be set at about US$ 500 per acre. Crop production showed 
a promising picture. Initially the cropping intensity was only 90% and the projected 
one was 145%, but observations after construction showed a cropping intensity of 
150%. Also crop yields have increased one and a half times and in some areas even 
four times. Another fact is that people, who abandoned their land due to increasing 
waterlogging and salinity, are quickly coming back to recultivate their areas as a conse- 
quence of the introduction of tile drainage. 

Question from Mr. Ochs (World Bank) 
Is internal deflection of plastic pipes after installation checked when impacts from 
trench caving are prevalent in the East Khairpur Tile Drainage Project? 
Answer of Mr. Jokhio (Pakistan) 
Observations have shown that water is flowing continuously from the drains, but there 
was no exact checking how the pipes have been installed. However the system seems 
to work all right. The project area is divided into smaller units and every unit has 
an independent pumping station, operational since 1982. There are no indications 
at the moment that drain outflows are diminishing. On the contrary an increase in 
irrigation water supply gives higher drain discharges, which has been observed in the 
manholes and at the sumps. 

Question from Mr. Abdel-Dayem (Egypt) 
What is the size of the dewatering laterals in the East Khairpur Drainage Project? 
Is it not too expensive to use gravel envelope? 
Answer of Mr. Jokhio (Pakistan) 
The dewatering system is a 100 mm diameter pipe pre-wrapped with nylon, which 
is also used for laterals. It is laid at a depth of 4 m by machine. This is only for dewater- 
h g  the area and when the collector pipes are installed, this system is abandoned. The 
cost of gravel is about 10% of the total cost, because gravel is in big quantities available 
near the project area (within 4-5 km) and only screening had to be paid for. 

I 

Question from Mr. Rao (India) 
Could Mr. Jokhio give some information on the energy requirement of pumping from 
collectors to surface drains in the East Khairpur Tile Drainage Project? How much 
will be the recurring cost of drainage per ha including operation and maintenance? 
Answer of Mr. Jokhio (Pakistan) 
The design drainable surplus in the East Khairpur Tile Drainage Project is 2-3 mm/ 
day. Due to the slow irrigation development in the Project the water quantity at the 
pumping stations is so low that small drainage pumps are installed of 5-7.5 HP. At 
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present these pumps with an automatic control system are operating 40% of the time. 
When the irrigation water supply in the Project will be increased in the next year, 
as planned by the Irrigation Department, then every pumping station has one stand-by 
pump with low capacity. The area of each sump unit is about 800 acres. The mainte- 
nance costs are estimated at US$ 1.50 per acre annually. 

Question from Mr. Woudeneh (Ethiopia) 
Is pump maintenance in a composite drainage system considered to be a problem? 
Are there any problems faced and how is the maintenance organized? 
Answer of Mr. Jokhio (Pakistan) 
The organization for maintenance is available, but at present no pump maintenance 
is done, because the project has just been completed. No maintenance problems are 
expected in the near future. 
Comment of Mr. Woudeneh 
In Ethiopia it is difficult to maintain mechanical equipment. When it breaks down, 
there are no skilled people to repair it. This fact was raised when the implementation 
of a drainage system was proposed in one of our studies. How is this fact and the 
failure of tubewells for drainage, as mentioned by one of the speakers, related? 
Comment of Mr. Bhatti (Pakistan) 
The tubewell failures are mostly related to problems with the strainers and the gravel 
pack around it, but not with the tubewell itself and the turbine pump. Thesadvantage 
of a tile drain system is that no strainers and gravel pack are required, because it 
is a simple system. 

. 

Question from Mr. Hendrickx (The Netherlands) 
Monitoring is necessary for drainage research and for controlling the proper function- 
ing of the system. In which manner can one monitor adequately the components of 
salt and water balances, given the very variable nature of salt and water fluxes in 
the field? 
Answer of Mr. Boumans (The Netherlands) 
In general it is recommended to establish a monitoring programme as simple as possi- 
ble. This can be done at two levels. For example a first level monitoring programme 
encompasses the recording of drain discharges, salinity of drain outflows, land use 
pattern, crop development and crop yields. This should enable to find a direct relation 
between the drainage system and its functioning. A second level programme takes 
also into consideration groundwater levels and salinity of soils and of groundwater 
outflows. A large scale monitoring programme is not recommended. Instead spotwise 
monitoring could be carried out, preferably in collaboration with research institutes 
for collecting and evaluating the data. In general each area under study needs its own 
programme, depending on available means (equipment, staff) and the aim of the moni- 
toring: like just to evaluate a project or to work out research targets. 

Question from Mr. Oosterbaan (The Netherlands) 
Mr. Boumans stated in his presentation that deep drainage is required on fallow land 
with upward seepage of groundwater in arid areas to prevent salinization. Is deep 
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drainage not very costly, especially when it concerns fallow land that is not producing 
any crop? 
Answer of Mr. Boumans (The Netherlands) 
A fallow or non-cultivation period is very common in agricultural rotation systems. 
Only when water is available throughout the year, crops can be cultivated the whole 
year around. In arid regions the summer crop water requirement is much more than 
the winter or spring requirement. Two examples. First Iraq where during summer 
four times more water is needed than in winter to irrigate one ha; second Tunesia 
where the summer crop water requirement is twice the spring requirement. If water 
use has to be economized than an agricultural rotation system with winter and spring 
crops should be considered and part of the summer cultivation should be left out. 
In my opinion this is the major reason for leaving a part of the land fallow during 
summer. Another reason is that if the design of an irrigation system would be based 
on 100% summer cultivation, then the canal capacities have to be increased. Again 
Iraq where the design of irrigation systems is actually based on 100 or 80% winter 
cropping, and only 25% of the land can be irrigated in summer. If the design was 
based on summer cultivation the canal capacities should have been increased four 
times. It is not economic to use water in periods with the highest evapotranspiration. 
Comment of Mr. Rao (India) 
The question is related to the depth of drainage, which is affecting the cost of a project. 
In arid areas leaching of soils is needed and to design proper drainage systems in 
those areas the criterion that a minimum amount of water has to pass through the 
root zone is more important than maintaining a critical watertable depth. When the 
cropping intensity is very low, would it not be more economic to implement a deeper 
drainage system? 
Comment of Mr. Boumans 
Even without talking about critical depth, it has many advantages and it seems eco- 
nomic to have deep drainage in many areas in the arid regions. Recently Smedema 
and Boumans analysed the drainage costs in relation to depth and gain in drain spac- 
ing. It shows that there is not much difference when increasing the drain depth from 
the point of construction costs (only pumping costs will increase). The study indicates 
also that for irrigated arid areas the economic optimum of drain depth is in the order 
of 2 m with the criterion to maintain the average watertable at about 0.90 m below 
the ground surface. Another advantage of deep drains is that they run continuously, 
so there is no risk of silting up. 

Question from Mr. Sevenhuysen (The Netherlands) 
Is knowledge of plant-water or plant-salt relationships a limiting factor to drainage 
designs in relation to operational soil-water knowledge? 
Answer of Mr. Boumans (The Netherlands) 
The drainage criteria can be approached by a crop yield-water relationship, but no 
sufficient information is yet available. Drainage is a practical science. It is a field with 
a lot of work still to be done. The optimum drainage has a quite flat maximum, so 
we are already happy to be within that optimum. 
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Discussion of Session 3 

Question from Mr. Neefes (The Netherlands) 
In the presentations about drainage in the humid temperate as well as in the arid 
regions it became clear that drainage systems are sometimes overdesigned. Mr. Bou- 
mans stated that available data show that we are anyhow close to the economical 
optimum with the actual drainage criteria. Mr. Smedema showed the importance of 
flow types contributing to the discharge of excess water for the cultivation of dry-foot 
crops, while Mr. Bhuiyan presented an experiment where submergence resistance of 
rice varieties is evaluated. Can Mr. Smedema and Mr. Bhuiyan elaborate their ideas 
to establish quantitative drainage criteria? 
Answer of Mr. Smedema (The Netherlands) 
Concerning drainage criteria for dry-foot crops some research has been done by Carter 
(Baton Rouge, Louisiana, USA) in sugar cane areas, where drainage improvements 
are introduced by a combination of surface and subsurface pipe drainage systems. 
Surprisingly it appears that criteria for subsurface drainage in these sugar cane areas 
are almost similar to the criteria used in the temperate regions (7 "/day at a water- 
table head of 50 cm) in spite of the different rainfall conditions. An explanation could 
be that there is a limit as to how much water can pass through the soil and therefore 
the groundwater drainage criteria are apparently the same. 
Answer of Mr. Bhuiyan (Philippines) 
In rice cultivation the main problem is to drain the excess water on the surface (over- 
land drainage) rather than groundwater drainage. Overland drainage criteria in rice 
fields are related to the rainfall pattern in those areas; for example what is the, either 
for a 5-year or a 10-year record interval,.rainfall amount in an area within two or 
three days during the wet season (typhoon or cyclonic conditions), which can serve 
as a base for the drainage criterion in that area? In the Asian humid regions various 
values are used. These values are ranging from 5-13 l/sec.ha depending on type of 
rainfall and on crop cover (rice: only submergence conditions up to 50% of the height 
of the plant for not more than 3 days). 

. 

Question from Mr. Oosterbaan (The Netherlands) 
Why used Mr. Smedema in Figure 2 of his paper plums as an example for the tempera- 
ture effect in waterlogging? What variety of plums was used in the tropics and what 
in the temperate zone? Was there difference in intensity of waterlogging in the tropics 
or temperate zone that might also explain part of the yield reduction? Which were 
the tropical and temperate zones where Row and Catlin made their observations? 
Answer of Mr. Smedema (The Netherlands) 
It was the only information available in the literature to illustrate the temperature 
effect in relation to drainage response. In relation to the given figures I want to remark 
that whether these experiments were carried out under stagnant water conditions or 
under field conditions was not clear from the source. However I think that this could 
make a big difference because stagnant water conditions are likely to give much more 
damage. Under field conditions, where rainfall maintains saturated conditions, with 
the rainwater also oxygen enters into the soil. So the figures which are showing the 
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differences in response between the temperate and the tropical regions might be a 
bit deceiving. Under field conditions the responses due to high temperature conditions 
could be quite different because a lot of oxygen is dissolved in rain and consequently 
it is transported with the rainwater into the root zone. Therefore crops under field 
conditions may suffer less than under stagnant water conditions. 
Comment of Mr. Oosterbaan 
Where these experiments done in the same region or in different regions? 
Comment of Mr. Smedema 
Most likely these experiments were done under laboratory conditions. 

Question from Mr. Rao (India) 
A large part of the area in humid tropical regions has acid sulphate soils. Is it advisable 
to apply groundwater drainage in these soils? If not, which drainage measures do you 
recommend? 
Answer of Mr. Smedema (The Netherlands) 
I would rather not comment on this because there are in this room other persons, 
who are much more qualified to answer this question. 
Comment of Mr. Ismail (Indonesia) 
In the acid sulphate soils of the swa'mpy areas in Indonesia Al and Fe sulphate oxidate 
during the dry season, which increases the acidity of the drainage water. The influence 
of the tidal effects is used to drain the acid water, and limestone is applied for neutraliz- 
ing the acid in the soil. 
Comment of Mr. van der Molen (The Netherlands) 
Experiments in Vietnam are being done on these aspects and there are two strategies 
1)  to keep the soil wet as long as possible in order to prevent the oxygen to go into 
the soil and produce the acid and 2) to drain the soil and wash out the acid. Both 
strategies have their disadvantages and their advantages. It is a complicated matter 
if there is no limestone 'at hand. If limestone is available in the neighbourhood, the 
acidity can be neutralized by applying limestone. But if it is not available within 500 
km from the area, it is very costly to apply lime. On the other hand keeping the soil 
permanently wet when there is a long dry season, is not easy. Washing out all acid, 
gives acid waters, which may spoil other areas. It is a complicated problem and not 
so easy to give a general solution. In a pilot area in Vietnam both strategies are studied. 
Comment of Mr. Wiersinga (The Netherlands) 
In Indonesia improvement of tidal swamp lands by washing out the acids will be tried 
out by combining tertiary canals and tidal gates in such a way that the water will 
circulate through the area: the incoming water will push the drain water out through 
the next tertiary canal. An additional remark on acid sulphate soils in Indonesia is 
that experience in rice cultivation shows that stagnant water is far more dangerous 
than the normal drying out of the soil during the dry season. In stagnant water areas, 
for example areas between two rivers, you find very locally (from one metre to the 
next) dying and living rice plants, due to differences in their elevation (from 10 to 
20 cm): the higher rice plants keep alive and the'lower ones die because of chemical 
processes after Fe- and Al-oxidation. 
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Comment of Mr. Sevenhuysen (The Netherlands) 
A three-year research programme (a joint cooperation of Land and Water Institutes 
of the Netherlands/LAWOO) will start the next year in Indonesia focussing on identifi- 
cation and water management of acid sulphate soils as well as modelling of the de- 
acidification of these soils. 
Comment of Mr. Rao 
In India there are some areas of acid sulphate soils with traditional rice cultivation. 
Some researchers in India propose to cultivate dry-foot crops in rotation with rice 
by providing subsurface drainage in those problem soils. My question was intended 
to know whether it is worthwhile to try subsurface drainage in those soils. 

Question from Mr. Kabat (Czechoslovakia) 
There is a lack of consideration in drainage theory and practice for the problem of 
what Mr. Smedema called ‘interflow’. Can he shortly explain ‘why? Is this problem 
not similar to the design of interceptor drains? 
Answer of Mr. Smedema (The Netherlands) 
Because the phenomenon of interflow is not very clear. As far as it is related to flow 
over hard pans, for example in the case of perched watertables, interflow might be 
compared with interceptor drainage. However, interflow also occurs when in the unsa- 
turated zone the deep percolation of excess rain is impeded and this impeded water 
is exposed to a sufficient lateral gradient. 

Question from Mr. Spoor (England) 
Could Mr. Bhuiyan comment on the drainage measures to be taken to allow the rapid 
establishment of dry-land crops after paddy? 
Answer of Mr. Bhuiyan (Philippines) 
If upland crops or dry-land crops are intended to be cultivated after a rice crop in 
the rice cultivating areas the ponding of excess water must be avoided in those areas. 
This implies a drainage system to take care of the removal of excess water which is 
mostly found in the better irrigated areas, but not in ill-designed and ill-managed irri- 
gation systems, where drainage is poor and often waterlogging is a problem. However, 
,the efforts to establish diversified crops (upland or dry-foot crops) as a second crop 
after rice are limited to the lighter textured soils in which the internal drainage is good 
and the crop establishment is relatively easy. On the heavy soils the major problem 
will be crop establishment, because after the rice harvest the land remains wet and 
after the tillage operations the germination of the upland crop is poor. If the soil is 
too dry, the heavy soils are too hard on the surface and it is very difficult to operate 
the low-powered tillage machines that small farmers have. So land preparation and 
crop establishment are the first major obstacles towards establishing an upland crop 
in rice lands. This subject is, however, becoming more important since many countries 
are self-sufficient in rice. In those countries the modifications needed in their water 
control systems for growing a non-rice crop after rice are studied. But land preparation 
and crop establishment are still the major obstacles for heavy soil conditions. Until 
now upland crop cultivation in rice fields is limited to the lighter textured soils. 
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Comment of Mr. Abdel-Dayem (Egypt) 
In Egypt the main problem is a rice crop in rotation with other crops (cotton, maize), 
because tlfese crops require different water management. When subsurface drains are 
provided to the fields, this causes loss of irrigation water during a rice crop and farmers 
are illegaly closing the drains, which hampers maintenance. Consequently, due to the 
extent of the area (1  million acres) with these problems, the drainage lay-out was modi- 
fied by introducing a system on the basis of crop pattern and crop lay-out in the differ- 
ent years. This allows proper operation through establishment of different crop units. 
Each unit is provided with subcollector drains which can be closed during rice cultiva- 
tion. For a non-rice crop during the next season the drains are functioning normal. 
Such a drainage system makes a proper water management for each crop possible. 
Comment of Mr. Singh (India) 
On higher fields in humid areas of India (West-Bengal and adjoining areas) a second 
crop is planted (mustard, wheat) in the post-monsoon season (October) after an early 
paddy crop is harvested in August, because those fields have been sufficiently drained. 
On lower situated fields, which are drained out in December-January, a dry-season 
paddy is planted if irrigation water is available. So the area is limited and this crop 
is very profitable. In West-India, where wheat was the tra@itional crop, the watertable 
is rising due to leakage of irrigation water from canals and wells. As a result good 
paddy crops have been obtained. The Punjab and Haryana States are now also surplus 
growing regions for rice, so the rising watertable in the fresh groundwater areas of 
these regions is not harmful at all. In the saline groundwater areas of southwest Punjab 
and Haryana, where traditionally cotton was grown, the rising watertable has caused 
problems and the farmers had to switch to rice, which is not a paying crop and some 
land is left out of cultivation. 
Comment of Mr. Singh (India) 
On waterlogging in Sarda Canal Area: 
I would like to mention that the figures for waterlogging in the Sarda Canal Area 
as presented by Mr. Bhuiyan are not supported by more detailed studies of the area. 
The correct figure is of the order of 7000 ha. Also the percentage of areas waterlogged 
in the Hirakud Project, Orissa, is on the high side. 
Comment of Mr. Bhuiyan (Philippines) 
Both figures, which I quoted, are from published literature. 
Comment of Mr. Singh 
I would like a correction as far as Sarda Canal Area concerns to be incorporated 
in the proceedings, because I have participated in several meetings where this specific 
point has been discussed and I am sure that the early mentioned figures, quoted in 
some papers by Mr. Chaturvedi in 1983 and used by Mr. Bhuiyan, have subsequently 
been verified to be much less. 

Questions from Mr. Bhatti (Pakistan) 
1 .  ow do Mr. Bhuiyan envisages removal of excess water from rice fields: by open 

2. Maintaining 5-10 cm water does not seem to be practical in a rotational system. 
ditches extending to individual fields or by subsurface pipe drains? 



Discussions 

The farmer wants to keep his fields wet until the next irrigation turn. Can Mr. 
Bhuiyan explain this? 

Answer of Mr. Bhuiyan (Philippines) P 
1. Removal of excess water from rice fields using subsurface drainage systems is out 

of question for the Asian rice farmers. Firstly economically subsurface drainage 
is too expensive and secondly most of the benefits could already be achieved by 
applying surface drainage systems. Consequently, these measures are the most logi- 
cal and economical ones for rice fields. Most irrigation systems have surface drain- 
age facilities incorporated in their system, but these systems are often inadequately 
designed and not properly maintained. As a result there are problems to drain the 
excess water. If excess water removal through surface drainage provision is given 
due consideration in developing rice lands, most of the drainage problems are 
solved. However in rainfed areas without flood protection provisions like in most 
irrigated areas, the question of flood protection is more important, because in very 
low situated, low gradient basins only surface drainage will not solve the drainage 
problem in a reasonably short time due to insufficient head. As a result flood protec- 
tion measures through polders, dikes, regulators, flap-gates, etc. are more relevant 
for those areas. 

2. If water is delivered through rotation and as long as the field saturated conditions, 
a rice crop does very well. In terms of maintaining water in the field for a rice 
crop, there are no deleterious effects up to the point of saturation in the soil. If 
the soil water content is below saturation, at that point onwards the rice crop will 
be damaged. From the crop point of view any water depth between 0-15 cm is 
acceptable and if water is delivered through rotation any depth of water in that 
range is perfect. 

*> 

Question from Mr. Mihnea (Romania) 
Does there exist experience about subsurface drainage in rice cultivation? 
Answer of Mr. Bhuiyan (Philippines) 
In Japan considerable experience exists on subsurface drainage in rice fields. Due to 
a subsidy policy of the Japanese government farmers have actually almost 7040% 
of their rice lands equipped with subsurface drainage systems. They drain excess water 
and farming operations are mechanized. Under those conditions gains are reported. 
But the Asian humid tropical conditions are quite different and there is no experience, 
not even a serious thought, about trying subsurface drainage in the Asian humid trop- 
ics. 

Question from Mr. Cavelaars (The Netherlands) 
It is commonly known that high rice yields can be obtained with low percolation rates. 
Have high percolation rates been studied in the Asian humid conditions? 
Answer of Mr. Bhuiyan (Philippines) 
'It is not really known whether an induced higher percolation rate in heavy soils would 
improve the productivity of these soils. More research is needed along that line. How- 
ever it is very academic, because in reality it is very impractical to think that in rice 
lands the percolation rates can really be increased. 
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Comment of Mr.  Hulsbos (The Netherlands) 
Induced percolation is considered in those areas where rice is cultivated in rotation 
with other crops. If rice is cultivated in a monoculture or in a double cropping or 
even three rice crops a year, it is a total different situation. 

Question from Mr.  Arar (FAO) 
Does Mr. Smedema agree with the use of mole drains instead of the proposed deep 
trenches filled with permeable material to take care of the interflow? This might be 
more effective and even cheaper. 
Answer of Mr.  Smedema (The Netherlands) 
I agree. But if we want groundwater drainage as well, than we also need a deep system. 
Mole drains can take care of the interflow, but not of groundwater drainage or water- 
table control. Experiments with subsurface drains in sugar cane (Queensland, Austra- 
lia) and in bananas (Costa Rica) for groundwater control, even under the heavy rainfall 
conditions of the humid tropics, have shown good results. 
Comment of Mr.  Arar 
Combining both systems will be useful. 

Question from Mr.  Arar (FAO) 
In the slides presentation of Mr. Bhuiyan we have seen land preparation of rice fields, 
especially soil levelling and puddling of fields under water. One feels that the soil struc- 
ture is completely destroyed and that the infiltration rate might become zero. It became 
also clear in the presentation that soil aeration is not important for increasing rice 
yields. 
1. In view of the above does Mr. Bhuiyan agree that, to control the depth of water 

in rice fields, only a surface drainage system is required? What are the consequences 
of lowering the watertable in rice fields on yields? 

2. Are experiments done to improve soil preparation methods and rice planting? For 
example no-slope, laser-graded basins and sowing rice seeds in dry soil prior to 
flooding or planting rice seedlings in the same way? 

Answer of Mr.  Bhuiyan (Philippines) 
Concerning the question of destroying the soil structure, Mr. Arar is very right because 
that is the whole purpose of puddling. Puddling is done to ensure that percolation 
rates are low and that the water storage on the fields improves, so the farmer sees 
that his rice crop is not drying out during periods when rainfall or irrigation flow 
is low. The question of the effect of reduced percolation on the crop itself is an interest- 
ing one, because a rice plant has the unique capacity to take the needed oxygen from 
the atmosphere and to transport it through the plant to the roots in a very efficient 
way. As a result the roots do not normally suffer from lack of oxygen, even though 
the soil is in anaerobic conditions throughout the growth period. This uniqueness 
of rice makes this wet land culture so very possible and sustainable. From this point 
of view the question of improving the percolation rate through mechanical means 
does not have much relevance, except that there is a merit in cases with soil nutrition 
problems, which can be improved through lowering the watertable. On the IRRI farm 
the soil has a high boron content due to the irrigation water and it is evident that 
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leaching the boron through drainage helps to improve the soil, which is not necessarily 
associated with increased soil aeration. On the question of dry rice seeding experience 
and crop establishment in dryer soil regimes, I can answer that there are also other 
types of rice culture. For example upland rice is grown in the field without any puddling 
at all and minimal land preparation. Dry seeded rice is another crop establishment 
technique in which the seeds can be put into the soil by drilling a hole or just seeding 
in minimal ploughed conditions. Of course germination is less, but those practices 
exist. In my presentation the most important wet land types are shown, where plough- 
ing and puddling is very common. 
Comment of Mr. Arar 
In clay soils puddling is not necessary to prevent percolation losses and internal drain- 
age is negligible. As a result only surface drainage is required in rice cultivation. To 
leach harmful salts the 2 to 5 mm soil layer at the surface is very important, which 
determines the infiltration and is the limiting factor for the movement of salts or miner- 
als into the soil by leaching. Puddling and smoothing under water are necessary for 
accurate land levelling. Has IRRI carried out under these conditions precise land levell- 
ing with laserbeam to get zero-slope and a good, uniform application depth of water, 
which, as Mr. Bhuiyan rightly emphasized, is very essential to obtain high rice yields 
and to avoid the destruction of the soil structure? 
Comment of Mr. Bhuiyan 
The close to soil surface watertable situation can take place in the wet season, but 
mostly not in the dry season. Often there is a perched watertable, which is not the 
real one, but it affects the crop performance immediately. In the dry season the watert- 
able goes mostly downwards and farmers want to retain water in the paddy fields 
and puddling definitely does help to conserve water. IRRI research has amply proven 
that by allowing the perched watertable to go down and the soil to crack on the surface, 
which happens in heavy soils even at saturation level, the rice crop will be damaged. 
As a result any water-stress, particularly during the most susceptible crop growth stage 
which is the flowering stage and the reproductive period of the crop cycle, must be 
avoided if higher yields are wanted. 

On the question of leaching harmful salts the climate has to be taken into considera- 
tion. The popular notion about the development of toxins under anaerobic conditions, 
does not seem to be true in the high temperature regime of the tropics. Soilchemists 
have shown that development of H,S and other toxins, very common in temperate 
zones, does not actually take place in the tropics, because the high soil temperature 
and the low organic matter content help to breakdown the toxins very quickly. As 
a result the rootrot type problems are very unusual in the tropics and consequently 
the question of flushing the soil does not seem to be very important in the humid 
tropics. 

Question from Mr. van der Molen (The Netherlands) 
Floating rice can stand high water levels but has low productivity. Are there possibili- 
ties to breed higher yielding long-straw varieties to replace this floating rice? 
Answer of Mr. Bhuiyan (Philippines) 
Floating rice is low yielding because most of its energy is spent to keep it floating. 

' 
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The elongation capacity, the very long stem that it has to support to be alive, does 
not leave much energy for producing grains. Therefore high yielding varieties for high 
water level conditions have received very low priority by IRRI breeders. They do not 
even think that in the next ten years there should be any effort to replace floating 
rice. The focus is, on what the breeders call, medium deep conditions up to about 
one m water depth, which seems to have good potential and those are the varieties 
they are working with. In my opinion they are probably right, because the whole phen- 
ology of the rice plant under floating conditions is very difficult. 

Discussion of Session 4 

Question from Mr. Lampe /The Netherlands) 
Mr. Abdel-Dayem told us in his presentation that large diameters PE, PVC and PP 
pipes have been imported in Egypt for trials. Has a definite choice been made in Egypt 
to use in the future either PE, PVC or PP pipes? 
Answer of Mr. Abdel-Dayem (Egypt) 
The imported pipes have been used as collectors on different projects and have not 
been chosen on a basis of specific criteria. The pipe material used is often related 
to the overseas country cooperating in the project, e.g. Canadian projects use PE and 
European PVC. 

Question from Mr. Cavelaars (The Netherlands) 
What is the state of art for connections between laterals and collectors in Egypt? 
Answer of Mr. Abdel-Dayem (Egypt) 
In the past, glazed clayware cross pieces were used to connect concrete or tile laterals 
and collectors. Careful installation was necessary to avoid collector misalignment and 
siltation. PVC cross pieces are now used with plastic pipes. For maintenance purposes, 
manholes (diameter 0.75 m), either cast in place or precast units, are installed at dis- 
tances varying from 120 m (min) to 180 m (max) to allow access for flushing machines. 
The total number of manholes in a system will be minimized, because some farmers 
are misusing these manholes (filled with trash). Manholes are necessary for mainte- 
nance purposes, because in developing countries it is impossible to ensure high stan- 
dard of installation everywhere in large drainage schemes. 
Comment of Mr. van Someren (The Netherlands) 
I was informed that in Egypt, to avoid manholes and their problems, plastic junction 
pieces are installed, enabling the access of a flushing device directly into the lateral 
drain. Is this right? 
Comment of Mr. Abdel-Dayem 
This system was tried out on an experimental basis, but it has not yet been adopted 
widely. It will take time to convince contractors of the advantages of this system that 
indeed will reduce the actual problems with manholes. 

Question from Mr. Murillo (Costa Rica) 
What influence has slot position on entrance resistance in corrugated pipes? 
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Answer of Mr. Stuyt (The Netherlands) 
I think there are two factors, which are important if we consider entrance resistance 
in conjunction to perforation patterns: a) the open area (the percentage of the drain 
pipe wall, which is perforated) and b) the distribution of perforations over the pipe. 
The research of Mr. Dierickx has indicated that, providing there is a minimum amount 
of open area (about 2.5% of wall area), there is little benefit from increasing it further. 
The distribution of the perforations has proved to be very important. When consider- 
ing for instance clay tiles, theory predicts a higher entry resistance than for corrugated 
pipes, due to the larger spacing between the water entry points. The predicted large 
difference is not borne out in practice. Clay tiles perform very satisfactorily and differ- 
ences are small. In my opinion this is caused partly by the fact that the soil itself 
will also determine the flow pattern towards the corrugatipns. Dig ups in the Nether- 
lands showed that the water flow towards corrugations may also occur through macro- 
pores, which will develop towards the corrugations in the pipes. At certain spots there 
are high influx rates into pipes, whereas in other places, where the permeable backfill 
has a relatively low hydraulic conductivity, the flow into the pipe is negligible. 

Question of Mr. Cavelaars (The Netherlands) 
One hypothesis explaining the benefits of sawdust as a backfill material is that before 
the sawdust decomposes, it has stabilized the backfill and hence is no longer needed 
itself. Is there any experimental evidence to support or refuse this hypothesis? 
Answer of Mr. Mortensen (Denmark) 
In Denmark and in other Scandinavian countries there is a very good experience of 
using sawdust (from conifer trees) as an envelope material. Experiments have been 
made on decay rates and grain size analyses of sawdust. In Norway a 50% decay in 
about 20 years has been found. By applying a layer of 5 to 7 cm of sawdust, it will 
function well for a long period, under the rather cold conditions. 
Comment of Mr. van Someren (The Netherlands) 
In my opinion Mr. Mortensen is now touching the critical point, namely temperature, 
because in the Netherlands sawdust in experimental fields disappeared in two years. 
The lower temperatures in his country are likely to be the major reason for his greater 
success with sawdust. 
Comment of Mr. Zijlstra (The Netherlands) 
Some experiments with organic cover materials have been carried out in Peru using 
bands of flax straw. The results were disappointing. The materials decomposed in 
a few years, suggesting that organic materials are unsatisfactory in warm climatic areas. 
Comment of Mr. Stuyt (The Netherlands) 
Similar decomposition problems have been found to exist in The Netherlands with 
coconut fibre envelope (60% coconut fibre). In a recent dig-up of 1200 drains, mostly 
wrapped with fibre envelope, the fibre had decomposed in many cases, but there was 
no sanding up of the drain pipe. This raises the question ‘Do these soils need any 
envelope at all?’. In certain cases this was unclear, because the structural stability of 
soils is a parameter which is difficult to evaluate. Therefore in my opinion research 
should continue to determine whether envelopes are needed in certain soils. The state- 
ment of Mr. Cavelaars is certainly valid for several Dutch soil types, that in the past 
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were called problem-soils. A long life envelope may still, however, be necessary to 
allow future maintenance works, particularly jetting. If the envelope has disappeared 
the high pressure jet (20 bar) could easily disturb the soil around the pipe causing 
future instability. The presence of a long lasting organic envelope or a synthetic enve- 
lope would significantly reduce the risk of this occurring. 

Question from Mr. van Someren (The Netherlands) 
What future is there for the trenchless drainage machine in irrigated areas in the arid 
regions, where the drains have to be laid at depths of more than 2.5 m? 
Answer of Mr. Zijlstra (The Netherlands) 
As far as my knowledge goes, the large trenchless machines can work satisfactorily 
up to a depth of 1.8 or 2.0 m; increasing the depth beyond this will increase the pull 
required greatly. In my opinion it will require very heavy machinery and it is doubtful 
whether sufficient traction can be developed to work through the difficult spots. If 
drains are to be placed deeper than 2 m, it would be wise not to think of trenchless 
drainage. Maybe there are participants with practical experience on this aspect. 
Comment of Mr. van Someren 
In the Mardan project (North Pakistan) with Canadian aid a big trenchless machine 
with a trenchbox of 25-30 cm width was imported. 
Comment of Mr. Bhatti (Pakistan) 
This was an unhappy experience, due to problems of placing the filter, as well as smear- 
ing and compaction of the soil. In the future no trenchless machine will be used in 
this project, where the collectors are installed at a depth of 12.5 feet (3.75 m). 
Comment of Mr. Ochs (World Bank) 
In the San Joaquin Valley of California a rather unique trenchless machine was used 
to lay corrugated plastic tubing, which was nicely surrounded with a gravel pack, 
all in one operation. Unfortunately the power requirements, when working at a depth 
of 2 m or more, were so tremendous that it just was not economic. This machine 
is not used anymore and my experience has been that two metres is about the (economi- 
cal) limit for most of the trenchless equipment. 

Question from Mr. van der Molen (The Netherlands) 
At depths of two metres, will the trenchless machines not be working below critical 
depth making the soil more compact instead of less compact? 
Answer of Mr. Spoor (England) 
I agree with the previous comments about trenchless machines working below two 
metres. In my opinion as long as we try to do the job with a single tine, or as Mr. 
Ochs said, force it in, than it will be a disaster. If however, we use shallower tines 
ahead of the deep one, suitably positioned and with the possibilities of a two-stage 
operation, than I think the whole situation changes completely. Problems with critical 
depth and very high draught diminish considerably. The situations where it may be 
worth looking at trenchless machines for deep pipe installation in the future, are those 
where severe problems currently exist with trenching machines. 
Comment of Mr. van Soest (The Netherlands) 
I agree with the suggestion of ripping to reduce the pull, but there are still two major 
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concerns, namely, does ripping affect critical depth and how can we ensure good trac- 
tion on the surface? In theory it is possible to stop irrigating before draining in irrigated 
areas to let the soil dry. In practice this is difficult to realize. Studies to improve the 
logistics of gravel handling would improve possibilities for using the trenchless system. 
In addition, drains would have to be designed for shallower installation than in some 
current projects. 
Comment of Mr. Spoor 
I am not quite sure what type of ripping is inferred in the last comment. If we use 
a single tine, immediately ahead of the deep tine then we will certainly reduce the 
draught, but we will bring critical depth closer to the surface and make soil matters 
worse at depth. The ripping that I am considering is shallower and consists of tines 
which are spaced on either side and ahead of the deep tine and this effectively weakens 
the soil there, so that we change the soil failure plane and move the critical depth 
much deeper. 
Comment of Mr. van Soest 
I agree. Ripping is only a technical addition to allow work at a greater depth, but 
it is probably not improving the quality of the installation. 

Question from Mr. Bhatti (Pakistan) 
In unstable saturated soil conditions, the effective width of the trench is the outside 
dimension of the trenchbox. For larger diameter pipes placed with gravel envelope, 
a very large trenchbox is required. Is it possible to devise a mechanism whereby gravel 
is placed around the pipe before the trench collapses? 
Answer of Mr. Zijlstra (The Netherlands) 
The trenchbox is fitted with a gravel hopper feeding two gravel chutes. Through the 
front chute a gravel bed is placed on the trench bottom. The corrugated plastic pipe 
is then laid on this gravel bed, and through the rear chute gravel is put down to cover 
the pipe on both sides and on top. The whole operation of laying the pipe with the 
gravel surround takes place inside the trenchbox. Collapsing of the trench after the 
passing of the trenchbox will not disturb the drain anymore, provided the correct 
trenchbox width is used and the thickness of gravel layer is correctly adjusted on both 
gravel chutes. 
Comment of Mr. Cavelaars (The Netherlands) 
On V-type trenchless drainage machines: 
Mr. Zijlstra has commented on the V-type trenchless drainage machine, but actually 
this type is not a recent development, it is already some years old. A prototype (Willner 
machine), almost identical to the later machine, was already operating in 1961 (laying 
corrugated PVC pipes). 
Comment of Mr. Zijlstra (The Netherlands) 
Mr. Cavelaars is right. This is an old development and not a recent one. But the appli- 
cation, in my opinion, became only practical after the corrugated plastic .pipe was 
introduced and after the perfection of laser grade control. Moreover the prototypes, 
that I have seen working in the Netherlands, didn’t actually have sufficient depth of 
operation. Therefore only the developments of the last five to six years made this 
machine really suitable for practical use. 
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Comment of Mr. Stuyt (The Netherlands) 
A further important development boosting the use of the V-type trenchless machine 
(in the Netherlands referred to as the delta plough) is that it is only in the last three 
years that this machine was allowed in the Government subsidized works in The Neth- 
erlands. 

Question from Mr. Bhatti (Pakistan) 
Research has been going on for quite some time at ICW on synthetic envelope materi- 
als. It was expected that Mr. Stuyt would have said something definite about it. Today 
we learned that the research shall further continue. How long will it take before the 
recommendations are formulated? 
Answer of Mr. Stuyt (The Netherlands) 
There are several reasons for not reporting. First I can’t say that things are definite 
yet, simply due to the lack of data and secondly the project, which is currently running 
at ICW, is financed externally by sponsors and we can’t release the data as yet. There 
are some results, but the sponsoring firms must have access to the results in the first 
place. A general view is given in my paper (Fig. 3 and 4) showing that the reliability 
of an envelope increases with envelope thickness. One frustrating point in this field 
is that we know that we can’t simulate the functioning of envelope materials in the 
laboratory only. Phenomena, that occur in the field, are also playing a decisive role. 
The reliability of voluminous envelopes with a thickness exceeding about 8 mm is 
greater than the reliability of sheet envelopes. I have also seen in eastern USA however, 
that sheet envelopes (polyester knitted fabrics) can work very well, but they are 
mounted around larger diameter pipes. It is therefore up to us to find out what actually 
is the reason why a sheet envelope fails or is more likely to fail than a voluminous 
envelope. One of the drawbacks of the current research is that we cannot monitor 
the phenomena precisely with our permeameter set-up. We do not have the tools in 
our laboratory to exactly explain why in this case, with this soil and this envelope, 
clogging has started. There are quantitative data like hydraulic gradients and soil tex- 
tural composition available, but structure and also the spatial variability of the flow 
around the drain pipes are playing a decisive role and cannot as yet be fully quantified. 
So I can’t say anything definite yet and therefore I propose to use a new method: 
taking samples from the field, to look at both short and long term phenomena includ- 
ing micro-biological clogging and clogging by very fine particles. At the end of 1988 
the results of this project will be published and new projects with new approaches 
will also start. In my opinion the permeameter flow tests have given us the maximum 
amount of information possible from this type of experiment (computer modelling 
and integration of field data). We know more or less what envelopes can do very 
well in certain soils, however the major problem is that the data are only regionally 
applicable and we cannot explain why the things happen that we monitor. 
Comment of Mr. van Someren (The Netherlands) 
We are looking forward very keenly to receiving the results, but in the meantime advice 
can be given that voluminous envelope material is better than thin, but that the thin 
ones (sheets) are suitable where sand has to be kept out of the drain rather than improv- 
ing the permeability around the pipe. Concerning the voluminous envelope material 
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gravel we can say that it is expensive and difficult in logistics. Is there any substitute 
for gravel in irrigated areas? 
Comment of Mr. Bhatti 
The silence of the participants means that none of them has at the moment an alterna- 
tive that can substitute gravel. Nobody is prepared to take the risk. 

Question from Mr. Boumans (The Netherlands) 
Are there, besides USA and Canada, (international) quality standards for the large 
diameter corrugated pipes? Is it right that the USA-standards require use of gravel 
for bedding and side-support, even in the case of nonperforated pipe? 
Answer of Mr. Ochs (World Bank) 
The standards for large diameter corrugated pipe are now up to 24 inches (ASTM- 
standard: F667), but the installation standards are currently being formulated (revising 
American Society of Agricultural Engineers-standards and ASTM-standards con- 
cerned with large diameter pipes). They say that sand or gravel is one option for sup- 
porting the side with a material that will not compress. Other options are being consid- 
ered, but sand or gravel is the primary option and probably the option that will be 
selected on most occasions. 

Question from Mr. Mortensen (Denmark) 
In Mr. Stuyt’s presentation the new synthetic gravel envelope was shown. What materi- 
al and grain size composition was used and how was the prewrapping made? Is there 
research on and practical experience with the synthetic gravel envelope? 
Answer of Mr. Stuyt (The Netherlands) 
The polystyrene alternative was developed in 1978. In the version shown the polystyr- 
ene granules were wrapped with a very open sheet (mesh sheet as used to pack oranges), 
supplying a very large open area. Many people are afraid that the sand tightness of 
this envelope would be very low. Another alternative is the same polystyrene envelope 
wrapped with a foil, which in itself is perforated (comment of Dr. Wesseling some 
years ago: it is a bad product, because it is a pipe around a pipe). Data from field 
experiments in four pilot areas in the Netherlands, show that the sand tightness of 
the first alternative (mesh sheet) is lower than the one which is wrapped with perforated 
sheet. However not only the sand tightness is monitored, but also the hydraulic charac- 
teristics. The data shows that the difference between those two alternatives is smaller 
than would be expected on the basis of theoretical considerations. At present the diam- 
eters of the grains vary between 3 and 6 mm. It is still rather expensive, but the price 
might go down if more of these materials are being produced. Large quantities of 
polystyrene envelope have been installed in the Netherlands. It is a good alternative, 
but still more research is needed in pilot areas. How to produce this material? The 
pipe is laid through a sort of a windtunnel where the polystyrene granules are blown 
around the pipe and immediately the foil is wrapped and sealed. It is a difficult material 
to test, because all these grains are electrostatically loaded. Data from pilot areas shows 
that it is certainly not a material, which we should reject immediately. 
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Question from Mr. Boumans (The Netherlands) 
In Egypt plastic pipes had much less silt deposition than concrete pipes. Are there 
similar experiences in other countries? 
Answer of Mr. De la Torre (Peru) 
We have the same experience in Peru. 
Comment of Mr. van Someren (The Netherlands) 
It is a matter of quality of the work. The perforations in the corrugated plastic pipes 
are per definition of a controlled uniform size, whereas the joints between the concrete 
or clay tiles may have a poor fit, depending as well on the pipe quality as on the 
laying accuracy. When carefully installed, the latter pipes need not to be more prone 
to failures. 

Question from Mr. Singh (India) 
Flushing of subsurface drains was mentioned in the first Session of this Symposium. 
What techniques are used for flushing? Is it also possible to clean clogged filters sur- 
rounding the pipes? 
Answer of Mr. van Someren (The Netherlands) 
During the forthcoming excursion the equipment, used for flushing subsurface drains 
will be shown. It generally consists of a high pressure pump, which forces a jet of 
water (via a flexible hose) through a nozzle into the drain. Because of the high water 
velocity the dirt is loosened and removed from the drain. The construction of the 
nozzle is such that not only the dirt from inside the drain is removed, but also most 
of choked perforations of the drain pipe can be opened up. However, in case a dense 
layer of dirt around the drain has developed, hampering the water inflow, it is generally 
impossible to cure this. 
Comment of Mr. Stuyt (The Netherlands) 
Only the pipe corrugations can be cleaned. A recent research project from the Dutch 
Yssel Lake Polder Authority has indicated that as soon as the clogging (in those cases 
micro-biological clogging caused by the oxygen level in the pipes) penetrates into the 
soil and the envelope is clogged, it is impossible to clean. Therefore early maintenance 
is very important. 

Question from Mr. Martinez Beltrán (Spain) 
What are the possibilities of saving gravel by reducing the trench width? 
Answer of Mr. Zijlstra (The Netherlands) 
I think the trench should not be wider than necessary to accommodate the pipe and 
the thickness of gravel filter that we want around the pipe. If the trench must be wider 
than it will take more gravel and it becomes a costly affair. The advantage of current 
trenching machines is that they enable trenches of the minimum required width to 
be excavated. 

Question from Mr. van der Molen (The Netherlands) 
Is root growth, especially tree roots, a problem in Israel? 
Answer of Mr. Henkin (Israel) 
The roots of certain types of tamarix trees clog up the drains. In general, root growth 
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can be taken out by cleaners, but if there are tamarisk roots or the roots of certain 
types of other trees then it is impossible to clean, especially when gravel is around 
the pipe. 
Comment of Mr. van Someren (The Netherlands) 
In the Mardan project (North Pakistan) all the trees within a distance of 100 feet 
along the drains were cut. 
Comment of Mr. Cavelaars (The Netherlands) 
I would like to expand the question. There is a lot of scattered information available 
about root growth in drains. The roots of field crops may increase siltation a little, 
but these roots will die after one year. The main problem comes with perennial plants 
like trees. What is happening with sugar cane? There is some information from Peru, 
where sugar cane was reported to grow into pipes at a depth of 1.5 m. Is there informa- 
tion available from any place around the world about this particular problem? 
Comment of Mr. van Someren 
Not to my knowledge. 
Comment of Mr. Mihnea (Romania) 
In experiments concerning the development of the root zone in irrigated sandy soils 
in Romania, it was found that the root zone was not deeper than 70 cm. Four years 
ago drains were installed at 1 .O to 1.2 m and up to now they are functioning well. 

Question from Mr. van Aart (The Netherlands) 
What are the prospects of the use of mole drainage for the reclamation of heavy marine 
clays in arid areas, e.g. in Egypt? 
Answer of Mr. Spoor (England) 
Experiments were carried out in Egypt to develop the mole drainage technique for 
saline alkali soils. Technically it was found quite possible to produce a mole system, 
which will leach these particular soils. When it was tried on a larger field scale there 
was collapse, but this was a function of the irrigation supply being cut off for three 
months. The soil dried during that time, it cracked and the mole drains failed. This 
failure would not have occurred with uninterrupted irrigation supply. The basic requir- 
ement is to install mole drains in these unstable soils without having any direct connec- 
tion between the surface and the channel. Otherwise having good quality Nile water 
flowing directly into these mole channels formed in unstable soils, will cause immedi- 
ately collapse. If this is prevented, then by the time the water gets to the channel, 
it is extremely saline and this buffers the sodium effect. In the experiments, mole drains 
functioned for 7 months with minimum deterioration. On an experimental scale there- 
fore it is technically feasible and knowing the problems it would now be very interesting 
to take the next step and test the technique on a larger scale. 

Question from Mr. Bhatti (Pakistan) 
Under submerged conditions, for how long can a lateral drain stay blocked at the 
outlet without doing any harm? 
Answer of Mr. van Someren (The Netherlands) 
It is often assumed that newly laid drains (especially in clay soils) should not be left 
under back pressure conditions. This would hamper the process of maturing and soil 
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structure development and so may be detrimental for the permeability around the 
drain. In a later stage periodic flooding of the drain trench is considered less harmful. 
In sandy soils the structure does not play a role, so here the problem does not exist. 
Comment of Mr. van der Molen (The Netherlands) 
In 1953 we had in the southwestern part of The Netherlands inundations for several 
months, but after the fields dried again there were hardly any problems with the drains. 
Only when the soil was highly alkaline, then sometimes the clay particles were washed 
out and a kind of milk came out. But that did no harm either, because it was such 
a fine suspension that it didn’t settle in the drain. There are many cases where drains 
are under water during wet times, because of the main drainage system not having 
enough capacity. So if there are good drains with a good filter all around, in my opinion 
there will hardly be any damage. The same holds for sandy soils with gravel envelopes. 
Comment of Mr. Stuyt (The Netherlands) 
In several parts of The Netherlands the subsurface drainage system is also used for 
subsurface irrigation in the summer and in these areas there are no problems with 
those drains, even though they are submerged for considerable time periods. 
Comment of Mr. Spoor (England) 
From our drainage and soil tillage experiences, we have found that if waterlogging 
occurs soon after soil disturbance or drain installation the risk of soil structure collapse 
is very much greater, than if the soil has had a few weeks to stabilize before becoming 
waterlogged. Soil structural bonds, broken at the time of disturbance, reform during 
the 1-3 week period, increasing the resistance of the soil to breakdown when wetted. 

Question from Mr. Bhatti (Pakistan) 
Can Mr. Ochs inform us about the drainage performance of polypropylene pipes in 
the USA, where polypropylene pipes are not generally specified? 
Answer of Mr. Ochs (World Bank) 
There is hardly any difference between polyethylene and PVC pipes, although they 
have to be handled a little differently, especially in desert climates. Polypropylene is 
much like polyethylene and it handles much like polyethylene. There are no standards 
for polypropylene pipe in the USA, primarily because of the economic conditions. 
There are standards for PVC, but we seem to be able to make the polyethylene a 
little cheaper than the PVC. It is more an economic problem, a good product can 
be made from all three materials. 

Question from Mr. Henkin (Israel) 
From hydraulic and engineering point of view only (not economic) would there be 
any advantage in non-cohesive soils for using a synthetic sheet with gravel on top 
of it? 
Answer of Mr. Stuyt (The Netherlands) 
That depends on the hydraulic conductivity of the soil itself. In a sandy soil, the majori- 
ty of the water will enter the pipe from underneath if there is no impermeable layer 
at a very shallow depth. In my opinion, therefore, it is more important to have a 
more highly conductive zone underneath the pipe than on top. From the siltation 
point of view, it is a good solution to have a synthetic sheet underneath and gravel 
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on top. From a hydraulic viewpoint, I doubt that with gravel on top we would have 
a better functioning drain than if you would completely wrap the pipe with this sheet. 
This depends very much on the hydraulic conductivity of the soil and the soil structural 
stability. A badly structured soil is likely to cause problems in the long run. Pilot 
experiments are necessary to analyse this. 

Question from Mr. van Someren (The Netherlands) 
The use of trenchless drainage machines in non-irrigated areas is developing rather 
fast. Can we say that this technique has found general acceptance and will ultimately 
replace the trencher? What are still the constraints? 
Answer of Mr. van Soest (The Netherlands) 
What we as manufacturers do inevitably is to collect information on this subject and 
from this we extrapolate the possibilities to start a discussion on the use of this machine 
in other areas where it has not been accepted. Mr. Ochs told us about the first experi- 
ments in California and concluded that there is definitely a limit at a depth of two 
metres. However we will not exclude the possibility of going deeper, in particular for 
the soils in Pakistan. For economic reasons the trenchless technique (shallow drainage) 
is at the moment only applied in France due to the soil conditions in that country. 
In general the trend is to put in the collector system at a depth of two metres. But 
the real problem is the amount of funding available, because if undeep soils have to 
be drained, trenching techniques can't compete and in such conditions the trenchless 
technique is used. This happens at the moment in Finland where trenching is going 
to be replaced to some extent by trenchless techniques. There is probably a limit and 
it depends on how governmental services allow these techniques to be introduced or 
only to be used in certain soils. In the Netherlands for example the vertical plough 
was banned and only the delta plough (V-shape) was allowed and as a consequence 
improved considerably. In my opinion there will not be a very strong development 
in the direction of ploughs, but we as manufacturers keep an open mind. If under 
certain conditions drains have to be installed deeper than 2 m, the problem of how 
to place the filter (if necessary) has to be solved, because as was mentioned here before, 
the combination of filter and trenchless techniques fails at greater depth. 

Question from Mr. Zijlstra (The Netherlands) 
Are moles pulled in according to a certain constant grade requirement or at a certain 
constant depth below'ground level? 
Answer of Mr. Galvin (Ireland) 
Usually in Ireland there are no problems with gradients and the mole ploughs are 
pulled to a constant depth below ground level (45-50cm). 

Discussion of Session 5 

Comment of Mr. Singh (India) 
On projects and maintenance: 
I fully agree with Mr. Ochs that new projects should not be constructed if existing 
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ones are not maintained properly. However, there are certain ‘compulsions’ in coun- 
tries like India, where new projects continue to be taken up, even if earlier started 
projects can not be completed due to shortage of funds. In my opinion one of the 
reasons is that in these countries, especially in my country where all new projects are 
taken up by the government at their own cost, the beneficiaries do not have to pay 
the cost of drainage, irrigation, and flood control projects. Even for irrigation projects 
they pay only a nominal water rate, which is quite small in comparison with the opera- 
tion and maintenance costs, leave alone the capital cost. Since the cultivators get the 
benefits more or less free, without paying any cost, everybody is keen for projects 
to be taken up in their own area. When there is a new state government, a new Chief 
Minister, a new Minister for 1rrigation.and Flood Control, new Members of Parle- 
ment, new Members of the Legislative Assemblies of States, etc. they try to put a 
lot of pressure for new projects to be taken up, benefitting their constituencies, and 
in this way increasing the list of projects, even though there are no funds to complete 
the existing projects, taken up previously. 

Regarding maintenance a system of planned and non-planned projects is used in 
India. Planned projects involve new developments and they are given higher priority 
by the government. Non-planned projects are paid from government revenues and 
they are always short of money, so there are regular cuts in non-planned.expenditure, 
mostly on maintenance funds. Quite often the maintenance funds are just sufficient 
to pay the costs of regular establishment of staff on monthly basis and there is no 
money for the maintenance work to be done. Perhaps the solution could be that benefi- 
ciaries must pay some share of the cost. The National Commission on Floods, ap- 
pointed some years ago and of which I was a part-time member, recommended that 
for flood control projects there should be a recovery of at least 1% of the cost, to 
pay a nominal charge for operation and maintenance and to make the people aware 
that they are participating, and have some stake. For drainage projects the recommen- 
dation was 3%, because the beneficiaries can be more closely identified. However the 
recommendation was not accepted by the government, because it was considered very 
difficult to implement. 

Question from Mr. Bhatti (Pakistan) 
In Pakistan provincial irrigation departments are responsible for maintenance of 
drainage systems. The experience is that most of their effort is centered on the distribu- 
tion of irrigation water. Drainage is greatly neglected. In order to give due emphasis 
to drainage and its maintenance, would it not be feasible to have separate irrigation 
and drainage set-ups? Are there any examples of irrigation and drainage being separate 
organizations? 
Answer of Mr. Abdel-Dayem (Egypt) 
In the past when drainage activities started in Egypt maintenance didn’t get enough 
attention. But with the progress of projects it was realized that those projects wouldn’t 
anymore function if they were planned without establishing an organization to take 
care of operation and maintenance. The Egyptian Public Authority for Drainage Pro- 
jects, which is entrusted with the pre-drainage investigations, the design, construction 
and maintenance of drainage systems, established a well-structured organization to 
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take the responsibility of operation and maintenance of all completed drainage works. 
The delta area is divided into 8 maintenance directorates and these are split-up in 
47 maintenance centres with 214 subcentres. The annual open main drain maintenance 
is implemented by public sector contractors, employed directly by the maintenance 
directorates. The maintenance of covered drains (tiles) is carried out by the centres 
and subcentres: each subcentre is responsible for 5000 feddans (1 feddan = 1 acre) 
and a centre maintains tile drains in an area of 40 O00 to 50 O00 feddans. The equip- 
ment, required for those centres and subcentres, is provided by the government. Per- 
iodic maintenance of open drains is carried out according to a fixed programme. Weeds 
are the main problem in open drains. Weed control is done manually in 45% of the 
drains and mechanically by draglines and excavators in 37%. Chemical control of 
weeds is carried out in the rest of the drains. High-pressure flushing machines (operated 
by an agricultural tractor with a watertank) are used to clean tile drains. Bamboo 
rods are used in fields not easy accessible for these machines. The major problem 
in this respect are the roots of trees (see Discussion of Session 4). In Egypt the long 
collector drains are crossing irrigation channels and the roots of the trees on the banks 
of these channels can penetrate into the pipes. This root penetration causes overpres- 
sure in the system and sometimes clogs completely the pipes. Experiments for mechani- 
cal removal of these roots are subject to investigations. Concerning the question 
whether a joint or a separate organization for irrigation and drainage is preferable, 
I can answer that in Egypt there are separate organizations for irrigation and for drain- 
age, both belonging to the Ministry of Irrigation. Subsequently there is coordination 
between the two organizations at high level, but they function independently. 
Comment of Mr. Ochs (World Bank) 
It is rather difficult to say which way to go. I advise whatever way as long as the 
work is done. But I would like to mention a point, which I neglected in my presentation. 
Very often when organizing a new maintenance group the tendency is to put people 
in this group who nobody else wants and also not to provide the financial support, 
neither the social nor moral support to this group. This is wrong. Perhaps it is necessary 
to include also an engineer, who is dynamic and gets the support and really wants 
to fight for his funds and his people to get the work done. This unique and strong 
individual in charge of a maintenance organization is much more needed than in the 
area of design. Furthermore I tend to hesitate to build up duplicate organizations 
for maintenance, because the costs increase by creating additional organizations. From 
the point of operation efficiency I prefer to create divisions within an organization 
that has the responsibility. 
Comment of Mr. van der Molen (The Netherlands) 
The man who makes a structure has a higher status in our country and elsewhere 
than the man who maintains the structure, although the latter one is as important, 
maybe more important. There is a general neglect of maintenance and the image of 
maintenance plays an important (negative) role in this respect. 
Comment of Mr. Arar (FAO) 
In this respect I would like to mention an experience in Jordan. The Jordan Valley 
Development Authority was created in the early sixties and is responsible for the imple- 
mentation, operation and maintenance of irrigation and drainage systems. Farmers 
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have to pay water fees for 1500 “/year, which are doubled when farmers use excess 
water. Efforts of JVDA to create farmers associations for taking over the operation 
and maintenance of the system failed, due to the fact that the farmers could not orga- 
nize themselves at that moment. So it is my opinion that in developing countries opera- 
tion and maintenance of irrigation and drainage systems should be the responsibility 
of the organization charged with the implementation of the system. But unfortunately 
due to financial, social, and sometimes political reasons limited funds are allocated 
to maintenance and often those funds are spent in new projects, which are much more 
attractive than maintenance of existing projects. I agree with Mr. Ochs that, if systems 
are well constructed, the reduction in maintenance cost will be considerable and in 
my opinion there is a large scope for covered drainage, because if this system is con- 
structed properly, the maintenance will be negligible. 

Question from Mr. Bhuiyan (Philippines) 
In most of the developing countries, engineers are trained to ‘design and construct’ 
rather than to ‘maintain’. In water organizations, O&M work is often considered a 
‘second class’ job. All this contributes to the problem of neglected maintenance of 
drainage (and irrigation) projects. What can the World Bank do to improve the condi- 
tions in the Bank-funded projects? 
Answer of Mr. Ochs (World Bank) 
Concerning the training for maintenance there are requirements for training of mainte- 
nance people that need to be met, but are probably not fulfilled at present due to 
the very few opportunities for special maintenance training. This should be solved. 
What can the World Bank do about this? Loan officers of the Bank very often are 
not supportive of this, because they tend to worry as bankers normally do about getting 
our money to loan and therefore, in the negotiation process we need also to convince 
the staff in the Bank of these aspects too. In my opinion there is a problem in our 
own organization on the emphasis that is required on maintenance. Personally I will 
try to do something about that in the future, which is a difficult job. Also discussions 
between countries and Bank about the different standpoints can contribute that some- 
thing is done in this respect. 
Comment from Mr. van Alphen (The Netherlands) 
The. message on maintenance and installation quality control is clear. However, it 
is my opinion that during loan negotiations these aspects are of minor consideration. 
If they were, many loans would not have come through. 
Comment of Mr. Ochs 
I agree with Mr. van Alphen. 

Question from Mr. Vermes (Hungary) 
Should an Environmental Impact Assessment (EIA) process be provided during the 
design of drainage and irrigation projects? If yes, are there guidelines or instructions 
available, e.g. at the World Bank for such an EIA study? Can Mr. Ochs quote examples 
where such EIA studies have been conducted for a drainage system, and its positive 
effect on the project or on the operation? 
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Answer of Mr. Ochs (World Bank) 
As far as I know the World Bank does not have any guidelines on this at present. 
However, it is one of our efforts and a first draft to develop some guidelines for drain- 
age systems is expected by March 1987. In some countries there are individual guide- 
lines and they are probably of some use. In the USA a few years ago a law has been 
passed called the National Environmental Policy Act that requires all agencies at any 
time when federal funding is involved in a project to go through an environmental 
evaluation and an environmental assessment and develop environmental measures 
wherever it was found that there would be negative effects. In project development 
in the USA there are a few examples of environmental evaluations and assessments 
that were made. The Soil Conservation Service’s procedure, US Department of Agri- 
culture, involving drainage was quite good and provided an opportunity to evaluate 
environmental values and changes in these values. These can be evaluated in assess- 
ment procedures by using matrix type check sheets. These procedures are working 
quite well in the USA. 
Comment of Mr. van der Molen (The Netherlands) 
In our country exists a similar procedure, which is still in the process of being devel- 
oped, because different interests have to be reconciled, but this is a problem every- 
where. Even in one of our polders a wildlife area was built, which is at present one 
of the most famous nature reserves in our country. It is entirely artificial and water 
management measures are on a high level of refinement, especially for this wildlife. 
A rather accidental, also artificial, development of wildlife I have seen at the tail ends 
of irrigation systems in Pakistan. 
Comment of Mr. Vermes 
My question would like to stress this environmental impact assessment during the 
design and the planning process, because we are convinced that all kind of environmen- 
tal and water quality control should start at the very beginning of the process by taking 
into consideration all different aspects. This is the cheapest way of environmental 
protection. 

Question from Mr. Jurriëns (The Netherlands) 
How can one expect farmers to maintain their drains: a) when main drains on which 
they debouch are not maintained by the responsible project or governmental organiza- 
tion and b) when the drains are used for irrigation, because of inadequate supply from 
the irrigation system? 
Answer of Mr. Bos (The Netherlands) 
This is indeed a problem, how to charge farmers to maintain drains, which are not 
part of their water course unit. When they are organized in water users associations, 
they can cover everything with respect to irrigation in that water course unit by them- 
selves. But a drain or secondary drain between two water course units is part of their 
area as well as part of the area of an other water users association. In my opinion 
the only solution is that they both must be organized by a higher authority, in order 
to arrange that both have a part of the responsibility for that drain. For example 
in The Netherlands farmers have to clean their own drains, but they are not responsible 
for the main drains. This is the responsibility of the organization, who levies taxes 
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and organizes labour for cleaning the main drains. The same can be seen in other 
countries as mentioned in my paper. If there is no higher authority or organizatioh 
to organize the maintenance, the drain between two water course units will be neg- 
lected. In irrigation projects in the coastal areas of Peru, I have seen that farmers 
blocked their drains due to insufficient irrigation water supply. This is again a problem 
that only irrigation and/or drainage organizations can solve by enforcing discipline 
among the farmers or the water users in carrying out their maintenance tasks. Without 
strong management and discipline it is very difficult to get the maintenance done. 

Referring to the question about separate organizations for drainage and irrigation 
I would like to remark that in many countries both drainage and irrigation are the 
responsibility either of one ministry or of one authority or of one water development 
board. But, of course, the tasks will have to be delegated to departments, divisions, 
or sections in the organization, each responsible for a specific operation or mainte- 
nance task. It is my opinion that operation and maintenance tasks in water manage- 
ment projects should be organized in one irrigation and/or drainage organization. 
Comment of Mr. van Steekelenburg (The Netherlands) 
Concerning this aspect how to organize irrigation or drainage in the same organiza- 
tion, I would like to remark that as long as there is within one organization the combi- 
nation of design and construction of new systems and at the same time operation 
and maintenance of systems, there always will be a kind of dominance of the design 
and construction people over those who operate and maintain. In my opinion irriga- 
tion and drainage should not be separated because both are part of the same activity, 
and should be in the same organization. But design and construction must be separated 
from operation and maintenance. 
Comment of Mr. Ochs (World Bank) 
I tend to agree with Mr. van Steekelenburg that in the same organization there must 
be a separate division for maintenance. But every country has different laws and differ- 
ent philosophies and I hate to say that this is the only way it can be done. 

developed bottom up organizations themselves, they will function quite well. But the 
problem nowadays is that governments are starting huge irrigation projects in places 
where no bottom up organization exists neither in irrigation nor in drainage. If such 

1 ~ an organization does not exist, only a top down organization will be the solution with 
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preparation of land consolidation in The Netherlands, which sometimes takes 12 years 
before the farmers in a project vote to execute the project. What can be expected when 
an irrigation project is created in two to three years? In any case not a situation compar- 
able with situations existing already for generations. 
Comment of Mr. van der Molen (The Netherlands) 
By going back in history it can be seen that very often these existing organizations 
were enforced by higher authorities. Smaller organizations were organized at some 
places with very strict rules and fines. As a consequence of this training during centuries 
farmers in the west of The Netherlands will obey the water-board. 
Comment of Mr. Neefes 
Not only these strict rules and fines, but also the fact that the water-boards in the 
Netherlands are on the same level as the municipalities, has developed this rather de- 
mocratic structure. In the water-boards farmers can influence the legislation, which 
is very important as mentioned by several participants of this Symposium. All the 
time I hear that the law has to be enforced, but if the law has developed from the 
actual need, then it is much easier to maintain it. 
Comment of Mr. van der Molen 
There are several examples in the world apart from The Netherlands and Indonesia 
where there are such types of organizations. In general age is needed for such organiza- 
tions and also it needs maturity of the people to obey the rules, which is a difficult 
point. Law enforcement is quite different from making laws. 

i 

Question from Mr. Sevenhuysen (The Netherlands) 
There is a tendency to make farmers associations (FA) responsible for all kinds of 
aspects of project operation and maintenance. To my experience, if funds are collected 
by them for maintenance there is a resistance to have these funds put into general 
accounts. Are there possibilities to have these funds managed by the FA themselves 
and does experience exist? 
Answer of Mr. van Steekelenburg (The Netherlands) 
Experience in this respect exists in projects along the Senegal river in Senegal and 
Mauretania. In these projects the water charges collected by the organizations were 
put into accounts of the irrigation organizations. There was a lot of resistance against 
it and also the farmers were not motivated to pay these charges. Later on it became 
a joint responsibility and the water charges were put into separate accounts. To with- 
draw money from these accounts two signatures, of the farmer and the irrigation or- 
ganization, are needed. To spend these water charges for certain activities such as 
operation and maintenance, supply of spare parts, etc. both parties have to agree on 
it. It is important to put the money aside, and not to channel it to the treasury of 
the country and to have the votes of both parties involved for spending it. 

Question from Mr. Bos (The Netherlands) 
Is the cooperation among farmers considered to be a major problem and if so, how 
can this be improved? Is the cooperation and coordination between farmers organiza- 
tions and state organizations felt as a problem? How can a better situation and func- 
tioning be promoted? 
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Answer of Mr. Bhuiyan (Philippines) 
At present there is in the Philippines a development of better understanding between 
farmers groups and the National Irrigation Administration (NIA). For many years 
the NIA tried to promote the development of farmers organizations at  the user level 
with very little success. The farmers always thought that they were getting the worst 
end of the deal, because they were asked to clean the channels and to do all the dirty 
work of the NIA, which should be the job of the NIA itself. So the development was 
very little. Recently the NIA has, on experimental basis, embarked on a plan to share 
the work between the NIA and the farmers organizations. This sharing does not con- 
cern only the work, but also the revenue that comes through the collection of water 
fees. So the NIA has given an incentive plan to the farmers organizations, which 
through their own channels go to the farmers, collect the fees from their members 
and can retain a percentage of the collection if it exceeds a given target within a certain 
time as an incentive payment. The farmers organizations come under contract with 
the NIA to maintain the irrigation and drainage channels. For each kilometre of main- 
tenance of the channels the organization receives a lump sum payment, which creates 
jobs in the farmers society (a second job). By this process the NIA is also saving money, 
because if the same job had to be done through its own contractors than it would 
have spent more than twice the amount. Although this experiment is still at a pilot 
stage, it seems to be doing very well. 

Question from Mr. Dahmen (The Netherlands) 
Would the World Bank approve a project in which investment costs are higher, thus 
depressing the internal rate of return to just below ‘acceptable’ standards, but in which 
less maintenance, that probably will not be executed anyhow, will be needed? 
Answer of Mr. Ochs (World Bank) 
I do not think so. If the economic returns are that low, than it will become very difficult 
to get that project through. 
Comment of Mr. van der Molen (The Netherlands) 
In general maintenance is not financed by bankers, but if the internal rates are based 
on too optimistic views of the profits due to lack of maintenance, what happens then? 
Comment of Mr. Ochs 
In the past years the Bank financed five drainage projects in Egypt and recently also 
a project just for maintenance of canals and to get the organization developed. Some- 
times to save the investment the Bank has to fund maintenance. Another project where 
maintenance is funded, is a pilot project in Mexico for the on-farm part and the village 
part of maintenance work and a kind of start-up fund is available for purchasing 
equipment, etc. necessary for maintenance work. 

Question from Mr. Mihnea (Romania) 
During winter and early spring the drainage canals in Romania are affected by snow 
backfilling. Is there experience with mechanical cleaning of blocked canals under these 
conditions? 
Answer of Mr. Hamster (The Netherlands) 
When the drains in the area of our water-board ‘Veenmarken’ are filled up with snow 
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and/or ice, a high water level is maintained in these drains and consequently the water 
can flow underneath the snow and ice. If the water level is too low, the snow or ice 
will block the water flow. 
Comment of Mr. Ochs (World Bank) 
These problems exist in drainage canals in the northern part of the USA where it 
is impossible to maintain water levels, because very often the canals are frozen from 
top to bottom. When the spring floods come, there are big problems at the bridges 
due to the drifting of ice blocks. Most of the time draglines are located at the bridges 
or are movable from bridge to bridge, e.g. rubber-tired truck-mounted draglines, in 
order to remove the ice chunks when these start to drift at the bridges, damming the 
canal and creating floods. In my opinion it is the only successful operation. 
Comment of Mr. Kabat (Czechoslovakia) 
In this respect I would like to make a comment concerning drain pipes. In Czechoslo- 
vakia the pipes are installed at a depth of 80 cm, but in my opinion the estimation 
of freezing depth in soils, e.g. loess, is not reliable. This can cause problems in the 
functioning of the pipes. Recently when digging up clay pipes it was found that they 
were damaged by ice, because the pipes were frozen and this damage will complicate 
maintenance operations. 

Question from Mr. Mihnea (Romania) 
Is there experience with chemical cleaning of channel sections? 
Answer of Mr. Abdel-Dayem (Egypt) 
In Egypt chemical weed control is practised due to aquatic weeds in the channels, 
which is a big problem. Research on aquatic weed control is the responsibility of the 
klinistry of Irrigation and specialized institutes. They are testing different types of 
chemicals, which are not harmful for the environment. Chemical weed control is limit- 
ed to 10-15% of the total channel length in Egypt. Most weed control operations are 
done mechanically. 
Comment of Mr. van der Molen (The Netherlands) 
At present chemicals are hardly used anymore for cleaning channels and drains in 
The Netherlands, because one of the main problems is that the water is used by farmers 
and horticulturists downstream, e.g. chemical weed control in drains by a water-board 
caused complete loss of lettuce production in greenhouses. Later on nature preserva- 
tion aspects were also taken into consideration. 
Comment of Mr. Henkin (Israel) 
In Israel chemicals, which quickly disintegrate, are used as spot treatment and not 
as general treatment. But chemicals are used anyway for malaria control, so there 
is a problem from that side. However, only rapidly disintegrating chemicals are al- 
lowed to be used and for aquatic weed control in channels mechanical means are devel- 
oped and used. 
Comment of Mr. Vermes (Hungary) 
Using chemicals for weed control in channels is forbidden in Hungary and most con- 
trol is done mechanically. In cooperation with Dutch firms floating machines are de- 
veloped with good results. I like also to mention other research work on weed control 
with good results, namely weed control by using weed eating fishes, the Chinese grass 
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carp, which is a cheap method. Due to certain limitations it can not be used everywhere. 

Question from Mr. Bhatti (Pakistan) 
The sloughing of side slopes of drainage channels under high watertable conditions 
is a serious maintenance problem. Could Mr. Ochs suggest an economical and feasible 
solution for side slope failures? 
Answer of Mr. Ochs (World Bank) 
Recently I visited a project in Inner-Mongolia where this was the primary concern. 
In arid climates soil salinity often occurs, causing dispersion in the soils and conse- 
quently problems with the side slope stability. In this project very expensive trials 
were done in the affected areas with different mechanical means, e.g. concrete lining, 
precast concrete sections, and concrete-grout filled mattress type arrangements. Some 
recommendations were to construct parabolic cross sections, to unload the banks of 
spoil, and to excavate a berm at the top of the water surface profile. Due to the avail- 
ability of fairly coarse gravel in the nearby mountains, it was also recommended to 
use this gravel as a toe drain, about one third high as often is done in the USA, and 
to put in a cut-off. This method is the cheapest one if such material is in reasonable 
distance from the project. The ultimate solution is to put in a subsurface drain, an 
interceptor along the boundary of those areas with troubles. 
Comment of Mr. van der Molen (The Netherlands) 
I agree completely. But if an area where this problem exists will be tile drained, it 
is not very costly to put in an extra drain along the canal at  a few metres distance 
with some outlets. In my opinion this is the solution for the side slopes failures in 
Pakistan. 

Question from Mr. Henkin (Israel) 
Several times in discussing environmental aspects I was informed that environmental- 
ists were able to define their goals. I never really met environmentalists, who were 
able to define their goals so exactly that they could tell me very intangible aspects 
or quantitative data. An example from Tennessee: environmentalists delayed the con- 
struction of a multi-million dollar dam due to a certain snake type, which became 
an endangered species. Later on they found that this endangered species was located 
in five or six different places elsewhere, but in the meantime they stopped the work 
of the dam for years. How can I handle this? 
Answer of Mr. Ochs (World Bank) 
I agree. It is quite a severe problem, particularly in the early stages when environmental 
groups are so strong that they will not accept any change. Those groups are really 
difficult to work with. The way USA authorities tried to deal with it, after the Environ- 
mental Policy Act was passed, was to try to get other more realistic environmental 
groups also involved in helping with these environmental evaluations. The key is to 
find other groups that are reasonably well respected, more open-minded and more 
realistic about what can be done. If those groups are together with other environmental 
groups than the chances are a little better. 
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Question from Mr. Henkin (Israel) 
Some recent constructed small dams in Israel became bird sanctuaries and environ- 
mentalists demand a say in its operation. Who should be responsible for an environ- 
mental evaluation? 
Answer of Mr. Ochs (World Bank) 
In my opinion the organization that will be responsible for implementing, is responsi- 
ble for leading the environmental evaluation. Of course it should involve environmen- 
tal organizations as well as other groups with different interests. Because whoever 
is making the plan and whoever will be responsible for the project, is responsible for 
the environmental evaluation as well. 
Comment of Mr. Cavelaars (The Netherlands) 
Although the word ‘different interests’ has been used, I do not think that there are 
so much different interests. How do I see it? The environmentalists are just an expres- 
sion of concern, which we all have, against what has been happening in the recent 
past when mankind was bulldozering one sided all over this planet in whatever form, 
e.g. poor peasants going up hill to cut trees for their firewood or big firms chopping 
down forests by hundredth of hectares. Therefore I think it is quite normal that an 
expression of our own consciousness is coming-up, which takes the form of some envir- 
onmentalists. So no bad words for the environmentalists. 
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