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2 Designing infrastructure 

2.1 Typical features of the existing hydraulic infrastructure 

The hydraulic infrastructure in the already reclaimed schemes which were 
based ·on the low-cost development approach, have typical features in common. These 
include a navigation canal and a network of surface drainage canals regulated by terti­
ary control structures. The canals evacuate excess surface water during the wet season 
and maintain optimal water levels for the cultivation of rice, while field bunds and 
structures may prevent harmful overdrainage of peats and of potential acid-sulphate 
soils during the dry season. Transportation in and out of the area is served by naviga­
tion canals. Manually excavated tertiary canals, generally situated along the boundar­
ies of each farm plot and sized to evacuate excess water from each tertiary, are com­
monly equipped with a timber stop-log structure to control the water levels. 

2.2 Scope and design criteria 

The main objective of the lowland development projects is to reclaim and to convert 
swamps into agricultural land and to settle transmigrants. Design criteria are used 
to set up the infrastructure which should fit the planned superstructure and should 
not jeopardize upgrading measures which might be implemented in future, such as 
irrigation facilities. 

2.2.1 Design criteria 

Criteria used as the basis for designing the hydraulic infrastructure and the related 
superstructure were set as follows: 
a. Rice cultivation requirements are: , 

- Water level: I 0-15 em above field level during the first 6 weeks after transplant­
ing, thereafter up to 25 em above field level; 

- Drainage: No submergence of plants for more than 3 consecutive days, there­
after the water level is to be brought back to the desired level within 
3 days; 

- Salinity: No flooding with saline water is permitted. The conductivity of the 
soil should be kept as low as possible; an EC of 8 mS/cm already 
gives a yield reduction of 50%; 

- Acidity: Acidity formation must be controlled and acid must timely be re­
moved from the rootzone. 

b. Home-garden crop requirements are: 
- Drainage: The groundwater level should be kept at 50 em below field level. 

The upper 40-60 em of the soil must be well aerated. No waterlog­
ging except for very short periods; 
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- Salinity: Intrusion of saline water must be prevented. An EC of 8 mS/cm 
already gives a yield reduction of more than 50%; 

- Acidity: Acids must timely be removed from the rootzone. 
c. Superstructure and transport: 

The main features of the recommended settlement pattern a re: 
- Habitation zones arranged in strips along a major road or a primary drain; 
- Groups of 20 to 40 fa rmers, living near each other, as the basic settlement unit 

(called a hamlet), in which a leadership pattern can develop; 
- A maximum distance of 2 km between the farmer's house and the farthest land 

parcel assigned to him; 
- Areas of living should be protected against floods and be properly drained. 
The transport requirements are: 
- Drainage canals connecting hamlets with the main rivers should allow for naviga­

tion with 3 tonnes barges. The dimensions of the barges have to be: width 1.7-2.0 
m, draft 0.5-0.6 m, while navigation during 12 hrs per day is deemed sufficient. 
Therefore, the bottom level of the above mentioned drainage canals should be 
one metre below the lowest mean water .level, and the bottom width should be 
two metres; 

- The rice fields and homesteads should be approachable through small dirt-roads 
accessible for pedestrians and small carts. 

2.2.2 Lay-out of canal network and hamlet area 

a. Unit concept 
As topographical and soil conditions are similar over large areas in tidal lands, apply­
ing standarized lay-outs seems to be possible. The use of standard lay-outs will save 
on time required for the design work, and it has therefore been incorporated in the 
approach for the projects under review. Three successive units are distinguished, viz. 
primary, !iecondary, and tertiary units. 

The primary unit is the largest one, and consists of the area drained by one primary 
canal. Along the primary canal hamlets are protected stripwise, the rice fields are locat­
ed behind the hamlets. Each primary unit is divided into a number of tertiary units. 

Each tertiary unit generally comprises of 16 rice fields drained by a tertiary canal, 
and 16 home-yards which together constitute half of a hamlet. In between rice fields 
and home-yards a collector canal is envisaged, separating two zones with different 
modes of water management viz. high water levels in the rice fields and low water 
levels in the home-yards. 

At regular intervals, the collector canal debouches into the primary canal via a sec­
ondary canal, projected in between two hamlets. Six tertiary units are combined into 
a secondary unit, drained by a secondary canal. 

b. Taylor made lay-out 
The standard lay-out can be applied in large, relatively flat areas, allowing the tertiary 
canals to run horizontally or at a slight downwards slope towards the collector. In 
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general, the maximum allowable difference in (average) field level within one unit is 
set at 25 em, provided that the lower-lying fields are located at the downstream end 
of the tertiary canal. If not, such differences should only incidentally occur and never 
be more than approx. I 0- 15 em. 

As example, the following conditions may compel deviations from the standard 
lay-out: 
- Occurrence of a general pattern of valleys and ridges, tortuous configuration of 

the contour lines, more or less following the meandering course of the main river, 
but no pronounced field level slope yet. Here, especially if a primary canal near 
the main river happens to be located on a ridge, the tertiary canals should be pro­
jected parallel to the contour lines, resulting in herring-bone Jay-outs for the primary 
unit. Adjustments are to be made when two consecutive tertiary canals are not paral­
lel; 

- As above, with a pronounced slope of the fieldlevel. Here the tertiary canals should 
more or less follow the contour lines which may sometimes even result in bend ter­
tiaries; 

- Occurrence of small enclosed valleys (or ridges). If such a valley coincides with the 
standard location of the collector canal, the collector can be shifted to the lowest 
point of the secondary unit; 

- Iflocally pronounced slopes occur, the tertiary unit can be split into several indepen-
dent subunits by some extra tertiary structures. 

A standard hamlet area accommodates the home-yards of one or two tertiary units. 
Drainage of the hamlet is accomplished by a number of parallel drains at intervals 
of about 40 m or less. They are perpendicular to the primary drain and are intercepted 
by the main hamlet drain, projected along the primary road on the hamlet side, which 
debouches via a structure into the secondary drain. This is the first step. Thereafter, 
detailing of the lay-out (deepening of the drains and digging of extra drains in the 
home-yards) is supposed to be done by the farmers. Transport is made possible by 
roads along the hamlet drains. In each hamlet an area of0.15 ha is reserved for storage 
and drying of rice. Home-yards are situated in between the hamlet drains. 

3 Construction 

The lowland development in Indonesia is mainly aimed at agricultural development 
and the physical reclamation work is dominated by the hydraulic infrastructure which 
consists mainly of earth works. The reclamation works in lowland development gener­
ally start with land clearing of the right of way of major canals, followed by excavation 
of the main canal network simultaneously with the construction of flood protection 
dikes of which most material are from the earth disposed off by canal excavations. 
Next land clearing of agricultural production plots, hamlet/village areas which is done 
manually together with excavation of the tertiary canals and finally the construction 
of the civil works such as housing, bridges, jetties etc. Conditions prevailing in tidal 
lands have a direct bearing on the construction method, the type of equipment and 
the efficiency of the reclamation works. 
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The tidal lands are waterlogged and often inundated, while the soils have an extreme­
ly low bearing capacity (200 gjcm2). Pyrites are present in the soil in an irregular pattern 
and in various concentrations. Tidal lands are covered ·with vegetation which varies 
from reeds (very seldom) to heavy forests (more often). The thin layer of(half) ripened 
topsoil is sensitive to disturbances. By and large a number of adverse factors allow 
little latitude in the selection of the construction methods. To date, in general the 
main reclamation works, viz. embankments, clearing of the right of way of the primary 
and secondary canals, the excavation of all canals except the smallest canals, are done 
mechanically, since the use of hand labour is precluded in view of the immense size 
of the reclamation operation, the recruitment and organizational problems of labour 
due to the remoteness of the project areas and the inhabitated areas. However, to 
avoid disturbances of the topsoil in the agricultural production areas, these plots are 
carefully cleared by hand labour, even though the large number of labourers involved. 
Soil conditions hardly influence capacities of hand clearing, but vegetation does, as 
can be seen in Table I. 

Table I Clearing capacity by hand and chain saw 

Vegetation 

Bush 
Light swamp forest 
Heavy swamp forest 

Requirement in hours/ha 

Manual labour 

500 
100 
500 

Chain saw 

15 
35 
45 

As mentioned above, the paramount characteristic of the tidal lands is the low bearing 
capacity of the soils. The selection of equipment type for reclamation works is basically 
a balance between bearing capacity of the soil and the capacity of the equipment. 
Up to present, there is no special equipment which has been used for reclamation 
work. Types of equipment which are commonly used are hydraulic excavator and 
cutter dredger. However, the use of cutter dredger for the construction of major canals 
is not recommended because of the risk that potential acid Clays from the underground 
flow over the future agricultural areas, which upon oxidation will acidify the topsoil. 
This will render them unsuitable for agriculture for a certain span of time. Dragline 
excavators are hardly used due to the shortage of well trained operators. Excavation 
in the dry is precluded owing to the difficulty of dewatering due to the high permeabili­
ty of the soil (transmissivity (KD) of unripe clay soil is between 2000 and 4000 m2fday). 

The main problem in the construction stage is coupled with non-technical aspects 
such as the remoteness of the areas which raise difficulties in mobilizing equipment, 
logistics and labourers; the environmental conditions of the areas which are originally 
not suitable for human life in respect of poor accessibility. covered by forest, potential 
diseases, poor quality of water, etc. The construction cost of the hydraulic infrastruc­
ture ranges from 300 000 Rupiahs to 500 000 Rupiahs per ha (I US$ = 1660 Rupiahs). 
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4 Operation and maintenance 

4.1 General background 

To maintain the proper functioning of the existing hydraulic infrastructures in the 
already reclaimed swampland is the prime objective of the operation and maintenance 
activities which are now being implemented . 

To use the terminology of 'project cycle', reclamation projects are initiated from 
a survey, investigation and design phase (SID); followed thereafter by construction; 
and operation and maintenance in the end (0 & M). SID activities will produce design 
drawings, where the quality to a certain extent is usually dictated by the degree of 
accuracy which is determined by factors related to: scale, method of surveys, hetero­
geneity of natural features to be observed, and assessment of design values. Where 
it could not be avoided to make some assumptions, just a few are mentioned. With 
these design drawings, constructions of reclamation works are carried out. To a certain 
extent, some improvement, corrections or revisions are possible to be worked out dur­
ing the construction phase. However, the quality of the reclamation works, even if 
construction supervision is done properly, is strongly influenced by construction meth­
ods, type of equipment used and site specific facto rs. 

As is commonly known, swampland in its virgin state often hampers to a certain 
extent, the desired quality of reclamation works. In addition, it should be mentioned 
that the knowledge and experience in the field of reclamation works in Indonesia is 
relatively new, compared to those in experienced countries, e.g. The Netherlands. 

All those factors have its own share in contributing to the degree of quality and 
performance of reclamation works. With this recognition, 0 & M activities constitute 
a component in a ' project cycle' which will give feed back, that would in turn improve 
the process of SID and construction implementation. Then, through such 'sequence', 
a body of knowledge in swampland reclamation will be established, as an accumulation 
of the ever increasing local experience. 

Given that the objective of reclamation of swampland -which conservatively is said 
to have marginal potential- is to use it for agriculture and new settlements, with a ll 
socio-economic activities of the people to take place on it, then, the complexity of 
the tasks of the 0 & M will clearly appear. The productivity of the land and its worthti­
ness for settlement are taken as yard-sticks for the effectiveness of swampland reclama­
tion. This approach is logical and it implicitely conceives land as a medium of agricul­
tural production and as a medium of human settle111ent. 

The matters mentioned above, will be reflected in the multifacetted and closely inter­
related factors as follows: institutions and their management; water users with all their 
different interests, socia·l traditions, economic background and level of education; an 
infrastructural network of reclaimed swampland built on the principle oflow-cost/low 
technology; physical constraints which are typical for swampland as water and soil 
related problems; different farming system which prevails in the area; and in the last, 
limitations on funds which a re available both at central and local government level. 

Elsewhere in this paper many aspects mentioned above are described in more detail. 
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From them, further information concerning the way of thinking of the Government 
oflndonesia can be obtained. 

4.2 Problems and operational policy 

Carrying out 0 & M involves various institutions, each with its own responsibility 
and authority. The level ranges from central, local, down to the lowest hierarchy of 
institutions, i.e. the water users organization that exists at village level. The current 
regulation is that, when a project has been formally completed, the responsibility will 
be transferred to the local government, while the central government c.q. Ministry 
of Public Works will give guidance only. The organization of 0 & M at local level 
is divided over several hierarchical levels of authority and administrative units. There 
may certainly be some exceptions, if necessary, considering the area covered. The hier­
archical level ranges from province, kabupaten (regency), kecamatan (district) down 
to village level where water users organizations exist. In reality the ideal one does 
not have to be a practical one. A large amount of central government involvement 
is still needed, because of the limited capability of the local government either in funds 
or in staff. That fact should be admitted as, indeed, the 0 &.M for swampland is 
relatively new. The current activities of the 0 & M are just in an intensive initiation 
phase. 

The operational task, which, at this moment means making existing reclaimed 
schemes functiqning, is not. a complicated one as the inherent technology is basically 
simple. Complicated structures like sluices, locks and pumping stations have not been 
built yet, only some smaller tertiary water management structures, made of timber. 
Only a few older schemes, constructed in the Dutch period such as Rawa Kurik (Irian 
Jaya), Metaren Polder (Central Kalimantan), and Alabia Polder (South Kalimantan), 
have pumping stations and water regulation gates. However, these projects have not 
given the benefits as expected, since the beneficiaries have not been either willing nor 
able to adopt such sophisticated and expensive systems. 

Meanwhile, the maintenance task is much more complicated since the degradation 
of the infrastructural network proceeds at a relatively high rate. The liigh rate is due 
to two causes. The first is nature induced, resulting in landslides of canal banks, bush 
growth, and s~dimentation of canals. The second is man induced. At this moment, 
it appears that the second is the major cause. As mentioned above, the skill and motiva­
tion of the beneficiaries is influenc:ed by their interests, but also, and this is more de­
cisive, thei r educational, social and economic background. Also there is a general mis­
conception among them that the maintenance of the canal is the responsibility of the 
government instead of theirs, even although they realize that the canal network is 
important to them. · 

For us, the Government of Indonesia, the development of the country does not 
merely have physical dimensions, but it also places human components as key factors 
which have to be developed firstly to ensure that they will consciously and actively 
participate with all their understanding, motivation and willingness. 

Accordingly, the effectiveness of maintenance activities cannot be sufficiently mea-
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sured in engineering terms only. Awareness of the people, especially they who take 
direct benefit from the infrastructural network, should be taken into account. In this 
context, training and extension programs are placed as first priority in carrying out 
0 & M. They will act, as it is expected, as catalysts for development. 

Nature induced effects, which deteriorate the canal network as mentioned above, 
a re happening at a relatively intensive rate. This is only normal as the technology 
applied is still a simple one and the soils in swampland are generally unripened which 
causes easily slides. Moreover, water regulating structures have not been installed (ex­
cept at tertiary level) and the extreme behaviour of the flow (discharge, velocity, and 
water level fluctuations) is not reduced. 

0 & M as an integral part of the water management system should meet the require­
ments of the prevailing cultivation activities that are carried out. In this case, nowa­
days, the effort of optimizing the use of water resources in reclaimed swampland fo­
cusses on the tertiary block, in o ther words on farm level. Within this small hydrologi­
cal unit, managing the water in order to meet the needs, may be easier and more ade­
quate. The experience shows that, for several reasons, the interests of the farmer are 
served at best in this way. 

In a developed country, such as The Netherlands, 0 & M is generally funded by 
beneficiaries through their contributions. It is not so in Indonesia. The funds are pro­
vided by either the central or local government and allocated depending on the budget 
capability, based on current rules and national priorities. However, based on the equal­
ity principle, the government allocates funds for 0 & M to any reclaimed swampland 
project. That is why, one may understand, the amount of money allocated per unit 
of reclaimed land is below the amount required. 
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