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Abstract 
Changing technology of underground drainage  from conventional digging  procedure  to  underground drainage installation without digging (no dig) 
results in using no grab crane or trencher and eliminating secondary equipments, lowering fuel consumption with  many environmental containments 
in drainage construction process. Avoidance of using this machineries reduces unit price of construction operation and increases speed of process and 
also prevents  problems of conventional  approach like  horizontal and vertical distortions in lateral installing which complicate  exploitation. 
Remaining agricultural lands in production cycle during underground drainage construction is another consequence of this  procedure change. Also, 
customization of this approach and making appropriate bed for underground drainage installation  by local contractors  speed up underground 
construction process. 
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Introduction 
In performance of underground and lateral drainage tubes 
installation through open trench digging  with trencher machine 
and excavation operations, tubing with filtering cover and 
embankment inter trench method of main trencher machine, 
completely imported with high currency, assign about 60% from 
executive costs. This method is facing problems even in 
manufacturer countries, as in humus lands and soft sand, tubing 
is possible only until 1m depth  1. Ttrencher machine can’t be 
appropriate for tropical regions and specially for hard and fine 
grained soils. Drainage is as loop of last management that contains 
developing plus stability in agriculture infrastructure and neglect 
from it and/or performance will follow high costs as well as create 
environmental issues 3. Techniques of using horizontal digger 
machine that is common in unload fields and construction 
activities should be changed. These machines cannot be used in 
agriculture fields and  digging underground channel without 
creating open trench for placement of lateral tube in it. With 
localization of manufacture of  this machine and developing  more 
simple structure, strong cost reductions will be gained and 
dependence on manufacturer countries drainage machines will 
end and work performance will be more easy. Significant 
acceleration will appear in construction of  underground drainage 
systems and compensation in lower time lag and deep distance 
that appear between irrigation network development and 
underground networks 2. This approach is environmental frendly 

and will reduce signifisantly  pollutants created in open trench 
method. 
    Underground drainage construction  is  one  of  more effective 
approaches  for controlling  farmland’s  salinity  and  alkalinity, 
and it is fast approach  for  lowering  water  table level up to 
beneath of  plants  roots 4. During  long years ago, underground 
drainage construction technique varied but today by using  modern 
multi-purpose digging  equipments and application of 
sophisticated filters, speed  increased  considerably 5. 

Though increasing construction process by new machines, 
construction technology, e.g. trenching, operation backfill into 
trench  is same as  last decades, and it is no research carried out 
on effects of this operation on construction, costs,  environmental 
effects, exploitation  and  maintenance. Though by times drainage 
theories were well identified and understood, untill now planning 
process up to construction and exploitation of  pipeline drainages 
for water controlling and salinity is not prepared. However, it 
should be noted that implementation steps were described, but 
normally administrating needs long times and complicates  process 
accompanied by small errors which may be dangerous and 
expensive. One of mistakes which cannot be neglected is 
construction technology because  it increases costs significantly 
and  makes exploitation process difficult and has dangerous 
environmental effects 6 . Each trencher machine at minimum needs 
6 heavy other machines like bulldozer, grider,  loader, truck, service 
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truck and fueling truck and tractor as auxiliary equipments. 
Equipment  costs  include about  60% of total construction costs7. 
Values of engineering or reengineering of designs and big projects 
are rational options, which cover 60% of costs 8. In accordance of 
this logic and by considering this point that underground drainage 
agricultural  infrastructures  development  is  last link  in water 
management which at developing countries is very 
underdeveloped because of high costs and use of  hightech 
machines, technology change procedure for underground 
drainage construction by using horizontal digger machines without 
trenching (no dig  approach) is an stringent  procedure  in  next 
operations 9. 

Examining Global Experiences and Resources 
In today modern world, use of underground space for meeting 
urban community requirements is very vital. Underground is used 
to  construct urban vital pipelines like water and sewage pipes, 
electricity ducts, communication networks, and again we can use 
this space for mass transportation path (metro)  and even  we can 
use it for emergency large space for people saving in disaster 
events 10. Yeat, there are maybe other potential applications for 
underground which we do not understand now and will be 
discovered in future. In modern world, wide range of activities are 
transferred to underground space. Of course by using new 
technologies and without trenching operation, widespread 
measures  are  carried out  and  it seems  that one of unused 
potentials is using underground of farmlands. Fig. 1 classifies 
different  underground civil activities of which each approach has 
its own application. 

    As indicated in Fig. 1, there are overall approaches for pipe 
laying  and tunneling. Personnel entry required approach, carried 
out by big digger machines TBM,  is not  related to drainage,  but 
laying of small pipes  similar as drainage pipes related to personnel 
entry required approach,  which has 6 procedures  as indicated in 
Fig. 1. Various  surveys, studies and activities carried out by 
contractors and machine manufacturers of these machines indicate 
that  they are not used in agricultural field up to now. No dig 
approach application survey indicates that it can open new space 
and opportunities in agricultural works. Field researches were 
carried out by soil cutting approach  using  certain  digger  machine 
with  mechanical  cutter  in its drilling part. After examining  existing 
assumptions, we tested application of soil cutting by slurry method 
and specially by water jetting and underground drainage pipe 
lying. Meanwhile, a special  small machine  for this work was 
designed for use in field research (if applicable) 11. Fig. 2  shows 
overall  view of  two-horizontal cutting machine that has been 
used for digging processes. 

Purpose 
The aim of the study was to fill existing gap between irrigation 
system plans and drainage system. There are problems due to 
expensive process of underground drainage construction, 
unavailability of trenchers at developing countries and 
unfamiliarity with  optimum  application, lack of  needed  spare 
parts for this machine, difficulties in use of  heavy machines, 
which supplement  trenchers (about 6 heavy machine) because of 
their high costs, environmental problems due to high consumption 
of hydrocarbon fuel and destroying of soil structure. Additional 
problems are due to exploitation and maintenance  of underground 
drainage systems and finally customization and need of simple 
machines for use in underground drainage. In Iran there are 4 
million ha of shoal lands, of which 1.6 million ha  has constructed 
dams equipped with irrigation systems, irrigation systems are 
being constructed on about 0.4 million ha and construction is 
under study on 2 million ha.  However, less than 0.2 million ha of 
these lands have constructed underground drainage. It is in 
situation that drainage as last link in water management is an 
dynamic item and by agricultural widespread, many of lands 
should  be equipped with  drainage. Also 16 million ha area of 
shoal lands of Indus basin at Pakistan and in northwestern India 
at basin of  2 rivers (Indus and Ganges) has same situation as 
mentioned above, because it is not balanced rate between 
drainage and irrigation systems. In most of subsystem points, 
there are increase of water table level and  salt  accumulation. 
Salinity is developed on 1 million ha, and if this situation continues, 
it is  expected that  salty lands increase to 3 million ha during 20- 
30 years. This situation exists in other developing countries and 
because of that using horizontal digger machine with simple 
technology has widespread acceptance. In these countries people 
can by customization of this technology and mass production 
accompanied by secondary systems and without needing to 
auxiliary  machines  dig  underground  drainages. It is worth noting 
that application of postiche covers from carpet factories loss for 
warping around drainage pipes helps to bury them in  trenches. In 
this approach, because of no disturbing soil structure, not only 
dangerous elements swept at  lower layers of soil and do not enter 
to natural resources, but due to initial sediments reduction 
maintenance of  this drainage is very simple.  Another advantage 

Figure 1. New approaches for pipe laying in urban development operations. 

 

Figure 2. Overall view of two-horizontal cutting machine. 
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of using this approach is not occupying agricultural lands during 
underground drainage system construction. Particularly in soils 
with high humidity profile where machine cannot move this 
approach is very advantageous and can rehabilitee lands that are 
unusable because of high level of water in them. 

         Theory of Underground Drainage Construction without 
Trenching 

Drainage construction  theory using no dig states that what is 
necessity of trenching? Drainage construction  by trenching has 
two major reasons which should be  surveyed: 1) Trenching for 
laying lateral pipes with neglecting of their material,  diameter and 
other specifications and 2) trenching  for filter laying on  lateral 
pipes. As we know filters  have 4 contributions  including 1) 
filtering, 2) hydraulic and 3) mechanical contribution and 4) 
bending  barrier for lateral pipe. 
    First contribution – water filtering. Covers  around pipes  play 
role of  dust barrier (filter). Some dust may enter pipes during 
installing and construction, but after covering perimeter of pipes 
this does not take place. Of course,  filtering role of  these covers 
is temporary and after soil consolidating, basically no soil and 
dust enter to pipe as whole. 
    Second contribution – hydraulic. Because of  high porosity of 
cover around pipe, resistance of water entrance is reduced and 
water flows  easily into pipe. 
   Third  contribution -  mechanical. Mechanical  role of covers is 
unique feature. This material  negates part of  stress on pipes  and 
prevents  pipe fracture. 
   Fourth  contribution - prevention of bending. Pipe covers 
prevent deflecting of pipe due to  soil weight. 

By exact observing  above four contributions, it is clear that 
just hydraulic contribution (under some constraints) is 
independent of trenching operations  and other  contributions  of 
cover around pipes  are neglectable  if  soil nature remains similar. 
About filtering contribution this role is temporary and after soil 
consolidation,  no filtering takes place. Despite of filtering features 
of this cover, it has 2 main disadvantages: exploitation problems 
and environmental  effects. About exploitation problem it should 
be noted that reason of  high volume of initial sediments and 
blockages  at start of exploitations  are due to  this type of filtering 
and pouring of trench soils. It should be noted that this machine 
extract soil as powder and these features not only make more 
sediment in pipe at first but during and after  exploitation enter all 
adverse material of soil profile (except salt) to surface water 
resources and intensify environmental contamination. 

About second  contribution (hydraulic) it should be noted  that 
except  of  hydraulic performance of  covers which can be other 
geotextile covers, their contribution  has no effect on trenching 
operation because it is said about hydraulic  role that water enters 
into pipe easily and it is no water enter to pipe. Because  due to 
any cavity or vessel at beneath of underground water level make 
negative pressure  and water flowing from positive level to negative 
level (by lower speed). For justifying input water pressure 
hydraulic  transfer around pipe should be 10 times of surrounding 
soil out of trench. Because practically creating this condition is 
impossible  and pipe covers blocked, then it is  some energy loss 
in  point of water input to pipe.  It is verified that pipe laying 
without trenching has same hydraulic contribution as pipe laying 
via trenching. Assuming 10 times hydraulic transfer for soil around 

pipe  makes  calculation error  which after years deteriorates 
drainages performance, whereas without this assumption, 
calculation results  remain same  from initial step to last step  of 
underground drainage life. 
     Netherlands  obtained experiences at 1960s are lessons for us. 
In this country various organizations implemented many field tests 
for testing and comparing different drainage material based on 
their entrance resistance. In  researcher’s point of view, obtained 
results in  most cases disappointed them and measured data shows 
great variance and spread and rarely indicate meaningful 
difference between  various materials. Plotted data are often  spread 
diagrams which one of  researchers named as cloud distribution 
in night sky. In these investigations, it is no weak performance 
which lead to failure. In  this sense, we can say that  it is  no 
reason for worrying about entrance resistance or all drainage 
material. Meanwhile, mole drain  construction experience shows 
that they worked good up to 20 years. Therefore, hydraulic transfer 
role is not determinant in all types of soil. In addition to it, decision 
making about whether covering drainage pipes or not  depended 
to local information about previous projects and soil specifications. 
In  moderate and moist regions, generally soils have enough 
resistance (except sandy soils) and basically no need to  pipe 
warping. 
     Mechanical contribution role of pavement completely depends 
on  trenching process, it is no need to this contribution because 
when digging  cavity with  arc ceiling in soil,  this arc  transfer  up 
soil stresses to both sides which is so-called arching in biology. 
Also most of  geology  materials  like falling soils, laminated rocks 
or fragmented rocks due to weak surfaces  do not instantly respond 
to  stress change  of  underground   space digging. Furthermore, 
because of mass  digging  above  loosely  cavity ,  its compression 
stress is reduced, and in this situation weight contribution of 
stalled  mass  above tunnel  is transferred  to  side parts of  it and 
in this manner  arching  phenomenon forms  along  of tunnel axis 
and soil and rock mass, which transfer load called  ground arch. 
In certain cases we can use hydraulic failure gradient (HFG) to 
calculate  soil resistance  respect to  water flow. Meanwhile,  in 
accordance  of  FAO   instructions, clay soils with plasticity index 
(PI) of about 12  didn’t need  filtering in drainage operations. Clay 
soil are  parts of  resistant soils  and do not need  cover. 

It should be noted about 4th contribution, that if at first trench 
process would not be carried out with high cost and time 
consuming activities and disturbing soil natural structure like now 
and it is no backfill operations at 1.5 to 2.5 m above pipes, then it 
is no displacement at pipes location and in turn it isn’t needed 
filtering for preventing vertical displacement. 

Conclusions 
Changing technology of underground drainage  from conventional 
digging  procedure  to  underground drainage installation without 
digging (no dig) results in using no grab crane or trencher and 
eliminating secondary equipments, lowering fuel consumption with 
many environmental containments in drainage construction 
process. Avoidance of using this machineries reduces unit price 
of construction operation and increases speed of process and 
also prevents  problems of conventional  approach like  horizontal 
and vertical distortions in lateral installing which complicate 
exploitation. Remaining agricultural lands in production cycle 
during underground drainage construction is another 
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consequence of this  procedure change. Also, customization of 
this approach and making appropriate bed for underground 
drainage installation  by local contractors  speed up underground 
construction process. 
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