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Abstract
Changing technology of underground drainage from conventional digging procedure to underground drainageinstallation without digging (no dig)
resultsin using no grab crane or trencher and eliminating secondary equipments, lowering fuel consumptionwith many environmental containments
in drainage construction process. Avoidance of using this machineriesreduces unit price of construction operation and increases speed of processand
also prevents problems of conventional approach like horizontal and vertical distortions in lateral installing which complicate exploitation.
Remaining agricultural landsin 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, asin humus lands and soft sand, tubing
is possible only until 1m depth *. Ttrencher machine can’t be
appropriate for tropical regions and specially for hard and fine
grained soils. Drainageisas|oop of last management that contains
developing plusstability in agricultureinfrastructure and neglect
from it and/or performancewill follow high costsaswell ascreste
environmental issues?®. 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 manufactureof thismachine 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?. Thisapproach isenvironmental frendly

646

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*. 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 ®.

Though increasing construction process by new machines,
construction technology, e.g. trenching, operation backfill into
trench issameas last decades, and it is no research carried out
on effectsof thisoperation on construction, costs, environmental
effects, exploitation and maintenance. Though by timesdrainage
theorieswerewel| identified and understood, untill now planning
process up to construction and exploitation of pipelinedrainages
for water controlling and salinity is not prepared. However, it
should be noted that implementation steps were described, but
normally administrating needslong timesand 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® . Each trencher machineat minimum needs
6 heavy other machineslikebulldozer, grider, loader, truck, service

Journal of Food, Agriculture & Environment, Vol.10 (1), January 2012



truck and fueling truck and tractor as auxiliary equipments.

Equipment costs include about 60% of total construction costs’.
Values of engineering or reengineering of designsand big projects
arerational options, which cover 60% of costs®. I n accordance of
thislogic 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 machineswithout
trenching (no dig approach) is an stringent procedure in next
operations®.

Examining Global Experiencesand Resour ces
In today modern world, use of underground space for meeting
urban community requirementsisvery vital. Underground isused
to construct urban vital pipelines like water and sewage pipes,
electricity ducts, communication networks, and again we can use
this space for masstransportation path (metro) and even wecan
use it for emergency large space for people saving in disaster
events °, Yeat, there are maybe other potential applications for
underground which we do not understand now and will be
discovered infuture. In modernworld, widerange of activitiesare
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

itsown application.
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Figure 1. New approaches for pipe laying in urban development operations.
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Figure2. Overall view of two-horizontal cutti hg machine.
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Asindicated in Fig. 1, there are overall approaches for pipe
laying and tunneling. Personnel entry required approach, carried
out by big digger machinesTBM, isnot related to drainage, but
laying of small pipes similar asdrainage pipesrel ated to personnel
entry required approach, which has 6 procedures asindicatedin
Fig. 1. Various surveys, studies and activities carried out by
contractorsand machine manufacturers of these machinesindicate
that they are not used in agricultural field up to now. No dig
approach application survey indicatesthat 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 initsdrilling part. After examining existing
assumptions, wetested application of soil cutting by durry method
and specially by water jetting and underground drainage pipe
lying. Meanwhile, a special small machine for this work was
designed for usein field research (if applicable) . 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 problemsdueto high consumption
of hydrocarbon fuel and destroying of soil structure. Additional

problemsare due to expl oitation 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 haof shod 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, lessthan 0.2 million haof
these lands have constructed underground drainage. It isin

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 isdeveloped on 1 million ha, andif thissituation continues,
itis expectedthat salty landsincreaseto 3 million haduring 20-
30 years. Thissituation exists in other developing countries and
because of that using horizontal digger machine with simple
technol ogy haswidespread 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. Itisworth noting
that application of postiche covers from carpet factorieslossfor
warping around drainage pipes helpsto bury themin trenches. In
this approach, because of no disturbing soil structure, not only
dangerous elements swept at lower layersof soil and do not enter
to natural resources, but due to initial sediments reduction

maintenance of thisdrainageisvery smple. Another advantage
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of using thisapproach isnot occupying agricultural landsduring
underground drainage system construction. Particularly in soils
with high humidity profile where machine cannot move this
approach isvery advantageous and can rehabilitee landsthat are
unusable because of high level of water in them.

Theory of Under ground Drainage Constr uction 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 pipeswith 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
thisdoes not take place. Of course, filteringroleof thesecovers
is temporary and after soil consolidating, basically no soil and
dust enter to pipe aswhole.

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 roleof coversis
uniquefeature. Thismaterial negatespart of stresson pipes and
prevents pipefracture.

Fourth contribution - prevention of bending. Pipe covers
prevent deflecting of pipe dueto 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 areneglectable if soil natureremainssimilar.
About filtering contribution thisrole is temporary and after soil
consolidation, nofiltering takes place. Despiteof filtering features
of thiscover, 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 aredueto thistypeof 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 pipeat first but during and after exploitation enter all
adverse materia 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 coverswhich can be other
geotextile covers, their contribution has no effect on trenching
operation becauseit issaid about hydraulic rolethat water enters
into pipe easily and it is no water enter to pipe. Because dueto
any cavity or vessel at beneath of underground water level make
negative pressure and water flowing from positivelevel 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 coversblocked, thenitis some energy loss
in point of water input to pipe. It is verified that pipe laying
without trenching has same hydraulic contribution as pipelaying
viatrenching. Assuming 10 times hydraulic transfer for soil around
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pipe makes calculation error which after years deteriorates
drainages performance, whereas without this assumption,
calculation results remain same frominitial step tolast step of
underground drainagelife.

Netherlands obtained experiencesat 1960s arelessonsfor us.
Inthiscountry various organizationsimplemented many field tests
for testing and comparing different drainage material based on
their entrance resistance. In researcher’s point of view, obtained
resultsin most cases disappointed them and measured datashows
great variance and spread and rarely indicate meaningful
difference between variousmaterials. Plotted dataare often spread
diagramswhich 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 al drainage
material. Meanwhile, moledrain construction experience shows
that they worked good up to 20 years. Therefore, hydraulic transfer
roleisnot determinantinall typesof soil. Inadditiontoit, decision
making about whether covering drainage pipesor not depended
tolocal information about previousprojects and soil specifications.
In moderate and moaist regions, generally soils have enough
resistance (except sandy soils) and basically no need to pipe
warping.

Mechanical contribution role of pavement compl etely depends
on trenching process, it is no need to this contribution because
whendigging cavity with arcceilinginsoil, thisarc transfer up
soil stresses to both sideswhich is so-called arching in biology.
Alsomost of geology materials likefalling soils, laminated rocks
or fragmented rocks dueto weak surfaces do not instantly respond
to stresschange of underground space digging. Furthermore,
because of mass digging above loosely cavity , itscompression
stress is reduced, and in this situation weight contribution of
stalled mass abovetunnel istransferred to sidepartsof it and
inthismanner 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 ingtructions, clay soilswith plasticity index
(P1) of about 12 didn’t need filtering in drainage operations. Clay
soil are partsof resistant soils and do not need cover.

It should be noted about 4" contribution, that if at first trench
process would not be carried out with high cost and time
consuming activitiesand disturbing soil natural structurelike now
anditisno backfill operationsat 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 conventiona
digging procedure to underground drainageinstallation without
digging (no dig) results in using no grab crane or trencher and
eliminating secondary equipments, lowering fuel consumptionwith
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
drainageinstallation by local contractors speed up underground
construction process.
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