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FOREWORD
 

The Center For Rural Development, which is a Division of the
 

Berger Group of companies, assists clients in planning and imple

menting programs and projects aimed to expand economic opportuni

ties and improve the well-being of rural populations in many parts
 

of the world.
 

Currently, in 1980, the Center supports eight major rural
 

development projects which are funded by the World Bank, the U.S.
 

Agency For International Development, The Asian Development Bank,
 

and other international agencies in Asia, Africa, the Middle East,
 

and Latin America.
 

As a part of its services to clients and the professional
 

community of those engaged in rural development work, the Center
 

releases technical notes on various aspects of individual projects.
 

The notes are numbered by reference to the individual projects.
 

For those interested, additional copies may be obtained from
 

the Center For Rural Development, c/o.Louis Berger International,
 

Inc., 100 Halsted Street,, East Orange, New Jersey 07019, U.S.A.
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A. Introduction
 

The Lam Nam Oon.Integrated Rura. 'Development Project is located
 

in amphoes" Phang Kone, Pannanikom. and Muang, Changwat Sakon Nakon,
 

Thailand. It ccmprises a dam, reservoir, and main-secondary canal
 

system that will provide irrigation water to approximately 220,000
 

rai of small farm holdings. About 10,000 farmers reside in the
 

area.
 

Begun thirteen years ago, the infrastructure parts of the pro

ject are now almost completed. In order to develop efficient on-farm
 

water delivery systems and water/farm management practices in the
 

area, The Royal Thai Government has programmed US$43,800,000 for
 

special work in the area during a five-year interval.
 

Of this amount, US$4,500,000 comprises fundn borrowed from the
 

United States of America in order to finance technical assistance,
 

equipment, and local development costs.
 

Starting October 12, 1979 the American consulting firm, Louis
 

Berger International, Inc. was employed under contract to provide
 

technical advisory services for the project. These advisory services
 

are for the cooperating agencies.comprising: The Ministry of Agri

culture And Cooperatives; Royal Irrigation Department (R.I.D.),
 

Community Development Department (C.D), Department of Agriculture
 

(D.A.) and Department of Agricul'tural Extension (D.O.A.E).
 

The contractor is tasked with responsibility for designing and
 

testing on-farm water delivery systems in the Lam Nam'Oon (LNO) area.
 

In relation to this, when contractor engineering specialists arrived
 

at Lam Nam Oon in November 1979, the Royal Irrigation Department (R.I.D)
 

" Administrative Sub-Districts of a Changwat,(Proince) 

" Rai = 0.16 Hectare (0.40 Acre) 

-8



had already installed a Land Consolidation-related on-farm water 

delivery system in pilo.t areas 1 and 3.. Nothing had been done about.
 

designing and testing a system related to Ditch-Dyke modes of dis

tributing water to, farm units.
 

This situation caused the Louis Berger.consultants to push for
 

selection of a pilot area 2 location as rapidly as possible. A
 

selection of area was made in April, 1980; and Mr. Erroll Coles, as
 

Water Management, Operations and Maintenance Engineer was asked to
 

develop the technical guidelines for t6e design of three systems
 

for pilot area 2.
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B. 	 Special Irrigation-Related Faccors at Lam Nam Oon
 

There are a number of special factors which exert a specific
 

influence on irrigation in LNO. They impact particularly on the
 

selection at LNO of layouts needed to equitably distribute irri

gation water to farm units. 

The layouts selected should in general fulfill certain object

ives; namely, to guarantee a flow of water in the right quantities
 

at 	the right time throughout the'-chosen growing seasons. In order
 

to comply with this the system must be manageable; maintenance
 

should be minimal and the system should be environmentally compata

ble. These objectives should be achieved at a minimal cost. It
 

should be noted that in all systems anywhere over-design wil'l only
 

lead to higher costs and complicatf management. Over-design can also
 

cause excessive maintenance requirements that over-strain financial
 

resources. Equally, under-design can lead to management difficulties
 

and inadequate water control,
 

The 	special factors discussed here include:
 

- Irrigation-Related Laws
 

- Soils
 

- Topography 

- Drainage
 

- Forest Preservation
 

Statutory law governing irrigation development and distribu

tion systems in Thailand include the Field Dyke and Ditch Act,
 

B.E. 	2484 (1941) and the Agricultural Land Consolidation Act B.E.
 

2517 (1974). The first of these Acts was adopted nearly 40
 

years ago; it has been amended in recent years. It's contents
 

affect what can be done at LNO.in a very definite way. The
 

- 10.



distribution systems envisaged under that Act do not meet the require

ments mentioned above of. supplying water equitably nor do they provide
 

for proper control over water allocations to indi,,idual farm units.
 

The Field Dyke and Ditch Act systems do provide for.water distribu

tion in areas of intermittant irrigation in the wet season. Consi

dering the limitations of this Act, it should not be applied to high

cost projects such as LNO without some necessary changes. Those
 

changes should include the provision for more adequate water regula

tion and access roads as well as limited adjustment of-farm bounda

ries to accommodate canal alignment.
 

There is also a provision that if up to 707. of the farms have
 

individual turnouts then the 707. rule can be applied to all without
 

realignment of all units. Given this 70. provision it is, therefore,
 

important. to study alternative .layout's for LNO which are more advan

tageous, less costly and provide for more equitable water distribu

tion.
 

The second Act, the Agricultural Land Consolidation Act was
 

adopted in 1974. It embodies all the requirements for proper land
 

consolidation including provision of services and proper water manage

ment provided the layouts are suited to the enviror.:nent. It includes
 

facilities to efficiently regulate water.
 

Any critical comment upon this Act must begin with the observa

tion that it presumes that all farm plot boundaries shall be moved,
 

viz Section 38. Yet in a situation such as at LNO this may not be
 

efficient. Certainly, fragmented land holdings should be consolidated
 

into economic units; but in many local circumstances such as at LNO it
 

may be sufficient to only realign some farm boundaries, rather than
 

realigning the whole farm unit.parti~cularly where environmental factors
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can be .significantly reduced and water
 are involved and where costs 


control can be enhanced.
 

the Act's limit on acquisition
Another critical comment concerns 


The-Act restricts acquisition to
 of land for irrigation services. 


seven percent of the gross area of each farm holding. This seems to
 

amount of land that can be acquired presumes that
 
indicate that the 

Yet there may be cases where 
all farm units will be realigned now. 


it would be less costly and more advantageous to only,change a few
 

boundaries.
 

to deal with
 
Another'aspect of this Act concerns it's failure 


seems obvious that there may be occasions at LNO where
 It
servitudes. 


servitudes for conveying water onto a 
land holding and draining water
 

provide access across angther land holding 
may be advan

off or to 


tageous. However, such a remedy'cannot be applied 
under the present Act.
 

LNO area.
 
There are also three environmental factors 

affecting the 


These are soils, topography, and drainage.
 

The soils of the LNO part of Sakon Nakon differ from other 
North

the low and
There is a predominance of soils on 
eastern Provinces. 


middle terrace systems of relatively recent 
origin, markedly sandy
 

These soils are essentially of alluvial
 and of very low fertility. 


origin being sediments of variable age 
and composition. 
These allu

vial sediments have been eroded in successive cycles. 
At present,
 

They are the high terraces, middle
 four main levels are recognized*. 


This has produced
terraces and the alluvial plains.
terraces, low 


a distinctive landform of low undulating to rolling relief common to
 

Soil of Northeast Thailand, land Department, 
Soil Survey Div.
 

* 
MSR 9, 1964.
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the project area. Soil morphologyis -closely corre|.ated to this
 

topographic system.
 

The predominant soil is the Rol. Et series, mainly located on
 

the low terraces. This soil is characterized by a light grey fine
 

loamy sand over a more clayey compacted sandy loam sub-soil and
 

laterite may occur below 0.5 metres. The organic matter content is
 

very low. The cation exchange capacity is low and the pH is low too.
 

The physical properties of this soil are not indicative of a soil
 

suitable for irrigated non-rice crop production without high agri

cultural inputs and expert'management.
 

The KoraL series are next in magnitude. They occur on the upper
 

part of the middle terraces. These soils consists of a light grey
 

medium textured sandy loam over ayellow brown moderately structured,
 

sandy loam (or clay loam) sub-soil.. The fertility of this series is
 

also very low and the physical properties are not ideal.
 

The remaining area is made up. of eleven other soil series of
 

varying nature occupying the lower parts of low terraces and. along
 

the natural drainage ways. These soils tend to be of a heavier
 

texture and with a more pronounced structure. Their inherent ferti

lity is a little better than that of the two main soil series.
 

The nature and properties of these LNO soils differ greatly from
 

other areas in Thailand where irrigation is being successfully practiced
 

using a specific layout configuration for land consolidation,.notably
 

in the Chao Phraya area. The other soils are inherently more fertile,
 

physically suited to irrigated agricultural practices and deeper; the
 

macro-topography is of an even relief with low gradients.*
 

Characteristics and classification of. Paddy Soils in the Chao
 

Phraya Delta, Thailand. P. Vijarnsorn and S. Panichapong.
 
Soil Survey Division FSR -.221.
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By contrast to LNO, irrigation development and land consolidation
 

can be accomplished in such soils with a limited amount of land form

ing and the relocation of farm units can be achieved without undue
 

disturbance of the soil surface and the destruction of fertile top
 

.soil. Channels need not be deeply incised and with the flatter gra

dients fewer regulating structures are needed. Irrigation develop

ment is less costly in such locaiitie's.
 

Consideration must be given to the fact that in flat plains
 

regions, with stable fertile soils, straight evenly spaced canals
 

and drains and regular farm units can be designed with alacrity, using
 

rather limited criteria. However, applying this approach in areas of
 

high relief such in the undulating, rolling topography of the LNO area.
 

is very risky. Because of this particular landform and because the
 

LNO soils are very unstable, they contain very little clay and are
 

non-cohesive, behaving like a fluid when saturated. The fine parti

cle fractions are obviously very fine quartz particles and not clay;
 

.the clay fraction is mainly kaolinitic..' Maintaining .long straight
 

unlined canals, much of it fill, in such soils will be costly. Also,
 

in order to reduce erosion very flat channel slopes are needed there

fore more regulating structures will be needed too. Sections in fill
 

should be lined. Earthworks of this kind are costly to construct and
 

the main capital costs will be very high.
 

The landform features of the Lam Nam Oon area which is a low
 

terrnced form, indicates that there is an intricate but poorly defined
 

drainage pattern between the raised terraces and the flat flood plains.
 

The drainage lines are not well-defined and drainage channels that
 

exist are rather shallow tending to meander across the flood plains
 

eventually collecting in the primary drainage system.. It is dominated by the 
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main river, the Maekong, and backfloodifig-of this large river during
 

the wet season 'obviously influences the-flow in the major-rivers
 

draining this area, notably the Huai Pla Hang and the Nam 0on rivers. 

Because of this, careful consideration must also be given to the
 

timely and sequential development of the main drainage system before
 

any layout designs proceed because the minor drains have to be directly
 

"tied" into the main drainage system. Failure to observe this element

ary fact can only lead to excessive flooding and loss of confidence in
 

R.I.D. among the farmers.
 

Finally, there is an additional factor that should be stressed in 

irrigation layout design at LNO. Trees in the LNO area require a long
 

time to grow. Therefore irrigation layouts should seek to preserve as 

many trees as possible. Indiscriminate clearing of trees in the course 

of construction will ultimately lead 'to a grave shortage of wood for 

making charcoal used for domestic cooking and for building timber. 

Thailand is experiencing an acute shortage of coo6ing fuel and build

ing material now. This situation will become acutely critical in time. 

At present, there is no technical justification to remove trees un

necessarily. Farm mechanization is still a distant objective in the 

LNO area and when or if it occurs then those remaining trees obstruct

ing mechanical cultivation can be removed leaving trees that do not
 

cause obstructions to be used beneficially.
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C Project Pilot Area "3" Layout'De'sign at LNo - And The Special 

Fac tors
 

The kind of irrigation system and-layout installed on 3,000 rai
 

in Pilot Area No. 3 during 1979/80 explicitly termed "Intensive"
 

development does not deal satisfactorily with the conditions outlined
 

above.
 

This system was initially developed for the Chao Phraya plain
 

region, an area of low topography, alluvial soils of greater ferti

lity and a population more familiar with irrigation, water management
 

and technology. The unsatisfactory aspects of this system as applied
 

to Lam Nam Oon arises from the high, undulating topography occurring
 

in many parts of the project requiring extensive land levelling which
 

increases costs per unit area;. the fragile soil infertility which will
 

require high levels of agricul'tural'inputs and very skillful manage

ment to maintain moderate crop returns; the inexperience of the farm

ing population with irrigation which necessitates an efficient, yet
 

simple, water management system at the farm level.
 

Not least, a layout is needed which does not threaten the eco

system. This must be done particularly in relation to soils and forest
 

resources. Consideration must be given to the fact that wood for house
 

building and for fuel should not be destroyed indiscriminately. The
 

soils of the project area are very infertile. They consist of soils
 

found throughout the humid tropics, ard they are known for their com

plexity in management. Excessive deep cutting of these soils by means
 

of landscaping should be avoidec. Even with wet paddy, reduction of
 

yields are inevitable on the poor~subsoils.
 

The present system at Pilot Area 3 also applies the "sequential"
 

method of water regulation. This method is sometimes confused with
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the rotational method. The "sequential" method consists of "checking" 

the water by means of a series of check structures along a canal with 

in the canal between each check. In operation, afarm outlets set 

gate at the check is closed,the water level rises up over the farm 

outlets and water flows into the farm unit for the required period 

of time then the gate is opened and the process repeated at the next 

check. Though this system does offer,positive control, of the water,
 

of
 
supply/exact rotational regulation cannot be practiced except at the 

secondary canal. This system is adapted to very low topography and
 

on steeper areas excessive cut and fill is needed to construct the
 

canals, bearing in mind that the canals gradients must be fairly flat
 

to provide an even head of water over the farm outlets thus providing 

an equal flow into each farm unit. -The steeper the land the closer 

the check/drop structures have to be to maintain an even cut-and-fill
 

of the canal sections. On steep land the canal has to be raised up
 

to allow water to flow into farm units or this may require that field 

levels be "cut down" to level to allow water to flow into the fields.•
 

Both procedures involve costly earth moving. The "sequential method"
 

is ideally suited to estate-type management procedures where gate opera

tion and timing can be accirately controlled and supervised.
 

In steeper topography paddy fields have been terraced over a long
 

period of time, each field levelled to within five to ten..centimetres
 

and this constitutes a laborious investment; while in very flat plains
 

areas a minimum of terracing is required and bunding* a simple process
 

of construction. The "sequential system" does require considerable
 

modification of fields and farm boundaries. Though in very flat areas
 

the investment in terracing is small,:modification may even be of great
 

advantage to the farmer, in steep topography complete modification is
 

very costly.
 

banks between paddy fields.
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D. 	General Layout Design Criteria,- And The Special. Factors at. LNO 

Any satisfactory irrigation field layout selected for LNO must 

provide for two basic criteria, whether it be for the Land Consoli

dation areas or for the Dyke and Ditch development, namely:
 

i. 	a maximum area of land should benefit materially
 

from water deliveries, and,
 

ii. 	 a sustained, assured and equitable supplying of
 

water should reach each farm unit.
 

In order to comply with the relative statutory acts and apply
 

the two basic requirements to the system layout, within the limita

tions 	of the existing environmental situation of the project area, 

the following comprises general criteria for a satisfactory layout
 

design:
 

i. 	Water should be able to be shut-off at the supply
 

point 	to the farm unit. 

i. -Provide for rotational water regulation,
 

(a) 	at the higher level in the early stages of
 

project development,
 

(b) 	at a lower level later when farm level manage-

ment has gained experience.
 

iii. 	 Fit into the existing land use patterns.without
 

destroying existing paddy layouts.
 

iv." 	Require a minimum of farm boundary realignment or
 

a minimum of reparcelation.
 

v. 	The farmer group organizations should be based on
 

land .units rather than village or single canal
 

groupings (sub-grouping.may'be based on a single
 

canal).
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vi. 	 Provide for the riinimum number of control structures. 

vii. 	-Lower farm grouping,'areas should not exceed 125 to
 

150 rai (20-25-ha.)
 

viii. 	The. nature and properties of the very fine sandy
 

soils will limit canal capacit.ies, velocities and
 

lengths.
 

xi. 	 Land levelling should be severely limited because
 

of the infertility of-the'soils and the characteris

tics of the soil profile of the soils occurring
 

throughout the project area.
 

x. The 	clearing of forests.and trees should be limited.
 

xi. 	 Survey procedures should be revised to provide
 

closer control to take into account the fast 

changing land form detail-and other topographic 

features of the project landscape. 
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E. 	 Layout Design and Water Control atLNO 

Statistics show that on many major irrigation projects in various 

parts of the world only 40%of the water ever reaches the farmer. The 

prime causes for this situation are mainly improper project operation, 

low level of maintenance and inadequate management of water supplies. 

Sunmmred up these include specifically: 

i. 	Either underdesign or overdesign such as over

elaborate farm unit layouts or insufficient turnout
 

regulators and measuring units or complicated regu

lators. 

ii. Inappropriate equipment that cannot be properly
 

operated.
 

Ai. Lack of adequate maintenance.
 

iv. Inadequate drainage (improperly designed drains
 

and no provision for drainage downstream).
 

v. Lack of operational and managerial procedures.
 

Two-principal elements affect the foregoing. One concerns the
 

physical aspects of design as thepe relate to system and on-farm lay

outs. The other concerns management by project personnel, farmers, 

other Government Departments, etc. In the physical instance, the 

quantity of water allocated to the system at any one point in time 

is a function of the capacity to control irrigation water and this 

is, in turn, a function of the physical control components such as 

gates, measuring devices, cross regulators, canal lining, etc.
 

Certain obvious conclusions flow from this. The number of out

lets should be limited in number. Farm-channels should be approxi

mately the same length and kept as short as possible and the number
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of 	farm units should be of the same number along each channel. It
 

is 	easier to control water along the primary and secondary canals
 

than 	at minor levels where water regulation is less accurate. Cross
 

channel control providing a constant head over outlets is preferred
 

to 	fluctuating regulation. This provides for stable outflow, quicker
 

response to adjustments of the outflow, easier regulation, and water
 

is 	always available.
 

This 	point is particularly demonstrable at the Lam Nam Oon pro

ject 	because maintenance of the canals could be considerably reduced
 

by 	having a constant water level in the canals. This relates to
 

the 	earlier observation about soils of the area which behave like a
 

fluid 	when saturated. Now, when canal water levels are raised and
 

lowered the soils flow into the canals'through cracks in the lining.
 

Also, rain run off from along the Canal verges and from the roads
 

sluice the saturated soil into cavities behind the lining and this
 

runs 	out of the cracks into canals carrying more eroded soil. Back
 

pressures cause the canal linings to crack when the water level is
 

rapidly drawn down and the saturated-soil flows into the canal.
 

Maintaining the water level at the highest level at all times would
 

reduce this serious problem. However, certain system modifications
 

would be required at LNO to maintain,'those water levels.
 

Related to the foregoing, there is also the crucial point that
 

the kind of farm unit layout adopted should correspond to the water
 

management objectives contemplated. Such objectives should include:
 

i. 	 Proper planning of water allocation based on crop
 

water requirements for the current cropping plans.
 

ii. 	 Daily preferably, but not more than weekly, water
 

allocation based on the various stages of growth of
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the 	crop.
 

iii. 	 Water allocations adjusted to include effective 

rainfall, on a weekly basis. 

iv. System maintenance both at the major and minor
 

level. (Over-elaborate layouts, long canals,
 

excessive number of control structures and large
 

farm unit groups, leading to large volumes of water
 

diverted and large channel cross sections, will all
 

impose greater maintenance requirements and higher
 

costs).
 

The second element of importance is that of management. Here
 

again, the quantity of water supply is a function of how the control
 

capacity is utilized and this is a fnction of the social technology
 

of rules, of routines and of roles through which the system is
 

managed. The response of personnel at different administrative
 

levels 	within the project hierarchyto. the social. technological factors 

and of other groups such as agricultural extension, community develop

ment and similar essential groups also influence water allocations.
 

Thus, ease of management should figure significantly in the design of
 

layouts.
 

This can be observed in another way by looking at the managerial
 

implications of:
 

i. 	Operating staff requirements. (This should incLuce 

availability of personnel and the training they will 

require and the quality of training they will receive. 

If staff recruitment, is going to be a problem then a 

less labor - intensive system will be required; if good 
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farmer cooperation is, not anticipated then a 

simple, non-labor intensive minor leve system
 

will 	be indicated and'so on.)
 

ii. 	 Extension Services. (These are essential for
 

successful irrigated agriculture; thus without
 

extension workers in both agriculture and on-farm
 

water management elaborate layouts and systems will
 

not function).
 

iii. 	 Cost/Effectiveness Trade Offs. (It goes without
 

saying that over-elaboration will cost more to
 

operate and maintain, yet under-designing will cos
 

even more. Ccnsequentl.y there is a threshhold
 

level where costs are at a minimum foi: the effiziency
 

desired).
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F. 	 Layout Design And Operations -. Maintenance at LNO 

Water management is a complex interrelationship between a pro

ject hierarchy and the farming community in which the project is 

committed to provide water. On the other hand, farmers are not so 

committed and until there is some degree of commitment on their part 

a project will not function properly. Therefore, an effective and
 

efficient organization will be required at project level. Such an
 

organization has to be created and maintained. This centers around
 

the double "0 & M" components of Opera-tion and Maintenance and
 

Organization and Management.
 

(1) 	At Proiect Level
 

Operations by the Project personnel consist of:
 

i. 	The regulation of water into the main canals, the
 

distribution into the secondary canals and divert

ing 	water into the minor systems.
 

ii. 	 Gathering and analyzing cropping data, climatic
 

data 	and other relevant data.
 

iii. Recording and checking water deliveries 'and farmer
 

feedback on such deliveries.
 

The Maintenance work consist of:
 

i. Keeping all mechanical equipment, gates etc. in 

working order. 

ii. Canals free of sediment and lining in a good state 

of repair.
 

iii. Roads in good order.
 

iv. The timely repair of breaches in the canals and
 

repairs of structures. 

(2) 	 At the Farm Level 

Operation by the farmer's repre'sentative consists of:
 
i. 	opening and closing gates and allowing water
 

to flow into the farm units.
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Maintenance consists of:
 

i. 	organizing the farmers *to assist in cleaning
 

out the canals seasonally and repairing
 

damaged structures.
 

The 	 foregoing outlines those items concerned with project Operation 

and Maintenance. It may be realized from this short listing, that
 

sophisticated and elaborate layouts will complicate matters rather than
 

alleviate the management situation. The greater the number of indi

vidual man-6perated components and the longer the aggregate length of
 

the canals the more complex the operational procedures become. The
 

length factor and number of wearable items influence maintenance
 

requirements. In consequence, designs should be adapted to the local
 

situation, to the environmental complex of topography, soils, climate
 

and people.
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G. 	Layout Design And Water Users Organizations
 

The farming community is also highly involved in water manage

ment. Farmers are the beneficiaries and they must play a constructive
 

part in properly using the water supplied. They must contribute to
 

the 	collective management of a project. Farmers the world over have
 

certain qualities which must be recognized; they are fiercely inde

pendent; they have 
to contend with the natural elements over which
 

they have no control; and they are "risk-obviators". With these
 

factors in mind, one crucial problem is how to organize farmers to
 

manage the water-user end of projects. 
 The advantage of organization
 

is not always apparent to 
farmexs but it does provide themi.with orga

nized contact and association with the project management. It also
 

provides them with means of bargaining with the upper level manage

ment.
 

Obtaining the organized cooperation of farmers depends in part
 

on how the layouts are designed and water controlled. It must be
 

proven to 
farmers that water can be So-controlled that it will be
 

delivered when and where the farmer wants it. 
 A proven, guaranteed
 

flow of water in the right quantities and at the right time is the
 

best 	method that exists to encourage farmers to cooperate in organiz

ing 	themselves to use water advantageously and to maintain the field
 

channels and to grow crops regularly.
 

To comply with this dictum irrigation systems have to be designed
 

with farmer water needs and understanding in mind. Specifically, the
 

design of the layout must be adapted to the purpose of the irrigation
 

requirements, and those must be understood by farmers. 
 This applies
 

to all systems including, continuous irrigation throughout the year
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(meaning a continuous cropping program), 
or supplementary irrigation
 

for early planting at the beginning of the wet season or to supple

ment dry season cropping. In any case,-at the onset of project
 

development the mechanisms for 
formation-of irrigation organizations
 

should be introduced as 
soon as possible. 
At the same time, physical
 

provision for the handling of water at 
the farm level must be sim

plified as much as possible. 
Farmers must be taught the principles
 

of water uses, while simple, robust, structures which are easily
 

managed should characterize the 
farm unit layouts.
 

The efficiency of water use, that is 
the ratio of water required
 

by the crop to 
the total water supplied plus the effective rainfall,
 

will center around the efficient management at different levels, 
:ut
 

particularly at 
the farm level. 
 There are many technical factors
 

that enter into this equation from cultural practices such as 
size
 

of paddies, bund width and height (on-farm and in-field factors);
 

design factors such as 
canal length and-size, the kind and size of
 

structures, size of farm units, etc. 
 A critical measure of all 
this
 

will be 
the number of units of crop produced to total volume of water
 

diverted through the cooperation of farmers User'sin Associations. 
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H. A Terciary System For LNO
 

These guidelines prescribe a Teritiary System as best qualified
 

to satisfactorily meet the conditions prescribed in 
the foregoing
 

sections. This system is 
flexible. It 
can be adapted to the LNO
 

project environment, the landforms, the existing land 
use patterns
 

and the soils-without excessive disturbance.
 

A Tertiary System iS 
defined as concerning that part of an irri

gation project onto which water is 
diverted from secondary turnouts
 

and distributed amongst farm units. 
 The major system, consisting of
 

the head works, 
the Primary and Secondary canals (or the conveyance
 

system) is 
 normally operated and maintained by the project organiza

tion. 
 The minor system consists of Tertiary and Quaternary canals,
 

operated by a representative nominatdd by the farmers 
(or farmers
 

organization) who are also responsible for 
the maintenance of the
 

canals and structures within what are called the 
Tertiary Unit.
 

Tertiary Units are 
limited in size and consist of a 
number of
 

pairs of smaller quaternary units, the tertiary unit may be based on
 

a village boundary (though there may be more 
than Pne tertiary unit to
 

a village area) provided the canal system does not extend beyond the
 

village boundary or 
local district boundaries or 
the unit may coincide
 

with a natural basin area, or 
it may be bound by physical boundaries.
 

such as roads, canals or drains.
 

The Tertiary Unit forms the basis of the water management system
 

and this contributes 
to using the tertiary system as a means of irri

gation development.
 

The Tertiary Unit is divided into pairs of Quaternary Unigs each
 

of about equal area. 
 The area of each unit should be from 60 to 125
 

rai, composed of any number of individual farm units. 
 The Tertiary
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Units, then the Quaternary Unit's facili'tate "equal time" rotational
 

water supplies at the tertiary level and at 
the quaternary-level.
 

This allows for equitable supplies of.water to reach each farm unit
 

even in times of water shortage or f6r irrigating other crops other 

than wet paddy.
 

The water supply to the Tertiary Unit is regulated and 'measured 

at the turnout from the secondary canal... From the turnout the water
 

flows along the tertiary canal to a division box, either, by dividing
 

the tertiary canal into sub-tertiaries or into the quaternary canals. 

In the first case, the box is referred to as the tdrtiary division
 

box and in the second the quaternary division box. These boxes also
 

.act as measuring devices. The quaternary canal may be sub-divided
 

but this should be obviated whereiler possible. The division box is
 

the salient part of the tertiary system being the basi. for proper
 

water allocation to farm unit groups.
 

The farm unit consists of one or more paddy fields and water is
 

supplied to the unit from the quaternary canal, the farm turnout being
 

one or more small diameter pipes so located to supply water to the
 

highest paddy on the farm unit. 
 The outflow through the pipe is regu

lated by raising the water level in the canal over the pipe by means
 

of a check gate.
 

Surplus irrigation water and stormwater drain into the tertiary
 

drains which in turn drain into secondary drains and finally dis

charges into the primary drains or river system..
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I. 	Tertiary System Layout - And Water Management
 

Applying the tertiary system to 
the 	LNO area is affected by
 

i. 


the following: 

The size of the unit area chosen should be 

limited by the volume of water required to be 

delivered. This is related to 	the soil properties
 

of the area. Coarse-textured soils (sandy soils.) 

will require smaller unitg while fine-textured soils 

(clays) will support larger units (also, channels 

in sandy soils should be shorter and longer on 

clayey soils). The optimum size of a tertiary unit 

is about 150 ha. or about 950 rai. 

ii. The size of the canals and structures (regulators,
 

gates, drops and culverts) should be kept within
 

sencible limits by using specific determinations
 

of crop water requirements and the soil characteris

tics to estimate capacities.
 

iii. 
 The area of land used for services which include
 

access and farm services roads, canals and drains
 

should be directly proportional to the size of the
 

canal plus the road width and height above field
 

level. The size of these services should be
 

directly related to soiltexture.. Optimum size
 

occur ia the median range.(that of stable soils).
 

However, the area us'ed for these services should
 

not 	exceed six to seven~percent.
 



iv. Land levelling is.beneficial for proper water
 

spreading over a paddy field. The amount of land
 

levelling will depend on the critical field level
 

(the highest fieldlevel in any group of fields)
 

and the water surface level in any group of fields
 

and the water surface level in the canal needed to
 

service that field., Where it may be necessary to
 

raise the canal bed' level too high above ground

level then an economicratio has to be considered
 

between levelling,the group-of fields and.con

structing thecanalin fill. The design require

ments of the tertiary unit concept does reduce
 

the amount of land Levelling required because of
 

the flexibility of canal and drain location and
 

the relation o.f the field levels to the invert
 

levels of the water regulators.
 

v. Extensive studies have shown that farm units
 

along field channels should be grouped together
 

into larger units. This approach allows grouping
 

of farmers in a way which provides for a more
 

efficient administrative organization and with fewer
 

officials. The. t.ertiary system with the lower
 

level quaternary units." or blocks) provides such
 

a grouped arrangement and this will contribute
 

to efficient maintenance and water control.
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vi. Efficient use of a limited supply of water depends
 

to a great extent on the method of distribution
 

and allocation. The method of regulation that has
 

proved most efficient for conditions prevailing
 

on most irrigation projects is the rotational 

method. The type of rotational supply method 

envisaged is the equal time rotation with the 

division of water limited to simple fixed ratios 

or open and shut type control rather than varia-,
 

ble control with variable ratios. This last form
 

.would be too costly and difficult to manage under
 

LNO conditions. The great advantage of the ter

tiary system is that'water apportionment can be
 

accurately and fairly controlled down to at least
 

a quarter of the nominal allocation and the control
 

interval can be very small. 
 This can range from as 

little as a twelfth of a day (control interval is 

the time taken to initiate water supplies) in 

unlined canals. Control intervals vary with the 

soil 
texture and the moisture conditions in the
 

surrounding areas. The tertiary system has been
 

developed around the rotational supply method.
 

However, a form of rotational supply can be pract

iced at a higher level along the secondary turn

outs in the early stages of the irrigation develop

ment until the farmer operators are trained and
 

become acquainted with the system and procedures.
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A. Basic Purpose of Tertiary Development - At LNO 

Basic principles of such a system and related criteria are
 

detailed below for use as a practical guide for the design of
 

Tertiary and Quaternary Units within the Lam*Nam Oon Project area.
 

They are tentative at this time, and they will be modified as more
 

information comes to hand.
 

The basic purposes of the tertiary'system is to provide for the 

two-fold objective of a less costly distribution net-work within the
 

farming unit groups adapted to the prevailing environmental conditions;
 

and a effective system for the efficient management of proper water
 

allocations to the farm units including,
 

1) Provision for the equitable distribution of water 

2) 

within the project area to qvery farmer, 

for 
Provision/the most efficient system at the least cost, 

3) Provision water for crop production over the entire 

annual growing season and,.
 

4) Provision for simplicity of maintenance to ensure con

tinuity of the water supplies.
 

Figure 0 provides the general outline of this system.
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Figure 0 

Secondary :Canal. 

N T . =0. 

Q 

Tertiary Canal. 

T.DB 
2 2 

(a) j J. . Sub - Tertiary (a.) 

Quaternary
 

canals (b). 

Uni2.Far I Form Units" 

(b) 
I I Fgb) -C 

Farm Units. (a) .a;, Farm Units. 

2 

I. 

TIO. Tertiary turnoul. Note that only, qatenary 
TDB. Tertiary division box. are accessable to farmers 
QOB. quaternary division box.. and deliver water tothe 
Q Canal capacit;* farmers. 

Schematic Diagram Of, the Terti,,.ry and
 

Quaternar.y Water Delivery System.
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B. 	The Principles of the Tertia'ry System - For 	LNO
 

1. 	The Tertiary System Defined
 

The Tertiary Unit forms 
the 	basis of the water manage

ment system and the 	 tertiary unit is sub-divided into 

the 	quaternary units. Each tertiary unit (or block)
 

consist of a number of pairs of quaternary units. 

of 
The operation and maintenance/the Tertiary Unit is
 

usually conducted under the auspices of a farmer's or
 

water user!s association by an elected representative
 

of 	 the farmers. 

Water is diverted into the tertiary canals from the
 

secondary canals and this 
turnout gate is controlled
 

by the project personnel. Water in the tertiary canal
 

flows into division boxes and into the quaternary canals
 

from 	which water is diverted into the farm unit through 

a simple small diameter pipe outlet of sufficient capa

city. This regulation is supervised by a farmer appointed
 

by 	the farmer's association.
 

2. 	Tertiary Layouts
 

Tertiary layouts can be classified by the lowest level at
 

which channel division,takes place, the. three basic lay

outs are,
 

a) Type I, no division and continuous flow.
 

b) Type II, division at subtertiary level.
 

c) Type III, division at quaternary level.
 

Each basic layout has advantages and disadvantages: 
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a. 	Type I. (Figure 1 and IA)
 

Most irrigation layouts are of this kind with varia

tions provided by placing checks in the canal 
to
 

raise the water level 
over the pipe outlets and
 

irrigation is continuous along the canal, water
 

being tapped directly into the farm unit. Water may 

be passed from, field. to field and on to an adjacent 

farm units. Selective irrigation is not possible 

with this layout and-it is not suitable for crops 

other than paddy. Uncontrolled and unrestricted
 

tapping of water is possible and will lead 
to poor 

allocation of water and inefficient distribution. 

Farm units furtherest fiom the water source do not 

receive the full allocation of water. 

b. 	 Type II. (Figure'2 and IA) 

The branching of canals occurs at sub-tertiary level
 

and the quaternary canals takes off from the sub

tertiary division boxes. 
At least one sub-tertiary
 

division box is required for each quaternary canal
 

though more than one 'can be used in 
some cases. It
 

does affect rotational supply. 
Direct access to the
 

tertiary canal is prohibited.
 

Equal time (E.T.) rotation is possible at sub-tertiary 

levels with simple open-and-shut division boxes, pro

vided that the sub-tertiary units are of equal 
area.
 

(or approximately equal area). 
 Equal time rotation
 

is not possible at the quaternary level with simple
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division boxes 
even with quacernaries of equal
 

area owing to 
the 	large variation in flow ratios.
 

However, where variable flow regulation may be used
 

then "Equal time" 
rotation and selective water
 

deliveries are possible. :Multiple channels running
 

in 	the same direction will occur in some 
topographic
 

situations and where soils are unstable the channels
 

must be lined.
 

c. 	Type III. (Figure 3 and 3A)
 

The lowest branching occurs 
at the quaternary level.
 

Tertiary canals branch to subtertiary and into
 

quaternary canals and usually one division box 
serves
 

two 
or more quaternary units (or blocks).
 

Equal time rotation can be prac'ticed at both the sub

tertiary and at the quaternary levels using simple
 

division boxes provided the whole area 
is divided
 

into groups at units of almost equal area.. Figure 4 Equal
Area Rule.
 
This more elaborate layout provides the most flexible
 

arrangement but there are 
some serious prdblems too,
 

i. 
It 	may be difficult to arrange the quaternary
 

blocks into pairs of about the same area. 
A
 

deviation of up to 
15% is acceptable providing
 

the control interval is not too 
small nor too
 

rigidly applied.
 

ii. 
 Depending on the topography, multiple channels
 

may Qccur along side each other and these channels
 

will have to 
be 	lined toprevent merging.
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Figure 4. 

Equal Area Rule. 
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1.Proportional distribution can be practiced for Continuous flow when 

TDBs aI 2 and QDB=qE)B-TDBI 2 . (Note TDB=T 3andODB=qB) 

2.Equal time distribution is only possible if all -the areas are equal, 

= A .when AI.A 2 A3 ,, [Q.aternary Unit creas] 

3.Similarly, Tertiary areas should be approximately equal to obtain equitable 
distri lution und regulation alon.g the Secondary canals, 
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d. 	 Compromise Type Systems For LNO 

However, in practice a practical compromise may be 

required between either of the three types of lay

outs. The most suitable to maintain realistic water
 

control would be Type II using simple fixed ratio
 

division boxez though this precludes equal time
 

rotation at the quaternary level. But, with varia

ble flow division boxes equal time rotation can be
 

.practiced providing the equal 
area rule is observed
 

(Figure 5). The kind of variation in division box
 

ratios required to allow rotation at the quaternary
 

level is shown in Figure 6 and in Table No. i.
 

(This diagram and Table is repeated in Appendix 1).
 

3. 	 Recommended Tertiary Layouts For LNO
 

The modified Type II layout is advocated for the condi

tions of the Lam Nam Oon project in the Land Consoli

dation areas. A slightly modified form of Type I but
 

including a limited numberof division boxes could be
 

used for the Dyke and Ditch areas.
 

4. 	Water Division Boxes
 

The division box is the central part of the tertiary
 

system providing the required regulation and appor

tionment of water. Two kinds 
are 	considered,
 

i. those that permit variable control and division
 

in any ratio. These consist of eitI.er manual
 

gates or automatic gates but these are costly and
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Figure 5. 

Schematic diagram of division box operation. 

.1F- -

2 Q "A 

3 3C) QA 3 
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4 

An example of a Type ri layout illustrating variations in box ratios 
permitting rotatio.n at Ouaternary level. See Table 1. 

,44-.



_____ 

Required Box Ratios.
 

Box NO I 1 
 "2 3 4 5 6 

Continuous open. A, A2 A 3 A,.closed A5 A6
. .. A A. A A4 -.-. A 6 A S .6 A 6 A 6 " C-

Rotations. 

1,2.3. Ail A C C C 

2nd  
4.5.i. C C C. A A,,,"--0 0 0 • AA5 6 A6 C
 
1,2. Ist At. A_ C C C C
_________-A2 C C_____ C 

23.d•n 2n c
"3-1 c A3
'.5-" A A4 C Cc -CT
 
rd C C
5,6. -r- C- C .A5.-0-..---
 A6 C
 

Range of ratios with approximately equal areas. Open = Ouaternary- canal. 
A 1 1: to 1:1. 
 Closed Sub. ter tiory canal.
 
A2 1 to 1 1.
 
A 3 1 to 11.
 
A 4 1 2 to 1 I.
 
A5 1 1 to -

A6 - -

Possible Rotations with Type 1I Layouts and Division Box Ratios. 
-I 

Table 1.
 



require constant maintenance, and;
 

;ii. those that limit division ratios to simple
 

fixed ratios, either open-or-shut, sliding
 

gates or flap gates.
 

The 	simple, proportional division is obtained by using
 

fixed width openings with constant crest heights. The
 

design of the control structures follow standard pract

ices and may be constructed of concrete or built of
 

masonary. The various kinds of division box designs
 

are 	given in Appendix 3.
 

5. 	Tertiary Canals
 

The capacity of the canals should be determined in
 

accordance with the unit watek requirements and the
 

distance from the source.
 

should
 
The unlined canals/be designed according to the regime
 

theory; that is, for,a state of natural equilibrium.
 

However, regime channels having a larger width-to-depth
 

ratio than that can be permitted. Because of this the
 

channels should be designed within a range of Froude
 

numbers and with limited tractive force related to the
 

kind of soils occurring within the project area.
 

The design of small channels based on the principles of
 

tractive force and Froude number limits are elucidated
 

in Appendix 4. A set of tables based on these princi

ples 	have been prepared for use at Lam Nam Oon.
 

6. 	Tertiary Drains
 

Tertiary drains must be provided so that surplus water
 

can be drained from the paddy fields. The capacity of
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such 	 drains will be determined according to the storm 

and/or rainfall characteristics and landform. The design
 

of the channels sections should comply with the recommenda

tions given in Appendix 4 (Part III).
 

The 	fact that the tertiary drains flow into secondary
 

drains and then into the primary drainage system must be
 

recognized. All too frequently this is not done and the
 

drainage system does not work. The design of drains
 

follows the principle that the system is designed from
 

the tail end, the primary drain end, up to the tertiary
 

drains.
 

7. 	Tertiary Layout Criteria 

The design of the tertiary layouts should follow along the 

lines set out in these criteria. 

1. 	Physical Features
 

(a) 	Ihe tertiary units should 2it onto the landform
 

of each locality,
 

(b) 	the units should be bound by existing road,
 

natural drain and canals,
 

(c) 	in principle the system should be superimposed
 

on to the natural features of the locality and
 

not forced into it. If this happens, excess
 

land modification will be required. 

2. 	Tertiary and Quaternary Unit Sizes
 

The size of these units will vary from place to place,
 

depending on landform, soils, and the cropping pattern.
 

The following limits have been found to be practical
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for 	wet paddy and careful study of the project area 

would indicate that this applies 
to upland crops in
 

the area.
 

(a) tertiary units should not 
be less than 500 rai
 

(80 	 ha) and should not exceed 625 rai (100 ha) 

while the maximum should never exceed 950 rai 

(150 ha). 

(b) quaternary units should not be less than 60 rai
 

(or 	10 ha) nor longer than 125 rai (20 ha).
 

These size limit should meet with these basic
 

requirements:
 

i. efficient water control and allocation.
 

ii. social aspects of 
water user associations
 

or farmer groups.
 

iii. the physical features of the project area.
 

3. 	Canal Lengths
 

The 	length of the unlined tertiary canals in the
 

unstable soils of Lam Nam Oon should not exceed
 

1000 	metres, while quaternary canals should not
 

exceed 300 metres.
 

4. 	Canal 
to Drain Distance
 

No field should be more 
than 300 metres from the supply
 

canal, 
nor should the distance from canal 
to drain be
 

more than 300 metres.
 

5. 	Structures
 

The number of structures required should not exceed
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Terciary :urnoucs/division boxes 1 per 50 ha.
 

Quaternary/division boxes 
 1 per 25 ha.
 

Bridges and syphons 1 per 33 ha.
 

Earthworks not to exceed 
 100 m300a.
 

(including levelling)
 

6. 	Multiple Channels
 

Multiple channels are unavoidable but they.should
 

be used as little as possible even if it means
 

using an additional structure.
 

7. 	Roads
 

Three levels of roads should be used within the
 

tertiary units.
 

(a) 	access roads: these roads are really roads
 

constructed under the project auspices
 

(b) 	roads along tertiary canals should not be
 

wider than 3.0 to 3.5 metres; wherever possi

ble roads should be made narrower, only to take
 

light motor vehicles and farm tractors. Circuit
 

roads or layby's should be used to allow for the
 

overtaking of vehicles. rather than making roads
 

excessively wide.
 

(c) roads along quaternary canals should not exceed
 

1.5 to 2.0 metres to provide access for light
 

farm tractors and motor cycles
 

(d) 	bridge/culverts should be provided over canals
 

(e) 	road crests should not be more than 0.5 m.
 

above the mean paddy height.
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. Land Used for Services
 

The area of Land taken up by canals roads a:d
 

structures will depend greatly on the landform,
 

soiLs and land use but.
 

(a) 	canals, together with' tertiary roads should
 

not exceed 40 to 50 metres per ha.
 

(b) 	the total area taken by services should not
 

exceed six percent of the net irrigated area
 

or this may be the gross area contributed by
 

the farmers under the Land Consolidation Act
 

and limited to 77 under this Act.
 

Note that specific design criteria for canals, drains,
 

roads and various kinds.of structures will be given
 

in the relevant Appendice dealing with these aspects
 

of design. This Technical.Note only deals with the
 

design of tertiary layouts.
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A. 	 Introduction 

Part III, is intended to provide a..practical guide for the 

design of Tertiary and Quaternary units using the criteria given
 

in Part II.
 

The 	guidelines given here should b.e used as the basis for the
 

design of the tertiary layouts. It should' be understood that each 

and 	every site or location will be different one from the other and
 

problems concerned with design have to be solved within the 
context
 

of that locality according to the soils, the topography and other
 

such natural factors. Further, within an irrigation area one unit
 

is directly related to the other by virtue of the supply of water
 

and it's continuity throughout the projec.t.
 

The prime principle of tertiary design is to "fit the system"
 

onto 	 the prevailing landform of the farm or field and not into the 

fields and change the landscape to fit the system.
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B. 	Maps and Plans
 

The first activity in designing an irrigation 
layout is to
 

produce maps of suitable quality 
and
 

to
have available, if not, 


for producing good quality
The 	most suitable means 
realiabilitY. 

correct
 

maps is to use aerial photography 
and the equipment used to 


field surveyor
However, the 

in the photographs.
and eliminate errors 


the field,
 
cannot be eliminated from the measurement of details 

in 


elevational measurements 
and obtaining cadastral records.
 

Experience has shown that the design of irrigation layouts
 

a very high standard of mapping 
and surveying, though the
 

requires 


The ideal base
 
intensive than exacting. 


surveying required is more 


is, of course, the controlled or rectified 
aerial photo mosaic.
 

The technique of field levelling 
using the mosaic has been 

per

are themthe 	fields
the 	pattern of 

fected. In developed paddy areas 


In this case a point level 
is
 

a locational control..
selves used as 


taken in the middle of each paddy 
and the level value recorded 

direct

be more efficient and
 
This 	method has proved 

to 

ly on the mosaic. 


the survey work and .results 
in a very suitable map for
 

speeds up 


planning.
 
phases,


can 	be divided into two 

The production of maps and 

plans 


the production of maps
First phase, includes
i. 


docuof contractthe preparationand 	 plans for 

the 	Preliminary
 
ments and these are referred.to 

as 


Drawings.
 

the correction and alteration 
of the
 

ii. 	 Second phase, 


course 
of the
 
preliminary drawings during 

the 


then referred
these are 

construction of the works, 
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to as the Final Drawings.
 

The preliminary drawings forming the contract drawings are the 

detailed design maps and drawings.
 

the existing situation
i. 	 The future layout with 

and the proposed tertiary layouts, compiled from
 

the Base Map and referred to as the Detailed Lay

out Plan, drawn to a scale of 1:4000.
 

ii. 	The drawings showing the details of the layout are,
 

a) the tertiary and quaternary canals profiles,
 

b) the details of the divisionboxes.
 

c) 	other structures, culverts, syphons and drop
 

structures.
 

iii. Standard drawings of various kinds,
 

a) tertiary canal cross-sections (with roads).
 

b) quaternary canal. cross sections.
 

c) tertiary drain cross sections.
 

The design drawings of higher order drains may be combined 
with
 

these drawings where this is considered necessary.
 

the Base .Map has. all the final
It should be noted that once 


layout detail drawn on it becomes the Detailed Layout Plan and (ii)
 

and (iii) above are referred to as the Detailed Tertiary Unit Layout
 

and Design Drawings.
 

Aerial Photo Mapping 

a. 	Controlled Mosaics
 

a very high standard of
Tertiary design requires 


base for the mapping is the
mapping. The ideal 


controlled mosaic and combined with ortho-rectifi
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can 	be produced with
 cation, paralla:x-free mosaics 


rectified
 
great clarity and definition. Mosaics or 


The scale required. for
 
air photos should be-used. 


to 1:4000.
 
the design at layouts is from 1:5000 


- clear transparent mosaics from which
 
Diapositives 


can be made - should be used for
 
dye-line prints 


making the base mapsandfor recording the 
field
 

survey work.
 

b. 	Cadastral Detail
 

farms and villages bounda-
The 	position of fields, 


the
 
ries and other physical data is clearly shown on 


the
 
The plot registration numbers and 

even 

mosaic. 


the mosaic.
 name can be written on to 
owners 


c. 	Topographic Detail
 

tertiary lay-

Topographic detail that is required for 


or 0.5 metre
the contour lines at 0.25 
out design are 


The use of a contour intervals 
as close as
 

interval. 


really hypothetical and does not 
improve accura

0.25 is 


lines mainly "guides the

The contour 


eye" and the spot levels will be used for 
closer engi-


Thus, the spot heights should be
 

cy at this scale. 


neering design. 


accurate.
 

d. 	Common Errors in Mapping
 

Errors and mistakes that occur on mosaics and base
 

maps are:
 

not 	correspond..
two 	mosaics do
i. 	boundaries between 


not correct and the scales
 
ii. the rectification is 
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between two mosaics are not constant, 

iii. 	 grid lines are noc correctly annotated,
 

iv. 	 wrong bench marks used as reference points
 

resulting in erroneous level reductions and
 

contour designations,
 

v. 	topographic details incorrectly identified,
 

vi. 	 arithmetic errors in level reductions,
 

vii. 	 drafting errors showing level values wrongly
 

entered on map, wrong names used, wrong coor

dinates and map reference numbers.
 

The general rule implies that the fewer times a map is
 

reworked and entries made on it the more accurate the
 

final product will be.
 

2. 	Design Drawings
 

The tabulation in an upcomingTechnical Note on survey
 

procedures will indicate the difference between the
 

mapping procedures recommended and those used at present
 

at Lam Nam Oon. The recommended mapping and plan pre

paration procedure would reduce the total time needed to
 

produce the map and the finished design drawings which
 

would reduce costs, improve-overall accuracy and speed up
 

the output of maps and design drawings.
 

In this procedure the preliminary drawings consisting of
 

the detailed design drawings can be divided into two parts
 

and these will form the first phase of the preparation of the
 

design drawings, comprising of:
 

a. 	 the base maps on which is compiled all existing informa

tion. This is used for the layout of tertiary and
 

quaternary system;
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b. the detailed design maps and drawings that will
 

be used for construction and form part of the
 

contract drawings.
 

a. The Base Map
 

The base map forms the basis for the design of the tertiary
 

and quaternary layout. However, the primary and secondary
 

canal system must be shown on this map particularly
 

the hydraulic details at each tertiary turnout, the 
full
 

supply level and the canal invert levels.
 

b. Base Map Preparation
 

The size of the base map should be of a standard size up
 

to 1000 by 1250 m.m. 
this being the largest convenient
 

size, though smaller standard sized drawings may be more
 

convenient to handle say 850 x 1000 m.m. Hence, the pro

ject area should be divided into such map units. Photo

mosaic sheet divisions should not be used as they are too
 

small to show contiguous areas making it necessary to
 

constantly refer to adjacent sheets or photos and this
 

leads to inaccuracies and a waste of time.
 

The compilation of the Base Map sheets should include the
 

following details taken from the photo mosaic and drawn
 

on transparent calque* though; preferably transparent dis

positive sepia prints should be used 
for the compilation
 

of the Base Maps.
 

Transparent calque, material such as Kodatrace,or similar polyester
 
film.
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i. 	The coordinate grid or graticule should be the
 

same as that used on the photo - mosaics; and
 

at the same scale, viz 1:4000.
 

ii. 	The spot heights should be shown.
 

iii. 	 The contour lines are drawn in at 0.5 or 0.25
 

metres.
 

iv. 	 Detail all roads, viilage boundaries, public
 

land, forests, the natural drainage; and ponds
 

or lakes.
 

v. 	Detail the primary and secondary conveyance
 

canals, structures, the full supply level and
 

the invert leVel at all off takes, drop structures,
 

culvert and syphans should be Shown in box labels.
 

vi. 	 Where diapositive sepia-prints are used to com

pile a standard sized sheet, great,care wust be
 

taken that the edges of each of the mosaics
 

correspond exactly without overlapping.
 

Once the Base Map sheets have been compiled and checked,
 

a set of dye-line prints are made from the map and the
 

preliminary Tertiary Unit layouts are then sketched.
 

When completed on these prints the final tertiary and
 

quaternary layout details are then transferred back
 

onto the original Base Map., and this Base Map is now
 

referred to as the Detailed Layout Plan. This would
 

complete the detailed layout of the tertiary units.
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c. 	 Detailed Design,DrawLngs 

The Detailed Design Drawings form part of the tender 

documents; the schedule of materials taken from
are 


these drawings and the construction will be based on
 

the designs shown on these drawings.
 

A complete set of these drawings form the basis of the
 

Preliminary Design Drawings. Once the construction
 

work is underway.and as the work proceeds so the designs
 

are 	changed to suit the exact field conditions the
 

Preliminary Designs are changed to the Final Designs.
 

All 	the drawings pertaining to a tertiary unit will be
 

bound together in 	a single volume and shall form the
 

primary part of 	the contract documents.
 

3. 	 Preliminary Tertiary.Design Procedures
 

Though the preliminary design procedures follow common
 

engineering and 	drawing office procedures it needs not
 

be 	necessary to repeat these here. However, a step by
 

step procedure covering all the activities will be given
 

in order to follow both the preceding section and the
 

following sections.
 

I. 	Base Map Compiled from mosaics including all
 

specified detail drawn on standardlsheet
 

at a scale of 1:4000. Base map is taken
 

.to 	 be a diapositive transparancy. 

2. 	Base Map : Spot levels drawn in and additional data
 

from field survey added.
 

3. 	Print of
 

Base Map : (1) drawn in contour lines.
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(2) 	plot alignment of primary and
 

secondary canal system.
 

4. 	Base Map Transfer (3) to Base Map sheets 

5. 	 Print of 
Base Draw in preliminary layouts of the tertiary 

and quaternary system, check layout, measure
 

areas and finalize.
 

6. 	 Base Map Transfer details 5 to Base Map. 

7. 	Print of
 
Base 
 Commenc6 detailed design of tertiary system.
 

Design procedure for tertiary units 

i. 	measure size of tertiary and quater

nary units.
 

ii. 	 designate tertiary and quaternary
 

units, canals and drains
 

iii. calculate rotation time schedules
 

iv. 	 preliminary calculations for water
 

levels in division boxes.
 

v. 	check all calculations
 

vi. 	 trial longitudinal profiles of canals.
 

vii. check profiles and boxes.
 

viii. finalize profiles and details of
 

division boxes and other structures. 

ix. 	 prepare all required data tables.
 

x. 	complete drawings Tertiary Unit Layout
 

and 	now called Detailed Design Drawings.
 

xi. 	 transfer planimetric details of canals
 

and 	 structures to Base Map. 
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. Base. Map Baste 	 map ,s .'!"W .d a6 Lhe 

Detailed Lavout 
Praii.
 

9. 	 Print of 
Detailed
 
Layout Plan 
 Design procedure 
for 	tertiary, drains
 

i. designate all drains. 

ii. 	 calculate drain discharges from
 

rainfall and surplus irrigation
 

water. (use pro-forma). 

iii. plot longitudinal profiles of
 

drains.
 

iv. 	 design required structures.
 

v. 
check all calculations and drawings
 

vi. 	 finalize design.
 

vii. transfer details to Detailed Layout
 

Plan.
 

10. 	 All Plans 
 i. check all Plans
 

ii. 	 number all drawings
 

iii. 
 compile the Detailed Tertiary Unit
 

layout and Design Drawings and bind
 

together
 

iv. 	 prepare all contract and tender
 

docuuments.
 

This 	completes the procedures required to arrive at the 

final designs of tertiary systems. 

4. 	Final Drawins
 

The 	 second phase covers the design activities during the 

construction of the project. The layout will be staked out 

in the field and both longitudinal sections and cross sec' 	ons
 

_ol. 



will be taken of the canal and drain alignments and of the
 

structures. The preliminary 'designs will be adjusted and
 

modifications made on 
the basis of the field work, taking
 

into account detail unforeseenduring the previous surveys.
 

This includes such matters as religious objects, sacred
 

ground, physical obstructions and cadastral changes.
 

The 	steps taken in the course of this second phase are:
 

1. 	The tertiary and quaternary canals and drains are
 

staked out according to the Layout Plan.
 

2. 	The pegs or beacons are located at 50 m. intervals
 

or closer on curves or 
through rough terrain.
 

3. 	Structures are located and the field levels checked
 

against the design.division box invert levels. 
 Where
 

land levelling has been carried out 
the it&vert levels
 

will have to 
be adjusted to coincide with the new
 

critical field levels.
 

4. 	The canal bed slopes may have to be adjusted to coin

cide with adjusted division box invert levels.
 

5. 	Cross section are 
taken at each peg and then are plotted
 

on 
the design cross sections and the differences in the
 

cross sectionals calculated and the earth volumes are
 
adjusted accordingly.
 

6. 	Any realignment of canals 
or drains are carefully plotted
 

on 
the Detailed Layout Plan and designated Final Detailed
 

Layout Plan. Such changes should also be made in the
 

Detailed Tertiary Unit Layout and Design Drawings 
as
 

well once corrections have been made. 
 "Final" is added
 

to the title.
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C. 	 Detailed Layout Design of Tertiary Lnits 

The 	design criteria given in Part. II will form the 
basis of
 

the design of the 
tertiary layout.. Specific design factors such as
 

unit water requirements, drainage coefficients and canal design
 

details will be discussed in the relevant sections.
 

i. 	General Layout Principles
 

The Tertiary Unit forms 
the basis of the water management
 

system. The regulation of water to 
the farm unit can
 

take place at the Secondary Canal turnout, at the Sub

tertiary Turnout or at 'the Quaternary Turnout. In the
 

early stages of project operation regulation will in all
 

probability, take place at 
the secondary turnout, as the
 

farmers become more proficient in water use and their
 

organization is more 
effective regulation can take place
 

at the Quaternary Turnout level. 
 Thus, the design allows 

for different levels 'of reguLation without subsequent 

modification and additional construction. 

The tertiary unit boundaries are defined by natural drain

ways, roads or arbitarily set boundaries. The size of the
 

unit varies is size from 500 rai 	 to 950 rai, but ideally 

should beabout 625.rai.
 

The Tertiary Unit is sub-divided into pairs of Quaternary
 

Units of almost equal 
area. This requirement is needed
 

for proper rotational water management. The units range
 

in size from 60 rai up to 
125 rai, however, smaller units
 

may b'e use if this is considered necessary.
 

The 	water supply to the tertiary unit is regulated at the
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tertiary turnout or farm turnout located at the primary
 

or secondary canal. 
 The flow of water is measured by means
 

of a constant head 'orifice (CHO) turnout or 
some similar
 

measuring device. From the off-take it flows through the
 

tertiary canal to the quaternary division boxes into the
 

quaternary-canal. 
 Because of-the farm layout pattern or
 

the landform it may be necessary to divide the tertiary
 

canal at some point into 
two canals forming sub-tertiary
 

canals.
 

Each farm unit will have an outlet from the quaternary
 

canal located at a highest point of the farm. 
As the
 

farmers become more proficient in on-farm water manage

ment, that is conveying water on the farm unit and proper 

water control for crops, other than wet paddy, farm laterals
 

will be required to convey water about the farm unit. Water 

will be diverted to 
the farm unit through suitable pipe
 

turnouts or even the use of preformed rigid plastic syphon
 

pipes. The discharge of water 
from the quaternary canal
 

to the farm unit will be regulated by raising the water sur

face by means of check gates. Surplus water will be dis

charged into the tertiary drains.
 

Tertiary drains will be designed to 
provide for draining off
 

surplus irrigation water and for storm run-off drainage.
 

The tertiary drains discharge into secondary drain that
 

have been improved or canalized and finally into the main
 

river system.
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2. 	Lavout Design Criteria
 

The layout design criteria closely follows 
the criteria
 

in Part II.
 

i. 
Each 	tertiary unit should have a separate 
turn

out, with a measuring device on 
the secondary
 

canals.
 

ii. 	 The tertiary and quaternary canals should fallow
 

along farm boundaries as 
closely as possible with

out sharp, abrupt bends. 
 Limited farm boundary
 

adjustment will be needed to accommodate canal and
 

drain locations.
 

iii. The net irrigated area within the tertiary unit
 

should not be 
less than 94%. (services areas*
 

should not exceed 7%).
 

iv. 
 The 	dimensions of the canal will be calculated by
 

means of the procedure given in Appendix 2.
 

v. 
The 	length of unlined tertiary canals should not
 

exceed 1000 m. in light sandy soil and 1750 m. in
 

heavy clay soils.
 

vi. Quaternary canals should not exceed 300 m.
 

vii. 
 The width of access or farm roads shall be 
as
 

follows:
 

Tertiary canals 
 3.0 3.5 m.
 

Quaternary canals 
 1.5 - 2.0 m. 

Main access roads 4.5 	m.
 

viii. 
 Roads along tertiary and quaternary canals shall be
 

0.5 	m above average field level.
 

Service areas 
refers to areas 
taken up by canals, roads and
 
structures. 
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ix. 	 Water will be discharged into farm units through
 

pipe outlets of standard diameter under a speci

fic head. Alternatively, syphon pipes may be
 

used. Details of the farm outlets will be given
 

later 	technical notes.
 

x. Farm outlets shall be located at the highest point
 

of the farm unit next to the quaternary canal.
 

xi. Tertiary drains shoul.d not be more than 300 m.
 

from other quaternary canals and ideally about
 

250 to 300 m.
 

xii. All farm units should drain directly into a drain.
 

xiii. 	 Drain capacity shall be determined by means of the
 

procedures to follow.
 

3. 	Detailed Layout Procedures;
 

The detailed design procedures in the preceding section will
 

be applied in the development of layout of the tertiary
 

system. The layout procedure will be described in detail
 

and is divided into two steps'.
 

4. 	The First Step
 

A print of the Base Map, at a scale of 1/4000, which has
 

both 	the contours and spot heights drawn on it is to be
 

used. 	The natural drainage lines are shown on the air
 

photos 	and transferred to the Base Mp. On the first trial,
 

the 	Tertiary Unit boundaries are sketched in for contiguous
 

areas on a single sheet once these have been completed then
 

areas across the edges 'of adjacent sheets should be .completed.
 

After carefully checking the. layout of the tertiary unit
 

boundaries the areas are measured with a planimeter and
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checked that zhe areas do not exceed the limits speci

fied in the criteria. The tertiary units are then
 

divided into pairs of quaternary units and again plani

metered and the areas obtained checked again.
 

In the course of demarcating the respective boundaries
 

the general alignment of the tertiary and quaternary canals
 

together with the position of division boxes, culverts and 

spillways 
are noted and lightly marked in on the 
base map.
 

Special attention must be given to the location of drains 

and specifically the outlets 
from the tertiary drains into
 

the secondary drains and ont 
the primary drains. The
 

Golden Rule in designing any hydraulic structure such 
as
 

canals and drains is 
to startat the tail end and work
 

back to 
the head. (Most water management problems occur
 

in the tail sections because of inadequate design).
 

Once satisfied that the layout complies with 
the criteria
 

and that the areas are correct and the 
tertiary boundaries
 

are properly demarcated, they are "firmed in" 
on the base
 

map.
 

Finally, the tertiary and quaternary units are designated
 

with appropriate nomendature.
 

This completes the first step in. the completion of the
 

Detailed Layout Plan.
 

5. The Second'Step
 

Having completed the Detailed Layout Plan a copy of each
 

individual tertiary unit 
is obtained either by "blockinA
 

out" the area using a mask or by tracing off the area 
from
 

- 67. 



the DetaiLed Layout Plin. The method of making dye-line 

sepia transparent prints is expensFive but 
it is more
 

accurate and less time-consuming than having 
to retrace
 

each unit on a separate sheet. These drawings 
are made
 

on 278 x 570 m.m. size drawings. T e detailed layout of
 

each tertiary unit proceeds in the order shown in 
the
 

following listing.
 

I. Check the demarcation of the 
tertiary unit boundaries
 

to ensure that they follow the required criteria and
 

the drainage lines should be carefully checked too.
 

2. Mark in (in colour pencil) the maximum spot height in
 

each farm unit; this will be the critical field level.
 

Where fields are to be levelled the final level after
 

land levelling must be used.
 

3. Check full supply level and invert level of the supply
 

canal at the turnout.
 

4. Sketch in the tertiary canal alignment follow along the
 

high ground, allow sufficient slope for losses and a
 

value of .0005 m. per m.may be used for a preliminary
 

estimate and following along farm boundaries.
 

5. Align quaternary canals along farm boundaries allowing 

for an outlet at the'highest position on each farm unit.
 

6. Realign farm boundaries and adjust areas to obtain equa

lity with original areas.
 

7. Calculate required water level in tertiary division boxes
 

using standard form in Table No. I. 



1 to
8. 	 :heck all calcu.ations and procedures Irc- 7. 

9. Craw up system diagram. "firm in" allc2ral aliiqcn:nt3 

Llengths, discharges and.desIgnations (see 	Appendix 


for each quaternary unit
10. 	 Estimate wa:er delivery rates 


from the curves for preliminary estimates using the,
 

Tega. Curves in Appendix 4.
 

for the auaternar11. 	 Calculate the rotational time schedule 


sic. 100%, Q 75
 areas at different delivery levels; 


Q; 50% ; & 23% Q. (see Appendix 1). Use 	average capacity 

rather than maximum capacity.
 

12. 	 Calculate canal dimensions enter into tabulation ahd
 

showing water level elevations as shown in Table No. 1 

and using the methods for calculating the flow irn channels
 

given in Appendix 2.
 

13. 	 Compile division box tabulation showing dimensions ;f 

boxes, the outlets and water level elevations abo.e L.-x 

invert level, fill in data on Table No. 3.
 

to
14. 	 Check all calculations and tabulations from 9r 13.
 

15. 	 Plot longitudinal profiles of tertiary and quaternarV
 

canals taking details and elevations from the spr

between the turnout anheight map. Note that each canal 

the division box and between division boxes and spilwa.:s 

are shown on a separate drawinqs.
 

Once the location of the canals and structures ha-;e heean
16. 


finalized the drawings can be finished.
 

17. 	 Prepare all the Tables and check the data.
 

Transfer the tertiary canal alignments to the base map.
13. 
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19. 	 Estimate drainage discharge coefficient using curves.
 

for 	each tertiary area and calculate the discharge
 

from each of the areas.
 

20. 	 Calculate capacities of the drainage channels and 

enter dimensions in Table No. 4 using methods given
 

in Appendix 2.
 

21. 	 Check all Calculations
 

22. 	 Plot longitudinal sections of drains and cross
 

sections.
 

23. 	 Review all preliminary layouts and designs.
 

24. 	 Finalize all profiles and sectiov:- of tertiary and
 

quaternary canals and structures and complete all
 

drawings.
 

25. 	 This now completes Detailed Tertiary Unit Layout and
 

Design Drawings and the following drawings will be
 

bound into a set of drawings, containing the following
 

for each tertiary unit
 

i. 	Rotational time and quantity calculations, Table 2.
 

ii. 	 Map of existing situation with contours spot 

heights, farm unit boundaries and other 

necessary detail. 

iii. The new layout with canals, drains and structures.
 

iv. 	 The layout showing position of cross section of
 

canals and drains.
 

v. 	The longitudinal sections of the canals and drains.
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vi.. Cross sections; taken at least every 5,o n. of cana-s 

of drains. 

vii. Details of all the structures and -he tables used to 

draw up the designs,
 

Table N1o. 1 Quaternary Division Box Calculations 

Table No. 2 Rotational Times & Quantities(see .\:?endi:: :.J 

Table No. 3 Details of Division boxes 

Table No. 4 Tertiary Drain Calculation 

26. 	 Transfer detailed layout to Detailed Layout Plan,
 

i. Final boundaries of tertiary and quaternary unit,
 

ii. Alignment of canals and drains
 

iii. Location of structure- and roads
 

iv. Realignment of farm boundaries.
 

27. Measure up all quantities taken from the Detailed Tertiar-.-

Unit Layout and Design Drawings; compilations.
 

28. Compile Quantity Schedules on standard format and calculate 

costs for 	estimates. 

29. Compile Tender documents
 

i. Schedule of Quantities (if required)
 

ii. Specifications
 

iii. Conditions of Contract
 

Note that a complete set of all drawings and standard forms for
 

each Tertiary Unit are bound together with covers on which the
 

titles give the full details of the Project, the Tertiary unit
 

number and location, are printed.
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D. Design of Quaternary CunaLs 

Please note that the design of' all hydraulic. conveyance systems
 

begins at the lowest point, hence, the design of quaternarv canals
 

precedes tertiary canal design.
 

The quaternary canal begins at the division box located on 
the
 

tertiary canal and each division box outlet may supply water to 
one or
 

more canals. It should be noted that quaternary canals can be sub

divided but this may complicate the water distribution procedures.
 

I. Structures
 

ted
 
There is a limit/number of structures on a quaternary
 

canal, namely,
 

a. aquaducts or flumes for crossing drains,
 

b. culverts for crossing roads,
 

C. drop structures to' be used when the land slopes.
 

excessively,
 

d. check structures to raise the water surface in
 

the canal over the farm outlets.
 

2. Division Box Water Levels
 

The water level in the division box on the tertiary canal 

can be derived in the following manner, where. 

Q.C. level = a + b + c + d + e + f + other losses. 

a = critical field level, expressed as a reduced level 

b water layer depth on field (design depth), 0.15 m.* 

c = head loss through the farm outlet (the depth of 

the water surface in the canal over the outlet), 

taken as 0.10 m.*
 

d = canal conveyance losses, which may be taken at .0005 

m/m for roughly estimating the depth.
 

Alternative values may be used.
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e = head loss for each additional structure along 

canal, .05 m each..'. 

f = head loss through.the -division box outlet taken 

as 0.10 m.* 

= (other values may be used) 

Thus, the losses along the quaternary canal (Q.C.) at the 

division box is Q.C. level = a + d + .40 

3. 	Critical Field Levels
 

The individual paddy fields within each farm unit have
 

a specific elevation or level that the supply of water
 

has 	to reach at that point'and that level is referred
 

to as the Critical Field Level.
 

Of course, where paddy fields are to be levelled then
 

a mean field level is determined and referred to as the
 

Design Critical Field Level.
 

If the case arises where a single paddy is much higher
 

than the other paddies, then the mean paddy height may
 

be used instead and levelling of the high paddy may be
 

required.
 

4. 	Calculation Procedure
 

The calculation of the water levels in the division box
 

and the quaternary canal can he done by using the standard
 

format in Table No. 1.
 

Column 1. Designation of the canal
 

" 	 2. Ihe length of the canal, from division box 

up to the drain. 

3. 	Critical Field level
 

Alternative values may be used.
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CoLumn 4. 	 Distance from the farm unit with the critical 

field level up to the division box .(it may 

include a 	section of the tertiary canal to
 

the 	 furtherest-downstream box). 

5. Minimum headloss i.sthe minimum slope multi

plied by 	 the distance in Column 4. 

6. Division box downstream water level is the 

Critical Field level plus water-level plus
 

headloss over the farm outlets plus the head

loss through the division box.
 

7. 	Minimum required water level in the division
 

box, the box headloss is 0.10 m. and additional
 

losses for 	each structure has to be added to 

the value in 	,Column 6, the value required for
 

tertiary canal design has to be underlined.
 

8. 	Division box ground level elevation is entered
 

in this column.
 

9. 	Final water level. The water levels that are
 

not critical for the. calculation of the box level
 

can 	be raised or lowered to avoid unnecessary
 

excavation.
 

" 	 10. Designation of the'division box which is selected 

for the design water level is underlined. 

" iU1. 	Remarks.
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E. 	Detailed Design of the Tertiary Canals
 

The detailed design of the tertiary canals consists of plotting
 

out the natural groundline, ascertaining the required.capacities and
 

then designing the water surface profiles and cross sections.
 

i. 	Longitudinal Profiles
 

For the preliminary layout, the data for. the longitudinal
 

profiles are taken from the spot heights on the Detailed
 

Tertiary Unit Layout Drawings-. The scales selected for
 

the horizontal and vertical distances should be 1:2000
 

and 1:50 respectively. All the relevantdata such as
 

canal dimensions, flow data,.box location and the water
 

level of each box taken from-'the quaternary Canal &
 

Division Box Calculation Schedule. Table No. 1.
 

2. 	Canal Capacities
 

Th' capacity of tertiary canals varies with the area to
 

be irrigated and that is the unit irrigation requirement
 

for the net irrigation area plus conveyance losses. The
 

canal capacities may be estimated by means of the Tegal
 

Curve included here. To obtain the tertiary capacity
 

the areas of each of the quaternary units are used to
 

determine the required coefficient for estimating volume
 

of 	water to be supplied and multiplying by .the unit water
 

requirement, the products are summed to get the total
 

capacity of the tertiary canal at the turnout.
 

The alternative procedure is to determine the capacity
 

of the canals by means of the.Rotational procedure
 

descrioed in the Appendix I. However, the unit water
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requirement 
is based on the crop water requirement
 

which depends on the localiclimatic.conditions and
 

includes conveyance'losses and diversification of
 

distribution throughout the paddy system.
 

3. Profiles and Sections
 

*Water Profiles
 

The design of the full supplywater surface profile in
 

the tertiary canal is worked "backwards" from the down

stream quaternary box and up to the turnout at the
 

secondary canal.
 

To determine the full suppl.y level, not only is the
 

division box water level 'required but also the construction
 

of the tertiary canal, whether it will be in out or 
in fil'l.
 

It will be necessary to design the canal 
so that a minimum
 

of the canal will 
be in fill such that the need to compact
 

embankments will be kept to a minimum. It will not always
 

be possible to comply with this requirement of maintaining
 

the water levels in the most' favourable situation.
 

The design of the longitudinal profile 'of the tertiary
 

canal (or quaternary canals) is, a compromise of balancing
 

the division box water levels and the construction require

ment to keep the canals in-fill to a minimum. This can only •
 

be accomplished by trial-and-error or repetitive remarking
 

of the channel design until the required balance has been
 

obtained. The easiest way 
to begin these designs is, first
 

of all, to connect the maximum division box wat.er levels
 

and then calculate the slopes, then plotting these slopes
 

on 
section paper together with the ground-level profile
 

- 76_ 



aad 	comparing the full supply line to the ground-level 

profile. It will be clear how much "drop" should be 

allowed below or downstream of the division box and at
 

what location between the boxes 
addition drop structures
 

will be required.
 

The following details should be observed in the design of
 

profiles and sections.
 

1. 	The minimum head loss allowed in the division box
 

is 0.10 m.
 

2. 	The maximum drop below a division box should not
 

exceed 1.0 m.
 

3. 	For canals without roads 
the invert level should not
 

be more 
than 1.0 m below ground-level.
 

4. 	For canals in fill, together with a road along 
the
 

side, constructed in compacted fill, 
the water level
 

should not be more 
than 0.25 m above ground level.
 

5. Where the provisions of (4) above cannot be complied
 

with the canal in-fill should be lined.
 

6. 	The bottom width of the channel should be standardized
 

if possible but not 
less nor exceed the width of the
 

excavator bucket in use; 
however, where larger flows
 

would indicate using a wider bottom width then the
 

equipment must be changed and not resort to 
excavating
 

deeper channels.
 

Costs of using additional drop structures should be balanced
 

against 
the 	cost of additional excavation.
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4. 	 Cross Sections 

The dimensions of channel cross sectioris are usually cal

culated. by using the Manning or.Stricker equation. However, 

the 	velocity factor should be' based on limitations related 

to a range of Froude numbers and the channel section and
 

bed slopes within the limits of the tractive force related
 

to the soils in which the channel is excavated. The details
 

of using this method will be given in Appendix 2, Channel
 

Designs.
 

The velocities in unlined channels should not exceed 0.50 m/
 

second to avoid erosion and not less than 0.2 m/second to 

prevent sedimentation of the canal. These limits may be 

reviewed according to the soils of the locality.
 

Usually a side slope of i toA
Iis used but with unstable 

course texture, non-cohesive soils 1 to l or even I to 2 

sides may be required for 'some soils allowing that stable
 

channels require less maintenance. However, channels with
 

flatter side slope will 
take up more land.
 

The freeboard should not exceed the limits given here.
 

Flow (Q) Freeboard
 

150 ips. 0.20 m.
 

';l50 Ips. 0.30 m.
 

The minimum-depth of water 
in the canal will vary according
 

to the flow required but it should not exceed.the minimum
 

.division box water depth.'
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F. 	Detailed Design of Tertiary Drains
 

1. 	Tertiary Drains
 

Tertiary drains convey excess water irom the farm unit
 

to the secondary drains and on to the main drainage 

sys tern. 

If the invert levels of the drain are related to or 

"fixed" into a drain invert level lower down, which 

should be the case for proper design, then in this 

situation the normal procedure would be as follows. 

Start plotting the longitudinal profile of the drain 

and then calculate the required cross section according 

to the required capacity and available slope and then
 

plot the invert levels based on the downstream invert
 

level.
 

The calculation procedure for ascertaining the required
 

design data is shown on the following pro-forma Table No.
 

2 the heading are given below
 

Column I. Drain designation.
 

2. 	Drainage area in rai.
 

3. 	Drainage discharge from rainfall taken
 

from curves or tables in l.p.s.
 

4. 	Drainage discharge including surplus
 

irrigation water discharge in l.p.s. and 

volume noted in remarks column. 

5 & 6. Upstream and'downstream ground levels along
 

the drain profile, usually the levels close
 

to the proposed alignment will be used.
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Column .7& 8. The upscreanm and downstream full
 

supply water level is estimated at 

0.10 m below ground-level where the
 

field level may be below existing ground-.
 

levels.
 

9 & 10. Invert levels at the up-stream and down

stream points.
 

1.1. 	 The total length of the tertiary drain.
 

12. 	 Difference between upstream and downstream
 

water surfaces (Column 7 - Column 8),
 

13. 	 Slope of the drain (Column 12 divided by
 

Column ljlmultiplied by 100; for slopes
 

in percent.)
 

.14 & 15. Bottom'width and water depth of drain cal

.
culated according to the procedure given
 

in Appendix 2 -for calculating channel
 

crosssec tion.
 

", 16. Designation and coordinates of the inter

section-of tertiary drain and the secondary
 

drain.
 

17. 	 Remarks column.
 

2. 	Cross Sections
 

The 	 determination of the cross sections follow those for tertiary 

channel design ex.ept that drain have a greater capacity and
 

the bottom widths may have to be.j:reater and should be stand

ardized at 0.50, .70 or 0.90 m',Fr, oard will be 0.10 m below. 

field level. 
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G. 	An Outline of the Design of Tertiary.Structures
 

It is not the purpose of these guidel'ines to go into details 

of designing structures used in the tertiary layouts. Details 

of the types of small structures used can be found elsewhere 

but the following structures are usually used, bearing in mind
 

that the whole tertiary system centres around the division box.
 

a. 	Division boxes.
 

b. 	culverts combined with division boxes.
 

c. 	culverts alone.
 

d. 	drop structures. 

e. 	checks
 

f. 	side spillways
 

g. 	End spillways,
 

As the division box is the most important part of the regula

tion of water in the tertiary system it will be described in
 

detail.
 

i. 	Division Boxes
 

The main characteristics of the division box is 
its function
 

of proportionally dividing water and allowing proportional
 

division of water along the reaches of minor canals. 
 It is
 

simple to operate and maintain. Detailed description of
 

division boxes will be given inAppendix 3.
 

Proportional division is achieved by making the width of
 

the openings in the box (in fact smallweirs) proportional
 

to the required discharge in each channel. This is achieved
 

by varying the width of the opening but maintaining the
 

cills at the same level in the box. They are usually fitted
 

with simple open-and-shut flap or sliding gates, of robust
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construction. The size of the gates for various discharges
 

are shown below.
 

Flow Number of Width of
 
l.p.s. gates each gate
 

50 1 30
 

100/150 2 27.5
 

190 3 25
 

230 4 25
 

The cill height varies from 0.10 to 0.25 m and the depth
 

of water over the cill is 0.25 m. However, other con

figurations may be used to achieve the same results. The
 

factors used to design the division boxes is given in the
 

following detail for drawing up the pro-forma in Table No, 3.
 

Column 1. Name and location of the division box.
 

2. 	d1; Canal Flow depth upstream of the box.
 

3. 	d2 ; Invert level, of the box being the same as
 

the upstream level of the canal at the location
 

of 	the box.
 

4. 	d3 ; the total depth of the box, canal flow depth
 

plus 0.30 m (other values may be used) depending
 

on 	the freeboard of the canal.
 

5. 	d4; the height of the cill which is the depth of
 

flow in the canal minus .25 m (other values may
 

be used).
 

6. 	Designation of the downstream canal.
 

7. 	d ; depth of water in the downstren canal.
 

8. 	d6; the difference in water level between the
 

upstream and downstream canals (d2 -d5)
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CoLumn 9. L; length of downstream scilling basin. 

iO. h; stilLing basin cill height. 

IL. w1; w2; w3 dimensions of the foundations and 

side walls of the division box. 

12. Remarks. 

_ 83 _
 



la',le No. 1.
 

Quaternary Canal and Division Box Waterl-vel Design Form
 

I. Standard Canal Cross Section b d = m. 	 Project: 

2. Free board 	 Tertiary Unit:
 

m Quaternary Unit:
 

4 Farm outlet head loss m
 
3 Allowable Box head loss : 


m/m
minimum = maximum 

6 Depth of water int he paddy: m
 
5" Slope range 


4 5 6 7 	 8 9 10 11
1 	 3 


Quaterlary Lencth of Critical Distance of Minimum Downstream Division Groundlevel Final water Division Remarks
 

Canal No. Canal Field Level Fip.d ti box head loss Full Supply box Full at Division level in box No.
 

m 	 m m m 
 level 	 supply level box Downstresm
 
(4) 	x .5/ rmin m m m box 

(3)+(5)+'4' (6)+ 3 + othe m 
+ '6 ] losses 

Note: (1) 	numbers in brackets () indicate columns and in braces E J , indicate 

values given in the heading. 

(2) Column 7; 	other losses for culverts syphons and other structures should be added here.
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u te:-r't: n .iZ: , v s Boxaev3x. Water Des tgn Form 'J | *o. ,a. 

ci: 
(2. 
(31 
4.1 

[51 
[6] 

Standard Canal Cross Section b = .4o 

Free :card . 0.25 

Allcwable Box head loss : 0.i 

F3-rm outlet head loss : '.:. 

Slope range : minimum 
Devtn of water int he paddy: 0.15 

d 
m 
m 
m 
= 
m 

= 0.30 m. 

.')')5. maximum 0.0008 Mmr 

Project: 

Tertiary Unit: 
Quaternary Unit: 

1 2 3 4 5 6 7 8 9 10 1), 

Quaternary 
Canal No. 

Lenqth of 
Canal 

a 

Critical 
Field Level 

m 

Iristance of 
Field to box 

m 

Minimum 
head loss 

m 
(4) x [S mi.in 

Downstreamn 
Full Supply 

level 
m 

(3)+(5)+(4! 
+ [6] 

Division 
box Full 

supply level 
im 

I(6)+ 3 + other 
losses 

Groundlevel 
at Division 

box 
m 

Final water 
level in 

Downstresm 
box 

Division 
box No. 

Remarks 

5 Q 1 

5 Q 2 

251 

690 
148.00 

145.00 

200 

.....-

0.10 148.35 148.45 148.15 148.20 5D 1 

5 Q 3 

5 Q 4 

5 Q 5 

5 Q 6 

5 Q 6a 

5 Q 7 

436 

395 

580 

639 

480 

560 

14?.50 

144.60 

142.90 

140.00 

-

140.50 

100 

-

180 

220 

-

185 

0.50 

-

0.09 

0.11 

-

0.090 

144.25 

-

143.24 

144.36 

-

140.85 

144.35 

-

143.34 

144.46 

-

140.95 

143.95 

-

143.45 

144.20 

-

140.65 

144.00 

143.34 

-

-

141.00 

5D 3 

5D 5 

5D 7 

Note: (1) 

(2) 

numbers in brackets ( ), indicate columns and in braces E J, indicate 

values given in the heading. 

Column 7; other losses for culverts syphons and othez Structures should ba added here. 
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Table No. 2. 

(I1 
[2] 
[31 
(4] 
(57 

Tertiary Drain Design Form 

Free board 
Side Slope 
Drain Discharge Coefficient 
Irrigation Spillage 
Design bed slope maximum = unimum 

Project 
Tertiary Unit 

1 2 3 4 5 6 8 9 10 11 12 13 14 

Drain 
No. 

Drainage 
Area 
ha 

Drain 
discharge 
l.p.s. 

Irrigation 
Spillage 
l.p.s. 

(3)+[4] 

Field level 
m 

u/s d/s 

Water level 
m 

u/s d/s 

Invert level 
m 

u/s d/s 

Ler'.th 
drain 

m 

Water 
Surface 
Slope 

m 
7-8 

Design 
Slope 

M/m 

Bed 
width 
-b-
m 

Water 
depth 
- d-

Outlet to 
Secondary 
drain 

No. 

Notes 



Tertiary Drain Design Form 

[ "Free boa,:d 
2 Side Slope

[3" Drain Discharge Coefficient 
(4 ' Irrigation Spillace 
r53 Design bed slope maximum minimum 

Project 

Tertiary Unit 

Table No. . 

1 
1 

Drain 

No. 

5 C 1 

5 C 2 

5 C 3 

5 C 4 

2 
2 

Drainage 

Area 

3.75 

5.25 

12.25 

21.00 

345 

Dran 
Drain 

discharg6 

28.13 

39.4 

91.9 

157.5 

7 
raiag Dain- ::-
Irrigatiorj Field level Water lcvel Invert level
Spillage m m 

(3)+ C4] u/s d/s u/s d/s u/s d/s 

28 141.24 141.01 141.14 140.91 140.74 140.51 

39 141.17 140.92 141.07 140.82 140.67 140.62 

282 139.10 139.14 139.20 139.O4 138.50 138.34 

348 139.10 138.8- 139.00 138.71 138.3C 138.01 

Length 

drainm 

240 

190 

260 

250 

9 10 

Water Design 
Surface SlopeSlope 

m 

(7) 8 / 

.23 0.0005 

.25 0.0005 

.16 10.0008 

.29 0.0008 

11 

Bed 
width 
- b -

m 

0.40 

0.40 

0.70 

0.70 

12 

Water 
depth 
- d -

0.40 

0.40 

0.60 

0.60 

13 

Outlet to 
Secondary 
drain 

No. 

S 14 

S 14 

S 14 

S 14 

14 
14 

Notes 

-

190 ips 

190 Ips 

Irrigation
Spillage. 
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Terr:.iry Division Box Design Form 
Table No. 3. 

[I1 
121 

Division L'3x Free board: 

Cill height factor: 
Project: 

Tertiary Unit: 

10 11 1 13 

Division 
Fox 
No. 

Canal Flow 
depth U/S 
of box 

m 

i-nvert 
level of 
box 

M 

2 

Depth 
of box 

m 

d3 

d 
1J2 

Height 
of Cill 

m 

d4 

I 

Canal No. Full Supply 
level of D/S 

Canals 

m 
d5d 

Head 
Difference 

(3)-(7) 
m 
d. L 

Dimensions of Structure 

h W W 
1 2 

w 
3 

Remarks 

Note: 1. = Canal Flow depth U/Sd2 of box + [II. Normally (i1 = 0.30 m 
2. d = Canal Flow depth U/S of box - [2]. [2] is not less than 0.10 m and not more
Cill heihgt should notbe less 0.10 m not more than 0.25 m 

than 0.25 m
 
3. dI and d4 
will corespond to data taken from the previous design form, the Quaternary Canal and Division box design Form 
4. For the required dimension see Appendix 3.
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APPENDIX 1.
 

The Principles of the Rotational Water Regulation System
 

The apportionment of water for irrigation is based on the
 

simple relationship,
 

QT = DA 

Q is the rate of flow of the water supplied to irrigate an 

area A in time T to a given depth D Assuming that Q is 

constant for a given period, then, 

D cc QT
 

and D c A
 

then T oc A 

or T = K.A. 

And, K is a coefficient of proportionality. If Equal Time 

Rotation (E.T.R.) is going to be used with a Control Interval 

(C.I) taken as a fraction of the total Irrigation Cycle
 

time. Assuming that the tertiary area A is divided into "a"
 

separate sub-areas or sub-tertiary blocks, then thp-irrigation
 

cycle time T will be divided into "n" periods too. Therefore,
 

for the periods of T to be equal (E.T.R) the areas must be
 

equal as well. This is known as the Equal Area Rule. The
 

Control interval is the period between the beginring and the
 

end of each time period that the irrigation cycle has been
 

divided. The degree of refinement required in the control
 

interval will depend on the accuracy of the regulating structures
 

and the expertise of the operating personnel.
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A ,
 

If some area/to be irrigated is supplied by a single turnout
 

and divided into four sub-areas all equal in size, so that
 

a1 = a2 = a3 = a4, assuming a constant Q, and taking into
 

account the foregoing proportionality, T the total irrigation
 

cycle time is divided into, T i, T 2, T 3 and T4 periods,
 

then,
 

T 1 = K(a+a 2 +a3)
 

T 2 = K(a 2 +a 3 +a 4) 

T 3 K(a 1 +a 3 +a 4 ) 

T 4 K(a 1 +a 2 +a 4) 

then 1T 4 - K(3:FA). 

and K = T 
3£A 

for a general case: where,
 

T1 T (a1 +a 2 +a 3 ) 

3 A 

and T 2 = T(a 2 +a 3 +a 4 ) 
3[A 

and generally,
 

T = T(A-a) 

for 
"n" rotation units and "a" time periods.
 

This general equation holds good provided the proportionality
 

factors are observed. In practice it has been found that the
 

value of T should not be more than four days or 96 hours.
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Some of the fundamental principles of the E.T.R. system will be
 

given now and an explanation of some of the terms used.
 

Equal Area Rule
 

The equal area rule implies that E.T.R. can be applied at
 

a sub-division with simple, open and shut regulation provided
 

sub-division are of equal area. 
 This is shown in the diagram
 

Figure 1, indicating that the proportional division at TB for
 

QB1 and QB2 for equal time distribution can only take place if
 

A = A 2 and A3 = A4, so that A1 = A2 = A3 = A4, however in
 

practice it not possible to have areas exactly equal but the
 

difference between the areas should not vary much more than
 

15%; however, with proportional division type regulators
 

T.R. on any time basis can be used provided the equal area
 

rule applies within the limits given above.
 

Irrigation Cycle
 

The irrigation cycle means the time space between successive
 

applications of water and depending on thz. crops and seasonal
 

climatic condition . The cycle maybe 5,7,10 or 14 days.
 

Control Interval
 

The control interval varies from infinity for continous irrigation
 

to a few minutes for overhead systems. For surface irrigation
 

systemswith accurate gates and canal regulation and of large size
 

with proper organizational control intervals of as little as
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Figure 1.
 

Equal Area Rule.
 

T. 6.DB 

QQB4 

I.Proportioncl distr ;ution can be practiced for Continuous flow when 

TDB= I 2 and QDB=qDFBtTDB/2 " 'Note TDB=TBandODB=qB) 

2.Equal time disribution is only possible if all the areas are equal, 

when A13 A2 A 3=A, [Quat.ernary Unit areas] 

3 .Similarly, Tertiary areas should be approximately equal to obtain equitable
ditribution und regulation atong the Seconidary canals, 
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a 0.25 hours is possible but an eighth of a day (3 hours) would be
 

a normal value for good wet paddy systems. This last value takes
 

into account the limitations of the accuracy of metering devices and
 

organization facilities.
 

Flow Rate
 

The flow.rate or discharge into the tertiary unit is 
based on the unit 

crop water requirement derived from climatic data for each kind of 

crop. It is expressed in nn. (per unit area) and is converted into 

the gross unit water requirement which should include the anticipated 

irrigation efficiency and perculation losses and by the appropriate 

conversion factor converting it to a flow rate per unit area to 

obtain the field edge deliverly rate. The Tegal curve (see Tegal Curve, 

Appendix 4) should be used specifically for paddy irrigation design. 

Division Box
 

The division box used in the tertiary system is possibly central to
 

the control of the whole system. It's proper location and design faci

litates the correct allocation of water to the respective groups of
 

farm units in each quateriary block. 

Two kinds of boxes can be used, simple open-and-shut gated box or
 

a proportional division box. 
 In the first kind no accurate
 

measure can really be made while in the second kind proportional
 

distribution can be achieved by making the width of the
 

openings in the box proprotional to the discharge
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required and cills being at the same level for all the openings.
 

Both kinds of boxes are discribed in Appendix 4.
 

Box Ratio
 

The variation in box ratios can be obtained to permit rotation
 

at the quaternary level. This can be explained by considering
 

the diagrams in Figure 2 and the tables, which are self-explanatory.
 

By taking three blocks simultanously, higher ratios will be
 

required and taking two at a time a simple ratio of one-to-one
 

is all that is required.
 

An Example of the Method of Calculating the Rotation Times
 

and Capacities,
 

The application of the principles given in the foregoing
 

section are best described by means of a comprehensive example.
 

The example given here is taken from a working design for
 

a tertiary unit on a large irrigation project.
 

Thfisexample demonstrates rotational supply at the sub-tertiary
 

level rather than at the quaternary level. This would be
 

satisfactory in the LNO case. However,it can also be worked out
 

for rotation at a lower quaternary level by using the same
 

principles. A layout of the tertiary system used in this
 

example is shown in the drawing attached.
 

The following headings should be used in the design discription
 

for each tertiary design. This information will be required
 

by the field staff during the construction phase and later by
 

the operating personel and it is essential for proper water
 

allocation and project management.
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0 

Figure 2.
 

390 315 1 r'A [ 

, 

0.3 

U2505 !I0 

Layout Diagram. 

Refer to Canal Dimension Table an4 Figure 3. 

- 95 



1.1 The 	Tertiary Unit Layout
 

The tertiary unit layout is shown in the plan in
 

divided into nine quaternary
Figure 3. The area is 


units of about 13 ha.each, the total area is 122.42 ha;
 

the unit will be served by three sub-tertiary canals.
 

(a) 	 Quaternary Unit a = 12.25 ha 

= 13.75 haa 2 

a2 	 12.25 ha
 

- 38.25 haSub-tertiary Unit A 


=
(b) Quaternary Unit b 1 	 13.73 ha
 

b 2 14.08 ha 

b- 13.07 ha 

- 40.52 haSub-tertiary Unit B 


13.25 ha
-(c) 	 Quaternary Unit C 1 

t " C = 14.55 ha 

= 15.85 haC3 

= 43.65 ha
Sub-tertiary Unit C 


1.2 Discription of the unit
 

The tertiary unit borders on the Tertiary canal D 1
 

to the south and the secondary drain. C 3 to the
 

north. Tertiary Unit TU3 to the east and TUI to the
 

west.
 

1.3 Structures
 

The location of the structures are 	shown on the plan,
 

they are.
 

- 2 Tertiary boxes, T 1 and T 2.
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4 Quaternary boxes,. QI' Q2 1 Q3 and Q4 

1 Tertiary culvert T (Not shown) 

CQ ' ' (Not shown)5 Quaternary culverts QI' T1 2 Q2 T2 -Q3 Q4 


9 drop structures (Not shown on the plan in Figure 3) 

(Note the drop structure will be shown on the canal profiles)
 

1.4 Division Structures
 

Note that details of the division structures or turnout
 

on the primary or secondary canal must be given under
 

this heading. Any special conditions or characteristics
 

must be stated under this heading too.
 

Full supply level:
 

Invert level:
 

Turnout discharge:
 

1.5 Farm Roads
 

Note, farm roads and other roads will be shown on the
 

plan and on the canal cross section and any specific
 

specifications will be mentioned under this heading.
 

The total length of each kind of road must be listed
 

in the tabulation of this kind:
 

Width Total Length
Road 


Access
 

Tertiary
 

Quaternary
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1.6 Distribution Canals
 

The designation of the canals on which the turnout
 

is located that supplies the tertiary unit should be
 

given and any restrictions n the flow or prior used
 

must be detailed too. This information is vital for
 

water management planning.
 

1.7 Drains
 

The location of the primary or secondary drains into
 

which the tertiary drains will discharge should be
 

detailed here including factors that may influence
 

designs and the water management of the tertiary block,
 

2.0 Rotational Sub-division of Water Supply.
 

The records indicate that rotational sub-division need
 

not take place unless water supplies decrease to less
 

than 60% of the normal flow, therefore full water
 

supply will occur from to 60%
100% and further reduction
 

will be considered from 60% to 30%. The irrigation
 

cycle will be 14 days.
 

The control interval will be one hour.
 

The rotation times will be calculated for,
 

a) two sub-tertiary blocks being supplies at 60% to 30%
 

of full supply on a 14 day cycle.
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b) one sub-tertiary block being supplied at 30%,
 

or less, of full supply on a 7"day cycle.
 

2.1 Sulb-Tertiar Rotation
y 


No rotational supply procedures will be used as 
long
 

as water supply is available above 60%.
 

From 60% to 30% water will be apportioned to two blocks
 

in a time sequence, thus,
 

(1) A + B* 

(2) A + C 

(3) B + C 

The total time for a complete cycle is; 14 x 24 = 336
 

hours and applying the principles given in the foregoing
 

section,
 

T = T (A-a) 

(n-l) A 

Then for pairs of tertiary blocks,
 

(1) A 	+ B = 38.25 + 40.52 = 78.77 ha 

T = 	 78.7.7 x 336 = 107.92 hrs. 
1 (3-1)122--.4'2 

(2) A + C = 38.25 + 43.65 = 81.90 ha 

T = 	 81.90 x 336 = 112.39 hrs.
122.42 (3.-1) 

(3) B + C = 40.52 + 43.65 = 84.17 ha 

T = 	 84.17 x 336 = 115.51 hrs. 
122.42 (3-1)
 

* Note that each block is divided into three quaternary units.
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Rotation Notes
Rotation Units Supplied
No Units 	Not Supplied 
 Time
 

Unit Area Unit Area
 
ha ha
 

1 C 43.65 A + B 78.77 108 Total
 

2 B 40.52 A + C 81.90 112 area
 

3 A 38.25 B + C 84.17 116 112.42
 

The following tabulation shows the areas or units
 

closed and 	the pairs of units supplied and the
 

rotation times for each pair of units.
 

(Note that rotation times can be calculated for the
 

quaternary 	units in a similar manner if rotations are
 

to be used 	at that level).
 

2.2 Rotational Supply to Single Sub-Tertiary Units.
 

In this case it is assumed that only 30% of the total
 

water supply is available and the cycle time will be
 

7 days, then the time for each block will be
 

(1) 	 Unit A = 38.25 ha 

T = 38.25 x 168 = 52.49 hrs. 

122.42 1
 

(2) Unit 	 B = 40.52 x 168 = 55.6 hrs. 

122.42 1
 

(3) 	 Unit C = 43.65 ha 

T = 43.65 x 168 = 59.90 hrs. 

122.42 1
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These times will be shown in the time schedule.
 

3.0 	 The Canal Capacities
 

These calculations are based on a unit irrigation
 

requirement of 1.4 l.p.s. per ha.
 

3.1 	 Capacity of 100% Supply
 

Unit A = 38.25 x 1.4 = 53.55 1.p.s 

Unit B = 40.52 x 1.4 = 56.73 l.p.s 

Unit C = 43.65 x 1.4 61.11 l.p.s 

Totals: 122.42 171.39 l.p.s. 

3.2 	 Capacities at 60% of Supply 

Q = .60 x 171.39 l.p.s. = 102.83 l.p.s. 

(a) 	Consider supplying the pairs of sub-tertiary units,
 

(1) A + B = 78.77 x 102.83 = 66.16 l.p.s 
122.42
 

(2) A + C = 81.90 x 102.83 = 68.79 l.p.s. 
122.4.2
 

(3) B + C = 84.17 x 102.83 = 70.70 l.p.s. 
122.42
 

The division of water supply to each unit is apportioned
 

to each canal as follows;
 

(1) A + B = 78.77 ha 

B 	 = 40.52 ha 

Sub-tertiary B = 40.52 x 66.16
 
78.77
 

= 34.03 l.p.s.
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(2) A + C = 81.90 ' ha 

A = 38.25 ha
 

C = 43.65 ha
 

Sub-tertiary A = 38.25 x 68.79 
81.90 

= 32.13 l.p.s. 

Sub-tertiary C - 43.85 x 68.79 
81.90
 

36.83 l.p.s.
 

3.3 Capacity at 30% of Supply
 

Q = 0.30 x 171.39 = 51.49 1.p..s, 

As each unit will be irrigated in rotation on a seven
 

day cycle this capacity does not exceed the capacity
 

at other ratios and calculations for each unit will
 

not be necessary. If the discharge at 30% had been
 

greater separate calculation would be needed to
 

estimate the capacity of each canal to determine if
 

it exceeds capacities at higher ratios, which is possible.
 

Tables
 

The foregoing tables form part of the design drawings
 

and are needed for the operation of the system after
 

construction of the system. These tables are self

explanatory.
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C 

Drawings
 

The full set of standard drawings 
are not included
 

here but they are listed in Part III of these
 

guidelines.
 

Sub-tertiary Area 
 Canal Capacities l.p.s. Remarks
Unit ha
 
100% 


60% 

30%
 

38.25 53.55 32.13 51.49 
 30% not
 

B 40.52 
 56.73 34.03 51.49 additive
 

43.65 61.11 36.83 51.49
 

Total 122.42 171.39 102.83 
 51.49
 

Note: Canal Capacities must be able to convey the total volume of water during
 

the land preparation period (L.P.P.). 
 The actual capacity determinations based
 

on the L.P.P. will vary seasonally.
 

Thus, being climatically dependant, the capacity will vary according to
 

the cropping calendar. 
 This factor will be discussed in a Technical Note on
 

Crop Water Requirements and 
this example will be further examined. However,
 

the Unit Irrigation Requirement used to determine the capacity under the condi

tions in this example is just sufficient to cover the L.P.P. If there is not
 

enough water then there is 
the option Of using the rotation period at 60% or
 

even 30%.
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Rotational Distribution Schedule,
 

IRotation Condition Continous Flow Sub-tertiary' 

,Rotation 1 


Allocation of 100%-60% 
 60%-30% 


Supply
 

IFlow l.p.s. 171.39-102.83 .102.83-51.49 


Day Time Time 


Monday 06.00 06.00 


2 

3 A 
3 


4 B. 

5 18.00 

6 . 

7 
 A
 
E+
 

Monday 0 
 C 

2 4 
0 10.00 

3 

4 

+ 
c 

6 

7 
Monday 06.00 06.00 


Sub-tertiary 
Rotation 2 

30% 

I 

51.49 

Time 

06.00 

10.00 

18.00 

A 

B 

c 

Start 

06.00 

10.00 

18.00 

B 

. 

06.00 Finish 
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Tertiary and Quaternary Canal Capacity Schedule
 

Canal Area Capacity Canal Design
 
ha l.p.s. Capacity
 

100% 60% 30%
 

C2 14.55 20.37 12.30 17.16 20
 

C3 15.85 22.19 13.40 18.69 22
 

Q3 -Q4 30.40 42.56 25.71 35.85 43 

C1 13.25 18.55 11.21 15.63 19 

T2 Q3 43.65 61.11 36.92 51.49 61 

b2 14.08 19.71 11,82 17.89 20 

b3 13.07 18.30 10.98 16.61 18 

T2 - Q2 27.15 .38.01 22.80 34.50 38 

b 13.37 18.72 11.23 16.99 19 

T1 - T2 84.17 117.84 70.95 51.49 118 

a2 13.75 19.25 11.55 18.51 19 

a3 12.25 17.15 10.29 16.49 17 

T1 - Q1 26.00 36.40 21.88 35.00 36 

a1 12.25 17.15 10.29 16.49 17 

S - T1 122.42 171.39 103.12 51.49 171 

Note that no canal capacity shall not be less than 15 l.p.s.
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Distribution Box :Dimensions
 

Tertiary Quaternary Box Canal Division box 
No.1 Division Division Outlets Capacity h. b Sketch 

Box Box l.p.s. 

b+c 

a1 17.15 0.15 0.20 

TI Q 

a2 + a3 36.40 0.15 0.40 	 4 

b + 	c 117.84 0.15 1.4 a2+ a 

b 18.72 0.16 0.20
 

2 T2 	 b2 + b3 38.01 0.16 3.40 

c 61.11 0.16 0.65 L b

2 19.25 0.14 0.25 

"+ a33 Q1 a3 17.15 0.14 0.20 3 

4 	 b2 19.71 0 .16' 0.202 

b3 18.30 0.16 0.20 	 b 3 

5 	 c I 18'.55 0.16 0.20Q3 -- C2+ 
c2 + c3 42.56 0.16 0.45 2 

2 3 T.~J C3 

Q4.-	 c2 20.37 0.17 0.20 £-I]21c, 3 
C3 20.19 0.17 0.20 

Note: 1. The width 	of the box opening is calculated by using the
 

following equation
 

Opening with = 	 Q ; Q = capacity in ips 

h 3/ 2  1475 h = 	 head over the 
cill., m. 

2. 	These boxes correspond to the ungated type I. divisiion
 
box in Appendix 4.
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Canal Dimensions
 

Canal Capacity b = d Velocity Slope Length Side
 
0.p.s. m , ms rm/m 	 Slopes
 

- 410 m 

20 0.20 0.26 8 315
c2 


22 0.20 0.25. 7 680
c3 


Q3 	- Q4 43 0.30 0.23 4 430 

19 0.20 0.2-9 14 890
 

T2 	- Q3 61 0.35 0..23 3 330 

b 2 20 0.20 0.26 8 390 All 

c 1 

b 3 18 0.20 0.24 8 680 1:1
 

T2 	- Q 38 0.25 0.29 6 505
 

b1 19 0.20 0.27 10 455
 

- T2 118 0.40 0.41 9 270
T 1 


19 0.20 0.24 7 390
a2 


19 0.25 0.25 2 865
 

T- Q 36 0.35 0.16 5 505
 

a 3 


17 0.25 0.14 2 440
 

S -T 1 171 0.50 ...
 

a1 


Total length of Canals 7145 m
 

Density of Canals 	 58 m/ha
 

Note: 1. These canal dimensions were taken from a standard graph
 
of channel dimensions.
 

2. See Appendix 3 regarding the design of canals.
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Drain Dimensions
 

No. 

Drain 

No. 

Length 

m 

Capacity 

ips 

Slope 

m/mn 
10 -

b 

m 

d 

m 

Velocity 

m/s 

Side 

Slope 

1 

2 

3 

1I 

a1 

a2 

695 
83.30 

83.30 

176.80 

3.5 

15 

4 

.70 

.70 

1.85 

.35 

.25 

.30 

.22 

.35 

.27 

4 

5 

6 
7 

a2 

a3 

a3 
bI 

750 

610 

665 

93.5 

260.1 

83.3 
90.92 

7 

5 

14 
2 

.50 

.2.50 

.60 

.75 

.35 

.30 

.25 

.40 

.31 

.22 

.35 

.19 
1:1 

8 bI 90.92 5 .60 .35 .27 

9 

10 

b2 

b2 
715 

95.74 

186.66 

3 

5 

.65 

1.00 

.40 

.40 

.22 

.33 

11 

L2 

b 

b 
755 

343.98 

275.53 

15 

8 

.70 

1.15 

.50 

.40 

.58 

.44 

13 cI 400 90.10 10 .55 .35 .22 

14 c2 365 98.94 14 .50 .30 .40 

L5 c3 - -

Total length of Drains; 
Density of Drains; 

4955 
40 

m 
m/ha 

(Area 122.42 ha). 
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APPENDIX 2
 

'
 Channel Design
 

In order that small unlined tertiary and quaternary canals
 

remain stable and,require a minimum of maintenance,the design
 

should be based on the pririciple of limiting the velocities
 

in relation to the soils in which the canals are excavated.
 

This can be simply achieved by using the Critical Tractive
 

Force principles and limiting velocities within a range of
 

Froude numbers.
 

Stable Channels:
 

A stable channel is one that may aggrade or degrade at a
 

very slow rate and this degradation or 9couring may take
 

place up to a certain shear force. Above this shear force,
 

called the critical shear force or critical tractive force,
 

the channel degrades rapidly. The permissible tractive force
 

is determined by the grain size diameter of the bed material.
 

In channels with uniform flow the tractive force equals the
 

components of the gravity forces acting on the water prism
 

in the direction of flow,
 

T = P g. r. s.
 

where T = tractive force
 

p = unit weight of water, 1000 kg/m
3
 

g = 9.81 m/s 2
 

R = hydraulic radius
 

S = slope of channel
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Figure 1
 

The Lane diagram/relates the plasticity index of a soil to
 

the maximum critical tractive force. The plasticity index
 

can be measured in a laboratory but a good relationship between
 

the total ion exchange capacity and plasticity index has been
 

established and this may be used together with the table for
 

the cohesiveness of soils.
 

However, the C.T.F. read off the Lane diagram will have to be
 

correct for the b/d ratio used and the sideslopes to take
 

into account the distribution of the tractive force along the
 

sides and bottom of the channel. The maximum C.T.F. is adjusted
 

by'using the values given in Table 1. The larger of the two
 

values is used because this gives the least tractive force at
 

which erosion will begin. The adjusted C.T.F, T1 is;
 

T = TC max:. 

The Froude number defines the nature of free flow conditions.
 

In the case of earth channels it is desirable to maintain the 

flow regime as close to tranquil flow as possible. This can 

be achieved by maintaining velocities at Froude numbers between 

0.1 and 0.3 for non-cohesive soils. 

Channel Dimensions
 

The dimensions for a channel are usually obtained by using
 

the Manning or Strickler equation,
 

R2 / 3
V = K . S
 

and Q = AV.
 

The value of K for small, straignt aligned channels can be
 

from 35 to 40.
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Figure 1.
 

Lane Diagram 

10 . 

N. _ _ _ _ _ -4 

E 

1.. 

-11 1 0 0 

PlastcityIn/e -'~ 

1.0~~ict P--inde 
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TABLE t. 

C.T.F. Correction Factors
 

Channel Side Slopes, Z
b/d 


Channel Sides Channel bed
 

1 1.5 2 1 1.5 2
 

1 .70 .70 .74 .80 .80 .80
 

1.25 .72 .72 .75 .84 .84 .84
 

1.50 .73 .73 .75 .86 .86 .86
 

1.75 .73 .73 .75 .88 .88 .88
 

2.0 .74 .74 .76 .90 .90 .90
 

3.0 .75 .75 .77 .95 .95 .95
 

4.0 .76 .75 .78 .95 .96 .96
 

5.0 .76 .76 .78 .975 .975 .975 

>9 - - - 1.00 1.00 1.00 
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The ideal ratio of bottom width (b) to depth (d) is expressed as
 

follows,
 

b 2d tan 	 Z,
 

2
 

This relationship is not always convenient for construction
 

purposes and other ratios of (b) to (d) are used. A ratio of
 

1 to 1.25 has 	been found acceptable. Channel side slopes vary
 

withthe kind of material in which the channel is excavated but
 

1 to . is used in this example. Other values may be substitued.
 

In designing small irrigation channels, only two values are norrmally 

given, the channel capacity (Q) and the fixed bed width-depth
 

ratio. The depth and slope can be obtained in terms of the
 

Critical Tractive force (C.T.F.),related to the soils and with
 

in the limits 	of the Froude number (viz 0.1 to 0.20 or 0.30).
 

A worked example is given here rather than a more general case
 

but such a general case is attached to the set of design tables
 

that have been calculated by computer and which forms a part
 

of these guidelines.
 

First, obtaining the depth in relation to the Froude number in
 

terms of Q and b/d = 1.25
 

Fr. = V 

V/ g D Cos S/a 

and V = Q/A 

then, for a trapazoidal channel with 1:1 side slopes.
 

d 2 
= bd +A 

= d(b+d). 
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substituting b/d = 1.25
 

b = 1.25 d
 

then A = d(1.25 d + d)
 

or 
 = 2.25 d2
 

and V = Q/2.25 d2
 

The Froude number maybe deduced in terms of d, as well,
 

Fr = V
 

g D. Cos S/a
 

For the small slopes and flows the term Cos S/a maybe neglected, 

in these calculation- the error introduced will be very small. 

D = A 

Tw 

Tw = b + 2d 

= 1.25 d + 2 d 

= 3.25 d 

A = 2.25 d2 
and 


2
 
= 2.25therefore 

3.25 d 

= 066923 d 

then Fr = V 

9.8067 x .6923 d 

- V 
2.606 d
 

subsituting for V,
 

Fr 	 = Q 

x 2.25 d
2 

2.606 d 


Q
 

5.8635 d
5/ 2
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or 0.1705 Q
dS/ 

2/5= 01705d
and 


Similarly the C.T.F. can be expressed in terms of 0 and b/d,
 

T = p R S 

R = A 

2
 
A = 2.25 d 2
 

and P = b + 2d VZ2+I
 

substituting b = 1.25-(1:1 Side slopes)
 

P = d(1.25 + 2 /2)
 

=4.0784d
 

= 2.25 d2 therefore, R 

4.07894 d
 

=0.5517 d
 

The value of p is equal to 1000 Kg/i
3 

then 55L 7 d.T 1 S. 

The slope S is obtained from the S'trickler equation
 

Q = A.K.R./S 

.= 2.25 d2 K (.5517d)2 S 

= 1.5132 K d8
/ 3 S 

taking K = 40 

Q = 60.6 d 8 / 3 S 

and = L'0165 Q 
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and, by substitution,
 

T = 551.7 d 0.0165 Q 2
 

L d8/3
 

and d = Fl5o03 Q213/13 

and T1 = T/C max
 

The velocity and flow can be calculated by using the strickler
 

equation with the following coefficients.
 

S1/ 2
 V = 26.9015 d2/ 3 

60.6 d8/ 3 S
Q = and
 

The slope from
 

S = F0165 2
 

Ld8/ 3
 

The maximum depth is given by the equation and Fr = 0.1 

d = L1705 Q] 2/5 

(1.705 Q)2/5
 

The minimum depth for the given Q will be obtained by using,
 

T = 0.2/.84 .0.2381 

dmn= L0.1503 Q2JT1
3/.13

1
 

- (0.6312 Q2) 3/13 

The bed width is obtained by using the equation, 

b = 1.25 d 

obtaining the bed width for the maximum and minimum depths 
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Similar reductions can be calculated by substituting the
 

required values for the side slopes, K values or for different
 

values for the Froude number or C.T.F. values. Some results
 

the various factors for Channels with 1:15 side slopes are
 

given below.
 

= 0.1444 Q-2/5d.max Fr 

= 0.1468 Q2 3/13dmin 016
 
T1
 

S = 0.0161 Q 

d 8 /3 

V = 22.6560 d2/3 S 

Note that S max and S min andV max and V min are obtained
 

by using the appropriate values of d from the first two
 

equations.
 

Lam Nam Oon Project Factors
 

This method of designing channels can be applied to conditions
 

on this project by considering the various factors pertaining
 

to the project.
 

The Soils
 

The soils of the project are characterised by being composed
 

of very fine loam sand almost devoid of clay analysis of the
 

soils indicate a fine fraction in the order of 10 to 15% in
 

the top layer. But, the cation exchange capacity (C.E.C) is
 

very low and for many soils seldom exceeds 10.0 in the top
 

soil layer and in many cases, not above 4. This would indicate
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that the fine fractionconsists of kaolinitic clays,
 

sesquinoxides of iron and aluminum and even very finely
 

divided quantizic material (silica). Consequently,these
 

soils are non-cohesive and above all very unstable when
 

saturated.
 

The analysis of soils given in the E.C.I. Land Classification
 

report, Appendix D, indicates that the clay content in the
 

less than 2y.m.u.range centres around 10% in the top 0.50 m 

but this clay fraction is not very active, specifically 

the C.E.C. status. The plasticity index of this non-cohesive
 

soils in probability in the order of 5 to 8 and the C.TF.
 

should not exceed about 0.2 to 0.35 at a maximum, see Table 2,
 

and Figure 2.
 
Bed Width
 

Unlined channel sections always degrade into the natural
 

regime section and seldom confine themselves to the
 

original design sections. However, the depth of an irrigation
 

canal must comply with certain specifications and, are, is 

that the depth must not be so far below ground-level that 

water can not be diverted into the fields. Greater bed width 

to depth - or visa versa - can lead to uneconomic sections 

and unsatisfactory hydraulic conditions. 

The use of mechanical excavators requires that a fixed
 

or even a minimum bed width coresponding to the width of
 

the bucket being used. Using a fixed bed width with longer
 

flows will lead to greater flow depths that may not give
 

stable channal sections nor stable hydraulic conditions.
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TABLE 1. 

Classification of.the 

Cohesiveness of Soils 

Class Clay Plasticity 
Fraction 
(<2M) 

Index 

Cohesionless 0-2 4 1 

(loamy sand) 

Slightly cohesive 2-10 1-10 

(Sandy loam) 

Medium cohesive 10-20. 10-20 

(loam to loamy clay) 

Cohesive 

(Clay loam to medium clay) 20-30 20-30 

Very cohesive 

(clays to heavy clay) 30-100 > 30 
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Figure 2.
 

CEC-Plasticity Index Diagram. 
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However, the foregoing equa.tions may be derived to take
 

the fixed bed width into/account.
 

Application of Method
 

The foregoing equations are simple enough to be used by
 

a non-programmable scientic calculator and they where
 

originally derived for this purpose. However, they have
 

since been programmed for a TI. 59, HP 67/97.
 

A simple programme for the HP 97 is included
 

in this appendix, in Figure 3.
 

It should be noted that applying this method the values
 

of the C.T.F. should correspond to the materials of which 

the canals are to be constructed. This is an important
 

point to bear in mind.
 

A complete set of tables, including a range of the C.T.F.
 

number, has been compiled. It is available separately as a
 

handbook.
 

Example
 

The equations used to calculate the required channal
 

dimensions are given for the single input parameter, the
 

discharge Q.
 

Assume Q = 125 lps (.125 m3/s) 

Fr = 0.1 

T = 0.2 

Z = 1 
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1. 	Depths b/d = 1,25 

a. Maximum 	depth.
 
.4
 

d max = .1705Q 

Fr 

x .1214
.17051
 

d = 0.5388 m 

b. Minimum 	depth
 

T 	 .20 .84
 

= 	0.238 depth
 

.1503 Q2.2309
d min = 

1 .2309

S1503 x .125 

d = .3442 m 

2. 	Bed Width 

b = 1.25 d 

b 	 1.25 x .5388
 
max 

- 0.67 m 

b= 1.25 x 0.3442 

0.4303. m 

3. 	Velocity
 

a. Maximum Velocity
 

V = Q 

2.25 d
2
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2
2,.25, x .3442
 

= 0.4689 m/s
 

b. Minimum Velocity
 

V = ,
 
.2
 

2.25 


V = .125 

.53882
2.25 x 


= 0.1914 m/s
 

4. Slope
 

a. Maximum Slope
 

= .0165, Qd 22 

01~o65 x .1252 
2 6 6 7 

L.3442 

S = 0.0013 m/m 

b. Minimum Slope
 

J01605. Q 


.53882.6667
 

0.00011 m/m
 

S ...

The result of thes • calculations are summarized in the
 

table following.
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TABLE 3 

Canal Dimensions for b/d = 1.25 Side Slopes 1:1 

Capacity Velocity Slope Depth Bedwidth
 

m~s m/s m/m m m
 

4ax (1:1) 0.125 0.4689 0.0013 0.3442 .43
 

Min (1:1) 0.125 0.1914 0.00011 0.5388 .67
 

Reference:
 

Coles. E.D; El Fayoumi, A.M. The Design of Quaternary
 

Canals. (Submitted for publication) Journal Inst.
 

Agricultural Engineers. U.K. 1979.
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It is obvious that these calculation can be made with
 

a simple calculator.
 

Symbols 

2 

A = cross sectional area, m2 

b = bed width, m 

C correction factor (see Table) 

d = depth, m 

Fr = Froude number 

m/s2 

g = gravity, 9.8067 

K = roughness factor 

m = metres 

P = wetted perimeter 

P. = Plusticity index.
 

Q capacity or flow m 3/s
 

R = hydraulic radius 

S = gradient or slope m/m 

T = C.T.F. - critical tractive force 

T = adjusted C.T.F. (T1 = T/C max) 

Tw = Top width 

V = velocity 

Z = channel side slope 

p = unit weight of water 
1000 Kg/m 

a = energy coefficient 
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APPENDIX 3
 

Types of Division Boxes
 

Although division boxes of great complexity can be used incorporat

ing automatic devices that require constant adjustment and frequent 

maintenance, such structures are not needed at Lam Nam Oon and 

simpler and more reliable structures will be described here. 

Two kinds of division boxes will be described,
 

a) Proportional division box with flap gates.
 

b) Simple proportional box with lift gate (open & shut type)
 

The layout of the various kirjds of division boxes are given in
 

the drawings to follow, showing various modifications required
 

to suit certain circumstances occurring in the field.
 

The design factors pertaining to the various parts of the
 

division box are discussed.
 

The Water level Differential
 

The difference between the water level in the box and the
 

downstream canal should be not less than 0.10 m in order
 

to maintain a reasonable flow out of the box.
 

The Cill
 

The cill height is maintained at a height above the box
 

invert level of not less than 0.10 m and not more thaa
 

0.25 m.
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The crest shape coefficient may be taken as 0.88 for scuar.2
 

edged crests but if the inner edge is rounded the vaiue
 

will be 1.0, however for these designs a value of 0.88 is
 

used.
 

If the head is measured at the entrance to the box then
 

the velocity head factor can be neglected but if it is 

measured at the outlet then it must be included in the
 

calculation. The width may be estimated by using the
 

following equation
 

b= Q
 

.88 x 1.7051 H3/2
 

or b = 0.6665 Q 
IH72


33/
 

where Q is in m3/s and H in metres.
 

This equati.on may be used for estimating the width of the
 

flap gate openings but there will be a small degree of error
 

because of the variation in dimensions and a separate
 

estimate should be made by direct measure of the finished
 

field model.
 

Box Dimensions
 

The box dimensions may be calculated by means of the ecuations
 

shown in Figure 1.
 

The width of a box fitted with flap gates varies with the
 

number of gates used. 'Withthe boyis fitted with simple 

lift gates a minimum width of 1.0'm plus the width of the 

gate applies. The width is taken to be the least dimension a-, 
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right angles to the inlet canal. 

Stilling Basin & Transitions
 

The dimensions of the stilling basin below a drop, whether
 

the drop is combined with the division box or separate, maybe
 

estimated by means of the dimension variables given in
 

the following table. This table should be read in
 

conjunction with Figure 1 and the Tertiary Division Box
 

Design Form, Table 4, guidelines Part III.
 

It should be noted that differences in the box water level
 

and the downstream canal, of 0.30 or less, will not req-uire
 

a transition beyond the stilling basinand the stilling basin
 

length will.be three times the head difference or a minimum
 

length of 0.75 m and a minimum depth of 0.10.
 

Construction Materials
 

These structures are hydraulic structures and they are
 

subject to a number of forces acting in a different way.
 

First,they should be constructed of sound material; good
 

quality rock and properly constituted concrete, if not,
 

they will require constant and costly maintenance. Secondly,
 

they must be accurately constructed according to designs,
 

failing to do this will negate the purpose of the design and
 

will result in problems concerned with water manaqement as
 

well as increasing.maintenance costs.
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Division Pox Design Factors. 
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In boxes to be fitted with flap gates, the water level
 

should be maintained at 0.25 m and not less than 0.20 m.
 

The level can be achieved by maintaining the water level
 

(full supply level) in the canal at a 'fixed depth, for
 

example, at 0.35 m; the water level over the cill is 0.25
 

and the cill height is 0.10 m. However, it may not always
 

be practical to maintain the required water in the canal
 

and the gate width will have to be modified.
 

For boxes with simple gates the cill height should not be
 

less than 0.10 m.
 

The Outlet Dimensions
 

The volume of water flowing out of the box into the downstream
 

canals will depend on the head over the outlet (depth of
 

water in the box minus the cil1 height) and the width of the
 

outlet both the depth and the cill height are constant for
 

each box and the width of the outlet is varied to allow
 

the required volume to be discharged.
 

An equation for estimating the discharge through a box outlet
 

is 

Q= 0.385 m.b.H /T2K 

Q = 1.7G51 m.b.H
3 / 2 

or 


3
 
where 	 Q discharge in m /Sec. 

m =crest shape coefficient 

b = width of out>et.m ... 

H = h + V2/2g 
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Figure 1.
 

Stilling Basin and Transition Dimensions.
 

d5 1 1.5 L h W2 
 3
 

(1) (2) (1) (2)
 

0.30 0.75 
 0.10 .25 
 .15 .25 .10 0.]5
 

.30 .90 
 .10 0.30 .15 .25 .10 .20
 

.45 .90 
 .10 .30 .15 
 .25 10." .20
 

.50 .90 
 .10 .30 .15 
 .30 .10 .20
 

.60 1.00 
 .10 .35 .15 
 .30 .15 .20
 

.70 1.10 .15 .35 .15 .30 :15 
 .20
 

.80 1.10 
 .15 .35 .20 
 .35 .15 .20
 

.90 1.20 .15 .40 .20 
 .35 .175 .20
 

1.00 1-..20 .15 .40 .20 
 .40 .175 .25
 

1.10 1.20 
 .15 .40 .20 .45 ;20 
 .25
 

1.20 1.30 
 .15 .4"0 .25 .50 .20 
 .25
 

1.30 1.40 
 .20 .50 .25 .50 
 .25 .25
 

1.40 1.45 
 .20 .50 .25 
 .55 .25 .25
 

1.50 1.45 
 .20 .50 .25 .50 .25 .25
 



d5 difference between box water level and downstream canal water level 

L length of stilling basin 

L1 length of transition 

h height of stilling basin cill 

WI Thickness of stilling basin floor and box floor. 

W2 Thickness of vertical drop wall 

W3 Thickness of masonry of grouted stone pitching. 

(1) Grouted masonry or mass concrete with large rock plums.
 

(2) Concrete with two layers norminal reinforcement.
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where aood cualit.' ruc-: is available such strucz.Des cr.n '.e 

constructed of grouted masonry or mass concrete with 1are" 

rock plums. Otherwise, reinforced concrete may be used.
 

Desi -n Drawings
 

Figure 2
 

The design in Figure 2 applies to a division box fitted with
 

flap gates that provide a simple method of regulating the
 

flow proprotionally to the different dowrsteam canals.
 

The types of flap gates used are shown in Figure 4. The
 

design dimensions can be worked out from.the equations given
 

in Figure 1.
 

Figure 3 (a)
 

The division box shown here is fitted with simple open

and-closed lift gates.. The dimensions of this structure
 

can be determined by using the data given in Figure 1.
 

The width of the outlets are obtained by using the equation
 

given in the foregoing section.
 

b = 0.6665 Q
 

H 3/2
 

Figure 3(b)
 

to
This particular design has rounded inlets to the box and 


the outlets to canals. It also has long throat sections
 

before the cill. The reason for this is an attemp to reduce
 

the earth
turbulance and reduce erosion at the entrance to 


canal. This design is satisfactory :but requires more materi.als
 

that the former designs.
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Figure 3(c)
 

This design is basicly the same as Figure 3 (b) but the
 

outlet incorporates and "onion", type transition. The
 

object of this method is to excavate the earth to its
 

natural angle of repose the transition. This procedure
 

does work satisfactorily but takes up to much land where
 

longer flow are encountered.
 

Figure 4
 

The details of the flap gates used for the division box
 

described and shown in Figure 2.
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APPEND IX 

Canal 	and Drain Capacities
 

Canal 	capacities are 
based on maximum unir. irrigation water
 

requirements and this amount 
is derived from the periodic
 

crop water requirements for the project area or 
for the I in 5 

year return period of low rainfall for either wet season paddy 

or for dry season paddy, if rice is to be grown during the dry
 

season. 
Although it is necessary to determine unit water
 

requirements for other crops, usually the canal capacities are
 

based 	on the water requirements for rice which requires larger

amounts of water. Design capacities based on requirements for
 

rice are adequate for other crops.
 

The design capacity of canals has 
to include an additional factor
 

for the effects of diversification during the distribution of
 

water 	within the paddy system.
 

The curve given in Figure 1 can be used for this purpose. The
 

equation used to calculate the design flow is,
 

QI = C A q + losses
 

=
where Q design capacity lps/rai 

C = redistribution factor. taken from the curve 

A = 	 total area to be irrigated along tertiary of 

quaternary canal, rai 

q = unit water requirement l.p..s/rai
 

losses = transmission losses
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Exa.p 1 t: 

Q = 3 l.p.s 'perrai 

A -- 256 rai
 

C = 1.5 (trrm cutve?) 

I. = 1100 m 

Q1 = 1.5 . 0.3 . 256 

= 115.2 l.p.s. 

Losses = 0.015 x 1100 x (i15.21 4 (see eqation below) 

1-101000 / 

= .6.95 l.p.s. 

Q = 122.5 1.p.s. 

Transmission Losses
 

Transm.ssion losseq in small canals may not be important in 

small, short canals but in porous soils 'an estimate of. the 

losses should be included; the following equation maybc used 

for the projc~t conditions 

= 0.015 L. 0'4Losses 


where L length of c.an-dl in Km.
 

3.
 
Q = capacity in mn/s.
 

Losses = m3/s
 

Unit Water Requirements
 

The basis of the unit water requirements is the crop water 

requirements which are based on the analysis of the climatic 

parameters and the rainfall. This data will be presented in 

another Technical Note shortly.
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Drainage Discharges
 

The drainage of storm water and surplus irrilati6n water is termed
 

irrigation spillage. Scorm water drainage is based on the 10
 

or 20 year reoccurring interval of storm rainfall and the possi

ble intensity of the second highest rainfall reoccurring once in
 

10 years.
 

However, flood estimation may be based on an estimate of an extreme 

value of the daily point rainfall within a selected return period.
 

This form of analysis is suitable for most agricultural dr;inage
 

work. Such analysis is now underway and will be provided in a
 

separate Technical Note.
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Croo Water Requirements.
 

The crop water requirement is the gross water needed to sustain
 

the specific crop plant over the entire growing season. However, this
 

is a product of the incremental water applications over the period 

related to climate and soils. (See unit irrigation requirement.)
 

Command Area'.
 

This term is frequently used to designate the gross area supplied
 

by a primary or secondary canal (within the major system). - See Service 

area.
 

Division Boxes.
 

A division box is used to
 

(1) proportionally divide the flow of water into two or more channels
 

and;
 

(2) to regulate the flow into the channels supplying separate groups
 

of farm units.
 

The structures are nominally square or rectangular; the rectangular
 

outlets may be fitted with adjustable gates to regulate the discharge
 

or simple open-and-shut gates are used to control the discharge. These
 

structures may be constructed of masonry, mass concrete or reinforced
 

concrete.
 

The division box is the key to proper water control at the minor
 

system water maragement level.
 

Extensive - Intensive.
 

In R.I.D. parlance "Extensive" refers to irrigation development
 

under the Farm Dyke & Ditch Act and "Intensive" refers to deveiopment
 

under the Agricultural Land Consolidation Act. 
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Farm Ditches. 

Refers to small furrows conveying water about the farm or
 

the fields. A more clear term is "farm furrow" or "field furrow." 

Furrow.
 

Specifically specifies a small capacity man-made channel for
 

conveying water around the farm or field..
 

Farm Turnout.
 

A structure, either a gated device or a simple pipe through the
 

canal bank, used to divert water on to the farm.
 

Farm Units.
 

Farm Units refer to a single bound area of farm land supplied
 

with water or any other commodities irrespective of the ownership
 

(one owner may own more than one Farm Unit).
 

In-field (System)
 

The term "In-field" is specific in 'the Western farming context 

where an irrigation system, for example, the furrow method would be 

used for new crops, overhead sprinkler for alfalfa and trickle 

irrigation for fruit trees; while in the main rice growing regions 

with small farm units, wet paddy (systcms) would be more appropriate 

and bedding (systems) where upland crops are grown in paddy fields. 

It is equivalent to a single paddy field (See On-farm). 

Land Consolidation.
 

(1) Land Consolidation refers specifically to the aggregation
 

of fragmented land holdings into economic farm units. 

(2) Land Consolidation in the Thai context implies the develop
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menc of land together with the aggregation of fragmented land holdings
 

under the Agricultural Land Consolidation Act.
 

Land Development.
 

This refers specifically to effecting physical modifications to
 

a farm unit or larger areas consisting of groups of farms to improve
 

crop production by providing necessary farm inputs and infrastructure.
 

However, such improved performance should be within the realms of econo

mic reality.
 

Major System.
 

The "Major System" of an irrigation project consists of the
 

Primary and Secondary conveyance system (or network) and diverts water
 

into the tertiary system. The operation and maintenance of this part
 

of the project is normally the responsibility of the project authority,
 

a ministrial agency.
 

Minor System.
 

The "Minor System" consists of the tertiary and quaternary
 

conveyance system. This system conveys water about the farm groups
 

(tertiary units or blocks) and delivers water to the farm groups
 

(quaternary units).
 

This system is managed by the farmers through some kind of
 

farmers organization, who also take care of the maintenance of the
 

system.
 

On-Farm.
 

This term refers to an irrigation system on a farm and it is
 

roughly equivalent to the quaternary unit in the Asian context. It
 

is more applicable to larger farm holdings than to the small farm
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units occurring in Asia.
 

Primary Canals.
 

The primary canals, also referred to as a high-level canal, main
 

( - distributary) amongst many other names, is the main conveyor of 

water from the diversion headworks, from a reservior or river or
 

even 
from a pump, to bifurcate into the secondary canals. Normally,
 

water is not diverted to farms directly but may be diverted into the
 

tertiary system.
 

Quaternary Canal.
 

The Quaternary canal starts from the tertiary division box and
 

supplies water to the individual farm units. It is the only canal
 

the farmer has direct access to in the "Tertiary Irrigation System"
 

concept.
 

Secondary Canal.
 

The Secondary canal branches off the Primary canal and water is
 

diverted into the tertiary system by means of various kinds of
 

turnouts.
 

Service Area.
 

The term is non-specific but is sometimes used to refer to the 

Tertiary or Quaternary area and in the same way as Command Area. 

Service area does mean the area taken up by services such as 

farm roads, access roads and canal servitudes. 

Tertiary Canal.
 

The Tertiary canal is supplied by water from the secbndary canal
 

by a turnout and conveys the water to a division box bifurcating into
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a sub-tertiary or quaternary canals. Farmers do not have access to
 

this canal though the farmers organization is responsible for main

taining it.
 

Turnouts.
 

A turnout is a small type of diversion device which is also able
 

to measure the volume of water being discharged through it. The device
 

consists of an overflow weir that can be raised and lowered and a
 

shut-off gate (the Vlygter turnout) or a pair of gates (constant head 

turnout) or a simple gated pipe. These are located on the inside of
 

the canal and a pipe under the embankment conveys water into the sub

sidiary canal.
 

Unit Irrigation Requirements.
 

The Unit Irrigation Requirement is the crop water requirement at
 

the maximum level plus the irrigation efficiency (at the anticipated
 

level of inefficiency) and any field percolation losses. The maximum
 

crop water requirement is taken from the water requirements based on 

the cropping pattern.
 

The volume of water to be diverted at the tertiary turnout is
 

based on the Unit irrigation requirement plus conveyances losses and
 

includes a distribution factor, that approaches unit for large 
areas
 

and increases in value for small areas.
 

Note that the 
term Water Duty should not be used as it connotates
 

a totally different concept of estimating water delivery rates.
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