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FOREWORD

The Center For Rural Development, which is a Division of the
Begger Group of companies, assists clients in planning and imple-
menting programs and projects'aimgd té expand econcmic opportuni-
ties and improve the well-beiﬁg‘of fufal populations in many parts
of the world.,

Currently, in 19380, the Center supports eight major rural
development projects which are funded by the World Bank, the U.S.
Agency For International Developmeqt,'The Asian Development Bank,
and otﬁer international agencies iﬁ'ASia, Africa, the Middle East,
and Latin America.

As a part of its servicés to clients and the professional
community of those engaged in rurél development wonrk, the Center
releases technical notes on various agpects of individual projects,
The notes are numbered by'teference'to~ﬁhe individual projects.

For those interested, additiqnal 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 Ru;a};bevelopment Project is located
" in amphoes* Phang»Kbne, Pannanikoﬁ.land'Mqang;.Changbat Sakon Nakon,
Thailaad. It ccmprises a‘dam,vresequir, and main-secondary canal

.system that'will provide irrigapion water to approximately 220,000

. we
o

.rai of gméll farm holdings. ‘Aboﬁﬁle)QQO‘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 wate?/farm.management practice; in the
area, The Royal Thai Government has érpgrammed US$43,800,000 for
special work in the are& during a five-year interval.

Of this amount, USS&,SO0,000 comprises funds borrowed from the
Unifed States of America in order to‘finance technical assistance,
equipment, and local development cpst;.

Starting October 12, 1979 the_A@érican consulting firm, Louis
Berger International, Inc. was eﬁplo&ed under contract to provide
_technical advisory service§ for the pﬁéject. These advisory services
are for the qooperating‘agénciesucqmp;ising: The Ministry of Agri-
culture And Cooperatives; Royalllrrig;tion Department (R.I.D.),

' Community Develdpmént Depaftmén:‘(C;b>, Depar;mentiof Agriculture 4‘
(D.A.) and Departhent of AgricufturalﬂExéension (D.0.A.E). |

The contractor‘is tasked with fésponsibility for designing and
testing on-farm water delivery systehs in the Lam Nam ‘Oon (LNO) area.
In relation to thié, when contractor'éngineering specialists arrived
at Lam Nam Oon in November 1979, the Royal Irrigation Department (R,I.D)
* Administrative Sub-Districts of a Changwat.(Province)
* Rai = 0.16 Hectare {0,40 Acre)
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had already installed a qud Consqtidétion-rel&ted on-farm water
delive?y systém i; pilot Qreas lfand“j;'~Nothing_hadfbeen done about
design;ng and testing a system related to Ditch-Dyke modes of dis-
tributing water to,férm units. |

This situatiqhbcaused'the Louis Berger.cdnsuitahts‘to push for
selection of a pilot area 2 Iocatioﬂ as rapidly as‘possible; A
selection of area was made in April,:1980; and Mr, Erroll Coles, as
Water Management, Operations and ﬁﬁiﬁtenance Epgineer'was asked to
develop the technical guidelines for the design of tﬁree systems

for pilot area 2.



B. Special I:rigacion-Relatea Faccofs at. Lam Nam 6onl

There ére é ﬁumber of §peciai:f§ctofs which exert a specific
influence on irrigation in LNO, They.impact'particﬁlarly'on the
selection at LNO of layouts needed td.équicably distribute ‘irri-
gation water to farm units.

The layouts selected should in'géneral 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 §hou1d be environmentally compata-
ble. These objectives should be achieyed at a minimal cost., It
should be noted that in all syﬁfems anywhere over-design will only
lead to higher costs and compligacg,management. Over-design can also
cause excessive maintenance requireménts that over-strain financial
resources, Equally, under—désign can lead to management difficulties
and inadequate water control,

The special factors qiscussed here include:

- Irrigation-Related Laws

Spils

. Topography

‘Drainage

Forest Preservation

Statutory law governing irrigation development and distribu-
tion systems in Thailand include the Fie1d Dyke and Ditch Act,
B.E. 2484 (1541) and the Agricultﬁral 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
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distribuction systems envisaged.unde;';hat'Act‘do not meet the require-
@enCS mentioned abo&e of4suPplying wate% equitably nor do they provide
for proper control over water éllaﬁatioﬁs to individual farm units.
The Field Dyke and Ditch Act ;ystéﬁs do provide for.water distribu-
tion in areas of intermittant irrigation in the‘wet season, Consi--
dering the limitations of this Act,vit should not bé applied to high-
cost projects such as LNO without somé necessary changes. Those
changes should include the provision f@r 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 70% of the farms have
individual turnouts then the 70% rule cén be applied to all without
realignment of all units, Civen.tﬁi; 70% provision it is, therefore,
important to study alternative.layoufS'for LNO which are more advan-
tageous, less costly and provide for more equitable water distribu-
tion,

The second Act, the Agriculturdl’Land Consolidation Act was
adopted in 1974. It embodies all the réqhirements for proper land
consolidation including provision df services and proper water manage-
ment provided the layouts afe suitedvtb the  environment. It includgs
facilities to efficiently regulate water.

Any critical comment upon this Act must begin with the observa-
tion that it presumes that all firm 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 unitsj 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.particularly where environmental factors
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are involved and where coécs can Beisfgnificantly rgduced 5ﬁd water
control can be‘enhanced.

Anocher critical commehﬁ cohcern$ the'AcE's limit on acquisition
"of land for irrigation.se:vices;'.ThefAcﬁirestricts acquisition to
seven percent of';ﬁe gross grea:of'gaﬁh farm holding. This seems to
lindicace chat che.émounE of'laqdvthat can Be‘achiréd presumes that
all farm units will be.realigned.now,_iYet there ﬁaylbe cases .where
it would be less éostly and more ad§antageuus to only change a few
boundaries.

Another aspect of this Act concerns it's failufe to deal with
servitudes. It seems obvious that there may be occasions at LNO where
servitudes for conveying water onto a land holding and draining water
off or to provide access across angther land holding may be advan-
fage0us. However, such a remeaytcannot be appligd under the present Act.

There are also three énviron@éntal factors affecting the LNO area.
These are soils, topography, and dralnage.

The soils of the LNO part of Sakon Vakon differ from other Norch-
eastern Provinces., There is a‘predqminance of soils on the low and |
middle terrace systems of relatiVelf recent origin, markedly sandy
and of very low fertility. These 'soils are essentlally of alluvial.
origin being sediments of'variable_age and composition. These allu-
vial sediments have been eroded. in' successive cycles. At present,
four main levels are recognized*. Theyvare the high terraces, middle
terraces, low terraces and ché‘alluﬁial plains. This has produced

a distinctive landform of lowyundﬁlating 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 morphplogy,i} closely'corrélated to this
topographic system, -

The predominant soil is the Roi Et series, mainly located on
the low terraces, - This soil is charﬁcferized by a light grey.fine'
loamy sand over a more clayey compactéd.saﬁdy 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 5011 afe not indicative of a soil
suitable for irrigatéd non-rice éfop_productién without high agri-
cul tural inéuts and expert'manageﬁgnt.'

The Korai series are next in magnitude. They occur on the upper
part of the middle terraces, Thése‘soils cogsists of a light grey
medium textured sandy loam over a yei1ow'bro§n moderately structured
sandy loam (or clay loam) sub-soi1; ,Thé fe?tility of this series is
.also very low #nd fhe‘physical pfoperéies are not ideai.

The.remaining area is made up of eleven other soil series of
Qafying nature occupying the'lowéf'paf;é of low terraces and. along
the natural drainage ways. These SOiis tend to be of a heavier
texture and with a more pronounced structure. Their inherent ferti-
lity is a little better than that,éf 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 fof land consolidation, notably
in the Chao Phraya area. The other soils are inherently more fertile,
physically suited to irrigated agricul'tural practices and deeper; the

macro-topography 1is 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 LNQ, irrigacian déyelbpmenc'and_land consolidation
can be accomplished in such sqils:with_é‘limited amo@ncvof land form-
iné and the relocation of farm.unitgiéan be achieved Qithout undue
disturbance oE‘the soil surface ;hd'fhéfaestruction of fertile top
:soil. Channels need not be deeply'in;ised anduwith the flatter gra-
dients Eewe? reéulating stru;tures‘é?é'needed. Irrigation develop-
ment is less costly in such localities.

Consideration must be given to the fact that in flat plains
regions, with stable fertile soils, straight evenly spaced‘can#ls
and drains and regular {arm units can be designed Qith alacrity, using
rather limited criteria, Howeve;, applying this approach in areas of
high relief such in the undulating, rolling topography of the.LNO area .
is very risky. Because of this parqjcplar lan&form and because the
LNO soils are very unstable, they contain very little clay and are
non-cohesive, behaving like a_fluid whén saturated. .The fine parti-
cle fractions are obviously véry.fiﬁe éuartz particles and not clay;
the clay fraction is mainly kaolini;ng Maintaining .long straight
'inined canals,.much of-it fill, in suph.soils'will be costly. Also,
in order to reduce erosion very flat channei slopes are needed there-

lfore more regulating structures wiiIISe needed:too; ‘SectiénS»in fi11ll
should be lined. Earthworks of fhis kind are costly to construct and
the main capital costs will beivery High.

The landform features of the Iam-Nam Oon area which is a low
terraced fofm,‘indicates that there_ié'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 meapder across the flood plains

—kiy

eventually collecting in the primary drainage system.. It is dominated by the
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main river, cﬁe Maekong, and baékftoodiﬁgjof this large river during
ghe wet season obviously infiuencéslchefflpw in the méjortriverﬁ
draining'chis.aréa, nocabiy.ché HU;I;Plglﬁang ana the:Nam Oon rivers,
Because,qf.chisl cafefuliconsiéération szt‘also be givea to the

fimely and sequencigl-deveioﬁménc_of fﬁe m;in dfainage system before..
any layout designs proceed becéus; the minor drains .have to be directly
"tied" into the main drainage system. lFailq:e to observe this elemenc-
ary fact can only lead to excessive f100ding‘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. irees:in the LNO area'require a long
time to grow. Therefore irrigatidnilaYOQCS should seék to preserve as
many trees as possible, Indiscri@inace'c1earinglof trees in the course
of construction will uitimacely‘leéd'tp a grave shoftagé of wood for
making charcoal used for domescic'QOAkiﬁg ;nd‘for building timber.
Thailand is experiencing an acute sﬁorﬁagg‘of cqbk;ng;fuel and bﬁildf
ing material now. This'sitqationjuiii bécode.acucely'Cfitical.in,Cimé,
At present, there is no technical jgstiéication to temové tfegs un-
necessarily. Farm ﬁechanization is,stiil a distant objeccive in the
LﬁO area and when-orAif ic occﬁrs‘cﬁén'those‘rem;ining trees obscruéfe'
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'Design at LNO - And The Special
‘Factors ' ' ' oo . S

The kind of irrigation sys;ém~aﬁda;ayout installed on 3,000 rai
in Pilot Area No. 3 during 1979/80,exp1iéi;1y termed "Intensive"
ﬁevélopmenc does. not' deal SatisfactoriL} with tﬁe 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 asbects of this system as applied
to Lam Nam Oon arises from the high, undﬁlating topography occurring
in many parts of the project requiring extensive land levelling which
increases costs per unit areaj; thé fragiie soil infertility which will
require high ievels of agriculturai‘iﬁputs and very skillful manage-
ment to maintain moderate crop returﬁs} the inexperience of the farm-
ing pépulacion-with irrigaﬁio; which n%céssitatés an_efficient, yet
simple, water management4system at.thelfarm'level.

Not least, a layout is needed whiéh'does not threaten the .eco-
-system; This must'Be done pattiéul#rly’in relation to soils and forést‘
resources, Consideration ﬁuS; bé'giyén to the fact that wood for house
building and for fuel should not Be'destroyEd indiscriminateiy. .The
soils of the project area éré_bery infertile. They consist of soils
found throughout the humid tropics, aﬁd:théf are known for their com-
plexity in maﬁagement. Excessive deep;cutting of these soils by means
of landscaping should be avoidec. Even with wet paddy, reduction of
yields are inevitable on the poo;: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'ﬁsequncigb"'method consists of "cheqking“
the water by means of a series of dheck structures along a.canal with
" farm outlets set ih-;he'caqal Bepwgeﬁ each'check. ~Ip'6peracioh; a
.ga;e at the Chedk is closéd,t#e wagefjievel~ri$es‘ﬁp-over the farm
outlets and water.flows-into the'farm unit for.che‘required period
of time then the gate is opened'and,éhé‘process repeﬁted at the next
check, Though this system does offefﬁpositive control of the water,
supply/::;cc ;otacional regulatiqn‘céﬁﬁoc be practiced except at the
secondary canal. This system is adaptéd to very low topography and
on steeper areas excessive cut and fill is needed to construct the
canals, bearing in mind that the canals gradiéncs must be fairly flat
to provide an even head of-water §ver‘che farm outlets thus providing
an equal flow into each‘farm_unit; ﬁThé:sCeeper the land the closer
the check/drop structures have to be to maintain an -even cut-and-fill
of the canal ,eccions. Cn sceepllana‘;he canal has to be raised up
to allow water to flow into farm.;ﬁifs sr‘chis may réquire chacgfierq
levels be '"cut doﬁn" to level colalqu'qa;er to flow into the fields.
Both procedures involve co;cly eg#th moviné. The "sequential method"
is ideally suited to estate-typé manageﬁenc procedures where gace'operaé
~tion and timing can be accuraﬁely ¢controlled énd supervised. B
In steeper topography pany fields have been terraced over a long
pefibd of time, each field levglléd cé within five to ten.centimetres
and this constitutes a laboridus invegtmént; while in very flat plains
areas a minimum of terracing is.reéuired 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. .
- 17 = .



D, General Layout Désign Criteria,F And Thé Sbecial«?actors at LNO

Any sacisfaccory«irrigacionvfiéldylaypuc selected for LNO must
provide for two basic cricteria, whgthef‘it‘be for the Land Consoli-
dafion areas or for the Dykévand Ditch development, namely:

i. a maximum area of land should benefit materially
from water deliverigs, and,

ii. a sustained, assureﬂ_and equitable supplying of
water should reach each farm unit.

In order to comply with the’reiative statutory acts and apply
the two basic requirements to the system'layout, within the limita-
tions of the existing envirommental situation of the project area,
the following comprises geﬁéral cfitéria for a satisfactory layout
design:

i, Water should be able to be shut-off at the supply
point to thé_farm_dnit.'
i.A'PrOQide f0t-rofat10nal“§acer,tegulati&n,
(a) at the highef ievel in the early stages.of
project development,
(b)f;at a lower lgvei later when farmglevel manage-
ment has géinea éxégrience;
{ii, Fit into the e#isting:land use patterns without
destroying existing pa@dy'layouts. |
iv. ' Require a minimum of faém boundary re#lignment or
a minimum of repa:celation.
v, The farmer group ofganizations_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,.

vii.

viii,

xi.

xi.

Provide for the-minimum-nqmbep of control structures.

‘Lower farm grouping}éreas'shduld not exceed 125 to

150 rai (20-25-ha.)

:The.naCure and properties of the very fine sandy

' .

sbils:vill limit canal ﬁépaéities; velocities and
lengths, | |

Land levelling should Bé‘sévgfely limited_because
of the infertilify'of-thelsoils and the ﬁharacteris-
tics of the soil_profiie §f the soils occurring
throughout the projédt area.

The clearing of'forégca-aﬁd trees should be limited.
Survey procedﬁres sﬁoﬁld be revised to provide
closer control to téke:intb:account the f#sc
chéngiﬁg land form deta;lﬁand'other topographic

featuies'of the project landscape.
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E. Layout Design and'Water Control at.LNO
Statistics show that oﬁ ményfmajor irrigacion prbjec;s in various"
parts of the world only QOZ:of the,ﬁa;ér.evef reaches - the farmer. The
ptiﬁe causes for this situation are héinly improper project operation,
low level of maincenénce and inadequate management of water supplies,
Summed up these include Specifica11§:

1. Either underdesign or overdesign such as over-
elaborate farm unit layéﬁts or insufficient turnout
regulators and mea$uring‘uﬁits or complicated regu-
‘lators.

ii. Inappropriate equipment that cannot be properly
operated,

.11i. 'Lack of adequate maintenance.

iv. Inadequate drainége.(imp%oferly designed drains
and no proviéidd for drainage-downstreéﬁ).

V. Lack.of operational and ﬁanagerial procgduxes.

de‘princiﬁal e#éments affecﬁ ché.fofegoing. One cdncerns the
physical ﬁspeccs of.desigh asj;hese fglate to s&scém and on-farm lay-.
outs. The other coucerns management-by.project.personhel, farmerg,
other Government Departments, etc. Iﬁ_the physical ihgtance, the
quantity of water allocated to the sysggm at any one point in time
is a function of the capacity to ddnCIoi irrigation water and this
is, {n 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 nﬁmber.‘ 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 beé of cﬁe séme‘numbér along each -chiannel. It
zis easier to control water alongAcﬁesﬁtiméry‘and éecondary canals
ithan at minor levels where water regulgc;oh is léss écéﬁrate;- Cross
bhannél coﬁtrollprqyiaing a conscaqc,ﬁead over outlets is preferred
to fluctuacting régulation. Thi§.pro§13e$ f§r.stab1e'éutflow, quickér
resﬁonse to adjustments of the oucflow,?easier regulation, and water
is always avalilable,

This point is particularly démohstrable 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, ﬁhen céhal waﬁer levels are raised and
lowered the soils flow into the~éana};'thrupgh cracks in the lining.
.Also, rain run off fromlalong the canal verges and from the roads
sluice the saturated.soil into cavi;#gsiﬁehind'thé lining and fhis
funs out of the cracks into canais‘pafryiﬁg more'eroded'spil. Back
pressuvres cause-the caﬁai linings to‘Cra;k‘when the Qacer level 1is
rapidly drawn down and the saturated'soilkflows into the canal.
Maintaining the water level at the higheﬁt’level‘at all times would
reduce this serious problem. However, certain system modifications
would be required at LNO to maingéin;those water levels.

Related to the foregoing, thefeiis élso the crucial poiﬁt that
the kind of farm unit layout adopted should correspond to the water
management objectives contemplated. Sucﬁ objectives should include:

i. Proper planning of water allocation based on crop
water requirements for the current cropping plans.
i{. 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 vequirements 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 finction of the social technology
‘of rules, of routines and of roles through which the system is
managed. The response of persondel at different adminisﬁrative
levels within the project hierarchyto. the social,techﬁological factors
and of other groups such as agricultural extension, community develop-
men: and similar essential groups also influence water allocations.
Thus, ease of ﬁanagement should figure significantly in the design of
layouts.

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

1. Operating staff requirements. (This should incluae
availability of personnel and the training they will
require and the quality of training they will receive.
1f 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 level system

will be indicated and so on.)

Extension Services. (These are essential for
successful irrigated agriculture; thus without
extension workers in both agriculture and on-famm
water management‘elabbraCe layouts and systems will
not function).

Cost/Effectiveness Trade Offs. (It goes without
saying that over-elaboration will cost more to
operate and maintain, yet under-desighing will cos.
even more. CcnsequentLy there is a threshhold

level where costs are at a minimum foi1: the effiziency

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

Water management is a complex inﬁérrelationship‘between a pro-
ject hierarchy and the farming cqmmuni;y 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. Sueh an
organization has to be created and maintained. This centers around

the double "O & M" components of Operation and Maintenance and

Organization and Management.

(1) At Project 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 anafyziqg cropping data, climatic
data and other relevant data.
iii., Recording and checking water deliveries 'and farmer
feedback on such dglivefies.
The Maintenance work consist of:
i. Keeping all mechaﬁical equipment, gates etc, in
working order. |
i1, Canals free of sedimentkand lining in a good state
of repair.

iii, Roads in good order.

iv. The timely repair of breaches in the canals and

rep2irs of structures.

(2) At the Farm Level
Opefation by the farmer's representative consists of:

i. opening,and closing_gatés and allowing water

to flow into the farm units,

- 24 -



Maintenance consists of:

i. organizing the farmers 'to assist in cleaning
out the canals.seésonélly 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-operated 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.

- 25 -



G. Layout Design And Water Users Organizations

The farming community is aléo h;ghly 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 matural elemerits over which
they have no control; and they are "risk-obviators"., With these
factors in mind, one crucial problem is.how to organize farmers fo
manage the water-user end of projeéts; The advantage of organization
is not alw&ys apparent to farmers but it does provide them.with orga- .
nized contact and association with the project management, It leo
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 wéter controlled, It must be
proven to farmers that water can be so controlled that it will be
delivered when and where the farmgr wants it, A proven, guarénteed
flow of water in the right 4uadtities and at the right time is the
best method that exists to encdurage-fa;mers to cooperate in organiz-
ing themselves to use water advantageously and ﬁo 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'tb 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 irrigaction
for early planting at the beginping of the wet season or te supple-
~ment dry season cropping. In any case, 'at thé onset of project
development the mechanisms for formaciqn~of irrigation organizations
should be introduced as soon as bosSible; "At the same time, physical
provision for the handling of water at tﬂe farm level must be sim-
piified as much as possible. Farmergﬂmust be taught the principles
of water uses, while simple,‘robusc,I;;;0ctures which are easily
ménaged should characterize the'faleunit layouts,

The efficiency of water use, that is the ratio of water requiréd
by the crop to Che.COCal water supplied p1us the effective rainfall,
will center around the efficient management at different levels, but
particularly at the farm level. There are many technical factors
that enter into this equation frpm cultural practices such as size
of paddies, bund width and height (on-farm and in-field factors);
design factors such as canal length éhd‘size, the kind and size of
Structures, size of farm units, etc, :A critical measure of all chis
will be the number of units of crgp prqduced to total volﬁme of water

diverted through the cooperation of farmers in User's Associations,



H. A Terciary Svstem For LNO

These guidelines prescribe a ?eﬁtiat? System as best qualified
to ‘satisfactorily meet the conditions preseéribed in the féregoing
sections. This system is flexible.» It c;n be adapted to the LNO
project environment, the landforms, phe existing iand use patterns
~and the soils without excessive disfu;baﬁcé.

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 cénals,
operated by a representative nominatéd 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 swaller quaternary units; the tértiary unit may be based on

a village boundary (though there may be more than pne tertlary unit to
a village area) provided the canal sysrem does not extend beyond the
v111age boundary or local district boundar;es or the unit may coincide
with a natural basin area, or it ﬁay'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 Unics 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 QuaﬁetnaryvUnics »féciiiﬁate "equal time" rotational
_water supplies af the'CErtia¥y 1eVéL,apd at the_quacerhary'lével.
This allows for equiﬁab13'5u§p1ies.of.ﬁa;ér ;o'reach each farm»unit.
even in times of water shortage'or‘fdf;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 tertiafy canal into sub-tertiaries or into the quaternary canals,
In the first case, the box is referred to as the tertiary division
:box and in the second the quate:nary divisionlbox. These boxes also
-act as measuring devices, The quatefnafy canal may be sub-divided
but this should be obviated wherever ydséibie. The division béx iﬁ
the salient part of the tertiarylsyétem being the basis for prober
‘water allocation to farm unit groups.

The farm unit coniists of one or more paddy rields and water is
supplied to the unit from thé_quatéfnafy:canal, ﬁhe farm turnout being.
one or more smalL diaméter'pipeé , sdllocated to supply water to the
ﬁighest paddy on the farm unit. ~The ou;fiow throﬁgh the pipe is reéu-
latéd by raising the ﬁater léve} in tﬁe;canaL'over the pipe by means
of a check gate,

Surplus irrigation water ana stétmwa#er 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 Lavout - And Watér"Management

Applying

the following:

i.

if.

ii1.

the tertiary system to the LNO area is affected by

The size of the unit aréé chosen should be

limited by the vélume,of,water required to be
delivered. This is‘rEIatéd to the soi1 properties
of ﬁhe area. fCoérs;rtgxtnred-soils (sandy soils)
w@ll require sﬁaller ugi;é while fine-textured soils
(ciays) wiil Supﬁort I;rgér.uhits'(aISO, channels
iq sahdy»séilé shéuid,bé shorter and longcrvon
'c}ayeffsoils).'EThe'dgtiéum size of a tertiary unit
1s about 150 ha.,qr’about 950 rai.

'The size of the.Caﬁals.énd struétures'(:egulators,
gates, drops and culVeffé) should be kept within
sentible limits by'qsiné‘Specific determinations

of crop water requirements and the soil characteris-
tics to estimatebcapacitiés.

The area of land use&-fqr §ervic€s whicﬁ include
accessland farm serVi;es rbgds, canals and drains
shﬁuld be directly éioqutional to the size of the
canal plus. the rqu'widch}aﬁd.heighc above field
1evé1, The size:of ﬁhgée.serviceg should be
directly rela;ed CO;s;iljtéxtufe...Optimum size
'occur.in the median-;ange{(that of stable soils).
However, the area used for these services should

not exceed six to seven:percent.



iv,

Land31eve11ing {s.beneficial for proper water

spreading over a paddy field. The amount of land

levelling will depénd on thé critical field level
(the highest fieldzlevel in any group of fields)
and the water suff#cg 1é§é1.in any group of fields
and the water'surfacé levél’in the canal needed to

service that fieldﬂ .Where it may be necessary to

-raise the canal bed’lévei too high ab§Ve ground-
‘level then an economic 'tatio has to be considered
vbecwéén levéllingxthe'grdup~of fields and con-

1§thCting theAcanhinin,fill. The design require-

ments of.the tértiéry unit éqncept does reduce
the amount of landikeQélling required because of
the flexibility off?anal and drain location and
the relation of the field levels to the invert
levels of the water regﬁlators.

Extensive stud;eslhavé shown that farm units
along field channéls should be grouped. together
into larger uﬁits; Tﬁis‘approach allows grouping
of farmers in é way.yhi@h prbvides for a more

efficient administfatiﬁe organiéation-andVWith fewer

officials. = 'The terciary system with the lower

level quaternary uniCSHko; blocks) provides such

a. grouped arrangeméﬁ; and this will contribute

to' efficient maintenance and water control.
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vi,

Efficient use ofja liﬁited supply of water depends
to a great extent on ;he_method of distribution
and allocation. The mgthod of regulation that has
proved most efficiénﬁ for conditions prevailing
on most irrigatiop brojects is the rotational
method. The typegaf.}otational supply method

env1saged is the equal time rotation with the

>division of water 11mited to simple fixed ratios

or open and' shut type control rather than varia-

-1b1e,COntroljwith variable ratios. This. last form

'wbuid be too costly and difficult to manage under

LNO conditions. The great advantage of the ter-
tiary system is thatfwater 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 twelfgqiof a day (control interval is
the time taken ‘to iﬁitiéte water supplies) in
unlined canéls. CoﬁtrolAintérvals vary with the
soil ;exture dnd ;he:ﬁoiﬁture conditions in the

surrounding areas. The tertiary system has been

‘developed around the rotational supply method.

However, a form of rbtd;ional supply can be pract-

iced at a higher levéliéldng 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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TECHNICAL . NOTE:

NO-' 1

PART 1T’

GUIDELINES . FOR . TERTIARY ' DEVELOPMENT

'DESIGN ~CRITERIA FOR ' -TERTIARY . SYSTEMS
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A,  Basic Purpose of Tertiarv Development - At LNO

Basic principles of such a system"and related criteria are
detailed below for use as a practical gpide for the design of
Tertiary and Quaternary Units,éithiy th; Lam Nam Oon Project area.
They are tentative at this time, and‘?héy will be modified as.more
information comes to hand. |

The basic purposes of the.tertiaty}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 sysﬁem for thé'effiéiéﬁt management of proper water
allocations to the famm uni:s‘inciudihg,

1) Provision fér the equitable diétribﬁtion of water

within the project area to eVery farmer,
for _ . '

2) Provigion/the most efficient system at the least cost,

3) Provision water for'c;op'pfodu¢tion over the entire

annual growing season and,.

4) Provision for simplicity of maintenanée to ensure con-

tinuity of Ehe water SUppi;es;

Figure O provides the general outline of this system.

- 34 -



Figure O

Secondary kiCa‘nql'. . o
r.‘ - ¢

(a)

Y Tio.

Q

Tertiary Cenal.

0.8 Q
.

Quaternary
canals (b].
%é) Qo8
S ettt 10
D
T
Farm Unils, :
I
QDB
(b)
-t >
AN
(
Farm Units. : {
|
1
! M
Y
_ T':/0. Tertiary
- TDB, Tertiary
. Q0B. Quaterna
Q Canal ca

Schematic  Diagram of the Terﬁrrry and

Quaterna

N2

,l' : _ Sub-Tertidr'y(q.}'
9
Q0B (bf»
N ©
|
$
{a) Q/{c) : Farm Units.
2 2 : Q
QDB (64
Z_;QI- ““““““““ =©
FAY
|
a) O/Z %-lu} | Farm Units.
' |
|
6 !
turnoun, , _Nét.e'_tha! only.__’qac.xt'je'nq.rj
division box. .are accessable to farmers
ry division box . and deliver water to the
pacit ;- farmers .

ry Water Delivery System.

- 35 -


http:Terti,,.ry

B. The Principles of the Tertiary System - For LNO

1. The Tertiary System Defined

The Tertiafy Unit forms the basis of the water managé-

ment system and the tertiary unit is sub-divided into

the .quaternary units..Each tertiary unit (or block)

consist of a number of pairS'df quaternary units.
The operation and maiﬁten;gce/gSe Tertiary Unit is
usually conducted under the auspices of a farmer's or

- water'usef{é a;socia;ion by an elected representative
of the farmers. |
Water is diverted into'che tertiary canals from the
secondary canals aﬁd ;his_tprnout gate is controlled
by the project personnel, Water in the tertiary canal
flows into division boxe#lﬁqd into the quaternary canals
from which water is dive;ted into the farm unit through
a simple small diameter piée Qucleﬁ of sufficient capa-
city. This regulation i;-éuﬁervised by a farmer appointed

by the farmer's associatioh.

2, Tertiary Layputs

Tertiary layouts can be classified by the lowest level at
which channel division takes placé,-the.threé-basic-lay-‘
outs are,

a) Type I, no division and continuous flow.

b) Type II, division at~;ubtgrciary,level.

c) Type III, division at qghternary level,

Each basic layout has advantages and disadvantages:
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a. Type I. (Figure 1 ahd 14)
Mosﬁ irrigation laydq;s afg of this kind with varia-
tions provided by piaéing ﬁhecks in the canal to
raise the water lévei over the pipe outlets and
irrigation is conCingous along the canal, water
being tapped direct1y inco the farm unit. Water may
be passed from,field.to'field ﬁnd'on to an adjacent
farm units, Selective irrigation is not possible
with this layout andfic is not suitable for crops
other Ehan paddy; Uncontrolled and unrestricted
tapping of water is poséible and will lead to poor
allocation of water and inefficient distribution.
Farm units furthergst~ffom the water source do not
receive the full allocation of water.

b. Type II. (Figure'2 and 1A) |
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 reduiréd'fér each quaternary canal
though more than one ‘can Belused in some cases., It
does affect rotational supély. Direct access to the
tertiary canal is érohibitéd.
Equal time (E.T.) rotation is possible at sub-tertiary
levels with simple opédééh&-shqt 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 vitn'qﬁacernaries of equal
area.owing to the.laréejvariation:in £low ratios.
.However; where variable'flow-regdlation may oe used
then "Equal time" rotation .and selective water
deliveries are possible. Wultiple channels running
in the same direction will occur in some topographic
situations and where soils arelunstable the channels
must be lined.
Type III. (Figure 3 and 3A)
The lowest branching~occurs.atlthe‘quaternary level,
Tertiary canals branch to subtertiary and into
quaternary canals and osUallv one-division box serves
two or more quaternary:ynits‘(or‘blocks).
Equal timevrotation‘can Bebpraeticed at boch the sub-
tertiary and at the quaternaryalevels using simple
division boxes providedjthe whole area is divided
iggg ﬁﬁ ps ‘at units of almost equal area.oFigure 4 Equal
This more elaborate layout provides the most flexible
arrangement but there are some serious problems ‘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 qeccur along side each other and these channels

will have to be lined to prevent merging.
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3.Similarly, Tertiary areas should be approximately equal to obtain equitable
distrivution und regulation along the Secondary canals,
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Compromi se Type Systems For LNO .

However, in pfacci?e a:pfagtical compromise may be
required be:ween'either'éf the three typeS-of lay-
outs. The most suitable #o maintaln realistic water
control would be Type II using simple fixed ratio
division boxes though this precludes equal time
rotation at the quaterhary level. But, with varia-
ble flow division boxes eqﬁal 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 Figu%g 6 #nd in Table No. 1.

(This diagram and Tablein'repeuted in Appendix 1).

3. Recommended Tertiary Layouts For LNO

The modified Type II layqu; is advocated for the condi-
tions of the. Lam Nam Oon pfojéct in the Land Consoli-
dation areas. A slightly modified form of Type I but
including a limited number. of division boxes could be

used for the Dyke and Diﬁch areas.,

Water Division Boxes

The division box is the central part of the tertiary
system providing the required regulation and appor-

tiomment of water. Two kinds are considered,

those that permit variable control and division
in any ratio. These consist of eitl.zr manual

gates or automatic gates but these are costly and
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Figure 5.
Schematic diagram of division box operation.

" U
2¢ Q_ ﬁ“z
o)

- — = IA
Lo

An example of .a Type II layout illustrating variatiens in box ratios
permitling rotation at OQuaternary level.See Table 1.
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Renge of ratios with approximately equal areas.
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" Table 1.
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réqgire constant maintenance, and;
iii. those chat limit division ratios to simple

fixed ratios, either bpgn—orfShuc, sliding

gaces 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.

Tertiary Canals

The capacity of the canéls-éhould be determined in
accordance with the unit wamef_;equirements and the
distance ffom che‘soufce.

The unlined canaln/i&?i&gighed‘according to the regime
theory; thgﬁ is, .for a state‘éf natural equilibrium,
However, régime'channelé haying a larger width-to-depth
ratio than that can be permi;ted. 'Bécause 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-numper limits are elucidated
in Appendix 4. A set of tables based on these princi-

ples have been prepared for use at Lam Nam Oon.

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 characceristic; and landform. " The design
of the channels sections_shouid comply with the recommenda-
tions given in A;pendix 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.

Tertiary Layout Criteria

The design of the tertiary layouts should follow along the
lines set out in these criteria.

1. Physical Features

(a) the tertiary units should iit onto the landform
of each locality;

(b) the units should bg.bound by existing road,
natural'dfain and canéls,

(c) 1in 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 Quaternacy 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

(b)

(80 ha) and should not exceed 625 rai (100 ha)
while the maximum should never exceed 950 rai

(150 ha).

quaternary units should not be less than 60 rai
(or 10 ha) rior longer than 125 rai (20 ha).
These size limit shbﬁld meet with these basic
requirements:

1. efficient water control and allocation.
1i. social aspects oﬁ.QAter user associations

or farmer groups.

iii. the physical features of the project area.

Canal Lengths

The length of the unlined tertiary canals in the
unstable soils of Laﬁ-&am don shoula not exceed
1000 metres, while quaternary canals sﬁould not
exceed 300 metres.

Canal to Drain Distance_

No field should be morevthén 300 metres from the supply
canal, nor should the distance from canal to drain be
more than 300 metres.

Structures

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

Quaternary/division boxes 1l per 25 ha.
Bridges and syphons 1 per 33 ha.
Earthworks not to exceed 100‘m3/ha.

(including levelling)

Multiole Channels

Multiple channels are unavoidable but they.should

be used as little as possibieveven if iﬁ means

using an additional structure,

Roads

Three levels of roads should be used within the

tertiary units.

(a) access roads: thes? 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 méde narrower, only to take

light motor vehicles and farmm tractors. Circuit

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

overtaking of vehicles: rather than making roads

excessively wide.

(c) ‘roaés aiong quéternary-canéls 5hou1d'not exceed
- 1.5 to 2.0 metres to prdvide access for light |
fa;m tractofé and'mogér cycles

(d) bridge/culverts ;hould be provided.over ;anals
(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 and
structures will depend grearly 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 7% under this Act.
Noce that specific design criteria for canals, drains,
roads and various kinds-of'structures will be given
in the relevant Appendiée dealing with these aspects
of design., This Tecﬁﬁical.Noce dnly deals with the

design of tertiary lavouts.


http:kinds.of

TECHYICAL~ NOTE

NO. 1
PART 1Il

THE DESIGN 'METHODOLOGY FOR

TERTIARY AND ‘QUATERNARY UNITS

51



A, Introduction

Part III, is intended to prpvidé aupréctical guide for the
design of Tertiary and Quaternary unics‘using the criteria given
in Parc 11,

The guidelines given here should be used as the basis for the
design of the terciary layouts. It should, be understood thac each
and every site or location will be different one from the other and
problems concerned with design.héve 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 project.

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
have available, if not, to produce maps of suitable quality and
realiability. The most suitable means for producing good quality
maps is to use aerial photography and the equipment used to correct
and eliminate errors in the phocographs. However, the field surveyor
cannot be eliminated from the measurement of details-in the field,
elevational measuremz2nts and obtaining cadastral records.

Experience has shown that the design of irrigation layouts
requires a very high standard of-mapping and surveying, though the
surveying required is more intensfve?than exacting. The ideal base
is, of course, the controlled_or rectified aerial photo mosaié.

The technique of field-leyeliing psing the mosaic has been per-
fected. In developed paddy areas the,pat;ern of the_fields are them-
selves used as a locational’concrél; InAthiﬁ case a point level is
taken in the middle of each paddy and the level value recorded clirect--j
ly on the mosaic. This method.has proved to be more efficient and
speeds up the survey work and results in a very suitable map for
planning.

The production of maps a&d plans can be divided into two phases,

{. First phase, ‘includes the production of maps
and plans for the préparation of contract docu-
ments and tﬂese afe'referred,CO as the Preliminary
Drawings. |
ii. Second phase, the correction and alteration of the
preliminary drawings. during the course of the

construction of the works, these are then referred.


http:referred.to

to as the Final Drawings.
The preliminary drawings forming the contract drawings are the
detailed design maps and drawings.
i. The future layout with ﬁhe existing situation
and the proposed tertiary layouts, compiled from
the Base Map and referred to as the Detailed Lay-
ocut Plan, drgwn to a scale of 1:4000.
ii. The drawings showing ché details of the layout are,
a) the terﬁiary and quaternary canals profiles,
b) .the details of the division boxes.
c) other struétures, culverts, syphons and drop
structures.
iii, Standard drawings of ‘various kinds,
a) tertiary canal croé;—seétions (with roads).
. b) quaternary canal cross sectioas.
c) tertiary drain cross sections.
The design drawings of higher order drains may be combined with
these drawings where this is considered necessary. |

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

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

and (iii) above are referred to as the Detailed Tertiarv Unit Lavout

and Design Drawings.

. -Aerial Photo Mapping

a, Controlled Mosaics

Tertiary design requires a very high standard of

mapping. The ideal base for the mapping is the

controlled mosaic and combined with ortho-rectifi-

w
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cation, parallax-free mosaics can be produced with

great clarity and deﬁinition. Mosaics or-rectified
air photos should be-used. The scale required. for
the design at layouts is from 1:5000 to 1:4000.
Diapositives - clear transparent mosaics from which
dye-line prints can be made - should be used for

making the base maps, and. for recording the field

survey work.

Caddstral Detail

The position of fields, farms and villages bounda-
ries and other physical data is clearly shown on the
mosaic. The plot registration numbers and even the
owners name can be written on to the mosaic.

Topographic Detail

‘Topographic decail that is required for tertiary lay-

out design are the contour lines at 0.25 or 0.5 metre
interval. The use of a contour intervals as close as
0.25 is really hypotheticaliand does not impro&e accura-
cy at this scale. Thev;ontour lines mainly 'guides the
eye" and the spot levels will be used for closer engi-
neering design.. Thus,.the'5pot'heights should be
accurate,

Common Errors in Mapping

Errors and mistakes that occur -on mosaics and base
maps-are:
i. Dboundaries between twoO mosaics do not correspond.

ii. the rectification is not correct and the scales



between two mo;a[cs are not constant,
iii, grid lines are not 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 inilevel reductions,

vii., drafting errors showing level values wrongly
entered dn 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 accuracte the
final product will be.

Design Drawings

The tabulation in an upcoming(Teéhnical &oca oﬁ survey
procedures will indicate the diffe;ence between the
mapping procedures recommended and those used at present
at Lam Nam Oon. The recommended mapping and plan pre-
paration procedure would redqce the cdcal time needed to
produce the map and the finished dgsign drawings which
would reduce costs, imprgve-pverall 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 che
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 thac will
be used for conscruction and form part of the
contract drawings.
a, The Base Map
The base map forms the basis for the design of thelterciary

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 b} 1250 m.m. this being-the largest convenient
size, though smaller standard sized drawings may be more
convenient to handle say 850 ¥ 1000 m.m, Hence, the pro-
ject area should be divided into such map units. "Phota-
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 MAE sheets should include the
following details taken f;dm ghe photo mosaic and drawn
on transparent calque¥® thouéh; prefe;ébly 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 séale,-viz 1:4000,
ii. The spot heigh;s 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 fuli supply level and
:the invert‘lebél at all off takes, drop structures,
culvert aﬁd syphcns"Shouid be shown in box labels,
vi, Where diapositive sepia prints are used to com-
:pile a standard sizéd sheet, great care unwust 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 Unitllayouts 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 léyout of the tertiary units. .



c. Dectailed Design Drawinys

The Detailed Design‘Drawings form part of the tender
documents; cﬂe schedule of m;terials are taken from
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 Degign 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,

Preliminary Tertiary Design Procedures

Though the pfelimindfy design procedures follow common
engineering and drawing office procedures it needs not
be necessafy to repeat these here, However, a step by
step procedure cqvéfing all the activities will be given
in order to follow,boch thé préceding section and the

following sections.

l. Base Map : Compiled from mosaics including all

Specified:detail drawn on standard. sheet
‘at a scale of 1:4000. Base map is taken
to-be a diapositive transparancy.

2. ﬁase Map : Sﬁot levels drawn in and additionai data
from field survey added.

3. Print of

Base Map : (1) drawn in contour lines.
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Base Map
Print of
Base
Base Map
Print of
Base

(2) plot alignment of primary and

secondary canal system.

Transfer (3) to Base Map sheets

Draw in preliminary layouts of the tertiary

and quaternary system, check layout, measure

dareas

and finalize.

Transfer details 5 to Base Map.

Commencé detailed design of tertiary system,.

Design procedure for tertiary units

i.
ii.
iii,

v,

vi,
vii,

viii,

ix.

xi.

measure size of tertiary and quater-
. nary'units;
designate tertiary and quaternary
units, canals and drains
,cglcurace rotation time schedules
preliminary calculations for water
‘levelé,in division boxes.
chéck all calculations
crial‘longitudinal profiles of canals.
chgck ﬁroffleé and 5oxes.
fihalize profiles and details of
‘division boxes and other structures,
prepare all required data tables.
complete drawings Tertiary Unit Layout
and ﬁow called Detailed Design Drawings,
transfer planimetric details of canals

and structures to Base Map.
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s, Base Map

Base map i

oW Telerred 1o oas the

Decaiiea Layout Plas,

9. Print of
' " Detailed
Layout Plan
i.

ii,

iii,

’ ivo

vi,

vii,

10. All Plans : i.
ii,

iii,

iv.

Design procediure for tertiary drains

designate all drains.
calculate drain discharges from
rainfall and surplus irrigation
(use pro-forma).

water.

plot longitudinal profiles of

drains.

- design required struczures.

check all calculations and drawings
finalize design.
transfer details to Detailed Layouct

Plan.

.chgck all Plans-

number all drawings
compile the Detailed Tertiary Unic

layout and Design Drawings and bind

‘together

pPrepare all contract and tender

documents.

This completes the procedures required to arrive ar the .

final designs of tertiary systems.

4, Final Drawings

Tue second phase covers the design activities during cthe

construction of the project.

The layout will be staked out

in the field and both longitudinal sections and cross secrions
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will be taken of the' canal and drain alignments and of the

structures. The preliminary designs.will be adjusted and

modifications made on the baéis of the field work, taking

Into account detail unforeseen during 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.

4,

The tertiary and quaternary canals and drains are
staked out according to the Layout Plan.

The pegs or beacons arellocaced at 50 m. intervals

or closer on curves or through rough tefrain.
Structures are located and the field levels checked
against the design division box invert levels. Where
land levelling has been carried out the invert levels
will have to be adjusted -to coincide with the new

critical field levels.'

The canal bed slopes may have to be adjusted to coin-
cidelwith adjusted division box invert levels,

Cross section are takéﬁ‘ae each peg and then are plotted
on the design cross sections and the'differences in the
cross sectionals céiéulated and.the earth volumes are

adjusted accordingly.

Any realignnent of ‘canals or drains are carefully plotted

on the Detailed Layqﬁt Plan and designated Final Detailed
Layout Plan. Such éhénges shbuld also be madé 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 Lavout Design of Tertiary Units

The design criteria given in Parc. IT will form the basis of

the desiyn of the terciary layout. Specific design factors such as

unit water requirements, drainage coefficients and canal design

details will be discussed in the relevant sections.

l.

General Layout Principles

The Tertiary Unit forms the basis of the water management

system. The regulation qf water to Ehe 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 additionallcbnstruction.

The tertiary unit ‘boundaries ;ré defined by natural drain-
ways, roads or'arbicérily set boundaries. The size of the
unit varies is size from 500 rai to 950 rai, but ideally

should be -about 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 be use if this is considered necessary.

The water supply to the terciary 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) tumout 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'éoint of Ehe 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 abéut 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 wacér.will be dis-
charged into the terti;ry drains,

Tertiary‘drains will be degigned to provide for draining<off‘
surplus irrigation water and for stofm run-off drainage.

The tertiary drains dischafge into secondary drainuthat
have been improved or canaiized~and finally into thé main

river system,
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2 Lavout Design Criteria

The layout design criteria.closely follows the criteria

in Part II,

i.

ii.

iii.

Each tertiary unit shogld have a separate turn-
out, wicth a measuring device on the secondary
canals,

The tertiary and quaternary canals should follow
along farm bounda:ies as closely as possible with-
out sharp, abrupélbends. Limited farm boundary
adjustment will be needed to accommodate canal and
drain locations.

The net irrigated area within the tertiary unit
should not be less than 94%., (services areas®

shouid not exceed 7%),

iv. The dimensions of thelcénal will be calculated by

means of the procedure given in Appendix 2.

v. The length of unlined tértiary canals should not

vi.

vii,

viii,.

exceed 1000 m. in light sandy soil and 1750 m. in
heavy clay soils,
Quaternary canals should not exceed 300 m.

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.

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 iato 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 should not be more than 300 m.
from other quaternary canals and ideélly 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.

Detailed Layout Procedures.

The detailed design procedures in the preceding section will
be applied: in the develobment of layoﬁc of the rtertiary
system. The layout procedure will be described in detail
and is divided into two steps,

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 Mep. 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 the areas do not exceed the limits Sspeci-
fied in the criteria. The,terc;ary 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 carals
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 start at the tail end and work
back to the head. (Most water ﬁanagement problems occur
In the tail sections because of inadequate design).

Once satisfied that the layout complies with the criteria
and that the areas are cofregt'and the terfiary boundaries
are properly demafcated, they are "firmed in" on the base
map.,

Finally, the tertiary and quaternary units are designated
with appropriate nomendature.

This cohpletes the first step in the completion of the

Detailed Layout Plan.

The Second 'Step

Having completed the Detailed Layout. Plan a copy of each
individual tertiary unit is obtained either by "blocking

out" the area using a mask or by tracing off the area from
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the Detailed Layout Plan. The.hethod of maxing dve-line

sepia transparent prints is expensive 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. The detailed layout of

each tertiary unit proceeds in the order shown in the

following listing.

1.

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.
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.

Check full supply level and invert level of the supply
canal at the turnout,

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.

Align quaternary canals along farm boundaries allowing
for an outlet at the highest position on each farm unit.

Realign farm boundaries and adjust areas to obrain equa-

. lity with original areas.

Calculate required water level in tertiary division boxes

using standard form in Table No, 1.
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V)

19.

11.

12.

.13,

14.

15.

Theck all calculatiorns and grocedures frem 1 to 7.
Craw up system diagram. "firm in" all cznal alicnrw
lengths, discharges and desijynaticns (see Avperdix o

Estimate wa:er dell«erv rates Sor each cuaternacy unis

T et

from the curves for prel;nlnary estlma*es using the

Tegal Curves in Appendix 4.

Calculate the rotational time schedule for the quaterna

areas at different delivery levels; sic. 100%, Q 75%.
Q; 508 ; & 253 Q. (sece Appendix 1). Use average capacity
rather than maximum capacity.

Calculate canal dlmenSLOns enter into tabulatlon and
showing water level elevations as shown in Table No. 1
and using the methods for calculating the flow in channels

given in ADpendlx 2.

Compile division box tabulat on showinrg dimensions :%
boxes, the outlets and‘water level elevations above Lo
invert level, fill in data on Takle No. 3.
Check all calculations'and tabulations frcm 9urto 13.
Plot.longitud;nal profiles of tertiary and quatexrnary

canals taking details and elzvations from the spo:

height map. Note that each canal between ths turncut ani

b
'—a
r-l
L
o
(0]

-

the-division box and between division toxes ard szillway
are shOwn on a separate drawings.

Once the locatlon of the canals and structures na"e tenn

finalized the drawings can be finished.

prepare all the Tables and check the data.

il
G e

Transfer the tertiary canal alignments to the base
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1Y, Estimate drainage diScha;g§ coefficient using curves-
for each tertiary area %nd calculate the discnarge |
from each of the areas.

20. Calculate capacities of the drainage channels and
enéer dimensions in Table No. & using methods given
in’Appendix 2.

21. Check all Calculat;ohs

22, Plot longitudinal sections of drains and cross
sections.

23. Review all preliminar& layouts and designs.

24, Finalize all profiies and sectior” of tertiary and

quaternary canals and structures and complete all

drawings.

25. This now completes Detailed Tertiary Unit Layout and

Design Drawiﬁgs'énd the following drawings will be

bound into a set' of drawihgs, containing the following

for each tertiary unit

i. Rotational time.and quantity;calculations, Table # 2,
ii.. Map of.ekisting situation'witﬁ éontours spot
heights, - farm unit boundaries and other
necessary‘decaii.
iii., The new iaybut éi;h canals, drains and structures,
iv. The layout'showing'posicion of cross section of

canals and drains.

v. The longitudinal sections of the canals and drains.
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vi. Cross sectinns; taken at least every 30 m. cf canals

vii. Details of all the structures and :the takbles used o
draw up the designs,

Table No. 1 Quaternary Division Box Caiculations

Table No. 2 Rotational Times & Quantities(see \znendin N

Table No. 3 Details of Division boxes

Table No. 4 Tertiary Drain Calculatior.

26. Transfer detailed layout to Detailed Lavout Plan,
i. Final boundaries of tertiary and quaterrary unit,
ii. Alignment of canals and drains
iii. Location of structure: and roads

iv. Realignment of farm boundaries.

27. Measure up all quantltles taken from the Detailed Tertiar:

Unit Lavout and Design Draw1n si-compilations.

28. Compile Quantity Schedules on standard format and calculate
costs for estimates.
29. Compile Tender documents
i. Schedule.of-ouantities‘(if required)
1i. specifications

iii. Conditions of Contract

‘Note that a complete set of all drawings and standard forms ‘or.

each Tertiary Unit are bound together with covers on which the

tltles give the full details of the Project, the xertlary unlt

numhor and lccation, are printed.-
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D. Design of Quaternary Cunals

Please note that the design of all hydraulic convevance 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,
1. 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 lével, expressed as aireduced level
b = water layer depth on field (design depth), 0.15 m.*
¢ = 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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head loss for each additional structure along

11
u

canal, .05 m each.*

head loss through the division box outlet taken

mn
1}

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 Lével.

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
'chan the other paddies,' then the mean paddy height may
be used instead and levelling of the high paddy may be
required.

4, Calcdlacion Procedure

The célculation of the waﬁgr levels in the division box
and the quaternary canal can be done by using the standard
format in Table No. 1.
Column 1. pesignation of Ehe canal
" 2., the length of the canal, from division box
up to the draiﬁ.

" 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 ﬁp to the division box (it may
include a section of the tertiary canal to
the furtherest:downstream box).

" 5. Minimum headloss is.the miﬁimum élope-multi-
plied by the distaqce in Column 4.
" 6. Division box downstream water level is the

Critical Field level plus watéer-level plus

headloss over the farm outlets plus the head-
loss through the division box.

" 7. Minimum required waﬁetllevel in the diyision
box, the box headloss 1s 0.10 m. and additional
losses for each.scructute has to be added to
the value in;Column‘S, the value tequiredAfot
tertiary canal design has to be undetlinea.

" 8. Division box grOQAd level elevation is entered
in this column:

" 9. Final water level. The water levels that are
not cri;icél for thg.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.

n 11. ~ 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, ascertaihiﬁg‘the required. capacities and
then designing the water surface profiles and cross sections.

1., Longitudinal Profiles

For the preliminary layout, the data for the longitudinal
profiles are taken from the spot heights on the Detailed

Tertiary Unitc 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 &

Divi5ion Box Calculation Schedule., Table No. 1.

2, Canal Capacities

Th> capacity of tertiary canals varies with the area to
be irrigated and that is thé(unit irrigation requirement
for the net irrigation arég plus cbnveyance losses. The
canal capacities may be.estimated by means of the Tegal
Curve included here. To obtain the tertiary capacity
the ﬁreas of each of the qu;te?nary units are used to
decermine'fhe required éoefficient fér estimating volume
of water to be supplied. and mulfiplying'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

descrived in the Appendix 1, However, the unit water



requirement is dased on thée crop water requirement
which depends on the local.climatic.conditions and
includes conveyance“losses and diversification of

distribution throughout the paddy system.

Profiles and Sections

-Water Profiles

The design of the full supply water 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 supply 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 fill,
It will be necessary to design the canal sé that a minimum
of the canal will be in ﬁill such that the need to compact
embankments will be kept to a minimum. It will not always
be possible to comply with thi§‘requirement of maintaining
the water levels in the mosﬁ'févourable situation.

The design of the longitudinal profile of the tertiary
canal (or quaternary canals) isia 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 désigns is, first
of all, to connect the maximum division box water levels
and then calculate the slopes, then plotting these slopes

on section paper together with the ground-level profile
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and comparing the full supply line to the ground-level

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

allowed below or downstream oé-the division box and at
what location between the beés'addition drop structures
will be required,

The following details should be  observed in the ‘design of

prnfiles and sections,

l. The minimum head loss allowed in the division box
is 0.10 m,

2, The ma#imum drop below a division box should not
exceed 1.0 m,

3. For canals without roads ;he'igxgzg level should not
be more than 1.0 m below gfound-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 of4(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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Cross Sections

The dimensions of channe1 éros§;sect1ods are usually cal-
cul;ced,by using thé Nanni&g'of Stricker equation. However,
the velocity factor shoula b§ baéed on limitations related
to a range of Froude numbers and the channel section and

bed slopes within the‘limifs of the tractive force related
to the soils in which thegchéhngi 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 che'soils‘of the locality.

Usually a side slope of 1 to'l 'is used but with unstable
course texture, non-cohesive soils 1 to 1¥ or even 1 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 excéed?ﬁhe limits given here,

Flow (Q) o Freeboard
£150 lps. 0.20 m.
150 ‘1ps. ©0.30 m.

The minimum.depth of water in. the cdnal will vary according

to the flow required but it should not éxcgéd}the minimum

- division box water depth.'’
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F. Detailed Decign of Tertiary Drains’

1.

Tertiary Drains

Tertiary drains convey éxceésﬁwater rrom the farm unit
to the secondary drains and on to the main drainage
system,

If the invert levels of the dfain are related to or
"fixed" into a drain inverx level lower down, which

should be the case for proper design, then in this

~situation the normal procedure would be as follows.

Start piotting che-longitudinai profile of the drain

and then caiculatevche requirgd cross section according
to the required capacity and availahle slope and then
plot the invert levels based on: the downstfeém invert
level.

The calculation procedure for Ascertaining‘the required
design data 1is shown on chelféllowing pro-forﬁa Table No.
2 the heading are givén'belowl‘

Column 1. Drain designation.

" 2. Draiﬁage'areaiin rai.

" | 3. Drainage discharge from rainfall Cakén
from guyves o;vtables‘in l.p.s.

" 4, Drainage discharge including surplus
irrigation water discharge in l.p.s. and
volume nofed in remarks column.

" 53 & 6. Upstream aﬁdédbwusﬁream ground levels along
the drain-prof;le, usually the levels close
to the proposed alignment will be used.
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Column 7 & 8. The‘upséyqém and déwnstréam full
SQpply wé;er level is es:;maced at
0,16 m‘bélow ground~-level where the
fiéld Ievei‘may be below existing ground-
levels;
" 9 &10. Invefﬁ levgls at the up-stream and down-
streém points,

" l11. The total length of the tertiary drain.

" | 12. Difference between upstream and downstream
water surfaces (Column 7 - Column 8),

" 13. Slope oflthe d;ainj(Column 12 divided by
Cdlumn‘ilﬁm;ltiplied by 100; for slopes
in perdeﬁt,)

14 & 15. Bbctém'width and water depth of drain_cal;
éulacéd a§§ording to the.procedure given
ih Appendix 2 ‘for caleculating channel
crosssection.

"' 16. Designaticn and coordinates oflthe inter-
section-of tertiary drain and the secondary
drain.

" 17. Remarks column.

Cross Sections

The determination of Ehe.cyosg sections follow those for tertiary
channel design except Ehat‘é;aiﬁ.have a greater capacity and

the bottom widths may haQe td be,greater and should be stand-
ardized at 0.50, .70 or 0.90 mFr. oard will be 0.10 m below

field level.
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As the division box is the most important

An Qutline of the Design of Tertiarv Structures

it is not the purpose of theSe'guingines 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. culvercs alone.

d. drop structures.

e, checks

f. side spillways

g. End spillways,

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

1. 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 in Appendix 3.

Proportional division is achieved by making the width of
the openings in the box (in fact small weirs) 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 ievel 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 Widch 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. dl; Canal Flow depth upstream of the box.

" 3. d Invert level, of the box being the same as

2

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. ds; depth of water in the downstream canal.

" 8. d6; the difference in water level between the

upstream and dowdstream canals-(dz—ds)
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Column

9.

10,

L.

12.

L; lengeth of dowastream sciiling basin.

h; scilling basin cill height.

w

3

dimensions of the foundations and

side walls of the division box.

Remarks.
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Quaz=rnary Canal and Division Box Waterlevel Design Form

']. Standard Canal Cross Section b = d = Project:

2. Free board B Tertiary Unit:

3 Allowable Box head loss m Quaternary Unit:

4 Farm outlet head luss m

5. Slope range minimum = maximum n/m

6 Depth of water int he peddy: m

r** 1 2 3 4 5 6 7 8 9 10 11
Quaternary | Lencth of Critical Distance of Minimum Downstream Division Groundlevel Firal water Division Remarks
Canal No. Canal Field Level |Fie.d t» 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_ min m m m box
(3)+(5)+ 4. (6)+ 3 + otherf m
+ 6] losses

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

(2)

values given in the heading.
Column 7; other losses for culverts syphons and other structures snould be added here.
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Juate:-iars Jinal ans Z:vision 3cx Wateriewvel Design Form Tamle 0. 14

1! Standard Canal Cross Sectien b = .35 d = 0.30 m. Project:

(2} Ffree zcard : 0.29 m Tertiary Unit:

{3] Allcwable Bax head loss 2.1 m Quaternary Unit:

{«! Farm outlet heac loss : .t m

[S] slope range minimum = LO0N05. maximum = 0.0008 m,m

f6 ] Depth of water int he paddy: 0.15 m

1 2 3 4 5 6 i 7 8 9 10 1)
Quaternary |Length of Critical Cistance of Minimum Downstream Division Groundlevel Final water Division Remarks
Canal No. Canal Field Level |Field to box head loss Full Supply box Full at Division level in box No.
= n o m level supply level | box Downstresm
(4) x [5] min m ! m m box
(3+(51+(37 |(6)+ 3 + other T
+ (6] I losses
5Q1 251 148.00 200 0.10 148. 35 l 148.45 148.15 148.20 SD 1
5Q 2 690 145.00 - - - - - - -
5Q 3 436 143.50 10G 0.50 144.25 144 .35 143.95 144.00 SD 3
S Q4 395 144.60 - - - - - - -
SQ5 580 142.90 180 0.09 143.24 143.34 143.45 143.34 SD 5
506 639 140.00 220 0.11 144.36 144.46 144.20 - -
5 Q 6a 480 - - - - - - - -
5Q7 560 140.50 ! 185 0.090 140.85 140.95 140.65 141.00 5D 7
1
1
Nota: (1) numbers in brackets ( ), indicate columns and in braces [ . indicate
values given in the heading. .
(2) Column 7; other losses for culverts syphons and other structures should bs added here.
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Tertiary Drain Design Form

(1) rr
(2) si

[31] Drain Discharge Coefficient

ee board
de Slope

{4) 1Irrigation Spillage

TR T

Project :
Tertiary Unit

Table No. 2.

{S] Design bed slope : maximum : mnimum
' 3
1 2 | 3 4 5 6 7 8 9 10 11 12 13 14 '
Drain Drainage | Drain Irrigation Field level Water level Invert level Ler:th Water Design Bed Water Outlet to Notes
No. Area + discharge | Spillage m n m drain Surface! Slope width | depth Secondary
ha l.p.s. l.p.s. m Slope -b-{-4d- drain
(3)+[4] u/s a/s u/s d/s u/s d/s m m No.

(7)-(8 m/m




o

Table No. :2a.
Tertiary Drain Design Form

1" Free board :

12" side Slope : .

{3. Drain Discharge Coefficient : PIOJ?CC o

{47 Irrigation Spillage : Tertiary Unit :

{5) Design bed slope : maximum : minimum :

3 3
1 2 4 5 ) 7 8 9 10 11 12 13 14
Drain Drainage Drain Irrigation| Field level Water lovel Invert level Length | Water Design Bed Water QOutlet to Notes
No. Area discharge Spillage o m m drain Surface| Slope width; depth Secondary
ha l.p.s. l.p.s. m Slope -b-{-d - |drain
(3)+(4] u/s d/s u/s d/s u/s d/s m m No.
(7)-(8) n/m
s Cc1l 3.75 28.13 28 141.24 |141.01 141.141140.91{140.74 140.51 240 .23 0.0005 0.40 0.40 S 14 -
SC 2 5.25 39.4 39 141.17 | 140.92]141.07 140.82{140.67 140.62 190 .25 0.0005 .40 0.40 S 14 -
5¢C3 12.25 91.9 282 139.10 {139.14 139.20{139.04 138.50 138.34 260 .16 0.0028 0.70 J.60 S 14 190 1ps
SC 4 21.00 157.5 348 139.10 {138.8_ 139.00]/138.71(138.3¢C 138.01 250 .29 0.0008 0.70 v.60 S 14 190 1ps
Irrigation
Spillage.
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Table No. 3.
Terr:ary Division Box Design Form

[17 Div:ision box Free board: Project:
[2] Cill height factor: Tertiary Umit:
1 2 3 4 S 6 7 8 9 1o 11 12 13 14
Division Canal Flow nvert Depth Height Canal ‘No. Full Supply Head
Rox depth U/S level of of box of Cill level of D/S Difference Dimensions of Structure Remarks
No. of box box m m Canals (3)-(7) 1
m o d] d‘1 m m
d 4 4 d. L h W
1 2 5 v 1 2 ¥y
L
I *-
Note: 1. d, = Canal Flow depth U/S of box + {11]. Normally (1] = 0.30 m
2. d_ = Canal Flow depth U/S of box - [2], " [2] 1is not less than 0.10 m and not more than 0.25 m

Cill heihgt should rotbe less 0.10 m not more than 0.25 m

3. dl 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 Syvstem

The apportionment of water for irrigation is based on the
simple relationship,

QT = DA
Q is the rate of flow of the watér 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 o 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«td'bé 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 subftertiary blocks, then theirrigation

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

a; T a; = a3

account the foregoing proportionality, T the total irrigation

= a,, assuming a constant Q, and taking into

cycle time is divided into, Tl' T2, T3 and T4 periods,

then,
T, = K(al+a2+a3)
T 5 = .K(a2+a3+a4)
T 3 = K(al+a3+a4)
T 4 = K(al+a2+a4)
then <7 4 = K(3€A).
and K = Z£T
3za.

for a general case: where,

T 1 = iT(al+a2+a3)
3 €A
and T 2 = éT(a2+a3+a4)
3T A
and generally,
T = ZXT(A-a)
(n-1)€ A

for
"n" rotation units and

a" time periods.

This general equation holds good provided the proportionality
factors are observed. 1In 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
QBl and 082 for equal time distribution can only take place if
Al = Az and A3 = A4, so that Al = Az = A3

practice it not possible to have areas exactly egqual but the

= A4, however in

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 the crops and seasonal

climatic conditions. The cycle maybe5,7,10 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 reqgulation and of large size

with proper organizational control intervals of as little as

- 91 -



Equal Area Rule.

Figure 1.

Q
Q,
!
4 U é'
T.06. EC L§ QDB
T T
Q/I.

®)
)
&)

1.Proportionc! distrihution can be practiced tor Continuous flow when

108x %, qng QDB =QOB = TDB/,. INote TDB=TB and 0DB=QB)

2.Equal lime distribution is only possible if all ‘the areas are

when Aj=A_=A_=A . [Quaternary Unit areas]

2 3 4

equal,

3.Similarly Tertiary areas should be approximately equal to obtain equitable

distribution und regulation along the Secondary

tanals,

J
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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 syscéms. 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 uﬁit is based on the unit
crop water requirement derived from climatic data for each kind of

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

the gross unit water requirement which should include the anticipated
irriéation 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. .TIt's proper location and design faci-
litates the correct allocation of water to the respective groups of

farm units in each quateruary 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 Timesg

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.

This example demonstrates rotational supply at the sub-tertiary
level rather than at the quaternary level. This would be
satisfactory inthe 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 reguired

by the field staff during the construction phase and later by
the operating personel aﬂd it is essential for proper water

allocation and project management.
- 94 -



500

330

Figure 2.

@ O

270

® X

2

Layout Diagram..

Refer to Canul Dimension Table and Figure 3.

c1=113 c.z-.-14.5
C“( 390 ) 315 /680 c.=15.9
L 430 3
b1 =134 b2=1 L2 ‘
45% - 390/680 lb
' :13.1
505 J L3” "]
01 = i?,q 02!13-8
440 390/8 65 u3=12-3
505




1.1 The Tertiary Unit Layout

The tertiary unit layout is shown in the plan in
Figure 3. The area is divided intc nine quaternary
upits 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

42 = 13.75 ha

" " a, = 12.25 ha

Sub-tertiary Unit A = 38.25 ha

(b) Quaternary Unit bl = 13.73 ha

b2 = 14.08 ha

" " b3 - 13.07 ha

Sub-tertiary Unit‘B = 40.52 ha

(c) Quaternary Unit Cl = 13.25 ha
" " a—

C, = 14.55 ha

Cs i. 15.85 ha

Sub-tertiary Unit C = 43.65 ha

1.2 Discription of the unit

The tertiary unit borders on the Tertiary canal Dy

to the south and the secondary drain. C, to the
north. Tertiary Unit TU3 to the east and TUl to the
west.

1.3 Structures

The location of the structures are shown on the plan,

they are.

- 2 Tertiary boxes, Tl and Tz.
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(Note the

1.4

1.5

- 4 Quaternary boxes, Ql’ Q2, Q3 and Qa

1 Tertiary culvert T] (Not shown)
- 5 Quaternary culverts Ql’ Tl-QZ, Q2 TZ-Q3, Q4 (Not shown)

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

drop structure will be shown on the canal profiles)

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 conditioms or characteristics

must be stated under this heading tooc.

Full supply level:
Invert level:

Turnout discharge:
Farm Roads

Note, farm roads and other roads will be shown on Ehe
plan and on the canal cross section and any specific
specifications will be mentioned under this heading.
The total length of each kiﬁd of road must be listed

in the tabulation of this kind:

Road Width Total Length
Access — -
Tertiary — —
Quaternary _— -
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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.
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.

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 100% to 60% 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 <Sub-Tertiary Rotation

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 sequerice, 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-1) A

Then for pairs of tertiary blocks,

78.77 ha

(1) A + B = 38.25 + 40.52

T = 78.77 x 336 107.92 hrs.

1 12242 (3-1)

(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

84.17 x 336 115.51  hrs.

122.42 (3-1)

H
]

* Note that each block is divided into three quaternary units.
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No Units Not Supplied Rotation Units Supplied Rotation Notes
) Time
Unit Area Unit Area
ha ha
1 C 43.65 A + B 78.77 lo8 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

(1) Unit
(2) Unit
(3) Unit

A = 38.25 ha

T, = 38.25 x 168
122.42 1

B = 40.52 x 168
122.42 il

cC ‘= 43.65 ha

T, = 43.65 x 168
122.42 1
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each block will be

52.49 hrs.
55.6 hrs.
59.90 hrs.




These times will be shown in the time schedule.

The Canal Capacities

These calculations are based on a unit irrigation

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

Capacity of 100% Supply

Unit A = 38.25 x 1.4 = 53.55 l.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.

Capacities at 60% of Supply

Q = .60 x 171.39 1l.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
1272.42
(2) A+ C = 81.90 x 102.83 = 68.79 l.p.s.

122.42

84.17 x 102.83
122.42

70.70 l.p.s.

(3) B + C

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 1l.p.s.
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3.

(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 1l.p.s.
Sub-tertiary C = 43.85 x 68.79
- 8l1.90
= 36.83 l.p.s.
Capacity at 30% of Supply
Q = 0.30 x 171.39 = 51.49 l.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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Drawings

The full set of standara 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%
A 38.25 53.55 32.13 51.49 30% not
B 40.52 56.73 34.03 51.49 additive
C 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.). lThe 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 Irr.gation 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 oontion of using the rotation period at €0% or

even 30%.
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Rotational Distribution Schedule

Rotation Condition

Continous Flow

| Sub-tertiary

Sub-tertiary

| Rotation 1 Rotation 2
EAllocation of 100%-60% 60%-30% 30%
| Supply
: i
!Flow l.p.s. 171.39-102.83 | 102.83-51.49 51.49
F : : —
Day Time Time Time
Monday 06.00 06.00 — 06.00 — Start
2 A
3 +. 10.00  —
4 B B
] 5 18.00 — | 18.00 —
l 6 2 ¢
—~ B
7 o A
3 +
Monday 9 - C 06.00 —
3
, 2 D |
[} o .
) 10.00 — | 10.00 —
3 O - } .
B
4 B .
+ 18.00 —
> o
¢ o
[
7 .
Monday 06.00 06.00 - 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% 308
c, 14.55 20.37 12.30 .17.16 20
Cq 15.85 22.19 1340 18.69 22
Q3 - Q, 30.40 42.56 25.71 35.85 43
cy 13.25 18.55 11.21 '15.63 19
T, - Q4 43.65 61.11 36.92 51.49 61
b, 14.08 19.71 11.82 17.89 20
by 13.07 | 18.30 | 10.98 16.61 . 18
T, - Q, 27.15 38.01 122.80 34.50 38
by 13.37 18.72 11.23 16.99 19
T, - T, 84.17 117.84 ' 70.95 51.49 118
a, 13.75 19.25 11.55 18.51 . 19
a, 12.25 17.15 10.29 '16.49 17
T, - Q 26.00 36.40 21.88 35.00 36
a, 12.25 17.15 10.29 16.49 17
s, - Ty 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 Dimensiocns

-
H

Tertiary Quaterrary Box | Canéi D}vision box
No.| Division Division Outlets | Capacity. h. b Sketch
Box Box | l.p.s.
b+c
a, 17:15  |o0.15 |o0.20 T
1 T, - —f+91
a, + aj 36.40 0.15 0.40 —
b+c [117.84 |0.15 |1.4 JT»—-Iaz+%
C r
b, 18.72  [0.16 [0.20 | —f —
- b, + b 38.01 0.16 2.40 —i’bl
2 T2 2 3 : . . o
c 61.11 0.16. [0.65 ? i
o 3
2
22 19.25 0.14 |0.25 [‘*
3 - Q a, 17.15 . |0.14 Jo0.20 ’i’ :T’az
4 ) 0 b, 19.71 0 16‘ 0 r—* *—] !
2 b, .20 '"f’ ‘j‘ 3
b3 18.30 0.16 0
|
5 c 18.55 0.16" 0.20 [ 'Jhl
- Q - =,
3 : C,+
| - - 0.16 |0.45 2
cy '+ ey | 42:56 |t cs
: T
c 20.37 0.17 0.20 l ‘ Cjy
6 - Q, 2 4 — -
I c, 20.19 0.17 0.20 L____._I
Il ‘ ‘ . —
Note: 1. The width of the box opening is calculated by using the

following equation

Opening with =

These boxes correspond to the
box in Appendix 4.

- Q

1475 n3/2
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Canal Dimensions

c Capacity b =d |Velocity | Slope . length Side
anal \
bo l.p.s. m m/s m/m Slopes
' l0_4 m
—
c, 20 0.20 0.26 8 315
Cj 22 0.20 0.25. 7 680 .
Q3 - 04 43 0.30 0.23 4 430
cy 19 0.20 0.29 14 890
T, - Q3 61 0.35 0.23 3 330
bz 20 0.20 0.26 8 390 All
b3 18 0.20 0.24 8 680 1:1
T, - 02 38 0.25 0.29 6 505
bl 19 0.20 0.27 10 455
T, - T, 118 0.40 0.41 9 270
a, 19 0.20 0.24 7 390
a, 19 0.25 0.25 2 865
Ty - Ql 36 0.35 0.16 5 505
ay 17 0.25 0.14 2 440
Sl - Ty 171 0.50 - - -
Total length of Canals 7145 m
Density of Canals 'SBImZha
Note: l. 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

Drain Length Capacity | Slope b d Velocity | Side
, No. No. 1ps m/m . Slope
m 1074 m m m/s
! 1 a, 83.30 3.5 .70 35 .22
695
2 a, 83.30 15 .70 25 .35
, 3 a, 176.80 4 1.85 .30 .27
750 .
4 a, 93.5 7 .50 .35 .31
I
5 ay 260.1 5 2.50 .30 .22
610 :
| 6 a, 83.3 14 .60 .25 .35 1:1
7 by 90.92 2 .75 .40 .19
665
I g b, 90.92 5 .60 .35 .27
9 b, 95.74 3 .65 .40 .22
| 715 ' :
10 b, 186.66 5 1.00 .40 .33
(11 by - 343.98 15 .70 .50 .58
755 '
12 by 275.53 8 1.15 .40 .44
13 ) 400 90.10 10 .55 .35 .22
14 c, 365 98.94 14 .50 .30 .40
L5 c, - - f' - - -
Total length of Drains; 4955 m
Density of Drains; 40 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 principle 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 scouring 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 thevgrain si:e diameter of the bed material.
In channels with uniform flow the tractive force equals the
components of the gravity forces actiné.on the water prism

in the direction of flow,

P g. r. s.

T =
where T = tractive force

p = unit weight of water, 1000 kg/m3

g = 9.81 m/s2

R = hydraulic radius

S = slope of channel

= 1,10"-



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 capaéity‘and plasticity index has been
established and this may be usealtogether 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, T, is;

T

T = [,

1 C 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,
Vv = K R2/3. S%
and Q = AV.
for small, straight aligned channels can be

The value of K

from 35 to 40.
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TABLE 1.

C.T.F. Correction Factors

b/d Channel-Sxde,Slopes,Z'

Channel Sides |- Channel bed

1 1.5 2 1 | 1.5 -2

1| .70 .70} .74 .s0] .s0| .80
1.25| .72 | .72| .75 | .84 .84| .84
1.50[ .73 | .73 .75.] .86 .s6| .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

T o13-



The ideal ratio of bottom width -(b) to depth (d) is expressed as
follows,

b = 2d tan 2

2

This relatiopship is not always_éonvenient'for construction
purposes'and‘othér rétios of (b) to (d)'are used. A ratio of
1l to 1.25 has been fbund accepfable.: Cﬁannel side slopes vary
withthe kind of haterial‘in wﬁich the channel is excavat=d but

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

In designing small irrigation channels,only two values are normally
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‘rélation to the: Froude number in

terms of Q and b/d = 1.25

Fr. = v .
\//7g'D Cos.s/h
and v = Q/A
then, for a trapaznidal channel with 1l:1 side slopes.
A = bd + d2
= d(b+d).
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substituting b/d = 1.25

b = 1.254d
then A = ;d(i.zs'q:+ a)
or = 2.35 a2
and v = ,Q/é;zs a?

The Froude number maybe deduced in terms of d, as well,
Fr = \
\// § 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+ 24

= 1.25d + 2 d

= 3,25 4
: ‘ 2
and A = 2.25'd
therefore D = 2.25-d2
3.25 4
= 0.6923 d
then Fr = ,.V

V 9.8067 x .6923 4

= V .
2.606 4%
subsituting for v,
Fr = Q
2.606 d7 x 2.25 a2
= Q
5.8635 >/ 2
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or .0.1705 Q
d .

[o:1705 @
Fr

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

2/5

.
I

and

T = p R é
R = A
5
-\ = 2.25 d2
and P = b+ 2aVaa1
substituting b C= ‘l-éSd.(l:l Side slopes)
P = d(1.25 + 2 /2)
= 4.0784d
therefore, "R = 2.25 d2
0784 4
= 0.5517 4

The value of p is equal to 1000 Kg/m3

then Tl = 55L7d. S.
The slope S is obtained from the Strickler equation
0 = ‘A.K.Rz./j‘S%
= 2.25 a% Kk (.55174)%/3 g¥
= 1.5132 k /3 §¥
taking K = 40 .'
Q = 60.5 a%/3 g¥

2

0
i

and

l:..olss Q]
1 4873
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and, by substitution,

T 551.7 4 | 0.0165 0|2

Lo a2
and d = |.1503 @2|3/13
. Ty
and Tl = T/C max

The velocity and flow can be calculated by using the strickler

equation with the following coefficients.

2/3 1/2

26.9015 d S

v
60.6 d8/3 S;i and

Q

The slope from

s = .0165 9| 2

d8/3,.'

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

: 1 2/5°
dmax .1705 Q
Fr

(1.705 )2/ -

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

T, = 0.2/.84 = 0.2381
_ - 27 3713
d.  =|0.1503 g
Ty

(0.6312 o2)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 calc¢ulated by substituting the
required values for the side slopes, K values or for different
values for the Froude number or C.T.F. vaiues. Some results

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

given below.

4 = 0.1444 9 2/5
T ax —_——
Fr

- ©3/13
a . =  0.1468 0 - /
min _T———

1

0.0161 Q
d8/3

n
]

2/3 %

v = 22.6560 d°/° s

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

by using the appropriate values of 4 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 projecﬁ‘agg.chéracterised 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 fraction'consists 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, indicaﬁes that the clay content in the
less than 2y.m.u.range centres around 10% in the top 0.50 m

but this clay fraétion is not very active, specifically

the C.E.C. status. The'piésticity index of this non-cohesive
soils in probability in the order of 5 to 8 and the C.T.F.

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 wifh certain specifications and, are, is
that the depth must no£ 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 excavaﬁors 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

Cohesionless

(loamy sand)

Slightly cohesive

(Sandy loam)

Medium cohesive

(loam to loamy c¢lay)
Cohesive

(Clay loam to medium claY)
Very cohesive |

(clays to heavy élay)

. Clay

Fraction

(< 2M)

0-2

2-10

10-20

20-30

'30-100
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Plasticity
Index

< 1

1-10

10-20

20-30

> 30



Figqure 2.

CEC - Plasticity Index Diagram.
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However, the foregoing e@uatibns may be derived to take

the fixed bed width into 'account.

Application of Method

The foregoing equations are simple enohgh 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 Fignre 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,
ExamEle :

The equations used to calculate the required channal

dimensions are given for the single input parameter, the

discharge Q.

Assume Q = 125 1ps (.125 m>/s)
Fr = 0.1
T = 0.2
z = 1
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3.

Depths b/d ' = . 1.25
a. Maximum depth
-r, 0 TT.4
d max = .1705 Q|
[ Fr
= [.1705 x .125"
o1
d; = 0,5388 m
b. Minimum depth
Ty = ,20 - ..84
‘ = 0,238 depth
amin = [.1503 g%] 220
e
= 5] -2309
= 1.1503 x .125
.2381
-'dz‘ = . .3442 m
Bed Width
b = 1.254d
b = 1.25 x ..5388
max
= 0.67 m
b_. = 1.25'x 0.3442
min
= 0.4303 . m
Velocity

a. Maximum Velocity




=125

2.25 x 34422
= 0.4689 m/s
b. Minimum Velocity
v = Q
. .2
2.25 dl
1 = . .125
2

2.25 x .5388

0.1914 m/s

4. Slope

a. Maximum Slope

5 = [ .o165 ¢ |2
2.6667
N i 2
S = | .01l65 x .12%
| 34422667 J
S = 0.0013 m/m
b. Minimum Slope
B 2
S = ] .01605 Q
' . .2.6667

.5388
= 0.00011 m/m

The result of thesw calculations are summarized in the

table following.
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TABLE 3

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

Canals, (Submitted for publicaciod).Journal Inst.

Agricultural Engineers.

U.K. 1979.
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Canal Dimensions for b/d ©1.25 Side Slopes 1:1
Capacity | Velocity Slope Depth Bedwidth
m;s m/s m/m m m
Max (1:1) 0.125 0.4689 0.0013 0.3442 .43
Min (1:1) 0.125 0.1914 0.00011| 0.5388 .67
Reference:




It is obvious that these calculation can be made with

a simple calculator.

Symbols

A = cross sectional area, m

b = bed width, Im

c = correction factor (see Table)
d = depth, m

Fr = Froude number

g = gravity, 9.8067 m/s’

K = roughness factof

m = metres

P = wetted perimeter

Pi = Plusticity index.

Q = capacity or flow m3/s

R = hydraulic radius

S = gradient or slope m/m

T = C.T.F. - critical tractive force
T, = adjusted C.T.F. (Tl = T/C max)
Tw = Top width

\' = 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 l1ift gate (open & shut type)

The layout of the various kinds of division boxes are given in
the drawings to follow, showing various modi.ications required

to suit certain circumstances occurring in the field.

The design factors pertaining to the various parts of the

division box are discussed.

The Wacter 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
edged crests but if the ‘inner edge is rounded the wvalue
‘will be 1.0, however for these designs a value of 0.88 is

used.

If the head is measured at”thé 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 estimatéd by using the

following equation

b = | Q

‘ ' /
.88 x 1.7051 372
or b = 0.6665 Q
y3/2

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

This equation 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 eguations

shown in Figure 1.

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

number of gates used. With the bor-s 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 dimensicn a:
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http:equati.on

right angles to the inlet canal.

i

Stilling Basin & Transitions

The dimensions of the stilling baSin'beIOQ a drop, whether
the drop is combined with'the division Box or separate, maybe
estimated byvmeans of the ‘dimension variables given in

the following table. This table should be read in
conjunction with Figure 1 and tﬁe 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 léés, will not require
»a'tfansiﬁion beyond the Stilling,basin;and the stillihg-basin
lehgth will.be three timeé‘thé head difference or a minimum

length of 0.75 m and a minimum depth of 0.1C.

Construction Materials

These structures are hydrauiic structﬁres 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 conétént and costly maintenance. Secondly,
they muét be accurately constructed according to designs,
failing to do this will_negaée the purpose of the design and
will result in problems concerned with water management as

well as increasing maintenance costs.
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r——— —_—

_t‘uvision Box Design Dimensicn.
1

E 1
A 4 di/s.
lan - Division Pox Design Facters.
xg® [defb- (sz-b:u/z—
u/s. Xy 2%y s (d,efb-y ) /T
DN N\ | [y % d/s T 73
. + l -
‘i\ ; J/¥ xz-xz-(d‘.fb-y‘lvl‘
N x »wingwall dimensions
L (check all dimensions and use largest
-85 . 35 r_ : Ya : values.)
A—bB il —IL_B Tt - } T Tt - 5¢- —A d1- upstream water depth.
Y .__{ \ Y3 1 dz- depthof u/s toewall.
+ N + d3- crest level gbove box tioor.
N N\ , d,* downstream water depth.
C“ _ N i d5= difference between u/s and dJs
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TN 3 be= u/s bed width.
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In boxes to be fitted with flap gates, the water level
should be maintained at.O.ZS‘m and not less than 0.20 m.
Thé 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 ﬁhe requifed 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 cill 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 /T?."é'ﬁ
or Q = 1.765lm.b.u>/2
whére Q = discharge in:mj/Sec.
m = crest shépe coefficient
b = width of out}g;-m..n
H = h+ v?/2g
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Figure 1.

Stilling Basin and Transition Dimensions.

das 1 .5 h V3
(1) (2) (1) (2)
- : £ a
0.30 0.75 .10 .25 .15 .25 .10 0.15
.30 .90 .10 0.30 .15 .25 16. ".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 RE 20
.90 1.20 .;5 .40 .20 .35 175 20
1.00 1.20 J15 .40 220 .40 .175 25
1.10 1.20° .15 .40 .20 .45 :20 .25
1.20 1.30 .15 .40 .25 .50 .20 .25
1.30 1.40 .20 .50 .25 .50 .25 C .25
1.40 1.45" .20 .50 .25 .55 .25 .25
1.50 1.45 .20 .50 .25 .50 .25 .25




difference between box water level and downstream canal water

length of

length of
height of
Thickness
Thickness

Thickness

stilling basin

transition

stilling basin cill

of stilling basin floor and box floor.
of vertical drop wali

of masonry of grouted stone pitching;

Grouted masonry or mass concrete with large rock plums.

Concrete with two layers norminal reinforcement.
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Figure 2.
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where good guality rock is avail

'

constructed of grouted masonry or mass concrete with larc:

rock plums. Otherwise, reinforced concrete may be used.

Desizn Trawings

Figure 2

The design in Figure 2 appliés to a division box fitted with
flap gates that provide a simple method of regulating the
flow proprotionally to the different dowr steam canals.

The types of flap gates'used a£e 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 Qith simple open-
and-closed lift gates. The dimensiéns 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 sgétion;

b = 0.6665 Q

2
1372

Figure 3(b)

This particular design has rounded inlets to the box and to

the outlets to canals. It also has long throat sections

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

turbulance and reduce erosion. at the entrance to the earth

canal. This design is satisfactory ‘but requires more mat=ar:ials

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 ;oniqnﬂ type transition. The
object of this mechod is to excavate the earth to its
natural angle of repose the tfansition. This procedure

does work satisfactorily but takes up to much land where

longer flow are encountered.

Fiagure 4

The details of the flap gates used for the division box

described and shown in Figure 2;
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’.."\ »Figure Jc.

[ Onion gutletl /
not shown. |—& ! \
! ! : P . .
T77 Division Box with Onion
I S Al T Canal Inlets.
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APPENDIX 4

Canal and Drain Capacities

Canal capacities are based on maximum unit irrigation water
requirements and this amount is deérived from the periodic

crop water requirements for theiproject area or for the !l in 5
year return périod of low rainfall for either wet season paddy
ot for dry season paddy, if rice Is to be grown dufing the dry
season. Alchough it {s necessary to determine unit water
requirements for other crops, usually the canal capacities are
based on the water requirements for rfce wﬁich 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,

Q1 = C A q + losses
where Q, = design capacity lps/rai
c = reaistribution 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

transmission losses

losses
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Q =. 0,3 l.p;s'peﬁ,#ai

A =" 256  rai

c = 1.5 .(trcm curva)

L =.1100m
= 2858

Ql 1.5 0.3 . 256
= 115.2 1l.p.s.

Losses = 0.015 x 1100 x (115.2)'? (see equation below)
1960 100 ’

= 6va lupus
= 122-,.]. . XrR}

Q 5 l.p.s

Transmission Lcsses

ses in small canals may not be important in

[)]

Transmis¢sion lo
small, shbort canals but in pOrdps soils ‘an estimate of the
losses shculd bz included; the EQllowinQ aguaticn maybc used
for the project coaditions

0.015 L. 0‘4

Lcsses | = ,
where L = length of canal in Km.
, . 3,
Q = capacity in m~/s.
3
Losses = m' /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 surplﬁs iffiéat;dn'water‘is termed
irrigation spillage. Scorm water drainage i$ ba;ed on the ‘10

or 20 year reoccurring interval of storm rainfall and the possi-
ble intensity of the second-highesé :ainfallireodcﬁrring once in

10 years.

However, flood estimation may -be based on an es;imate of an extreme
value of the daily point rainfall within a selected return period.
This form of analysis is suitable for most agricultural drainage
work., Such analysis is now underway.and will be provided in a

separate Technical Note,
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NOMENCLATURE
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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) proportionaily divide the flow of water into twb 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

concrece.,

The division box is the key to proper water control at the minor

system water mama gement level.

Extensive - Intensive,

In R.I.D. parlance "Extensive' refers to irrigation development

under the Farm Dyke & Ditch Act and "Intensive' refers to development

under the Agricultural Land Consolidation Act.
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Farm Ditches.

Refers to small furrows convéying 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 famm.

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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ment of land together with the aggregaticn 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 Svystem.

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 ;eferred 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

terciary sysctem,

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.

Terctiary 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 deviée which is also able
to measure the volume of water being discharged th;ough 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 &he Unit irrigation requirement plus conveyances losses and

includes a distribution factor, rhat 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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