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Definition of Words

The Sixth Plan or the
Sixth NESD Plan

Survey area

or Study area

Project area

Planning area

The Sixth National Ec’onorhi_c and Social Development
Plan {1987~1991) published by NESDB

19,604 km? (12,252,500 rais) covering the whole area
of 4 provinces {Chachoengsao, Chonburi, Rayong and
Chanthaburi) :

15,248 km? (9,530,000 rais) covering 3 whole
provinces (Chachoengasao, Chonburi and Rayong)
and a part of Chanthaburi province (approximately
one third of the western side of the province)

The net area of 8,840 km?2 (5,525,000 rais) out of the

Project area excluding paddy and forest land,
residential and industrial area, etc.
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Véi."Vl A Guideline on Soil and Water Conservation -
CHAPTER!VINTRODUCTHHW'
1-1 Preface

A1l over the Wworld: people are becoming more  and’ more ~aware of ‘the
importance of keeping  their agricultural ldnd  permanently productive.
They 'are coming to realize that proauctive-land is the source of human
sustehanceiand security - that' it is basic to the Welfare of people every-
‘where ‘ab all bimes.

- Essential foods, vegetable oils and fats, leather, fibers - these are
indispensable’ products, and for our 'supply of them we ére"dépendent
entirely or largely on the soil.

In- order to'keep'thefland productive, ‘a -good. conservation program is
imperative. :Soil and water cénéérvation is the basis of ‘such a program,
and also helps improve land impoverished by erosion and overuse = makes it
more produetive so that it can support mohejpeople. -

For effective conservation of soil and - water, we must treat and use
the various kinds of land according to their capability and need, To do
this it ‘is necessary to ‘study the land Carefuiiy;-so as ‘to be able to fit
conservabion practices and structures to the various' kinds of land. ' Thesé
measures can be used singly on some of the more stable land, bBut more
often than not they must be used in 'combinaticné that will “mutually
support one another and thereby give greater strength, durability, and
preoductiveness to the land. Moreover, they must bhe used within the
economic limitations and in accordance with the facilities of farmers.

" Soil conservation stores more of the runoff from excess rainfall-in
the reservoir of the soil for subsequent crop use; and fhis much-water is
kept out of streams, thereby cohﬁribubing to flood reduction.

Today these techniques of s0il and water conservation are being
practiced in many countries with nmuch benefit to great numbers of people.
Agficuiturists throughout the ‘'world now generaliy agree that a change-over
from wasteful to protective and fruitful 'land-use and farming methods

should be brought about as quickly as possible. It must be brought about,



thab ig, If Lndlvidual natlons and the world are to bu1ld a healthy
eeonomy Nlth agrleulbural produetlon wherever possible adequaLe to feed
clothe, and shelter the people and to supply materials requlred in time of
eriergency . _ '

Soil eroéion is the most serious and preValeﬁt diséasé_of the land.
“Vast areas have been so damaged - that they no longer can be used to ‘grow
anythlng_of value to human beings.. ‘Much of the good land that remalns is
in danger, from overuse: and 1mproper use,- Populatlons are expanding
- nearly: everywhere and pressure on the Jand is heavier than ever before.

_ The prlmary purpose of SOll and water conservatlon is- to prevent soil
erogion and heal its sears where it has not advanced too far-to respond to
curative methods. Thls_lnvolves, in many lnstances, changlng-the usesrto
whlch land is put I1t: has been found, in fact, as stated previdhsly, bhat
the ilrst requ131te to conservation of land is to fit the crop ~whether
cult;vated crops,_trees, or grazing plants-to the capapilities of the soil
and the water available. Equally important is tﬁe,use of méchanical and
agricultural practices which, conjointly, will ‘control and conserve water
and counteract ﬁhe erosive action of both water and wind on the soil.

~In conjunction with these two basic principles, there. must  be pub
back into. the soil what is takén out - opganic_ mattér,‘ nitrogen, the
mineral plant foods. And proper aﬁounts 6f moisture for plant growth must
be maintained through sound conservation measures, including irrigation
where it is needed and is feasible. Also, the many machines and tools now
coming.into use over the world must be used according to_ﬁhe_eapabiliby
and need of the land, otherwise both the machines and the land are likely
to suffer,

It is on these premises that quern soil conservation has been
planned and develbped. Its ultimate objective is to achieve a sustained-
yieid type of agricultﬁre based on principles and that: will protect and
improve land while it is'being used, rather than one that will further
deplete or destroy its pv0dﬁctive.capaeity.

This guideline desofibes the major soil-and water-conservation
measures which, when applied to the. land in éorrect_combinations,,will
greatly reduce or prevent soil erosion, improve fertility, and increase

yields.



Soil conservation is an internatipnal eoncern. Eroded and
impoverished land that was formérly ;‘:modulctive is now scattered th'rou'ghoul; :
nearly all countries. - Respons‘ibilii;y for care of 'bhé productive lémd
rests on all the people of the country,

This .guid'eline was prepared for the use of officials of DLD and
éoncem}ed égéﬁcies an_d agri'oult'ﬁri'sti inﬁef‘estéd in soii_._con.se_,i"vat'ion in

the East of Thailand.
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1-2 Objective of Guideline

By introducing land and water conservation project of total 8,840 km?
to the region as formulated in the Basic Plan, the foliowing targets will

be achieved.

-~ To prevent. destruction of natural reéOurces, particularly land
affected by disorderly development.

- To.subply food and raw matefial'to the industrial area especially
Bangkok Metropolitan'and bhe.Eastern Seaboard from the rural area,.
which will.also stabilize the'farmér's income and improve living
standards. |

- To reduce the disparity in income between the people living in the

industrial and rural area.

The acreage of the project area in each province is as follows ;

Chachoengsao ; 2,200 kn*"

Chonburi v 3,001 kw?
Rayong . ;2,634 km’
Chanthaburi 365 ki’

Lotal 8,840 km’

In the feasibility study, 16 pilot areas (4 sites in Chachoengsao,
5 sites in Rayong and 2 sites in Chanthaburi, total 2,062 ha) are
introduced to the.project area. The rest of the project area is expected
to be implemented progressively'and smoothly.

Therefore, this guideline is provided aiming to introduce the basic
ideas of planning, design and construction methods for land and water
conservation project through the results of the feasibility study
conducted.

Detailed mebthods can be referred to in previously published manuals.
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CHAPTER 2 PLANNING OF PROJECTS -
2-1 Act and Regulation

(1) Basic Policy Decision
Basic policy for soil and water. conservation is decided under the
Board of Land Development and bhe'aotiﬁities-of-the.Board:are shoun below.
1) Members-. | L _
Minister: of-:Agrieulture and Agricﬁltural Cooperatives as
Chairman, -Permanent Secretary of Agriculture and Agricultural
-Cooperatives as Deputy Chairman, Secretaﬁy+Geﬁeral of the Office of
Nationél Economic .and Social - Development Board, Direetor;Génefél of
Land Department, Director-General of the Public Welfare Department,
Director-General of the Royal Forest Department, Director-General of
the Royél Irrigation Department, Direcdtor-General -of the Agricultural
Extension Department, Director-General of fhe Agricultufal
Depérthent, Secretary-General of the Agriculfural Land Reform Office;
Secretary-General of the Office of . Agricultural Economics and not
more -than. three qualified persoﬁs appointed. by  the Minister as
members, and the Director-General of the Land Development Department
as member and Seéfetary;
2} ‘The Board shall have the following powers and duties;

i}  to formulaﬁé the criteria for land classificatidn, land-use
planning and land development, and to specify the area for
land utilisation for submission to the Council of Ministers
for approval so that they may be carried out by the State
ngencies.eonéerhed.

ii)  to preseribe the area for land survey.

iii) to -specify measures for the improvement of soil or land or
measures for tﬁe conservation of seil and water so that the
state agency concerned may employ, advise and promote it
among the fafmers.

iv) to approve the establishment of land development agencies
at various levels in any area in order to provide technical

assistance, demonstration and advice directly to the



farmers in cases where -there are -measures :for.. the
improvement of the land or the cohservation 'of- s0il and
water Speclfled by the Board and where the said btechnique
has to be employed and where it is not possible to prov1de
_the adV1ce to farmers by other promoblonal act1v1t1es.
v) - to lay down regulatlons, terms or conditions relating to
-application for analysis of soil. sample, for soil
impfovement or individual land deﬁelopmeht.
vi). to lay down regulations relating to the pérformance of
duties by the sub-commitbees.
vii), - to_'earry out any other .works 'prescribed by the law or
assigned to it by the Council of Ministersf
In the perfermance of its duties mentioned above the Board may
direct the - Department of Land "Development .to prepare and submit

proposals to the Board for ibs consideration.

(2) Act and_Regulatioh‘for.proceeding Projects

In order to expand soil and water conservation projects,' it is
important. to establish an act and regulation. The following {form 13
recommended as the regulation to pbocéed the Project based on Land

Conseclidation.



Policy:

Classification:

hAet:

Committee:

Office:

Regulation to
proceed the
Project:

| Land'cénsoiidation

It should be undertaken in
the 1rr1gated area where

plantation can be done all
year round,
of the mentioned area,
technological, socio-

~economic and politiecal
. azpecks should also be

considered.

1. Intensive Development

2. Extensive Develdpment

Land Consolidation Ack

(1974)

Central Land Consolidation

Committee (Chap.1 Sec.6).

Provineial Land
Consolidation Committee
(Chap.1 Sec.8)

Central Land Consolidation

Orfice (Chap.2 Sec.16)

Provincial Land
Consolidation Office
(Chap.2 Seec.17)

- See.27 & 28:

Inquiring the
willingness of every
owner or possessors of
land by the committee or
its authorized person.

- Sec.28:
Agreement of over 50% of
all the land owners

In selection’

 Soil énd Water Conservabion

Land’ congervation area

should be ‘decided by
separatlng reforestation
area ‘and land reform area.

" In selecblon of the

mentioned.area,: existence of
small scale water: source is
indispensable and
teehnological, socio-
economic- and political
aspects -should also be
con31dered

Baséd'on'the predicted soil

loss and-farmers economic

'condltlon

1. Inténsive Development

2. Exten31ve Development

Land Development Act (1983)

Board of Land Development

{See. )
' _Sub—Committee

Department of Land
Development (DLD) Local Land

.- Development Agency

Farmers who want DLD to
carry out the Project
request Provinecial Office to
proceed to Project through
Agricultural Association

fgreement of over 70% of all
the land owners



Regulatioh to
proceed the
Project:

3}

Land Consolidabion

See. 25 _
”EDeelaring the area to be

surveyed in the

_Governent, Gazebte by
 MOAC .

:Sec 2H

Prescriblhg the area of

~land consolidation

programme in the Royal

: Degree“

Sec. 29 _
Subimitting the
certificate of ownership

.of land ‘to the :

- provincial commlbtee by

the land ouwner ete.

=Sec.30:

Task of the provincial
committee

Sec.31 & 37:

. Construction works of

land consolidation

Sec,38:

Meeting of the _
landowners concerning
the determination of
land allotment

Sec.38:
Approval by the

provincial committee on

the agreement of land
allotment

@ The value of land and
any other property
for common use shall
not exceed T% of the
original assessed
value.

@. If the value exceed
7%, MOAC shall
compensate by paying
the amount in excess.

Sec.l1:

Issue the new
certificate of land
ownership

Soil and Water Congervabion

‘sahb as left

- Prescribing the area of soil
‘and waber- conservation

program in the Royal Degree

same as left

Task of DLD
same as left

same as left

‘same as left

same as left



Regulabion to -

proceed the
Project!

lhénd Consolidatidn

- Sec U6 :
Determining the
principles and -
procedures. in collecting

“expenses for land
congolidation by the
Central Committee.

- Sec.U7:

Paying: the expeﬂses For
operation and
mairntenance of the land
consolidation by the .

- land owners in
pringiple, procedures
and rate prescribed by
the Central Conmitbee.

2-2 Project Implementation Procedure

Needless Eo say,

Soil and Waber Conservation

Detéfmining.thé.prinéiples

“and procedures-in collecting

expenses for soil and water
conservation by Board of
Land Development:

~ Paying the expenses for

operation and maintenance of
the s0il and water
conservation by the land
owners in principle,
procedures and rate
prescribed by the Board of
Land Development.

DLD is the responsibie agency to carry out the

Project implementation and to coordinate other agencies concerned.

Project

implementabtion procedure consists of the Ffoliowing

{Recommendation).

(1)
@

@

_provincial

_After approval of the

items

Request and Implementatlon Proeedure

Farmers interested 1n 5011 and water oonservatlon request

farmers assocxatlon according to the regulablon

Farmers assoelatlon
administration
Changwat)

level,

At Ethe provinecial

committee selects reasonable project due

checks

its oonLents and requests
offlce (Tambon, Amphoe,
soil and water conservation

Eo urgency ad

feasibility together with DLD staff..

Project by DLD station,

étation

request to DLD reglonal offlce.

Regional offlee asks LWCC to research ‘and study the Pro;ect

through station,



® Regiomal office submits the report made by LWCC of the
Project ' '
@  After the approval of the Pro ject by H.Q, 1.Q asks budget

" setting down to Budget Bureau.

(2} impleméﬁtétion beéedure _
O After setting down the Budget of the Projeet by Budget
. Buréau, H.Q of DLD delivers it to Reglonal Office. -

@ 'Regional Offlce takes ' necessaty - legal measures -and
eoordlnatlon _to okbher’ agen01es concerned At the same
time, Reglonal Offlce asks LWCC to prepare detailed design,
flnal cost estlmatlon and ‘tender doeument by employing
conSultants firm if necessary.

® In the case of contract basis, LWCC makes tenderlng to
employ contractor for 1mplementat10n of 'the Projeet

@ ' Tender awarding is carried out by Evaluation Committee at
H.Q. '

® After signing of contract with cbhtractor, contractor
carries out the Project under éupervision'by DLD statioh or

employed consultants firm.

(3) Operation and Maintenance (0 & M) of the Project
’ After‘thé completion of the'Project, 0 & M starts by the Project
office assisted by ‘DLD statlon, Farmers Association and related
regional agencles
In principle agricultural management and technical assistance is
given by DLD and financial coordination shall be given by Farmers

Association and Regional Agencles concerned,

(1) Monitoring of the Project

All input and outpﬁt of'the.Projéet shall be recorded by the
Project Office and shall report to LWCC through ‘DLD station.

LWCC shall keep the record and evaluate the effectiveness of
soil and water conservakion measures each 2 years. This result shall

pbe informed to the Project Office to make the Projeoﬁ more



successful .,
Monitoring items are considered as follows;
Soil ‘loss condition 7
Unit yield of crop production
_Inﬁut of nutrient énd fértiiizer

" Usage of irrigation water

©® 08 o

.1WOrking'hour for farming
® ' Balance sheet of farm from agricultural activities
@ - Others.- - | ' .
Above mentioned data shall contribute suhcéééful of the Project

and new Projects.
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Figure 2.2-1  Procedure of the Project Formulation

Where NESDB : National Economy and Social Development Board
Budget B : Budget Bureau
H.Q " ! " Headquarters
R.C : Regional Office
L.S : Regional Station :
LWCC : Land and Water Congervation Center while, the

Center is not exsisting now R.O shall take place
the activities



2-3 Data Colleciion and Field Survey

Prior to planning and designing of ‘the -Project. following data

collection and field survey are required.

(N

a.

Data Colléction

Natural Conditions

®

L4

Topography ahd'Geology
Meteorology and Hydrology
Soils and Land-use |
Soil Erosion

Land and Water Resources

Socio-Economy -

6 Population Statisties

8 Labor Fdree and Employment

s Income Level

® Nature of Title to Holdings and Size and Distribution of
Holdings T

Agriculture

o figricultural Production

® Animal Husbandry

® Forestry

e Fishery

Agro-Industry and Industry

Agro-Industry (Agricultural Products Processing)

Industry

Rural fArea and Infrastructure -

e

Roads and Transportation
Water Supply and Electricity
Facilities for Agriculture

Social Services



f. Farmers Organizations
¢  Cooperabtives
e Farmer's Associabions B
L Agfieulbﬂral Groups
e  BAAC Client Group
Details of each item are shown in Vol. ¥il.
For understanding present conditions of the-ProJéet_suoh-data
mentioned above should be prepared and arranged. in computer of DLD

Regional Office or LWCC {(Land and Water Conservation: Center under

proposed).

(2) Field'Survey
.For carrying out detailed design and cost estimation,
reconnaissance and field survey should be ecarried out.
Ttems and contents shall be expléined in the following.
1) Topbgraphic Survéy
i) Target
e  Seale S$=1/5,000 or 1/2,000
® Cankents  coordivates
contour : 1.0 m interval
ii) Procedure
®  Procurement of existing topographic maps
{5=1/50,000) and.aerial photographs
@  Ground Control Survey
Doppler positioning survey to determine
coordinates and level of the Project.
®  Traversing and Leveling '
Horizontal and vertiecal control survey by
traversing and leveling are required to perform
aerial bhotogrammetric mapping.
@  Topographic Mapping
The topographic map on a seale of 1/2,000 and
1/5,000 shall be plotied by the photogrammelric
method. The results of the ground control

surveys shall be used.



~2) Cadastral Survey _ |
. With-é view to clarify the:boundary:and'the lénd right of
each farmer in the Area, a oadéstral survey shall. be executed,

The data shall be obtained from the Reglotal Office of Land
Department, _MOI;- after ~which confirmation of _the.-boundéries
shall be made ab the site,

The boundary of each  farmer and public area shall be
plotted and-drafted on thé_polyesber base on a scale of 1/2,000.
3} Land-use Mapping

Present -Land-use .condition  of each farmer. shall be
classified for the Project Area.

I} - Erosion Mapping _
 The soil conditi@n'and present situation of erosion shall
be surveyed by the Soil Engineers at the site, |

The results of the survey shall be plotted and drafted on
the polyester base on the scale of 1/2,000.,

5) Gfoundwaber Survéy

For. development of groundwater the following field survey
shall be executed.

i}  Electrie resistivity prospecting

- prospected depth 50 m. . 3 - 6 points/1 Pboject area

ii) Single well pumping test

- recovery method 2 wells/1 Projéct area

iii) Well investigation

- gauging groundwater level and well depth

~ Water gquality test (PH, a colon bacillus)

- interview about wells
(the using purpoze, the existence of another waber
resource and the extent of drying. up in the hot
season, ete.)

From i), possibility of groundwater development shall be
given due to layer of under ground,

From ii)} and 1ii), capacity of exsisting shallow well shall

bhe given.



Long bterm data (more than 2 years) of groundwater level
- shall be véry useful for utilization of groundwater.”

6)  Hydrolgy - | |

' For the usage of surface water  for “irrigation. in the dry
season the Tollowing survey is very imporbtant, '

® Measurement of runoff discharge

- current meter-method
- hrianghiatidh'weir-méthbd

For measurement of surface water of stream seepage, water
flowing from the opposite 'direction and under the stream bed
should be stopped. |

Long term data {(more than 2 years) of surface discharge
shall be required to analyze available water for irrigation in
the dry seaSOn.‘
7y Soil .’

Soil survey by field btest, test-pit and- atger boring shall
be carried oubt and so0il samples for 1aboratory'aﬁalysis shall be
taken from a representative profile in the Project area.

Items of soil analysis are as follous;

i) Physical properties (mainly relating to soil erosion)

‘ < Particle size disbribution, Bulk density, Soil
moisture, Hydraulic conductivity, Water holding
" capacity (1/3 bar, 15 bar)
ii) Chemical pnopefties (mainly relating to soil
fertility) - _
- PH (H0), PH (KC1), Total-C, Total-N, Available-P,
CEC Exchangeablé bases (Ca. Mg. Na. K)
iii) Infiltration test by eylinder infiltrometer
Above mentioned soil inVestigaEion at the site is the
most important due o the following.
The upland soils in the Eéstern Region are mostly
classified as Ultisols and Entisols., - They are similar
“in - surface soil humus content, -eclay mineral
composition, soil'reaction and drainage'COndition.

Consequently, the differences of soil behavior mainly



depend on the soil ‘texture, - Especially, erodibility

of soil is highly influenced by the texture of surface
soil,

The slopes of the pilot areas range mainly from 2 to 6
peroeht. _

Relating to the soil. erosion, LS factor.of U percent
slope is less than 1/3 of that of 10 percent slope for
the same -lengbh of slope. R

From the viewpoint .of land- slbpé, the degree of
erosion in the soils of the East may not seem to be 50
severe. Bubt actually, severe soil erosion is one of
the ‘most serious problems in the East, the causes of

which may be the sandy surface soil as well as the

- heavy rainfgll and cassava cultivation.

Most soils' of the areas in the East. have a SL to LS
texturéd surface soil whose sand mostly consists of
fine sand. They are highly erodible.

Moreover, as mentioned -above, some. soils have a very
compact layer immediately ‘below the plow layer, which
will increase: the runoff and soil erosion.

The soil texbture is .a very -important property for
estimating the soil erodibility-in the Eastern Region,
It is also one of the main: properties for evaluating

the soil fertility and sultability,

8) Soil Conservation

Contents of the Field Survey of: the Project area are as

follows;

i)
a}
b}
c}

Causes of soil érosion

. Agrieultural causes

Mechanical causes
Socio-Economie causes including farmers organization

and regulation
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i1) Proposed Countermeasures of Soil and Water
Conservation:
a) Agricultural measures
b) -Mechanical measuves
¢) Irrigation facilities
d)  Supporting measures
e) - Oﬁganizatiéh and Management
iii)'Estimétéd Benefit of Countermeasures
a) Physical
b) - Economical
.c) Mental (Iﬁtangible matters)
- Since proposed project area is suffering from serious soil
" erosion due to many complicated causes, establishing propoééd
countermeasures, . predicting benefits of the projéct and causes
of so0il erosion should be analyzed and classified as well as
farmers needs.
Survey items concerning i) are as follows;

Agricultural causes

o mulehing

e crop cultivation method contour, up-down, ridging
ete.

2 soil management

. oﬁhers

Mechanical causes

® adopted measures
e drainage system
e structure of waterway
& road condition
® irrigation condition
® others

Socio-Economic causes

®  economic condition of farmer

® history of farming

® marketing condition of each crop
° farm size and shape



e agriéultuval organization
e act and regulation as to soil consebvatidn
. farmers needs |
:9} Irrigation :
i) Water resources’ _
a) Présenb éoﬁditions_of_water use
_Irrigatiﬁn"abéa, Intake water, Capacity of facilities,
ete, -
b) Damage by'drdﬁght .
Démaged.crop, area, amount, ete./Meteorological
_conditions'of drought year/countermeasures taken by:
farmers | ) |
.c)' Water fesoufces_ _
Ruqfoff,‘Hdtéb'temperature, waber qUality/right of
water resources
ii) Irrigation plan
a) Crop root zone and crop yield
b} Soil texture, hardness, thickness of plowed soil and
available soil layer
e) Proposed cropping paﬁtéfn
d)  Proposed irrigation method
iii) For farm pond
a) Materials for embankment
b} Foundation conditions by borehole drilling
10} Cost Estimabtion _
i) Procurement of construction materials and labors
a) Procureméﬁt route and price of materials namely
cement, timber, etc. by season ‘
b}  Procurement of labor force and their price by season
ii) Condition of contractors
Work plan chart for projeét implementabion'schedule and

cost estimation is shown in Figure 2.3-1.



Figure 2,3-1

S e

work Flow Chart for Project implementation

Start

{Understanding of the Project)

}

&

f 5

Understanding of Design

~  Hydrélogic, Metearologle,
Topographic, Geologic conditions

-~ Project fécilities

~ Construstion Quantity

~  Dvawings and Others

Collection of Basl¢ Data

- Meteorology {Rainfall, -
temperature, rainy days, etc)
~ Hydrology. earthquake data -
- Soiland Qeologydata -
~  Basic unit pricé "’ :
{Labour, Maqterial, Land
a-qu;lis.ili.l)l:\;equipr'nent. fted L
~ Datafor .similarproject - -

«  Availability of mobilization

{equipanent, labour, mazerial, -

jeld Reconnaissance

Topographical and Geolagical
conditi.ons o
Runoff
Métei:al supﬁly (quauy-iite..
borcow area, crushinig plant,,
nerete miing plant, gtc.)
Road, River, Electric facility
Requirgment of emgloyer and

tocat people

A

Other Information

Project target schedule
Gther factor {Price escalation
rate, tax, rate of FICand LIC
EtC.

etc}

{Plan of Construction Schedule)

¥

Plan of Construetion Schedule

- Construction methad/ealculation | | -

6f .e-quiprnent output -
- Construction schedule -
~  Mobilization plan {construction -

equipment, Man-power, -

material)

- Preparatory work_

imiemeitation Mdde

Executing agency
lr.nle'rrient-aﬁan mganizat‘ion ’
QM organizition
!mpleméntatiun Sthédule
Consultant sesvices

Supplemental; survity and study

) .
i

Preparation of Tender Document

- Cendition of Contract

- Bill of Quantity

~  Ingtruction to Tenderer

- Techinical Specification

{Cost Estimation) l :

Estimation of Unit Price

-~ Concretework

- Earthwork

-. Otherworks’

- Oper ation costof equipment

L

Estimation of Unit Price
- Directoost

= Indirectcost

{Analysis of Project Cost) l

Estimation of Unit Price

equipment
- Amaountof F/Cand UC

- Project Evaluation

~ Disbursement schedufe
- Requirement of material, man-
power, construction edipmeant

- Depricationcost of construction




2-4 ’redicting Soil Loss

To predict the soil loss volume of each Project frea, Universal Soil
Ldés'EquaEion-(USLE) is adopted. ‘From thé field survey of'Pquect_Areas,
héwever, detailed ihfoﬁmation could be obtained concerning’ each factor of
USLE, predictéd =zoil loss volﬁme'could be ‘caleulated Method of'calculation

are explained in the following.

(1) Basic formula

“A=P+K-LS-C-P
where A = Predicted total soil Loss Volume (ton/ha/hear)
R = Rainfall-and Run-off |
K = Soil ‘Erodibility Factor =
LS = Slope and slope-Length Factor
C - = Crop. Management Factor
P. = Soil Conservation Practice Factor

{2) Each factor
1) Rainfall and run-off factor (R-value)
R-value shall ‘be calculated from the folloﬁing formulas ;
Chachoengsao, Chonburi and Rayong -
R = 0.163 X
where X " :  Average annual rainfall, mm/year
_ R :. Soil loss volume : ton/ha/year
Chanthaburi
R=0.196 x - 13.4
quoted from DLD FAO PROJECT, TCP/THA/HU0B (T), 1986
‘In the above, X vélue shall be assumed to be the maximum
value form the range of each Province. This 1s because the
possibility of soil loss is an important subject in the study.
The relation.between average annual rainfall and R-value in

USLE is as follows ;



Province

Chachoéngsao

Chonburi

Rayong

Chanthaburi

Average annual

1,900

1,500
1,900
1,500

2,500
2,100
1,700
2,900
2,500

to
to
to

to

to
to
to
to
to

2)  Soil erodibility factor

X-value
1,500 1,900
1,800 - 1,500
1,500 1,900
4,800 . 1,500
2,100 2,500
1,700 2,100
1,500 1,700
2,500 2,900
2,000 2,500
(K-value)

Unit 1 .mm

R-value

309.7.

k5

309.7
2445
407.5

342.3
277.1

555.0

U76.6

K-value shall be set up from the texture property of Ctop

soil of eéch-Project Area,

The relation ‘between soil texture and. K-value can be seen

in the following.

Soil Texture

S {sand)

LS (loamy sand)

SL (sandy loam)

SCL  {sandy clay loam)

L { loam)

CL  (elay loam)

C (elay)

K-~value
0.05
0.08

0.34

0.23
0.33
(.25
0.21

To set up the soil texture of each Project Area, particle

size distribution analysis shall be carried out in the US

system.
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3) Slope and slope-length factor (LS-value)

LS-value can be obbtained from the following formula
- L _

where L : slope length (m)

S : . slope (%)
m : can be set up in the foliqwing
slope ﬁ
= 5.0% 0.5
4.5 to 3.5 o'.u
3.0 to 1.0 0.3
1.0 0.2

This formula was quoted-from [ Predicting Rainfall Erosion
Losses, A guidé to Conservation FPlanning. United States
Department of Agribulture,.1987 i

Original formula is in feet and angle as follows ;

LS = (—7-2)‘—5..-‘)!“ (0.065 + 4.56sin © + 65.41sin’ 0)
" where A : slope length in feet
6 : ‘angle of slope ‘
‘m : same as above
LS-factor can be given from Figure 2.U-1
“In aétual, slopé—léngth of each Project Area is almost more
than 300 m at present because of no tracing, no drainage and no
road from top of the mountain to the stream only natural stream
cut the slope-length. '
In usual, SL-value in USLE 1is "useful  within 300 m,
therefore, 300 m is used as maximum slope-length to calculate

predicted soil loss of each Project Area.
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h) Crop management’ factor (C-value) -

C.value oan be obtained from the following ;-

)

'efop C=value - Note
'ééééaVa | 0.60
Pineapple 0.50
Sugarcane 0,15
Maize 0.40
Groundnitt 0.50
Cotton 0.0
Tobaceo 0.40
Para-Rubber 0.50 young
§J35 fully matured
Fruit.tree 0.35 young
o 0;10 mééﬁréd
Tree 0.35 | yqﬂng
0.10 mabured
Data : (1) FAO PROJECT TCP/THA/MNOB (T) 1986

(2) FIFTH ASEAN SOIL CONFERENCE 1984
(3) SOIL CONSERVATION AND MANAGEMENT
_IN THE HUMID TROPICS 1985

ar/1
E 8.1

P.180

If there are more than. two type of crops in the same farm

or same area, weighted means C-value shall be calculated. At

present, type of trees are divided into young one and matured

~one. This difference shall be used to calculate predicted soil

- loss,

5) Conservation'Practiee Factor (P~value)

P-value shall be divided into agricultural measures and

mechanical measures,

P-value can be obtained from the following,

Conservation measurs

Agricultural measures

- Contour Planting

+ Cover Crop

grazed

ungrazed

'P—value:
0.70

0.30
0.10



+ strip ceropping 0.25
- (more than 2 m)
Mechanical measures _ _
- Terracing 40 m {nterval 0.10
| 5.0 m i.n’f,ervai | 0..‘15
60 m interval 0,20

. Contour ridging 0.20

. ':Ciéntt;ur ploughing . :O.SlO

-'Sub;soilihg o . 0.50
Data - 'r's,e-z'mé- as ‘euvalue -

. When more than two types of méasures shall be adopted at
the same aréa, the mojétfef‘fect;ive measures (P-value) shall be .

used in USLE.



(anjen-s1) Jored yibusi-adois pue sdols i-t'z 2.nbBid
{1d8d) 110ONE1-3d018

0oot o8 003 caz - 001 08

=
w

OV

[
e
-~

18 1 O 0 3 1 O O O U = 5§ S A O O O D == SO IO L P
4 o o ot B ot R e = Hmo-_..ﬁ_-j--u_- B e B = = et H A o)
ot et 1 = et o e e 5 =
il e e I T e S R e T T A R b L il Tkl ol Caedd Rt maancd ] o S0 JEIN [ PO DU VAR JUIN PR U R S O ] L e B s - f—
et e e o et b ) o e, e o o
Wﬁm.n .Hl.l..ll,!“_,.lﬂnll.%ai“ l.l..ldlcl.lﬂ_l.u.ﬂﬂl. =l II.....\I.\..l\I.w...!L. = = =D B \l,.V“I.u.\.I.i
-\n\ ,HNWMWMHHIJH: = |H.|.,.H.wam”wwﬂ.._wﬂnaﬂ.s..{.I,..],.“..a.u...u.nHMW“,HWHH., O 0 o
15 R 0 et 0 o= NG o v i L = e B 0 = I o =
IR u_xﬂw-..mm,wnx_n‘ z,uﬂ.«H_in?wn,iﬁ!fln1.,nHHHm,\.ﬂ...\,-....V..nu_.“.\uﬂl.u.,._

e L Pt o e e g bt = i e o o o ot e o =) sl b 1 B 2 o P
..u_mﬁy H= = =R 4-,|.|..,.i%.r.._.,.uﬂn.... "0 i 1 v g o H|I|uhhm_,u.l|i*“mhu”.suu_...,w,m._ﬂmm.l.i.
, =tz o P e B m oot el ot It e £ B G et oo B G o o g e 2 s = o o o o
Wln W.m.m .U|u|_m~llsn.m}“ ...W.HH I_mml ! Jllwil..whﬂlln,“,l”unul.‘h.i,.“l...JNb‘nrnqu”.&_...s.UHHnu\...
Q5 = o O R o 1 g = B = ot A 6 O = o
B o oo o 0 == . = o 1 = g D B £ etk =2
EERN P o o 1 o w=cew S o 1t o T o ot : g ﬂwwu uuUlquﬁ”nu
O 8 e e = e ool ==t P o PN o s e i o J 0. bk o
. ,.Mnuz._h..‘w el 5 o e 2 e o e e e o e et Bt B nu:ﬂu!ﬁm!?hﬁ
et 5 4 e ] = 2 i et et P g el b ! -l i b ot o 4 o 2 sl el
”....,".i.-..,.L.. .JI\I.,..‘I,...:.....,.\\.\...H.I, l\ﬁr.ll..\.\.i\ﬂ..\l”...l.l..; ..!.t..\s\.\l.Hw” |\i|.|..|.\|h||.l......,. 1 .h_. . -.\H.\,.\i..\.\lx
HT H,H.U.f.“.\l_n,ﬁu-HHTHUM,.umHHHH-HH,,.WWHH PG = R 10 O el Y
nwg_quuJMmﬂmHﬁuunnnHuthNumnﬁuu;v.é_munuanWmHHUmP¥ o B o = St g o
00 2 s ot 5 1 g = O S ot i o ==t e <o B oy = s D 3 et ) S )
ml.lwl -, |...\I_M |n\_.|-\lm‘ll..|lil[|i|.|.: g S — ] e | e T :\i\T..l.,'i ] | — s
el e R e et B L o = ot et e ol it e B o e 2 i
niﬁ_ﬁéﬁ.»M.?ix#fxwmwzrhlﬂnwwyunH:“Hmu¢|mvhﬁu;_”Q“_v\ﬁ;;ﬁ»
Hbguﬁu.wﬁﬂtﬂmﬂﬂwdrrLMnTﬁrdnmihilZMxlmuaHHJL-kﬁ\n S
‘mn.f%uﬁ\ e 2 i o et l”;wh:.\VI\m UL £ S o = 5 P
B0 1t g o i o = i o 0 e ) =< B o o o = =i
et e et B o o 2 5 P = 5 e § = o e o o ] 4 o = g P et B P 2 o o e e |
mm.mum_wu e e e e e <_hww e e e B e B R e B e e e S
e S R e e e B e e e R e e T B B e e B e e R e e e
mmﬂmnw|ﬁﬂrhﬂﬁ,\%H%MHHHMHMh\ﬂnf:+zMWM%ﬂmnuM;:.Hmduﬁruywnnmﬁgwq
B gutr&JHﬁ%wWWWWuuu = B e R R e
izt o o = 2 B e = 5 i e sl e o % i et 9
e e e S e e e
e —IH=E =B == o 0
3 o o Pt P o e e 5 o B
P 1. 1 = i e = K e g e
--a.LI&«THmeW-; LWmmHW|lmewWMmM”K;,UHHWHMIMWHV-Hﬂ}n“unnnﬂuﬂ
= 1n.u"n-.Humulﬁ!nwkﬁuunn.zw?nmnmmmmm“_-m_mmmmmmmm
.m. T—1T b bl el o i_li.l._l.-im.l.nl@nll E._”,ﬂw |l|..HWIi..I|.I.I..|I\...!iT.I. il il e o |.i.|l|l'|'||D.
052 007 061 00T 09 0% Ov

(YTIIW) HIONHT-I4018

“¥

ANTYA-S
2-22



[ Reference ]. _ _ _ . . ,
USDA (United .States Department of agriculture) suggests to  use the
following equation and nomograph for ohtaining soll factor (K-value).

It seems to be very reasonable and ‘useful, therefore, after conf1rmat10n
of 'the result by field testing in Thailand it is recommended . that DLD
should extend the formula and the nomograph

The content and method shall be explained in the follow1ng

[ Explanablon ] , _

The soil loss data. show that very fine sand (O 05-0. 10 mm) is comparable
in erodibility to silt-sized particles and that meohanlcal—analy51s data
are much move valuable when expressed by an inberaction term  that
deSoribes the prohortions in which the sand,. silt, and clay fréct;ohé are
combined in the soll. When mechanical analysis data based on the standard
USDA .classification. are used for the nomograph in Figure 2.9-2, the
percentage of very fine sand (0.#—0.05 mm ) must first be tfansferped_from
the sand fraction to the silt fraction. The mechanical analysis data are
then. effectively described by a parbiolé;size parameter M, which equals
percent silt (0.1-0.002 mm) times the quantity 106—minus-percent—clay.
where the silt fraction does not exceed 70 percent, erodibility varies
approximately as the 1.14 power of this parameter, but _prediction
accuracy is improved by adding information on organic matter content, s@ii
structure, and profile permeability class. |

For soils containing less than 70 percent silt and very fine. sand, the
nomograph.(Figure 2.1-2) solves the equation :

100K = 2.1 M1.14 (10-U8)(12-a) + 3.25 (b-2) + 2.5 (c-3)

where
M = the particle-size parameter defined ahove,
a = percent organic matter,
b = the soil-structure code used in soil classificétion, and
¢ = the profile-permeability class. ..

The intersection of the selected percent-silt and percent-sand lines
computes the value of M on the unidentified horizontal scale of the
nomograph. (Percent clay enters inte the computation as 100 miﬁus the
percentages of sand and silt.)

The data indicate a change in the relakbion of M %Yo erodibility when the



gilt and very fine sand fraction exceeds about 70 percent. This change
was empirically reflected by inflections ih the 'peréenﬁisand curves at
that point bub has not been described by a humericél.equatiohfﬂ- '

"'Ndmograph SolUbi@ﬁ' '
With“apprdpﬁiabé'data, enter the séale at- the left“and'brocééd to points
representing the soil's percent sand (0.10-2.0 min), * percent - organic
matter, structuré code, and ﬁefmeabiliby class faS‘fillustratéd* by the
dotted line on the nomograph. The horizontal and vertical movés must be
made in the listed sequence. Use Iinear'inbérpolatiohs~betWth=plottéd
lines. = The structure code and permeabiliby classes are defined on the
nomograph for reference. |
Many “agricultural soils have both fine granular topsoll and moderated
perméabiiity. For these soils, K may be read ‘from the scale
Jabeled hfirst'apprdximation of K", and the' second block of the graph i
hot neeéded. © For all other soils, however, ‘the procedire’ must ‘be
‘completed to the soil erodiﬁility secale in the second half of the graph:
The mechanical analysis, organic matter,and structure data abe.thcse'for
the topsoil. For evaluation'of K for resurfaced subsoil hoﬁizons,?théy
pertain to the upper 6 in of the new soil profile. the permeability class
is  the ‘profile permeability. Coarse  fragments apé éxgluded' when
determining percentages of sand, silt, and clay. If substantial, they'may
have a permanent mulch effect which can be evaluated from theé upper curve
of the cartion mulch and canopy effects and applied to the number obtained
from the nomograph solution. '

Confidence Limits

In test against measured K values raging from 0.03 to 0.69, 65 percént of
the nomograph solutions differed from the measured K values by less than
0.02, and 95 perbent of them by less than 0.04, Limited data available, ip
1971'for'méchanically exposed B and € subsoil heorizons indicated about
comparéble accuracy for these conditions. However, more recent data taken
on resurfaced high-clay subsoils showed the nomograph solution to lack the
desired sensiﬁivity to differences in erodibilities of these soil
horizons. For such scoils the content of free iron ‘and alumiﬁﬂm oxides

ranks next to particle-size distribution as an indicator of erpdibiliby.



some high¥¢lay soils form what has béen'ealléd iPrevef5ible aggregabtes on
the surface when tilled. these behave like larger'primavy particles,
[ DPata Source ]

Predicting Rainfall Erosion Losses A Guide to Conservation Planning

Science and BEducation Administration United States Departmenb__of-
Agricultﬁre- in cooperation with Purdue Agricultural Experiment Station;

Dec, 1978.
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CHAPTER 3 DESIGNING OF PROJECTS

4.1 Farm Management and Agriculture Measures.

(1) Farm management

Basic idea for planning and designing of farm management in the

project area is summarized as follows;

1)

2)

i)

5)

6)

-{Crops to be sugpested as substitutes for cassava should be

unerodible and economically more stable and rewarding as well.

Judging from natural environment, mnational policy of ecrop

diversification and economical circumstances, tree or fruit tree
erops such as Para-rubber, durian and mango ete. will bé the
main crops for cassava. Durian will be emphasized especially
where water is available because of economical reason,

To cope with the economical stress to farmers in the initial

geveral years of such perennial crop's cultivation mentioned

above, - intercropping of annual crops such as cassava and
pineapple, etc. is suggested.

From the viewpoint of agricultural product processing, pineapple
will continue to be one of the .most promising cash crops in
future,

Though eassava is the crop to be replaced due to its erodibility
and economical unstableness, it is the most adaptable crop in
the natural condition of the area. It will be cultivated for a
certain iong time to come as the main annual cash crop. For
that, improving cultivation technology e.g., application of more
fertilizer, or extension of new clone "Rayong 60", is necessary.
Subsidizing policy of fertilizer is strongly ﬁeeded to get high
productivity, not only in cassava but also in other crops.

No specific vegetable crop is emphasized but where water is
available all the year round, such as surrounding area of pond,
vegetable cultivation is economically hdpeful. Demand for

vegetables will increase with marketing development.



7)

8)

9)

t way to préVenb
In this

Covering land surface wifh grasses 1is’ the bes
erosion and thig leads to animal husbandry 1ndysbry._
case, it is necessary ‘to test theradaptabilites'of'theSe“gfasses
to the area at first. Even after overcoming this problem, there
are some to be solved, such as technical know oW of -animal

feeding, water.vesources'for animal and cooperation of related

. agencies.

Markebing and crediting are two main economical problems. for
farmers. Though these are very urgent issues to be tackled but

they are policy matter of government,

More cooperation among velated agencies regarding agricultural

© improvement, especially DLD, DA and DOAE are strongly needed

from agro-technical view point.

(2) Allocation of suggested crops to the area

It is rather easy bto select and decide bthe area of crop Uo replace

casgsava.

The most difficult problem will be how to allocate the c¢rop to

the present fields, which belong bto each individual farmer,.

Basic principle should be as follows in that respeét.

1)

2)

3)

)

Merits of new planting system should be shared by all the

farmers in the watershed who will invest some amount of money to

- the project.

Planting of perennial crops like ffuits tree or Para rubber will
be along contour lines to prevent erosion.
Loss of farmland by making water reservoirs should be
compensated by any means. '
Exchange and consolidation of farmland is necessary for
implementation of the abhove. This is one. of the biggest
problems in this project and cooperation between persommel and
organizations is badly needed,
New organizations are suggested as follows ;

i) Water users' asscciation

ii) Preduction -type agricultural cooperabion



i) will handle all issues relabed to water such ags maintenance
of pumps, irg}gation facilities and cycle of irrigation to each
plot, ete. .

ii) will be. in charge of crop : production such as cropping
pattern and marketing problem etc, o

6)  The idea of 1) and 2) is shown schematically in Figure 3.1-1.
(3} Agribultural measures

Since the topography of project areas is mostly undulating’and ﬁot 50
steep farms aré obsérved; it 15 suggested that no drastic coUntermeasufes
against erosion will be necessary.

As the agricultural approaches to this problem, next five items are
mentioned. \ '

1) Mulching .

This is té protect soil surface by some graSsed; plant
residue or some other materials againsb rain or wind. As.line—
mulehing material, some cover crOpé are recommended, As now-
line muleching material, rice straw is wost suitable but it is
sometimes very diffiecult to colleet in the area.

2) Cropping method :

This includes rotation-and inter-cropping ete. to kup soeil
property in good condition by cultivation of different non-
erodible crop or by covering base soil with intercrop, expecting
mulching effect,

3} Cultivation method :

This means strip cultivation, contour cultivation,
combination of these method ete, with some modification,

fs mentioned earlier, the slope of almosf all farmland in
the area is below 10% and contour strip cultivation will be the
most practical method. Needless to mention that consensus of
related farmers is essential for execution of this operation and

this might be the biggest problem to be tackled.



Legend: _
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.Para—ru‘bber 7_
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Figure 3.1-1  Schematic Map of Crop Aliocation



3-2 Mechanical Measures

(1) Basic concept of mechanical countermeasures for soil conservabion
 Mechanical measures should be considered and established on the
balance of input and output of the Project, |
.-Assuming 30 years as the Project 1life, the Project should be
feasible. . _
Basic countgrmeasures for soil conservation are given as follows in
order: of their priority.
1)  Bstablishment of drainage system
Classification of ‘drainage canals is as follows ;
» Cateching ditch (canal)
To catch surface runoff water, normally .constructed in
the direction of the contour
+ Collecting diteh {ecanal)
To  collect discharges from cabtching ditches,
constructed at a right angle to contour direction,
discharge increases gradually
» Draining ditch (canal)
To collect discharges from collecting ditches, there
are trunk ditches and branch ditches
Velocity of the surface flow (surface laminar-flo@) on the soil
is variable depending on slope, roughness coefficient and length. To
reduce the capacity of soil.transportation by flow (tracti1e force)
shortening the water way, reducing the slope and increasing surface
roughness shall be adopted. Therefore, contour cultivation {contour
strip) is effective for soil conservation. “However, .if' the
collecting diteh is -not strong enough damage to farm land shall
: oécur,=theref0re, the structure and materials of collecting canals
should be selected carefully. Figure 3.2-1 shows anp illustration of
the drainage system. :
The. establishment of a drainage system is the most. important
work of a farm land development project ;and land consclidation

project.



Therefore, how to establish the drainage. system -shall be

explained in seetion 3-4 in the Guideline.
2} Farm road construction

Farm roads have functions for both farm management and soill

conservation,

Farim roads are divided into several grades - from farm roada to
trunk agricultural roads, the same as the drainage system. Normally,
drainage ditches shall be constructed beside farm rOads. '

The conditions of farm road construction are not - so limited
owing to land holding areas per farm of 50 rai (8 ha) and a slope
gradient of less than 10% in the East of Thailand.

Therefore, how to minimize the construction cost of farm roads
shall be very important.

3) Terrace construction

From the viewpoint of soil erosion, making farm land in steep
areas adapfing the bench terracing method causes soil erosion and
‘disasters and is unot highly recommended since a lot of the earth
works and slope protectioﬁ works are very difficult and costly,
particularly under sandy soil conditions in the East. |

Therefore, prior to selecting this method, the land-use plan
should be considered from farm land to forest or grass land.

On the contrary, graded terrace and contour terrace are very
useful to prevent soil erosion because of shortening the slope length
of farm land. Therefore, graded terrace shall be adopted in Project
areas, '

4)  Farm pond {Tameike) construction

The functions and effectiveness of farm ponds are as follows ;

a. To deposit soil in the drainage system (soil conservation).

b, To be able to use storage water for irrigation and domestic
use.

c. To make soil downstream of the pond moist.

In particular, to supply water to parched so0il is very useful
for s0il conservation.
The most important merit of the Farm Pond is to use storage

water for irrigation. Drop diversification and crop conversion from



cassava to orchard can be realized by {rvigation without failure or
risk to farmers,
5) Skandard field lot and farm land block

Farm land consists of farm land blocks and field lots.

Farm land blocks are enclosed by farm roads and divided in to
several field lots. It -is preéumed that field lots shall be 100 m
(length) x 20 m (width) and the length shall lie in the contour
direction and the width at a right angle bo the conbour direction.

In general the shape of field lots and arrangement of farm roads
shall be decided from crops, cbefficient 6f farming wmachinery aud
arrangement of the drainage system for so0il conservatbion. Figure
3.2-2 shows that .there are many arfangements of" farm roads. In
general, for erodible areas, the interval of verticai roads (at a
right angle to the contour direction) is shorter than the horizontal
road {contour direction) in order to drain excess water from the
field as soon as possible.

The basic plan is recommended as follows ;

a. Interval of vertical roads shall be 100 m ~ 200 m.

b. Interval of horizontal roads shall be 200 m ~500 m,

c. Drainage of the field shall be done using natural

topographic slope to the contour direcktion.

d. Drainage system shall be constructed beside farm roads in
principle.
e. Vertical roads and horizontal roads cross at right angles

in principle.
For soil conservation, road arrangement should be high in
density as much as possible.
6) Land grading _
The topographic condition in the East is comparatively flat with
3~10% slope gradient and rolling. ‘Therefore, land grading shall be

carried out according to natural slope without earthwork on a large

scale,



a: Catching ditch

b : Collecting ditch

N Drainingditch :

Figure 3.2-1  Drainage System Diagram
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Figure 3.2-2  Plan of Farm Land Consolidation



(2) 1Items and types of mechanical measures:

Mechanical measures shall be classified as folloWs;

_ " pategory  ibems.
a) Soll management system . Sub soiling
b) Te?raciﬁg system h . Contour terrace

Gféded~térrae¢-'
Bench' terrace
_ 7 Zihg;tébrace__
- ¢) Drainage system - .rCatéhing diteh
. Collecting ditch
Draining ditch
ﬁppuhfehance
drdps _. |
sediment trap
cqnnécting'ﬁib
rectifying pit
d) Farm road system . lateral road, vértical
-and . horizontal
- trunk road (main road)
e) Farm Pond (Tameike) '
£} Check dam {Sediment pond). - Woven-wire dam
e Brushwwood.dam
+ Loose-rock dam
+ Plank or slab dam
+ Mascnry dam
+ Concrete dam
+ Earth dam
£) Slope protectién L '-_Spray-method
| | * Sodding =
+ Coricrete wall
+ Wooden wall
h) Others - Sand bag

.+ Woven-wire mat

3—10



Each measure shall be

conditions of the-vajééb.'
(3)_'Specification_and”aﬁplioation
Specification and application

1. In*the’%éble}'C6ntoﬁr Terrace

selected depending on actual site

criteria _
of "measures are explained in Table 3.2~

shall be included in the Craded Terrace

and Zigg Terrace shall be omitted to avoid large earth movement.

3—-11



Table 3.2-1  Spacification and Application of Méaéures (_1,.'4)';

Measure Specification ~ Application
1. Sub-Soiling - a. Tobreak hardsubsoil =~ * Slope 3%~10%
: . b. Proposed depth = 0.60m » Soil s an’yt_ype :
' : < Crop @ anyuop
2. Contour Ridging ~ “a. Tomake ridge forplanting -~ Slope ' 3% ~10%
o b. Proposed height = 0.30m . Soil  : anytype
« Crop : field crop;
vegetable
3. Graded Terrace a. To mak_é contour bank and grass. -+ Slope @ 3% ~15%
waterway
b. Allowable ditch slope of < soil @ anytype
waterway is 2% . -
¢. Horizontal interval = 40m ~ < Crop : anycrop
60 m
4. Bench Terrace a. To make bench farm and - Slope : 6%~2%
catching ditch - Soil @ anytype
“b. Surface slope 2% inversely - Crops : Fruit, vegetable
¢. Hmax = 1.0m (Note) To avoid large scale
d. Slope protection = Sodding earth' movement and slope
e Slope = 1:2.0 protection, Hmax shall be
f. All cutting method decided as 1.0.
g. Farm Length = 6.0~ 12.0m
5. Grass Waterway a. Vmax = 1.0m/s{n = 0.04) - Side ditch of Farm Road
b.imax =3% <0.1.m3/s + Graded Terrace
2% > 0.1 m3fs « Collecting ditch
c. Bottorm W= 030~050m - Catching ditch
H = 040~ 0.80m
7 = 1:1.5~20
d. Grass = Pangola, Bermuda
6. Masonry Waterway  a. Vmax = 2.5m/s{n=0.032) - Side ditch of Farm Road
b.l max = 4% < 1.0m3/s -+ Collecting ditch
2% >1.0m3/s - Draining ditch
c. Bottom W = 030~ 0.70m

H = 050~ 1.00m
Z = 1:1.0



Table 3.2-1 -~ S$pecification and Applica_.tion qf.measgreg-(;/a,.

Measure: - ‘Specification Application
7. UDrop a. difmax = 1.00 minGrass - . Gf‘assWa_tefWay_' '
' waterway and Masonry 4dH=1.0m)
waterway 4% : 50.m interval
b.B =10~15m 5% : 34 minterval .
¢l =10~15m 6 %.: 26 minterval
doH =15~20m . Masdnry_.waterway
e. Structure = Concrete Block (dH = 1.0m)
+ mortar 4% : noneed -
i. SideProtection = Sand Bag 5% : 100 minterval
: 6% : 50m ihté_rval
{Note) Interval of drops
shall-be decided by
hydraulic calculation
considering slope of land
and run off discharge.
8. Check dam aH =10~20m

{sediment Pond)

9. Farm Road

b. Qmax = 3.0 m3/s{1/10}
¢. Structure

- Earth + Riprap -

- Woven-wire.dam

« Loose rock dam

+ Wood and rock

- Sand bag

- Others

a. Effective width -

- Main.= 5.0m

- Lateral- = 3.0m
b. Total Width

© Main = 60m

+ Lateral = 4.0m .
c. Laterite thickness = 0.2m
d. Banking = 0.10 ~0.30m
e. Stripping of original
ground = 0.15m

Pavement type by shape
Laterite <10 %
Gravel =10~15%
Concrete > 15%

Surface slope

CS =3%
CN.RY =4%
CcT = 5%

(Note) Surface slope shall
-be decided depending on
rainfall intensity at the site.



Tahle 3.2-1. ‘Specificaﬁon and -Applica'tion‘ of Measures (3/4)

Measure Specification - Application
10. Canal Crossing © a. Structure o o
| - . ConcreteSlabBridge -~ Q>10m¥s - .
_ L {1710 Probability)
. Concrete Paved Road . Q=3~10mis
R i , ' (3110 Probability)
. Concrete Pipe . Q<3mds
{1210 Probability)
11. Farm Pond a. Earth Dam _ _
- Large Scale. - - Heightmax. = 6.0m . Effective storage capacity
: . Cutoff Trench= 5.0m (Ve) - o
. CrestWidth = 5.0m Ve > 100,000 m3
- Freeboard = 1.0m + -Not to make farmer’s
: . Slope : Upst. = 1:3.0 house submerge
 Downst. = 1:2.5 ' :
- Slope Protection
= Riprap and Sedding
- Spillway (1/50)
= Chute Type (Concrete}
+ Qutlet = Bottom Type
{steel pipe)
Small Scale a. EarthDam . :
+ Heightmax = 40m - Effective storage capacity
+ Cutoff Trench= 40m - (Ve)
- CrestWidth = 5.0m Ve > 10,000 m3
- Freeboard *~ = 1.0m . - Nottomake farmer’s
- Siope : Upst. = 1:3.0 - house submerge

Downst. = 1:2.5
- Slope Protection _
= Riprap and Sodding
+ Spiflway {1/50} _
- = Chute Type(Masohry)=.
- Qutlet = Bottom Type
(steel pipe) -
(Note) - Type of eart_h'dém shall be inclined one in principle
' bacause of lack of core type dam materials.
- To stop the water ioss by seepage under the dam, the
depth of cut off trench shall be carefully decided at
detailed design stage. -



Table 3.241  Spedification and Application of Measures (4/4)

Measure -

Specification

Application

12, Slape Protection -

- 13. Gully Protection

D

. Spray Method

+ Sodding
- Concrete mortar.
- Asphalt emulsion

:Sodding

c. Stripped sodding

.'Brush:Woo_c;_i Method _
. Wooden pite and stem or branch

of tree or bamboo shail be used.

. Sand bag (50~60 kg) clothor

vinyl bag and soil "s_hal_l be used.

_ Woven-wire Method

(TxBxL= 0.60m x 1.20m
Sw2.4m)

woven wire and stone orrock

{dia. > 10 cm) shall be used.

. Wood and Rock

- Sprayed sodding
- terrace bank

in the reservoir
ditch’ '

+ Concrete mortar
Slope of the road

+ Asphalt em_ﬂlsioh
catching canal

(Note) This method shall
be used as temporary
countermeasure for
disaster. However; Waoven-
wire method shall be used
as a permanent measure to
save cost sometimes.



3-3 Drainage System

(1) Basic concepts | , _
Establishment of a drainage system is the most important mechanical

measure for. land and water conservation. .

Excess surface water (run ~off dlscharge) should be. taken away Ffrom
farm land Lo a stable natural river or trunk drainage canal . immedlately,
smoobhly and safely.

Such small watershed as 100~-300 ha, small scale canal (same meahing
as diteh and water- -way) shall be required on farm land as a gutter of
road, terraclng and drainage canals. Therefore in this chapter
methodology for design of grass water-way and masonry water-way is
explained, l | o

More detailed design methods can be referred to in ‘published manuals.

(2) Design_diécharge _ _
To determine design discharge the following criteria shall be
adopted.
1}  Return period of excéss probébility for design discharge and its
applicétion.
5 years : catching canal (ditch)
10°'years : collecting canal
draining canal
50 years : spillway of dam
For the safety of facilities and to comply with unexpected
matbers such as sedimentation and vegetation, the above
menpioned return period shall be adopted for each canal.
Data : Japanese standard of MAFF
2} Province and design discharge
From calculation of excess probability in each province based on
long term daily rainfall data, specific flood discharge is as

given in Table 3.4-12,
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(3) Canal. Lypes and structures

The selection of the canal type greatly affects the functlon of the
entire canal system; ~and also 31gn1flcantly affects Lhe construction
costs. It is, therefore, necessary to consider the conditions of the
costs and future. water management and maintenance sysLem in the selection
of the canal type,_almlng aL the. entire fulflllment of its purpose and
function. '

Following canal type and strueture shall be reoommended for each

canal,
canal = . .stfucture
a. Catching canal e “Grass water-way (planted sodding)
' e Sprayed - type {sodding ~asphalt
emilsion, conerete martor)
b. 'Colleéting‘canal | -5 Gfassrwater—ﬁay {planted sodding)

and Drainihg canal - )  Masonry water-way (planted sodding)
© Concréte lining water-way (planted
sodding)
e Concrete flume {ready made)
Types and .struuturés shall . be .selec£ed ‘by detailed hydraulic

?oalueulatlon con31der1ng the afore- mentloned factors

(ﬂ) Hydraulic design

To determine the size and structure of canal _detailed. hydraulic
calculation is required. |

Method and formulas are explained in the following.

1)  Allowable flow velécity ' _

The design veloeity' of canals must be determined within the
limits of two factors: @he‘mihimuﬁ allowable velocity which produces
neither déposih of sand and earth nbf growth of wéter weeds and Ghe
maximum allowable velocity. which produces neither erosion of canal
component materials by the flow not hydraulic conditions of flow in
the canal.

i) Determination of fthe design velocity 18 one of the
impértant factors for the design of canals and the cross

gections of canal structures.

3—-18



i)

i1i)

The design veloecity is determined between the minimum and
maximum allowable velocity taking into consideration Gbhe

functions and sturiucture of a canal.

Minimum allowable velocity -

It is not easy to determine the proper value of the minimum

allowable velocity because there “are 'undrefinable - factors
which place restrictions on the minitum allowable velocity.
It - is obtained so as not to produce’ sand deposits ‘and

hinder the flow capacity of the canal by the presence of

water weeds,

In general, it is recognized that séﬁd deposits are not
produced at a mean velocity of 0.45 ~ 0.9 m/sec in a canal
where the particle size of suspended sediment is not 1érger
than silt, and that waber weeds hindefing the floﬁ capacity
of the canal will not grow when the mean velocity is more

than 0.7 m/sec. Therefore, it is approvable that

‘velocities for the wmost-freguent discharge and the

discharge to study low water revebment should not be lower
than' the above values when applying them to irrigation and

drainage canals.

~The wvelocities in tunnels, ‘culverts and siphons wmust be

larger than those in the connecting dpeh channels because
when sand deposits are produced in'these.faciiities, their
flow capacities become constricted and it is difficult to
remove such deposits.

The following velocity ratios in tunnel, culvert and siphon

_are generally applicable:

Tunnel, Culvert - more than 1.3 times the velocity in open
channel

Siphon - more than 1.5 times the velocity in open chanmel
Maxihum_allbwable velociby

Since the maximum- allowable velopiby=varies remarkably wWith
méterials used for canals and 1is unclear, experience and
other examples must be considered.

Limited velocities found to be. applicable to different

319



iv)

types of materials used for canals are given in Table 3.3-

1.

The maximum allowable velocity 1is required to be under 1.5

times of the value mentioned above fqr'waterwéy, spillway
in an irrigatidn canal and for sbructures used temporarily.
In the easerof a drainage éanal the . above value is applied
to discharges to study low water revetment.

The values indicated in the above table are not applied to
chutes, drainage canals with steep 510pe which are
protected with reinforced concrebe or thick concrete and
drainage canals equivalent to rivers.

In this case, the design velocity is determined after
taking into account the canal structure, topography,
geology and other practical case.

Considération for determination of design velocity

Hydraulic condibions in a canal must be carefully examined
in. determining the design veloecity of an irrigation canal.
Under the nearly critical flow conditions, the water
surface in the canal tends to become unstable, producing
waves which do not vanish quickly. These cause a lowering
in the efficiency of the canal function. It is generally
recognized that the stability of flow in Ehe canal is
controlled by the velocity, though it ecan vary owing to
many factors such as discharge, velocity, change of cross-
section area, bends, eté. A velocity of less than two-
thirds of the critical velocity may be expected to stablize
the water surface in the canal. Accordingly, the above
velocity must be applied to conditions under sub-eritical
flow in the irrigation canal.

If a velocity larger than the above has to be adopted for
any reason, necessary measures must be taken to heighten
the canal wall and to provide special designs for division
works, drops, ebte. taking into consideration the water
surface fluctuation, eccentric water surface at bend points

of a canal. In addition, for facilities under super-



eritical flow conditions such as chutes, ete., the table is
not applied and Special attention must be given to the
intepnal_friction in the canal and hydraulic effects due to
the changes in the cross-section of the canal such as

enlargement, contraction and others.

Table 3.3-1  Maximum Allowable Velocity

_ _ Flow Flow
Type Velocity Type : Velocity
' {ms) {ms)
Sandy soil 0.45 Thick concrete 3.00
_ (approx. 18 cm)
Sandy loam 0.60 : '
. Thin concrete 1.50
“Loam 0.70 (approx. 10cm)
Clayey loam 0.90 {{ Asphalt : 1.00
Clay 1.00 Hollow block masonry 1.50
g o {Buttregs less than 30 c¢m)
. Sandy Clay 1.20 _
: ' Hollow block masonry 2.00
Soft rock 2.00 1 (Butirees more than 30 cm}
Semi-hard rock 2,50 Block masonry with 2.50
concrete filled
Hard rock 3.00 . _
‘ Precast concrete pipe 2.50
Steel pipe 5.00

2) Calculation of mean velocity

Dimensions of the cross section of a canal are determined, in
principle, from the design dicharge calculated by mean of velocity
formila. '

" The calculation of the uniform flow velocity formula for an open
channel type canal and Hazer William's formula for a pipe line type
canal.

1) Discharge of canal
The 'diséharge of the canal is caleculated using the

following formula:

Q=A-V

where, Q: Discharge (m*/s)
A: Cross-section area (m’)
V: Mean velocity {(m/sec)



ii)

RS

iv)

‘The mean veloclby of an open channel’ type canal

Mean veloclty formula of open channel type canal

in the
above  formula' is caleulated acecording to the Manning
formula as a rule. '

v= L g 2B.g”

where, V :;Méan veidcity (m/sec)
I Hydrau;fp gradient (canal bed slope)
R : Hydraulié radius (m)_ '
n Coefficieﬁt of roughness
in this manuél} iﬁhis“ fofmula is applied mainly to open
channels or culverts and siphons partially includgd in an

open channel type canal.

For _nanunifofm: flow condition, Gthe energy gradient 1is

substituted for the oaﬁal bed slope in this formula.
Cbefficient of rdughness |

Seleckion of coefficient of roughness

Selection of the éoefficient of roughness is'véry important
in applyingj'the"Manning formula, therefore, careful
cdﬁsideration ig required in detérmining the coefficient on
Variéus influencing factors such as surface roughness,
vegetation, bends, cross-section area and shape, velocity,
hydraulic radius, sediment, source, suspended materials,
canal conditions of operation and maintenance stage, ete.

In canals constructed with the same materials, the
coefficient of roughness tends to become larger in the case
of extremely slow velocity or small hydraulic radius.

Standard values in bthe table are generally applied to

~ design. It must also be considered that the smoothness of

the internal section of the canal decreases gradually due
to friction, scoure, ebte. produced by the  flow in the
canal, and the growth of aquatic planté. .

Effects of bends, sedimentation and vegetation on

coefficient of roughness



The following factors have_an effect on the coefficient of

roughness.

a)

b)

)

Canal bends: The coefficient of roughness (n)

increases when a canal meanders because such

meandering produces losses and sand deposits in the

‘canal. In the case of low veloeity, increases of n.

may be neglected. In general, n increases by about
0.002 as an allowance for canal bend losses when the
canal has curvés, and n in a natural meandering canal

increases by 30%.

Sedimentation: n is affected by sand deposits in a

canal and increases significantly in the case of non-
uniform sediments such as sand-bars and sand ripples.
Vegetation: n increases with the growth of weeds -in a

canal.

Tahle 3.3-2 @ ~ @ show coefficient of roughness depending

on type and condition of capal.



Table 3.3.2 (D Coefficient of Roughness no..

1) Lining, retalnmg walls, tunnels, culverts, mphons and aqueducts

Materials ‘and conditions of canals

COefftCIEnt of roughness

Maximum value

Stan,dard \(alue.

Maximum value

_ Concrete {east-in-place flume, culvert, 0.012 0.015 - 0.016
ete.) : _ :
Concrete (shoterete) 0.016 0019 0.023
Concrete {with precast flume, plpe 6.012 0.014 0.016
etc) L
Concrete (reinforced concrete pipe) ~ 001 0.013 0.014
Concrete block masonry 0.014 0.016 0.017 -
Cement {mortar) 0.011 0.013 0.015
Asbestos cement pipe 0.011 - 0.013 0.014

‘steel {locked bar or welded) 0.010 - 0.012 0.014
Steel {revet} ' 0.013 0.016 0.017
$mooth steel surface {non painted) 0.011 0.012 0.014
Smooth steelsurface and pipe 0012 0.013 0.017
(painted) - _ _
Corrugated surface {steel sheét) 0.021 0.025 0.030
Castiron {not painted) 0.011 0.014 0.016
Castiron sheet and pipe (painted) 0.010 0.013 0.014
Chloride vinyl pipe 0.012
Reinforced plastic 0.012
Ceramic pipe 0.011 - 0.014 0.017
Earthlining 0.025
Asphalt (smooth surface) 0.014
Asphalt (rough stone) : 0.017

: Masonry (rough stone wet masonry) 0.017 0.025 0.030
Masonry {rough stone dry masonry) 0.023 0.032 0.035
Wood (wooden gutter) 0.010 0.012 0.014
Woaod (lined in thin layer, treated with 0.015 ©0.017 0.020
creosote) '

Rock tunnel with no lining on overail 0.030 0.035 0.040
cross-sectional area

Rock tunnel with no lining except 0.020 0.025 0.030
concrete placed on the bottom :
Vegetation coverage (turfing) 0.030 0.040 0.050




.T_éblé 3.3-2 @ Excavated or Dredged Canals

“Materials and conditions of canals

 Coefficient of roughness

Maximum value

Standard value

Maximum value

" Earth canals, uniform and straight

0.040

1) No'weeds (immediately after 0.016 0.018 0,020
completion of the'canal) = o o
2) No weeds {after the canal has been 0.018 0.022 0.025.
. exposed to weather) A
'3) Sand {no weeds) 7 0.022 0.025 0.030
4) No weeds except sorne short grases 0.022 0.027. 0.033
. Earthcanals, hon-uniform and hent C e
" 1) No vegetation coverage 0.023 0.025 0.030
2) Some weeds = 0.025 0.030 0.033
3) Weeds and aquatic plants are 0.030 0.035 0.040 -
growing densely _ :
* 4) Earth bottom and rubble at both 0.028 0.030 0.035
sides - : . o
© 5) Earth bottom and weedy sides, 0.025 0.035 0.040 -
© B) Cobblestones on the bottom and 0.030 0.040 0.050
no weeds at either side
Drag line excavation and dredging .
1) No vegetation coverage 0.025 0.028 0.033
- 2} Some shrubs on shore 0.030 0.050 0.060
Rock excavation . : :
1) Smooth and uniform 0.025 - D.035 - 0.040
2) lrreguiar 0.035 0.050




Table 3,3-2

@ Natural flow: ca'nals

Materials_ and_c_ornditions_ of _canals

Coefflclent of roughness

: Maxlmum value

Standard :value

Maximum valua |

SmaH cana\s of’ ﬂat iand

nor crevices are seen.when’
2) Weedy and stony Neither cracks
noT crevices are seen when water
‘reaches the high water level
3) Not weedy but meandering.
© Some'crevices and shailows are seen
4) Some weeds and stones.
" Meandering, Some abyses and
~shallows are seen..
" 5) I\ﬂeandenng Some crevaces and
shaHows are seen: Water level islow.
- The changes in gradients and Cross-.
. sections are few.: .
- The'same as 4). Somewhat stony
" 7) Weeds and deep crevices are seen
. ‘along moderate flow areas.
8) Area where weeds grow densely,
- deep crevices are seen, or trees are
-present. o

1) Not. weedy, straight. Nea ther cracks

- 0.025
0.030

- 0.033

' 0.035

0.040

0.045
(.050

0.075

0.030
0,035
0.040
0.045
0.048
0.050
0.070

0.100

0.033

0.040°

0.050

0.055

0.060
0.080

0.115

Canals in mountainous areas: No
plants in canals. River banks are -

© usually steep. The trees and shrubs

" alongriver banks are flooded when
water réaches the high water level.
1) Cobblestones and gtavel on river
beds
2) Large cobblestones on river beds

0.030

0.040

0.050

0.050

0.070

Large canals

1) Constant cross sections without
large cobblestones or shrubs

2) Rough and irregular cross sections

0.040

0.025

0.035

0.060

0.100




(5} Calculation samples

Hydraullc oalculatlon samples for grass waterway and masonry waberway

”are shown in Table 3.3-3 and 3.3-4, _
_ Croqs seebion of a canal shall be malnly determlned
combinatlon of the followlng three factors,
RO canal bed slope. = (I)
@ discharge' o {Q)
'® maximum velocity  (Vmax)

The' planned ‘cross section should be determined within

from a

maximum

_vglocity. Therefore, drops shall'be used to adjust land 31ope'and'canai

slope.

land slope

s

drop

canal slope



Table 3.3-3  Grass Water-way _

Vmak = 1.0 mfs

Hai f H2

unit {m)

!" | z By 8 Hy "Hy d T CR23. | R n v Q.WT
! T | | | e e e ] ] (i) | tms)
i 00 | 20 1 030 | 190 | 040 | 020 | 020 | 6aa | vio | 024 | 0.100 0.040 | 050 | 0.084
| ' - 030 | 027 | e |ie30 | vl loers “0.203
nﬁ - 040 | 044 | 209 035 { " - 038 | 0.385
| 2ri00 - 020 | o044 | i49 | 024 o4t | " 0.85 d’.ilg_
' ) 030 | 027 | 164 | 030 | " - 106 | 0.286
g . C040 | 044 | 200 | 0357 - = | 123 | 0543
3/100 d 045l ooe | 697 | o20 [oa7z | - | 087 | 0078
! - 020 | o1a | tis | o2a | " . 1.04 | 0.143
‘ - 030 | 027 | 164 | 030:| - < | 130 | 03s0
[ 100 " 040 | 00s | 075 | 016 | 0.200 | - 0.80 | 0.040
‘ - 0.15 | 0.09 0.97 | 0.20 - - 1.00 | 0.090
P - 020 | 0.1a | 119 | 024 . « | 120 | 0168
| 5100 - 010 | 005 | 075 | 046 | 0224 | | 090 | 0.045
B - 0.12 | 0065 | 084 | 018 | . . 1.01 | 0.066
| " 0.5 |oos | 097 | oz [ - SRR XYY
 6/100 " 005 | 002 | 052 | 011 o250 - 069 | 0.014 |
" 0.10 | 0.05 0.75 0.16 " " S 1.00 | 0.050
- 05 | 009 | 097 | 0.20 - . 125 | 013
Cross Section
822:1-90 ,0.80 , 030,060
1!



Masonry Water-way

unit {(m)

Table 3.3-4
Vmax = 2.50m/s
E z B, B, H, Hy | ¢ A p gz | ne n vl oQ
S {m) ) m) {m) {m) {m) {md) | my _ {mis) | (mis)
2100™ <180 0.40 | 0.36. |- 163 |- 0.37 | 0.141 |.0.032 | /1.63 -] 0.587
* o 050 | 050 | 191 | -0.41 S 181 | 0.903
3100 | 1.0 § 050 0.5 | 030 | 040 | 036 | 163 | 037 | 0473 - 2.00 | 0.720
- 050 | 650 | 191 | 041 - - 222 | vies
. - e _“"—‘
47100 - 0.40 | 0.36 163 | 037 | 0.200 - 231 ] 0.833
oo - 0.50 [ 0.50 | 1.9t 0.41 " o 2.56 . 1.281
5/100 - 030 { 024 | 135 | 032 | 0.224 . 2.24 | 0538
' . 0as lo3s | 160 | ozs |- - « 252 | oss2
_ i 0.50. | 650 | 191 | 0.41 . '” 287 | 1435
N . . ) - .
6100 0.30 | 0.24 135 | 032 | 0.245 245 | 0.588
. 0.32 | 026 141 | 033 - * | 253 | 0637
) 0.40 | 0.36 163 | 037 - - 2.83 § 1.020
7100 " 025 | 0.19 .27 1 029 | 0285 " 240 | 0456
B 0.28 | 0.22 .29 | 031 - - 2.56 | 0.564
" 0.30 | 0.24 1.35 0.32 y . 265 | 0.636
R= AP
Cross Section
i_ B2z 150 020 0.60  0.30 060



3-4 Irrigation Facilities
'3-4-1 General

:iThis'EektVaims td fhtrbdﬁdé thé baéib'idééé fof'déSighﬁof irrigatiohl
'_faeilltles whloh w1ll be eonstrueted 1n p1lot ‘areas. 1n the DPOJeCt area_

"'(8 8“0 km?}, in aceordance with the sohedule of the Ba31c Plan establlshedf

in Vol II _ S ._
Therefore detalled de51gn methods 'éan  bé referred to'ffrom_;thej
'manuals publlshed for each speelflc item. s ' | '

The proeedure of d931gn for 1rr1gat10n fa0111tles for upland erops 1s

'as shown in Flgure 3 -1,



°f Sl..lfve'\.ﬁ.'andrlﬁvasw i
'l’-gatio_r_\ ol s

" Reservoir

Selection of
piiot ares

o+ |% - Topography:

" Geolégy and Sol)

“]*" Metecrology. and Hydrology.
- Water resplrces
= Farm anagement -

{or upland crop

["Snady on‘necessity of irrigation

N

Farm manoagemeny
plan :

Design year,

Availsble rainfall

Estimation of
benifit

~—~—{ Ciap seiection,'lrriga'bie area, "G"roupi.ng,.etc.

] trrigation test for )
wpland crop - . |.

" Labour saving _
.- Smaothness of control

- Prevention of sea breeze’s

fncremental & Qualitity
impfovement kenifit

and fertilizing

harm

- " Water holding copasity ———_
after 24 hr.of soil sawration

Roadily available -

Irrigation plan

|~ moisture {RAM)

Depletion of moisture
content for optimum - -
growth ) . _
e . [ Eilective soil layer, imporiant soil layer
Survey for : : N i )
soll mois
e .

Soil moisture qxlraction patiern (SMEP)

Consumptive uss

T ture {TRAMY

Total readi!'y ’
avaiiable mois

[rrigation
interval

“Plan for irrigation

‘method.

: ———{ - Spray irrigation, Surface irrig’ation; ‘aic, ]

Estimation of water
requiremsnt . ‘

- Nst _i_nigati@n water = {Dally consumptive use) x {rrigation intervel}

“Fietd oo ;- '(r_\fcet irripation water} + {Fiold efficiancy} |

Grogs Y- . o=iNet. ¥ Co ) {lrrigation eflicigncy}
Net water requirement ~ [Dally consumptive use) x {Ifrigation ares)
Gross .

= {Net water requrement] + {rrigation efficiency}

lan

Ba

: }wr— Effective rainfali, Design year

| Study tor fin-pu

Alternative plen for facilitios

Tacilities

- Design for

Preliminary. cost
estimation

Determination of iacility capacities

Water resources
Main canal

Farm pond
Lateral canal
trrigation devices

Distribution system
Locaticn :
Capacity
Structurel design

Judgemen

Figure 3.4-1

Flow Chart for Designing of irrigation Facilities



3-4.2 Basic Plan

{1 Irrlgatlon plan _ _ |
After conelu31on of bhe cropplng pattern,_ consumptlve use, total

readlly avallable m01stute and irrlgatlon 1nterval for crops shall be

determlned

n

.1)

ii)

" Crop consumptlve use (Cu)

Modlfled Penman’ Method

In: case of non effectlve data, orop consumptlve use can be

estlmated by applying the modlfled Penman Method.

Cu = ETo X Ke

";Where, Cu '; consumpfive“uéé_(mm),
ETo ; 'EvapbtrahSpiration {mm)
Ke Crop factor |

' Evapotvansplvatlons for the four provinges were estlmated

based on the cllmatologlcal data for 30 years 1956~1985.
which were published by M.D are as shown in Table 3.4-2.

__While, the erop factor is proposed:as_shown in Tablé_S.H-1,

referring to the actual measurements by “the irrigation

. station, RiD;

Observed data

The avallable data for consumptlve use whloh were observed
by irrigation researcb-stab;ons such as Mae-tang station in
Chiangmai, Samchuk station in Suphunburi ete. are shown in

Table 3.4-3 (1/3) to (3/3).
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Table 3.4-3 - Consumptivé Use for Upland Crop (1/3)-

Period from Av;arége Total Water
No. Name of Plant : -. : lez:}:;:!t;i;; -'Con‘s{:z:;:foﬁ ) -Con:‘r}?ntg:ldn' CQ"&:‘;‘;{;:;O"
{day) - {mm./day) (n‘_1m.) season)
1. Corn for fl‘eeding 110 35 381.2 610
2. [ Millet 10;3-120 25-3.1 250;375 400-600
3. White ses.'ame 90 4-5 ©360-450 576.730
‘a. | ‘Black sesame 90 339 270-350 230-560
5. | Mungbean sp-vo 2943 187._5-231 2 580-480
6. B.!a.‘ck bea;n 106-120 18-2.2 198-242 £ 316390
7. | Greengram 100-120 17 187 .300 .
8. | Groundnut 100-110 2.:21-3\5 250-375 an0-600
9. éoya bean 95110 1837 167-375 | énﬁ-eoo
10. Jute 120-150 a_ff-s.g 53:4-?95 : 000-1 .:270
110 ] Hemp 120-150 35-4.5 . as’dsm .7}0I-97<):
12, c_;tto'n 150-180 19.3.0 3125500 | .5007800:
130 | . plant 1218 month 1.3-1.6 600730 960-1,200
14. !;;n;-,‘apple‘ 12-18= 4". 1.9 875 1,400
15 | sugarcane 1218+ 274 12000875 | 2.0003,000
: 16. éassava 1014 ~# 15 540 i.iﬁf.l
17. Cauliflowaer 100-120 A 25 281.2 456
; 18, ﬁabbage 106410 2638 280-400 _ qéo&o.ci
19, ;Spring green 4575.5 4.4 220 35[.). .
] .




Table 3.4-3  Consumptive Use for Upland Cfop_' (213) :

Water’

Period from Average: “Total . _ r
s Planting to . Water.i " Watef - I Consumption -

No. NameofPlant .| parvesting :-|  Consymption |  Consumption - {m3/rai/

© {day) ~ (mm./day)” ' {mm.) - “season)
20. Wh.ite bean £0-90 33 250 400
21: French bean 5‘;60 33 188 500
22. | Corn p'ea- 56-75 40 250 400
23 Pea 99-1.10 2.4 250 - 400
24, | Méngetdut 60-90 25 188 300

25. .-Many Kih.d :

gourds 40.60 3.7-6.2 188-310 300-500
26. | white green 4580 45 280 '450
27. Chin.ese mustard 55-75 3.4 2?0 350
28 | tLettuce ©55-70 35 220 350
29. | White radish 20-65 6.0 312 500
30. | Coriander 4560 42 220 350
3. | G:ﬁry 30-35 3.9 125 200

32. | Chile 70-90 4066 31'2-531 560-850
"33 | Green melon 90-120 2.1 220 350
3. | Pumpkin 120-180 14 208 333

35. Egg plants 60-90 3563 268-475 | 430-?60

36. | Tomatoes 60-75 45661 322-406 500-650

37. | Tobacco 90-120 2436 250-375 400-600
38. | cucumber 30-40 6.3 220 250
39. | Bigcucumber 80-120 2.5 250 400
40. | Garlic 75-150 2.9 334 535

3—-36




Table 3.4-3 _Con’su_mptive Use for Upland Crop, {3/3)

Report from‘!r'rigation Research Stafion (Oct. 1987) .
Mae-tang Station - Chiang Mai
Samchuk Station - Suphunburi

Petch - buri Station and Pattani Station

- o ..Péripdfrom__ | . Average ., Totat _Wél.te_r.l .
No. Name OIIf Pta nﬁ EII:::Z?%:; Conzi::l:i;m ‘Co n:fi‘::;:ion CO"::::;’;:};;;OH
{day) {mm./day) (mm.)_ . .season)
41 S;Neetcorn 70-85 4.1 318 510
42. | Yambean 210-240 37 84g 1350
43. | Sweet potato 90-120 2.9-20 312.425 500-680
aa. | Redonion 40-50 9.0 406 650
5. | potato 100-120 2837 312-406 500-650
46. .| Onion 80-120 3650 352-500 560;300
. 47. Wa'térr_nelon 75-120 3.0 298 470
48.: Pépper' : 1 ‘/éar
49, ‘Strawberry 80-100 Day
50. Grapé | 4#’0-51-0 Day
Remark




2)

- TRAM = (FC - ML) D/Cp {mm)

3)

Total readlly available moisture (TRAM)

Althought-total ‘peadily avallable m01sture' which is wabter

consumed in. the effectlve “root zone is better bo be measured

Lhtough a- fleld test the following formula can ‘be applled for

estlmatlon.

Where, FC  ; Water holding eapaclty after. 2l hours of s0il

o saturatlon

ML ; Depletion of moisture content for _thimum

- grouwth _
D ; Important soil layer
5§ Rate of soil moisture extraction patbern

important soil layer
(FC-ML) : Available water hoiding capao;ty 5(pefer
' Table 3.4-4) | . .
f Sample . soil moisbure extraction patterns are rsﬁbwn

: Figure 3.4-2

:Irfigation iﬁterval

Irrigation interval is calculated as follows:
IN = TRAM/Cu (day} o .
Where, IN ; Irrigation 1nterval (day) .
TRAM ; Total reading available mo*sture fmm)

Cu ; Crop consumptive use (mm/day)

(2) Irrigation mebhod

in

to

in

The irrigation method for field cfop is mainly eclassified into the

follow1ng,

— Surface 1rr1gat10n

(Border irrigation, Contour dikeh irrigation, Furrow irrigation,

Perforated pipe irrigation, ete.)

— Spray irrigation

(Sprinkler irrigation, DPrip irrigation, ete.)}

— Sub-surface irrigation

(Open e¢anal irrigation, Pipeline irrigation)



Table 3.4-4

Available Water Holding Capacity- and Basac Intake Rate (Famlhes)
as Related to Soil Textures
i arreout. o 'EA\)aaiabléWéter A mcie o .
.Teé;%;ai A:t?ge,;,‘;' : - Texture Holding Capacity | Basic L’:‘t]?#f Rate
A S0 amiem -
_ Range Average | Range Average
M) C Clay . A4-2 A7 25 .75 .25
“Fine SIC Silty Ciay 14-2 .14 ©.25- 75 .25
sC Sandy Clay 14-.2 A7 .25- 1.25 .25
“(R) SICL Sitty Clay Loam |42 a7 ) 25125 750
T Moderate | CL ClayLoam .14-.2 A7 75 2.5 1.25:
" Fine SCL Sandy clay Loam 4319 .16 75 25 1.25
(M) St Silt . 14520 A7 | 7525 1.25.
Medium | SIL Silt Loam A4-20 17 75- 25 1.25.
1 Loam™ i - A3-19 16 | 1.25- 375 2.5 ©
VFSL Very Fine Sandy Loam' 13-.18 15 0 11.25- 5.0 2.5 ¢
FSL Fine Sandy Loam A0-14 a2 {250- 75 375
5L Sandy Loam. J10-.13 A1 2.50- 7.5 3.75°
) _
Moderate | FSL Fine Sandy Loam 1014 A2 2.50- 7.5 3.75"
_Coarse SL Sandy Loam 10-.13 1 2.50- 7.5 3.75
W cost Coarse Sandy Loam A0-13 A1 [375- 75 50
Coarse LVS - Loamy Very Fine Sand ~.09-.12 10 3.75-10.0 5.0
LES Loamy Fine Sand ©.08-.11 .09 5.00-10.0 7.5 .
LS Loamy Sand .06-.09 .07 5.00-10.0 7.5
LCOS Loamy Coarse Sand .06-.09 .07 5.00-10.0 7.5
() VFS Very Fine Sand 05-08 .06 7.50-10.0+ 7.5 -
: Very FS . Fine Sand .05-.08 06 7.'50-1(_)‘.0+ 7.5
Coarse S : Sand _ 04-.07 .05 7.50-10.0+ 10.0
Ccos. Coarse Sand 04-.07 .05 7.50-10.0+ 10.0

. Source : OFWM Handbook, 1986
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Selection of itrigation method:shall be made taking into account the
vaﬁipus_ factors &éuch as field and climate condipiohs, irrigétion
_efficiénéy5eeonsbrqotiOn cost, operation and maintenanCG‘methdé, ebﬁ.

The'ibrigabidﬁ“ﬁéthdd_as‘oharaeterisbid_?or gach type mentioned above
is summavized in Table 3.4-5 (1/2) to (2/2). Application of the said
irrigétionfméthods wi1l be conducted through a comparison study of each
iprigation;_type as shown in Table 3.4-6 (1/2) to (2/2). | |

.Judgihg_from_thé field_conditions in the project.area, spob drip,'

sprinkler ﬁnd_perforated methods will be adopbable.
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(3) lvr‘igation water requlrement
1) Basic concept for. estlmat:mg dwersion Water requlreznents

The diversion water requirement mll be estlmated by' the

following for'mula, _ L
Net water requlrement = Crop consumptlve use Percolablon +
Haber requ1rement for - field preparatlon {land preparatlon,
. Field water requirements = Net wétér‘réquirement L. Effective
rainfall + Field lossés. =~ . = Lo
Divepsion water requirement = .Fiéid.:water ireqﬁifement +:
. Conveyaﬁée and operation losses. . :
2)  Crop pbﬁsumptive use (Cu)
(See 3.4-2, (1),1))
.3) Other requirements |
Besides the crop consumptlve use, wWater requirementé for-

¥

‘percolation, land pr‘eparatlon in paddy cropping and pr'eparatory works
in upland cropping shall be consldered >

Consmerlng the soil charactemsbles in the subject area, 'the__;{
percolatlon value of‘ 2.0 mm per day will be adopted for paddy ‘land,
this is a standard value in the Northeast Region under the RID's
Medium Scale Irrigation Project. Pereqlatlon in l;he- L_l_plaqd area 1s'f-.r
regarded as an irrigation water loss. Such '\aaditi&nal wabér‘,—i
requirement as land preparation water for paddy én{j— .'pr*e‘a.‘i:arigation-g
water for upland will be designed é_s‘ below, ref‘erz'fr‘;in'_g to thé dataj‘3_

available from other similar natured projects in Thailand.

Additional Water

Crops ' Requirement -Required Period
(mm) 5 {days)
- Paddy © 200 ' 30
- Sugarcane 50 : © g0
- Other upland crops : 40 30



‘})  Efféctive rainfall

Effective fbainfall for upland crop .means- rainfall’ which is

effgétivély_ consumed by the crop growing from all réinfall in the

cultivablon area.  Namely, eoffective rainfall is such tainfall

retained in the effective root zone from which a crop consumes its

required water or the total readily ‘available moisture (TRAM),

Rainfall beyond the effective rainfall will flow out from the field.

TRAM was assumed based “oh the previous effective data as.

follows @
L - Available Water Effactive
el " Holding Capacity ! N

;- 50H texture. FCwp)  Soillyer P P TRAM
(%) {cm) (mm) - ~ (mm)

- Sandy loam i1 120 - 300 0.40 73

¢ Loamy sand~clay loam - 7~11" ” “ " 60

- Cmyloanfﬂﬁhyéby'j s A~t7 “ i S 100

5) Losses

Field loss:

& part - of the irriéétioh water to'beiSupplied to the fields will

‘he lost thrbugh” horizontal and vertical percolation in the

fields, or surfééé runoff.

fequiremenb should be estimated by the following equation:

— ER
FWR = —jﬁgL—WHFHA
Ef

Where,

FWR : Field water requirement

NWR : Net water requirement

' Thérefofé; the field water

"ER : Effective rainfall

Ef : Field efficiency

The field efficiency varies with different Iirrigation

methods

and field conditions. Based on previous studies and research



carried out in Thailand and/or ~Japan, the following factors

deseribed below will be adopted in this study.

- Held | OB

-Paddyland B - 0.70.

- Upland
‘Surface irrigation - , 0,55
'SmﬁyEHMaﬂén _ ¢jo_,

Spot irrigation 0.80

Conveyance and operation losses

Some - water losses take plécé -while:'wéter is being conveyed
through canals. The conveyance loss varies with the different
structures of the canalg concerned and the operational 1oss
varies by operation method. _

In taking these water losses into consideration, the diversion
water requirements which will be required at ‘the diversion site

can be computed by the following equations:

iy o
Where,
DWR : Diversion water requirement
FWR : Field waber requirement
NWR : Net water requirement
ER : Effective rainfall

Ef : Field efficiency
Ec : Conveyance efficiency

Eo : Operation efficiency



In this study, the fellowing losses will be adopted.

Structure EC Eo
~ Open canal
Lined canal 0.90 0.90
Unlined canal 0.70 0.90
- Pipeline | 095 | 1.00

Since - the Study Area is mostly covered with ‘sandy soil, the
canal shall be lined with conerebe except for farm-ditch. E‘-r'om'
the - above considerations, the overall efficiencies (EfXEcxFEo)

are given as follows;

Soil-texture - - Ef Ec Eo E
- Paddy land 0.70 0.90 0.90 0.57
_F Upland
Surface irrigation  0.55 0.90 0.90 0.45
Spray irrigation 0.70 0.95 1.00 0.57
Spot irrigation 0.80 0.95 1.00 0.76

6) Diversion water requirement for fruit tree
The results of estimation of diversion water requirement for

durian under the following conditions is shown in Table 3.4-7.

{Conditions) |

- Rainfall ; Rayong 18022 gauging station/ 1/2
| year minimum rainfall (1982)

- Crop _ 3 Durian

- Crop factor ;0,70

- Irrigation efficiency ; 0.75

- TRAM ; 00 mm
-~ - Irrigation interval ; 15 days
-~ Analysis interval ; each 5 days
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(1) Trrigable area
Irrigable area of a pond and/or weir can be éstimated through a water
balance study taking into account inflow (run-off) from watershed, such
water lossés in the reservoir as evaporation and seepage, and oubflow
(water reduiremehb) to Ehe'irrigatién area, 8
1) Run-off water _
'Since there are no effective run-off data for small watersheds,
the ruhQfo @ater‘is_estimated applying the followihg formula.
Y= CiXPL XA |
' Where, 'V ; Run-off volume
Ci ; Run-off coefficient (reféh to Figure 3.ﬁn3)
Pi ; Rainfall |
_ A w&tershed :
In addition to the run-off water by rainfall, base water
| fiows'can.be considered if existent.
2) Water losses in reservoir
Evaporation;
- Open water cvaporation from reservoir is estimated with Tb%
_ of pan evapoaration value,
Seepage; | :
| Although less than 0.05% of total storage water per déy.is
norma}iy taken for seepage, consideriﬁg the chéractefistic_
of s0il in the project area, appprbximately 0.1% ris
adopted. ' |
3) 'Irrigable.area A
Exact irrigable area can be estimated bhrodgh a wééer balance
study (reservoir operation study). According to the results of the
study fof pilot'areas, the irrigable area can be roughly calculated

by the following formula.
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If (V5+V2) / Q. {ha)

g

where,
IA ; Irrigable area (ha)
"Vﬁ'ﬁ Effective Stéraée:eapacity of reservoir. (m')
¥2 ; Water volume by.base flow in the dry season (m’)
| Q ; Diversion water requirement (m’/ha) |
Sample water balanced sEudy is shown in Table 3.4-8 and

Figure 3.4-4,

3-3-4  Struciural Design

(1) Design flood _
1) Fréquency'of design flood
Freguency of design flood for facilities shall be determined by
the impoftance'of facilities and economic aspects. _
Judging from other similar projects in Thailand (refer to Table
3.4-9) and the results of the field investigation, the following .

cbiteria shall be adopted as the design flood for facilities.

Frequency . ' Application

1/50 year  Spillway for reservoir and weir
1710 year Main drainage, crossing structure of road
1/5 yearv Lateral drainage (Grass waber-way,

terrace, ditch)

2) Estimation of design flood .
Design flood is estimated by applying the Rational Formula
Q = 0.2778-C-I'A

where,

Q ; Flood discharge {cu-m/sec)

C ; Run-off coefficient (ARDO method)
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Water Balance Study

Table 3.4-3
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Table 3.4-0 Frequency of Peak Flood for the Design |

Frequency . Ty'pe'_ of_ work
10 yrs o For the Des:gn of Coffer Dam of Med:um Pro;ect
20 yrs - o _ ' (a) Desngn of Coffer Dam for Large Prolect

“{h) - _Deslgn qf_box c_ulygrt_

30yrs  For the design of tgm;f_n_c!:'__r_aryIngr_ '
50 yrs " For the.de‘sidn'ojf perm}aﬁ:eht weir
100yrs (a) Regu!ator

(B) Service Sp;llway for Medlum & Large Pro;ect
Emergency szllway of Regulator and Medaum Dam Prcaject

'1,'000yr.s B EmergencySplllwayofLargeDam

(Data source : RID Plannmg Div. '19_82) _

' Tabie 3.4-10 Coefflcrent of Run-off Q.

: Type of Soil Cover
Type of Vegetation : _ .
_ , _Silty Sand Silty clay. Clay
Woodland S
C_ Pat s | ot | e3 | o040
- Undulation  (5-10%) 0.25 035 . 050
_ HIll (10-30) 030 0.50 0.60
Pasture SR ' o o
- Flat 0.10 0.30 0.40
- Undulation 0.16 036 .55
- Hill 0.22 0.42 0.60
Cuitivated land _ '
- Flat | 030 0.50 060
~ Undulation _ | o040 080 070
~  Hill 052 0.72 0.82

(Data source : Office of Accelerated Rural Dévelopment,

Ministry of interior, 1987)



1)

ii)

I ; Rainfall intensity - for duration of time of
~coﬁoehtvatioh (Te) (mm/hr) _
The rainfall intensity of the "project area is
~estimated by applying the "Talbot Equation" which is

wellﬁsuibed”tpfthe:area.

A ; Watershed (Km?)

Run-off ‘coefficient
;fRunLoff"dOeffioienE is -dependent upén such conditions as
,,vegetatlon, slope and s0il in the area. 1In this Studj the
-rcoefflclent was determlned utlllZlng the ARDO method whlch
is-one of the prevailing methods in Thailand. (refer to

;Table 3.4~ 10)

c-=0. 35

{silty 'sand/undulation/woodland 0.25 ~ cultivated land

0.40)

‘Rainfall intensity

According to the analysis data for rainfall intensity by

- Chulalongkorn University, the Meteorological Departméht

{MD) and the Accelerated Rural Development Office {ARDO),
the Talbot egquation is said to be well 'suited for the

rainfall intensity in the drea. The equation 1is as
follows; -
1= — 2 Ry - (a)
Te + B
where,

T 5 Rainfall intensity (mm/hr)
A,B ; Coefficient (refer to Table 3 3-11)
" Te g Time of eoncentratlon (mln)

Ry ' - Probable rainfall” (mm/day)
While, time of concentration, is estimated by applying the
Kadoya and ‘Fukusima equation 17, which btake the land use
condition of watershed into account. ,

¢ = K - 40.22 . rt-0.35 - - . {(b)

Where, Te j Time of concentration (min)



A ; Watershed (Kn?)
Rt ; Effective rainfall intensity (mm/hr)
Ry=C+ [ ‘
K Coefficient: {based- -on the land-use

- conditions of watershed)

Type of land-use ; Ko

- Woodland  250~350 (Av.290)
- Pasture - ' '190.~2.10(Av.200)
: Grassland 130~150'(Av.140)
- Cultivated land < 90~110{Av.100)

- Town 60~ 90 (Av.‘_ ‘75)
1/ : Research for preventing- disasters of Kyoto
University, Japan |
Thereforé, Tc' aﬁd I are calculated by solving both
equations, (a) and (b).
Specific flood discharge for each province is as shown
_ in Table 3.H-12.
3}  Design discharge
- Design discharge from the spillway can be reduced from flood
discharge taking into account effect of storage above normal water
surface in case of large waber surface area of reservoir compared
with the watershed.
i) Inflow hydrograph _
The inflow hydrqgraph for a reservoir shall normally be
computed based on the data observed.
However, ”effegtivg daté are not available, so that Cthe
inflow hydrograph will be assumed by the Kadoya'(Professor
of Kyopé_University,.Japan) equation.
Upper side curve from peak in flow;

tu . - Q 0.6

tp ("Qp _}
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Lower glde curve from peak inflow;

tu ) 1—(Q / Qp)
“tp (Q /7 Qp)oao

where,
tu ; passing time from start of rise to any time (min)
tp ; time of conoentr@tion {min)
Q ; inflow at ahy'fime {m*/sec)
Qp ; peak inflow {m'/sec)
td ; passing time from time of peak to anytime
p ; coefficient 1;0 is normally applied
ii) Flood routing '
The accumulabion of storage in ﬁhe resebvoir above normal
waker surface depends on the difference between the rates
of inflow and outflow. For an interval of time T, this

relationship can be expressed by the following equation;

Vtn = Ven— 1+ fﬁﬂlﬂ%Eﬂ:;}f —Qdtn X AT

wheve,
Vin ; storage accumulated at tn time (m?)
Ven-1 ; storage'accumﬂlated at tn-1 time {m?®)
Qtn  ; inflow at tn time | . {m*/sec)
Qtn~-1 ; inflow at tn-1 time {(m*/sec)

Qdtn ; average outflow during AT (tn—tn-1) (w*/sec)
AT ; interval of btime from tn to tn-} (seq)
Based on the method mentioned above, the inflow and outbtflow
~of RY-NO2 are as shown in Figﬁre 3.4-5 as a éample study,
81.1 m¥/sec

70,7 m¥/sec

Max., inflow

Max. outflow
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(2)

Therefore, ‘about 10 m'/se¢ of discharge. can be reduced by
'reserinr sborage and the actual. design of the spillway
shall be made with the maximum outflow.
From the results of the feasibility study, the relationship
between design flood and discharge was:found to be as shouwn
in Figure 3.4-6.
i) .Design sedimentation
Since almost all of the coarse sand will be stored in the
Sedimeﬁt trap and/or pond to be prﬁvided upstﬁeam of each farm pond, .
sedimentation' for the farm pouhd_will be estimated by the suspended
load of the stream. "Judging from the study report for the East Coast
Hater Resources Development project conducted by  JICA, the specific
yield of sedimentation in the project area is presumed to be
300 w/km?/year. On the assumption that maintenance for ponds will be
conducted once every five years, the design sediment volume for the
pond is as follows;
U:3001ﬁ/mf/yearx5 yearxXA=1,500x8 (m*)
where, A ; Watershed (km?)

Facilities désign
1} Farm pond :
‘i) Location
Location of the farm pond shall be selected in un-utilized
areas.as much as possible in order to minimize the loss of
cultivated area.
ii} Suitable reservoir capacity
- The  reservoir capacity will be debermined tbtaking into
account the following factors.
-  Run-off volume
- Water demand’
- Land area loss

Land area 1053

In case that the reservoir capacity is- determined with the
water demand: for ecrop and/or run-off . volume From Uhe

watershed, the land area loss for the reservoir will be



iii)

a)

-large in some areas, although agricultural production will

Aincrease.

The rate of land area loss shall depend on the intention of

the land ouner. Judging from the previous projects in

Thailand, the land area loss for pond oonstruction iz about

5 to 10% of total project area.

Example

Project . RY-No. 2 (Rayong Province)
Watershed ¢ B.1 kw’ (810 ha).

Project érea ¢ 194 ha. (Net Cultivation area)
Maximum land loss .: 5%

-  Run-off volume

V1=810 hax1,300 cu.m/ha=3,483,000 m’
- Hater demand

v2=194 hax7,200 cu.m/ha=1,396,800 w’
- Land loss

A=194 haxB%=9.7 ha

¥3=9.7 hax2.0 m=194,000 o |

{Where, 2.0 m; average water depth)

Vi>v2>v3  =19%,000 w’
Therefore, the suitable reservoir capacity for the pillot
project will be 194 000.m’ approximately.
Dam~body
Taking into account existing ponds and reservoirs
constructed by RID, ARD, DLD, etec. in the four provinces,
s0il and geological conditions and DLD's act on reservoir
construction, the dam-body will be designed with the
following ideas,
Dam Lype:
Dém zoning shall be dependent on quality and quantity of
embankment material being obtained inside and/or
surrounding the pilot area.
If sufficient volume of impervious and/or semi-pervious
material can be obbained, homogeneous earth-fill shall be

selected because of easy operation of construction. But if



b)

c)

not, zoning type of earth fill shall be selected.

in case of the Eastern Reglon, obtaining of materlals
egpecially imper?idus material 1s rather dlfficult and
foundations of ponds are formulated with a high
permeability zone due to sandy soil, so that an inclined
earth type dam is applicable., (refer to Figure 3.4-7)

Dam dimension:

!

Maximum height of dam : 6.0 m (from lowest original

ground surface to dam crest)

- Width of dam crest i 5.0m
- Free board - ¢ 1.0m from high water level
- Dam slope : Uprream 1y 3.0,

Downstream 1 : 2.5

Foundation treatment:

~ Stripping: 0.3 m - 0.5 m thickness

- A cub off trench is provided at- the upstream toe of the
dam with a depth of 1.5 m at least but deposit materials
with N value of less than 15 and permezbility value of
more than 1 x 103 cm/sec shall be excavated. The width
of the cut-off trench is 5.0 m in case of 4.01 to 6.00 m
of dam height and is 4.0 m in case of less than 4.00 m

of dam height,
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d)

iv)

a)

b)

c)'

~as follows:

Embankment materials: - _
EmbaﬁRMGnt ‘materials - except riprap and drain materials
shall® be obtained from the inside of and/or nearby the

pilot project area.  Materials available for embankment are

Unified Soil

. _Er’hbaﬁk'ménf Classification Mate}ial
h_(D ‘Earth Zone
Zone I . GC, SC From inside of area or
(impervious) - ML, CL, CH, MIH, nearhy
Zone 1L " GM, SW, SM,
{semi-pervious)
@ Drain GW,GP,SP,  Crushed stone (sand &
gravel}
L Q Riprap - Crushed stone or concrete
block

Spiliway

Design discharge:

Actual discharge from spilluay can be reduced uith water
storage above normal water level in the reservoir, (refer
to Figure 3.4-6)

ﬁater depth:

Discharge volume is calculated applying the following

fdrmu;a.
Q = CeB-R
where
| C = Coeffieient of overfiow . 1,55-2.1%
"B = Width of erest (m)
H = Water depth (m) 0.30—1.,00 n.
Strﬁcture:

In principal, the spillway shall be designed as follows,
- Crest ' : Selection of crest type shall be made

taking into account geologiecal and



v)

a)

b)

topographical conditibns at the'site,
and economical aSpedt. " The crest
_shéllj be placed on, the Original
ground with conecrete lining.

- Stilling basin Stllllng ba31n is ba31cally placed on
original ground with protection such
as eonereté and riprap lining.

Intake facilltles B

Intake facllltles are lelded into two irrigation types,

pump 1rr1gat10n and gravity irrigation.

Gravity irrigatibh: '

- Désign discharge

Design discharge Will be determined according to the

scale of the downsbream command area.

Crop Desian discharge . Remarks
Paddy ' App.120 €/min/ha 10 mm water consumption

24 hr. opearation
Vegetable App. 80 &/min/ha 10 hr. operat'ion

and Tree crop

-  Structure
The conduit pipe is designed with circular section and
steel pipe enclosed with concrete, and embedded in the
dam foundatlon The gate for water control and energy
disgipation is designed at the end of the eonduit pipe.

Pump irrigation: _

- 1In case of more than 100,000 m® of resefvoir capacity, é
fixed pump station shall 56 planned and in other cases,
portable pumps shall be procured for easy operation.

- To minimize the pump.eapaoity, rotation bhlock method for

irrigation shall he employed.



Pump

Operation Hour - Max Block $ize
{hriday) (ha)
- $150 mm 8.0 10.0
: ¢ioo;nn1 " 5.0

c) Water tank:- _ L _
Wateb:pgmped up from a pond is stored in a water tank for
distribution “to the irrigable area by -gréviﬁy; Shoragé
"Capacity_of watér taﬁk_ié planhed'to meet'phe.day1water

_ démand.' | B |
2) . Irrigation system _
| In this text, sueh"represehtatiVe irrigétiOn meﬁhdds as spray
and pipé laying methods are presented as follows;
: i) Spray irrigation '
- Spray:intensity:

Spray intensity ié: depéﬁdent ~on soil texture and

topographic conditions in the field as shown below.

Maximum Alowable Spray Intensity {mm/hr)

Sand 3 20
Loam '15 7 10
Clay 7

(Note) Source :

Spray intensity

10

eriteria of irrigation planning for
upland crop/Ministry of Agriculture,
Forestry and Fishery of Japan.

can be estimated by the following

formula.
60-- Q ,
I = (mm/hr)
a - .
Where, Q ; Discharge of sprinkler (€/min)
a ; Sprinkler interval (m)
§ ; Pipeline interval (m)



Pipeline and sprinkler distancei
The ”following' formula' is  the adaptable distance of

pipeline and sprinkler.'

" Sprinkler lnterva], a= (0. 5~0.7):D (m)

Pipeline interval, B = (0.55~0.65) D (m) .

Where, D_: spray diameter

FOPRRTR

'uozzle' 40x24mim | 4.4%x2.4m/m 40x3.2nm/m | 48x24 'mlm 4 48x32mim | 52x3.2m/m
. Dia- | Amount. | Dia- | Amunt | [Ha-- | .Amotnt: | Dl Amount - [ .Dig‘, {Amouni’ | Dia- | Amount
Pre_s{u:e meter | of Water | meter | of Water | meter of Water [ meter ‘of Water | meter { of Water | ‘meter | of Water

1S 24.0 162 | 244 20.8

20 252 190 | 264 © 238 | 264 wa | 275 cata | nes |- 290 | 228 36.4
.25 L) o281 214 | s %4 |- 275 92 | 285 4 | 285 | 330 | 294 a0,7

30 270 240 | 283 6 | 283 322 { 295 315 | 295 o | 305 aa6

35 502 s34 ] 2 | as ez azz

A0 308 | --353°{ 38| 426 4 318 51.0

Note : Pressure, kg/cmz;
Dlameter, Amount of water, £/min
ii) Plpe laylng 1rr1gab10n

Perforated pipe; _

Irrlgataon intensity about 10~50 mm/hr/Irrlgatlon area,
6~15 m under pressure of O 25~2 kg/om?

Drip 1Prlgat10n,

Water head loss for pérforated pipe which will be
utitized to drip irrigation is about 30% of normai
plastic tube.  Table 3. 4-13‘ shows irrigation area by

dlscharge from emmltter

3) Farm road

—

Effective width  ; Main road 5.0 m
| Lateral road 3.0 M
Pavement ; at_léast laterite pavement
(£=0.20 m).

Longitudinal slope ; Maximum 5% (1/20)



Table 3.4-13 Sét\irated Surface Area byrnist;harﬁg'e Water from Emitter

Discharge - | tntake Rate (cm/ht) |
(ihr) 10.25 0.50 075 | 100 | .25 1.50
T 0.4 0.2 0.13 0.1 0.08 | 0.07
2 0.8 0.4 0.27 0.2 0.16 0.13

3 1.2 0.6 0.40 | 03 0.24 0.20 |
a 1.6 08 | 053 0.4 032 | 027
5 20 | 190 0.67 05 | om0 | 033
6 2.4 1.2 0.80 0.6 048 | 0.40

7 2.8 1.4 0.93 0.7 0.50 047
8 3.2 1.6 - 1.07: | 0.8 0.64 0.53
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CHAPTER 4 CONSTRUCTION
4.1 Implementation Mode

The ilmplementation of project construction is divided into two modes,

forece-~account basis and contract basis.

Force-aceount Basgis:
The project construction is directly carried out and supervised by

the owner, mobilizing staff and using own construction equipment.

Contract Basis:

The project construction will be carried out by entrusting bthe work
to a private company under contrackt.

As for the contract, two modes can be considered;

— Local competitive tender

—~ International competitive tender

Moreover, there 1is the case where the government lends its

construction equipment to the eontractor.

The selection of implementation mode is made taking into account;
employer's policy, project character, project scale and other factors,
Contract basis, however, will be adopted for the Project for taking

the following matters into consideration,

a} The project cost on the force account basis may be estimated
lower than that on the contract basis due to excludiog overhead costs
of contractors. However, if the force account basis were taken for
the project construction, many type of constructidn equipment, many
engineers, labourers, and materials, in particular, experts and
special equipment would be provided by DLD according to the
characteristic features of the project. After completion of the
project, it would be difficult to use such equipment and personnel
for another project effectively. DLD will bhave to provide expenses

and equipment maintenance fees during the period between projects



(idling period). Therefore, the force account bagis: iss not
economical from the viewpoint of the total cost of Project.

Although the force account basis for project cénétnuctiqn had
been utilized in the initial stage of economic developmeht even in
advanced countries with the purpose of promoting employment, Lhe
government budget has beéome oppressed financially due to. the: annual |
increase in . maintenance costs. Therefore, most projects have
recently come to be constructed on a contractor basis in Thailand
except in special cases,

Construction under the contract basis - applying 1ending of
construction equipment to the contractor from the government has
almost a similar characteristic to bthat as mentioned above. . Namely,
the government wiil:have to maintain a lot of construction equipment

and to employ persommel during the idling period.

b) The increased capability of private firms will. be very useful
for the further development of the Thai economy in the - future, Thé
technology level of private Thai firms for public works will be

increased by executing the works on the contract basis.



4-2 Selection of Construction Method and Schedule

(1) Construction method

1) Workable days

Such earth works as land conservation are mostly affected by

ralnfall, - Therefore, estimation of monthly mean workable days in the

construction period is required.

rainfall records for recent ten years,

In principal, the construction works will be implemented in the
dry season due to good working conditions such as number of workable
days and easy mobilization of labour,

The workable days are estimated on the basis of the following

criteria.

Daity Rainfall Intensity

{mm/day}

0-10
10.1 - 30
30.1 - 50
50.1 - 100

100.1 and over

The case of suspension of less than 10 days month;

workable days per month

Suspension of work

It can be done using the daily

- {day)

Waorkable day

1

2
3
4

= 30 — [5+suspension days /2]

The case of suspension of more than 10 days per month;

= 30 — [suspension days]

day

.day

day
day



fccording to the results of analysis based on' the criteria, the

workahle days for each province are as follous;

Workable days per month

Wet season Dry season

Province S
(May to Oct) - {Nov.to Apr.)
Chachoengéao ' 22 K : 25
Chonburi/Rayong 11 : ' 24
Chanthaburi 18 : 24
{Note)

Rainfall-data; 1976-1985

2}  Selection of equipment

Selection of equipment is very important for construction works
particularly earth moving works in order the construction cost.
Selection of construction equipment shall be made taking into '
account the folibﬁing factors. . |

- Operation type

- Hauling distance and gradient of hauling road

- Trafficability and ripability

-~ HWork volume, etc.



3) Construction method and equipment
© i) ~'Farm pond. (Tameike)
The order ‘of dam construction is as followsi
0 Settiﬁg'and measuring the construction area
@  Construction of temporary diversion channel outside of
natural stream

Construction of cutlet facilities

@
iz Str'ip.ping and excavation of surface soil
® Ppepara't"i‘on of embankment soil

@ Embénkment of'damwbbdy_ - |

@  Construction of spillwaj

@ Lining and probection of dam slope

@ Construction of intake facilities

@): : Finishing and cleérihg

Prior to starting dam construction, preparation for road
construction should be made.

The major equipment for construction of dam-body.will be as

follows;
Equipment Application
Bulldozer 21 ton Excavation, Spreading, Compaction
Front loader 1.4m° Loading
Dump truck 8t Hauling
Back hoe 0.7 m’ Excavation, Loading
Water tank truck 6,000 £ Adjustment of moisture ratio
Drainage pump  ¢100mm Drainage of water
Concrete mixer  0.6m Concrete mixing
Water tank truck 6,000 ¢ Concrete mixing -

1) Sub-Soiling
The major equipment of sub-soiling work will be as follows;
- 70 ps farm tractor with plow
- Bulldozer 11 ton with ripper



iii)  Contour terrace and graded terrace . -
The méjor‘ equipment of contour ter‘race work will be as

follows:

Equipment .. . . Application
Farm tractor ~ 70PS "Excavation
Soil compactor  90kaclass  Compaction

iv)  Bench terrace
The major equipment of bench terrace work will be as

follows;

'Equnmnt- . Application

Buildozer 11~21m®  Excavation, hauling, spreading

" y) Collecting and draining ditches

The major equipment of canal work will be as follows;

‘Equipment o Application
Back hoe 0.3~0.7m? Excavation
Soil compactor 90kg ‘Compaction

vi) Farm road
Roads will be constructed from the balance of cut and bank
earth volume in'principle.

The major equipment for road work will be as follows;

Equipment Application
Bulldozer Ci1~-21m? Excavation, hauling, spreading
Motor grader 3.1m Compaction

Read grading



(2}

| vii) Check dam and fish pond
The major equipment for thegse works will be the same type
of equipment as for farm pond construction.

viii) Pump station and pipeline

The major equipment for pipe work will be as follows;

Equipment Application
Back hoe 0.3~0.7m* Excavaﬁon,Haﬁﬁng,qmpading
Truck crane 2t WpeMymg

4} Sample output of construction equipment

Sample outputs of construction equipment on earth works. are

shown in Table 4,3-2.

Construction schedule

The construction schedule will be shown by bar chart and/or include

diagram method.

The former method shows the schedule of each work item clearly.

While the latter method shows the procedure of construction works,

Recently the latter is often utilized by applying a computer

programme

construction period for each plan is as follows;

Judging from the results of the feasibility study, apprOX1mate
Plan 1 ; 2 ha/month
Plan 1I ; 31 ha/month
Plan I ; 44 ha/month



4-3 Cost Estimation

For suceessful'implementétioh of' Projects, cost estimation shall be

carried out in a right way and with reasonable cost.
4-3-1 Components of Project Cost

The cOmponénts of project cost for land and water conservation

consists of the following items.

Direct Cost
Net Project
Gross Project : Preparatory Work Cost
. Cost _ : :
Project Cost - : Lubricant Cost
Administration Cost
Overhead

(1) Direct cost for construction
1)  Material cost
2)  Labor. cost
3) Maéhinery cost

1)  Power fuel, water, ete.

{2) Lubricant Cost

1) Preparatbry Work
& Temporary work
¢ Safety facilities
® Mobilization of machinery
¢ Transportation of labor, materials
® Control and check of engineering quality
# Others

2) Administration cost for the site
e Salary and retirement allowance
#® Public welfare

® Stationary



»

°

L

-

°

Communication

Land cost
Compensation
Insurance

Tax

Power, fuel, water

Others

{3) Overhead.cost for contractor or firm

1)

2)

Overhead cost

L

o

L

L

Allowance for management staff

‘Salary of employee

Retirement allowance

- Welfare

0 & M cost

Stationary
Communication

Power, fuel, water
Institutional cost

PR

Land and Office rental
Depreciation

Research and development cost
Tax |

Insuraunce

Others

Benefit

L

@

L

Tax
Pay a dividend on the stocks
Deposit

Interest -

15%--50% of ‘gross project cost

shall be

considering project size and type of firm.

estimated



Ih addition to the above,. the following items shall be

considered for Total Project Cost,

@

Engineering Services _

e Review of feasibility study

e Detailed design

¢ Tender doéumeht-

e Nssistance of bendering and. awarding
@ Supervision

59~84 of project cost shall be estimated.

Physical conbingency
There shall be some :difference between the _plahning
stage and construction stage due to increase in the

acreage of the project area .and.some modification of

structure.

To adopt such a case, the cost 'shall be estimated,

normally at 10% of the Project Cost.

Price contingency

Price escalation rates of materisls and civil works
shall be estimated at 6.5% for local eufrency portion
and 7.5% for.foreign currency portion due to the long
period of -the -construction schedule. This rate,

hoviever, shall be considered flexible.



4-3-2 Unit Price

(1) Unit price of materials

The ocost of conmstruction work is estimated based on the data
collected on prices from DLD and RID as of February 1988.

The Unit‘ prices used for estimation of the project cost are as

3

follows;

1) ‘Labour unit price

Ttem ' Rate (Baht/day).

Foreman . 160
Equipment Operator 150
 Operator Assistant 80
Driver 120
Steel Worker 200
Concrete Worker L .80 .
Carpenter 150
Mechanic 190
Electrician _ 170
Mason ' 1&5
Common Labour 75

2} Unit price of materials

Item Unit:  Rate (Baht)
Sand - : cu.m 160
Gravel cu,m 250
Rip Rap . QU . 240
Laterite cu.m 100 -
Reinforcement Bar ton. 12,000
Cement ton 1,700
Diesel 0il litre 6.7
Electrical Charge - Kwil 3.5
Timber (Soft) ou.m 6,500
Timber {(Hard) cu.m 8,500

4-11



(?) Rabte of foreign and local currentcy
Rate of 'f‘oreign and local currency portion 1is normally applied as

follows.

Des‘cr‘iptio'n ' Rate bf Foreign = - ‘Rate of l__oca| _
o Qurrency . Currency
Cement 60% 40%
Steel bar : 70% 4 30%
Timber 20% 7 80%
Fuel & Oil ‘ :  B0% "20%
Labour - 100%
Spare parts 0% _ 10%
Gravel - 100%
Sand - 16096
Laterite ' - 100%
Concrete block 40% 60%

Reinforced concrete pipe 50% 50%

(3) Unit cost of works

Unit cost of works is shown in Table 4,3-1,

(4) Estimation method of cost priée
‘Some 's'amples, how to estimate unit cost of work are shown in the
following. |
1) Earth work for excavation and moving
Machinery : Bulldozer, (Swamp Bulldozer):
i)  Output (m*/hr)
Qutput per hour shall be calculated in the following

formula.
60 X g X £ X B
Q= Cin
where Q : Output per one hour {m’/hr)

g : Oubput per one cycle (m®)
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f : Bulk factor of soil
(refer to Table §.3-5)
¥ i Working efficiency of wachinery
(refer to Table U.3-4)
Cm : Needed time for one chle
In case of ekcévation and moving, Q shall be given in the

following procedures.

Machinery . Bulldozer 21 ton class
Slope : 3~5% up-down :
Soil ' :  Sandy soil

.Moving distance L = 30m

In the above conditions, each factor was givén from the

tables as follows;

g =2.99 @  (Table 4.3-2)

f = 1.00 (Table 4.3-5)
- due to natural soil excavation
E = 0.60 (Table 1.3-1)
- due to common condition
Cm = 1.27 {(Table 4.3-3)
. duertd moving distance (L = 30 m)
Therefore, -

60-q-f-E 60 x 2.99 x 1.00 x 0.60

Cm . . 1.27

34.8 m’/hr

So, a bulldozer (21 ton class) can excavate and move 84.8 w’
per hour,
From the above ecalculation, number of maehinery, working
hour- of machinery and period of construction can be
estimated-dépending on warking volume.
Note : All data and Tables were quoted from 'Cost
Estimation Criteria for Land Improvement" Japanese
"~ Ministry of .Agriculture, Fishery and Forestry,

1987,

416



Table 4.3-2° Output p'er one cyc.le_(q)‘
(excavation and moving) - -

Machinery . Class - ‘Work value (4)
. : {m3)
‘Bulldozer - 3t 0.368
6 -0:653

-8 ' 0.783

1 ' 1.34

i5 1.83

21 2.99

32 5.01

L 44 7.33
‘Bulldozer 3.5 0.369
tor swamp 7 0.801
: 9 1.10

13 1.59

16 2.09

Table 4.3-3 Needed time for one cycle due to moving distance {L)

L-tm | 10 | 20 30 40 50 60 70
Cm {min) 053 | 093 1.27 1.61 195 | 2.29 2.63
" where; formula is shown below

Cm = 0.034 L + 0.25
In general, maximum moving distance is assumed to be 7.0 m

by bulldozer.



Table 4.3-4 . Working efficiency (E) for common earth work

Soil Condition | Goo&_ : Fai " Poor _.
Sand 085~075 | 0.75~065 ofss ~0.55
Sandy soil 1 0.75 ~0.65 0.65~ 0.55 0.55 ~ 0.45
ciayey soil 0.65 ~ 0.55 - 0.55~ 045 .| 0.45~035
Grabel 0.65 ~ 0.55 0.55 ~ 0.45 0.45~0.35

where -Géod condition |
"WOrkingisﬁade is wide enough and down-slope
" Fair condition e
‘Between good and po:or condition
P_éor condition
Narrow Spéce.and up-slope
_ Table 435 ~ Bulk factor _cn‘w soil {f) 3 -
- Soil Natural ‘Excavated Compacted
sand 1.00 - 1.20 095
Sandy soil 1.00 1.25 0.90
Clayey soil 1:00 1.35 0.90
Gravel 1.00 1.20 1.00
_Crushered rock 1.60 ' j.SO 1_.20
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i1) Operation cost _
For unit'dbét’taieulation of éafth_wbbk_as to_excavation
and méving, unit cost of opevatidn of-equipmént is needed.
Machinery R .Bulldozef:21 ton -
.Operation cost f 390.3 Bahé/hr 
_ B (from Table 4.3-6) _
iii) Unit wbrk cost  (Bahb/m*) for excavation ‘and moviﬁg by

bulldozer

Opération cdst'(Baht7hp)
Work value (nf/hv)

Unit work cost

990.3
- 8k

11.6 Baht/m’
8.7 Baht/w’
2.9 Baht/m’

where FC
LC

1t

1

~This figure is obtained based on contract basis. In_case'
of force account basis, depreciation cost shall be deducted

and procurement cost of:méchinery shall be added.



2) .  Embankment work
i) - Qutput of construction equipment per hour

a) Excavation backhoe 0.7 w® class [at borrow-pit]

g - 3800XAXEXE  3,600%0.63x1.0x0.70 0 L
Cm 33 B :

i Outpubt per hour {m*/hr)

Q
¢ ; Output per one cycle ()
£ ; Bulk factor of soil
E ; Working effieieHCy

Cm ; Net time per one cyecle (sec.)

- Output per one cycle {(q)
q = qoxX
= 0.7%X0.9 = 0.63
go : Nominal carrying capacity = 0.7 n?
K : Coefficient of carry = 0.90

- Net time per one cycle (Cm) -

Cm = 0.054 X ¢ + 23
= 0,054 % 180 + 23 = 33 s=ec,.
& @ Circular aﬁgle (degree) = 180
Working Efficiency (E)
Soil Good Fair "~ Poor

Sandy soil 0.85~0.75 0.75~0.65 0.65~0.55
Clayey soil 0.75~0.65 0.65~0.55 0.55~0.45

note ; 1. The upper value of good working condition can

be adopted when continuous working is expected

on such conditions as optimum excavation depth,

easy excavation and no working barriers.

2. The lower value of poor working conditions can

be adopted when econtinuous working is hindered

by such  conditions as inadequate excavation

depth and hard soil.

3. The middle value of the above working

conditions can be adopted when working



3. The middle value of  the above ! working
conditions can be adopted - when working
condition is categorized in between the above

two limmits,

b)  Hauling

Dump Truck 8 ton L
Hauling distance L = 300 m
| 6 foo60xEx1.0 0 L
g - Soxaxf 60x5x = 21.9 w/hr

Cm 13'7 s :

Q ; Output per hour (w/hr) =
g ; Output per one cycle {m?)
f ; Bulk factor of soil
E ; Working efficiency

Cm ; Net time per one eycle (sec.)

- Oubput per one cyele (gq)

0.t 8 3
=W g =0

T ; Nominal carrying capacity = 8 ton
W ;  Unit ﬁeight of soil on the natural

‘condition (ton/m?)

Soil Sand Sandy soll Clayey soil Gravel Rock

Wt 1.6 1.8 1.9 2.4

-~ Net time per one cyecle (Cm)

Cm = 0.0054XLXa+Cms+l,0
. 0.0058%300.0%2.2+6.2+.0 = 13.7 min.

"L 3 "Hauling distance = 300 m
a 3 Cdeffiqieht'bf adjustment
Cms ; Net time per one eycle for loading
{min) -
Qs - ; Oﬁtbut'per'hour of equipment, Backhoe
T 0.7m = 48,1 wi/hr



‘Coefficient of Adjustment (a)

Pavement  Gravel ' Temporary Road
Road . Road (2 lane) in construction site
0.90 1.30 | 2,20

¢)  Spreading and Compaction

Bulldozer 21 ton
- Spreading [D = 20cm]

Q7 ; Output per EOUP'(nﬁ/hr)

D - ; Thickness after compaction = 0.20 m
0.15=2D=0.35 .

E ; Working effieiency = 0.65 (quoted below)
.Good . Fair ' Poor |

1.00-0.75 0.75~0.55 0.55~0.35

A, B ; _Coeffigient of spreading
specificatibn_r A __E__
6 ton 7 5
11 ton 1" ‘8
15 ton T2 8
21 ton 18 13

note ; The .working efficiency is determined in the
followihg_way;

1.  The upper value can. be adopted when there is a
favorable balance of supplying embankment
materials - and .working ability, slight
undulation and no hindrance.

2. The lower value. can be. adopted for unfavorable
balance of supﬁlying and working ability, poor
soil and undulation.

3. The middle value can be adopted when working
condition is categorized in between the above

two limits.



~ Compaction [N = 4 times] 7 _
¥ xWxDXE 2500K0. 9%0.2%0. e
x_x.x . 3500x0 9%0.2x% 67 . 1024 w/hr
N - it : .

Qg ;. Outﬁut per'h6Ur (nﬁ/hb)r
Velocity of compaction work = 3500 (m/hr)

W ; Effective compaction-per'Ohé time (m)

Bulldozer W
11 ton’ Cg.gem
15 ton 0.8
21 ton 0;9

D ; Thickness after compaction = 0,20 m
‘N ; Number of tinies of compaction = 4 times
E ; Working efficiency = 0.65

where E = 0.45~0.85 -

note ; “Tthe value . of working efficiency can be adopted
considering the Tollowing conditions. The upper
value can be adopted for better working conditions;
ﬁhe lower value can be adopted for poor working
conditions.

1. Balance of supplying ability of embankment
materials and compacting work ability {working
efficiency is good when the supplying capacity
"exceeds the compacting work ability).

2. Adoptability of ~embankment materials (soil
characteristics, moisture content and grading
combination).

Degree of hindrance.
Topbgraphical' feature such as undulation or

curve.



- Spreading & Compaction

Q1x 07.9%102.

Q = .__.4.....1..._9_%-_ = w = 52.5 m3fhr‘
Q1+Q2 107.9+102.4

Q ; 'Output per bour.of spreadihg_and compaction
(w?/hr). :

Q1 ; Output per hour of spreading (m’/hr) .
Q2 ; Oubput per hour of compaction {(m*/hr)

3) ' Operation cost of construction equipment pef hour

Equipment Foreign Local’
Equipment Depreciatidn Currency Currency
Backhoe 0.7 m 207.0 Baht/hr 246.0 Baht/h 159.8 Baht/h
bump Truck 8 ton 82.8 152.2 100.7
Bulldozer 21 ton 315.0 426 .7 248.6

Refer to Table 4.3-6.
1) Combination of construction eguipment
The required hours of each construction equipment per working

volume 100 m’ are calculated from their outpubt per hour,

Equipment Required hours

2.08 hr/unit
k.56
Bulldozer (21 ton) 100 / 52.5 = 1.90

Backhoe (0.7 ) 100 w /7 48.1 w¥/hr
Dump truck (8 ton) 100 / 21.9

H

From bthe above the most effective combination of number of

equipment can be given as follows;

Backhoe 1 unit
Dump truck 2 units
Bulldozer 1 unit



11) Unit cost of embankment werk

. : Cparation Cost _Unit Cost
Equipment Unit Quantity —T — : .
, _ L Dep. | - FC LC Dep, F¢ .l Le
Backho€ 0.7 m3 ha 208 | 207 | 246 160 431 sz, [ 332
pumpTruck8t | ha: 456 - 83 | 152 101 378 .| 708 459
Bulidozer 21t ha . | 190 | 315 | -a27 249 599 811 72
Total Baht/100m3 |- ' 1,408 | 2,031 | 1,263
" Bahim? ' w200 13

In case of contract basis, unit cost of embankment is A7

Baht per n.



Unit Cost (B/ni)

Unit Cost {(B/) ——=

Figure 4.3-1  Unit Cost of Farm Pond Construction

300

200 ' \\\\

100

by

0 5 10 1520 25

Embankment Volume (,000m)} —=

160 \

o?

0 25 50 7% 100 125

Total Storage Volume (,000rd) -—=

427



ve Tendering and Awarding

In case that the construction works will be carried out on a contract

basis, the procedure as shown in Figure 4.4-1 will be taken,

It is essential to establish tendering and its awarding system in DLD

considering Thal law and regulations. .



l Start l

A

Preparation of Tender Documents

- inst(uation to tenderers
- Conditions of contract
- Tec'hinicalspecffication

Bill of quantities

1

I

Tender drawings

y

Prequalification {P/Q)
- Advertisement of PIQ
—  Evaluation of P/AQ documents

~  Qualifying of tenderers

Tendering

~  Advertisement of tender

~ Sitevisit

- Evalyation of tender documents
- Negotiation with successful

tenderer

Preparation of Contract Decuments

J

Stgning of Contract Document

|

Notice to Proceed

!

Commencement of Construction

Figure 4.4-1

Evaluation

Evaluation

Evaluation

]

ESTABLISHMENT OF TENDER COMMITTEE

TENDERING PROCEDURE
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