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CHAPTER1 GENERAL DESCRIPTION
1.1 General View

In Thailand, agricultural production is increasing under the agricultural development
policy. The increase in production, however, is not brought about by the proﬁwtion of effective
farming on the existing farmland, but by the extension of farmland encroaching on the natural
forest. As a result, potential forest land for reclamation is becoming less and less. Natural
resources such as soil and water have been deteriorating while the national economy is growing

rapidiy.

Then, the Seventh National Economics and Secial Development Plan has emphasized the

necessity of developing public services and subsidization for management of natural resources.

The norfheast monsoon, carrying heavy rainfall, suddenly and brutally attacked the
fourteen (14) provinces of southern Thailand at the end of November, 1988, This m_onsooh caused
serious landslides and soil erosion and claimed several hundreds of lives, devastated property and
destroyed agricultural facilities and land. Especially, it caused tremendous damage to the Surat
Thani and Nakhon Si Thammarat Provinces. Consequently, many people have lost their houses

and agncultural lands Ag‘rlcultural activities have been paralyzed.

The Government of Thailand set up a Central Committee immediately after the flood to
restore the affected area. The Department of Land Development (DLD), under Ministry of
Agriculture and Cooperatives, has been assigned as a task force responsible for soil and land
restoration. DLD has been and is makmg efforts to rehablhtate and conserve the devastated

agncultural land.

Under such circumstances, in compliance with the official request by Thai Government in
October 1989, Japanese government conducted a preliminary survey in April 1993, and the Scope
of Works (S/VT) for the Study on the Agrlcultural Land Rehabilitation and Conservation Pm_]ect in
Surat Thani and Nakhon Si Thammarat Provinces was concluded. Based on the SIW, J ICA
dispatched a study team on March 18, 1994 to carry out the full-scale study.

Based on the results of the study, the study team has formulated the land rehabi_litation
and conservation projects for Ban Na San and Lan Saka districts in Surat Thani and Nakhon Si

“‘Phammarat provinces, which are described in the Main Report and Appendices.



1.2 Scope of Application

This guideline is prepared aiming to help land rehabilitation and conservation experts in
transferring their knowledge, as well as to ensure a smooth execution of a series works from

investigation to implementation by the local experts.

The purpose of land rehabilitation and conservation is to restore the flood affected farmland
to arable land, to safeguard the farmland from flood disaster and to mainfain soil productivity.
Agricultural production activities are low and unstable in areas where soil erosion, soil

deterioration and sedimentation occur, These are the direct effects of flood disasters.

Under such considerations, this guideline describes the necessary basic items for land
rehabilitation and conservation projects by referring to the study and results of Ban Na San and
Lan Saka. And fundamental approach and directions are stated for smooth management and

operation of project formulation.

Besides Ban Na San and Lan Saka, damaged areas are widely distributed in both
provinces. A plan or project, therefore, has to be formulated for each of the affected area. In

project formulation, various works from investigation to planning and design are required.

Under such conditions, this technical guideline is prepared based on the methodology,
technique and know-how acquired through the study. Since land rehabilitation and conservation
are largely influenced by the natural and existing conditions of the targeted area, the guideline is

by no means universal. Alteration and adjustment are necessary to tailor to the actual conditions.

When using this guideline, the experts are éxpected to trust their own judgmeﬁt_and
experience and to study the local conditions thoroughly, while adopting the basic ideas described
in the guideline.

Therefore, the experts are advised to revise and add to the contents through applying this

guideline to the actual affected areas and to incarnate its universality.

1.3 Main Points

This guideline is composed of 4 chapters. . The main points of each chapter' are described

briefly as follows.

Chapter 1 General Description

This indicaies the outline, scope of applicétion and the main points of the guideline.



Chapter 2 Invéstigation
The necessary investigation items, processes and methods for land rehabilitation and

conservation planning are described.

Chapter 3 Agricdltural Land Rehabilitation and Conservation Measures
Fundamental ideas to rehabilitate flood affected land and to conserve soil and water,

categorized as follows, are described.

- Soil and soil layer improvement measures

- Agricultural improvement measures

- Irrigation measures

- Drainage measures in river system

- Soil and water conservation measures at on-farm level
- Structural measures

- Agricultural supporting services

Chapter 4 Planning, Design and Project implementation
The subjects for planning, design and project implementation of the above measures are
described.



CHAPTER 2 INVESTIGATION
2.1 Outline

The purpose of investigation is to collect the necessary data and information for
formulation of land rehabilitation and conservation measures and methods of operation and
management. The investigation should be executed systematically by each of the experts, with

the necessary knowledge and experience from planning to project implementation.

A project generally proceeds in stages from investigation, planning, design,
implementation and operation/maintenance. In that process, investigation items, scope, method
and precision vary depending on local conditiens such as flood damage, the'causing factors and

soil.

Method and quality of investigation are important in planning. Therefore, investigation
plan including the necessary items, method, time and budget have to be well-prepared by he

experts concerned.

The investigation for land rehabilitation and conservation planning includes the following

investigations.

@ Investigation to determine the factors causing flood disaster.
@ Investigation to grasp the conditions of damaged agricultural land, land use and
farming practice after flooding.

® Investigation to plan infrastructural facilities in the restored agricultural land.

2.2 Topographic Survey

This survey includes the preparation of topographical maps of the study area, to be used in

investigation, planning and design.
(1}  Collection of maps

In Thailand, the topographic maps {scale : 1/50,000) are generally available." In order to
grasp the land use before a disaster and the degree of flood damage, maps before and after

disasters are necessary. Recently they are mainly cdmpiled by aerial photography.



(2) Mapstobe prepared

In general, topographical maps covering the study area are prepared in the appropriate

scale to meet the accuracy required for investigation and planning.

Scale Application

1/25,000 ~ 1/50,000 _Hydrometeorology and general flood damage suivey

1/2,000 ~ 1/5,000 Land use, soil, sediment planning and design for
infrastructurai facilities survey. .

2.3 Investigation for Flood Damage

The degree of damage is grasped by collecting the necessary data and information from the
agencies concerned. These datafiﬁformation are complied and classified by Changwat and
Amphoe into

@ damage to agricultural land,

@ damage to farm-houses, villages and loss of lives,

3 damage to public facilities including agricultural infrastructure, and

@  soil and sediment,

Data and information on the completed, on-going and/or under-planning restoration
program/project are algso collected. Rehabilitation programs/projects on rural and agricultural
infrastructure are largely influenced by project formulation. Especially, the route of road and
canal, and their scales are important for planning rehabilitation and conservation measures in

the project area.

2.4 Mehorology and Hydrology
2.4.1 Survey Items

_ Mebeorological and hydrological investigation are basic to agricultufal land rehabilitation
and conservatlon project whxch mcludes farmmg, 1rr1gat.;on and dramage and fac1l1ty planning.
.Long meteorologmal and hydrological data, at least for more then 10 years, shou]d be collected. If
the necessary data are not avallable inthe pro,]ect ared, they must be obtained from the pempheral

areas which are correlated to the project area. In add1t1on, meteorological and hydrological



observation must be made in the project area to investigate the item(s) not obtainable from the

existing data or from the collected data of the surrounding areas.

Items of data to be collected are as follows:

Ttems Farmi‘ng Irrigatiion Drainege Faci}ity
Planning | Planning { Planning | Design
Mean temperature * *
Maximum temperature *
Minimum temperature *
Daily rainfall I R
Meteorology | Hourly rainfall * *
Relative humidity *
Wind speed and direction | * *
Sunshine duration * ' *
Evaporation * ¥
Hydrology Discharge * * *
Water Level ' : * *

Note: *the must data for the respective field.

2.4.2 Collecting and Compiling Method
(1) Temperature

Data should be obtained from observation stations with long meteorological observations
under the control of the Meteorological Department, and should be classified info monthly
average, monthly minimum and maximum temperatures. Compiled data will be used for farming
planning such as selection of crops and management method, and calcuiation of crop water

requirement.
(2)  Rainfall

Daily rainfall data can be obtamed from the observation statmns of the Meteoro]og1cal
Department or Royal Irrigation Department These data should be classified mto annual total
rainfali, monthly rainfall, daily maximum ramfall and maxlmum 3-day continuous ramf&ll and

frequency analysis should be caleulated by using the complled data. The complled results are the



necessary data for irrigation planning such as calculation of effective rainfall and crop water

requirement, and drainage planning such as calculation of flood discharge.

Hourly rainfall data is also important for drainage planning, but due to the difficulty in
obtaining them, hourly rainfall is usually generated from daily rainfall data. If actual
observation of hourly rainfall in the project area is made it is possible to estimate a more reliable

hourly rainfall intensity and pattern.
(3)  Other items of meteorological observation

Data on relative humidity, sunshine duration, wind speéd and direction and pan-
evaporation are the necessary items for farming planning and calculation of erop water
requirement. They can be obtained from cobservation stations under the control of the

Meteorological Department. These data are classified as monthly total and average.
(4} Hydrology -

Discharge and water level observation of the main rivers in Thailand is made by the Royal
Irrigation Department. These hydrological data are necessary for the calculation of design
drainage discharge and utilizable amount of river water for irrigation. Data on discharge and
water level within the project area should be obtained if such observations are made, and il not
they should be obtained from the surrounding areas having similar topographical conditions and
watershed shape. For the latter case, it is necessary to make discharge observations within the
project area to confirm the correlation with those obtained from the surrounding area. Even if the
data can be obtained within the project area, in places with short direct runoff like the Ban Na
San and Lan Saka areas, it is necessary to make new dischafge observations to grasp the

relationship between rainfall and direct runoff, on the available data within the project area.

The data on average daily discharge and average daily water level obtained from the Royal
Irrigation Department should be classified into 1) flood discharge & flood water level, 2) ordinary
discharge & ordinary water level, and 3) droughty discharge & droughty water level, .

2.5 Geological and Groundwater Investigation
2.5.1 Objectives

The ohjectives of geological investigation are to identify the geological causing factors of

the landslides which triggered the debris_ﬂow, and to confirm the geology of the original material



of soil in the debris flow affected area. The objective of groundwater investigation is to estimate

the potential use of groundwater for irrigation.

2.5.2 Survey Items
(1}  Factorscausing the landslide

Confirm the distribution of landslide which oecurred in the basin upstream of the .debris
flow affected area. And also identify the geological factors such as lithological properties,
weathering process and geological discontinuity like fault and joint, and estimate the danger of

landslide occurrence by analyzing these factors.
(2)  Geological investigation of debris flow affected area

Confirm the distribution and thickness of debris flow deposit, and topographical features
and geology of the affected and non affected area. From these information, restore on paper the
original land form before debris flow and analyze the main cause(s) which influence the damage of

debris flow.

" Confirm the lithological features (for basement rocks the weathering state also) of debris

flow deposit and base rocks and clarify the characteristics of the original material.
(3) Groundwater investigation

Confirm the present groundwater use and conditions of wells and other groundwater lifting
system, thickness, permeability, and aquifer form of groundwater basin, and groundwater table,
and fluctuation of water level. Estimate the potential use of groundwater for irrigation by

analyzing these data.

2.5.3 Survey Method
(1)  Data collection

@  Geological map : Geological map of Thailand, 1/250,000, covering _Changwé.t Surat
Thani and Nakhon Si Thammarat, 1977, from Geological Survéy Division,
Department of Mineral Resources, and other geological maps. ..

@ Hydrogeological map



@ Existing reports and data
For example : Geoecological investigation of the flood disaster in Southern Thailand,
from Prayad Pandee & Ben H P Maathuis, Chiang Mai University.

@ Collect the following information on wells and other groundwater lifting equipment.
Location, owner, purpose and type of usage, depth, diameter (or casing size, screen
position), size and type of pump, power source, annual use, water quality, and

lithological and geophysical logs.
(2)  Aerial photograph and satellite data analysis

(@  Analyse aerial photograph by stereoscope to confirm the d1str1but10n of landshde and

" debris ﬂow deposit, and lineament structure of landslide area.
@  The false color images made from satellite data are also used for the same purpose. -
(3)  Field survey

@ Confirm the distribution of debris flow deposit by field survey and interviewing the

farmers.

® Confirm the depth of debris flow deposit by hand auger and observe the test pit

accompanied with soil expert.

@  Restore on paper the original topography before debris flow by referring to the géology

of study area.
(4) Pumping test

Conduct pumping test on well equipped with pump and estimate the permeability of the

aquifer.

2.5.4 Arrangement of Survey Results
Prepare the folldwir_lg maps to present the results of analysis.
1 Distribution map of landslide, debris flow and flood (1/50,000).

(2)  Geological map of disaster affected area and basin {1/50,000).



(3) Geological and land form map of debris flow affected area (1/5,000 ~ 1/10,000, showing
depth of debris flow deposit),

(4) Hydrogeological map (1/5,000 ~ 1/10,000, showing the existing wells, contour of
groundwater table and impermeable layer).

2.6 Soil Survey

The job of soil survey is only partially completed ﬁrhen the seil map is prepared, the sites
described and the laboratory work ecompleted. The information from the soil survey must be
presented to the people who develop agricultural plﬁns as well as to those who use the soil,
especially the planners, farmers and advisers. In this section, me.theds of soil profile deseription,

soil analysis and its purpose are outlined.

2.68.1 Method of Soil Survey

Method of soil survey is shown in Table 2.6.1.

2.6.2 Soil Analysis and its Purpose

Soil analysis and its purpose is shown in Table 2.6.2.

2.6.3 Soil Improvement Survey
The following surveys are required to improve soil and soil layer.

- Soil cover crop _
Cover crop is useful to protect soil from erosion, to maintain soil structure, to increase the
amount of soil water retention. The survey includes selection of crop(sj in the flood

affected area, especially Leguminosae crop, seeds shop and price.

- Organic material residuum
Organic material is useful to increase soil fertility and soil buffer action. The survey
executed will determine the kinds and amount of plant residuum and utilization by

farmer.

-10-



- Calcareous material
Calcareous material is useful to correct soil acidity and to increase soil buffer action. The

survey executes measurement of soil pH, availability of correcting material and price.

- Material for soil dressing
Soil dressing by clayey soil is an effective method for sandy soil. Boil dressing increases
nutrient holding capacity and soil buffer action. The method of soil dressing, proper sites

{borrow pit) for clayey soil and the cost of transportation are surveyed.

2.7 Present Land Use Survey
2.7.1 Survey Method

Land use survey is needed to classify the present conditions of land use in the study area.
The land is divided into agricultural land, forest land, road, river and housing land etc., and
location and/or scope are determined for each type of land use. For agricultural land
rehabilitation and conservation, the agricultural land is further divided into more detail by the

crop or topographic factor.

2.7.2 Results and Optimum Land Use Evaluation

The results of survey are shown in the present land use map (1:2,000 to 1:50,000), and the
respective land use area are calculated. Furthermore, the optimum land use evaluation is

studied, guided and fed back by logical land use and construction plan.

. The land capability classeé for upland crops are summarized by MOAC in Thailand as

follows;

1) U-I : Soils very well suited for upland crops, having no significant limitations that

restrict their use.

2) U-I ; Soils well suited for upland crops, having slight limitations that restrict their

use.

'8) U-TN: Soils moderately suited for upland croijs, having moderate limitations that

reduce the choice of crops and/or require special management.

11



4) U-I : Soils poorly suited for upland crops, having severe limitations that restrict the

choice of erops and/or require very careful management.

Guidelines for grouping soils into capability classes for upland erop is shown in Table 2.7.1.

2.8 Survey on Farming Practice
2.8.1 Objectives

This survey is conducted to select suitable erops for the restored agricultural land and to
improve the productivity of the selected crops. For these objectives, long, middle, and short term
basic national economic development plan, general economic condition of the study area and

agricultural product are surveyed.

2.8.2 Survey Meﬁiod

The data and information on natural ({meteorclogy and soil) and agricultural (land use,
number of farm household, population, agricultural production, agricultural machinery,
agricultural extension and supporting organization, and natural disasters) conditions of the study

area are collected and analyzed.

~ Through the field survey, flood damage is studied in detail and whether there was any
disaster after 1988. In addition to that, interviews with farmers are conducted to understan_d

farmers'technical level on agriculture and their views on farming practices.

Data and information on agricultural technique are collected through the Department of

Agricultural Extension for productivity improvement of introduced crops in flood affected areas.

2,8.3 Survey Items
(1)  Agricultural conditions
Land use; paddy field, upland, orchard, grassland, housing, and public area

Agricultural production ;.
cropping system (cropping period by crop i_and land use ratio), type of crops

-12-



{name, planted area and yield, single yield, productivity, input material, and

labor), number of livestocks, and post harvest processing.

Agricultural machinery ;

number and type of machinery

Agricultural extension and supporting organization ,
agricultural test field (research field, substance and staffs), Department of
Agricultural Extension (stafls, activity and number farm household in
charged), agricultural cooperatives (activity and memberships), other farmers
organizations (name, objectives, activity, number of memberships and leading

organization) and agricultural funds (kind, funding conditions and records)
(2)  Survey items of flood affected areas

- soil condition(s); whether sediment deposited soil ig suitable for the cultivation of the

selected crops and the needs for soil dressing

- thickness of effective soil layer;
more than 100 em for fruit trees and more than 50 em for upland crops

and vegetables

- depth of groundwater level ;
more than 100 em for fruit trees and more than 60 cm for upland crops

and vegetables (except for tuber crops)

- drainage condition(s) ;
coeflicient of permeability should be larger (better) than 10-3 cm/s for

fruit trees, upland crops and vegetable cultivation
- acidity (pH) ;.‘ ‘range between pH 5.5 ~ 6.5 for most crops

- physical condltmn(s) of effectlve soil layer; _
three phases of soil, water holdmg capacity, density, apparent-specific
gravity

- chemmal condltlon(s) of effectwe 5011 Iayer

base component(s) (Ca, Mg, K20 P205, orgamc phosphorlc ac1d)

<13-



(3) Important factors for crop selection

. temperature (maximum and minimum monthly temperature), rainfall (mm/month),

evaporation (mm/month), tropical eyclone

- agricultural population (the percentage of total population employed in agricultural

sector)
- marketing route (broker, public collection, cooperative organization, ete.)
- livestocks (cattle, swine, chicken, duck, ete)

- farmers' intention(s)

2.9 Irrigation and Drainage Survey
2.9.1 Objectives

Irrigation and drainage survey is conducted to help formulate irrigation and drainage

restoration program and operation and maintenance of the facilities thereafter.

2.9.2 Survey Items

For the survey items below, topographical map, drawings of structure and existing reports
are collected, field reconnaissance conducted, visit(s) to the authorities and agencies made, and

farmers interviewed, for the wisdom of the multitude.
(1) Irrigation and drainage

- Causes and damage to irrigation and drainage facility

The causes and the extent of damage to irrigation and drainagé facility.

- Devastation of flood disaster _
The frequency, extent, and magnitude of flood; damage by debris flow, erosion and
sedimentation in river channel and banks; inundation depth, duration on farmland and

houses; effects of sand, trash and sedimér_xt'on crop(s).

- Water shortage and effect of drought
Monthly and yearly shortage, damage to crop by drought in the past.
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(2)

- Command area of irrigation and drainage system
For irrigation system, the command area is surveyed for units such as operation and
maintenance, water resource and/or administrative division. Drainage system is

surveyed by the command area of rivers, main and lateral drainage canal.

- Irrigation and drainage method
The existing method(s) and other uses of irrigation (leaching, etc.) and drainage method in

orchard and low-lying area.

- Water resource(s)
The existing water resource(s) (rainfall, river, groundwater, etc.) and facility {tank,
shallow wells, weir, ete.). The location, command area, multitude, ownership, use and
operation, shape and dimensions of wells and tanks. Measurement of the dimensions of

the typical structure(s).

- Irrigation and drainage facility
Diversion, conveyance and distribution and the appurtenance structures of irrigation
system. River, drainage canal, flood gate and appurtenance structures of drainage

system.

- Design criteria for irrig.ation and drainage planning
Existing information and forerunner criteria on crop factor, irrigation interval and
efficiency, water requirement, effective soil layer, effective rainfall, water quality for
irrigation planning. Mai:, longitudinal and cross sectional survey data on rivers and

canal, and dimensions of forérunner cases.
Affiliated fields of study

The results of the following affiliated fields of study are feed backed to planning and

designing of irrigation and drainage improvement.

- Land classification
Detail land classification of the study area is useful when planning land use, irrigation

and drainage improvement measures most suited to the restored land.

- Farming practice and social factors’

Actual farming practice and cropping ratio, farmers’ and extension workers' intent on
* improvement, achievements of excellent farmers and forerunner cases, marketing and
consumption trend are feed backed to irrigation and drainage requirement and

dimensions of faciiities.
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- Physical environment
Hydrological and meteorological analysis to determine irrigation and drainage
requirement of dry and wet months, rainfall characteristics and flood phenomena

(occurrence, duration and magnitude) in river and farmland.

- Other improvement works and plan(s)
On-going and completed improvement works and plans in and around the study area are
surveyed to ensure consistency of study and the proposed improvement plans, in terms of
relevancy, improvement and development coneepts, design criteria and standard design,

with project higher in hierarchy.

2.9.3 Arrangement of Survey Results
- Damage to facility is organized into an inventory for improvement planning.

- Irrigation and drainage system/network is prepared from the survey results of water

resources and facility and the command area, and is used in planning.

- Monthly and yearly water requirement are estimated by Modified Penman's method,

using the results of meteorclogical survey,

- Design criteria and forerunner cases are studied in detail and are referred to in planning

_ irrigation and drainage facility.
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Survey Planning and design
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Flow chart of irrigation and drainage improvement planning.
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2.10 Social and Infrastructure Survey

2,10.1 Objectives

In natural disaster most of the livelihood in the rural settlement is completely devastated.

Social infrastructure survey is conducted to survey the causes and extent of disaster and to

formulate restoration programs and preventive measures.

2.10.2 Survey liems

Information and dasta of the following items are surveyed and field reconnaissance is made,

" while referring to the survey results of 2.9.

- Electricity supply

Causes and extent of damage, restoration program, progress and dissemination.

- Tap water supply

Causes and extent of damage, restoration program and progress, utilization and

dissemination,

- Road network

Road and farm road are surveyed in detail as follows.

a)

b

c)

4

e)

Causes and extent of damage, restoration program and progress.
Road conditions, traffic type, count and volume, trafficability in dry and wet months.

Type of road and pavement, road width, subgrade material, collapsed and ei'oded

sections, disaster prone location(s).

Appurtenant structures

Road crossing structures {pipe and box culvert, bridge), side drain, safety structures,
passing places. - '

Need for new road to improve transportation of input and output of agricultural

activity.
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2.10.3 Arrangement of Survey Results

The following maps are prepared based on the survey results.

a) 1/50,000 map containing the existing road network, flood affected route(s) and
location(s), improved section(s) and progress. This map is used in fundamental

planning.

b)  1/5,000 map containing details of road and appurtenance structures, and information

in (a). This map is used in facility planning.

2.11 Farm Economic Survey - Farmer's Intention Survey

2,11.1 Objectives

The objectives of the survey is to grasp 1) the present situation and trend on farmer's socio-

economic condition(s) and agricultural structure(s) as well as farmer's intention on agricultural

production and supporting activities from public or private sector, and 2) to contribute to farm

land improvement planning and agri-productivity promotion schemes.

2.11.2 Survey Method

(1)

(2)

Sample number of interview farmers

Fundamentally, the sample number of interview farmers is decided statistically by the
number of farmer in the survey area. However, the decision is restricted by survey budget,
numbers of survey member, term, time and conditions of location. Therefore, the sample

number is usually decided, by considering critical condition for statistical analysis.

'Selection of sample farmers

The selection of sample farmers is conducted by the following' process, ie., choose the
villages, allocate the sample number to each village and select the farmers to be surveyed.
Selection is exécul_:ed thro.ug'h.fre_quent meetings and close cooperation with DLD, province
and amphoe officers and village representﬁtiveé who know well the objectives of the survey
and project and are well informed about t_hé actual farming situations and farmers. As a

rule, the sample farmers are selected at random, taking into account farm size. However, it

~ is undesirable that a specific fafme_lf gets the ihformation on the objectives of the survey

and proj ec.t_.' This can be avoided by artificial gelection/sampling. .
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3

)

(5)

A)

Preliminary interview survey .

It is necessary to conduct a preliminary interview before the full-scale one. From the
preliminary interview, the survey members can get some preliminary knowledge on actual
farm circumstances in the study area. This will enable them to conduet the later full-scale
survey satisfactorily and the interview questionnaire can be corrected to suit the actual

farming and farmers situations.

Survey team members
The member's high ability and experience in interview are strongly required. It is
essential that the survey team is composed of various experts and/or researchers in the

universities, with a specialist or professor on agricultural economic as the team leader.

Preparation of questionnaire
Interview questionnaire is prepared in accordance with the purpose of the survey and
praject through repeated meeting and discussion, and the result of the preliminary

interview. A component of farmers' interview questionnaire is as follows.
Farm Household Economy

(8) Family composition (family : number, status, age, sex, school attended, education
completed, literacy rate, labor force structure, occupation, farm and other working

status, life expectancy and migration etc.)

(b) Inventory of fixed capital goods and household endowment with durable consumer
goods (present value, repair and using ratio in agricultural purpose on
dwelling/house, agricultural equipment/machinery/big farm tools, value trees, and

durable consumer goods)

(¢) Land characteristics (land number, land title documents - land price - tax - area -
utilization - ownership - lent rate - lent from whom - land deseription and location by
plots, crop utilization and planting area, cropping pattern, source of irrigation water

and distance from house to plot ete.) .

(d) Farm préduction (production and disposition quantities - faergaté'price - production

value - by-product value by crops, tree age and month, production cost, that is, a) input
materials, ie. ciuantities, purchase price, source of puréhased seed or seedlings -
fertilizer - pesticide - herbicide - lighting and fuel - others by crops, by farm operating
works, by month, by. purchase or self-support and by kind, b) irrigation and drainage
cost, rental rate and others, ¢) input labor force i.e. quantitieé,‘wége rate, labor cost

and source of hire and exchange labor by cropé; tree age, farm operating works and by
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B)

(e)

0

(2

(h)

M

)

owned, hired and exchanged labor, 3} input quantities, hired rate and cost of hired

animal and machinery, ) others input cost.).

Livestock inventory (heads, unit price, value at the beginning and end of year, at

“birth, death, lost and stolen, purchased, sold and consumed in a year by species, type of

breed, sex and age, breeding cost by species and age.)

Off-farm and non-agricultural income ( a) employment, farm hired labor, amount of
work wage rate, distance from house and income by farm operating works, by menth
and by with and without animal and machinery. b) non-agricultural workers, amount
of work, wage rate and income bj category of business and by place. owner a)
independent businessman income and expenses by category and place of business. b)

owned funds, land, animal and machinery interest and lent income.)

Pension (annuity), gift, lottery, aid, remittance from supporting family members and

relatives, income and others income.

Household expenditures (food and beverage by purchase and delivered produce from
owned farm, luxury goods, housing and household ope_ration, a) house
rent/improvement/operation, b) lightingffuel, ¢) water, d) furniture, including
depreciation cost, clothes and shoes, health and medical care, transportation and
communication, including depreciﬁtio_n cost, recreation/reading/sport equipment,
religious/ceremonies, association/party, education, te'mporary expenses and other

miscellaneous expenses.)

_Repaymenf for loans (a.ccuniu]ated loans and debts at the beginning and end of year
and repayed principal and interest during the year by debt, by sour_ce_of loans i.e.
BACC, commercial bank, merchants, farm cooperative associations, relatives,
neighbors and others, by type of debt, a) old or new debt, b) long/middle/short term, c)
interest, d) period of deferment, e) collateral security.)

Taxes (direct tax and pﬁblic burden ete.)

Farmer's Intention in Future

(a)

On farmland improvement ( a) land rehabilitation and conservation, b) soil/soil layer

nnprovement c) 1mprovement of dramage and irrigation condltlons d) improvement

of farm road )
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Cy-

(b) On agri-productivity promotion schemes ( a) seed or seedling multiplication,
strengthening on extension service of farming technique, farm preduct’s market and

process, agricultural research and farm credit.)

Information and Farmer's Intention on improving the Present Household and Living

Equipment

(a) Household (number of room, drinking water, sanitary facility, electricity, fuel
material, kitchen efe..)

(b) Living environment (health and medical equipment, public facilities, school, culture
and amusement facilities, distance from house to market, situation of village roads
ete..)

2,113 Arrangemént of Survey Results

163

Farm household economy

Analysis of farm household economy is conducted to grasp the presen{ status of farm
household economy with total income, expenses and farm economic surplus under the
present socio-economic condition. Based on the sample of farmers' household economy, the
present economic status are classified into large, medium and small size farmers. In the

analysis, the data are arranged to obtain the following results.

(&) Pamily characteristics, member(s) by sex, completed education and age of family
head, labor force structure, occupation, farm and other working status, education and

literacy status.

(b)  Land characteristics, total land holding area, land utilization, price and rental value
and rate, total operating farm land area, planting area by crops, tree age, cropping

pattern, description and location,

{¢) Calculation of farm net income and net profit, a) output production and disposition
quantities, value and by-product by crops and tree, b) oberation and prddubtion cost by
crops and tree age, b) operation and production cost by crops and tree age <1> input
material(s} cost by purchase and self-support, seed and seed_iing, fer_tilizér, pesticide,
herbicide, lighting and fuel ete., <2> input labor.quantities and cost b:y 6wn, hire and
exchange Iabor by crops and by tree age, <3 > irrigation and/or draiﬁage cost, rental
cost, owned building and machinery cost i.e. depreciation and repaif cost used in

agricultural production by crops and tree age, <4> repaid principal and interest on
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(2)

(3}

{d)

(e)

1t

(@)

(h)
@
)
(k)
)
(m)
(n}
(o)

p

()

debt of agricultural section by crops and by tree age, <5> interest on building and
fixed capital goods and floating capital goods and labor cost by crops and by tree age,
< 8> land rate by crops and by tree age.

Calculation of net income and net profit by crops and by tree age.
Calculation of farm and farm household net income in cash.

Calculation of farm and farm household net income per capita in family.
Labor reward per capita of family farm labor.

Input farm labor quantities by own, hire, exchange labor per rai.
Livestock net income and net profit (including consumption by household).
Total off-farm and non-agricultural income.

Calculation of farm household net income,

Total pension, gift, iottery, remittance, ete, |

Calculation of farm household grand (net) income.

Taxes.

Disposable farm household income.

Farm household expenditures by purchase and consumption from own farm.

Calculation of farm economic surplus.

Farmer's intention in future

Farmer's intention and need for farm land improvement and consclidation works, agri-

productivity promotion schemes and extending to plural agricultural management are

grasped by arrangement in the order of priority.

Information and farmer's intention on improving the present household and living

environment

Farmers' answers to the questionnaire are organized by the questions and by large,

" medium and small farm size groups. Information on farmers' present household and living

environment and farmers' improvement intention can be delineated.
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2.11.4 Proposal for Survey and Project Pianning

Survey study and project plan contribute directlsr and indirectly .to the advancement and
improvement of farm production, household economy and life. Therefore, it is essential that
drafting and planning are proposed based on precise knowledge and information on the actual
situation(s) and tendency in the study area. The farm household interview survey is one of
principal methods for grasping these facts. The results of farm household survey provide
information on what projects are most necessary, efficient and desirable for advancement and
improvement plan. It therefore, indicates the most suitable drafting and planning for the study.
Besides, the results of farm economic survey give the fundamental data and information for

project evaluation,

2.12 Environmental Impact Survey

2.12.1 Objectives

Environmental impaet survey should be carried out to predict the positive and negative
impacts on environment in and around the area resulting from project implementation.
Therefore, proper measures should be considered to mitigate the negative impact on the

environment.

2.12.2 Survey Items
(1) Related agencies and regulations

Related agencies in Thailand (National Environmental Board, Ro}al Forestry Depértment,
etc.) and regulations (Enhancement and Conservation of National Enviromﬁental Qua_lity Act,
rules and regulations of Royal Forest Department, ete.} should be considered. In addition to that,
environmental related maps such as the location 'map of the national park, watershed

classification map. by the National Environmental Board should be collected.

(2)  Present condition(s)

The present condition(s) of the social and natural environment in and around the project
area should be observed. o
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2.12.3 Arrangement of Survey Results
(1) Initial environmental examination (IEE)

Environmental checklist is screened for items having environmental impact resulting from
project implementation. The items should include 1) Social environment (socio-economic, health
and sanitary, and cultural asset} and natural environment (biological and ecological issues, soil

and land resources, hydrology, air and water quality, ete.} issues. .
The checklist of IEE prepared by JICA is attached for reference.
(2) Environmental impact assessment

For the screened items, each item should be graded in accordance with the impact degree.
When the results show that damage to valuable plant and animal species or overall negative
impact on environment is imminent and the environmental loss exceeds economic benefit, project

formulation should be reviewed or opt for other alternative plans.

According to the regulation of the Enhancement and Conservation of National
Environmental Quality Act, it is necessary to submit an environmental impact assessment (EIA)
report for the respective type and size of project. The items pertinent to farmland rehabilitation

and conservation projects are as follows.

Type of Project or Activity : ' Size
- Dam or Reservoir storage volume of 100 million m3 (MCM) or
above, or storage surface area of 15 km2 or
above ' :
- Irrigation ' irrigated area of 80,000 rais or above

- All projects in watershed area classified all sizes.
as 1B by the Cabinet Resolution

(3) Environmental protection measures

Some environmental measures should be taken for the items with negative evaluation to

protect the environiment in and around the project area.
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Table 2.6.1 Method of Soil Survey Description

A.

GENERAL INFORMATION ON THE SITE

OG.DW-—-QODU’\#’LE.ON-*

[y

. Data collection: Topography map, Soil map, Geological map.

. Selection of survey point:

. Profile number:

. Soil name: Local name given in the lower order of cla331flcat10n unit.
. Higher category classification: Use USDA or FAO classification system.
. Date of examination:

. Elevation; Measure in metres.

. Land form: a.Physiographic position b Surrounding land form.

. Land use or vegetation:

. Climate:

=

GENERAL INFORMATION ON THE SOIL

S e |

M > T o, B - S A% |

. Parent materials: .
. Drainage condition: a.Very poorly b.Poorly c¢.Imperfectly d.Moderately

well e.Well f.Somewhat excessively g.Excessively drained.

. Depth of the ground water table: _

. Presence of surface stomes or rock outcrops: a.Gravel b.Stones c.boulders
. Evidence of erosion: a.Water erosion b.Wind erosion.

. Presence of salt or alkali: a.Free b,S8lightly c.Moderately

d.Strongly affected,

. Human influence: Evidence of management practices such as ploughing,

irrigation, drainage, terracing and organic or mineral
fertilizers.

SOIL PROFILE DESCRIPTION

L7 I

o0 =3 O W o

. Thickness of soil horizons: According to the ABC system.

Depth of deposit(tl1-t5) is divided as follows,
t,: 25¢cm >
t2: 25 - 50cm
ts: B0 - 100cm
t4:100 - 150c¢m
ts: 150cem <

. Boundary of seil horizons: a.Abrupt b.Clear c.Gradual d.Diffuse.
. Soil texture: According to the Internatinal Society of the 8oil

Science (ISS3) systenm.

. Gravel: a.5ize b.Quantity.

. Humvs: a.None b.Some ¢.Rich d.Very rich e.Humus soil.

. Peat and muck: a.Absence b.Presence c.Quantity.

. 8o0il color: According to thé Munsell Soil-Color Chart.

. Soil structure: a.Shape h.Grade c.S8ize. '

. Pores: a.Size b.Abundance.

. Oxidative sediments: a.Shape b.Abundance c.Contrast d.Color.
11.
iz,
13.
14,
15.
16.

Compactness: a.Loose b.Slightly ¢.Compact d.Very compact e.Extremely,
Plasticity:; a.Non b.Very slightly c.Slightly d.plastic e.Very plastic.
Stickness: a.Non b.Slightly c.sticky d.Very sticky.

Ped coating: Clay coating or clay skin, pressure faces, and slickensides.
MWoisture: a.Dry b.Semi~dry c.Semi-moist d.Moist e.Wet.

Root distribution: a.Few b.Common c¢.Many d.Abundant.
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Table 2.6.2  Soil Analysis and its Purpose

A. PHYSICAL ITEM

1. Effective soil depth: Purposes for rooting zone, water and nutrient
retention. Land levelling. Drainage. Design of irrigation and drainage
channels.

2. Presence of organic or histic horizons: Purposes for special problems or
opportunities.

3. Grain size distribution: Purposes for establishing homogeneity of land
units and for deriving many charactristics. _

4. soil structure and porosity: Purposes for root environment, nutrient,
water and soil management. Drainage and permeability especially of sodic
soils. Leaching of excess salts. Tilth and workability for seedbed and
land preparation. Ability to puddle riceland. Erodibility.

5. Infiltration rate: Purposes for rainfall and irrigation intake or run-off.
Selection of irrigation method. Furrow lengths or basin size, Sprinkler
nozzle selection. Erodibility. '

6. Hydraulic coductivity: Purposes for soil drainage, removal of excess water
and salts. :

7. Available water capacity: Purposes for soil water balance, residual water
between and following irrigations. Choice of irrigation method and schedules.

8, Plastic and liquid limits: Purposes of indicative of mineralogy and
physical behavior.

9. Soil strength, linear extensibility: Purposes for mechanical strength for
construction works. Swelling and shrinking. Root peneiration.

B. CHEMICAL ITEM
1. Soil reaction (pH): Purposes for identification very alkaline, sodic and
acid sulphate soils; nutrient deficiencies and toxicities.
2. Carbon and nitrogen: Purposes for organic matter content and management.
3. Electrical conductivity of saturation extract (ECe): Purpose for salinity
hazard. ' '
4. Cation exchange capacity (CEC) and base saturation ¥: Purposes for
nutrient retention and chemical fertility status.
5, Exchangeable cations {(Na , K, Ca, Mg): Purpose for base saturation.
6. Available_phosphorusi Purpose for phosphorus status,
7. Available potassium: Purpose for potassium status.

"C. MINERALOGICAL ITEM : :
1. Sand and silt fraction: Purposes for indicates parent material and degree
of weathering. ' . :
‘2. Clay fraction and iron and aluminium oxides: Purposes for 1:1 clay
minerals less sticky, swell and shrink less and have a smaller surface
‘area than 1:2 clay minerals.
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Table 2.7.1  Guideline for Evaluation on Land Capability

Limiting Factor

U-1I -1 -1 U-N

Depth to limiting layer > 100 cm > 75 ¢m > 50 cm > 25 cm
-laterite, bed rock etc
Texture of surface 30 cm | loam, silt lo- | sandy loam to | loamy sand to

am, clay loam, | clay clay -

silty clay

1oam
Permeability of subsoil moderate mod. slow to | slow to rapid -

mod. rapid

Slope-limits depend on upper limit upper limit upper limit upper limit
soil erodibility 1to2% 3to6 % Btol12% 15 to 20 %
Susceptibility to erosion |no significant | none to slight | none to mod. none to severe
-effects of past erosion | erosion N
Gravel, stone, rocks that |very little; slightly grav- | not more than | not more than
hinder cultivation < 5 % gravel elly or stony; | gravelly or gravelly, mod,

and stones < 15 % gravel |mod. stony; stony, mod.

and stones < 50 ¥ gravel " | rocky;
' and stones < 50 ¥ gravel

Fertility or nutrient high to mod.* |high to mod. |kigh to mod. high to low
status low '
Risk of damage by drought | low low to mod. - -
Excessively wet climate wet period re- | long wet peri-

strict produe- | od affect pro- - -

tion or choic- | duction or ch-

' e of crops oice of crops

Available water holding | high; > 15 cm | high to mediu- | high to low; -
capacity to | meter m; > 10 cm > 5 cm
Soil drainage class well to mod. |well to mod. | somewhat somewhat

well drained . | well drained |exc. to mod. exc. k% to

well drained

poorly drained

Flooding not subject to | severe damage | severe damage severe damage
' damaging flood { not more than not more than | not more than
1year in5 |2 year in5 . |1 year in'2
salinity; EC (mS/cm) < 1.0 < 2.0 <20 <3.0
Reaction within 30cm pH pH 5.5 - 8.0 : pH 4.5 - 8.3 pH 4.5 - 8.5 pH 4.0 - 8.5

Note: U : The capital letter "' indicates Upland crop.

* : moderately
% excessively

Source: Soil Interpretation Handbook for Thailand. (MOAC, 1973)

.28 -







uorleniwvayg TIBISAQ

*$O010089 BUTHTE 10 adEOSpUR]

T Iaven Jo ainjededwey ul sesuey) Ol
............................................................................................. i i e
‘::;::::;::::::;:;;::::woﬁpmom:ncgusm 1aleR g
RytTenb ajem 30 :mmw@moﬁnmpwm:unw aoﬁuw:HEdwuoo kmawx..p
o ‘UOTYRSTARU | puRluT o Jusuypaduy -g
T oty upeadep pAqIeATy g

) .”w. ) T _UOT)®}TO[AX3 SAOUNOSAL SutuTw Jo uauTpadmy 7 $1083Je A[UedIJTuBIS 108f0dd AqL
....... L T Sdg0spe] 0 egvweg (Y
T o B $a3Jn0say SUTUTK pue adedspur] )
[ S ST B aoﬁpsﬁﬁoq I1¢ MH

*&yirenb Jojmm 0 JTR n:m A3o10JpAY

ﬁmowooam G 9swaldep J0 30 :oﬁpuqﬁpxmv

S T UOTIRIUATPES “F JO}RMDUNOI3 ‘dureus puER 9Ye[ ‘JIATI
.................. : e : Tem—m——m— ” @ooﬁw pue =omwm@wmmw::w;:; JO smrSaq [eI1I0[0JpAY S3095Je
’ B ) Crmmmmmmmmmmmmm———— mmOMmm@mn pmwnxvnsohm mﬁ.womqmno "7 ATIUedTITUBTS 08l0ad AYL
N T - T mmoﬁoh £ JojeM 20RJINS UT saduey) - . .
........................................ - - e - - .- hPMMS@ .hmu..ﬂz @._..—.M _H._”‘ﬂ ﬁqd hwo._”O.Hmvhm uw. .
20UAPTEQAS PUnody .p
............... R I ) o ’ “'puer 30 aOmeoﬁ%prmmmn 10 moﬂadpmw>on 'S
’ “Bio 110 pue mwawsw;ooawn.mm :oﬁ%daﬂﬁmpuoo [t 'y *+319 ‘UOT}RUIWEIUOD TI0S ‘UOTSOJD
R e o TiTTiae) Tios jo uotjepeidag g [I0S ‘UOT3®}SEASP pue[ S3dnMpul
[ R R m—— T o coﬁpmNﬁcﬁﬂmm 1108 'z ApjuBoryTUdLs J0af0dd 8yj
B e ” T " uorsoaa 1108 I
........................................ - . - b * - - - - s pRrmmmmmmeen mmoamommm vﬁHg @g MHom om
7931 [8100 3O UOTIEPRJFAC B
............. weeees e M e ) T mpmonom “aa0ISURD mo aoﬂaanmmmmw mo moﬂposhammm b
............. . et ab e wumwdvﬂﬁm.vcw mpmmhom|nﬂmn ﬁmoﬁ 013 03Ut umoasumoponm m
N A o “spueqjead pue m@cmﬂwms %o UOTONI388q G
........................................ T T 90008 Snopaezey Jo/puUe d130%3 10 :oﬂpupm%wﬂohm.:w:. . ‘sEage
i I R T TS ISAT) R0180101q U3IM 83845008 10 uoTjepesssq g | BuIpunoLIms 10 308[0J4 3y} UT PA}edO] -

aJe seade afidely A7[e01307009 IO
saroads sJed JOJ S1R}IQRY SWOS

Sans§] [eSIS0[02 pue [vd1FO[014 f -

UGN TAUY [RIniey [

wmaﬁm oﬂymnpmma 07 a8eweq "7
mpmmmm wmmrw#do pue suremel 9103sTY 30 w:magﬁumsH: ﬂ

91181985004

a3 Ul pejwoo] 9q Aem S}essE JuELIOdW

A{TRITITIUSTIOS IO L][eITIAY}S9R
‘A71RIN} IR ‘ATTEDTJO)RTY SWO§

$ONSS] 19SSy [RINYIRD §

mmvmd; nmena hmﬂvo ﬁﬂm uﬁwmmsoﬁ EH mwdﬂﬁoﬂH.wm )

T{sTseTauRydee hmﬁmm“upmuonuco eireren mﬁwumamwmwwmmmwM ............
_§95TISTP otmeprds Jo mndnmohmm 't
mmmﬁmmﬁu JTuapud wo x@mpgaso m

-59589SIp PI1EIBY

Jajes S30UPUT IO BoIE 108[04g

9} pumoJe pue UT JuUATIAY S}O9JIe
ATAuROTTUBTS 30af0u] YL

$onssy ATEiTURS pUR YI[®a{ “Z

mmp:aushpm ﬁmnoﬁpushpmuﬂ @nm e1008 zﬁ ‘sogueyy NH

CTUsyEn Anuﬂhumﬁhv BurgsTy 10 19384 JO u0T3RINSRI pUB TR SapY .ﬂﬁ

a:msmﬁpemm TRIJUSpISad pauuerd *

*ga0130vdd £IRWO}SND pUB ‘UCTINGTISUT
‘AyTunEmod ‘uotjelrodsues) “S9T}TATIOR
otwouodd ‘9JTY uemmy A7Tep Se

yons ‘03}Is jovfold 3y} pumoge pue

ur S9T}TATIOR OTWOUODI-0TI0S SIV3FFe
A71Ue0TFIUSTS 203f04q 94l

S$oNSS] OTWOUGI9-0TI0§

JUoUUOLTAUZ [BT00§ ‘I

kIwouyu))  ON

sa)

uorenTeAy

(¢§In000 FUTMOTTO] 3y} $90D ‘pajuswadut s1 joefold pescdoad ay] USUY)
qoedw] [RIUSWUOITAUY JUEOTITUNIS [BIIU910d

SaNSS] [R}USMRIOITAUY

Buruaoog [e1IU] JFISTIARYD  ['ZT'E A9BL

.20



1oudmi 0u 3q 99 A[9YI[ @49y} JO UMOW] JON

*10udut [2IUSHUOITAUS OU ST 9JaYy]

108{04d 94} £Q PIIONpUT 8q 03 ATSHI[ ST J0BdWT TRIUSWUCITAUS Jues1JTUdIs
108f0d4d 2y} £q pojonpur Ajgeuorisanbun ST 30vdml EIUSHUOIIAUD JUBOTITUBIS

{
J
1
Y

ajoN

SI9q30 ¢

:oﬂpavﬁoﬁaxm S32M05AI BUTUTM JO a:msﬂuonEH ‘2

T L LT R AR LR LRl bl Sl S e A mﬂﬁom.muﬁﬂ.ﬂ QH mgm H
5301n089y BuTuly pue adedospue] -
S8 .m

TBirend 1938M JO UOTRIOTIIEp pue’

aanjetaduag ﬁ:ﬁ

S N 0 poGTy P ubTspmiy .m

T F30ToIpAt FoyeMpuniods uT safueq) ‘g

. e T SO0 pAY 1a7eM GovTns UT Sedueq) U1 |
LBo16apag (1) |

£377e08 J9%PM pue ITy pue A30[CJPAR °9

: O S , ‘ Riduins 120000, SV
"oUBpTSGNS punody ¢

. . ” S JSTRRO SO PO U TR mwwmgm% SiE TS w@.woﬁwwmugmmv g
’ . T .::::;::;;:::;.::::4;:::m@nmﬁv~4= pue mamwhowazﬂmp Teo1doTy ojuUT p:wagum0p
T - T pmmm———— “spuBTiPed pue spueyiom Jo uoijon
) e . m;;:HH::;:::::;;@:::;:;:;::;:wuﬂooamzm:ovhmuagigmw@mw.mmwamu.wm.coﬂwmum% fodd “y
£31SJ9AIp TROL300TQ 31K 1191545008 O UOT}epRIddg £
o - rmpmm—————— hoﬁw.wmw;wusuw.wndwemﬁumﬁ d0- andpuamaﬁ.md:wwmdmaw:mwﬁudsz 7
- . . PPV JEoros. it e SEaN U SRR S
sangs] 7e01807007 puR [edI30[0Ig
juswuoaTAuy [RIAYeN "I
S — SN S A N e 51900 ¢
§8115 DT119Y)Sae 0] IFewe( .m

“S5nSS] 3985V ﬂmanpﬁzu t
SJ3Ul0 °9

mmamdt.:.ga .Hmﬂu.o ﬁ:ﬁ QB.WQEO@ ut mmmwhunH m

mﬂmoﬁamaQonmn 30 £1191%0) TenpIsay ¢

T saseastp oTaeprdd §6 sufpeelds e

§95PeSTp 0TWAPUS JO ¥BSIQITQ N

S S S i S S PP T T PR e e PR R LR R L AR E L Wﬂ.@ .wEUA.M.QO»-MMﬁ %OQMN— @WWNUHQQH
Sonss] AIB}IUEg pue ;Hﬁﬁmm_ "2

SWOISND pue mnoﬁpzuﬁﬁwwﬁ Su13sT
TgaIn)onais ﬁmcoﬂpusnymaﬂ pug ﬂc*oom

TsEta haaﬂhsmﬁaq:mnﬁnwmw:mm:pmumz Jo uoT3e[nsad pue §

T sdiiss] paerdy oy pue re

..:;::::::::::::::::::::;::;::::::::::;::::;:::wuﬂwﬁnmgmqw mEoum~ aur Y
B & 1anya0ddo qof 3o ssof pire a8ueyD TeU0T3RdN93g
.;.:JHJ.::;.:;;::w::.:: - muﬁwﬁwﬁyum.@mwanoww.%o.wummp uf mmmcuau‘:w::

. SR S TATYSY 5100U00g ()
e T TTsiie e
coHuMmomsoo moﬂpmﬂmmog nd “aSuRyd 91152 2.

T ageR I UTRTOA0g T

. . 1

J— m.ﬂﬁomnw. .@uw.s._mﬂ EO MHQMQEH .m

“aydoed 10§81 TUAIOS SUOWE Poﬁﬂwzou ‘B

i “few Uy sagueyy {eijiersqag ‘g
et e e e ;.wwugmﬁw@mMmh “ETyaRTON] % -

Sanss} owsonouo|cﬂuom "1
TUSHUGITALY TBI00§ "I

aiaigly
UOT}BNTBAY qoudiE] [RIUAUKIOITAUY JO £1089)E)

85e( UOTYENTRAY

Burdodg [eRIU] JOFISINIBYD Z'ZTE AAEL

-30-






pe}sI(~8a0qe 9yl Jo
sfoasns (ejuswa(ddng

L9AINS elR(

Laaans praryg

*519

*019 ¢S1$87 [108/[ed130[03)
‘{aaans stydesdodo]/eaniondig

: Ksaans pireld

jdo4 UOTI2NIISUCD JO SUOTRIPUO)

i £8aans wleg

©019 fs5]59% [10S/TBUTECT03)
‘SaT1}11108] JO 4£8ains oiydeadodo]
o Asadns pilety

*279 SSUOT}TIPUOD UOTLRIOT
‘grnqeag o1ydeiS0apdy ‘430701033 8)

1 Asadns ele(

018 fadTijavld Sutwaey
Wa1S4AS afeuIRIp/IRUL)
f£aAalns TBOT30]023/30vJIRS

1 A8aans platyg
-519 ‘ue(d quawdoyeaeq [BUOISERY

‘ugtsap JO uUCI}RIAL[Y

UOT}0NJ}SUCD pUB UBISSP 0} }IBQPISY

mcoﬂpamwwmm>nH

Laequaws 1ddng

‘gerd juswaBEUEW pUT ¥el[d UOTIOMIISUO)
‘ydisep pelITIep JO UOISTOIN(

S}S00 UOT}ONJ4}SUOD JO coﬁpaﬁgoﬁmu

uefd ©OT}ONILSUOD JO UCTISTIBP [RBULY

N0 UOTLONJIGSHUOY
jo uo13arduoy

x

IOy UOTIONILSUCH
}O0 uoTiNdeXy

1

ugisa(q payreis(g
JO] SUOT}EB3T3SaaAU]

$1600 UOT}ONI}SUCD JO 83RBUWILSE
yses JO 8I0390J1S PUR UOTIISOd

D U0T3INJ3SU0D JO
poyjau pu® uSIS8p OISBY JO UCISTOIR(Q

1280044

2

_ zmamma.
srseqg Jo uorjeiedsrd

-

-31-

‘dew 21807085 ‘sinjeajy d1ydesdodo]
f9qn1E8] [RITS0[0IpAY ‘450[0108318[ "

£9Aaans ®lR(

ueld 1jeig
ugrsaq o18®Y Jo uorjeaedaad’
| Jo] SUOT}BET1SAAUL ‘
)
. |
108 foad Jo jusuodud) . Aaprang
‘UOT}RITITISSEBO (10§ pue pueq UR[4 TTBI9AQ

uor}Ipued [e0TS0[0upAy ‘Esaw aaT3080qp T} 107 SuOl}eSTISIAUY —

T $WalI OISEY JO UOTISId3( L

(u0T3BI1380AU] JO SUAFT UTRR)

(1013B81758AU] JO 8A1309[Q0)

uoryeHSOAU] JO SAINPACI]

1'1'g 234

ﬁmpumu¢ BRIy ~49Adng

(SUCTIBITISOAUT)

(498C014d JO S$S300IJ MOTI)



CHAPTER3 MEASURES FOR AGRICULTURAL LAND REHABILITATION AND
CONSERVATION

8.1 Basic Concepts

‘The main subjects of rehabilitation and conservation measures are 1) improvement of the
deposited soil, 2) agricultural infrastructure planning and 3) establishment of new farming
technique for land rehabilitation. The plan and strategy for soil improvement should be
practicable at farmer's level in their daily farming, taking into account soil and water
congervation and soil productivity. For infrastructure planning, improvement should be

workable with moderate improvement level at administrative level.

For land rehabilitation and conservation in flood affected area, the following measures
should be taken,

- B0il/Seil layer improvement
Fertility of the deposited sandy and silty soil is generally low. Some improvement
measures are required for re-cropping. The improvement method is dependent on soil

properties, thickness of the low fertility layer and the introduced erops.

- Agriculture
In order to plant fruit tree or upland crops with soil/soil layer improvement in the area,

agricultural measures such as inputs of organic materials and chemical fertilizer should
betaken, '

- Irrigation improvement
In general, irrigation has to be applied in flood affected area for dry season from Jan. to

May. For planning, water requirement, water resource, method of irrigation, ete, have to
be studied.

- Drainage improvement
Flood intrusion from river or canal causes agncultural and land losses. River

improvement or dike construction should be taken to prevent soil loss and sediment in the

area.

- Soil and water conservation at farm level
After land rehabilitation, some agricultural and civil engineering measures are required

atfarmlevel, _to prevent sediment and soil loss and to control soil erosion.

- Soil and water conservatmn in river system

In order to prevent agr1cu1tural damage caused by debris ﬂow resultmg from landshde
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and landslip, soil and water erosion in the hill slopes have to be controlled. For

conservation in the slopes, in general, costly civil works are required.

- Agricultural supporting service
To resume agriculture in flood affected area, technical and financial supports from the

agencies concerned are necessary.

Rehabilitation and conservation plan should be established by combining all the possible

measures of the respective fields.

3.2 Soil and Soil Layer Improvement Measures
3.2.1 Land Classification for Improvement Plan

Sediment deposited land is classified into five classes by depth of deposited soil, soil
structure, existence of gravel, mottling and soil texture of top soil. Besides the above, the

followings are considered in the basic approach of classification.
(1) The area is basically rehabilitated for fruit trees and upland crops.
(2) The difficulties of improvement depends on the depth of sediment.
(8) Forsoil improvement, physical and chemical properties of soil should be considered.

Based on the relations between soil and crop growth, the depth and features of deposited

soil are classified as follows.

Class Depth (cm) ' | Contents
I 25 > Deposited depth is in moderate plow (upper) layer
T T 25 50 Deposited depth is in modorate subsoil layer
TTTH T H0.100 Deposited depth is in moderate rooting one
TTTE T T00.150 | Deposited depth is deeper than main rooting zone
YT o< Deposited depth is deeper than rooting zone
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3.2.2 Result of Soil Analysis and Soil Chemical Fertility Evaluation

The main chemical fertility evaluation used in Thailand is shown in Table 3.2.1. The
chemical fertility level of the flood affect area is classified in the Table.

Table 3.2.1 Scil Chemical Fertility and Criteria for Evaluation

Itemmw Rating of the value Level of the area
1. CBC - High more than 20
{me/100g) ~ Moderately high 15 - 20
- Medium 10 - 15
- Moderately low 5 - 10
- Low less than 5
2. Organic Matter - High more than 3.5
{weight %) - Moderately high 2.5 - 3.5
- Medium 1.5 - 2.5
- Moderately low 1.0 - 1.5
- Low less than 1.0
3. Base Saturation - High more than 75
(%) - Medium 3% -75
- Low less than 35
4, Available Phosphorus | - -High ‘more than 25
(ppm P) - Hoderately high 15 - 25
~ Medium 10 - 15
- Moderately low 6 - 10.
~ Low ' less than 6

Source: Benchmark soils of Thailand, DLD in THAILAND and SMSS in USA(1987)
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3.2.3 Soil Improvement Measures
{1)  Soil improvement measures

The productivity of agricultural land is dependent on 1) soil physical property, e.g. water
and air permeability, water holding property, 2) soil chemical property, e.g. soil nutrient, acidity

or nuirient holding capacity and 3) biological property, e.g. soil animal or useful microorganism.
The soil improvement measures are shown in Table 3.2.2.
(2)  Methods of soil improvement

Based on land classification, soil improvement measures for the F/S area are studied. The

following steps are required to maintain good soil conditions.
1) Improvement of soil physical property and expected effects

- Mulching with organic material residaum
Effect: Supply nutrients. Improvement of soil structure. Increase the amount of
soil water retention.

Method:  Apply around the fruit tree

- Qrowing soil cover crop(s)
Effect: Protect soil from erosion. Maintain soil structure. Increase the amount of
soil water retention,

Method:  Buy seeds from shop near the targeted area.
2)  Improvement of soil chemical property and expected effects

- Add calcareous material
Effect : Correct soil acidity.
Method: The requirement of calecium carbonate is obtained from Arrhenius' Table
(CaCO3 kg/ha - 20 em). From the table, for example, about 500 ~ 1,000
kg/ha is needed in Ban Na San and Lan Saka.
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Arrhenius' Table

Soil\Humus conteﬁts Low Medium High
Sandy 500 1,000 1,500- 3,000
Sandy clay loam 500 - 1,000 1,000-1,500 2,000 - 3,000
Loamy 1,500 2,500 © 3,500
Lightclay 2,600 . 3,600 4,000
Heavy clay 3,000 4,000 4,500
Humus 4,000 - 8,000 - -

- Continuous input of organic compost
Effect
Method:

Maintain and increase soil fertility. Increase soil buffer action.

Make compost from plant and/or crop residuum.

- Application of slow release fertilizer
Effect :
Method

Release continuously nutrients. Increase crop production.

Buy from suppliers near the targeted area.
3) Improvement of soil biological property and expected effects

«  Growing Leguminosaecrop -
Effect : Supply nitrogen by nitrogen fixation. Increase soil micre-organisms. -
Variety of cover crops:
= Phaseolus lathyroides [.. Thua phee, in Thai.

= Centrosema pubescens Benth, Thua lai, in Thai.

= Phaseolus atropurpureos Moc. Siratro, in English.

3.2.4 Soil Layer Improvement Measures
(1}  Seil layer improvement measures
The following treatments may be considered for soil layer improvement.

1) Removal of rocks, cobblestone and wood debris

- If these are abundant in rooting zone, fruit tree may be affected by decrease of

growth and crop production.
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2)

3)

4)

5)

)

Mixing soil with the lower original soil
- If the depth of deposited soil is comparatively shallow, this method is very useful
to increase soil fertility by mixing the deposited soil with the lower layer of buried

surface soil.

Soil dressing with clayey soil
- Soil dressing with clayey soil is an effective method for sandy soil including

gravels. Soil dressing increases nutrient holding capacity and soil buffer action.

Mixing the deposited soil with clayey soil before soil dressing
- This method is applied to wasteland area, e.g. sand, grass and marshy areas. The
deposited soil is dug to a depth of 40 ~ 50 cm. The excavated soil is mixed with

clayey soil and dressed on the soil surface.

Replacement of deposited soil with good soil
- Digadeep hole and replace the excavated soil with new good soil,

Construction of raised bed

- This method is applied to fruit tree area, which is fleoded in rainy season.

Method of soil layer improvement

The following treatments will be considered for soil layer improvement.

1

3)

4

5)

Removal of rocks, cobblestones and wood debrises

- The 1mproved area is about 4 min dlameter and 50 emin depth around the tree.

Mixing soil with lower original soil

- Theimproved area is about 4 min diameter and 50 ¢cm in depth around the tree.

Soil dressirig’ with clayey soil
- This method is applied to the already planted fruit tree area. The improved area is
about 4 m in diameter and 30 ¢em in depth around the tree.

Mixing the deposited soil with clayey soil for soil dressing

- The improved areais4 m in diameter and 50 ~ 100 cm in depth.

_Co'nstruction of raised bed

- The improved area is 4 m in diameter and 50 em in height around the tree.
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Soil layer improvement is carried out by obtaining soil from ocutside of the survey area.
Therefore, it is very important to survey for the sampling site (borrow pit) for good dressing soil.

Furthermore, it's even better if chemical and physical properties of dressing soil are analyzed.

3.2.5 Application of Improvement Methods

Soil and soil layer improvement are different for different deposited depth. Therefore, it's
important to apply by the deposited class and land use plan. '

For example, soil/soil layer improvément measures for F/S area in Lan Saka district is
shown in Table 3.2.3.

3.3 Agricultural Measures

As to the introduction of new erops after rehabilitation and improvement of farmlands in
the devastated area, fruits and upland crops are recommended. The problems of crop selection are

summarized as follows.

3.3.1 Fruit Trees Cultivation

Characteristics and thickness of deposited soil layer greatly influence drainage condition

and soil fertility, and is the most important factor inﬂueﬁciﬁg root zone thickness.

Especially, usable soil volume is an important factor for perenni'al'crops such as fr_uit irees.
Dressing is required for coarse depo’sited soil since fruit tree, upland crop and vegetable are not
suitable for the soil. If the deposited soil is fine sand or silt with no clay, application of a small
quantity of dressing or organic matter is necessary since water-holding cé.pacity, fertility and

capacity of deposited soil are small,

Therefore, improvement of root zone depth and pH is important to increase fruit tree

productivity.
(1)  Factors in development of root zone

1)  Effective soil depth _
more than 150 em ; - most suitable soil depth and higher yield can be expected
100cemto150em- ;  suitable soil depth and high yield
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(2)

50ecmto 100em  ;  marginal soil depth and limited yield
less than 50 cm ;  unsuitable soil depth for fruit production

2) QGroundwater level

more than 150cm ; most suitable -
100cemto150cm ;  suitable
50emto100cm  ;  lesssuitable

less than 50 em ;  unsuitable

3) Drainage condition

Coefficient of '

- =l -~ -3 -~ - -5 -~ - -
conductivity (cm/s) > 10-1 10-1 ~ 10 103 ~105 10 10:7 < 107
Permeability high middle fow lower none
Fruit produetion suitable less unsuitable

4)-  Seil acidity
pH5.56topH 6.5 ;- most suitable
pHb5.0topH55andpH85t0pH 7.2 ;  suitable
PH45topH5.0andpH 7.2t0pHB.0 ; lesssuitable
less than pH 4.5 and more thanpH 8.0 ;  unsuitable

Targets of improving effective soil depth

1) Solid phase r.atio ; not more than 50%
2) Gaseous phaseratio ; notless than 17%
3 Watef retentivity ;  notfless than 80 mm of the whole depth

4) - Hardness of major rooting zone;  not less than 22 mm (Yamanaka penetrometer)

_ 5) Bulkdensity - -3 notmorethan1.35
In order to achieve the above-mentioned soil conditions, soil improvement must be

executed by means of deep tillage, soil dressing and organic matter application. Also,

the thickness of the main root zone needed is at least 60 em.

6) Base constitution(s) of soil (per 100g) ; Ca > 250 mg, MgO > 250 mg, K20 15 - 50
:  mg Mg/K ratio > 1’ '
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Available phosphate ; morethan 10 mg/100g
The bases are mainly provided by application of straight or mixed fertilizer, and is

supplemented by organic matter application.

(3) Growth stimulation method by crop planting

1

2)

3)

Intercropping _
Considering increment of soil fertility and profitability on farming until harvesting of
fruits, crops such as alfalfa, maize, peanut and pineapple are planted between the

fruit trees.

Mixed cropping

Rubber, rambutan, durian and bamboo are planted as shélter crops prior to

transplanting of mangosteen and rong kong.

Mulching

In order to prevent soil erosion, evaporation from soil-surface and rise in soil
temperature, pasture grasses can be cultivated under the trees by means of mix-
seeding of gramineous and leguminous feeds or single cropping of alfalfa, together

with utilization of covering materials such as coconut leaves, husks, ete.

3.3.2 Upland Crop and Vegetable Cultivation

For cultivation of upland crops and vegetables, depth of root zone, degree of aggregation,

improvement of acidity and atmospheric temperature are the important factors.

(1) Factors influencing growth of upland crops and vegetables

1)

2)

Depth of roof zone by crop

Depth of root zone must be more than 50 ¢m for upland crops in general, 50 cm for leaf
vegetables, 50 em for fruit vegetables, 60 em for short-root vegetables and 80 e¢m for
long-root vegetables. Under less than 25 cm of effective soil depth, crops can not grow
properly.. Also, the depth of topsoil must be 20 - 50 ¢cm for upland erops and vegetable,
except for root crops. The degree of aggregated structure in effective soil depth is also
important. |

Groundwater level
Groundwater level must be more than 100 ¢m for root crops and 60 c¢m for other

vegetables and upland crops.
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(2)

(3)

3

4)

5)

Drainage

Similar to fruit production

Soil acidity
Suitable range of soil acidity for crope is between pH 5.5 and 6.5, but the favorable

~ value is different for each crop.

Atmospheric temperature

Crops such as maize, sorghum dnd cassava, can grow under the condition of high

temperature,

Targets of improving effective soil depth

1)

2)

3)

Topsoil is more than 25 ¢m deep and other conditions such as solid phase ratio,

gaseous phase ratio, hardness, bulk density are improved to the optimum level for

orchard.
Available water in the major root zone is more than 20 mm/40 cm,

Base constitutions of soil are improved to the optimum level for orchard.

Improvement measures by farming system

L}

.2)

3)

4)

Rotation system of gramineous crop, leguminous crop and vegetables will be

" established to avoid the hazards of continuous cropping.

Leguminous crops will be planted with other upland crops and vegetables because

input of fertilizer contributes to high farming cost.
A counterplan to prevent disease and insect damage will be conducted.

The suitable erops for sandy soil are root vegetables (carrot, radish, sweet potato, ete.),
stem vegetables (aspafagus, ginger, ranking shallot, ete.), fruit vegetables

(watermelon, melon, pumpkin, cucumber, chili, eggplant, etc.), beans (groundnut,

long bean, ete.}, and upland crops (sweet corn, millet, kudzu, alfalfa, ete.).
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3.4 Irrigation Measures
3.4.1 Crop Water Requirements
(i) Evapotranspiration

For area where measured data on temperature, humidity, wind and sunshine or radiation
are available, the modified Penman method is suggested since it is likely to provide the most
satisfactory results for reference crop evapotranspiration {ETo),

ETo is adjusted by crop factor (Kc) to obtain evapotranspiration (ETe). For Kc see Crop
water requirement, FAQ Technical Report No. 24, 1975,

Crop Coefficient (Kc¢) for Fruit Trees in Thailand

Fruit tree crops
Development Stage : -
Durian Rambutan Mangosteen

Development of branches 0.60 0.60 0.60
Flower stimulation 0.0 0.0/0.60 0.0

Development of flowers - 0.75 0.76 0.75
Pollination stage 0.60 0.75 0.75
Development of young fruits 0.60 0.80 0.80
Development of fruits 0.85 0.85 0.85
Mature 0.75 _ | 0.85 0.85

(2  Effective rainfall

Whether irrigation is necessary or not is judged by the relation between crop water
requirement and eifective rainfall. In this report, effective rainfall related to upland crop
irrigation is defined as rainfall which will be utilized effectively for the growth of crops, and \#il_l
depend on soil and erop conditions and rainfail intensity. Of the total rainfall, about 80 pércent is

considered to contribute to the growth of crops.

The minimum value of effective rainfall means rainfall which is too little to be effectively
utilized by crops. In general, the minimum value is estimated from evaporation during the period
when irrigation is necessary, and is dependent on indecisive factors such as soil permeability, type
of crops and cultivation method. From observed data by the Meteorological Depaftmént, daily
evaporation in the flood affected area du.ring the irrigation period is 4 to 5 millimeter, and it is

desirable to consider them as the minimum value of effective rainfall.
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The maximum value of effective rainfall is the value above which rainfall cannot be
effectively utilized for the growth of crops. Rainfall above the maximum value flows out from the
soil surface as surface runoff or infiltrates into the ground as gravitational water. As a guideline
in this report, the maximum value of effective rainfall is taken to be the total readily avai.lable
moisture (TRAM) and is calculated as follows,

0<R<5 ER.=0 {mm)
5 < R < {TRAM/0.8) E.R.= 0.8R (mm)
R > (TRAM/0.8) E.R.= TRAM (mm)
Where R .1 Daily rainfall {mm)
E.R. 1 Effective Rainfall (mm)

TRAM : Total readily available moisture (mm)

Table 3.4.1 shows an example of effective rainfall calculated from daily rainfall data of Ban
Na San in 1991. The minimum value of effective rainfall is 5 millimeter and the maximum value

40 millimeter.
(3)  Return period of effective rainfall

From the standpoint of irrigation, less water is required in the year when there is much
‘effective rainfall, but much water is needed in the year when there is less effective rainfall. To
‘what extent of water shorta_ge the project should cover is the most important question in planning.
This must be decided synthetically in connection with crops in the area, justifiable investment,
similar project, etc. To this end, it is necessary to estimate water requirement for some drought

frequencies.

Annual total effective rainfall is calculated by adding the effec.tive rainfall obtained from
daily data. After that, to what return peried the annual rainfall is equivalent should be
investigated and the amount of water necessary for irrigation to cope with a drought occurring
with a certain frequency should be estimated. To this end, it is desirable to make a judgment

based on the rainfall data through long term, at least more than 10 years observations.

‘The table below, showing the return period of effective rainfall in Ban Na San is obtained
from rainfall observed for the past 20 years. The equivalent return periods are those of non-

exceedance probability.
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Table 3.4.2 Effective Rainfall of Ban Na San and the Equivalent Return Period

Effective] Egquivalent -
rainfall | return peried

1971 1,085.6 2 years 19791 1,428.6(less than 2 years|1986] 1,271.7(less than 2 years

Yea Effective] Equivalent Yea Effectivej Equivalent

" rainfall | return period rainfall | return period Year

1972 971.7 3 years 1980( 1,537.8lless than 2 years|1987| 1,040.5 3 years
1974} 1,257.1fless than 2 years(1981| 1.339.4iless than 2 years|1989| 1,223 .5less than 2 years
1975 480.8] 157 years 1982 2,818.4|less than 2 years{1990] 995.1 3 years
1976 913.8 4 years 1983| 1,892.6|less than 2 years|1991] 1,052.4 | 3 years
1977t 1,365.0/less than 2 years{1984| 876.0 5 years 1992| 1,049.9 3 years
1978| 1.317.8less than 2 years|1985| 720.6] 11 years

Among the many methods used for calculatihg return period, the Iwai method by
logarithmic normal distribution, which is often used for hydrological phenomena, is used here, In
the above table, for example, if an irrigation project is planned to cope with a drought oceurring

once every two years, the year of 1971 can be used as the design year of the project.
(4) Irrigation requirement

Irrigation requirement, especially for the dry months, is obtained from the difference of
monthly evapotranspiration and average effective rainfall. When irrigation measure is deemed
necessary, water resources, irrigation method and facilities planning are the major planning

components.

3.4.2 Water Resources

Rivers, underground water and farm pond are the potential sources of irrigation water.

(1)  Extractable amount of river water

If possible, observed discharge data within the project area should be obtained, and if that
is not possible, the observed data should be obtained from the surroﬁnding areas. In this case, itis
important to obtain data from rivers whose topographic and land use conditions are similar to
those in the project area and whose river discharge can be considered to be correlated with that of
the project area. In this case, it is necessary to obtain data for at least more than 10 years of

observations, together with rainfall data.



In order to grasp the utilizable amount of river water, it is necessary to set the design year
for irrigation planning and calculate the monthly amount of extractable river water from the
observed discharge data. In this case, the average daily discharge of each month should be lined
up in numerical order from the smallest, and the discharge at the 15th (the monthly ordinary
discharge) should be fixed as the discharge which can be utilized for the month. If the discharge
data of the design year can not be obtained, monthly ordinary discharge equivalent to that of the
design year must be estimated and calculated by frequency analysis of monthly ordinary

discharge.

As the monthly ordinary discharge obtained here is observed at the observations point, it
should be converted to the specific discharge, and the utilizable amount of river water at the
proposed intake point can be calculated by multiplying the specific discharge by the catchment

area at the proposed water source point.

The irrigable area can be estimated from the utilizable amount of river water calculated
from the above and the necessary amount of water for irrigation caleulated frorﬁ crop water
requirement and effective rainfall. If the calculated irrigable area is smaller than the proposed
irrigation area, it is necessary to consider changing the intake location, utilizing ground water or

farm ponds as other water source or changing the proposed irrigation area.
{2)  Faecility planning

1)  Diversion weir
Diversion weir is usually constructed in a river to tap low discharge for irrigation.
The command area of a weir is estimated by the effective discharge of river at weir
site. In planning, water resource of the existing weir(s) are analyzed before making
any new pfoposal. In planing & new weir, mechanical properties of soil and
topography at weir site, potential command area, geographical relation between weir
site and irrigated area, structural design, water conveyance and distribution plan,

cost and benefit evaluation, and alternative plans are the major investigation items.

2)  Tank/farm pond
Tankffarm pond is an eé.sy and economical facility to secure water, as proven by the
fact that it has trad1t1onally been used m the study area for 1rr1gat10n during dry
months.  In area where ground water level fluctuates great]y, the reliability of tank is
low. However, they are useful in storing water dwerted from the river, otherwxse
_wasted durmg non~1rr1gat1on hours. Water dzversmn and conveyance planmng is

- necessary. The scale of tank is ‘determmed by water requirement. Since too large or
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too deep a tank is impractical, a 50 m3/ha/day (6X5X2 m) may serve as a reference

when designing storage capacity.

3) Shallow well
In terms of securing water for irrigation shallow well is baéically similar to the tank.
In area with high conductivity, éhallow ground water level and small fluctuation the
reliability of shallow well is high. For example, in Lan Saka a well of 1 m in diameter,
5 - 6 m deep and 2 - 3 m water depth can irrigate about 0.3 ha on soil with 1X10* ms
conductivity. Shallow well cannot be used to store water diverted from river. But

unlike the tank, it can be designed with a much greater depth.

3.4.3 Irrigation Method
(1) Upland irrigation method
The following factors are considered when selecting irrigation methods.

- Physical conditions: Topography, slope, climatic changesr(wet and dry months, prevailing

wind speeds and directions), soil type, basic intake rate, peak evapotranspiration, etec.

- Farming practice: Shape and size of farm plot, cropping pattern, water management
ability, existing irrigation methods and experience, intention of farmers and extension
officers, forerunner cases, irrigation efficiency, irrigation canal system, irrigation

interval and terminal rotation.

- Economical condition: Operation and maintenance cost, availability of construction

materials, and market and consumption trends.

Reckoning the conditions such as soil type, topographical features, available water source,
irrigated crop, farmers experience and existing practice, furrow irrigation and sprinkler

irrigation are appropriate for the restored land.

Uﬁ}and irrigation methods applicable to fruit tree orchard can be classified into surface
irrigation, sub-irrigation and spray irrigation. Surface irrigation applies water to the soil surface.
The typical methods are furrow irrigation, floed irrigation, border irrig'a'tion and basin irrigation.
Sprinkler irrigation applies water to space above the ground,_aboire or under the crop. Sprinkler
irrigation and perforated pipe are the typical methods. Subirfiga_tion applies water, through
capiilary action, to the root zone of crop. Water 1s mainﬁained at below the root zone duriﬁg :

irrigation.
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Intake rate, furrow length and discharge are among the major quantities to be determined

when designing furrow irrigation. Furrow length, gradient, discharge and irrigation time are

designed such that the root zone is completely wet while minimizing unnecessary loss due to

percolation below root zone.

Sprinkler irrigation can be categorized by facility installation into

1y

2)

3)

Permanent system : Main and lateral pipes are buried in the ground. High initial

investment. Labour saving. Suitable for large scale project.

Semipermanent system : The main pipe is buried but the lateral pipe is portable and
thus requires less sprinkler. Medium initial investment. Less iabour saving.

Suitable for medium to large scale project.

Portable system : Both the main and lateral pipes are portable. Low initial

investment, Labour intensive due to the need for mobilization, Suitable for small

scale project.

and by hydraulic pressure of nozzle, aside from rotary mechanism, into

1

2)

3)

~4)

Low head (0.35 - 1.0 kg/cm2) : Small spraying range. Large intensity/discharge.
Large spray drop.

Normal head (1,0 - 2.0 kg/em?) : Large spraying range. Variable spraying

' intensity/_discharge and spray drop.

Medium head (2.0 - 4.2 kg/em?) : Spraying range 20 - 40 m. Variable spraying
intensity/discharge and spray drop.

High head (4.2 - 7.0 kg/cm?2) : Spraying range 40 - 70 m. Variable spraying
intensity/discharge and spray drop.

However, the above classification is by no means absolute.

Portable non-rotary low head sprinkler irrigation method is deemed proper for under tree

supplemental irrigation and is proposed for application in the land after restoration,

(2) Procurement of construction material

Portable pump, polyvinyl pipes, sprinklers are the major components of sprinkler irrigation

system. - Except for high pressure sprinkler, most of the materials are available in the flood
affected area. ' ' '
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3.5 Drainage Improvement of River Basin
3.5.1 Characteristics of the Affected Area
(1)  Hydrological characteristics

Many of the flood affected areas are located in the forming boundary between mountains
and plains. The slope of rivers flowing across such places is steep and causes short flood
concentration time. The short flood concentration time brings bigger flood discharge. The rivers

flowing in the area have such a hydrological factor of bringing bigger flood discharges.
(2)  Hydraulic characteristics

Hydraulic characteristics of a flood in a river channel is analyzed for the results of
hydrological analysis. Unsteady, steady (non-uniform and uniform) flow methods are the
approaches commonly used for the purpose. Unsteady flow method, where the parameters vary
with space and time, is difficult to handle sinee it involves unsteady parameter such as discharge
and velocity, long programming and advanced computing technique. In most plann-ing, especia’lly
in designing facility of feasibility study level, the result of uniform flow method is sufficient. In
this study, non-uniform flow method, where the parameters vary with space only is used to
analyze the hydraulic characteristics of peak discharge and drainage capacity of the river
channel. Care must be taken when determining cross-section of flow, to avoid exceptionally large
and small flow section, and the coefTicient of roughness. Data on longitudinal and cross-sectional
profile of river are required for the calculation. The average distahce between calculation points
should be 100 - 500 m for long channel.

Table 3.5.1, shown as a sample output, is the results of the non-uniform caleulation for Ban
Na San.

3.5.2 Drainage Improvement
(1)  Drainage improvement of river

After the deluge in 1988, flow section of river channel'depbsite'd with sand becamé smaller
and some of the riparian Jand is more prone to small floods now. The riverbed Wi11 attain a 'stable’
gradient by erosion of riverbed with time. But the resulting changes in flow section is small, To
. improve drainage capacity of a river, engineering measures to enlarge and stabilize flow section

are necessary, o _

Dredging the river channel to increase flow section is effective to improve drainage

capacity. Care must be taken when proposing dredging since the structures in the downstream,
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capacity. Care must be taken when proposing dredging since the structures in the downstream,
unaffected by the floed in 1988 or the improved downstream sections, are likely to become the
bottle-neck of the improvement work due to the smaller flow section. Very often it is difficult to
replace them or to enlarge the flow section. _
' Dike constructed along the river bank to keep out intruding flood water and to protect the
riparian land is useful but often expensive to implement. Dike must be protected against erosion
by structure such as riprap, gabion and spur-dike. Inner drainage must be studied when
regulating drainage gate is planned to keep out rising flood water.

When planning drainage improvement of river 1/10 to 1/50 probability year is usually
adopted. | '

Figure 3.5.2 is the dike proposed for flood protection in Ban Na San and Lan Saka.

(2)  On-farmdrainage improvemen$

As a result of sand deposition, drainage has improved in some of the raised farmland which
is less prone to small flood now. Drainage of 1/10 probability rainfall is the eriteria for fruit tree
and upland crops in the restored land. Surface drainage by open channel, collecting drains and
raised ridge are the common improvement measures. Drainage canals should be planned
systematically in the form of a network. Drainage canal is sometimes planned along the
upper/hillside of the farm road and the O&M road. To ensure safe and smooth drainage road

crossing structures must be provided.

Subsurface drainage by underdrain or mole drain fnay be proposed to control groundwater
level under the field in an area where conduetivity is relatively high. Soil conductivity may be
improved first by open channel before laying out the underdrains. Vertical relief well is installed
to vent and control drainage. Underdrain is more costly to implement and is only feasible for

cases where severe groundwater control is necessary or in area where land is costly.
(83)  Drainage improvement of intruding surface runoff

Intruding surface runoff for outside the study area should be lintercepted by catch drain af
boundary or foot of hills. To prevent erosion of road surface, side drain must also be planned along
the road to catch and drain away swiftly runoff from road surface and hill slope. These drains

must drain into the drainage canals in the study area or directly into the rivers.
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3.6 Soil Water Conservation
3.6.1 Basic Concepti(s)

In order to conduct sustainable agriculture in the area, some measures for soil and water
conservation, conservation farming and construction of relevant structures to control surface run-
off and scil loss are required in the rehabilitated farm plots. In the flood affected aréa, soil loss is
generally initiated by rainfall, which is influenced not only by soil, topegraphy and slope, but also

by other factors such as ground cover and farming system.

There are two conventional technical aspeéts to soil and water conservation, one of which is
conducted through farming activities and the other is by constructing some small structures. The
former is generally referred to as conservation farming, and can be categorized into (D soil surface
protection and @ control of surface runoff. These are techniques in daily farming activities
dealing with the surface of farmland; how to protect surface soil from rain impact and how to

drain away safety surface run-off.

Conservation measures by constructing structures are techniques to control surface run-
off; how to release safely water accumulated in the field, and deal with linear or spoﬁ problem in
the farmland. These methods entail earth and construction works which need financial support

from the governmental agencies.

Conservation Measure by Farming Activities
{Conservation Farming) '

——[Soil Surface Protection i '

—-——-IControl of Surface Run-off l -

Conservation Measure by structures
(Structural Measure) '

—|Drainage Canal | |
—Hrerrace Works |
—{Far@ Road ]
L [Sedimentation Tank |
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3.6.2 Conservation Farming
{1)  Soil surface protection

Soil surface protection is the most basic methed among the soil and water conservation
measures. It is a methed that manages soil surface cover and can be handled by the farmers in

their daily activities.

Cover cropping

Tolerant crops such as perennial pasture grasses or cover crops are planted on the erosive
soil surface. In cover cropping, the most important point are selecting the suitable crop and

planning cropping pattern to avoid bare ground surface in rainy period.

Intercropping and mixed cropping

In general, many of the main crops introduced to the farmland are not suitable from the
viewpoint of field conservation, and may be categorized as the .erosive Crops.

In order to supplement grouﬁd cover, intercropping or mixed cropping is recommended.
Tolerant crops such as pasture grasses and cover crops are planted in between the main crops.
Cropping of perennial legumes is useful for the cover and nitrogen fixing and after harvest as
green manure when plowed into soil. In these cropping, however, competition with the main cfops

for soil moisture has to be considered.

Mulehing

If heavy rain falls on bare land after sowing, planting or harvesting, the soil is subjected to
erosion. To avoid such erosion, the surface has to be covered with seme economically available
materials such as straw or dry grass. Mulching is quite effective for soil conservation by reducing
raindrop impact. As an alternative method of mulching, the materials are chopped into small
pieces, spread over the field dn_dpldwed into the soil. This is effective by alterating soil texture

which accelerates percolation of rainwater,
(2) Control of surface run-off

Control of surface flow aims to minimize soil losses from the field by proper croppihg
method and direction of ridge or bed. In the flood affected area, the followings are the basie

measures for surface flow control.
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Ridging

Ridging is to form ridges and furrows. Contour ridge parallel to contour line is effective for
soil conservation in sloping farm plot. Ridging requires mild slope and careful planning since

improper sloped one will tear and cause poor drainage.
Ditching

For quick and safe drainage of excess water, ditches are dug across the farm plot to lead
water away or into collecting canals. It may also be dug across or at foot of slopes to intercept run-
off from the upper areas and to lead them into drainage canals, Interval and gradient of ditch are
determined by taking into account erosion development in farm and flow velocity in the ditch,

The structure is usually earth or grassed water-wayé.
Contour farming

Contour farming, where crops are planted along the contour, is well-known as the most
effective way for minimizing soil loss from the farmland. Route and slope of ridge and furrow
have to be carefully laid out so as to allow rainwater to flow along the furrow at a reduced velocity.
If conltour.farming works effectively, the amount of soil loss from the field can be reduced to less
than half,

Green-helt

Spots or strips with irregular slope, in which rock, gravel and debris of wood are included,
may be left as green-belts. It functions as an area for preventing soil loss and accelerating

percolation by leading surface run-off into the green-belt.

Strip cropping

For prevention of scil erosion, erosion-tolerant crop is planted in strips. ét moderate
intervals. The strip serves as a filter for washed away soil, and is applied in combination with
contour farming. It is generally not costly. For selection of crop, native specieé in and around the
area will be considered. Strip cropping is categorized into contour strip cropping, field strip

cropping and buffer strip cropping.

3.6.3 Structural Measures

Structural measures aims to reduce flow quantity and velocity, to store soil and water and

to protect ground surface from erosion. -
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(1) Drainage canal

Drainage canal has to be laid out to drain smoothly surface water from the field. Drainage
canal is classified into catch drain, collecting canal, lateral and main canal, and natural river

from the point of function and scale.

Collecting canal

- %
Catch drain o Z /
b,

~ A\
== S

e
v Y

NP Y TS
\' r r Main drainage canal

Catch drain

Cafch drain is a small canal which leads the runoff from the upper basin and the field to the
collecting canal. Its function is to prevent run-off from flowing into the field. The drain, usually a
grassed water-way, is designed and installed along the contour line. It is important to design a

gentle slope to avoid critical velocity which causes erosion at the bottom and slope of canal.

If the field is large and steep the catch drain is installed in the field to prevent soil erosion.
'The interval of drain has to be within the slope length which may cause rill or gully erosion. If the

field becomes less prone to erosion, wider intervals may be adopted.

Collecting canal

A collecting canal is the canal which collects discharge from the catch drains and runoff
from the_ﬁeid and leads to the main drainage canal. In general, the route of the collecting canal is
plaﬁned across the contour line, Thus the canal receives soil washed off from the catch drain and
the. field. Therefore, facilities such as _drops and desilting pond are installed in the water ways, if

necessary, to prevent the washed-off soil from flowing out and to reduce flow velocity. The canal is
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usually planned along the lowest boundary of the farm plot, and is generally a grassed water-way

designed for sub-critical flow.

Main drainage canal

Main drainage canal is the canal which collects discharge from the bollecting canal and
releases it to the river or natural channel. Some protective facilities such as revetment, drop and
ground sill may be required to prevent flood disaster, depending on the flow condition. The type of

facilities is determined by the availability of local materials,

The gradient of the main canal in the flood affected area is generally apt to become steep,
which may erede the soil along the canal. Therefore, water control facilities with gate are

required to installed at the junction of the canal, as well as to protect the slope.
(2) 'Terrace works

Various types of terrace works have been practiced so far for farm conservation purposes.
The type is determined by the physical conditions such as slope steepness, soil and amount of
runoff and future farming practice. The terrace works applied in the flood affected area are as

follows.

Bench terrace

Bench terrace is applied to the steep slopes by cutting the slopes into steps of flat terrace.

&

N Original
%; ground

N

Typical Patterns of Bench Terrace.
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Orchard terrace

Orchard terrace is effective for steep slopes with shallow soil layer and for area where

bench terrace is difficult. Conservation farming is practiced by planting the orchard in relatively

narrow terraces and the cover crop on the slope between the terrace.

Tree
Cover crop @/,\*‘L

(3) Sedimentation tank

Sedimentation tanks are laid out if soil runoff from the field is large and causes
sedimentation in the downstream area. They are generally installed at the junctions of catch

drains and collecting canal.
(4 Farmroad

Farm road is effective for sml and water conservation in the flood area, as s1de diteh usually
functions as cat.ch drain. Inthe steep slopes, some protective works on the slopes are required to

prevent the sule ditch from filling up with washed off soil.

3.7 Soil and Water Conservation in River System

Besides the measures at on-farm level, some conservation measures are required in river
- system. Théy are categorized into: (1) agricultural measures by using protective function of

vegetation, and (2) mechanical measures by construction of water erosion control facilities.
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Agricultural measures are described in 3.6.2. The following section dealts mainly with

mechanical measures.

3.1.1 Water Erosion Control by Civil Engineering Works
(1)  Gully control

Method for gully erosion control is very dependent on soil, topography and vegetation, and
is classified into simple gully check structure and check weir. Simple gully check structure is
installed at location of gully formation to intercept and store runoff soil and is stabilized by
growing vegetation. The type of structure is determined by the availability of local materials.
Representative types are brushwood weir, stone weir and board weir, all applicable to the flood

affected area due to easy and cheap implementation.

Check weir is a permanent structure for prevention of g'ully formation. Its functions and

structure are similar to those of check dams.

Earthdam : This intercepts sediment, prevents runoff soil from flowing out and store
water, and is built where embankment materials are available in the

vicinity.

Stone weir  : This structure is built where stone is available. Mésonry work should be

imple_mented carefully since imperfection may cause weir failure.

Concrete weir: This weir is built where run-off and soil loss are more intensive compared

with the above two weirs.

(2) Sedimentation tank

Sedimentation tanks are installed at terminal point of fartnla.md't.o prevent washed off soil
from flowing into the downstream, the type is classified into small scale or simple excavated pond

and large scale dam or weir.

The former is usually constructed at the terminal point or at the junction of drainage canal,
to accumulate washed off soil. The excavated type is reverted to farmland by backfilling after soil
erosion in the upper basin has been controlled and stabilized by the rehabilitation works.

Large scale dams or weirs are usually installed byrt.:los.i_ng the valley with concrete gravity

dam or earth fill dam or others, to secu_ré the necessary capacity which is often very large.
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Detailed study and investigation are needed to determine the storage capacity, location and type

of dam or weir, and are usually costly to built.

3.7.2 Soil and Water Conservation in Steep Slope Areas
{1} General

In steep topography, steep slope is formed with reclamation of agricultural field. Slope
protection is therefore important to control erosion by means of protective cover crop or
construction of facilities.

Slope failure may be categorized as follows.

@  Slope erosion by intensive rainfall
@ - Slope failure by intensive surface runoff on the slope

®  Slope erosion or failure by outflow of seepage water on the slope

Protection measures are determined by taking the causing factors, soil texture and scale of
slope into consideration. In priﬁciple, sodding or cover crops available in the area are the

appropriate measures from viewpoints of erivironmental conservation and economy.
(2) Sodding

Sodding aims to retain the surface soil with roots of cover crops planted on the slope by
fastening the soil surface. However, it does not work against deep failure, since the roots are
usually limited to a shallow depth.

Cover crop should meet the following conditions.

@ Itisapplicable to the climate of the flood affected area. Especially, it is tolerant to dry
climate and grows well on poor sandy soil.

@ It must be strong enough to germinate and propagate in dry condition and is quick in

forming a complete cover,

It must be suﬁ'lcie.nt.; to form the surface coverage and soil retention effect.

Itmustbea perennial crop.

Seed or seedling are available in the local area, from economical viewpoints.

@ ® e
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(3) Structural measures

For steep slope areas, structures such as stone or block, using the local materials, are
appropriate structural measures. Due to high construction cost, conerete structure should not be
applied widely in the flood affected area.

Stone pitching, fence work, gabion, wire mat by using stone and wood available in the -

affected ares are recommendable.
(4) Landslide control

General

Land disaster in the mountainous area is categorized into landslip, landslide and debris
flow, which are caused directly by increased soil moisture on the steep slope. In general, landslip
is classified into shallow and deep type. Shallow type is the slope failure in soil within the root
system. Deep type slip surface occurs in a deeper layer involving the whole root system. The
former is closely related to the existence of root of crops or trees. The deep type is dependent on

geological intensity of slope, and is beyond the function of root system.

Landslide may be caused by g'roundv#ater, and the damage is much dependent on geclogical
stability. Failure plane of landslide is located outside the root system. Landslide mass in many
cases is large. It is impossible to prevent landslide by utilizing forest trees. Damage of debris flow

is dependent on the gradient, scale and geology of the land slope. The masses are usually large.

Reforestation and planting of cover crops should be applied as the initial step to prevent
shallow landslip and water erosion control on the mountainoﬁs slope. The measures for deep
landslip, landslide and debris flow require large seale construetion works at national level which
are very costly. The design and implementation are usually conducted through careful

consideration of secial, hydrologica!l and geological conditions.
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' Shallow landslip
— Landslip —‘ ‘ -
Deep 1 li
- —{ Groundwater eep landslip
— Landslid
Rainfall shice
] Debris flow
: L Rill
" Surface runoff  }—{ Soil erosion -—[
Gully
Form of Land Disaster by Rainfall in Mountainous Slope
Landslide Control

Landslide is related to the movement of groundwater and geological condition of the slope.
The countermeasures are usually large in scale, such as drainage drillings and drainage wells,
and require high construction cost. Therefore, careful consideration of the local conditions in the

flood affected area is required.

@ Drainage of surface water
Surface water in the landslide area has to be drained away as quickly and as much as
possible, since it causes an increase in pore pressure when infiltrating inte the slope.

Cateh drains and canals, therefore, have to be provided.

@ Groundwater drainage
Groundwater infiltrating into the ground causes an increase in pore pressure,
swelling and softening of soil along the failure plane.
Groundwater, theréfore, has bo be drained out as quickly as possible, by installation of

drainage facilities such as culvert and well.

3.8 Agricultural Supporting Service

In general, the agricultural supporting service is one of the essential components for
~ agricultural development. It covers quite a broad scope of activities, among which agricultural
credit and marketing, agricultural input supply and extension service are the essential work

which can greatly affect farm productivity and cost of production.

-59-



Generally, the devastated farmland is, as its specific feature, provided with insufficient
agricultural and rural infrastructures and not blessed with fertile soil resources for farming,
Therefore, agricultural development in the devastated farmland is rather difficult. It needs
strong efforts and good coordination among the government agencies concerned. The agricultural
land rehabilitation and conservation project aims to increase farmer's income and upgrade their
living eondition in the agricultural land devastated by natural disasters together with soil/soil

layer improvement and sustainable utilization of land resources.

In order to enable agricultural supporting service to attain the objectives of the project as
above-mentioned, there are several ways to do this. However, the following major efforts in

agricultural supperting service are deemed as necessary.
- It is necessary to encourage strengthening of farmer's institution.

- Provision of special long term credit with low interest rates for the farmland in
rehabilitation and conservation projects. The interest rates should be lower than the
standard rates. Also, technical assistance should be provided by technical agencies

concerned in different st.agés.

- Formulate intensive consultation and/or extension services on modern agricultural
technology. Technical materials and periodic/occasional visits of extension workers or

officials of government agencies concerned should be provided.

. Formulate quality control and operation guidance system to ensure. proper use of the

agricultural input supply with reasonable price and in-time supply.
- Strong back-up body at provincial level and/or national level should be established.

 For 's_mooth and successful implementation, agricultural supporting services should be

carried out in parallel with construction and development of agricultural infrastructures.
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Table 3.2.2 Soil Improvement Measures

Soil Improvement Measure

Expected Effect

1. Soil Physical Properiy

- No tillage cultivation -----------------------

Mulch organic material residue ---------------

1

Grow soil cover cropg ~---------coooooooeeroos

Soil dressing on farm land ---=---"-re--m-noe-

of clayer soil

Grow deep root crop ------eooeoereoroooeees

1

Add barnyard manure and compost -------------

Maintain of water holding capacity
Protect soil erosion

Improvement of soil siructure

Increase amount of soil water retention
Protect soil erosion

Maintain of soil structure

Improvement of soil structure

Increase amount of soil water retention
Protect soil erosion

Development of scil structure

Development of crumb structure

2. Soil Chemical Property

~ Add calcareous material -------oo-omoeemmeees

- Continuous input of orgaﬁic ------ e
residue

- Application of chemical ~-----------=m---ee -
fertilizer '

~ Application of slow release -----------------
fertilizer ' ' '

- 8oil dressing on farm land --------<-----7---
of clayer soil

- Add barpnyard manure and compost -------c-- ---

Correct soil acidity

Maintain and increase of soil fertility
Increase of soil buffer action

Supply of nutrients

Increase of crop production
Continuous release of nuirients
Increase of crop production '
Increase of nutrient holding capacity
Increase of soil buffer action

Increase of soil buffer action

3. Soil Biological Property

Grow Leguminosae crops ----------vroootmmooos

Induce of vesicular-arbuscular(VA) oo

mycorrhizal fungi

Add barnyard manure and compost -----e fasnee

supply nitrogen by nitrogen fixation
Increase of phosphate nutrient uptake

Increase of soil microbial activity
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Table 3.2.3  Examples of Soil/Soil Layer Improvement Measures (Lam Saka)

Land Use Degi):;;ed Improvement Method Deptg;)iii I(r;;;‘oved
I - Input of organic and inorganic materials 20
..................... - Soil mixing with lower originalsoil | .80 .
I - Input of organic and inorganic materials 20
..................... - Soil mixing with lower originalsoil | .. .80 ..
I - Input of organic and inorganic materials 20
- Construction of rasing bed 50
Orchard .. -Soildressingonsoil surface 10
' B\ - Input of organie and inorganic materials 20
- Construction of rasing bed 50
..................... -Soil dressingonsoilsurface 100
v - Input of organic and inorganic materials 20
- Construction of rasing bed 50
- Soil dressing on soil surface 10
I - Input of organic and inorganic materials 20
oo -Soil mixing with lower originalsoil | . 30 .. i
i1 - Input of organic and inorganic materials 20
..................... -Solldressingonfarmland | 20
Upland crop it} - InI.Jut of or.'ganic and inorganic materials 20
..................... -Seildressingonfarmland 10
v - Input of organic and inorganic materials 20
..................... -Soildressingonfarmland 2
v - Input of organic and inorganic materials 20
- Soil dressing on farm land 10
I - Input of organic and inerganic materials 20
..................... - Soil mixing with lower originalsoil . .80 .
I - Input of organic and inorganic materials 20
..................... -Soildressingonfarmland 20
Upland crop m - Input of organic and inorganic materials ' 20
(Intererop) | . . -Solldressingonfarmland . S L
I\ - Input of organic and inorganic materials 20
..................... -Soil dressingonfarmland 10
v - Input of organic and inorganic materials . 20
- Soil dressing on farm land . 10
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Figure 3.7.2 Examples of Soil and Water Conservation Measures in Slope Area
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CHAPTER4 PLANNING, DESIGN AND IMPLEMENTATION
4.1 Irrigation and Facility Planning

4.1.1 Design Criteria

(1)  Designyear
For irrigation project, 1/10 probability dry year is usually adopted as the design year.
(2) Planning criteria

Irrigation facility should be planned taking account of the strategic scale and importance of

facility, implementing authority, nearby forerunner cases, materials and criteria adopted by the

completed and on-going restoration program in and around the study area.

(8) Irrigation requirement
Irrigation requirement of upland/orchard irrigation is estimated as guided by the chart
below,
Water ho;ging
: - ity after 24
Soil moisture vapacty & : .
characteristic hof s c;i_'soﬂ Available — Total
investigation saturalion moisture readily
Depletion of _ ava.lléable _—
moisture content moisture
for optimum growth. (TRAM)
. . Designed
Effective soil layer irrigation
Water : interval (days)
consumption | | Soil moisture y
investigation extraction pattern Net amount of —
in field (SMEP) water to be
Consumptive - . replaced
use of water —l Designed
daily
Weather _J ipnsump—f
. ive use o
characteristic — Meteorological water
investigation factor
. Cross Field Net
irrigation irrigation irrigation
water water water
_requirements requirements | requirements
Conveyance Ai{)_plication
efficiency

efficiency

The criteria commeonly adopted in Thailand is given in Table 4.1.1 to 4.1.3
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4.1.2 Irrigation Facility

(1}  Conveyance and distribution structure

1) Standard design

Route selection

Average velocity:

Cross section

Freeboard (Fb)
Side slope

Irrigation canal is normally planned at the convex of topography,
preferably at high elevation. Map of scale 1/5,000 - 1/10,000 with 0.5 -
10 m contour line is preferred. The density of canal is dependent on
canal size (design discharge) and topography. The interval between
main and secondary canalis 4 -5 kmand 2 km, fespectiveiy.
Calculated by Manning Equation.

Allowable value 0.5- 1 m/s o _

Open channel, minimum bed width 0.3m. For standard B : H ratio see
below.

Disc}_large (m3/g) H:B B:H
0~ 1.0 L2 0.50

1.0 ~ 5.0 1:3 0.33
5.0 ~ 10.0 1:4 0.256

10.0 ~ 50.0 1:5 0.20

Fb = 1/4Xh+0.3m, h = water depth.

Mairn and secondary canal 1:1.5,

For pipeline system, the open system pipeline (pre—fébricated pipe) is normally proposed for

water conveyance and the maximum static head should be less than 100 m. The pressure of

distribution pipe is designed to the requirement, e.g. 1.5 kgf.em2. For high pressure sprinkler

booster pump is necessary to increase the pressure. Discharge and pressure regulatory device,

pump, offtake and measuring device, safety facility, operation'and maintenance device are the

necessary appurtenance facility.

Hazen-William equation is used for hydraulic calculation. The maximum velocity is

dependent on type, diameter of pipe. The minimum_velqéity éhould he >0.3 m/s.

Structural design of pipe is planned to withstand inner and outside pressure and is

dependent on topographical, soil mechanical, hydraulical and construction eonditions, The séndy

foundation is 10 - 30 em, depending on diameter.

-70-



2) Water distribution

a) Irrigationsystem : command area, topography, water source, settlement and
forerunner cases.
b) Tankfarmpond : commandarea,irrigationintervaland method.

¢)  Unit discharge of canal (Standard reference)

_ Canal Command area  Unit discharge (I/s/ha)
Main 500 and above 09
Secondary 100 - 500 1.1
Tertiary 10 - 100 1.4
On-farm less than 10 8.0

(2)  Appurtenance structure

To ensure smooth and safe operation and maintenance (0&M) of irrigation system, the

following appurtenance structures are planned.

a) Road:to ﬁrovide traffic access to the settlement and farm land, transportation of input

and output of agricultural activity and materials for O&M of facility.

b) Diversion and distribution structure : to ensure water diversion and fair water

distribution,

¢) Regulation and measure structure : to control and measure distribution for water fee

estimation.
d)  Drop structure : to keep velocity in canal within the allowable velocity.

e) Wasteway/spillway : to provide drainage of water in canal in times of repair,

inappropriate operation or emergency.

f)  Crossing structure : to provide traffic passage over the irrigation canal, by structure
such as bridge, box culvert and pipe crossing. At locatiori_wh_ere drainage canal
crosses irrigation canal, siphon or overchute is designed for drainage canal depending

on drainage discharge.
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4.2 Drainage and Facility Planning
4.2.1 Caleulstion Method of Design Discharge
(1) Designdrainage discharge in the agricultural land

As inundation is allowed on the agricultural land, the simplest method to estimate design
discharge is the Rational formula. The allowable inundation time depend on the kind of crops and
the condition of crop damages caused by inundation. The design discharge calculated by the

rational formula is as follows,

Q=1/36-f-r-A
Q : Design drainage discharge in the agricultural land (m3/s)
f : Runoff ratio
r : Averagerainfall intensity within the allowable inundation time (mm/hour)
A : Catchmentarea (km¥)

1) Runoffratio .
' Runoff ratio is the ratio of effective rainfall causing direct runoff to total rainfall. Itis
desirable that the runoff ratio should be calculated from the observed rainfall data
and river discharge. The results of runoff ratios to a series of rainfall in Tha Di river

are as follows.

Relationship between rainfall and runoff ratio

Rainfall (mm) | RunofT ratio (%)
Less than 50 22
50 to 100 33
100 to 200 50
200 to 300 _ 64 .
300 to 400 76
Moreé than 400 88

2}  Average rainfall infensity _
To estimate average rainfall intensity from daily rainfall data, the following equation
can be used. ' '

r = Rgq- 24 (24/T)k
r : Average rainfall intensity within the allowable inundation time (mm/hour)
Rg4: Daily rainfall '

T2 -



T : Allowable inundation time (hour)
k : Constant, normally 2/3 to 1/2. It is desirable to estimate from the observed
data

(2)  Flood discharge of main river

There are many grounds for estimating flood discharge of the main river such as traces of
the past flood, use of the observed discharge data, the unit graph method, ete.

1)

2)

3

The estimation method from traces of the past flood

In this methed, flood discharge is estimated using the Manning formula from the
traces of the past flood. By calculating the probability of rainfall which occurred at
that time, it is possible to estimate the return peri.od of the flood discharge.

The estimation method using the observed discharge data

In this method, flood discharge is estimated using the discharge data observed by the
Royal Irrigation Department. However, there are few places where long term
observations are made. In such cases, it is difficult to estimate accurately the return
period. Besides, as these observations are made periodically, a few times a day, in case
of rivers with short flood concentration time like the flood affected area, the chances
where the peak discharge is observed is rather low. Therefore, many problems remain
to be solved in this method.

The unit graph met}iéd

In this method, flood discharge is estimated by the unit graph of the actual surveyed
discharge of the river when effective rainfall of 10 millimeter occurs, or from the
watershed characteristics, and composing design rainfall by this unit graph. Various
methods are proposed to make a unit graph with watershed characteristics as
parameters, such as the Nakayasu method, Tategami method, and the Sato method.
The Figﬁre 4.2.1 shows the specific flood diséharge for the daily rainfall in the flood
affected area estimated by the Sato method. ' '
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Figure 4.2.1 Estimated Flood Discharge in the Flood Affected Area

4,2.2 Drainage Facility
(1) Drainagecanal

Since the main objective of drainage in the study area is to improve sterm and field
drainage, drainage canal is planned at the depressions of natural terrain, The criteria of drainage
canal is basically similar to that of irrigation canal, except that the B/H ratio for drainage canal is
usually much smaller and the bed gradient rﬁuch steeper, Oben channel (unlined and trapezoidal
in shape) with max velocity 1.5 times that of irrigation canal is n;ir.mally éd;)pted. Depending on
soil and velocity, lining with concrete or protection with gabion may be planned foi‘ location where -
erosion is likely to occur. Regional drainage network covers several di‘ainage blocks, each drained
by small drainage diteh ét on-farm }e.vel, tertiary, seéondary, main cahéi and the rivers..

Drainage requiremenﬁunit discharge is determined by allowabhle inuﬁdétion!submergence
depth and duration of the respective crop and drainage area. Drainage methed (gravitational or
pumping) is determined by outside and inner water level, unit discharge and method to prévent

intruding flood water.
(2)  Appurtenance structures

To ensure smooth and safe drainage, drop and crossing structure, dike and regulating
gate/sluiceway to prevent flood intrusion, and catch drain or diversion ditch along road or at foot
of hill and boundary are the main structures considered in planning. Choice of structure is

determined by structural and economical feasibility, safe operation and functions.
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4.3 Soil and Water Conservation

4.3.1 Allowable Soil Loss

For reasonable soil and water conservation measures, annual soil loss has to be controlled
below the allowable level. The allowable level is designed by depth and characteristics of top soil.
The quantity of annual allowable soil loss is approximately 10 - 15 ft/ha in Japan, and 4.5 - 11.2
ft/ha in the U.S..

4.3.2 Soil Loss Equation
Soil logs equation published by Wischmeier and D.D.Smith is commonly applied.

A=R-K-L-8.C-P
where A : soilloss
rainfall erodibility
soil erodibility
:  slope length
slope steepness

crop management factor

o =T oo TN <2 B e BN & =

- conservation practice factor

When applying the equation, the above factors and their inter-relations have to be

measured experimentally in the field.

4.3.3 Design of Soil and Water Conservation Facilities

Drainage canals and water control facilities are planned and designed for conservation

works. Basic concept(s) for planning are mentionedin 4.1 and 4.2.
(1)  Catchdrain

The interval between catch drains is determined by the development stages of rill erosion.

In general, the elevation difference between the drains is about 4 m,

= 4.0Xcota , _ _
@ : Thorizontal distance between catch drains

« : gradientofland surface.
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Interval of catch drain

Horizontal distance (m)
Soil gradient .
Special soils Normal soils
0~5° 30~ 40 40 ~ 60
6~12° 20~ 30 30~ 40

Longitudinal gradient of the drain is designed so that the velocity is below 1.0 m/s for earth
drain and 1.5 m/s for grassed water-ways. It is usually 1/30 - 1/50.

{2)  Collecting canal and appurtenance

Design and planning for collecting canal and appurtenance may be conducted by the

criteria of drainage canal.

4.4 Project Managemeni and Implementation
4.4.1 Project Coordination

The agricultural land rehabilitation and conservation project covers various components
and involQes many government agencies. In this project, DLD alone can not handle all the
components, i.e., all the hardwares and softwares. However, most of the components will come
under the management of MOAC, To ensure smooth and successful implementation, an external
and internal coordination committees should be established. It is desirable to have three levels of

the committees as follows;

a) Project Executive Committee
b} Project Coordinating Committee

¢)  Provincial Coordinating Commitfee

At the field level, coordination can be carried out through projéct unit task force.

[ Project Executive Committee (MOAC) l

1

l Project Coordinating Committee (DED) | -

I Provinecial Coordinating Committee (Province) l

l Project Unit Task Force (Project site) I |
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The Project Executive Committee will take the leadership of external coordination among
the agencies concerned, while Project Coordinating Committee will be set as a DLD internal
coordination. At the provincial level, coordination. is conducted through the Provincial

Coordinating Committee. These committees basically have the major following functions.

a2) Toformulate policy and/or program
p)  To supervise the overall works
¢) To coordinate and resolve solutions to problems and difficulties in project

" implementation

4.4.2 Project Executing Agency

DLD éhail be the executing agency. Thé Deputy Director Genefai of DLD will act as the
Project Director supervising the overall work performance and chairing the Project Coordinating
Committee. Under the supervision by the Project Director, the Project Manager is appointed to
assist all of project management responsibilities, particularly administrative activities and field
works. For successful implementation and coordination among the various independent
organizations, the representatives of DLD should be appointed as secretary of every committee.
And the project manager or field manager should be strongly backed-up by DLD regional office(s)
and provineial DLD station(s) concerned. In addition, it is desirable to conduct farmers campaign
to proliferate project concepts and responsibilities of the beneficiaries at the project initiation

stage and updated information during the subsequent implementation period.

4.4.3 Project Operation and Maintenance
(1)  Responsible agency

Among many project facilifies, they may be grouped into two categories, namely the major
or public facilities and on-farm facilities. The operation and maintenance (O&M) of the major
.facilities such as dike and bank protection wili co:ﬁe under the responsibility of the government
agencies concerned since skilled professionals and high O&M cost are required. The O&M of
common on-farm facilities such as irrigation and drainage ditches, farm roads will be undertaken
. by the beneficiaries through the farmer's groups which will be organized under the direction of
DLD and the village committee. -

-



For successful post project O&M by the beneficiaries, participation by the villagers in all
stages of project implementation is necessary. In addition, the government agencies concerned

should provide technical assistance through periodic/occasional visits to the projects sites,
(2)  Organization for project O&M

During the project implementation, in parallel with development and construction of the
various facilities, it is desirable to actuate positive participation of the beneficial farmers. Under
the program, operation and maintenance organization of the project facilities can be established
mainly by farmers themselves. The beneficiaries in the villages should be formed into farmer's
groups for O&M of on-farm facilities. The farmer's groups should be established under the

guidance and assistance from DLD and village committee.

For O&M of the major facilities, the implementing government agencies shall carry out the

0&M works under the existing organization(s).
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Table 4.1.1

Effective Depth of Root Zone of I'ruit Trees

Tvpe of fruit tree

Root depth {cm)

Durian 20-30
Rambutan 30-60
90-120

Mangosteen

Table 4.1.2 Characteristics of Various Irrigation Methods

Items Irrigation method
Plastic Splashing sprinkler spray Mini Drip
tube sprinkler
Aperture variable variable 4-5 0.8-2.3 0.8-2.8 0.1-2
size({mm) :
Discharge -ditto- -ditto- 250-500 9-220 20~300 1-20
{liter/hr)
Head (m) -ditto- 15-25 15-40 '5-25 5-40 3-10
(10-15) (10-15)
{normal use)
Diameter
of wetted -ditto- spot 8-23 1-4 2-10 0.3-1.2
area (m)
Mesh No No No 80-120 40-120 140
requirement :
Efficiency 50-~80 50-70 60-70 20-95 90-95 90-100
(%) ' _
Soil No sandy No No No sandy
constraints
Cultivation All ‘Tow row TOow small small
method spacing spacing
. _ _ & Trow & row
Weeding No around  height of around height comple-
requirement splashing weed lower spray of weed te
' area than -ing  lower weeding
sprinkler’ area than
. _ _ sprinkler
Cost . 2-3 3-6 3~7 7-10 7-10 : 7-12
{1000B/rai) ' : -

Sourcer Horticulture Research Center, Chantaburi, MOAC
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Table 4.1.3  Guidelines on Irrigation Frequency

Factors Conditions for consideration
High frequency Low frequency
Climate High temperature Low temperature .
Low humidity High humldlty
Windy No wind
High sunlight Low sunlight 1nten51ty
intensity {clear sky) (cloudy)
No rain in current Rain in current
seagon season
Growing High tree density Low tree density
technique Surface irrigation Sub-surface irrigation
and fertilizing and fertilizing
Shallow growing Deep growing
No soil cover Soil cover material
material under tree '~ under tree
Use no material to Use material to bcost
boost s0il moisture - soil moisture
: holding capacity holding capacity
Crop o Shallow root zone, Deep root zone,
. . low root density high root density
Non drought resistance Drought resistance
Active/major growth Active/major growth
happens during happens during wet .
drought season
Mainly for trunks, Mainly for seed or
leaves, flowers or dry fruit harvest
fruits harvest
Soil Shallow top soil, Deep top soil,
) poor s0il structure good soil structure
Low infiltration High infiltration rate
rate _
Coarse texture Fine texture
Fertile, Infertile,
unevenly distributed Uniformly distributed
Groundwater level Groundwater within
below root zone root zone
Low soll meoisture High soil m01sture
content content

Source: Horticulture Research Center, Chantaburi, MOAC =

Different frult trees have different capability to . recover
from water shortage stress. i.e., durian facing stress during
fruit development stage (8~12 weeks after full bloom)} will result
in irregular shape and smaller fruit size. Later application of
adequate water will. not helpful. This is different for rambutan
and mangosteen suffering from similar situation.  Later
application of adequate water will help normal fruit development.
However, application of adequate water after severe stress will
result in breaking and falling of fruits, especially Rong-Rian
variety rambutan. For mangosteen, the damage is much less.

It 1is found that for tropical fruits, especially rambutan,
irrigation frequency should . not be more than 7 days. During
flower stimulation stage, it should not exceed 7 days and no
more than 3 days for fruit bearing and development stage.
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