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EXECUTIVE SUMMARY
 

In this study the results from the implementation of four micro
hydropower projects in Chiang Mai are presented. These four projects
 
are Kam Pong, Mae Ton Luang, Huai Pui, and Be Kaeo Projects. These pro
jects were implemented with financial assistance from the United States
 
Agency for International Development (USAID).
 

In studying the project features, socio-economic characteristics,
 
project organization and construction works, the following conclusions
 
can be made.
 

1. The micro-hydro component is the only one of the technology
 
components for which the technology was actually installed, operated, and
 
maintained by the local villagers. This provided an opportunity to con
duct a baseline survey, transitional surveys and evaluation surveys -
although the evaluation surveys were very limited because the hydropower
 
had been operated and used by the villagers for only a few months.
 

2. The hydropower component demonstrated very clearly that village
 
participation can be successfully utilized in rural development projects.
 

3. The hydropower component has not yet completely demonstrated
 
the economic feasibility of this source of renewable energy because the
 
governmental agency has provided free of charge all of the materials and
 
hardware which are unavailable in the villages being served.
 

4. There is a need for basic designs of micro-hydro plants and
 
systems to be developed specifically for micro-hydro which are suited to
 
the PARED technique so that there can 1e even greater involvement of the
 
villagers, and so that micro-hydro plants and systems can be set up in the
 
future without such heavy input from the governmental agency, especially
 
with regard to the input of materials and hardware from outside. In other
 
words, such projects cap and must be made economically feasible to the
 
villagers (who should pay all costs) at some point in the near future.
 

In evaluating the results of the implementation of these four
 
projects, the following recommendations are given.
 

1. A permanent unit in the NEA should be established for a rapid
 
and systematic expansion of the micro-hydro program in the remote areas
 
of Thailand which are sufficiently far removed from the nationel electric
 
grid that it will be several years, at the earliest, before the grid
 
reaches them.
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2. Careful study should be given to simpler and less expensive
 

designs of all the components for micro-hydro projects in the future-

in order to reduce still further the overall cost of each project.
 

3. Detailed study, with the villagers, should be given to ways
 

for the villagers to pay more and more of the total costs of a micro

hydro project--including the materials and the mechanical and electri

cal equipment brcught in from outside.
 

Greater care should be given to utilizing the participation of
4. 

the villagers for every step oi project development all the way from
 

situation assessment and problem ilentification to operaion and main

tenance, monitoring and evaluation.
 

5. The staff and program for the development of micro-nydro
 

projects should be a part of, and be very closely tied and linked to,
 

each of the nearby Regional Energy Centers.
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CONCLUSIONS 

This chapter summa;izes the results of the implementation of the four
 
micro-hydropower projects in Chiang Mai Province, the Kam Pong project, the
 
Mae Ton Luang project, the Huai Pui Project, and the Bo Kaeo project. All
 
four projects have received financial support trom USAID, and the National
 
Energy Administration (NEA) is the government authority responsible for the
 
implementation.
 

A. THE KAM PONG PROJECT
 

The Kam Pong project is located in Kam Pong village, Tambon Huai Kao,
 
Amphoe San Kampaeng, Chiang Mai Province. The catchment area at the weir
 
site is approximately 6 km . The main features of the project include
 

1. A concrete gravity weir, 2 m high and 15 m long, with intake
 
structure and spillway.
 

2. An asbestos cement pipe headrace 0.30 m in diameter and 470 m
 
long.
 

3. A.penstock consisting of an asbestos cement pipe 0.30 m in 
diameter and 50 m in length and a 50-m long steel pipe of the same diameter. 

4. A powerhouse equipped with two sets of turbines, generators,
 
and switchboards3 The installed capacity is 40 kW with the design di3
charge of 0.12'm /s and effective head of 60 m.
 

5. Transmission line and distribution system together with step
up and step-down transformers.
 

The electricity generated from Kam Pong powerhouse is supplied to 118
 
households in Kam Pong village. The construction cost of the Kam Pong
 
project is 2,656,500 Baht (US $ 115,500), excluding the labor cost and
 
some local materials contributed by the villagers of Kam Pong. The grant
 
from USAID to the Kam Pong project is 1,438,519 Baht (US S 62,544). As
 
compared with the diesel power plant of the same capacity, the benefit
cost ratio of the Kam Pong project is 1.98:1, that is, the project is con
sidered economically feasible.
 

Besides the direct benefit from energy production, there exist some
 
indirect benefits as a result of villager participation in construction
 
work. These indirect benefits include :
 

1. Increasing villagers' income and upgrading their standard of
 
living.
 

2. Initiating a rule of cooperatives in rural development.
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3. Fostering close cooperation between local people and the govern
ment in rural development.
 

4. Transferring ah appropriate technology to rural people.
 

B. THE MAE TON LUANG PROJECT
 

The Mae Ton Luang micro-hydropower project is located in Tambon Pa
 
Miang, Amphoe Doi Saket, Chiang Mai P ovince. The catchment area of the
 
basin at the weir site is about 19 kn . Most parts of the terrain are
 
steeply sloping and are covered with dense forests. The main features of
 
the Mae Ton Luang project include :
 

1. An concrete gravity weir, 2.20 m high and 19 m long with intake
 
structure and sluice gate for sediment release.
 

2. An asbestos cement pipe headrace 0.30 m in diameter and 1,255 m
 
long.
 

3. An asbestos cement penstock 0.30 m in diameter and 140 m long.
 

4. A steel surge tank, 1.2 m in diameter and 15.0 m high.
 

5. A powerhouse equipped with a set consisting of one turbine, ge
nerator, and switcqboard. The installed capacity is 35 kW at the design
 
discharge of 0.1 m /s and effective head of 60 m.
 

6. Transmission line system including transformers, high-voltage
 
and low-voltage lines.
 

The electricity generated is supplied to 230 households in three vil
lages of Tambon Pa Miang. The total construction cost is 2,577,150 Baht
 
(US $ 112,050), in which 1,275,731 Baht (US$ 55,467 ! is a grant from
 
USAID. Besides this budget, the villagers in the Mae Ton Luang project
 
area also contributed to the project by providing part of the labor force
 
and some local construction materials.
 

When considering the installation, operation, and fuel costs of the
 
diesel power plant of the same capacity as the benefit of the Mae Ton
 
Luang micro-hydropower project, the economic analysis shows that the
 
benefit-cost ratio of the Mae Ton Luang project is 1.82:1. That is, the
 
project is economically feasible.
 

Similar to the Kam Pong project, the participation of the villagers
 
in the construction work of Mae Ton Luang project also yielded indirect
 
benefits as mentioned in Chapter 4, Section G.
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The main difficulty arising in the implementation of Mae Ton Luang
 

project was the delay in the purchase and delivery of the generating equip

ment. This led to the delay in the operation schedule.
 

C. THE HUAI PUI PROJECT
 

The Huai Pui project is located in Tambon Long Khod, Amphoe rao,
 

Chiang Mai Province. The catchment area is approximately 11.6 km . The
 

main features of the Huai Pui project include :
 

1. A concrete gravity weir, 3 m high and 16 m long with intake
 

structure and sluice gate at the right abutment.
 

2. An asbestos cement headrase 0.30 m in diameter and 1,450 m
 

long. The desiqn discharge is 0.1 m /sec.
 

3. A steel penstock 0.30 m in diameter and 165 m long.
 

4. A powerhouse equipped with a set of turbine, generator and switch

bgard. The installed capacity is 50 kW at the design discharge of 0. 1
 

m /s and design head of 85 m.
 

5. Transmission line system consisting of step-up and step-down
 

transformers, high-voltage and low-voltage lines.
 

The electricity produced from the Huai Pui powerhouse is supplied to
 

250 households in Tambon Long Khod. The total construction cost is appro

ximately 2,972,000 Baht (US $ 129,217) in which 1,030,921 Baht (US S
 

44,823 ) is a grant from USAID. Similar to the Kam Pong and Mae Ton
 

Luang projects, the villagers in Huai Pui project area also contributed
 

in the form of supplying labor force and some local construction materials.
 

With a benefit-cost ratio of 2.09:1, the Huai Pui project is considered
 

to be economically feasible.
 

Besides the benefit from electric power generation, the implementa

tion of the Huai Pui project also has some indirect benefits as a result
 

of villagers, participation.
 

The main problems encountered in the implementation of Huai Pui pro

ject result from the mountainous topography of the project area. This
 

caused great difficulty in the installation of the headrace and resulted
 

in the delay in project operation.
 

D. THE BO KAEO PROJECT
 

The Bo Kaeo project is located in Tambon Bo Kaeo, Amphoe Samoeng,
 

Chiang Mai Province. The main features of the project include!
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1. A concrete weir 2 m hig.i and 15 m long with intake structure
 
and sluice gate for sediment release.
 

2. A steel headrace, 200 m long and U.40 m in diameter.
 

3. A steel penstock, 0.40 m in diameter and 600 m long.
 

4. A powerhouse equipped wit two sets of turbines, generators
 
and switchboards, each of which has an installed capacity of 100 kW. That
 
is,the total installed capacity of Bo Kaeo project is 200 kW.
 

The electricity generated from the Bo Kaeo project is mainly supplied
 
to the Tin Mine of the Mining Industrial Organization. However, four
 
small villages situated near Bo Kaeo powerhouse will also be served by hhe
 
Bo Kaeo project. Since most electricity from the Bo Kaeo powerhouse would
 
be supplied to the Tin Mine, the construction work wa; carried out by a
 
contractor without villagers' participation.
 

The construction cost of the Bo Kaec project is approximately 6,142,500
 
Baht (US $ 267,065), of which 1,500,000 Baht (U7 $ 65,217) is contributed
 
by USAID. The economic analysis reveals that the benefit-cost ratio of Bo
 
Kaeo project is as high as 3.64:1. Tnat is, the project is considered
 
economically feasible.
 

The major problem encountered during the construction phase of the
 
8o Kaeo project was the poor accessibility to the project area, and the
 
contractor had to construct a new access road to the site. Another problem
 
was the delay in the purchase and delivery of a transformer which resulted
 
in a dela in project operation.
 

xxii 



RECOMMENDATIONS
 

In investigating the implementation of the four micro-hydropower
 
projects mentioned above, the following recommendations can be made.
 

1. All the data necessary for the project design and planning should
 
be carefully collected and recorded prior to the approval for the imple
mentation of the project. The collected data should 
include :
 

- Topographic map of thie project area in an appropriece scale
 
showing the sites for a weir and 
a powerhouse as well as the location of
 
the villages that will receive the electricity generated from the project.
 

- Detailed profile along 
the routes of the headrace and the
 
penstock.
 

- Geologic structures at the weir site, the routes of 
the headrace
 
and the penstock, as well as the site for the powerhouse.
 

- Socio-economic structure of 
the nearby villages, emphasizing
 
the requirement of electricity for productive use.
 

- Hydrological data of the stream where the weir will be con
structed.
 

2. With respect to hydrological study, an appropriate method should
 
be adopted in order to obtain 
as reliable data as possible. More tield
 
observation and data collection should be conducted 
to obtain the most sui
table value of the design discharge. Detailed investigation of hydrologi
cal characteristics of the region with consideration of several potential
 
sites for micro-hydropower development should be conducted by the 
respon
sible agency.
 

3. 
 Since most of the potential sites for micro-hydropower develop
ment are located in a remote area where the accessibility is rather poor,
 
operation and maintenance problems shoula be carefully considered in 
the
 
design stage.
 

4. The implementation schedule should 
take into consideration the
 
time period needed for each task, including the purchase and delivery of
 
construction materials, and equipment, the available manpower, the nature
 
of the project area, and project features.
 

5. Villagers' participation should be maintained since valuable
 
indirect benefits result. In addition, some training program should be
 
offered for those staff who are responsible for projects with this kind
 
of work organization.
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Chapter 1
 

Introduction
 



INTRODUCTION 

This report summarizes all information related to the development

of four micro-hydropower projects in Chiang Mai Province. 
These four,
 
the Kam Pong, Mae Ton Luang, Huai Pui and Bo Kaeo Projects, were imple
mented with financial support from the United State& Agency for Inter
national Development (USAID) and with technical assistance from the
 
National Energy Administration (NEA)
 

A. HISTORICAL BACKGROUND
 

A sharp increase in the amount of fuel oil consumed and increases
 
in the price of fuel oil during the past decade has greatly affected
 
the economic situation in Thailand. A major use of fuel oil has been
 
to produce electricity. There are approximately 20 fuel oil plants dis
tributed throughout various parts of Thailand and 83% of all imported

crude oil has been used in electricity generation (Elliott,1981). In
 
order to relieve the nation's dependency on this imported oil for power

generation,' considerable effort has been made to locate other natural
 
resources available within the country. Several large-scale hydropower

projects have been implemented. However, potential sites for these
 
large-scale hydropower projects are limited. 
Therefore, small-scale
 
hydropower projects are now being considered.
 

The National Energy Administration (NEA), which is the governmental

organization responsible for all aspects of energy planning and develop
ment, has included an Energy Master-Plan in the Fifth 5-Year (1982-1986)

National Economic and Social Development Plan, in which small-scale hy
dropower projects are emphasized in connection with development of rural
 
communities in remote areas. In total 25 projects ranging in size from
 
275 kW to 6,000 kW have been identified by NEA as the most promising
 
small-scale hydropower projects for the first 5-year Plan.
 

In addition to the above mentioned small-scale hydropower projects,
 
NEA has currently planned for developing several micro-hydropower projects

in various parts of the country. Among these, 300 sites in the Ping

River Basin in Northern Thailand were identified. In a recent study

by TEAM (1983), on the "Master Plan of Mini/Micro Hydropower to Replace

Diesel Power Plants", 40 potential mini/micro hydropower sites were con
sidered. The TEAM study revealed 29 sites which are economically suited
 
for further detailed study for engineering works. An economic analysis

of the projects shows the benefit-cost ratio (B/C) ranges from 1.094
 
to 2.568.
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Since most of these projects are located in relatively isolated
 
areas, and due to the imited budget for development of these projects,
 
it was decided to have local people participate in the construction,
 
operation, and maintenance a. much as possible. A number of the micro
hydropower projects were implemented with financial support from USAID,
 
technical assistance provided by the NEA and the cooperation of the local
 
people. In addition, information concerning construction cost, problems
 
in construction, operation and maintenance, etc., could also be collected.
 

The results obtained from the development of the four micro-hydropower
 
projects in Chiang Vai Province, the center of Northern Thailand, are
 
presented in this report. These four projects are the Bo Kaeo Project,
 
the Kam Pong Project, the Huai Pui Project and the Mae Ton Luang Project.
 

B. NEED FOR THE PROJECT
 

Due to a rapid expansion of rural electrification, the demand for
 
electricity in Thailand has greatly increased. According to the records
 
of the Electricity Generating Authority of Thailand (EGAT), the demand
 
for electric power consumption has increased from Y48.35 MW in 1970 to
 
2838.00 MW in 1982 and has been forecasted to be as high as 6,217 MW
 
in 1991. Similarly, the energy demand has increased from 4,095.32 GWh
 
in 1970 to 16,881.95 GWh in 1982 and is expected to reach 36,929 GWh
 
in 1991 (Table 1.1)
 

At present, the energy and power supply in Thailand comes primarily
 
from fuel oil which must be imported. In the past decade, the price
 
of this fuel oil has increased sharply. Therefore, in preparing electric
 
power development plans to fulfil this increasing demand, emphasis has
 
been placed on hydropower which is an available natural resource of Thai
land. A number of large hydropower projects have been implemented re
cently. The electric power generated from these projects are connected
 
to existing transmission systems in order to cope with the requirements
 
from various regions of Thailand. However: due to limited water resources
 
for large-scale hydropower development for rural communities in remote
 
areas, these small-scale hydropower projects have been included in the
 
Fifth 5-year National Economic and Social Development Plan. These projects
 
are needed to help develop remote rural villages. They will be helpful
 
in encouraging the local populace to participate in the planning, decision
 
making and construction of the development projects which will improve
 
the living standard of their own village. Electricity generated from
 
these projects would be utilized for lighting, pumping water for irri
gation purposes, driving motors for domestic industries, etc.
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TABLE 1.1 EGAT'S TOTAL GENERATING REQUIREMENTS (EGAT, 1983) 

Peak Generation Energy Generation
 

Fiscal Year 

MW 

1970 748.35 

1971 872.70 

1972 1,028.80 

1973 1,199.30 

1974 1,256.30 

1975 1,406.60 

1976 1,652.10 

1977 1,873.40 

1978 2,100.60 

1979 2,255.00 

1980 2,417.40 

1981 2,588.70 

1982 2,838.00 

1983 3,292.00 

1984 3,708.00 

1985 4,070.00 

1986 4,41F.00 

1987 4,750.00 

1988 5,114.00 

1989 5,469.00 

1990 5,837.00 

1991 6,217.00 

_oad 

GWh
% Increase 


ACTUAL
 

17.26 4,095.32 


16.62 4,792.88 


17.89 5,711.16 


16.57 6,872.84 


4.75 7,258.62 


11.96 8,211.57 


17.45 9,414.48 


13.40 10,950.62 


12.13 12,371.67 


7.35 13,964.56 


7.20 14,753.73 


7.09 15,959.97 


9.63 16,881.95 


FORECAST
 
13.87 19,330.00 


12.64 21,530.00 


9.76 23,761.00 


8.48 26,017.00 


7.59 28,048.00 


7.66 30,245.00 

6.94 32,384.00 

6.73 34,611.00 

6.51 36,929.00 
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Factor 
% Increase 

21.32 62.47 

17.03 62.69 

19.16 63.20 

20.34 65.42 

5.61 65.96 

13.13 66.64 

14.65 64.87 

16.32 66.73 

12.98 67.23 

12.88 70.69 

5.65 69.48 

8.18 70.38 

5.78 67.91 

10.52 67.03 

11.38 66.28 

10.36 66.64 

9.49 67.27 

7.81 67.41 

7.83 67.51 

7.07 67.60 

6.88 67.69 

6.70 67.81 
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C. OBJECTIVES OF THE STUDY
 

The main objectives of the four micro-hydropower projects in C'.iang
 
Mai can be outlined as follows
 

1. To study the cooperation of local people in construction, opera
tion and maintenance of micro-hydropower development projects;
 

2. To establish local organizaticns which are most suitable for
 
implementating other micro-hydropower projects in Thailand;
 

3. To have local people in remote rural areas participate in deve
lopment projects which are aimed at improving their standard of living;
 

4. To generate electric power for the rural communities by making
 
use of available natural resources which will in turn reduce the need
 
to import fuel oil from foreign countries.
 

D. SCOPE OF THE STUDY
 

The development of the four micro-hydropower projects in Chiang
 
Mai Province includes the following tasks :
 

1. To conduct an investigation into the suitability of the sites,
 
taking into consideration location and topography, available water re
sources, demand for electricity, existing electrical supply and distri
bution of the electrical system, etc.;
 

2. To conduct the planning, design and specification for each
 
project;
 

3. To establish local organizations for project development;
 

4. To carry out the construction work and to purchase and install
 
the mechanical and electrical equipment;
 

5. To conduct an economic analysis and cost estimation;
 

6. To identify problems encountered during construction, operation
 
and maintenance of the projects and to provide suggestions for solving these
 
problems; and
 

7. To conduct socio-economic studies, scrutinize the cooperation of
 
local people concerning project development, and evaluate the suitability
 
and effectiveness of the established organization and the overall impact
 
of the project on the villages and people involved.
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E. OUTLINE OF THE REPORT
 

This report summarizes all available information relating to the
 
development of the Kam Pong, Mae Ton Luang, Huai Pui, and Bo Kaeo micro
hydropower projects, all of which are located in Chiang Mai Province.
 
The report is divided into 10 chapters. In Chapter 2, the existing docu
ments and previous studies relating to micro-hydropower projects are
 
reviewed and summarized. Chapter 3 states the concepts and criteria
 
used in the design of these four micro-hydropower projects. Chapters
 
4, 5, 6 and 7 present the data concerning design, construction, cost 
estimation, socio-economic aspects, operation and maintenance of the
 
projects at Kam Pong, Mae Ton Luang, Hluai Pui and Bo Kaeo villages, res
pectively. The discussion and evaluation of the results of the development 
of these four projects are presented in Chapter 8. Conclusions and recommen
dations are presented in Chapter 9 and 10, respectively. 

F. SIGNIFICANCE OF THE STUDY
 

There are many constraints in developing micro-hydropower projects.
 
These constraints include the high cost of the project and problems in
 
3peration and maintenance. Many projects are not economically feasible.
 
In order to lower the construction cost of the project, participation
 
of the villagers is needed to reduce the labor cost. Use of locally
 
made equipment, including turbine, generator, transformer, switchboard,
 
etc., will also reduce the project cost since most locally made products
 
are cheaper than those from foreign countries. The study of the four
 
micro-hydropower projects in Chiang Mai Province will provide information
 
on the cooperation of local people in the implementation of the project,

which will in turn lead to the selection of an organization of the other
 
micro-hydropower projects. In addition, more information concerning
 
actual construction cost, as well as problems encountered in construction,
 
operation and maintenance will be gained. This will be very useful in
 
the planning and design of other micro-hydropower projects.
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REVIEW OF THE LITERATURE 

In this chapter, existing documents and reports related to mini
 
and micro-hydropowe. development projects in Thailand are reviewed and
 
summarized. 
 Most of these projects are planned by NEA, the organization
 
responsible for all energy development programs in Thailand.
 

A. SMALL HYDROPOWER PROJECTS IN THE RENEWABLE ENERGY 

ACCELERATION PLAN (NEA, 1981)
 

The NEA has currently planned to develop several small hydropower
 
projects to cope with the increasing energy demand in the rural area.
 
According to the first five-year Renewable Energy Acceleration Plan (1982
1986), twenty-five small hydropower projects are 
planned to be constructed 
by the end of fiscal year 1986. Most of these projects ire located in 
Northern Thailand. A list of these 25 projects and their installed capa
city is shown in Table 2.1. Total installed capacity is 55,385 kW with 
annual energy production of 217.51 GWh. These 25 small hydropower projects 
include 19 iiewly proposed hydropower projects of NEA and 6 turbine install
ation projects of EGAT. Total construction cost of these projects is 
estimated to be 2,295.34 ,% (ibout US$ 99.H M) . About 1,823.74 Mo (US$ 
79.29 M) will be from llEA.'!s annual budget and the remaining 461.60 Mv 
(US$ 20.07 M) will be from EGAT. The installed capacity of these projects 
varies from 275 kw to 6,000 kW whereas the c,)nstruction cost .re. i,m

25 to 307 1.t (US$ 1.09-13.35 M). On the average, the construction cost 
per kW of the installed capacity is 53,362 Baht (US$ 2,320) . The average 
energy production cost is estimated to be 1.66 Baht (US$ 0.07) per kwh. 
This is much cheaper than the energy production cost of the diesel and 
crude oil power plants of the same capacity which is abor t 2.82 Baht 
(US$ 0.12) per kWh (NEA, 1981).
 

B. THE PLANNING OF MINI/MICRO-HYDROPOWER PROJECTS
 

IN THAILAND (MONGA,1981)
 

This paper was presented in the Workshop on Small-Scale Hydropower
 
Technology Applications in Asian Rural Setting which was held at the
 
Asian Institute of Technology, Bangkok, during June 8-12,1981. It sum
marizes the present state of hydropower facilities in Thailand, and the
 
country's total potential and development plan. An outline of technological
 
considerations in the planning process is provided, together with a dis
cussion of the economic aspects involved and the availability of funding
 
sources for small hydropower development.
 

II
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TABLE 2.1 TWENTY FIVE SMALL HYDROPOWER PROJECTS OF NEA (NEA,1981) 

Instal led Annual I Estllated I Est Imln'.i0 

No. Project Lcation Capacity 
1kW) 

Energy 
(cwh) 

C istim-I',It, [2 
Co'st (M I 

Bnieftt-Cont 
,11 Il/C) 

I Nam Mae Sa Nga Mae long q n 2,000 B.20 FiO.9] .) 

2 lual Mae Suk Chli-n Mlai 40(0 2.1, 10.11 1,1,1 

3 Pranburi Dn, i',-'haoh Kirjkhan 2,500 1I.5,4, . '( ..4/ 

4 1amMae S0'rin th". 11l( I q,,, 275 .HO ?1.Fin I. 11 

5 lam Ta Kongl)Dmrk,6", Raolhasima 2,500 11.56 112.51 1.9 

6 11am Mae KhgI M-n Son 400 2. 5m '41. 51 (. in 

7 Iluai lie Th Chnq Pai 2,200 9.05 74.84 2.46 

8 1lain Mae 9a1 Ch~inq Mai 2,100 6.10 7Q.29 2.00 

9 Uan, Mae Ma, Mhi.aaiMi 1 6,000 17.30 269.29 1.34 

o Klong la lhanl Nqrl 1,040 4.37 54.61 1.96 

I N- U, Dim S.kol -tllkhon 1,120 4.91 60.15 1.17 

12 l,,nrq Ai Suia' Trhani 2,700 11.12 111.69 1.73 

13 l,,n Pa olenl-q iN'kh,,nllaliima 930 4.07 53.45 1.09 

14 Na, Ma- Y" Chianq Mai 1,500 6.22 61.10 1.77 

19 tlm HiM Wng Chian' Mlii 6,000 27.85 170.53 2.63 

16 11- Mae Pim Chilarg Mi1 2,800 11.0? ((8.97 2.21 

17 IIha.i Wang Kia.q K:inh,-b.larL 1,000 6.41, 55.39 . 56 

II Phit wiuk Donm Phi tsafulok 3,530 15.44 90.00 2.80 

II long I ,,, il Sac g S00 4.15 40.771 1. 4 

20 Nam Mae Suai Ch iang llat 5,600 36.16 306.96 1. 11 

21 tl1amMa Kiang Cliai 9 Mal 3,000 11.211 101.17 2.03 

22 1am Mae Ngat Chainq Mal 1,120 5,00 117.00 1 .11( 

27 Mae Kueng Danm' Ch~iang MHal 4,800 12.0)2 108.00 2.06 

24 Klong Nla Plmng Nqa 970 4.08 67.75 1.16 

25 1am Mae Tun Chlang Hal 400 2.70 27.66 2.21 

Total 55,385 217.51 2,285.34 

Remark L. C,'t rftimaltedin 1981 

(2 23 (,ht I US.$ 

[3 TIrinje jinstal latl,,i projects of EGAT. 
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According to this paper, in 1981 there were about 276 diesel genera
ting plants throughout the country with about 90 MW capacity. These
 
plants consumed about 33 million liters of oil a year. Many of them
 
were operated for only a few hours a day and since a large number
 
of them were rather old, the reliability of supply could not be guaranteed.
 
Therefore, mini and micro-hydropower projects were considered to replace
 
these diesel plants in the areas where the development of mini-and micro
 
plants were proved feasible.
 

Since there is no clear definition regarding the terminology
 
of micro, mini, medium or large hydropower projects, the following de7i
nitions were proposed in this paper.
 

Type of Plant Installed Capacity
 
(kW)
 

Micro less than 100
 
Mini 100 - 6,000
 
Medium 6,000 - 20,000
 
Large more than 20,000
 

References to small hydropower projects usually mean micro- or mini
hydropower piojects, i~e. hydropower projects with installed capacity
 
lower than 6,000 kW.
 

C. ENERGY NEEDS IN RURAL DEVELOPMENT : THE CASE FOR
 

MINI-HYDROPOWER (CHULLAKESA,1981)
 

This paper was presented in the Workshop on Small-Scale Hydropower
 
Technology Applications in Asian Rural Settings. It viewed the role
 
of mini-hydropower in serving the energy needs of rural regions from
 
the perspective of the current efforts of the Provincial Electricity
 
Authority (PEA) to provide electricity to 95 percent of all villages
 
in Thailand bv 1990. Most of the villages will be connected to the
 
national grid, except for very remote villages which will be served by
 
other means. It is thought that mini-hydropower offers the best means
 
to serve this purpose. PEA has initiated its mini-hydro program with
 
two pilot facilities as examined in this paper.
 

According to this paper, the PEA has set up a Mini Hydro Generation
 
(MHG' Subprogram which is integratud with the Accelerated Rural Electri
fication (ARE) Program (as shown in Table 2.2). The MIG program will,
 
over a period of 14 years, cover about 500 potential stations with 1-MW
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and below at a total investment cost of about US$ 500 million. 
The PEA's
 
MHG program is intended to be a simple system, using a standardized design,

and runoff type systems suitable for operation in remote areas. The
 
PEA policy of MHG development is to install an alternative source of
 
supply to the ARE Program, instead of simply expanding from the grid
 
system, and to replace the existing diesel generating plants wherever
 
it is proved to be feasible from a least-cost calculation estimate.
 

TABLE 2.2 
 INVESTMENT PROGRAM FOR ACCELERATED RURAL ELECTRIFICATION
 

AND MINI-HYDROPOWER PROJECTS OF PEA
 

Number Estimated Investment (M%)
 

Subprogram Time of
 Total Foreign Local
 

Villages Project Component Component
 

ARE Project-First Stage 1977-82 5,200 2,195.0 941.0 1,254.0 

ARE Project-Second Stage 1981-85 8,000 5,524.6 2,138.6 3,386.0 
(+MHG) 

ARE Project-Third Stage 1984-88 3,700 5,130.0 2,250.0 2,880.0 
(+MHG) 

ARE Project-Fourth Stage 19B7-91 (MHG) 6,070.0 2,700.0 3,370.0 

ARE Project-Fifth Stage 1990-94 (MHG) 1,340.0 596.0 744.0 

Total Program 18 Years 16,900 20,259.6 8,625.6 11,634.0
 
(+MHG) 'US$880.8M) (US$375.Om (US$505.8M)
 

Remarks 1. Total ARE Villages in Stage 1,2,3 
 = 16,900 villages 
2. Total MHG Stations in Stage 2,3,4,5 = 500 stations 
3. Total Investment For 'RE Villages = 10,275.5 Million Baht 

(US$446.8M)
 
4. Total Investment For MHG Stations 
 = 9,985.0 Million Baht 

(US$434.lM)
 
5. ARE = Accelerated Rural Electrification Project
 
6. MHG = Mini Hydro Generation Project
 
7. Use Exchange Rate of US$ 1.00 = 23.00 Baht.
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D. SMALL HYDRO IN THAILAND (MCCLENNAN, SEONI,
 

AND RATNARAK,1984)
 

This paper was presented in the First International Conference on
 
Small Hydro organized by International Water Power & Dam Construction
 
in Singapore in February 1984. It summarizes the results of the studies
 
carried out by the Electricity Generating Authority of Thailand 
(EGAT)

and its consultants to develop the hydroelectric potential of a number
 
of irrigation dams in the country. The purpose of the paper was to docu
ment the analyses carried out 
for six of these sites, both to illustrate
 
a general approach and to identify some of the key considerations for
 
constructing hydro plants at existing irrigation facillities. 
 The common
 
elements among projects and the factors which made them unique were iden
tified.
 

The six sites mentioned in this paper include Chao Phraya Dam, Mae
 
Ngat Dam, Lam Ta Kong Dam, Vajiralongkorn Dam, Phitsanulok Dam and Utta
radit Dam. 
Each of these six projects was briefly described. The ele
ments of the reconnaissance level analysis were mentioned which included
 
(a) walkover investigation, (b) calculation of benefits, and 
(c) calcula
tion of costs. Finally, the elements of the feasibility level analysis
 
were described which included 
(a) general approach, (b) selection of
 
equipment, (c) calculation of benefits, (d) calculation of costs, and
 
(f) economic evaluation.
 

With these six irrigation projects selected for the feasibility
 
study of adding power generation, three projects were rejected on the
 
basis of reconnaissance level analysis. The remaining three -- Chao
 
Phraya, Mae Ngat and Lam Ta Kong 
-- were picked for feasibility level
 
analysis. Economic evaluat 4 -i revealed that the internal rates of re
turn for Chao Phraya, Mae N: .:-and Lam Ta Kong Projects were 18.7, 15.2
 
and 13.8 percent, respectively.
 

The outcome of the studies is that Lam Ta Kong was shelved for the
 
time being, Mae Ngat is under construction, and Chao Phraya is awaiting
 
final approval from the Government of Thailand.
 

E. MASTER PLAN OF MINI/MICRO HYDROPOWER TO
 

REPLACE DIESEL POWER PLANTS 
(TEAM,1983)
 

This master plan study was 
carried out by TEAM Consulting Engineer

Co.,Ltd. and submitted to NEA in August 1983. The purpose of the study

is to identify promising mini/micro-hydropower projects to replace the
 
existing dieiel power plants scattered throughout rural Thailand. The
 
aim of the study is to find a long-term solution to the costly electri
city generation by the diesel power Plants which depend on 
imported oil.
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Altogether, there are 40 potential mini/micro hydropower sites consi
dered ir this master plan study. Among these, 29 sites were justified
 
economically suitable for further detailed feasibility study and engi
neering works.
 

The selection of the sites was done primarily based on 1:50,000
 
topographic maps prepared by the Royal Thai Survey Department and then
 
was checked by field surveys. Layout of project components was made
 
for each selected site. These project components include a low head
 
diversion weir, an intake to the conveyance channel, a penstock and
 
a powerhouse.
 

The hydrologic study was carried out on the basis of regional ap
proach. Regional flow duration curves for the Northern, Northeastern
 
and Southern regions were developed from available streamflow records.
 

Cost cstimation of each selected mini/micro hydropower project was
 
based on the quantity estimates of the typical layout with key dimensions
 
varied from site to site.
 

In conaucting economic juitification of the hydropower projects,
 
two bases were considered. For the isolated system, comparison with
 
the diesel power plant was made. Only one project was evaluated with
 
this basis. In case of interconnected system, the economic justification
 
was undertaken on the basis of comparison between the system which would
 
be supplied by the national power system of EGAT alone and the system
 
which would be supplied by the national power system of EGAT with power
 
reinforcement by the mini/micro hydropower project.
 

It was recommended that the 29 sites which were considered economi
cally feasible should be subjected for further work and detailed engineer
ing layouts and designs should be undertaken together with the revision
 
of the economic feasibility study with more accurate cost estimates.
 
For those remaining sites, it was still recommended that those load centers
 
be hooked-up to the national transmission grid because they would be
 
more economical than utilizing existing diesel plants.
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DESIGN CONSIDERATIONS 

In this chapter, the criteria used in selecting a suitable site plus
 
the basic design concepts for micro-hydropower development are described.
 
The methodology used in hydrological study, designs of civil works, me
chanical works and electrical works, as well as an economical analysis
 
of the micro-hydropower projects are also included.
 

A. CRITERIA FOR SITE SELECTION
 

The selection of an appropriate site for micro-hydropower develop
ment requires consideration of several factors which can be outlined as
 
follows (Elliott, 1981 ; TEAM, 1983) :
 

1. Access to the site should not be too difficult, so that
 
plant construction, operation, and maintenance can be attained with low
 
transportation ccst.
 

2. The powerhouse should be located at a reasonable distance,
 
(preferably not more than 5 km) from the consumers.
 

3. The project should be located in a remote area which is some
 
distance from the existing distribution system, but still be close enough 
to be easily connected into the existing distribution system. This will 
serve people in the rural areas and will also prevent the introduction 
of a diesel generating plant. 

4. The project should be located in an area where the existing 
electric supply is through diesel generating plants. This will help 
replace old and inefficient diesol generating plants and will also re
duce oil consumption.
 

5. The project should be situated in an area where there are
 
promising uses of electricity, such as the use of electric pumps for
 
irrigation and local industries.
 

6. The project should be connezted with one which already exists,
 
i.e., an irrigation project currently considering the possibilities of
 
installing turbines and generators for its own expansion.
 

7. The project should be located in an area where local residents
 
are willing to co-operate in the planning, construction, operation and
 
maintenance of the p:-oject.
 

8. The project should correspond with the development plan of
 
the village, and the effects of the project on village development
 
should be taken into consideration. The selected site should not present
 
any adverse effects -inthe usual practices of the local people.
 

. . - . 
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9. The province where the project is situated should be respon

sible for project implementation, including the construction and in
stallation phase as well as operation and maintenance of the project,pro
vided that PEA has given technical and financial assistance for support
ing material and equipment costs which are not avilble in the local
 
area

10. The selected site should have a catchment area greater than
 
20 km so that the stream discharge will exist all year round.
 

11. To keep project cost low, sites which require a long po
wer canal and massi,, e-avation shon]d be avoided.
 

B. BASIC CONCEPTS USED IN MICRO-HYDROPOWER DEVELOPMENT
 

In this section the basic concepts for the designs and general lay
out, as well as the organizational plan for micro-hydropower development
 

are described.
 

Basic Design Concepts
 

In the development of a micro-hydropower project, the following as
pects should be considered during the design stage (Appleby and Kenneally,
 
1984)
 

Rc'iqbility
 

Reliability of the power plant is of utmost importance. Since most
 
small hydropower projects are located in remote areas, it is rather dif

ficult to get a well-trained engineer to repair the equipment or to find
 
spare parts. Therefore, the small hydropower plant should be carefully
 
designed and the installed equipment should be reliable and require very
 
few spare parts and a minimum of out of service time for repairing.
 

SimpZicity of construction and instaliation
 

As mentioned in the organization plan, the construction of the small
 
hydropower plant will he carried out by local residents with supervision
 
by a NEA engincer. Therefore it is recommended that the designs of the
 
plant should be simple to avoid difficulties in construction.
 

Simplicity of operation and ma~ntenanre
 

This aspect must be considered together with the reliability of the
 
plant. Automatic control of the machines can reduce the skills needed
 
in its operation. At the same time, replaceable plug-in modules will
 
make maintenance operations less complex.
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Availability of repair facilities, skills, and spare parts
 

These factors are very essential for the small hydropower project
 
which is located in a rural area. It is recommended that adequate work
shop facilities be provided in areas where there are several micro-hydro
 
power plants in operation to ensure the plants can return to operation
 
quickly whenever difficulties occur.
 

Safety
 

The safety of operating personnel, of the plant and of the environ
ment should all be considered in the design. The layout should be planned
 
to providesafe access to operational areas of the plant and to prevent
 
unauthorized access into high voltage areas. The prevention of high vol
tage and fire hazards must be considered carefully. Flooding conditions
 
must be taken into consideration locating the various electrical and
 
mechanical equipment, including the powerhouse.
 

Use of local materials and equipment
 

In the design, the availability of local materials for construction
 
should be considered in order to reduce transportation cost. In addition,
 
locally made equipment, including the turbine, generator and pipe, should
 
be used.
 

Familiar specifications and standards
 

The use of familiar specifications will avoid a cost penalty that
 
may be expected when contractors or suppliers are asked to bid for con
struction, installation, or equipment. Current standards used in Thai
land should be utilized.
 

Criteria for General Layout
 

For the selected sites for micro-hydropower development, the layout
 
of each project component (Fig. 3.1) should be made with the following
 
criteria in mind (Inversin, 1981 ; TEAM, 1983)
 

Weir
 

A weir is a structure placed across a stream to increase the upstream
 
water level so that water can be diverted, via an intake structure, into
 
a headrace at a determined rate. Its height should be as low as practi
cable to minimize construction cost. It must be designed to be adequately
 
stable when subjected to large floods. Large variations in stream flow
 
must be considered in the design. Selection of the site for the weir is
 
very important. Topographic and geologic conditions are significant fac
tors to be considered in locating the weir on the stream.
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FIGURE 3.1 COMPONENTS OF A MICRO-HYDROPOWER SCHEME
 

(AFTER INVERSIN, 1981)
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Intake
 

An intake is a structure to divert water, with controlled flow, from
 
the stream into the headrace while it minimizes the intake of heavy bed
load and floating debris. The intake should be designed so that enough
 
water can pass through to keep the pipeline full and to prevent air from
 
being drawn into the pipeline. The intake should be installed with a good
 
trashrack to prevent floating debris and stones from entering the pipe
line. It should be properly located, taking into consideration the na
tural tendency of the deposition of river sediment which will alter the
 
profile of the river bed. As part of the intake structure, a gate should 
be provided to cut off flow when maintenance or repair work is necessary.
 

Headrace
 

A headrace is a pipeline or power canal conveying water from the in
take to the forebay. The pipeline is more advantageous when ground slope
 
is too steep to construct a power canal. A pipeline can also prevent
 
sedimentation deriving from hillside slope rut or from falling debris.
 
On the other hand, the installation of a pipeline normally needs both
 
heavy construction equipment and the need to transport the pipes to the
 
project area.
 

Soil conditions and geological formations along the alignment of the
 
headrace must be stable enough so that the pipeline or power canal will 
not be damaged by landslides. The headrace should have as shallow a slope 
as economically possible in order to maximize the head remaining between 
the forebay and the turbine. Its cross-sectLional dimensions must be
 
large enough to carry the required flow.
 

Forebay
 

A forebay is a final settling area, with trashrack, just before the 
water enters the penstock. The forebay may be equipped with a gate to 
prevent water from entering tie penstock. As part of the forebay, a 
spillway should be provided to safely remove excess water. Tile forebay 
depth must be sufficient to prevent the formation of a vortex at the 
penstock entrance. 

Penstock
 

A penstock is a pipe used to convey water from the forebay to the tur
bine. Soil conditions and geological formations along the alignment of the 
penstock must be considered during installation. The size of the penstock 
and its strength must be carefully selected to prevent problems during 
operation. At those places where bending is necessary, a properly-designed 
foundation structure is needed. 

Powerhouse
 

A powerhouse is a shelter to house the turbine, generator, and asso
ciated control and electrical equipment. Generally, after performing a
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field investigation, a powerhouse can be suitably located. Topographic
 

features and the flooded level of 
the stceam must be considered in located
 

the powerhouse.
 

Tailrace
 

carry the spent water from tho turbine
A tailrace is a canal used to 


back to the river. The tailrace should be elevated from the river in
 

order to prevent a backlash of debris for the river during flooding periods.
 

Organization Plan
 

Due to iniadequate financial support, micro-hydropower development
 

will rely on commmunity participation and promotion by the productive
 

use of electricity. With this concept, the NEA has set the following
 

plan for micro-hydropower development.
 

Socio-economic survey
 

The NEA will conduct the socio-economic survey with emphasis being
 

placed upon the demand for electricity, existing electric supply, commu

nity participation, and available water resources for hydropower deve

lopment.
 

Promotion of community participation and decision making
 

This involves discussions with village leaders and villagers to en

sure their participation prior to implementation and to create a sense
 

of ownership where appropriate.
 

Detailed design
 

The NEA will conduct the field survey, site selection, and carry
 

out the detailed design and cost estimates, as well as prepare the
 

financial plan for implementation.
 

Construction
 

The construction of the project will be carried out by the local
 

residents in the area with close supervision by NEA's officials.
 

Budget
 

Part of the budget should be supported by the province or from the
 

electricity consumers, while the NEA will provide money for equipment
 

which is not available in the local area.
 

Establishment of co-operatives
 

The NEA will assist and advise in the establishment of co-opera

tives of the electricity consumers. The contract should be signed prior
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to construction so that community participation can be derived from the
 
beginning.
 

Training
 

The NEA will conduct a training program for the selected employees
 
to operate the plant and to run the co-operatives.
 

C. HYDROLOGICAL STUDY
 

Most of the selected sites for micro-hydropower stations are located
 
on small streams where streamflow records are rarely available. There
fore, some calculation methods must be developed to estimate the stream
flow parameters in order to determine the power potential of the site.
 
Two hydrologic parameters are normally required for micro-hydropower de
velopment. These are flow-duration data and peak flow. Flow duration
 
data are needed in evaluating the installed capacity of the plant, whereas
 
the peak flow is used in the design of the weir, the spillway, and in
 
placing equipment so that it will not be damaged during a flood.
 

Regional Flow-duration Curves
 

Regional flow-duration curves can be constructed by using the availa
ble streamflow data recorded at other existing gauging stations in the
 
same region. The monthly streamflow records of these gauging stations
 
are collected and used in the analysis. TEAM (1983) has developed flow
duration curves for the northern part of Thailand as shown in Fig. 3.2.
 
The ratio of stroamflow to mean annual streamflow is plotted against
 
time percentage with exceeding flow. If a mean annual flow of tie pro
posed site can be estimated, its streamflow at any time percentage can
 
be determined from this curve.
 

Mean Annual Streamflow
 

The mean annual streamflow of an ungauged site can be estimated by
 
various methods. Two methods of estimation are presented here.
 

Area ratio method
 

In case there exists a gauging station on the same stream the annual
 
streamflow at the site can be calculated proportionally to its respective
 
catchment area by the equation
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Q2 = QI(A 2 /A1) 

Where
 

QI is the mean annual streamflow at the gauging station
 

Q2 is the mean annual streamflow at the site
 

A is the catchment area at the gauging station
 

A2 is the catchment area at the site
 

Specific yield method
 

When there is no gauging station on the stream at all, the mean an
nual flow at the ungauged site can be calculated by the specific yield
 
method. The run-off factor of 
a nearby gauged basin can be applied to
 
the ungauged basin in association with the mean annual rainfall 
as
 
follows 	:
 

For gauged basin F Y1/1000 R1
 

For ungauged basin Y2 = 1000 F. R2 

and 	 Q = A.Y2 

Where
 

F = 	 run-off 

Y1 = 	 mean 9nnual yield of the gauged basin, 
mj/km 

Y2 = 	 mean annual yield of the ungauged
 
basin, m /km
 

RI = 	 mean annual rainfall of the gauged
 
basin, mm
 

R2 = 	 mean annual rainfall of the ungauged
 

basin, mm
 

Q = 	 annual streamflow of the ungauged 
stream 

A = 	 catchment area of the ungauged basin 

Design Discharge and Number of Generating Units
 

The adopted flow duration curve of the stream is used in determin
ing the design discharge. For a dam or weir with storage reservoir of
 
adequately high capacity, the design discharge can be close 
to the mean
 
annual streamflow. For the run-off river development project, the pond
age capacity is rather low, and during some months of the year the dis
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charge will be much lower than the mean annual value. In selecting the
 
design discharge for such installation the time percentage with exceed
ing flow must be specified, taking into consideration flow characteris
tics, etc. For the four micro-hydropower projects being studied, the
 
minimum flow in the dry season was considered in determining the de
sign discharge. In other words, 100 percent of time with exceeding flow
 
is used in the design.
 

Another solution for a run-off river development with variational
 
streamflow is to provide at least two or more sets of turbines and ge
nerators and controllable gate valves. Only -na turbine unit will be
 
operated during the dry season, and two or more units will be operated
 
in the wet season when more water is available. However, the load
 
characteristics must be carefully studied in this case.
 

Design Flood
 

The value of the design flood is used in determining weir height,
 
foundation structure, and spillway capacity. There are several methods
 
in determining the design flood. In this section, three methods which
 
are applicable to the small hydropower project with no streamflow gaug
ing stations are presented.
 

Envelope curve method
 

The envelope curve derived from hydrologic data recorded at existing
 
gauging'stations situated in the region is very useful in estimating the
 
design floods of a hydrop wer p~oject. This curve relates the values of
 
peak unit discharge (in m /s/km ) with the drainage area (in km ). The 
regional envelope iurves derived for the Northern Thailand are shown in
 
Fig. 3.3, which include the envelope curves derived by the Royal Irriga
tion Department (RID) and the curve adopted for mini/micro-hydropower
 
projects by TEAM (1983).
 

Rational formula
 

The rational formula is widely used in estimating the peak flow from
 
a given drainage area. This equation is written as
 

Q = CiA 

where
 

Q is the designed peak flow
 

C is the runoff coefficient
 

i is rainfall intensity
 

A is the catchment area
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The value of the rainfall intensity to be used in this equation is
Dbtained from the rainfall-duration curve at the identified recurrence
interval 
 which is normally in the range of 30-50 years for a microhydropower project. 
For the forest area, the value of C is approximately
 
0.15.
 

Empirical formula
 

Besides the above two methods, an empirical formula relating the
value of peak discharge to the catchment area of the basin is sometimes
used in estimating the design flood. 
 This empirical formula is obtained
from the analysis of streamflow records at some existing gauging stations
in 
the region. In estimating the design floods of 
the Kam Pong and Mae Ton
Luang projects, the empirical formula derived by Bunchob 
(1980) is used.
 
This equation is written
 

1 7
Q = 6.58 A0 . C 

where Qp is 
the value of the design flood (m3/s)

2
A is the catchment area (km


Effective Head
 

The effective head 
can be computed by subtracting losses from gross
available head. 
 These losses 
include entrance loss at 
an intake structure, head loss 
on water conveyance through a power canal, head 
loss in
a penstock, and other losses at valves and gates. 
 For the study based
on 1:50,000 scale maps, these losses 
can be simplified by taking into
account just 
two major losses, i.e., conveyance and flow through a penstock. 
 The gross head can be assumed to be equal 
to the difference between elevations of weir crest and 
tailwater. 
Since most of the selected
sites are run-off river type, the gross head can be considered constant
 
all year.
 

Installed Capacity and Energy Generation
 

The installed caPacity of the hydropower pldnt 
can be calculated
 
from the following expression
 

P =fQH 

P = the installed capacity, kW 

I = the total plant efficiency 
3the specific weight of water, 1,000 kg/m
= 

Q = 
 the design discharge, m3/s 
H = the effective water head, m 
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The total plant efficiency can be determined by taking into consi
deration hydraulic losses in the pipe line, valves, bending, etc. and
 
losses within the turbines, bearing, and generator. Normally, th' value
 
of total efficiency ranges from 0.6-0.8.
 

The annual energy generation of any plant can be obtained by mul
tiplying the ratio of average/design discharge by the product of installed
 
capacity and annual operating hours of the plant.
 

D. CIVIL WORKS
 

In this section basic design considerations for civil works of micro
hydropower development are summarized. Detailed design can be undertaken
 
only after field investigation has been conducted at the site and the
 
study of hydrological characteristics of the stream is complete.
 

Weir 

In order to minimize the construction cost, the weir height must
 
be properly selected. Selection of optimum weir height requires the
 
study of the relationship between construction cost and effective head
 
which will vary from site to site.
 

The material for weir construction can be masonry, concrete, earth,
 
or rocks. In selecting material for weir construction several factors
 
must be considered, e.g. availability of the material at the project
 
area or vicinity, characteristics of streamflow, river bed and stream
 
cross-section,size of weir to be constructed, etc.
 

The energy of the water flowing over the weir must be dissipated,
 
possibly by forming a deep stilling pond just downstream of the weir
 
or by placing a bed of sufficiently large stones there. If the river
 
bed is wide and the dry season flow is low, it might be desirable to
 
slightly slope the crest of the weir towards the intake in order 
to divert
 
the flow in that direction.
 

The design flood of the site is used in determining a weir height.
 
The relationship between the design flood, crest length of the weir,
 
and flood surcharge above the crest of a rectangular weir can be written
 
as follows (Chao, 1959)
 

2 
Q = Cd.L 2 . H 

3
where = the design flood, m /s 
L = the crest length of the weir, m 
H = the flood surcharge above weir crest, m 
g = the gravitational acceleration, m/s2 

Cd = the coefficient of discharge 
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When the effects of end contraction, channel side slopes, shape

of the weir crest, etc. are included, the following relationship can
 
be .Inoted
 

Q = L H 

3
where 
 Q = the design flood, m /s 
L = the crest length of the weir,m 
H = the flood surcharge above the weir crest,m 

= an empirical coefficient 

For a trapezoidal weir having a side slope of 1:4, 
the value of ce
 
is 1.85 (Khurmi, 1976).
 

Intake
 

The removal of sediment and debris which enters the headrace and
 
penstock is the principal operation and maintenance task assigned 
to
 
the civil works section. Therefore, it is recommended that as much silt,

bed-load, and debris be removed from the water as possible as 
it enters
 
the intake. A trashrack to keep out floating debris and stones 
is often
 
included. 
 Usually, this consists of vertical steel bars embedded across
 
the intake channel.
 

Several factors are to be considered in designing the intake. These
 
include direction and magnitude of flow, normal and flooded water levels,

bed-load characteristics, etc. 
 In order to minimize the inflow of bed
load, the intake should be placed as nearly perpendicular to the direction
 
of stream flow as possible and 
it should avoid any location within the
 
stream where a natural sediment deposition tendency exists. The bottom
 
of the intake channel should be raised above the river bed to prevent

the heavier bed-load from being washed directly into the intake.'
 

In order to halt the 
flow of water into the headrace and penstock

during maintenance work, 
 a gate should be provided. This gate will
 
also enable wviter flow to the turbine to be controlled. A sliding gate

is normally i.jed in for micro-hydropower projects. The discharge through

the gate opening can be computed from (Creager and Justin, 1950
 

Q = CA 2gT 

Where Q = the discharge 
A = the opening area of the gate 
g = the gravitational acceleration 
H = the head of water on the center line of the flow 
C = the coefficient of discharge 
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The value of C depends on the shape of the sluice and the velocity
 
of approach and can be found in some literature (e.g. Creager and Justin,
 
1950; Chow, 1959).
 

Headrace
 

The headrace is a canal or pipeline conveying water, often fgr a
 
relatively long distance, from the intake to the forebay. Topographic
 
features and geological foundations are the major factors used in the
 
layout and design of the headrace. Normally, the headrace should have
 
as shallow a slope or as low a head loss as economically possible in
 
order to maximize the head remaining between the forebay and the turbine.
 
Flow through the headrace is related to the slope or head loss per unit
 
length and The cross-sectional area of the canal or pipeline as follows
 

For open-channel flow in a canal (Manning Equation)
 

A(R s ) 

n 

where Q = the discharge in m 
3
/s 

A = the cross-sectional area of the flow, m 2 

n = Manning's coefficient 
R = hydraulic radius, m 
S = slope of the canal 

The value of n depends on the roughness of the canal bed. For con
crete lined canals, values ranging from 0.010 - 0.016 are applicable
 
(WPCF & ASCE, 1970).
 

For pressure flow in closed conduit (Darcy-Weisbach Equation)
 

L(Q/Af

S f 8gR
 

where 	 S = head loss per unit length 
f = the resistance coefficient 
L = the length of the conduit, m 

3
Q = the discharge through the conduit, m /s 
2A = the cross-sectional area of the conduit, m 

g = the gravitational acceleration, m/s 2 

R = hydraulic radius, m 

The value of f depends on the flow condition (indicated by the Rey
nolds number) and the relative roughness of the conduit (Fig. 3.4).
 

In addition to the loss of head in the conduit or to the slope of
 
the canal, the stability of the canal bed (especially for an earth canal)
 
and the strength of the conduit will have to be considered in the design
 
of the headrace. Soil conditions and geological foundation along the
 
alignment of the headrace must be stable in order to ensure that the
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canal will not be damaged by landslides. The velocity of flow through

the headrace should not be too low (otherwise sediment carried by the
 
water will deposit) nor too high (or the bed of the headrace will
 
be eroded). Normally, a flow velocity ranging from 0.6-1.5 m/s is used
 
for an earthen headrace. For a concrete-lined canal or a pipe conduit,
 
a higher flow velocity can be used in the design if it does not cause
 
too much loss in water head.
 

Forebay
 

The forebay is the enlarged body of water just before the water
 
enters the penstock. It is normally equipped with a gate for cutting

off water to the penstock during maintenance work and it has a spillway

for releasing excess water not desired in the penstock.
 

The forebay is generally constructed of concrete. Its size should
 
not be too large otherwise its cost will be higher than necessary. The
 
size of the forebay can be determined from the demand of the turbine
 
and from fluctuations of flow through the headrace. 
 For a micro-hydro
power project which is a runoff-river plant, the flow through the intake
 
can be adjusted to provide the maximum flow required by the turbine.
 
During times when less power is used, excess water would overflow the
 
forebay spillway. The forebav will also act as 
a settling area; there
fore, appropriate gates and trashracks should be provided to drain the.
 
deposited sediment and to prevent the debris from entering the penstock.
 
Otherwise the turbine could be damaged.
 

Penstock
 

The penstock is a pipe used to convey the water from the forebay

to the turbine. Several types of materials can be used in the construc
tion of penstock pipe, e.g. asbestos-cement, prestressed concrete, poly
vinyl chloride (PVC), polyethylene, fiberglass, wood or steel. Selection
 
of the material depends on several factors including cost, local availabi
lity, required construction equipment, required strength, etc.
 

Head loss in the penstock can be computed using the equation of

flow in a closed conduit (Darcy-Weisbach Equation) as mentioned in
 
the section on "Headrace".
 

Powerhouse
 

The purpose of the powerhouse is to support and house the hydraulic

and electric equipment. It can be divided into two sections (Creager
 
and Justin, 1955) as follows :
 

a) The substructure used to support the equipment and to provide the
 
necessary waterways
 

b) The substructure or building used to house and protect the equipment.
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The powerhouse of a micro-hydropower plant can be constructed of
 
a variety of materials, e.g., wood, brick, or concrete. There should
 
be ample clearance in the powerhouse between different pieces of apparatus.
 
The foundation of the substructure which support the heavy equipment
 
must be properly designed in order to avoid uneven settlement which
 
might result in non-alignment of the turbine-generator set.
 

Tailrace
 

Normally, the tailrace has received less attention than other fea
tures of the hydroelectric plant. This has resulted in an increase
 
in operation and maintenance work at some plants. Therefore, a careful
 
study of tailraca should be undertaken at any site where a plant is
 
being considered. The records on the fluctuation in tailwater elevations
 
at different discharges are necessary for the layout and design of the
 

tailrace.
 

E. MECHANICAL WORKS
 

In this section, various factors to be considered in the design,
 
selection, and installation of the mechanical works of the small hy
dropower plants are described. These mechanical works include the
 
pipeline and turbine.
 

The Pipeline
 

The pipeline is of great importance to the performance of a micro
hydropower plant. The design of the pipeline should receive adequate
 
attention; otherwise, operational difficulties could occur.
 

The pipeline should be installed in such a manner ds to avoid any
 
adjustments of the pipeline in the future. It should be installed away
 
from the stream so that it will not be damaged by floods. It should
 
also be buried at least 0.6 m in depth (Kitching, 1981).
 

The pipeline should be installed with a revent pipe located both
 
near the intake and wherever air can get trapped in the pipeline; other
wise, the effective head will be decreased, resulting in the turbine's
 
power output being drastically reduceu.
 

The Turbine
 

There are two basic types of hydraulic turbines, namely the impulse
 
type and the reaction type. The impulse turbine utilizes the kinetic
 
energy of a high-velocity jet which acts upon only a small part of the
 

36
 



circumference at any instant. The reaction turbine develops power from
 
the combined action of the pressure and velocity of the water that com
pletely fills the runner and water passages. The reaction group is
 
divided into two general types, the Francis and the propeller type.
 

In this study four well-known types of turbines will be briefly
 
described. These include the Pelton turbine, the cross-flow turbine,
 
the Francis turbine, and the propeller turbine.
 

The Pelton Turbine
 

The Pelton turbine is a modern impulse type which is usually res
tricted to relatively high head applications. One or more jets of water
 
will impinge on a wheel containing many curved buckets, producing a
 
force on the buckets and resulting in a torque on the shaft. All of
 
the available head is converted to kinetic energy at the nozzle and
 
any kinetic energy leaving the runner is lost. It is therefore essential
 
that the buckets are designed in such a manner that exit velocities
 
are at a minimum. (Arndt,1981).
 

The Cross-FZow Turbine
 

The cross-flow turbine, also known as the Banki-Mitchell turbine,
 
is another type of impulse turbine. In the cross-flow turbine, the
 
flow passes through the blade row twice, first at the upper portion
 
of the wheel and again at the lower portion. The flow exits the blade
 
in the opposite direction from the first pass. (Arndt,1981).
 

The Francis Turbine 

The Francis turbines are of the reaction type. The water enters
 
from a casing or flume with a relatively low velocity, passes through
 
guide vanes or gates located around the circumference, and flows through
 
the runner, from which it discharges into a draft tube which is sealed
 
below the tailwater level. All the water passages are completely filled
 
with water, which acts upon the whole circumference of the runner. Only
 
a portion of the power is derived from the dynamic action obtained by
 
water velocity. A large portion of the power is obtained from the diffe
rences in pressures acting on the front and back of the runner buckets
 
(Pfau and White, 1955). The Francis turbines are of the radial or mixed
flow type, depending on the design specific speed. The radial-flow
 
type is a low specific speed design, whereas the mixed-flow type achieves
 
peak efficiency at considerably higher specific speed (Arndt, 1981).
 

The Propeller Turbine
 

This type of turbine is inherently suitable for low-head applica
tions. The higher speed of this type of turbine results in a lower
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cost generator and 
somewhat smaller powerhouse substructure. The pro
peller turbine is further subdivided into two types; namely the fixed
blade type and the adjustable-blade type. The fixed-blade propeller

type unit has a high efficiency at a point near full load, but the effi
ciency drops off rapidly as the load decreases. The installation of

the fixed-blade propeller type 
runner should therefore be limited to
 
developments where the units may be operated at a point near maximum
 
efficiency. The adjustable-blade propeller type is anevolution of the
 
fixed-blade propeller type. One of 
the best- known units of this type

is the Kaplan unit, in which the blades may be rotated to the most effi
cient angle by a hydraulic servomotor. 
By reasons ut its high efficiency

at all gate openings, the adjustable-blade propeller-type unit is parti
cularly applicable to low-head developments where conditions are such
 
that the units must be operated at varying load and varying head.(Pfau
 
and White, 1955).
 

Performance ComParoonZ 

Performance characteristics of various types of turbines depend

on the designs. It is obvious that the 
configuration changes with speed

and head. This can be expressed in terms of peak efficiency versus
 
specific speed. Impulse turbines are 
efficient over a relatively narrow
 
range of specific speeds, whereas the Francis turbines have a wider
 
useful range. 
Variable geometry is an important consideration when
 
a turbine is required to operate over a wide range of loads. 
 Fig. 3.5
 
shows the range of application of various types of turbines 
(Arndt,1981).
 

F. ELECTRICAL WORKS
 

The electrical works of a micro-hydropower project start at the
couplings which drive the generators and include the generators, control
 
switch-boards and wiring, transformers and distribution system. 
This
 
section briefly reviews basic considerations for 
the design and selection
 
of electrical equipment for the micro-hydropower project. 
More details 
are available in the paper written by B. Jackson which is presented in 
the Workshop on Small-Scale Hydropwer Technology held at A. I.T. in 1981.
 

The Generators 

The generator is a machine that transforms mechanical energy into
electrical energy. The essential 
features of the generator are (1)
 
a field or assembly of magnets arranged to produce a magnetic flux,

and 
(2) an armature or assembly of electric conductors arranged across
 
the rath of the magnetic flux. 
 The field and armature are so mounted
 
that by the application of mechanical force a relative motion is produced

between the magnetic flux and the electric conductors, and this motion
 
induces an electromotive force in the conductors.
 

Two major types of alternating current (AC) generators for electri
city supply are (1) synchronous generators, and 
(2) induction generators.
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FIGURE 3.5 RAN~GE OF APPLICATION OF VARIOUS TYPES OF TURBINES 

(AFTER ARNDT, 1981) 

The Synchronous Generator 

In the synchronous generator the magnetic flux is achieved by apply
ing a direct current (EC),source across the rotor field coils. When
 
the mechanical torque through the shaft of the turbine moves the rotor, 
the rotating magnetic flux will induce a voltage potential in the stator
 
Coils. The synchronous generator is very common in micro-hydropower
 
development. It is normally required for isolated operation, high capa
city installation and power factor improvement.
 

The Induction Generctor 

An induction generator is normally used in conjunction with a large
 
system, at an installation with low capacity and high generator speed
 
and for those applications which do not require power factor correction.
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Performance Comparison 

In evaluating whether or not an induction generator or a synchronous
 

generator should be used, it is important to establish not only the
 

effect upon the system of absorbing excitation but its cost. Some loca

tions may not be suitable for supplying the reactive power, such as
 

a remote location or one near the end of a distribution line. In general,
 

the power factor and the efficiency of induction generators are higher
 

for high-speed than for low-speed machines. A rule of thumb guide,
 

which may be conservative for the induction generators, is that they
 

should be used in applications below 600 HP and above 600 r.p.m. (Jackson,
 

1981).
 

Generator Selection 

In selecting the generators for the micro-power development, the
 
following fa-Lors should be considered (Jackson, 1981).
 

1. The generator should be able to handle the load without un
necessary apparatus for staggered load switching ;
 

2. It should be able to maintain the voltage during all expected
 
power factor loads, thereby reducing the need for high efficiency motors
 
and/or oversized transmission cables;
 

3. It should be able to generate the electric power efficiently
 
under all load conditions; and
 

4. it should have proper insulation for local climate and use.
 

The Transformers
 

The transformer is a device used in transferring electrical energy
 

from one AC circuit to another AC circuit, usually of a different voltage.
 

The essential features are (1) a primary winding which receives energy
 

from the supply circuit, (2) a secondary winding which delivers energy
 

to the receiving circuit, and (3) an iron core common to both windings.
 

The windings are so arranged on the core that an alternating current
 
in the primary (from the supply circuit) induces a magnetic flux in
 
the core, which in turn induces an alternating current in the secondary.
 

Besides the above mentioned essential features, the power transform

ors will also include a cooling system to prevent excessive temperature
 
rise.
 

40
 



Control Systems
 

The regulation of the frequency and voltage of alternating current
 
electricity permits the use 
of this energy with maximum efficiency.
 
That is, electrical motors work best at their design voltage and frequen
cy. The controlled frequency and voltage of energy provides protection

of the user's equipment against failures arising from insulation breakdown,
 
overheating and burnout.
 

Governors
 

The system frequency is regulated by the turbine's governor. The
 
governor senses the systems operating conditions, compares this to the
 
desired conditions, and adjusts sy'stem controls accordingly.
 

Governors can either regulate the input flow to the turbine or
 
the output load on the generator, and they can either sense the system
 
load or the generator speed.
 

Most governors sense generator spe d and regulate the flow to the
 
turbine runner. In broad classifications, speed controllers can be
 
categorized as :
 

- All electric;
 
- All mechanical;
 
- Electro-muchanical;
 

- Electro-hydraulic;
 
- Mechano-hydraulic; or,
 

- Electro-mechano-hydraulic.
 

In the last fo,.r classifications, the prefix term refers to the
 
type of speed sensing and the suffix term refers to the type of actua
tion or servomotor. There are nine parameters for evaluating the go
vernor needs of s7-ll and micro-hydro installations
 

- Cost;
 
- Output work;
 
- Speed control;
 
- Stability;
 
- Droop;
 
- Maintainability;
 
- Cold start;
 
- Local manufacturing capability; and
 
- Load sense control.
 

An essential function of a governor is to insure that all of the
 
rotating parts are designed to withstand prolonged runaway under maximum
 
head conditions with the gates wide ugen.
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A constant load system is another type of governor. The regulator
 
keeps the sum of the system demand load constant and constantly keeps
 
the load dissipated into ballast resistors. This constant generator
 
load, with a constant turbine head, will give a constant shaft speed.
 
The advantages associated with this type o7 control are : (1) The elec
tronic current sensing and load switching is very quick; (2) The magnitude
 
of frecrincy changes in the rotating equipment is very small; (3) Tfhere 
are fewer moving parts and thus a reduced probability for mechanical
 
malfunctioning; (4) Instantaneous inductive load, such as motor starting, 
is reduced because of the availabi]igy of excess power in the ballast. 
These constant load governors are generally less expensive than flow
 
regulating governors for single phase generators.
 

The disadvantages associated with constant load regulation are 
keyed to resource utilization. Capacity based on a high percentage
 
availability of stream flow wastes the flow with lower availability. 
The constant load system has no droop capability or partgate regulating 
capability. Without droop, the synchronizing of two or more small tur
bines will not be possible. Load sharing modules are available for 
electric speed governors and may he adapted to constant load controllers. 

Switchgcai 

For single unit small hydroelectric installation, the switchgear
 
will consist of the cienerator circuit breaker, plus a disconnect switch,
 
a line circuit breaker and metering equipment.
 

Breakers 

Breakers are classified by type, voltage class, continuous rated
 
current and interrupting capacity. In packaged small turbine-generator
 
units, the generator circuit breakers are usually provided by the 
manu
facturers.
 

Packaged units usually include indicating meters to provide infor
mation on voltage levels, current levels, watts, arid frequency. It
 
is recommended that waLt-hour meters be added to this standard package 
so that the total energy output of an installation can be evaluated. 

Protection Systems
 

When planning a protection scheme, one usually starts by dividing
 
the electrical system into zones of protection. Protection devices
 
are then specified tc "see" all faults or other abnormal cnditions
 
in its zcne. Zones should overlap to provide back-up protection in
 
case the primary protection device fails to operate.
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The level of protection planned for an electrical installation
is a function of the investment being protected. Even though the basic

problems associated with protecting large generators 
. so applies to
small generators, it is not cost effective to require the same degree
 
of sophistication.
 

Generators are rarely damaged when they are provided with reasonable
 
protection. 
Yet failures do occur and with very serious consequences.
 

Obviously, one has to protect against faults and lightning. 
Addi
tionally, if the generator voltage becomes too high, it indicates that
 
the voltage regulator may not be functioning correctly and the unit

should be shut down before the insulation is damaged. The over-voltage

relay is al!no back-up protection for overspeed.
 

Protection of induction qCnCator 

A general rule-of-thumb guide concerning protecting induction gene
rators is 
to use the same protection as you would for 
the same size
 
induction motor.
 

An induction machine draws an in-rush current 
7 t& 10 times its
rated current. Consequently, the overcurrent protection must be set
 
very high for starting. Instantaneous overcurrent relays should be
set above the minimum in-rush current, and thermal 
(time delayed) over
current settings should be at 
least 120% of the rated output current.
 

One characteristic of an induction generator is 
that the output
will delay 
within a few cycles after the machine has been short cir
cuited. For a three-phase machine, this means 
a fault on one or two
phases will cause 
the machine to operate in an unbalanced way. Single
phasing of three-phase induction generators by the operation of single
phase protective devices 
(a practice commonly used on rural distribution
 
systems) 
can damage an induction generator. Hence, single-phasing pro
tection should only be used 
on systems with single-phase protection
 
devices.
 

Protection of synchronousgenerators 

The protection of a small synchronous generator is similar 
to induction generator protection, but there are 
some significant differences.
 

-
 For the synchronous generator possible synchronizing surges
willbe smaller than the in-rush currents in i.,uucLion machines. 
The
 
maximum current output will only occur as a result of a fault in the
 
system;
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- The synchronous generator can supply a continuous fault current. 
Unlike the small induction generator, the synchronous generator fault 
current must be interrupted by an overload or undervoltage device; and 
circuit breakers with shorter closing time; 

- Finer three pole operation are preferred to achieve better
 
synchronizing control.
 

For large generators (over 100 kW) protection against the follQwing
 
hazards should be considered :
 

- Faults in windings (differential relays);
 
- Overheating of windings or bearings;
 
- Failure or loss of field for synchronous machines;
 
- Monitoring of generator (requires from 0.2 to 2.0% of rated
 

kW depending upon the type of turbine);
 
- Single-phase or unbalanced current operation;
 
- Out-of-step relays for interconnected synchronous units;
 
- Synchronizing check relays.
 

Distribution System
 

The AC electric-power from a micro-hydropower plant is usually
 
transformed to a higher distribution (primary)voltage, transferred
 
to system loads over the distribution lines, then transformed down
 
to the service (secondary )voltage where it is used by consumers. The
 
cost for distribution facilities will be a major part of the hydro
electric project, unless a distribution system presently exists with
 
some other power source. Distribution costs can account for about
 
50% of the capital cost required to serve rural consumers. Hence,
 
a good understanding of the distribution system as part of a mini or
 
micro-hydropower project is essential for a sound feasibility study.
 

A well-desiqned distribution system minimizes the initial capital
 
cost, the annual energy losses, the operating cost, and the future
 
capital cost when building for system growth. The planner is initially
 
faced with several different combinations of design voltages, line
 
conductor sizes, and system configurations which all could perform
 
adequately. In addition, the planner must consider factors such as
 
reliability, safety, and land use impacts which are not easily quanti
fied. Mathematical expression can be used to determine the most econo
mical choice; but the number of factors is so high that the expressions
 
become complicated, difficult and unsatisfactory. Therefore, NRECA
 
offers the following general guides for approaching a distribution
 
system plan.
 

Interconnection with an oxisting distribution system
 

Interconnecting a small hydroelectric generator to an existing
 
distribution system must be done with regard to the safety, electrical
 
protection, and service quality of the existing system.
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Many existing distribution lines are protected by reclosers which
 
respond to faults by briefly de-energizing the line, and then reclosing
 
to restore service in the likely event that the fault was temporary.
 
This operation may be repeated up to three times before the recloser
 
"locks out", leaving the line de-energized. If a hydro unit feeds
 
directly into a line protected by a recloser, the alternate disconnect
ing and reconnecting may result in damage to the generator because
 
of excess current or abrupt torque changes. Whenever a recloser is
 
used near a small generator, the effects of the recloser operation
 
on the generator should be investigated.
 

When interconnecting with a small isolated distribution system

that may have an existing small generating unit, the operating charac
teristics of the new and existing units must be examined to ensure
 
that the units can be operated simultancously. Speed droop charac
teristics must be coordinated to ensure that one generator will not
 
'monopolize" the other.
 

When a small hydro unit is interconnected with an existing system,

and in the event of a fault in the existing system, the hydro unit
 
will supply a portion of the fault current. Hence, the protective

devices must be recalculated and set to account for the additional fault
 
current. Before workers can go out to repair the faulted line, it
 
must be ensured that the generating unit cannot feed back into the
 
faulted line, thus endangering the public and line crews. Generally,
 
it is recommended that the hydro unit be de-energized and kept out
 
of service until a faulted line is repaired or safely isolated from
 
the system.
 

Voltage selection
 

Generally, a higher voltage has greater construction costs and
 
gives less reliable service. A lower voltage design has greater energy

losses and requires a larger conductor to distribute the same quantity
 
of power. As these factors tend to balance each other, the most impor
tant consideration in voltage selection is a national standard. A
 
standard national distribution voltage will offer the following advan
tages :
 

- Standardized designs;
 
- Less spare parts inventory;
 
- Isolated systems will be easier to intezconnect into a national
 

grid in the future;
 
- Neighboring systems can share spare parts, mobile transformers,
 

etc; and,
 
- Markets will develop for possible local manufacturing of hardware.
 

The development of national distribution voltage standards should
 
be encouraged where they do not presently exist.
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Conductor size selection
 

Various charts and graphs for determining the optimum conductor
 
size for given voltage levels, future loads, conductor lengths, and
 
desired voltage regulation are given in distribution handbooks. However,
 
to reduce a multiplicity of conductor sizes, warehouse items, and overall
 
operation and maintenance procedures, the following guidelines are
 
recommended :
 

- For main three-phase feeders, a conductor with plenty of 
excess 
capacity (such as a 1/10 ACSR) should be used. Main feeders affect
 
all consumers. Therefore, A cost slightly in 
excess of the most economi
cal wire is justified; 

- For all taps, one corductor size (such as a 4 ACSR) for both 
the primary and neutral conductors should be used. This will simplify 
warehousing operations and maintenance procedures; 

- For secondary lines, a 1/10 ACSR and a 4 ACSR should be matched 
with the distribution transformer capacity; 

- A standard insulated conductor for service drops should be 
used. 

By minimizing the number of conductor sizes, one also minimizes
 
the number of connector sizes, splices, and maintenance activities.
 

Pote stucture selection 

Where suitable timber products are available, a full pressure

treated wood pole may be produced for 50% less than equivalent con
crete support structures. Although spun, pre-stressed concrete poles
 
can be produced to any desired specification, an average concrete pole

of comparable size is twice the weight of a wood pole and has one
third less tensile strength.
 

Breakage in transportation over country roads is minimal for wood
 
poles but becomes a measurable factor with concrete poles. Wood pole

attachments are simple, which simplifies field framing. 
The attachments
 
for concrete poles are more expensive and have reduced insulation levels.
 
A wood pole can be handled more easily in the field with simple equip
ment and requires no special foundations.
 

Long-lasting wood poles can be produced locally in many areas
 
at appreciable savings, thereby contributing to the advance of rural
 
electrification and to the development of new small businesses.
 

Route selection
 

The following criteria should be considered in selecting routes
 
for distribution lines :
 

- The existence of all-weather roads for main three-phase feeders;
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- The existence of at least seasonal roads for single-phase taps;
 
and,
 

Comsumer density.
 

During the first phase of electrification through a rural area,

high consumer densities will yield maximum returns from initial invest
ments. 
This is always a desirable approach. Next, one should solicit
 
potential consumers in or near existing facilities in the following Irder
 

1. Those who may be connected directly from existing secondary
 
facilities;
 

2 Those who may be connected through the extension of existing
 
secondary facilities;
 

3. Those who may be served from existing lines with the addition
 
of a transformer to the secondary facilities; and,
 

4. Extensions of primary lines of 
no more than two spans.
 

Systems maps should be developed indicating consumers, single-phase,
 
and three-phase distribution lines.
 

Mete2s 

Customer meters add to the overall cost of the project and some

rural systems have elected to operate without them. In such cases, each
 
system consumer pays a standard monthly rate regardless of the amount
 
of energy used. Eventually, a few large consumers have used most of
 
the system energy and, in effect, are subsidized by the other consumers.
 
To prevent this inequity, consumer meters should be installed on larger
 
loads.
 

G. 
 PROJECT COST AND ECONOMIC EVALUATION
 

All four micro-hydropower projects under investigation are isolated
 
hydropower projects which only serve the demand in the project area.
 
The economic analysis is made by comparing the hydropower plant with
 
a diesel power plant of the same capacity. That is the construction
 
and operational costs of the diesel Power plant are considered the benefit
 
of micro-hydropower project.
 

Project Cost
 

Construction cost, equipment cost, as well as 
the administration,

operation and maintenance costs are all considered 
parts of the project
 
cost. In this study, the operation and maintenance cost of the ciril
 
works is estimated to be 1.0 percent of the construction cost. For the
 
electricity transmission system, the value amounts to 5 percent of the
 
investment cost (NEA,1982).
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Project Benefit
 

As mentioned above, the construction cost and the operational cost of
 
an equivalent diesel power plant are considered as the benefit of the deve
lopment project in economic analysis. The cost of the diesel power plant
 
includes plant installation cost, cost of the transmission system, opera
tion and maintenance cost, and fuel cost. The amount of fuel used is con
sidered proportional to the units of energy produced. The amount of 0.33
 
liter of diesel oil is estimated to be used for each kWh of electric energy
 
production (NEA, 1982). The unit price of diesel oil of 6.70 Baht (US$ 0.29)
 
per liter is considered in estimating the fuel cost.
 

Economic Analysis
 

The following assumptions are made in an economical feasibility
 
study of the micro-hydropower projects.
 

1. The service life of all civil structures in the project is 30
 
years, the service life of turbines and generators is 25 years, the service
 
life of the diesel plant is 15 years, and the service life of the trans
mission and distribution system is 15 years.
 

2. The investment in the transmission and distribution system
 
(including the transformers of the diesel plant installation) is the
 
same as those of the micro-hydropower development project.
 

3. The interest rate is 12 percent per year.
 

Based on the above assumptions, the annual equivalent costs of the
 
micro-hydropower plant and the diesel power plant are determined, taking
 
into account the annual depreciation, operation and maintenance cost,
 
and fuel cost. The benefit-cost ratio of the micro-hydropower project
 
is then obtained by dividing the annual equivalent cost of the diesel
 
plant by the annual equivalent cost of the micro-hydropower plant.
 

H. OPERATION AND MAINTENANCE
 

Operation and maintenance works are very essential in micro-hydro
power development. In this section, ope..ation and maintenance of four
 
main components of micro-hydropower development (as discussed by Gary
 
Kitching in the Workshop on Small-Scale Hydropower Technology Applications
 
in Asian Rural Settings) are presented. The four components to be men
tioned include the pipeline, turbine, generator and the turbine-generator
 
combination.
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Pipeline
 

The maintenance of a pipeline should be very minimal. 
The important
 
consideration is the intake. 
One must ensure that as little silt as
 
possible goes down the line.
 

The pipeline must be flushed after construction and before the turbine
 
is connected. All debris should be totally flushed out so there
that 

is nothing left in the line that could damage the turbine runner. There
 
have been cases where, after the turbine has been started, a rock or
 
piece of wood comes down the line, plugs the nozzle, and blows up the
 
pipeline. The pipeline, in this circumstance, would not have blown up
 
if it had been flushed out prior to operation.
 

As previously mentioned, the pipeline should have a revent pipe
 
near the intake, and anywhere else the air can get trapped in the pipeline.
 
The accumulation of air in the pipeline will reduce the effective head
 
and thus lower the power output of the turbine. The plant operator must
 
release the trapped air with the revent pipe from time to time.
 

The Turbine
 

The operation and maintenance of the turbine are often concerned
 
with its bearings, shafts, wheel or runner. 
Also, problems associated
 
with various types of turbines will be discussed in this section.
 

There are several types of bearings that can be used on a turbine.
 
There are heavy-duty tapered bearings, spherical bearings, regular ball
 
bearings, and sleeve-oil bearings. The heavy-duty tapered bearings are
 
probably the best to use with small hydroelectric plants because of their
 
high thrust-carrying ability and their radial 
load capability. These
 
are also the safest bearings to use. The outside of the roller is extreme
ly hard but the center is soft, which prevents the roller from shattering.
 
These bearings work exceptionally well for turbines that are left unattended
 
for long periods of time.
 

Spherical roller bearings also have a high radial and thrust-carry
ing capability, but not as high as heavy-duty tapered bearings. 
 These
 
bearings are often used when a shaft is misaligned, and are suitable
 
provided the bearings are properly sized.
 

Pegular ball bearings can be the most problematic because of the
 
small contact area of the ball in the cone. 
 These bearings have very
 
little thrust-carrying capability and can shatter easily because the
 
balls are hardened all the way through. These bearings are not practical
 
when a turbine is to be left unattended for a long time.
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Lastly, the sleeve-oil bearings are probably the most efficient
bearings to use. One hindrance is that the bearings require an oil pump
which must be watched. If neglected, the bearings could lose their oil
 
and destroy the entire system.
 

A second factor to consider when selecting a bearing is the type
of seal that is required. 
 Rubber seals should be avoided. These can
be blown off with a high pressure grease gun which will totally destroy
any sealing capability of the bearing. 
The best type of seal to use
 on a bearing is one with a labyrinth seal. Bearings with this type of
seal will not be blown out because they allow excess grease to weep out
of the bearing. 
This type of seal will also have a longer life-span
 
than other seals.
 

The shaft is another very important part of the turbine. 
 It can
create some of the biggest problems for the turbine operator. If the
shaft becomes bent, it can destroy the bearings and possibly the runner.

The best protectijn against bending is 
to be very generous with shaft
sizes. 
 It is the shaft size, not the type of metal used, that determines
 
bending moment.
 

One other area 
to look at when selecting the shafting is how well
it fits the bearings. If 
a shaft is several thousandths of an inch under
size when the set is screwed on 
the bearings it could run eccentrically
 
and cause vibrations.
 

The wheel, which is also 
referred to as 
the runner, requires very
careful selection. 
 There are several 
types of runners available : impulse,
Turgo, Francis, propeller and cross-flow runners. 
The impulse runner

(Pelton type) 
is about the easiest to operate because the turbine housing
is not pressurized. The construction of 
an impulse wheel is very important
in order to increase both its lifetime and 
its safety. 
The best runner

is a one-piece casting of either stainless steel 
or manganese bronze.
Cast iron should not be used as it is very brittle and could fracture
 
with explosive force.
 

The Turgo runner is similar to the impulse runner except that the
jet of water striking the Turgo wheel hits the wheel at an angle which
 
creates a very complicated bearing arrangment.
 

The Francis runner is usually used on medium and high heads with
large flows of water. This runner 
suffers from caitation because the
entire runner is covered with water all the time. 
This turbine is also
under pressure inside the housing. Therefore the water seal is more
 
of a problem.
 

The propeller turbine operates very well with low head and high flows.

Unfortunately these turbines also suffer from cavitation eventually.

If the proper stainless steel is used in the runner it will greatly increase
the turbine's life span. 
 In most cases the propeller runner will require

less maintenance than the Francis runner.
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The cross-flow turbine will also suffer from some 
cavitation, and
 
care should be taken in the selection of the turbine so that it will
 
suit the site. This type of turbine can 
work 1ell if used properly,
 
as it 
is best used with low heads.
 

The maintenance of different types of turbines can be as different
 as the turbines themselves. The impulse and Turgo both need very little
 
maintenance after they are in operation. About the only tasks that are
 necessary are greasing the bearings and operating the valves once a month.
 
With other types of turbines such as the propeller, Francis and cross
flow,itis important to check with the manufactures. They will know the
 
exact maintenance required to maintain peak efficiency.
 

The impulse type of turbine will require much less maintenance than
 
any other type because it is designed so 
that the runner is operated

in a large chamber with a generous amount of room surrounding it. If
 
the bearings should work themseleves loose, the runner will not strike
 
anything. With the propeller, Francis and cross-flow type of turbines
 
the runners have 
a very close tolerance between the 
runner and the turbine

housing. In 
some cases this spacing can be as small 
as just a few thousandths
 
of an inch. If something were to happen to 
the bearings or the shaft,
 
the turbine could be destroyed very quickly.
 

The Generator
 

Maintenance of the generator should entail very little except normal
 
greasing. The bearings in the generator are usually good for several
 
years but the manufacturer should be consulted for any special maintenance
 
that may be required.
 

The generator can be regulated by either internal transformer regu
lation, which can maintain the voltage within 5 percent without any external
 
regulation, or by external electronic regulation, which can 
maintain
 
the voltage to within 1 percent. 
This is very good for the operr.tion

of delicate instruments, whereas the internally regulated generator is
 
very good for motor starting.
 

The Turbine-Generator
 

The turbine-generator combination can use 
three types of drives.
 
They include belt drives, gearboxes and direct drives. 
The need for
 
overspeed protection will be explained.
 

In most cases the belt drive is the best choice because it is easily

maintained and requires little knowledge to install. 
 Gear drives can
 
be very expensive and create enormous problems due to their complexity

in construction. Gear drives should only be used when there is 
no other
 
choice. When the drive is over 200 HP, 
a direct drive is not possible.
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It is usually best to choose a direct drive if the turbine speed
 
can bematched with the speed of the generator (The wheel size may have
 
to be altered to match the speeds). This is worthwhile in turbine sets
 
of over 125 kW, due to the fact that belt drive in that power range is
 
not really feasible.
 

Overspeed is one of the biggest dangers to the operation of the
 
generator, since most generators can only withstand about 25 percent
 
overspeed and runaway on a turbine is 100 percent of operating speed.
 
Runaway can be avoided by simply having a deflector to deflect the water
 
away from the runner. However, this can only be accomplished with impulse
 
turbines. With turbines such as the propeller and Francis types, it
 
is very difficult to control overspeed, since the water cannot be diverted
 
away from the runner. Consequently, overspeed control becomes very expen
sive as a water bypass needs to be used on these types of turbines.
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Chapter 4
 

Design and Construction
 

of Kam Pong Micro-Hydropower Project
 



DESIGN AND CONSTRUCTION 

OF KAM PONG MICRO-HYDROPOWER PROJECT 

The Kam Pong micro-hydropower project is one of the projects with
 
financial assistance from USAID. It is located in the Chiang Mai Pro
vince. The construction of civil works started in February 1983 
and
 
was completed in December 1983. The installed capa:.ity is 
40 kW. It
 
is now operational and the electric power is distributed to the users
 
in Kam Pong village. In this chapter, the details of the design and
 
construction of the Kam Pong project are described.
 

A. LOCATION AND TOPOGRAPHY
 

The Kam Ponq micro-hydropower project is located at Kam Pong village,

Tambon Huai Kao, Amphoe San Kampaeng, Chiang Mai Province at a dis ance
 
of approximately 50 km northeast of the city of Chiang Mai. 
 The terrain
 
in this area is very rugged. The project is situated on a small stream
 
that originates in the mountainous part of the area. The catchment area
 
at the weir site i about 6 km2 . Most of the area is covered with dense
 
forests. Agricultural lands are limited due to very steep slopes in
 
the area. Fig. 4.1 shows the location and topography of the Kam Pong
 
project area.
 

B. SOCIOLOGY AND COMMUNITY STRUCTURE
 

In this section, the characteristics of Kam Pong village are described
 
Most of the data presented here were retrieved from the survey report

of the Energy Economics Division, NEA. The survey was conducted in April
 
1983. About 38 percent of the total households were randomly selected
 
for interviewing during the field survey.
 

Households and Population
 

Kam Pong village consists of 7 small groups; namely Pang Nai, Pang

Tone, Pang Khon, Pang Klang, Pang Nok, Pang Kae and Pang Pueng. The
 
households and population in each of these groups are tabulated in
 
Table 4.1. Altogether, there are 118 households with 490 inhabitants
 
(in April,1983).
 

Village Characteristics
 

Kam Pong village has existed for more than 100 years. The first
 
group of residents here migrated from the northern part of the Democratic
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TABLE 4.1 NUMBER OF HOUSEHOLDS AND POPULATION
 

Village 	 Number of Number of
 

Households Population
 

Pang Nai 	 34 
 153
 

Pang Tone 10 42
 

Pang Khon 12 49
 

Pang Klang 17 
 65
 

Pang Nok 18 
 73
 

Parl Kae 
 12 
 48
 

Pang Pueng 15 
 60
 

Total 	 118 490
 

People's Republic of Laos. 
They came to settle at Pang Tone. When the
 
population increased, the settlement was expanded to Pang Khon. After
 
that, the northern people from nearby districts moved into the 
area to
 
occupy lands for agriculture and set up other groups. 
At present, there
 
are 
7 groups, each group is approximately 1 km apart, These are 
:
 

Pang Nai This group is located in the northern most part of the
 
village.
 

Pang Tone This group is located south of Pang Nai. The headman
 
of the village and his assistant live here. There is a Buddhist temple
 
in this group.
 

Pang Khon This group is located beyond Pang Tone. There is a
 
school here.
 

Pang Klang This group is located beyond Pang Tone. There is 
a
 
school here.
 

Pang Nok This is'the center of Kam Pong village and the Kam Pong
 

Micro-hydropower project is located here.
 

Pang Kae This group is situated south of Pang 1ok.
 

Pang Pueng This is the southernmost group located next to Pang
 
Kae and is the latest group established.
 

The dwelling units in Kam Pong village were simply constructed using

construction materials available in the local area. 
 However, some new
 
houses were constructed with materials from the city of Chiang Mai. 
Photos
 
4.1 through 4.6 illustrate the characteristics of Kam Pong village.
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PHOTO 4.1 THE ACCESS ROAD VIA PONG DIN ENTRANCE
 

ro 

PHOTO 4.2 A BIRD'S-EYE VIEW OF THE KAM PONG VILLAGE
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PHOTO 4.3 KAM PONG VILLAGE AT THE WEIR SITE 

PHOTO 4.4 ROAD IN KAM PONG VILLAGE
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PHOTO 4.5 ACCESS ROAD TO THE POWERHOUSE 

PHOTO 4.6 ELECTRICITY DISTRIBUTION NETWORK IN KAM PONG VILLAGE 
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Education
 

Formerly there was no school in Kam Pong village since transportation
 
was very poor. Those who wanted to enter the school had to travel to
 
Tambon Huai Kao which is approximately 10 km from Kam Pong village. The
 
first primary school (Prathom 1 - Prathom 6) of Kam Pong village was
 
built in 1981 at Pang Khon. At present there are about 60 students and
 
7 teachers in this school.
 

Data obtained from the socio-economic survey conducted by the Energy

Economics Division, NEA, revealed that 65.3 percent of the residents
 
of Kam Pong village could read and write. Most (92 percent) finished
 
Prathom 1 - Prathom 4 level, 3.2 percent finished Prathom 5 - Prathom 6
 
level and only 4.7 percent studied beyond Prathom 6.
 

Occupation
 

With the exception of the Pang Pueng group, most of the residents
 
of Kam Pong village (more than 80 percent) earn their living from growing

chewing tea. In Pang Pueng, 80 percent of the residents workas laborers
 
in the Forest Plantation Office. Other major occupations of households
 
include trading, dress-making, etc. Table 4.2 tabulates percentages of
 
the household heads in Kam Pong village who are engaged in each type

of occupation. Besides these main occupation, more than 50 percent of
 
the household heads in Kam Pong Village are also engaged in secondary
 
occupations.
 

TABLE 4.2 MAIN OCCUPATION OF THE HEADS OF HOUSEHOLD
 

Ocu pationO pation Growing Laborersin Forest Trading 
Dress-

Others 

Village Chewing tea Plantation making 
Office 

Pang Nai 100.0 - - -

Pang Tone 80.0 - - - 20.0 

Pang Khon 75.0 - 25.0 - -

Pang Klang 87.5 - - 12.5 -

Pang Nok 100.0 - - - -

Pang Kae 80.0 - - - 20.0 

Pang Pueng 20.0 80.0 - - -

Overall Average 82.2 9.0 2.2 2.2 
 4.4
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Land Use and Land Holdings
 

The Kam Pong village is located within the Forest Reserve area and
 
therefore there are no ownership documents for the occupied lands in

this village. The villagers are, however, allowed to occupy lands for
 
cultivation and they have 
to pay tax for the occupied lands. About 80
 
percent of the occupied lands are used for growing chewing tea. 
 Another
 
4 percent is used for residential purposes. The remainder is used for
 
upland crop cultivation.
 

The average land holding in Kam Pong village is about 14.6 rai per
household. Pang Tone is highest (approximately 24 rai per household) where
as the amount of land holding at Pang Pueng is lowest (about'3.6 rai per

household).
 

Agriculture
 

As previously mentioned, the main occupation of most residents in

Kam Pong village is growing chewing tea. In addition, mushroom growing

has recently received much attention and some villagers consider it as
 
their secondary occupation.
 

Chewing tea growing
 

The chewing tea growing areas occupy the hilly area surrounding

the village. The height of the chewing tea is 2-5 m. 
The chewing tea

leaves are harvested during the day and these leaves are feated by steam
 
during the night. Chewing-tea harvesting usually lasts for 100-150 days
 
each year.
 

Table 4.3 tabulates the chewing tea planting area pez household
 
and its production in Kam Pong village. 
On the average, each household
 
has 10.0 rai of chewing tea planting area, and the annual production

is 425.08 kg per rai or 4,675 kg per household. The chewing tea is sold
 
to a merchant for 5-7 Baht (US$ 0.22-0.30) per kg. That is, each household
 
will earn about 30,386 Baht (US$ 1,321.13) each year from growing chewing
 
tea.
 

Table 4.4 shows the expenses in chewing tea production. On the
 
aerage, the overall cost is about 555 Baht (US$ 24.13) per rai. 
Taking

into account the average growing area of 10.0 rai per household, this

outlay costs about 5,550 Baht (US$ 241.30) per household. Therefore,

the net annual income from growing chewing tea is about 24,836 Baht (US$

1,079.83) per household.
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Mushroom growing
 

This occupation has received much attention recently since there
 
exists a mushroom growing center near the village. The villagers who
 
want to buy mushroom seeds must be a member of this center. 
The price
 
of the seed is 5 Baht (US$ 0.22) per piece of wood. The center will
 
buy the mushrooms from the villagers at 60 Baht (US$ 2.61) per kilogram.
 

Table 4.5 tabulates the mushroom production in Kam Pong village.
 
The overall average is 6.01 kg per household. About 0.76 kg is collected
 
for household consumption. With.a selling price of 60 Baht per kg,
 
the average income from mushroom growing is 315 Baht (US$ 13.70) per
 
household each year.
 

TABLE 4.3 CHEWING TEA GROWING AND PRODUCTION
 

Production Chewing tea Production 
 Income per house
plantin area hold *
 

Village (rai/household) kg/rai kg/household (Baht/year)
 

Pang Nai 14.29 601.87 8,600 55,900.00 

Pang Tone 15.80 240.22 3,795 24,667.50 

Pang Khon 7.94 591.04 4,693 30,504.50 

Pang Klang 8.88 457.39 4,062 26,403.00 

Pang Nok 9.29 357.34 3,320 21,580.00 

Pang Kae 6.40 446.49 2,858 18,577.00 

Pang Pueng 3.00 42.34 127 825.50 

Overall 10.00 425.08 4,675 
 30,385.50
 
Average
 

• Calculated on a selling price of 6.50 Baht per kg.
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TABLE 4.4 EXPENSES FOR CHEWING TEA PRODUCTION
 

Village 


Pang Nai 


Pang Tone 


Pang Khon 


Pang Klang 


Pang Nok 


Pang Kae 


Pang Pueng 


Overall 

Average
 

Planting Labor Cost
Area
 AraCost 

(rai/household) (Baht/rai) 


14.29 681.80 


15.80 250.60 


7.94 242.50 


8.88 609.20 


9.29 281.60 


6.40 312.50 


3.00 16.70 


10.00 468.20 


Fuel Cost 


(Baht/rai) 


67.00 


7.60 


2.20 


45.00 


31.40 


25.00 


-


39.30 


Maintenance 


Cot
(Baht/rai) 


60.00 


34.00 


21.80 


58.50 


43.70 


44.00 


2.70 


47.50 


Total Cost
 

Baht/rai Baht/house
hole
hold
 

808.80 11,557.75
 

292.20 4,616.75
 

266.50 2,116.00
 

712.70 6,328.75
 

356.70 3,313.75
 

381.50 2,441.60
 

19.40 58.20
 

555.00 5,550.00
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TABLE 4.5 MUSHROOM GROWING AND PRODUCTION
 

Production Production Household 
 Annual Income
 

Consumption (Baht/household)
 
Village (kg/household) (kg/household)
 

Pang Nai 1.11 0.17 56.40 

Pang Tone 4.40 0.40 240.00
 

Pang Khon 11.25 1.25 600.00
 

Pang Klang 17.50 1.88 937.20
 

Pang Nok - -


Pang Kae 10.00 2.00 480.00
 

Pang Pueng - -


Overall 6.01 0.76 315.00
 

Average
 

Household Economy
 

Household income
 

Besides incomes from growing chewing tea and mushrooms, the residents
 
in Kam Pong Village still earn 
some money from other occupations, such
 
as household industry, trading, land rentals, farming vegetable crops
 
and laborers. Table 4.6 shows household incomes derived from these
 
occupations in Kam Pong village. On the average, the total annual income
 
is 36,043 Baht (US$ 1,567.00) per household.
 

Household expense
 

Besides agricultural expenses (as shows in Table 4.4) the remaining
 
household expenditures in Kam Pong village can be classified into 3
 
categories, i.e. regular expenses, irregular expenses and investment
 
expenses (Table 4.7). The regular expenses, which are the expenses
 
for household consumption, are the biggest category accounting for 20,639
 
Baht (US$ 897.35) per household per year. The irregular expenses which
 
are the expenses for house repairs, etc., account for 5,693 Baht (US$
 
247.52) per household annually. The investment expenses,which were
 
mainly the outlay for merchandise, account for 572 Baht (US$ 24.87)
 
per household. Totally, these three categories of household expenses
 
account for 26,904 Baht (US$ 1,169.74) per household per annum.
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TABLE 4.6 HOUSEHOLD INCOME OF KAM PONG VILLAGE
 

Baht/household/year 

Village Chewing-tea 

growing 

Mushroom 

growing 

Vegetable 
crops 

Household 
industry Trading Rentals Laborer Total 

a% 

Pang Nai 

Pang Tone 

Pang Khon 

Pang Klang 

Pang Nok 

Pang Kae 

Pang Pueng 

55,900.00 

24,667.50 

30,504.50 

26,403.00 

21,580.00 

18,577.00 

825.50 

56.40 

240.00 

600.00 

937.20 

-

480.00 

-

-

-

-

-

416.70 

480.00 

160.00 

25.00 

472.00 

62.50 

437.50 

166.70 

-

-

-

3,887.50 

1,750.00 

125.00 

-

-

- 483.30 

1,000.00 -

- 4,825.00 

- 4,720.25 

- 666.70 

- 6,384.00 

- 18,642.40 

56,464.70 

26,379.50 

39,879.50 

34,247.95 

22,955.10 

25,921.00 

19,627.40 

Overall 

Average 
30,385.50 315.00 126.70 164.70 673.30 111.10 4,266.50 36,042.80 



TABLE 4.7 HOUSEHOLD EXPENSES OF KAM PONG VILLAGE
 

Baht/household/year
 

Village Regular Irregular Investment Total
 
Expenses
 

Pang Nai 25,755.90 13,671.25 - 39,427.15 

Pang Tone 17,774.40 650.00 - 18,424.40
 

Pang Khon 21,000.25 6,925.00 2,500.00 30,425.25
 

Pang Klang 25,009.25 606.25 1,250.00 26,865.85
 

Pang Nok 16,645.00 5,666.70 83.30 22,395.00
 

Pang Kae 18,636.80 1,822.00 - 20,458.80
 

Pang Pueng 10,736.40 2,640.00 44.00 13,420.40
 

Overall 20,639.00 5,693.00 572.00 26,904.00
 
Average
 

Use of Fuel
 

For cooking
 

Like othei villages in remote areas in Chiang Mai province, the
 
residents of Kam Pong village have sticky rice as a staple food. 
Cooking

sticky rice usually requires more fuel than other foods. Almost all
 
households in this village use firewood for cooking sticky rice. 
The
 
amount of firewood used in cooking during the period of chewing tea
 
harvesting is more than that normally used, since during that period
 
more food is prepared for the hired laborers. Table 4.8 shows the amount
 
of firewood used for cooking in Kam Pong village. On the average, about
 
2,120 kg. or 5.30 m 3 of firewood is used by each household annually.
 

For Zighting 

About 97.5 percent of total households in Kam Pong village use
 
kerosene for lighting. The rest use electric generators. During the
 
non-harvesting period, a lamp will be lit for 1-3 hours a day. 
 In the
 
harvesting period, it will be lit for 3-5 hours a day. 
 Each house has
 
approximately 3 lamps. On the average, the amount of kerosene used
 
is 69.75 litres per household per year. The total amount of kerosene
 
used in Kam Pong village is estimated about 3,231 litres per annum
 
(Table 4.9). For those households with electric generators, the total
 
amount of diesel oil used is about 260 litres per annum and the total
 
amount of benzene used is about 400 litres per annum.
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TABLE 4.8 THE AMOUNT OF FIREWOOD USED IN COOKING
 

Harvesting period Non-harvesting Total
 

period
Village 

kg/H.H. m3 /H.H. kg/.H. m3 /H.H. kg/H.H. m3 /H.H.
 

Pang Nai 552 1.38 1,892 4.73 2,444 6.11
 

Pang Tone 400 2.00 1,568 3.92 1,968 4.92
 

Pang Khon 294 0.74 1,882 4.71 2,176 5.45
 

Pang Klang 399 1.00 1,389 3.47 1,788 4.47
 

Pang Nok 179 0.45 2,222 5.56 2,401 6.01
 

Pang Kae 209 0.52 1,773 4.43 1,982 4.95
 

Pang Pueng 10 0.03 1,583 3.96 1,593 3.99
 

Overall 330 0.83 1,790 4.47 2,120 5.30
 

Average
 

TABLE 4.9 THE AMOUNT OF KEROSENE USED FOR LIGHTING
 

Village Kerosene used Total number Total amount of
 

(lt/H.H./year) of households kerosene used (litres)
 

Pano Nai 92.85 34 3,157
 

Pang Tone 54.60 10 546
 

Pang Khon 120.78 12 1,449
 

Pang Klang 39.53 17 
 672
 

Pang Nok 68.61 18 1,235
 

Pang Kae 41.00 12 
 492
 

Pang Pueng 45.33 15 680
 

Overall 69.75 118 8,231
 

Average
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For chewing tea processing
 

The amount of firewood required for processing 1.kg of chewing

is approximately 0.65 kg. Based on the data on chewing tea production
 
(Table 4.3), the amount of firewood used can be estimated as shown in
 
Table 4.10. Totally, about 358,592 kg (896 M 3) of firewood is used
 
annually.
 

TABLE 4.10 THE AMOUNT OF FIREWOOD USED IN PROCESSING CHEWING TEA
 

Chewing Tea Total Amount of
Firewood Used
 
Village No.of Households Production FiewoUe
 

(kg/household) Kg m3
 

Pang Nai .34 8,600 190,060 475
 

Pang Tone 10 3,795 24,668 62
 

Pang Khon 12 4,693 36,605 92
 

Pang Klang 17 4,062 44,885 112
 

Pang Nok 18 3,320 38,844 97
 

Pang Kae 12 2,858 22,292 56
 

Pang Pueng 15 127 1,238 3
 

Total 118 4,675 358,592 896
 

For heating
 

During the winter, additional amounts of firewood are used for
 
heating. It is estimatea that each household uses about 430 kg of fire
wood for such purpose annually. The total amount of firewood used for
 
heating in Kam Pong village is about 50,740 kg or 127 M 3 .
 

For transportation
 

A public bus is normally used by the villagers in travelling between
 
the village and the town. Only 2 households in Kam Pong village have
 
their own pick-up truck. The amount of benzene used by these two trucks
 
is about 3,640 litres per annum.
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Total amount of fuel used
 

Table 4.11 summarizes the total amounts of fuel used for various
 
3
purposes in Kam Pong village. Totally, about 1,648 m of firewood,
 

8,231 litres of kerosene, 260 litres of diesel and 4,040 litres of ben
zene are used annually.
 

TABLE 4.11 TOTAL AMOUNT OF FUEL USED
 

Fuel Firewood Kerosene Diesel Benzene
 

3
(M ) (it) (it) (it)
Purpose 


Cooking 625 - - -


Lighting - 8,231 260 400
 

Chewing-tea processing 896 - - -


Heating 127 - - -


Transportation - - - 3,640
 

Total 1,648 8,231 260 4,040
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C. HYDROLOGICAL STUDY
 

The catchment area of the Kam Pong micro-hydropower project is
about 6 km2 . The area is mountainous and covered with dense forests.
 
The weir is located at Pang Nok which is the center of Kam Pong village.
 

There is 
no gauging station on this stream. Therefore, in determin
ing the design flood which is used in the design of the weir, and cm.piri
cal formula developed by Bunchob (1980) which is formulated for the Northern
 
part of Thailand is used. This empirical formula is
 

718
 
Q = 6.58 A0 . 

where Qp = 3the design flood with 50-year recurrence interval, m /s
 

A = the catchment area, km3 

For the catchment area of 6 km2, the design flood of 23.8 m3/s was

obtained. 
This value was used in designing the weir of the K-m Pong project.
 

For the design discharge, the value of minimum flow in the stream was
used because there is no pondage. A minimum flow of 0.12 m
 3/s was the re
corded during the dry season by NEA officials. This value was then used
 
in the design of the headrace, penstock and turbines.
 

The available water head of the Kam Pong project was at first deter
mined from the topographic map of 1:50,000 scale. 
 Field survey was then

conducted to determine more accurate information. The value of approximate
ly 60 m was obtained as the design head.
 

With the obtained design discharge of 0.12 m3/s and design head of

60 m, the installation capacity of 40 kW was estimated.
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D. CIVIL WORKS
 

Civil works at th, Kam Pong micro-hydropower *.oject include a weir,
 
a headrace, a forebay, a penstock and a powerhouse. The details of these
 
works are discussed in this section.
 

Weir 

The weir of the Kam Pong micro-hydropower project is located at Pang

Nok of Kam Pong village. It is constructed of gravity type concrete, 2 m
 
high and 15 m long. The crest elevation is at 885.0 m MSL. 
The upstreah

face slope is 1:1 whereas the downstream face is curved with a radius of
 
2.08 m. At the left abutment there is an intake structure and a sluice
 
gate for draining the trapped sediment. Fig. 4.2 shows the detailed cross
 
section of the Kam Pong weir. 
Photo 4.7 illustrates the constructed Kam
 
Pong 'eir whereas the intake and the sluice gate are shown in Photo 4.6.
 

Headrace
 

The headrace at the Kam'Pong project is constructed with an asbestos
 
cement pipe 0.30 m in diameter and 470 m in length. The headrace begins

at the left abutment of the weir and is buried along the side of the hill
 
to the forebay.
 

Forebay
 

The forebay of the Kam Pong project is a rectangular concrete tank,

approximately 3 m long, 1.5 m wide and 1.5 m high. 
The forebay receives
 
the diverted water from the headrace before discharging it to the turbine
 
via the penstock. 
The forebay of the Kam Pong Project is also constructed
 
with an overflow spillway to drain the excess water.
 

Penstock
 

The penstock of the Kam Pong project consists of an asbestos cement
 
pipe 0.30 m in diameter and 50 m in length, and a 50 m long steel pipe

*of the same diameter. The penstock extends from the forebay to the
 
powerhouse. Photo 4.9 illustrates the steel section of the penstock.
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-, ,'zFIGURE 4.2 

WEIR OF THE KAM PONG PROJECT
 

0 I 

:
-- 00 0- I_. 

0I0 0. 0 .000 

ElS.~. . 0.25 

ZJ Cl! .5 0.3lS 

-m o 7M 

71000'5 0 1. 570 

005, 0057l-500T 0075 0075 0.0T 

CSECTION C-C
 

C, __/ C
 



PHOTO 4.7 WEIR AT THE KAM PONG PROJECT
 

PHOTO 4.8 INTAKE STRUCTURE AND SLUICE GATE FOR SEDIMENT RELEASE 
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PHOTO 4.9 STEEL SECTION OF KAM PONG PENSTOCK
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Powerhouse
 

The powerhouse of the Kam Pong project is located at inelevation of 
824 m MSL aipproximately 61 m below the weir crest level. It is approxi
mately 500 m downstream of the weir. It is constructed of wooden plank 
floors and walls and a galvanize9 steel ronf (Photo 1.10). The useful 
floor area is approximately 18 m'. It is equipped with 2 sets of turbines, 
generators and switchboards. The installed capacity is 40 kW. 

PHOTO 4.10 POWE' HOUSE OF KAM PONG PROJECT 
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E. MECHANICAL WORKS
 

Two sets of turbines werq installed in the Kam Pong powerhouse. They
 
are a pelton type with double fixed area nozzles. The designed head is 60
 
m and the designed discharge is 60 litres per second. The speed is 1500
 
rpm. Power output of each unit is approximately 20 kW. It is designed by
 
NEA and locally manufactured. Details of these turbines are as follows
 

Runner
 

The runner consists of disks and buckets. The disks are made of JIS
 
SS 41-steel whereas the buckets are made of cast steel. The shaft of the
 
runner is horizontally connected with the generator.
 

Nozzle
 

The nozzle and the flow-straightening vanes are made of stainless
 
steel. The remaining auxiliary parts are made of JIS SS 41-steel.
 

Flow Deflector
 

The flow deflector is made of stainless steel with smoothed surface.
 

Shaft
 

The shaft of the turbine is made of carbon steel (C 10400). Flexible
 
coupling is used in connecting the turbine's and the generator's shafts.
 

Casing and Hood
 

The casing and the hood of the turbine is made of JIS SS 41-steel
 
welded to the designed shapes and fixed together with bolts and nuts.
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F. ELECTRICAL WORKS
 

The electrical works of the Kam Pong micro-hydropower project include
 
a generator, a switchboard, a speed controller, a transformer and a trans
mission line system. The details are briefly described in this section.
 

Generator
 

The generator at the Kam Pong project is a 3-phase, 380-V alternating
 
current, synchronous generator with horizontal shaft, self-ventilation and
 
brushless excitation. The frequency of the electricity generator is 50 Hz
 
at the synchronous speed of 1500 rpm. The number of poles is 4. 
The stator
 
connection is a star type. The rating is 25 kVA and the power output is
 
about 20 kW.
 

Speed Controller
 

The speed controller used in the Kam Pong powerhouse is an electronic
 
load controller manufactured by NEA.
 

Switchboard
 

The switchboard for the Kam Pong project is 0.55 m wide, 1.80 m high
and 0.50 m deep. It is equipped with the following electrical equipment 

- 1 set of circuit breakers, 3-phase, 380-V, 4-wire 75 amperes 

with over-current relay and under-voltage relay; 

- 6 pilot lamps; 

- 1 AC ammeter, 40-A full scale 240; 

- 3 sets of current transformers, ratio 40/5 A; 

- 1 AC voltmeter, 0-400 V full scale 240; 

- 1 Frequency meter, range 45-55 Hz; 

- 1 power factor meter, range -0.5 to +0.5; 

- 1 wattmeter, 3-phase, 4-wire unbalanced load, range 0-20 kW, 
5A, 380 V; 

- 1 ampere selector; and, 

- 1 voltage selector; 
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Transformers
 

Step-up transformer
 

One 25-kVA step-up transformer is installed at the Kam Pong power
house. It is an outdoor type with 3 phases, oil immersed and self cooling.
 
The nominal voltage is 400/250 V at the primary and 3,500 V 
at the se
condary. The winding connection is a delta type at the primary and a
 
star type at the secondary.
 

Step-down transformers
 

Three 10-kVA and two 5-kVA step-down transformers are installed at
 
Kam Pong village. They are the 3-phase, oil immersed, self-cooling types.
 
The nominal voltage is 3,500 V at the primary, 400/230 V at the secondary.
 
The primary winding is a delta-connection whereas the secondary is a star
connection.
 

Transmission Line System
 

The transmission line system of the Kam Pong project consists of a
 
3,500 V transmission line from Kam Pong powerhouse to the village groups,
 
a distance of approximately 5.5 km. with a 380-V distribution line con
nected to the step-down transformer. The total length of the low voltage
 
line is approximately 4 km.
 

G. PROJECT COST AND ECONOMIC EVALUATION
 

In this section the costs of the Kam Pong micro-hydropower project
 
are discussed together with project benefits. These consequently lead to
 
the economic justification of the project.
 

Project Cost
 

The details of the project cost are summarized in Table 4.12. The
 
total project cost is 2,656,500 Baht (US $ 115,500), of which 1,438,519
 
Baht (US $ 62,544) is a grant from USAID.
 

In addition to the ahove mentioned cost items, the villagers of Kam
 
Pong were also involved in the construction work and they contributed
 
some locally available construction materials such as gravel, sand, wood
 
poles, planks and wood for framework.
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Project Benefits
 

The benefits to be derived from the Kam Pong micro-hydropower project
 
can be separated into 2 items, i.e. direct and indirect benefits.
 

Direct benefit
 

The direct benefit of the Kam Pong micro-hydropower project, which is
 
an isolated project, cin be considered as that equivalent to the investment
 
and operational cost of a diesel power plant which has the same capacity.
 
It has been estimated the.t if a diesel power plant of this capacity is
 
operatcd, approximately *17,220 liters of diesel oil would be used annually.
 
Thus, the annual benefit of the Kam Pong project can be considered as the
 
cost of this diesel oil, which is approximately 517,374 Baht (US S 22,495)
 
plus the depreciation and operating cost of the diesel power plant.
 

Indirect benefit
 

Desides the above mentioned direct benefit, there exist some indirect
 
benefits resulting from the development of the Kam Pong micro-hydropower
 
project with villager participation. These indirect benefits include
 

- Increasing villagers income and upgrading their living standard;
 

- Initiating the role of cooperation in rural development;
 

- Fostering close cooperation between local people and the govern
ment in rural development; and
 

- Transferring an appropriate technology to the rural people
 

Economic Evaluation
 

The Kam Pong micro-hydropower project is an isolated project, i.e.,
 
a project which is not connected to another power transmission network.
 
The economic analysis is made in comparison with a diesel power plant of
 
the same capacity.
 

The main characteristics and costs of the diesel power plant which
 
will be compared with the Kam Pong micro-hydropower plant are summarized
 
in Table 4.13. About 600,000 Baht (US $ 26,087) is required for plant
 
installation and another 982,000 Baht (US $ 42,696) is needed for the
 
transmission line system and transformer (the same as that used in the
 
Kam Pong micro-hydropower project). The operation and maintenance cost
 
is approximately 5 percent of the installation cost, i.e., 79,100 Baht
 
(US $ 3,439) per year and the fuel cost is approximately 517,374 Baht
 
(US $ 22,495) per year.
 

Based on the assumptions mentioned in Chapter 3, section G, the an
nual equivalent cost of the Kam Pong micro-hydropwer plant (including the
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TABLE 4.12 COST OF THE KAM PONG PROJECT
 

Item 


1. Weir with intake structure and 

sluice gate
 

2. 	Headrace 


3. Penstock and concrete support 


4. Powerhouse 


5. Tuibine, generation and 

switchboard
 

.6. Transmission line system 


7. Transformers 


8. Administration and services 

of construction equipments
 

Total 


Baht 

Cost 

US$ 

350,000 15,217 

516,500 

95,000 

60,000 

405,000 

22,457 

4,150 

2,609 

17,522 

700,000 

282,000 

250,000 

30,435 

12,260 

10,870 

2,656,500 115,500 

TABLE 4.13 DETAILS OF A DIESEL POWER PLANT EQUIVALENT TO THE KAM PONG
 

MICRO-HYROPOWER PLANT
 

Item 


1. Installation capacity 


2. Number 


3. Annual energy production 


4. Plant factor 


5. Service life 


6. Installation cost 


7. Amount of diesel used per unit 


8. Annual diesel oil consumption 


9. Unit price of diesel oil 


10. Fuel cost 


11. Transmission line cost 


12. Operation & maintenance cost 


Value
 

40 kW. 

1 

0.234 	 GWh
 

65 %
 

15 years
 

600,000 Baht
 

0.33 liter/kWh
 

77,220 liters
 

6.70 Baht/liter
 

517,374 Baht/year
 

982,000 Baht
 

79,100 Baht/year
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annual depreciation, operation and maintenance costs) are summarized in
 
Table 4.14 whereas the annual equivalent cost of the equivalent diesel
 

power plant is shown in Table 4.15 The annual equivalent cost of the
 

Kam Pong micro-hydropower plant is 419,180 Baht (US$ 18,225), or 1.79 Baht
 
(US$ 0.08) per kWh,and the annual equivalent cost of the diesel power
 
plant is 828,746 Baht (US$ 36,032), or 3.54 Baht (US$ 0.15) per kWh.
 
Thus, the benefit-cost ratio of the Kam Pong project is 1.98:1. That is
 
the Kam Pong project is considered economically feasible.
 

H. CONSTRUCTION AND OPERATION
 

The implementation of the Kam Pong project was carried out with co

operation between technical staff from NEA dPi the villagers of Kam Pong,
 
and with financial support from USAID. In this section, a brief discus
sion on construction and project organization is maMe.
 

Work Organization
 

Fig. 4.3 illustrates the work organization for the Kam Pong micro
hydropower development. The project is under the responsible of the Micro
hydropower Development Section of NEA.
 

Villagers' Part.-ipation
 

Most of the residents of Kam Pong village have participated in the
 
construction words of the Kam Pong micro-hydropower project. Altogether,
 
105 households (89 percent) have been involvcd in the construction. Be
sides working as laborers, they also supplied local construction
 
materials such as gravel and sand, wood poles, planks and wood for frame
work, etc.
 

Construction Schedule
 

Fig. 4.4 illustrates the planned schedule and the actual work period
 
for the construction of the Kam Pong micro-hydropower project. The actual
 
work period lagged behind the planned schedule due to some unexpected
 
problems, including climatic and topographic conditions. The construction
 
works were completed in September 1983.
 

Co-operatives of Electricity Users
 

In operating the Kam Ponq micro-hydropower plant, the Kam Pong vil

lagers have planned to manage as a co-operative. At present, a committoe
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TABLE 4.14 ANNUAL EQUIVALENT COST OF KAM PONG MICRO-HYDROPOWER PLANT
 

in Baht
 
Annual Equivalent Ll Power L2 
 Transmission! Total
 
eCost Civil Works Generating Line System Annual Cost


Item 
Equipment
 

1. Depreciation 157,780 
 51,380 144,180 353,340
 

2. Operation 	and 12,710 
 4,030 49,100 65,840
 
Maintenance
 

Total 	 170,440 55,410 193,280 419,180
 

Note : 1 	 The investment cost for civil jrks is 1,271,000 Baht (US$ 55,260)
 

L2 	 The investment cost for power generating equipment is
 
403,000 Baht (US$ 17,522)
 

[3 The investment cost for a transmission line system is
 
982,000 Baht (US$ 42,696)
 

TABLE 4.15 ANNUAL EQUIVALENT COST OF THE DIESEL POWER PLANT
 

in Baht
 

nual Equipment Cost Power' Transmission Total
 
Item Plant Line System Annual Cost
 

1. Depreciation 
 88,092 144,180 232,272
 

2. Operation & Maintenance 30,000 49,100 79,100
 

3. Fuel Cost 	 517,374 - 517,374 

Total 	 635,466 193,280 828,746
 

Note : 11 	 The investment cost for the power plant is
 
600,000 Baht (US$ 26,087)
 

12 
 The investment cost for a transmission line system

and transformer is 982,000 Baht (US$ 42,686)
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FIGURE 4.4 CONSTRUCTION SCHEDULE FOR THE KAMPONG MICRO-iYDROPOWER PROJECT
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has been establish"' .ith representatives from each group (Pang) of the
 
Kam Pong Village. The main activities of this comrnlittee include control
 
and setting up regulation for electricity users, collecting a charge

for electricity use, coordinating with the NEA personnel when there
 
occur some problems in operation and maintenance, etc.
 

Problems Encountered in the Implementation
 

In the implementation of the Kam Pong micro-hydropower development

project, there existed a nunber of difficulties resulted from several
 
factors which can be concluded as follows:
 

Topographi and transportation 

The Kam Pong village is situated in the mountainous area and the
 
access road is rather poor especially in the rainy season; therefore,

transportation of crnstruction equipment 
and materials to the project
 
area was rather difticult.
 

Social problem 

Since the Kam pong vil'age is separated i-to several groups and
 
communication between these groups is inconvenient, there were some diffi
culties in the coordination and sometimes conflicts between the villagers
 
from different groups.
 

Unski1led laborer 

Most of the villagers who participated in the construction were
lacking experience in such a work 
this caused some delay and the construc
tion work was not so neat. There was some leakage in the pipeline

during testing and re-construction and/or repairing works had to be made.
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Chapter 5
 

Design and Construction
 

of Mae Ton Luang Micro-Hydropower Project
 



DESIGN AND CONSTRUCTION 

OF MAE TON LUANG MICRO-HYDROPOWER PROJECT 

The Mae Ton Luang micro-hydropower project one of the projects
 
requiring financial assistance from USAID and was constructed with par
ticipation of local villagers. The civil work was started in April 1983
 
and completed in March 1984. Its installed capacity is 35 kW. The Mae
 
Ton Luang micro-hydropower project has been planned to 
serve about 230
 
household in 3 villages in Tambon Pa Miang, Amphoe Doi Saket. 
In this
 
chapter, the details of the design and construction of the Mae Ton Luang
 
project are described.
 

The electricity generated from Mae Ton Luang powerhouse is planned
 
to be transmitted to 3 villages in Tambon Pa Miang. namely
 

- Ban Mae Wan Pang Klang (Moo 6)
 
- Ban Pa Pan (Moo 7)
 
- Ban Mae Ton Luang (Moo 8)
 

A. LOCATION AND TOPOGRAPHY
 

The Mae Ton Luang micro-hydropower project is located in Tambon Pa
 
Miang, Amphoe Doi Saket, Chiang Mai Province. It is situated in a high

mountainous area about 50 km northeast of the city of Chiang Mai. 
Most
 
parts of the terrain have steep slopes and are covered with forests. An
 
overflow weir was constructed on Mae Ton stream nearby the village. The
 
catchment area at the weir site is approximately19 km2 . Fig. 5.1 shows
 
the location and topography of Mae Ton Luang project area.
 

B. SOCIOLOGY AND COMMUNITY STRUCTURE
 

In this section, the characteristics of those villages in Tambon
 
Pa Miang which receive electricity from Mae Ton Luang powerhouse are des
cribed. The data presented here are summarized from the survey report

Gf the Energy Economics Division, NEA. The survey was conducted in December
 
1983. About 43 percent of the total households in Ban Mae Wan Pang Klang,

Ban Pa Pan and Ban Mae Ton Luang were randomly selcted for the socio
economic study.
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Households and Population
 

The number of households and population in the three villages where
 
electricity from Mae Ton Luang project will be distributed is shown in
 
Table 5.1. Altogether, there are 230 households with 1,011 inhabitants.
 
Among these villages, the number of households and population in Ban Mae
 
Ton Luang is the greatest.
 

TABLE 5.1 NUMBER OF HOUSEHOLDS AND POPULATION IN MAE TON LUANG PROJECT AREA
 

Number of Number of
 
Village Households Population
 

Ban Mae Wan Pang Klang 51 295
 

Ban Pa Pan 54 326
 

Ban Mae Ton Luang 125 392
 

Village Characteristics
 

The villages in Mae Ton Luang project area have existed for more
 
than 200 years. The first group of residents were the "Kamu" who mi
grated from Chiang Rai Province and cultivated lands for growing chewing
 
tea. Later, the Thai people from Amphoe Doi Saket and Amphoe San Kampaenq
 
moved into this area and the "Kamu" people migrated to other places.
 

This area is officially called Tambon Pa Miang and consists of 12
 
villages, one of which is Mae Ton Luang village. However, since Mae Ton
 
Luang village is the largest village and is the center of Tambon Pa Miang,
 
the whole area is sometimes referred to as "Ban Mae Ton Luang".
 

Most parts of Tambon Pa Miang are covered with dense forests and
 
chewing tea growing areas. The terrain is very rugged. There are some
 
smail streams passing through each village which are the main sources
 
of water supply.
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The villagers in this area are situated in groups, most of which
 
are small since the terrain is hilly and there is no large plain for
 
a populous settlement. Houses are simply constructed, using local mate
rials : most of them are one-storied with elevated floor.
 

There are four Buddhist monasteries in Tambon Pa Miang. However,
 
there are no monks who are permanently living in these monasteries, so
 
from time to time the villagers have to invite monks from temples in
 
Amphoe Doi Saket or Amphoe San Kamphaeng for religious activities.
 

Photos 5.1-5.5 illustrate general characteristics of Mae Ton Luang
 
project area.
 

PHOTO 5.1 ACCESS ROAD TO MAE TON LUANG PROJECT AREA
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PHOTO 5.2 ACCESS ROAD TO MAE TON LUANG WEIR SITE
 

PHOTO 5.3 A POOR CONDITION HOUSE IN MAE TON LUANG VILLAGE
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PHOTO 5.4 MAE TON LUANG VILLAGE NEAR THE POWERHOUSE
 

PHOTO 5.5 HOUSES IN BAN MAE WAN PANG KLANG 
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There are two health centers located at Ban Pong Din and Ban Huai
 
Mo of Tambon Pa Miang. However, the villAgers prefer to go to the hos
pitals in Amphoe Doi Saket or in the city of Chiang Mai.
 

The villagers normally use their own native language which is similar
 
to the Northern Thai dialect. and always refuse to speak the Central Thai
 
dialect with visitors. All of the local people are Buddhists.
 

The project area is accessible via two routes, the Pang Fan entrance
 
and the Pong Din entrance. The Pang Fan route is a branch road from the
 
Doi Saket-Chiang Rai highway at 28 km from Doi Saket. This branch road
 
is a lateritic road. The total distance from the highway to Mae Ton Luang
 
project area is approximately 20 km. The Pong Din route is a branch road,
 
also lateritic from the Doi Saket-Chiang Rai highway at 12 km from Doi
 
Saket. The total distance from the highway to the project area is 23 km.
 

There is no regular bus travelling between the villages and the town.
 
The villagers must use pick-up trucks which transport the chewing tea
 
produce from the villages to the markets in the town. The access roads
 
to the villages are in good condition during the dry season only. During
 
the rainy season accessibility is difficult since the roads are muddy
 
and very slippery.
 

Education
 

About 60.69 percent of the villagers in the project area (Moo 6,
 
7 and 8) finished primary or secondary school, 14.04 percent are currently
 
in school and the remainder (25.27 percent) have never attended school.
 
Table 5.2 shows the level of education of the villagers in this area.
 

TABLE 5.2 EDUCATION LEVEL OF THE VILLAGERS IN MAE TON LUANG PROJECT AREA
 

Studying 	 Finished
 
No 

Village 	 Primary Secondary Primary Secondary
 
School School School School Education
 

P.1-4 P.5-7 	MS.1-3 MS.4-5 P.4 P.7 MS.3 MS.5
 

Ban Mae Wan 

Pang Klang 

8.75 - - - 66.25 3.75 - 21.25 

Ban Pa Pan 11.57 4.95 0.83 0.83 47.93 4.13 0.83 - 28.93 

Ban Mae Ton 

Luang 

5.73 6.87 0.76 0.38 50.76 6.11 3.05 1.53 24.81 

Overall 7.78 5.18 0,65 0.43 52.70 5.18 1.94 0.87 25.27
 
Average
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Occupation
 

Most of the villagers in the project area are farmers, producing
 
such dominant crops as chewing tea and rice. Besides agriculture, which
 
is considered as the main occupation, about 43 percent of the sampled
 
households have subsidiary occupations, as mushroom growers, laborers,
 
traders, etc. Tables 5.3 and 5.4 show the records of the main and subsi
diary occupations of the household heads in this area.
 

TABLE 5.3 MAIN OCCUPATIONS OF HOUSEHOLD HEADS IN MAE TON LUANG PROJECT AREA
 

Percent of Total
 

Village Agriculture Laborer Trading Others
 

Ban Mae Wan Pang Klang, 100.00 - - -

Ban Pa Pan 91.67 8.33 - -

Ban Mae Ton Luang 94.44 3.71 1.85 
 -

Overall Average 94.90 4.08 1.02 -

TABLE 5.4 SUBSIDIARY OCCUPATIONS OF HOUSEHOLD HEADS IN MAE TON LUANG PROJECT AREA
 

Percent of Total 

Village Households 
Agriculture 

with Subsi
Laborers 

diary Occ
Trading 

upations 
Others 

Households without 
Subsidiary 

Occupation 

Ban Mae Wan 10.00 25.00 5.00 5.00 55.00
 
Pang Klang
 

Ban Pa Pan 8.33 20.84 8.33 4.17 58.33
 

Ban Mae Ton 12.96 16.67 11.11 1.85 57.41
 
Luang
 

Overall 11.23 19.39 9.18 3.06 
 57.14
 
Average
 

Land Use and Land Holding
 

As previously mentioned, the villagers in this area earn their living
 
by farming. Besides growing chewing tea, some of them grow rice, coffee,
 
and/or mushrooms. Table 5.5 shows the land use patterns in the three
 
villages in the project area. The residential areas are usually located
 
in a patch of flat plain in the valleys surrounded by agricultural lands.
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TABLE 5.5 LAND USE PATTERNS IN MAE TON LUANG PROJECT AREA 

Chewing Tea Growing Coffee Growing Rice Growing
 

Areas Areas Areas
 

Village Total Av./HH Total Av./HH Total Av./HH
 

(rai) (rai) (rai) (rai) (rai) (rai)
 

Ban Mae Wan 277 5.43 140 2.75 408 8.00
 

Pang Klang
 

Ban Pa Pan 416 7.71 117 2.17 135 2.50
 

Bani Mae Ton Luang 900 7.21 250 2.00 1,375 11.00
 

Total 1,593 6.93 507 2.20 1,918 8.34
 

Agriculture
 

The main crops cultivated in this area are chewinS tea, rice, coffee
 

and mushrooms. Details about the production and required monetary input
 
of these crops are as follows
 

Chewing tea
 

Similar to the village of Kam Pong, chewing tea in Tambon Pa Miang
 

is grown on a hilly area surrounding the villages. Harvesting of chewing
 

tea leaves is done in the daytime and heated with steam during the night.
 

The production and income from chewing tea in this area is shown in Table
 
5.6, whereas the required monetary input is summarized in Table 5.7.
 

About 4.1,980 Baht (US$ 1,825.22) per household is earned annually from
 

chewing tea production while approximately 9,259 Baht (US$ 402.57) is
 

required for expenditures.
 

TABLE 5.6 PRODUCTION AND INCOME FROM CHEWING TEA GROWING
 

Planting Area Production Household Annual Income
 
Village (rai/house- kg/rai kg/HH Consumption (Baht/house

hold) I (kg/HH) hold)
 

Ban Mae Wan Pang Klang 5.43 821.54 4,460 47 28,685
 

Ban Pa Pan 7.71 1,014.02 7,818 40 50,557
 

Ban Mae Ton Luang 7.21 939.66 6,775 51 43,706
 

6.93 7939 6,506 47.5 41,980
Average 


Note : Consider the selling price of 6.50 baht/kg
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TABLE 5.7 EXPENSES FOR CHEWING-TEA PRODUCTION
 

Planting Labor Fuel Mainte- Total Cost 
Village Area Cost Cost nance Cost 

(rai/HH) (Baht/rai) (Baht/rai) (Baht/rai) (Baht/rai) (Baht/rai) 

Ban Mae Wan 5.43 1,288.15 68.30 201.80 1,558.25 8,461.30
 

Pang Klang
 

Ban Pa Pan 7.71 1,014.75 94.70 189.10 1,298.55 110,011.80
 

Ban Mae Ton ------ ----------- no data--------------------------

Luang
 

Average 6.60 1,124.40 84.20 194.25 1,420.85 9,259
 

Rice
 

Rice is also a popular crop in this area. The rice fields cover
 
about 1,918 rai or 48 percent of the total agricultural area. The pro
duction is also very high, amounting to 671 kg per rai. The production
 
and income from rice farming in this area is summarized in Table 5.8
 
and the expenses in planting and harvesting are shown Table 5.9. On
 
the average, about 6,512 Baht (283.13 US$) must be paid in expenses.
 
Most of the rice produced is for household consumption.
 

TABLE 5.8 PRODUCTION AND INCOME FROM RICE
 

Village Planting Production Household Annual income

Area consumption (baht/household)
 

(rai/household) kg/rail kg/HH (kg/HH)
 

Ban Mae Wan 8.0 875 7,000 5,530 3,675
 
Pang Klang
 

Ban Pa Pang 2.5 648 1,620 1,620 -


Ban Mae Ton 11.0 736 8,096 3,900 10,490
 
Luang
 

Average 8.34 759 6,330 3,726 6,512
 

Note : Consider the selling price of 2.50 baht/kg.
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TABLE 5.9 EXPENSES FOR RICE PRODUCTION
 

Planting Ferti- Labor Machinery Operation Total Expenses 
Village area lizer cost (Baht/ & Mainte

(rai/HH) (Baht/ (Baht/ rai) nance (Baht/ Baht/ Baht/ 
rai) rai) rai) rai rai 

Ban Mae Wan 8.0 150.00 250.00 18.75 '418.75 3,350 
Pang Klang 

Ban Pa Pan 2.5- ---------------------- no data--------------------------

Ban Mae Ton 11.0 13.65 386.35 109.10 22.75 5JIl.82 5,850 
Luang 

Overall 8.13 45.00 355.00 84.00 21.80 505.80 5,275
 
Average
 

Coffee 

The planting of coffee is not so popular in this area. The planting
 
area is only 2.47 rai per household and the average income earned from
 
the coffee harvest is approximately 1,078 Baht (US$ 46.87) per household
 
per annum (Table 5.20). The expenses for the planting and harvesting
 
of coffee are shown in Table 5.11. On the average, about 581 Baht (US$ 25.26)
 
per household is paid in these expenses.
 

TABLE 5.10 PRODUCTION AND INCOME FROM COFFEE
 

Village Planting Area Production Annual Income
 

(rai/HH) kg/rai kg/HH (Baht/HH)
 

Ban Mae Wan Pang Klang 2.75 8.20 22.55 1,353
 

Ban Pa Pan 2.17 14.77 32.05 1,923
 

Ban Mae Ton Luang 2.00 5.00 10.00 600
 

Overall Average 2.21 8.13 17.96 1,078
 

Note : Consider the selling price of 60 Baht/kg.
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TABLE 5.11 EXPENSES FOR COFFEE PRODUCTION
 

Planting Insecticide Fertili- Operation & Total Expenses
 
Village Area (Baht/rai) zer Maintenance 

(rai/HH) (Raht/rai) Baht/rai) Baht/rai Baht/rai 

Ban Mae Wan 2.75 ---------- no data--------------

Pang Klang 

Ban Pa Pan 2.17 - 50.80 22.30 73.10 158.60 

Ban Mae Ton 2.00 25.00 350.00 6.50 381.50 763.00 

Luang 

11.55 282.80 580.65
Overall 2.78 17.00 254.25 


Average
 

Mushrooms
 

Similar to the village of Kam Pong, mushroom growing has recently
 

been promoted in this area. The villagers buy the mushroom spawn at the
 

price of 5 Baht (US$ 0.22) per piece of wood and they sell the harvested
 

mushrooms at the price of 60 Bah- (US$ 2.61) per kg. Mushroom growing in
 

the Mae Ton Luang project area is more popular than that in the village
 

of Kam Pong. The production is about 21.16 kg per household. That is about
 
2 7 0 
1, Baht (US$ 55.22) per household that is earned from mushroom growing
 

annually (Table 5.12). However, about 358 Baht (US$ 15.57) per housahold
 

must be paid for the spawn and other expenses (Table 5.13).
 

TABLE 5.12 PRODUCTION AND INCOME FROM MUSHROOMS
 

Annual Income/HH
Production Household 


Village (kg/HH) Consumption kg Baht
 
(kg/HH) 

- 21.67 1,300Ban Mae Wan Pang Klang 21.67 


14.83 890
20.50 5.67
Ban Pa Pan 


17.69 1,060

Ban Mae Ton Luang 21.27 3.58 


1,074

Overall Average 21.16 4.28 17.90 
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Household Economy
 

Household income
 

Most of the income of the villagers is earned from farming. As
 
previously analyzed, the income gained per household annually from chew
ing tea is approximately 41,980 Baht (US$ 1,825.22), from rice 6,512
 
Baht (US$ 283.13), f :om coffee 1,078 Baht 
(US$ 46.37), and from mushrooms
 
1,270 Baht (US$ 55.22). Altogether, the total income derived from agri
cultural activities in this area amounts to 50,840 Baht (US$ 2,210.43)
 
per household annually.
 

TABLE 5.13 EXPENSE FOR MUSHROOM PRODUCTION
 

Village Expenses (Baht/HH)
 

Ban Mae Wan Pang Klang no data
 

Ban Pa Pang 500
 

Ban Mae Ton Luang 297
 

Overall Average 358
 

Besides the income derived from agricultural, these villagers still
 
earn some money from other subsidiary occupations, such as laborer, house
hold industry, trading, animal husbandry, etc. The total average income
 
from these subsidiary occupations is approximately 9,824 Baht (US$ 427.13) per

household (Table 5.14). 
 Thus, the total annual income of the villagers

in Mae Ton Luang project area is estimated about 60,664 Baht (US$ 2,637.57)
 
per household.
 

TABLE 5.14 ANNUAL INCOME FROM SUBSlDIARY OCCUPATIONS
 

Baht/household 

Village Laborer Household Trading Animal Others Total
 
I Industry Husbandary
 

Ban Mae Wan Pang Klang 456 - 1,020 450 459 2,385
 

Ban Pa Pan 1,873 217 3,025 269 2,023 7,407
 

Ban Mae Ton Luang 2,037 51 
 8,737 1;002 972 12,799
 

Average 1,674 81 5,764 
 710 1,895 9,824
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Household expenditure 

Besides expenses for agricultural input (Table 5.7, 5.9, 5.11 and
 

5.13), remaining household expenditures of the villagers in Mae Ton Luang
 

project area can be categorized as follows :
 

(i) Regular expenses which include all expenses for household consump
tion,
 

(ii) irregular expenses, which are those expenses for house repairing,
 

etc. and
 

(iii) investment expenses which are mainly the input for merchandise.
 

These three -categoriesaccount for 21,503, 2,500 and 13,094 Baht
 
per household annually (Table 5.15). Taken into account the agricultural
 
input the total household expenses in this area are as high as 52,570
 
Baht (US$ 2,285.65) per household annually.
 

TABLE 5.15 HOUSEHOLD EXPENDITURE IN MAE TON LUANG PROJECT AREA
 

baht/household 

Agricultural Regular Irregular Investment Total 
Village Inputs Expenses Expenses Expenses 

Ban Mae Wan Pang Klang 

Ban Pa Pan 

Ban Mae Ton Luang 

14,372 

26,447 

22,276 

1,995 

2,680 

2,630 

4,582 

7,380 

19,035 

Overall Average 15,473 21,503 2,500 13,094 52,570 

Use of Fuel
 

The use of fuel in Mae Ton Luang project area is mainly for cooking,
 
processing chewing tea, lighting, and heating. For cooking, heating
 
and processing chewing tea, firewood is used. For lighting, kerosene
 
lamps ace used. Details about the amount of fuel used for each purpose
 
are summarized in the following paragraphs.
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For cooking
 

All households in the Mae Ton Luang project area use firewood for
 
cooking sticky rice which is their staple food. The amount of firewood
 
used is approximately 1,594 kg (4.0 m3) per household per year (Table5.16)
 

TABLE 5.16 AMOUNT OF FIREWOOD USED FOR COOKING
 

Number of Amount of Firewood Used
 
Households kg/HH/year kg/year m3/year
 

Ban Mae Wan Pang Klang 51 1,150 58,650 146.6
 

Ban Pa Pan 54 2,422 130,788 326.9
 

Ban Mae Ton Luang 125 1,418 177,250 443.1
 

Total 230 1,594 366,688 916.6
 

For heating 

Similar to the village of Kam Pong, firewood is used for heating
 
in the winter. On the average, about 1,880 kg (4.7 M 3

) of firewood is
 
used for each household annually. Totally, the amount of firewood used
 
for heating in this area amounts to 432,400 kg (1,081 M3) each year.
 

For chewing tea processing 

The amount of firewood required for processing 1 kg of chewing tea
 
is approximately 0.65 kg. The production of chewing tea in the Mae Ton
 
Luang project area is approximately 6,506 kg per household. Therefore,
 
the amount of firewood used in processing chewing tea is about 4,228.9
 
kg (10.6 M 3

) per household. Totally, taken into account 230 households
 
in this area, the overall amount of firewood required for chewing tea
 
processing is 972,647 kg (2,431.6 M3

) per annum.
 

For lighting
 

For lighting,most of the villagers (80 percent) in the Mae Ton Luang
 
project area use kerosene lamps. The rest use batteries. The amount
 
of kerosene used for lighting in each village in this area is shown in
 
Table 5.17. Totally, about 17,696 liters of kerosene are used annually.
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TABLE 5.17 AMOUNT OF KEROSENE USED FOR LIGHTING
 

Number of period of Amount of Kerosene Used
 
Village Lamps/HH Lighting (hr) liter/HH/year liter/year 

Ban Mae Wan Pang Klang 3.15 4.43 81.49 4,156 

Ban Pa Pan 3.42 5.35 107.23 5,790 

Ban Mae Ton Luang 3.00 3.54 62.00 7,750 

Average/Total 3.13 4.16 76.94 17,696
 

Total anount of fuel used
 

Table 5.18 summarized the total amount of firewood and kerosene
 

used for each purpose in the Mae Ton Luang project area. Totally, about
 
4,430 m3 of firewood and 17,696 liters of kerosene are used annually.
 

TABLE 5.18 TOTAL AMOUNT OF FUEL USED
 

Firewood Kerosene
 

Purpose (M
3 
) (liter)
 

Cooking 917
 

Heating 1,081
 

Chewing tea processing 2,432
 

Lighting - 17,696
 

Total 4,430 17,696
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C. HYDROLOGICAL STUDY
 

Since there is no gaging station on Huai Mae Ton stream, some esti
mation methods were adopted to determine the values of design discharg,

and design flood of the project. In addition, the value of effective
 
head was calculated by subtracting the estimated head loss in the pipe

lines from the total static head of water. The values of design discharge
 
and effective head lead to the computation of installation capacity of
 
the plant.
 

The minimum flow in the dry period was used as the design discharge
 
of Mae Ton Luang project. This minimum flow was obtained by field mea
surement in April 1982, the value of 0.1 m3/sec was used as the design
 
discharge.
 

With respect to the design flood, the empirical formula dc2,aloped

by Bunchob (1980) was used. This empirical formula was developed for
 
the northern region of Thailand. For a 50-year recurrence interval,
 
this equation is as follows
 

Q 6.58 A0 .178
 

Where Qp is the value of the design flood (m3/s)
 

A is the catchment area (km2)
 

The catchment area of Mae Ton Luang project at the weir site is
 
19 km2, thus the value of 11.1 1n3/s is obtained for the design flood.
 

The effective head is computed by subtracting the estimated value
 
of head loss in the pipe line from the total static head. The total
 
static head was obtained from a topographic map. For Mae Ton Luang pro-

Ject, the effective head of 50 m was estimated.
 

The installation capacity of the plant is estimated from the 
design

discharge, effective head, and overall plant efficiency. With the design

discharge of 0.1 m3/s, the effective head of 60 m and the overall plant

efficiency of 60 percent, the estimated installation capacity is 35 kW.
 

D. CIVIL WORKS
 

The civil works of Mae Ton Luang micro-hydropower development project

include the construction of a diversion weir, installation of a headrace
 
and a penstock, and construction and installation of a surge tank and
 
a powerhouse. The details of these structures are discussed in this section.
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Weir
 

The weir of the Mae Ton Luang micro-hydropower project is of concrete
 
gravity type, 2.20 m high and 19 m long. The crest elevation is at 94 m MSL.
 
The upstream face is vertical, whereas the downstream face is inclined
 
with a slope of 1:1. The intake structure and the sluice gate for sediment
 
release are located at the right abutment of the weir. Fig. 5.2 and
 
5.3 show the details of the Mae Ton Luang weir. Photos 5.6 and 5.7 illus
trate the constructed weir and its associated structures.
 

Headrace
 

The headrace of the Mae Ton Luang project is an asbestos cement
 
pipe, 0.35 m in diameter and 1,253 m in length. It extends from the
 
intake at the right abutment of the weir along the hill side to the surge
 
tank located approximately 1.2 km downstream of the weir site.
 

Surge Tank
 

A steel surge tank was constructed at the end of the headrace. The
 
diameter of the surge tank is 1.20 m and the height is 15.00 m. It was
 
installed vertically. Fig. 5.4 shows the details of Mae Ton Luang surge
tank.
 

Penstock
 

The penstock of the Mae Ton Luang micro-hydropower project is a 
steel pipe, 0.30 m in diameter and 140 m long. It extends from the surge 
tank to the powerhouse (Photo 5.8 ). 

Powerhouse
 

The powerhouse of the Mae Ton Luang project is located at the elevation
 
of 30 m MSL, approximately 1.2 km downstream from the weir-site. The
 
floor is made of concrete, whereas the walls are made of wooden plank.
 
The roof is also made of wood. The useful floor area is approximately


2
15 m (Photo 5.9 ). The Mae Ton Luang powerhouse is equipped with a 
set of turbine, generator, switchboard and speed controller. The installed 
capacity is 35 kW. 
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PHOTO 5.6 WEIR OF MAE TON LUANG PROJECT 

PHOTO 5.7 INTAKE AND SLUICE GATE
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PHOTO 5.8 PENSTOCK OF MAE TON LUANG PROJECT 
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E. MECHANICAL WORKS
 

The turbine of the Mae Ton Luang micro-hydropower plant is of the
 

The designed head is 60 m and the
cross-flow type, 35 kW in capacity. 

designed discharge is 200 liters per second. The synchronous speed is,
 

1,500 zpm. The details of each component are as follows
 

Casing and Base
 

are made of SS 41 steel welded to the de-
The casing and the base 

signed shapes and fixed together with bolts and nuts.
 

Runner
 

The runner of the turbine is constructed of SS 41 steel welded with
 

a carbon steel shaft.
 

Inlet Valve
 

The inlet valve is stainless steel, installed with bronze bushing
 

and sealed to prevent water leakage.
 

Flywheel 

The flywheel is of the heavy rim type, made of cast steel. The
 

flywheel was tested for dynamic balance.
 

Photos 5.10 and 5.11 illustrate the cross-flow turbine and the governor
 

installed at Mae Ton Luang powerhouse.
 

F. ELECTRICAL WORKS
 

The electrical works of Mae Ton Luang micro-hydropower plant include
 

a generator, a switchboard, a transformer, and a transmission line 
system.
 

The details of these equipments are as follows
 

Generator
 

The generator of Mae Ton Luang project is a 3-phase, alternating
 
It is a selfcurrent, synchronous generator with horizontal shaft. 


ventilated type with brushless excitation. The rating output is 35 kW.
 

The generated electric power has of frequency of 50 Hz at the synchronous
 

speed of 1,500 rpm. The number of poles is 4 and the power factor is
 

0.80 lagging. The stator winding connection is a star type.
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PHOTO 5.10 THE CROSS-FLOW TURBINE OF MAE TON LUANG PROJECT 

PHOTO 5.11 THE GOVERNOR OF MAE TON LUANG PROJECT 
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Switchboard
 

The switchboard of the Mae Ton Luang project is equipped with the
 
following electrical equipments :
 

- 1 set of AC ammeters for 380-V circuit (0-100 A). 

- 1 set of amperg selector switches.
 

- I set of AC voltmeters for 380-V circuit (0-500) V).
 

- 1 set of volt selector switches.
 

- 1 set of frequency meters (45-55 Hz).
 

- 1 set of 3-phase wattmeters for 380-V circuit 

unbalanced load (0-50 kW). 

- 1 set of 3-phase kilowatt--hour meters for 380-V 
circuit unbalanced load. 

- 3 sets of 1-phase, dry type current transformers for 380-V 
circuit. 

- 2 sets of moulded case circuit breakers, 3-phase, 3-pole,
 
100 AF, 600 V, setting range 60-100 Awith voltage trip
 
coil and indicator operation.
 

- 2 set6 of signal lamps, red and green.
 

- 1 set of no-fuse circuit breakers, 30 AF, 10 AT. 

- 1 set of no-fuse circuit breakers, 30 AF, 20 AT. 

- 1 set of no-fuse circuit breakers, 30 AF, 15 AT. 

- 1 set of test terminal and test switches. 

Transformers
 

The transformers of the Mae Ton Luang project include one 50-KVA
 
step-up transformer, three 10-KVA, and one 20 KVA step-down transfor
mers. All of these transformers are an-outdoor type, 3-phase, oil im
mersed and self-cooled. For the step-up transformer, the nominal voltage
 
is 400/230 V at the primary and 3,500 V at the secondary. For the step
down transformers, the nominal voltage at the primary is 3,500 V and
 
the voltage at the secondary is 400/230 V. The primary connection is
 
a delta type and the secondary connection is a star type.
 

Transmission Line System
 

The transmission line system of the Mae Ton Luang project includes
 
a 3,500-V transmission line from the powerhouse to the villages with
 
a total length of 5.5 km and a 380-V distribution line connected from
 
the step-down transformers to the electricity consumers. The total length
 
of the low voltage line is approximately 5.0 km.
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G. PROJECT COST AND ECONOMIC EVALUATION
 

In this section, project cost, benefits, and economic evaluation
 
of the Mae Ton Luang project are presented. The benefit of the project
 

is considered equivalent to the cost of the diesel power plant of the
 
same capacity.
 

Project Cost
 

Table 5.19 summarizes the cost of each component of the Mae Ton 

Luang project. The total project cost is 2,577,150 Baht (US$ 112,050), 
of which 1,275,731 Baht (US$ 55,46"/ ) was contributed by USAID. 

Besides those items tabulated in Table 5.19, the villagers of Mae
 
Ton Luang also contributed some local cointruction materials such as
 
wood poles, etc. and were involved in thp construction activities.
 

TABLE 5.19 COST OF MAE TON LUANG PROJECT
 

Cost
 
Item
 

Baht US$
 

1. 	Weir, intake & sluice gate 328,900 14,300
 

2. 	Headrace 538,200 23,400
 

3. 	Penstock and concrete support 170,000 7,391
 

1,700
4. 	Powerhouse 39,100 


5. 	Generating equipment 278,300 12,100
 

6. 	Transmission line system 818,800 35,600
 

7. 	Transformers 188,600 8,200
 

8. 	Administration and services of 215,250 9,359
 
construction equipment
 

Total 	 2,577,150 112,050
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Project Benefits
 

Similar to the Kam Pong project, the benefits of the Mae Ton Luang
 
project can be classified into two categories, i.e. direct benefit and
 
the indirect benefit.
 

Direct benefit
 

The direct benefit of the Mae Ton Luang project is considered to
 
be equivalent to the cost of the diesel power plant of the same capacity.
 
Using the same assumptions as those mentioned in Chapter 4,Section G,
 
the development of the Mae Ton Luang micro-hydropower plant will result
 
in the saving of 65,770 liters of diesel oil annually over the installa
tion of a diesel power plant of the same capacity.
 

Indirect benefit
 

The indirect benefits of the development of a micro-hydropower plant
 
at the Mae Ton Luang project area are similar to those of the Kam Pong
 
project as mentioned in Chapter 4, Section G.
 

Economic Evaluation
 

The evaluation of economic feasibility of the Mae Ton Luang project
 
is undertaken with the same approach and assumptions as those used for
 
the Kam Pong project. That is, the cost of the diesel power plant of
 
the same capacity is considered as equally beneficial to Mae Ton Luang
 
micro-hydropower project.
 

The main features and costs of the diesel power plant to be compared
 
with the Mae Ton Luang project are tabulated in Table 5.20. It is estimated
 
that the installation of the diesel power plant will cost 525,000 Baht
 
(US$ 22,826) and another 1,007,400 Baht (US$ 43,800) for the installation
 
of the transmission line system and transformers. The operation and
 
maintenance cost is estimated about 76,620 Baht (US$3,331 ) per year.
 
The fuel cost is approximately 442,200 Baht (US$19,226 ) per year.
 

With the same assumptions as mentioned in Chapter 3, Section B,
 
the annual equivalent costs of the Mae Ton Luang micro-hydropower plant
 
and the equivalent diesel power plant are determined as tabulated in
 
Tables 5.21 and 5.22, respectively. In conclusion, the annual equivalent 
cost of the Mae Ton Luang micro-hy3ropower plant is 409,777 Baht (US$ 
17,816) or 2.05 Baht (US$ 0.09) per kWh and the annual equivalent cost 
of the diesel power plant is 743,806 Baht (US$ 32,339 ) or 3.72 Baht 
(US$ 0.16) per kWh. The benefit-cost ratio of the Mae Ton Luang micro
hydropower development is 1.82: 1 . So, the Mae Ton Luang project is 
economically feasible. 
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TABLE 5.20 DETAILS OF A DIESEL POWER PLANT EQUIVALENT TO
 

THE MAE TON LUANG MICRO-HYDROPOWER PLANT 

Item Value 

1 Installation capacity 35 kW 

2 Number 1 

3 Annual energy production 0.20 GWh 

4 Plant Factor 65 % 

5 Service life 15 year 

6 Installation cost 525,000 Baht 

7 Amount of diesel used per unit 0.33 liter/kWh 

8 Annual diesel oil consumption 66,000 liters 

9 Unit price of diesel oil 6.70 Baht/liter 

10 Fuel cost 442,200 Baht 

11 Transmission line cost 1,007,400 Baht 

12 Operation & maintenance cost 76,620 Baht/year 
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TABLE 5.21 ANNUAL EQUIVALENT COST OF MAE TON LUANG MICRO-HYDROPOWER PLANT
 

2
nnual Equivalent Civil I Power Tfans - Total
 
Cost Works Generating mission Annual
 

IEquipments Line System Cost
 

1. Depreciation 	 160,320 35,483 147,906 343,709
 

2. Operation 	and Maintenance 12,915 2,783 50,370 66,068
 

Total 	 173,235 38,266 198,276 409,777
 

Note : 11 The investment cost for civil works is 1,291,450 Baht
 
(US$ 56,150).
 

12 :The investment cost for power generating equipment
 
is 278,300 Baht (US$ 12,100)
 

13 	 The investment cost for transmission line system
 
is 1,007,400 Baht (US$ 43,800)
 

TABLE 5.22 ANNUAL EQUIVALENT COST OF THE DIESEL POWER PLANT
 

Annual 	Equivalent P2i
~Cost
 
Cst Power Trans-
Plant mission Total
 

Item Line System
 

1. Depreciation 	 77,080 147,906 224,986
 

2. Operation and Maintenance 26,250 50,370 76,620
 

3. Fuel Cost 	 442,200 - 442,200
 

Total 	 545,530 198,276 743,806
 

Note 11 	 The investment cost for the power plant is approximately
 
525,000 Baht (US$ 22,826).
 

12 The investment cost for the transmission line system 
and transformers is 1,007,400 Baht (US$ 43,800 ). 
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FIGURE 5.5 CONSTRUCTION SCHEDULE OF MAE TON LUANG MICRO-HYDROPOWER PROJECT
 

Task Apr May 
83 83 

Jun 
83 

Jul 
83 

Aug Sep 
83 83 

Oct 
83 

Nov Dec 
83 83 

Jan 
84 

Feb 
84 

Mar Apr 
84 84 

May 
84 

Jun 
84 

1. Weir 

1.1 Material Purchasing 
1.2 Site Preparation 
1.3 Construction Work 

2. Intake & Sluice 

2.1 Material Purchasing 

2.2 Construction Work 

3. Headrace 

3.1 Excavation 
3.2 Installation 

4. Forebay and Penstock 

4.1 Material Purchasing 
4.2 Excavation 

4.3 Installation 

4.4 Concrete Work 

5. Powerhouse 

5.1 Material Purchasing 

5.2 Site Preparation 
5.3 Construction Work 
5.4 Equipment Installation 

6. Transmission Line System 

6.1 Pole Installation 
6.2 Electric Wire Installation 

Planned Schedule Actual Work Period 



H. CONSTRUCTION AND OPERATION
 

Similar to the Kam Pong project, the implementation of Mae Ton Luang
 
micro-hydropower project was carried out with cooperation between techrical
 
staff from NEA and the villagers in Mae Ton Luang project area and with
 
financial support from USAID. In this section, a brief discussion of
 
construction and project organization is presented.
 

Work Organization
 

The same group of parsonnel was responsible for the construction
 
of the Mae Ton Luang micro-hydropower project as for the Kam Pong project.
 
Therefore, the work organization is the same as that mentione4 previously
 
in the section on the Kam Pong project.
 

Villager Participation
 

The villagers in three villages in Mae Ton Luang project area have
 
participated in the construction activities. They worked mostly as la
borers. Besides, some local materials such as wood poles, plank and
 
wood for framework, etc. were contributed by the villagers.
 

Construction Schedule
 

The planned schedule and the actual work done in the implementation
 
of Mae Ton Luang micro-hydropower project are shown in Fig. 5.5. The
 
installation of turbines and generators lagged greatly behind the planned
 
schedule. This is due to the delay in supplying the equipments. 

Problems Encountered in the Implementation
 

The problems encountered in the implementation of the Mae Ton Luang
 
project are similar to those of the Kam Pong project. In addition, one
 
main problem which postponed the operation schedule of the project was
 
the delay in delivery of the turbines and the generators. The installa
tionof this equipment was just completed at the end of June 1984.
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Chapter 6
 
DESIGN AND CONSTRUCTION
 

OF HUAI PUI MICRO-HYDROPOWER PROJECT 



Design and Construction
 
of Huai Pui Micro-Hydropower Project
 

The Huai Pui micro-hydropower project is 
one of the projects constructed with 
 financial assistance from USAID.It is located in Tambon
Long Khod, Amphoe Prao, Chiang Mai Province. Its installed capacity
is 50 kW and it can generate electric energy to 250 households in the
project area. 
In this chapter, the details of the design and construc
tion of Huai Pui project are described.
 

A. 
 LOCATION AND TOPOGRAPHY
 

The Huai Pui project is located in Tambon Long Khod, Amphoe Prao,
Chiang Mai Province. It is a run-off-river project constructed on Huai
Pui stream located about 31 km from the town of Amphoe Prao. 
The weir
site is at the latitude 190 6' 56.8" N and the longitude99' 8' 4.5" E. 

The catchment area at the weir site is approximately 11.6 km 2
 . The
area is mountainous and covered with forests. 
 The annual streamflow
 
at the weir site is approximately 7.67 MCM. 
A concrete weir is constructed
 on the Huai Pui stream. The weir is approximately 3.0 m high and 16 
m

long. The weir crest is at 532 
m MSL. From the intake at the right
abutment of the weir 
, an asbestos cement pipe 0.30 
m in diameter and
1,450 m in length is laid along the hillside to a for~bay. 
From the
forebay a steel penstock 0.30 m in diameter and 165 m in length is connected to the powerhouse. 
The elevation of the tailrace at the powerhouse
is approximately 439 m MSL. 
A 22-KV transmission line is 
then connected
 to the villages in Tambon Long Khod which are situated about 2.5 km from
the powerhouse. Fig.6.1 illustrates the location and topography of Huai
 
Pui project area.
 

B. SOCIOLOGY AND COMMUNITY STRUCTURE
 

In 
the section, the characteristics of those villages in Tambon Long
Khod which receive electricity from Huai Pui micro-hydropower plant are
described. 
The information presented here is obtained from the field
 
survey undertaken by staff from the Energy Statistics Section of NEA.
 
The survey was conducted in May 1984.
 

Households and Population
 

Though the Huai Pui micro-hydropower project was planned to 
serve 250
households in 7 villages the total number of households is as 
high as
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1,094. Some of these households are situated at a remarkable distance
 
on the hill far from the distribution network. The number of households
 
and population in these 7 villages is shown in Table 6.1. In total,
 
there are 1,094 households with 4,261 residents in these 7 villages.
 
About 30 percent of these households were selected randomly for socio
economic study.
 

TABLE 6.1 NUMBER OF HOUSEHOLDS AND POPULATION
 

Village Number of Households Number of Population
 

Ban Tung Daeng 192 695
 

Ban Pa Taeng 158 526
 

Ban Na Meng 44 196
 

Ban Mae Mon 91 356
 

Ban Pa Ha 160 679
 

Ban Luang 336 1,287
 

Ban Chang Tam 113 452
 

Total 1,094 4,261
 

Village Characteristics
 

Tambon Long Khod is located in Amphoe Prao, Chiang Mai Province.
 
Most parts of the area are flat terrain cultivated for rice growing.
 
The villages are located not far from each other with easy accessibility
 
to all villages. These villages are located near the Chiang Mai-Prao
 
highway and there are lateritic roads connecting the villages and the
 
highway. Roads within the villages are in good condition. The dwelling
 
units are located together and surrounded by rice fields. There is a
 
school in each village except Ban Pa Taeng. There are two health centers
 
in this area, one at Ban Na Meng, the other at Ban Luang. Photos 6.1
6.8 illustrate general characteristics of Tambon Long Khod.
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PHOTO 6.1 ACCESS ROAD TO THE VILLAGES
 

PHOTO 6.2 SERVICE ROAD IN A VILLAGE
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PHOTO 6.3 PADDY FIELD IN THE VILLAGE AREA
 

PHOTO 6.4 HOUSE COMPOUND WITH ORCHARD LAND 
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PHOTO 6.5 TOBACCO CURING PLANT NEAR THE VILLAGES
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PHOTO 6.7 INSTALLATION OF HUAI PUI HEADRACE (1) 

PHOTO 6.8 INSTALLATION OF HUAI PUI HEADRACE (2) 

129
 



Education
 

Approximately 12 percent of the sampled household members are study

ing in a primary school in the village, the other 66 percent have finished
 

studying and the remaining 22 percent have never attended a school.
 

(Table 6.2)
 

Among those who have finished studying, most of them (93 percent)
 

finished the primary school level and the remaining 5.7 percent finished
 

higher than the primary school level. Among those members who are study

ing in a school, 75 percent are in the primary school level, the other 25
 

percent are in the secondary school level. (Table 6.3)
 

TABLE 6.2 CLASSIFICATION OF HOUSEHOLD MEMBERS BY EDUCATION STATUS
 

Percent of Total Household Member
 

Village
 

Finished studying Being studying No education
 

Ban Tung Daeng 73.69 7.52 18.80 

Ban Pa Taeng 65.25 7.99 26.76 

Ban Na Meng 69.23 3.08 27.69 

Ban Mae Mon 70.64 11.93 17.43 

Ban Pa Ha 62.35 14.20 23.48 

Ban Luang 65.62 14.18 20.21 

Ban Chang Tam 59.28 19.28 21.42 

Overall Average 66.43 11.82 21.75
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TABLE 6.3 EDUCATION LEVEL OF HOUSEHOLD MEMBERS
 

Finished Study 
Village 

primary secondary higher primary secondary 

Ban Tung Daeng 93.88 4.59 1.53 
 70.00 30.00
 

Ban Pa Taeng 95.68 
 2.88 1.44 82.34 17.66'
 

Ban Na Meng 75.55 20.00 
 4.45 50.00 50.00
 

Ban Mae Mon 100.00  - 84.62 15.38
 

Ban Pa Ha 90.26 7.80 
 1.94 71.42 28.58
 

Ban Luang 93.60 6.00 0.40 
 59.25 40.75
 

Ban Chang Tam 95.17 3.61 
 1.22 77.78 22.22
 

Overall Average 93.22 
 5.51 1.27 74.51 25.49
 

Occupation
 

Most of the household heads in Tambon Long Khod are farmers. 
 Rice is
 
the dominant crop in this area. Raising of animals such as pigs, cattle,
 
buffaloes, etc. is also popular. 
Besides agriculture other occupations
 
which are considered a main occupation of some household heads are working
 
as a laborer and trading (Table 6.4).
 

Besides the main occupation, a)Dout 40 percent of the sampled house
hold heads also engage in some subsidiary occupations, mostly as a laborer,
 
and trading (Table 6.5).
 

Present Land Use and Land Holding
 

Most parts of the area in each village of Tambon Long Khod are
 
cultivating area. 
Table 6.6 shows the distribution of land use in this
 
area. Table 6.7 summarizes the amount of land holding in these villages.
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TABLE 6.4 MAIN OCCUPATION OF THE SAMPLED HOUSEHOLD HEADS
 

Percent of Total Sampled Households
 Village 


Agriculture Trading Laborer Others
 

Ban Tung Daeng 85.00 1.25 8.75 5.00
 

Ban Pa Taeng 76.67 5.00 16.60 1.67
 

Ban Na Meng 89.47 - 10.53 -


Ban Mae Mon 100.00 -  -


Ban Pa Ha 75.86 6.90 15.20 2.00
 

-
Ban Luang 76.00 6.00 18.00 


Ban Chang Tam 65.71 5.71 26.7 1.83
 

Overall Average 79.58 4.19 14.40 1.83
 

TABLE 6.5 SUBSIDIARY OCCUPATION OF THE SAMPLED HOUSEHOLD HEADS
 

Village 
Households 
without 

Households 
with 

Subsidiary Occupation 

Subsidiary Subsidiary Agri- Trading Laborer Others 
Occupations Occupations culture 

Ban Tung Daeng 66.25 33.75 14.81 7.41 66.67 11.11
 

Ban Pa Taeng 35.00 65.00 - 10.26 79.48 10.26
 

Ban Na Meng 73.68 26.32 - 20.00 80.00 -


Ban Mae Mon 53.33 46.67 - 14.29 50.00 35.71
 

Ban Pa Ha 56.90 43.10 - 4.00 84.00 12.00
 

Ban Luang 38.00 62.00 19.35 11.30 56.45 12.90
 

Ban Chang Tam 54.25 45.71 - 12.50 68.75 18.75
 

Overall Average 49.21 50.79 8.51 10.11 67.55 13.83
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TABLE 6.6 LAND USE PATTERN IN TAMBON LONG KHOD
 

Total Cultivating Forests Public
 
Village Area Area Area
 

(Rai) Rai % Rai % Rai %
 

Ban Tung Daeng 2,000 1,950 97.5 - - 50 2.5
 

Ban Pa Taeng 3,500 3,000 85.7 400 11.4 100 2.9
 

Ban Na Meng 400 380 95.0 10 2.5 10 2.5
 

-918 100.0 - - -

Ban Pa Ha 2,660 2,600 97.7 25 1.0 35 1.3 

Ban Luang 8,600 5,820 67.7 1,780 20.7 1,000 11.6 

Ban Chang Tam 150 148 98.7 - - 2 1.3 

Ban Mae Mon 91& 


Total 18,228 14,816 81.3 2,215 12.2 1,197 6.5
 

Source Provincial Statistics Office of Chiang Mai
 

TABLE 6.7 AMOUNT OF LAND HOLDING
 

Village Average Land Holding
 
(rai/household)
 

Ban Tung Daeng 10.5
 

Ban Pa Tieng 19.2
 

Ban Na Meng 8.8
 

Ban Mae Mon 10.6
 

Ban Pa Ha 14.5
 

Ban Luang 17.0
 

Ban Chang Tam 1.3
 

Overall Average 13.4
 

Source : Provincial Statistics Office of Chiang Mai
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Agriculture
 

Several types of crops are grown in this village area, including
 
paddy rice, upland rice, peanut, garlic, chilli, tobacco, many bean,
 
etc. Rice is the most dominant crop in this area. Table 6.8 summarizes
 
the cultivated area and production of rice in each village of Tambcn
 
Long Khod.
 

TABLE 6.8 CULTIVATED AREA AND PRODUCTION OF RICE
 

Village Cultivating Area Production
(rai) (kg/rai)
 

Ban Tung Daeng 1,000 600
 

Ban Pa Taeng 2,000 300
 

Ban Na Meng 100 400
 

Ban Mae Mon 813 350
 

Ban Pa Ha 2,000 300
 

Ban Luang 5,203 300
 

Ban Chang Tam 30 250
 

Total/Average 11,146 330
 

Household Economy
 

Household income 

The household income in this area can be classified into 2 catego
ries, i.e. agricultural income and non-agricultural income. The agricultural
 
income includes those incomes derived from farming and animal husbandry.
 
The non-agricultural income includes those incomes from trading, hired
 
laborer, etc. Table 6.9 shows the average annual income of each village
 
in Tambon Long Khod. On the average, the annual income of each household
 
is approximately 19,092 Baht (US$ 830).
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TABLE 6.9 ANNUAL HOUSEHOLD INCOME
 

Annual Income (Baht/Household)
Village 
Agricultural Non-agricultural Total
 

Ban Tung Daeng 


Ban Pa Taeng 


Ban Na Meng 


Ban Mae Mon 


Ban Pa Ha 


Ban Luang 


Ban Chang Tam 


Overall Average 


9,659 9,007 18,666 

8,833 11,552 20,385 

9,904 12,084 21,988 

7,029 2,891 9,920 

7,847 10,999 18,846 

7,952 12,100 20,052 

4,724 17,080 21,804 

8,161 10,931 19,092 

Household Expenditure
 

In the same manner, the household expenditure in Tambon Long Khod
 
area can be classified as agricultural expenditure and non-agricultural
 
expenditure. The average arnual expenditure of each village in Tambon
 
Long Khod is shown in Table 6.10, the total annual expenditure of each
 
household is approximately 18,859 Baht (US$ 820)
 

Village 


Ban Tung Daeng 


Ban Pa Taeng 


Ban Na Meng 


Ban Mae Mon 


Ban Pa Ha 


Ban Luang 


Ban Chang Tam 


Overall Average 


TABLE 6.10 ANNUAL HOUSEHOLD EXPENDITURE
 

Annual Household Expenditure (Baht/Household)
 

Agricultural 


2,126 


2,478 


3,830 


4,351 


3,303 


4,316 


2,184 


3,198 


Non-agricultural Total 

13,149 15,275 

13,567 16,045 

16,019 19,849 

13,409 20,280 

17,176 20,479 

19,377 23,693 

17,815 1.9.999 

15,661 18,859 
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Use of Fuel
 

The fuel used in this area includes firewood, charcoal, kerosene,
 
benzene and diesel oils, and batteries. Firewcod and charcoal are mostly
 
used in cooking. Kerosene and batteries are vsed for lighting. Benzene
 
and diesel oils are used for transportation or some diesel machines.
 
Table 6.11 shows the amount of fuel used in each village in Tambon Long
 
Khod.
 

TABLE 6.11 AMOUNT OF FUEL USED
 

Average Annual Use Per Household
 

Village Firewood Charcoal Kerosene Benzene Diesel Batteries
 
(kg) (kg) (liter) (liter) (liter) (Baht)
 

Ban Tung Daeng 1,294 93 28.6 77.3 70.1 275
 

Ban Pa Taeng 1,332 49 35.7 1.3 175.8 247
 

Ban Na Meng 1,464 47 37.9 23.1 63.2 410
 

Ban Mae Mon 1,764 24 39.0 20.7 60.8 170
 

Ban Pa Ha 1,193 108 30.9 71.3 47.8 260
 

Ban Luang 1,440 68 36.0 67.6 115.1 134
 

Ban Chang Tam 1,406 169 45.3 20.7 133.5 325
 

Overall Average 1,379 190 34.8 49.6 99.8 287
 

Cost (Baht) 36 39 306 56.3 831 287
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C. HYDROLOGICAL STUDY
 

Since there is no gagging station on Huai Pui stream, the hydrologi

cal study was made by using the streamflow data of Nam Mae Ngat at Ban
 

Teen That which is also located in Chiang Mai Province. The catchme9 t
 

area at 
the gauging station of Nam Mae Ngat is approximately 80.7 km,
 

whereas2the catchment area of Huai Pui stream at the weir site is about
 

11.6 km . The area-ratio method is then applied to obtain the approximate
 

streamflow data of Huai Pui. 
 The obtained results are shown in Tables
 

6.12and 6.13and Fig. 6.2. Table 6.6 summarizes the estimated monthly flows
 

of Huai Pui at 
the weit site whereas Table 6.7 tabulates the value of the
 

the adopted flow duration curve of
 

Huai Pui as correlated from Nam Mae Ngat at Ban Teen That.
 
minimum flow each month. Fig. 6.2 is 


The results from the hydrological study show that the annual stream

flow at Huai Pui wiir site is app 5 oximately 7.76 MCM. The minimum flow
 

varies fr m 0.04 m /sec to 0.33 m /sec. With this analysis, the flow value
 

of 0.10 m /sec was used as the design discharge of the Huai Pui project.
 

The effective head of the project is obtained by substracting the
 

estimated head loss from the static head. From the topographic map the
 
stat-ic head,which is the head difference between the upstream water level
 

and the powerhouse elevation, is approximately 100 m. The value of 85 m
 

is considered the effective head of Huai Pui project.
 

Regarding the design flood, the estimation is based on the rational
 
formula, i.e. Q = CiA. The value of C used in the calculation is 0.15
 

and the rainfall duration curve for 50 years recurrence interval of Chiang
 
Mai Province is used. The estimated design flood of Huai Pui project
 

is 24 m3/s. This design flood value is used in the design of a weir
 

and in specifying the powerhouse location and tailrace level.
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TABLE 6.12 MEAN MONTHLY FLOW AT HUAI PUI WEIR SITE
 

Unit xl 6 m3 

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec otal 

1977 0.34 0.22 0.20 0.21 0.40 0.13 0.31 0.49 1.20 0.84 0.64 0.46 5.45 

1978 0.37 0.22 0.17 0.16 0.33 0.40 2.40 1.88 2.31 1.61 0.77 0.44 11.17 

1979 0.37 0.20 0.18 0.16 0.25 0.38 0.22 0.88 0.58 0.52 0.31 0.22 4.25 

1980 0.12 0.08 0.10 0.07 0.15 0.37 0.52 1.01 2.19 0.79 0.48 0.38 6.27 

1981 0.31 0.23 0.22 0.23 0.28 0.46 1.81 2.14 1.62 1.52 1.31 1.06 11.20 

Average 0.30 0.19 0.18 0.17 0.28 0.35 1.06 1.28 1.58 1.06 0.70 0.53 7.67 

TABLE 6. 13 MINIMUM FLOW AT HUAI PUI WEIR SITE 

Unit : m3/sec 

Jan Feb Mar Apr May June Jul Aug Sep Oct Nov Dec 

1977 0.07 0.08 0.06 0.04 0.04 0.02 0.03 0.07 0.25 0.15 0.17 0.11 

1978 0.07 0.07 0.04 0.04 0.05 0.06 0.18 0.44 0.58 0.35 0.24 0.16 

1979 0.11 0.06 0.04 0.04 0.04 0.04 0.05 0.07 0.11 0.14 0.10 0.05 

1980 0.04 0.02 0.02 0.02 0.02 0.06 0.03 0.08 0.26 0.21 0.14 0.11 

1981 0.10 0.07 0.07 0.06 0.06 0.12 0.12 0.51 0.47 0.39 0.43 0.31 

Average 0.08 0.06 0.05 0.04 0.04 0.06 0.08 0.23 0.33 0.25 0.22 0.15 

Source Survey and Planning Division, NEA. 
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D. CIVIL WORKS
 

The civil works of the Huai Pui micro-hydropower project include
 
the construction of a weir, a powerhouse, a forebay, excavation and instal
lation of a headrace, and a penstock. The details of each item are discussed
 
in the following sections.
 

Weir 

The weir of the Huai Pui project is a concrete type, 3.0 m high
 
and 16 m long. The weir crest is at 532 m MSL. An intake structure and
 
a sluice gate are constructed at the right abutment of the weir. Photos
 
6.9 and 6.10 illustrate the characteristics of Huai Pui weir under con
struction.
 

Headrace
 

The headrace of Huai Pui project is an asbestos cement pipe, 0.30 m
 
in diameter. For those areas where the headrace must be installed unburied,
 
a steel pipe of the same diameter is used instead. The total length
 
of the headrace is approximately 1,450 m. At the bending, a concrete
 
anchorage is constructed to support the headrace. Photo 6.11 illustrates
 
the installation of a steel section of the headrace at the weir site
 
whereas Photo 6.12 illustrates the installed asbestos cement headrace
 
along the hill side.
 

Forebay
 

The forebay of the Huai Pui project is a rectangular concrete tank,
 
2.0 m long, 1.5 m wide, and 1.5 m high. It is constructed at the end
 
of the headrace. An overflow weir with natural spillway is also provided
 
to drain the excess wacer into the original stream.
 

Penstock
 

A steel penstock 0.30 m in diameter is installed from the forebay
 
to the powerhouse. The total length of this penstock is approximately
 
165 m.
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PHOTO 6.9 WEIR OF HUAI PUI PROJECT
 

V -. jis 

PHOTO 6.10 INTAKE AND SLUICE STRUCTURE
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PIOTO . PSTEEI,HEADRACE OF IIUAI PUI PROJECT 

PHOTO 6.12 ASBESTOS CEMENT IIE!.DRACE ALONG THlE HILL SIDE 

I.2 



Powerhouse
 

The powerhouse of the Huai Pui project is located at the elevation
 
of 439 m MSL, approximately 1.5 km downstream from the weir site. It
 
has a reinforced concrete floor, concrete block walls, and galvanized
 
steel roof (Photo6.13 ). The Huai Pui powerhouse is equipped with a tur
bine, generator and switchboard. Its installed capacity is 50 kW. The
 
water dischargpd from the turbine is drained into the origiral stream
 
via a concrdte-lined tailrace.
 

PHOTO 6.13 HUAI PUI POWERHOUSE
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PHOTO 6.14 THE CROSS-FLOW TURBINE OF HUAI PUI PROJECT
 

PHOTO 6.15 A TURBINE-GENERATOR SET
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E. MECHANICAL WORKS
 

The turbine of the Huai Pui project is a cross-flow type with output

rating of 50 kW. The designed head is 85 m and the designed discharge
 
is 0.10 m3/s. The synchronous speed is 1,500 rpm. The details of
 
the main compcnents of the turbine are as follows
 

Casing and Base
 

The casing and the base are made of SS 41 steel, welded to the designed
 
shapes, and fixed together with bolts and nuts.
 

Runner
 

The runner of the turbine is made of SS 41 steel welded with the
 
steel shaft. The shaft is made of AISI 4,140 steel. The runner was
 
tested for dynamic balance.
 

Inlet Valve
 

The inlet valve is stainless steel with bronze bushing and sealed
 
to prevent water leakage.
 

Photo 6.14 and 6.15 illustrate the turbine installed at Huai Pui
 
powerhouse.
 

F. ELECTRICAL WORKS
 

The electrical works of the Huai Pui project include a generator,
 
a switchboard, transformers, and transmission line system. The details
 
of these electrical equipment are as follows
 

Generator
 

The generator of Huai Pui project is a 3-phase, 380 V, alternating
 
current, 
synchronous generator with horizontal shaft, self-ventilation
 
and brushless excitation. The rating output is 50 kW. The generated

electricity has a frequency of 50 Hz at the synchronous speed of 1,500 rpm.
 
The number ot poles is 4 and the power factor is 80 percent lagging.
 
The stationary winding connection is a star type.
 

Speed Controller
 

The speed controller used in Huai Pui powerhouse is an electronic
 
load controller manufactured by NEA.
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Switchboard
 

The switchboard installed in the Huai Pui powerhouse is equipped
 
with the following instruments.
 

- 1 set of circuit breakers, 3-phase, 380-V, 4-wire,
with operating indicator and over-current relay and under-voltage relay. 

- 1 set of AC ammeters.
 

- 1 set of AC voltmeters (0-400 V).
 

-
 1 set of watt-meters, 3-phase, 4-wire,unbalanced load.
 

- 1 set of power factor meters,range -0.5 to +0.5.
 

- 1 set of frequency meters, range 45-55 Hz. 

- 3 sets of current transformers.
 

Transformers
 

The transformers installed at Huai Pui project area 
include one

62.5-KVA step-up transformer, two 20-KVA and three 10-KVA step-down trans
formers. The specification of these transformers are the same 
as those
 
installed at Mae Ton Luang project, except for the KVA rating.
 

G. 
 PROJECT COST AND ECONOMIC EVALUATION
 

In this section the cost of the Huai Pui project and the benefits
 
based on the installation cost of a diesel power plant of the same 
capa
city are discussed. The results of economic analysis based on the same 
approach and assumptions as described in Chapter 4 , Section G are also 
presented. 

Project Cost
 

Details of the cost items of Huai Pui project are shown in Table
 
6.14. The cost of civil works amounts to 1,546,500 Baht (US$ 67,239).

The cost of the electricity generating equipments is 240,000 Baht 
(US$

10,435) and the cost of transformers and transmission line system is
 
868,500 Baht (US$ 37,761). About 317,000 Baht (US$ 13,783) is used for
 
administration and services of construction equipments. 
The total cost 
of the project excluding the labor cost is equal to 2,972,000 Baht 
(US$ 129,217) of which 1,030,921 Baht ( US$ 44,823) is contributed from
 
USAID.
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In addition to the above-mentioned cost items, the villagers in
 
Tambon Long Khod, recipients of the electricity generated from the Huai
 
Pui project, were involved in construction work as laborers and supplied

Some local construction materials such as wood poles, sand, gravel, etc.
 

TABLE 6.14 CONSTRUCTION COST OF HUAI PUIlPROJECT
 

Cost
 
Item
 Baht 


US$
 

1. Weir with intake and sluice gate 291,500 12,674
 

2. Headrace 
 788,000 34,261
 

3. Penstock with concrete support -127,000 18,565
 

4. Powerhouse 
 40,000 1,739
 

5. Electricity generating equipment 240,000 10,435
 

6. Transformers 
 218,500 9,500
 

7. Transmission line system 650,000 
 28,261
 

8. Administration and services of 
 317,000 13,783
 
construction equipment
 

Total 2,972,000 129,217
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Project Benefits
 

The Huai Pui micro-hydropower project is also an insulated power
 
generation project, i.e. the electricity project is not connected to
 
other distribution networks. The benefits of the project are then con
sidered as the installation cost of a diesel power plant of the same
 
capacity. Table 6.15shows the characteristics and installation cost
 
of such a diesel plant. It is estimated that the installation of this
 
diesel power plant will cost 750,000 Baht (US$ 32,609) excluding the
 
cost of transformers and the transmission line system. The operation
 
and maintenance cost (about 5 percent of the investment cost) amounts
 
to 80,925 Baht (US$ 3,518) a year. With 65 percent plant factor and
 
the rate of fuel requirement of 0.33 liter of diesel oil per kWh of energy
 
produced, the total amount of diesel oil consumption is 94,050 liters
 
per year. If the unit price of diesel is 6.70 Baht (US$ 0.29) per liter,
 
the fuel cost is 630,135 Baht (US$ 27,397) annually. This fuel cost
 
will be saved if the Huai Pui micro-hydropower plant is operated and
 
thus it is considered as a direct benefit of the Huai Pui project.
 

In addition to the above direct benefit, there exist some indirect
 
benefits as a result of villagers' participation. The indirect benefits
 
of such project organization were already mentioned in Chapter 4, Section G.
 

TABLE 6.15 DETAILS OF DIESEL POWER PLANT EQUIVALENT TO THE HUAI PUT
 

MICRO-HYDROPOWER PLANT
 

Item Value
 

1. Installation Capacity 50 kW 

2. Number 1 

3. Annual Energy Production 0.285 GWh 

4. Plant Factor 65 percent 

5. Service Life 15 years 

6. Installation Cost 750,000 Baht 

7. Amount of Diesel Oil Used per kWh 0.33 liter/kWh 

8. Annual Diesel Oil Consumption 94,050 liters 

9. Unit Price of Diesel Oil 6.70 Baht/liter 

10. Fuel Cost 630,135 Baht 

11. Transmission Line and Transformer 868,500 Baht 

32. Operation & Maintenance Cost 80,925 Baht/year 
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Economic Evaluation
 

Based on the assumptions given in Chapter 3, Section G and the cost
benefit data shown in the preceding sections, the annual equivalent costs
 
of the Huai Pui micro-power plant and the equivalent diesel power plant
 
are determined as shown in Tables 6.16 and 6.17. In conclusion, the
 
annual equivalent cost of the Huai Pui micro-hydropower plant is 453,908
 
Baht (US$ 19,735) or 1.59 Baht (US$ 0.07) per kWh, while the annual equi
valent cost of the diesel power plant is 948,688 Baht (US$ 41,247) or
 
3.23 Baht (US$ 0.14) per kWh. Thus, the benefit-cost ratio of the Huai
 
Pui project is 2.09 : 1. Therefore, the Huai Pui project is considered
 
economically feasible.
 

TABLE 6.16 ANNUAL EQUIVALENT COST OF HUAI PUI MICRO-HYDROPOWER PLANT
 

Annual Equivalent Civi l Power TransmipsJ - Total 
Cost Work Generating ion Line Annual 

Item (Baht) Equipment System Cost 
(Baht) (Baht) (Baht) 

1. Depreciation 231,335 30,600 127,513 389,448 

2. Operation and 18,635 2,400 43,425 74,060 
Maintenance 

Total 249,970 33,000 170,938 453,908
 

Note
 

11 	 The investment cost for civil works including the
 
administration and services is 1,863,500 Baht (US$ 81,022)
 

12 	 The investment cost for power generating equipment is
 
240,000 Baht (US$ 10,435)
 

The 	investment cost for transmiss' ,n line system is
 
868,500 Baht (US$ 37,761)
 

13 
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TABLE 6.17 ANNUAL EQUIVALENT COST OF THE DIESEL POWER PLANT
 

Annual Equivalent 
Cost Power Plant Transmission Total 

Line System Total
Item 


127,513 237,628
1. 	Depreciation 110,115 


2. 	Operation & Maintenance 37,500 43,425 80,925
 

- 630,135
Fuel Cost 	 630,135
3. 


Total 	 777,750 170,938 948,688
 

Note :
 

1. 	The investment cost for the diesel power plant is
 

750,000 Baht (US$ 32,609)
 

2. 	The investment cost for transmission line system and
 

transformers is 868,500 Baht (US$ 
37,761)
 

H. CONSTRUCTION AND OPERATION
 

Similar to the Kam Pong and Mae Ton Luang projects, the construc

project was performed with cooperation between
tion work of Huai Pui 


the villagers in Tambon Long Khod and NEA's technical staff, with finan-


In this section the construction and operation
cial support from USAID. 


of Huai Pui project is discussed.
 

Work Organization
 

The same group of NEA's staff as those for the Kam Pong and Mae
 

Ton Luang projects was responsible for the implementation of Huai Pui
 

project. Therefore, the organization chart is the same as that shown
 

in Chapter 4, Section H.
 

Villagers' Participation
 

residents in Tambon Long Khod have participated in the
Most of the 


project, working as laborers in the construction work. Besides, they
 

also contributed some local materials such as wood poles, gravel, sand,
 

plank, and wood for formwork.
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Construction Schedule
 

Fig.6. 3 illustrates the planned schedule and actual work done of
 
the Huai Pui project. Due to unfavorable topographic features, the in
stallation of a headrace was rather difficult. This resulted in a delay
 
in the civil work program and as a result, the operation schedule of
 
the plant had to be postponed.
 

Problems Encountered in the Implementation
 

The major problem which resulted in a delay in project operation
 
is the mountainous topographic feature of the project area. Several
 
sections of the headrace had to be installed across the creeks and an
 
asbestos cement pipe must be replaced by a steel pipe which required
 
considerable time period in purchasing. Moreover, most villagers who
 
had participated in the construction activities felt unhappy when they
 
faced such difficult work. At the present time of reporting, the con
struction work of the Huai Pui project has just been completed and the
 
test run is being undertaken.
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FIGURE 6.3 CONSTRUCTION SCHEDULE OF HUAI PUI MICRO-HYDROPOWER PROJECT
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1.2 Site Preparation
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Chapter 7
 

Design and Construction
 

of Bo Kaeo Micro- Hydropower Project
 



DESIGN AND CONSTRUCTION 

OF BO KAEO MICRO- HYDROPOWER PROJECT 

Do Kaeo micro-hydropower project is 
one of the projects constructed
 
with financial assistance from USAID. It is located in Tambon Bo Kaeo,

Amphoe Samoeng, Chiang Mai Province. Its installed capacity is 200 kw.
 
The electricity generated from this plant will be 
supplied to the Ho Kaeo
 
Tin Mine of the Mining Industrial Organization, and to 
the nearby villages.

In this chapter, the details of the Do Kaeo project 
are described.
 

A. LOCATION AND TOPOGRAPHY
 

The Ho Kaeo micro-hydropower project is located in Tambon Ho Kaeo,

Amphoe Samoeng, Chiang Mai Province. The project area is approximately

20 km west of the city of Chiang Mai. 
 A concrete weir is constructed on
 
Mae Ho Kaeo stream at the original site of the storage weir of the Mining

Industrial Organization. Water is then diverted along a steel headrace
 
and penstock to a powerhouse located about 800 m from the weir site.
 
The project area is 
very rugged and is covered with dense forests. Fig.

7.1 illustrates the location and topographic feature of Do Kaeo project
 
area.
 

B. SOCIOLOGY AND COMMUNITY STRUCTURE
 

The electricity generated from the Do Kaeo micro-hydropower project

is supplied to 
the Tin Mine of the Mining Industrial Organization at Ban
 
Ho Kaeo, Tambon Ho Kaeo. In addition, some nearby villages such as 
Ban
 
Ho Kaeo, Ban Pang Kia, Ban King Mai Yang Ha, and Ban Huai Fan Nua could
 
receive electricity from this project. 
 In the following paragraphs, the
 
sociology and community structure of these villages are described. This
 
information was obtained 
from the Provincial Statistics Office of Chiang

Mai and the report' of Socio-Economic Survey of Highland Units of northern
 
Thailand for Community Development prepared by the Social Research Insti
tute (CMU).
 

Households and Population
 

The number of households and population in Ban Ho Kaeo, Ban Pang Kia,

Ban King Mai Yang Ha, and Ban Huai Fan Nua is shown in Table 7.1. There
 
are 
226 households with 1,723 inhabitants in all.
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TABLE 7.1 NUMBER OF HOUSEHOLDS AND POPULATION
 

Number of Number of
 
Village Households Population
 

Ban Bo Kaeo 25 140
 

Ban Pang Kia 144 1,260
 

Ban King Mai Yang Ha 44 240
 

Ban Huai Fan Nua 13 83
 

Total 226 1,723
 

Village Characteristics
 

The four villages mentioned above are located in a hilly area, covered
 
with dense forests. Some parts with less slope and moderate soil fertilty
 
are cultivated for growing rice, ground nuts, soy beans, and garlic. Alhaost
 
all residents of these villages are Karen.
 

There are a few streams flowing through these villages. These streams
 
are the main source of water supply; however, a number of sprinkle wells
 
were drilled for drinking watel.
 

There are three primary schools in this area located at Ban Bo Kaeo,
 
Ban Pang Kia and Ban King Mai Yang Ha. Besides, there is one health cen
ter and one police station at Ban Bo Kaeo.
 

Ban Bo Kaeo is the center of Tambon Bo Kaeo, the other three villages
 
are located nearby. There is a lateritic road connecting these villages
 
with the center of Tambon Bo Kaeo and some other villages. However, this
 
road is in poor condition during the rainy season.
 

The tin mine of the Mining Industrial Organization, a receiver of
 
electricity generated from the Bo Kaeo micro-hydropower plant, is located
 
at Ban Bo Kaeo in the center of Tambon Bo Kaeo.
 

Photo 7.1-7.8 iliustrate the characteristics of Ban Bo Kaeo village,
 
Bo Kaeo tin mine, and surrounding area.
 

157
 



PHOTO 7.1 ACCESS ROAD TO BAN BO KAEO VILLAGE 

o 'A 

PHOTO 7.2 GENERAL CHARACTERISTICS OF BAN BO KAEO VILLAGE
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PHOTO 7.3 BO KAEO POLICE STATION
 

PHOTO 7.4 BO KAEO PUBLIC HEALTH OFFICE 
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PHOTO 7.5 A TIN MINE NEAR BO KAEO WEIR SITE 

PHOTO 7.6 BO KAEO TIN MINE
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PHOTO 7.7 
 ACCESS ROAD TO BO KAEO POWERHOUSE
 

PHOTO 7.8 ACCESS ROAD TO BO KAEO WEIR SITE
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Occupation
 

Almost all household heads in these three villages are farmers. The
 
major crop grown in this area is rice. At Ban King Mai Yang Ha ground
 
nuts, soy beans, gartlic are also grown. Besides this main occupation
 
some villagers also engaged in subsidiary occupations such as working as
 
a laborer, trader, or in cottage industries.
 

Land Use and Land Holding 

Table 7.2 summarizes the percent distribution of land use of the four
 
vilages in the project area. It is found that most parts of the area
 
are still left as forest land. The average cultivating area per household
 
in these villages is shown in Table 7.3. The household heads of Ban Pang
 
Kia hold about 14.6 rai per household; while the average land holding of
 
Dan Bo Kaeo households is 2.8 rai per household.
 

TABLE 7.2 PERCENT DISTRIBUTION OF LAND USE
 

Type of Land Use
 

Village
 
Residence Cultivating Forest Public
 

Ban Bo Kaeo 0.8 11.2 88.0 -

Ban Pang Kia 0.6 16.8 70.6 12.0
 

Ban King Mai Yang Ha 0.9 6.3 92.7 0.1
 

Ban Huai Fan Nua 0.9 5.6 92.9 0.6
 

Overall Average 0.7 13.3 78.1 7.9
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TABLE 7.3 AVERAGE CULTIVATING LAND HOLDING
 

Average Cultivating

Village Area (rai/household)
 

Ban Bo Kaeo 2.8
 

Ban Pang Kia 14.6
 

Ban King Mia Yang Ha 6.1
 

Ban Huai Fan Nua 6.9
 

Overall Average 12.2
 

Agriculture
 

As previously mentioned, most household heads in these villages earn
 

their living from agriculture. The main crops cultivated here are rice,
 
ground nuts, soy beans, garlic, and the opium poppy. The cultivated areas
 

and production of these crops are shown in Table 7.4.
 

TABLE 7.4 CULTIVATING AREAS AND AGRICULTURAL PRODUCTION
 

VBan King Mai Ban Huai Fan

lage Ban Bo Kaeo Ban Pong Kia Yang Ha Nua
 

Crop Area Product Area Product Area Product Area Product

(rai) (kg/rai) (rai) (kg/rai) (rai) (kg/rai) (rai) (kg/rai) 

Paddy Rice 30 500 100 700 70 450 50 900 

Upland Rice 40 200 900 300 95 200 35 300 

Ground Nut - - - - 15 120 - -

Soy Bean - - - 20 120 - -

Garlic - - - - 60 1,000 - -

Opium Poppy - - 1,100 0.8 - 
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C. HYDROLOGICAL STUDY
 

Since there is no gauging station at Huai Bo Kaeo stream, the data
 
recorded from the other basin was adopted to estimate the value of design
 
discharge and design flood of Bo Kaeo project.
 

For the design discharge flow duration curve of Huai Mai Sao at Ban
 
Mae Sao was considered. The Huai Mae Sao is a tributary of the Fang River,
 
one main river in the northern part of Chiang Mai Province. The flow-dura
tion curve of Huai Mae Sao is shown in Fig. 7.2. The catchment area of
 
this basin at the gaging station is approximately 11 km . From the value
 
of discharge at 60 percent of time with exceeding flow and by3applying the
 
area-ratio method, the value of the design discharge of 0.2 m /s was computed.
 
This value was used in the designed of the headrace, penstock and p.J;er
 
generating units.
 

For the design flood the rational formula, Q = CiA, was used in calcu
lation. The rainfall intensity i for a 50-year recurrence interval of the
 
northern Thailand is used. For the Bo Kaeo basin which is considered as
 
forest land, the value of 0.15 is used for runoff coefficient C. By usinq
 

this formula, the value of 140 m3/s was computed and used as the design
 
flood of Bo Kaeo project.
 

The value of the effective head is computed by subtracting the esti
mated head loss from the static head. The value of 200 m is obtained for
 
the effective head of the Bo Kaeo project.
 

The design discharge together with the effective head lead to the
 
computation of the installation of the plant. For the Bo Kaen project,
 
the value of 200 kW is estimated.
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D. CIVIL WORKS
 

The civil works of Bo Kaeo micro-hydropower project include the
 
construction of a weir and its associated components, a headrace, a forebay,
 
a penstock, and a powerhouse. The main features of these components
 
are as follows
 

Weir 

The weir of Bo Kaeo micro-hydropower project is a concrete weir
 
constructed on Mae Bo Kaeo stream at the same location as the original
 
storage weir of the Mining Industrial Organization. The constructed
 
weir is 2 m high and 15 m long. The power intake and the sluice gate
 
for sediment release are constructed on the right abutment of the weir.
 
Details of the Bo Kaeo weir and its associated components are shown in
 
Fig. 7.3 and illustrated in Photos 7.9-7.11.
 

Headrace
 

A steel headrace of 400 mm in diameter and 200 m in length is laid
 
along the sloping terrain from the intake to the forebay. The headrace
 
of Bo Kaeo micro-hydropower project was designed as an open-channel flow
 
with flow depth of 70 percent at the design discharge. Photo 7.12shows
 
the installation of the headrace of the Bo Kaeo project.
 

Forebay
 

The forebay of the Bo Kaeo project is constructed as a rectangular
 
concrete tank. It is approximately 2.0 m long, 1.5 m wide and 1.50 m
 
high. A spillway is also provided to remove the excess water. In addition,
 
a gate valve was installed at the outlet to control the flow to the power
house through the penstock (Photo 7.13 ). 

Penstock
 

The penstock of the Bo Kaeo project is a steel pipe 600 m in length
 
and 400 mm in diameter. It is connected between the concrete forebay
 
and the powerhouse (Photo 7.14).
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PHOTO 7.9 BO KAEO WEIR (1)
 

m 

PHOTO 7.10 BO KAEXO WEIR (2)
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PHOTO 7.11 POWER INTAKE AND SLUICE FOR SEDIMENT RELEASE
 

PHOTO 7.12 STEEL HEADRACE 
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PHOTO 7.13 CONCRETE FOREBAY SHOWING SPILLWAY AND GATE VALVE 

PHOTO 7.14 THE STEEL PENSTOCK CONNECTING TO THE POWERHOUSE 
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The powerhouse of the Bo Kaeo project is located about 800 m from the
 
weir site. It is a one storey house with reinforced concrete floor and
 
corrugated asbestos cement roof (Photo 7.15). The powerhouse is equipped
 
with two sets of turbines, generators, and switchboards. A step-up trans
former is located at the outside space near the powerhouse. In addition,
 
a tailrace channel is constructed to discharge the water from the turbines
 
to the original stream.
 

PHOTO 7.15 THE POWERHOUSE OF BO KAEO PROJECT
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E. MECHANICAL WORKS
 

Two units of Pelton turbines were installed in the powerhouse of
 
Bo Kaeo micro-hydropower project. These turbines were coupled to a hori
zontal shaft,three-phase synchronous generator. Details of the installed
 
turbines are as follows
 

Type Pelton type 

Net head 200 meters 

Flow 100 liters/second 

Output 100 kW 

Speed 1,000 rpm 

Number of units 2 units 

PIoto 7.16 illustrates the feature of the installed Pelton turbine
 

PHOTO 7.16 THE CROSS-FLOW TURBINE OF THE BO KAEO PROJECT 
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F. ELECTRICAL WORKS
 

The electrical works of Bo Kaeo project include geriv~rators, transform
ers, switchboard and switchger. In the following paragra4'.s, details
 
of these equipments are described.
 

The Generators
 

The generators of Bo Kaeo project are a horizontal shaft, three
phase synchronous generator. Two sets of generators were installed,
 
each with an installed capacity of 100 kW. Totally, the installation
 
capacity of the Bo Kaeo project amounts to 200 kW. The details of the
 
installed generators are as follows
 

Number of units 	 2 units
 

Type 	 3 phase,400/230 volts,
 
alternating current,
 
brushless exiting synchronous
 
generator, horizontal shaft,
 
self-ventilated type, totally
 
enclosed and completed with
 
automatic voltage regulator.
 

Service condition 	 Usual service condition
 

Rating :
 

Operating duty Continuous
 
Output 125 KVA
 
Voltage 400/230 volts
 
Current 190 amperes
 
Power factor 0.8 (lagging)
 
Frequency 50 Hz
 
Speed 1,000 rpm
 

Prime mover 	 Coupled to the hydraulic turbine
 

Stator winding
 
connection Star-type connection
 

Design 	 All the parts of the generator are
 
so designed and constructed as to
 
withstand safety to the stress
 
due to runaway speed and short
 
circuit fault as well as normal
 
continuous operation.
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Photo 7.17 illustrates the installed generator in the Bo Kaeo power
house.
 

PHOTO 7.17 THE GENERATOR OF THE BO KAEO PROJECT 

The Transformers
 

One three-phase, step up transformer with the rating of 315 KVA was
 
installed at the powerhouse to raise the voltage of the electric power
 
before transmittal to the transmissicn line to the consumers. The details
 
of this step-up transformer are as follows :
 

Number of unit 	 I unit
 

Type 	 Outdoor, 3-phase, oil immersed,
 
self-cooled
 

Service condition 	 Usual service condition
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Rating : 

Operating duty Continuous 
Output : 315 KVA 
Nominal voltage 

- primary 400/230 volts 
- secondary 3,500 volts 

Frequency 50 Hz 

Connection Delta (primary) - Star (secondary) 

The neutral point is directly grounded, off load tap changer, at
 
least four positions.
 

Photo 7.18 illustrates the features of the installed step up trans
former at the powerhouse of Bo Kaeo micro-hydropowser project.
 

In addition to the above-mentioned step up transformer, NEA has pur
chased two three-phase step down transformers, each with a rating of 20 KVA.
 
The purpose of these step down transformers is to decrease the voltage
 
of the transmitted electricity from 3,500 volts to be 400/230 volts before
 
it is distributed to the consumers in the serviced villages. For the
 
Bo Kaeo Tin Mine of the Mining Industrial Organization, the transmission
 
line network(including the step down transformer) is purchased and installed
 
by the mine itself. The details of the step down transformers purchased
 
by NEA are as follows
 

PHOTO 7.18 THE STEP-UP TRANSFORMER AT THE BO KAEO POWERHOUSE 
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Number of units 	 2 units
 

Type 	 Outdoor, 3-phase, oil
 
ir.ersed, self cooled
 

Service condition 	 Usual service condition
 

Rating :
 

Operating duty Continuous
 
Output : 20 KVA
 
Nominal voltage
 

- primary 3,500 volts
 
- secondary 400/380 volts
 

Frequency 50 Hz
 

Connection Delta (primary) - Star (secondary)
 

The neutral point is directly grounded, off load tap changer, at
 
least four positions.
 

Switchboard
 

The switchboard for controlling and operating the generators was
 
installed in the powerhouse of the Bo Kaeo micro-hydropower project. The
 
equipment arranged on the front panel or inside the switchboard include
 

Incoming panel board 

1. 	AC ammeter, for 380-volt circuit (0-200 A)
 

2. 	Ampere selector switch, 2 sets
 

3. 	AC voltmeter, for 380-volt circuit (0-500 V)
 

4. 	Volt selector switch, 2 sets
 

5. 	Power factor meter, for 380-volt, circuit, 2 sets
 

6. 	Kilowatt meter, 3 phase, for 380-volt circuit, 2 sets
 

7. 	Frequency meter, 2 sets
 

8. 	Current transformer 200 /5 A, for 380-V circuit, 6 sets
 

9. 	Potential transformer, 380/110/(110/53) volts, 1-phase,
 

6 sets
 

10. 	 Over-and under-voltage relay, adjustable trip-range 
80-120% of excitation voltage, 2 sc :3 
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11. 	 Inverse time power relay, 2 sets
 

12. 	 Synchronizing measuring instrument with double voltmeter
 
and double frequency meter, 1 set
 

13. 	 Auxiliary relay and reset push button
 

14. 	 Control fuse
 

15. 	 Fault indicating and operating lamp
 

16. 	 Alarm devices
 

17. 	 Circuit breaker 250-AF, 660-V, 3-phase, 4-pole.
 
Overload relay setting 160-200 A, with motor operating
 
or magnetic contractor. Adjustable thermal and magnetic
 
release trip with shunt trip and auxiliary switch,
 
2 sets.
 

18. 	 Power and control wiring
 

Outgo?,g fpaneZ board 

1. AC ammeter, for 380-volt circuit, 1 set
 

2. AC amrmeter, for 3.5-KV circuit, 1 set
 

3. Amp selector switch, 2 sets
 

4. AC voltmeter, for 380-volt circuit, 1 set
 

5. AC voltmeter, for 3.5-KV circuit, 1 set
 

6. Volt selector switch, 2 sets
 

7. Kilowatt meter, 3-phase, for 380-volt circuit, 1 set
 

8. Power factor meter for 380-volt circuit, 1 set
 

9. Kilowatt-hour meter, 3-phase for 3.5-KV circuit, 1 set
 

10. 	 Current transformer, for 380-volt circuit, 3 sets
 

11. 	 Potential transformer, 300/110/(110/53), 3 sets
 

12. 	 Circuit breaker 500 AT, 660-volt, 3-phase, 4-poles
 
Overload relay settizg range 320-400 A. Adjustable
 
thermal and electrom;gnetic release trip with shunt
 
trip and auxiliary switch, I set.
 

13. 	 No-fuse circuit breaker 500 V, 3 poles, 50 Hz, 30 AT,
 
100 AF.
 

14. 	 No-fuse circuit breaker, 500 V, 2 poles, 20 AT, 1 set
 

15. 	 Circuit breaker, on-off lamp
 

16. 	 Power and control wiring
 

Photo 7.19 
illustrates the switchboard of the Bo Kaeo micro-hydropower
 
project.
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PHOTO 7.19 SWITCHBOARD OF THE BO KAEO PROJECT
 

178
 



G. 
 PROJECT COST AND ECONOMIC EVALUATION
 

In this section the construction cost of Bo Kaeo project is shown
 
together with the expected benefits as 
 compared to installation and

operation cost of the diesel power plant with the same capacity. 
 The
 
economic analysis is also undertaken to determine the feasibility of
 
the project on economic point of view.
 

Project Cost
 

The construction cost of the Bo Kaeo project is shown in Table 7.5.

The total cost is 6,142,500 Baht ('IS$267,065). 
 The cost of civil works
 
is 3,614,410 Baht (US$ 157,148 ). The cost of electricity generating

equipment is 1,583,000 Baht (US$ 68,826). 
 The cost of the transmission
 
line system is 833,000 Baht 
(US$ 36,217) and the administration cost

is 112,090 Baht (US$ 4,873). About 1,500,000 Baht (US$ 65,217) is 
con
tributed by USAID.
 

Project Benefits
 

The benefits of the Bo Kaeo project are estimated by considering

the installation and operation cost of a diesel power plant of the same
 
capacity. Details of such a plant are shown in Table 7.6. 
 The installa
tion cost is approximately 3,000,000 Baht 
(US$ 130,435) and 1,043,000

Baht.still has to be paid for the transmission line system. The operation

and maintenance cost as well as fuel cost amount to 2,720,480 Baht (US$

118,282) per year.
 

TABLE 7.5 COST OF BO KAEO MICRO-HYDROPOWER PROJECT
 

Item 
 Cost
 

1. Weir with intake and sluice gate 360,000
 
2. Headrace 
 306,220
 

3. Forebay 
 128,195
 
4. Penstock 
 1,840,000
 

5. Powerhouse 
 400,000
 
6. Access road 
 580,000
 

7. Electricity generating equipment 
 1,373,000
 
8. Transmission line system and transformer 
 1,043,000
 

9. Administration 
 112,085
 

Total 
 6,142,500
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TABLE 7.6 DETAILS OF THE DIESEL POWER PLANT EQUIVALENT
 

TO BO KAEO MICRO-HYDROPOWER PLANT
 

Item Cost
 

1. Installation Capacity 200 kW
 

2. Number of Units 1 unit
 

3. Annual Energy Production 1.139 GWh
 

4. Plant Factor 65 percent
 

5. Service Life 15 years
 

6. Installation Cost 3,000,000 Baht
 

7. Amount of Diesel Oil Used/kWh 0.33 liter/kWh
 

8. Annual Diesel Oil Consumption 375,870 liters
 

9. Unit Price of Diesel Oil 6.70 Baht/liter
 

10. Fuel Cost 2,518,330 Baht/year
 

11. Transmission Line and Transformers 1,043,000 Baht
 

12. Operation and Maintenance 202,150 Baht/year
 

Economic Evaluation
 

Based on the same assumptions as those mentioned in Chapter 3, an
 
estimate is made of the annual equivalent costs of Bo Kaeo micro-hydropower
 
project and the equivalent diesel power plant. The details are respective
ly shown in Tables 7.7 and 7.8. It is found that the annual equivalent
 
cost of Bo Kaeo micro-hydropower plant is 893,944 Baht (US$ 38,867),
 
whereas that of the equivalent diesel pcwer plant is as high as 3,256,113 Baht
 
(US$ 141,570). The benefit-cost ratio of Bo Kaeo project is then equal
 
to 3.64 : 1. The unit price of electric energy produced is 0.51 Baht
 
(US$ 0.02) per kWh. Thus, the Bo Kaeo project is considered excellent
 
from the economic point of view.
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TABLE 7.7 ANNUAL EQUIVALENT COST OF BO KAEO MICRO-HYDROPOWER PLANT
 

nual EqCuiva- ivilll Power Transmis- Total 

Works Generating sion Line Annual
 
It" (Baht) Equipment(Baht) System (Baht) Cost(Baht)
 

790,799
175,058 153,133
1. 	Depreciation 462,608 


13,730 52,150 103,145
2. 	Operation and 37,265 


Maintenance
 

205,283 	 893,944

Total 499,873 188,788 


Note 1 	 The investment cost for civil works including
 

administration work is 3,726,500 Baht (US$ 162,022)
 

12 	 The investment cost for power generating equipments
 

is 1,373,000 Baht (US$ 59,696)
 

The investment cost for transmission line system
 

is 1,043,000 Baht (US$ 45,348)
 

TABLE 7.8 ANNUAL EQUIVALENT COST OF THE DIESEL POWER PLANT
 

i
Annual Equivalent
Cost Power Plant Transmission
 
Cost (Baht) Line System Total
 

(Baht) (Baht)
Item 


535,633

1. 	Depreciation 382,500 153,133 


202,150

2. 	Operation & Maintenance 150,000 52,150 


- 2,518,330
2,518,330
3. 	Fuel Ccst 


3,256,113
Total 	 3,050,830 205,283 


Note : 	 The investment cost for the diesel power plant is
 

3,000,000 Baht (US$ 130,435)
 

12 	 The investment cost for transmission line system is
 

1,043,000 Baht (US$ 45,348)
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H. CONSTRUCTION AND OPERATION
 

Construction Work
 

Since most of the electricity produced by the Bo Kaeo micro-hydropower
plant will be supplied to the Tin Mine of the Mining Industrial Organization, the villagers in the project area did not participate in the construction activities and did not contribute materials like the other three
projects previously mentioned. The construction work was mainly conducted
by the contractors with supervision by NEA's staff. 
 Fig. 7.4 shows
the planned schedule and the actual work done in the implementation of

Bo Kaeo project.
 

Problems Encountered in the 
Implementation
 

A number of unexpected problems were faced in the implementation
of Bo Kaeo micro-hydropower project. 
One main problem is the poor access
road to the project area and lack of an access road to the site for powerhouse. Consequently, the contractors had to build the road in order
to have access to the site. 
 The total length of this access road is
 
approximately 5 km.
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FIGURE 7.4 CONSTRUCTION SCHEDULE OF BO KAEO MICRO-HYDROPOWER PROJECT
 

Task 


1. Access Road, Camp, Site Preparation 


2. 
Penstock Installation
 

3. Weir & Intake Construction
 

4. Headrace and Forebay Construction
 

5. Powerhouse Construction
 

Sep Oct Nov Dec Jan Feb Mar Apr May 
 Jun

81 81 81 81 82 
 82 82 82 82 82
rJIi
 

- _T . 1. 


6. Mechanical and Elect-ical Equipments
 

7. Transmission Line System 

- -............
 

Planned Schedule 
 Actual Work Period
 



Chapter 8
 

Discussion and Evaluation of Results
 

VA (tl 



DISCUSSION AND EVALUATION OF RESULTS
 

This chapter contains a general discussion of various aspects in

the development of the rour micro-hydropower projects in Chiang Mai Pro
vince. 
 The discussed topics include site selection, work organization,

hydrological study, civil works, mechanical works, electrical works, con
struction cost, and operation and maintenance.
 

A. SITE SELECTION
 

Several factors have been considered in the selection of the 
sites
for the micro-hydropower development in Chiang Mai Province. 
 It seems
 
that one of the most important factors leading to the chDice of the site

is the request from the villagers for electricity in their village. 
 The

four sites mentioned in this report are, however, also suitable from an
 
engineering point of view. 
Although, the catchment areas are 
ather small,

the areas are still covered with dense forests and there exist 
some base
 
flows in the streams twelve months of the year.
 

The topographic features are one of the most important factors which
 
must be taken into consideration in theselection of the site for micro
hydropower development, not only for obtaining high head, but also for
 
the suitability for construction. 
For example, the installation of the
 
headrace for the Huai Pui project experienced great difficulty resulting
 
in excessive labor costs.
 

B. WORK ORGANIZATION
 

The three micro-hydropower projects, namely Kam Pong, Mae Ton Luang,
and Huai Pui, were constructed with participation of the villagers. 
The

NEA's staff had conducted the site investigation and the hydrological

study, and had also 
designed the project. 
The NEA, with financial assis
tance from USAID, then supplied those materials and equipm.nt which were
 
not available at the project site. 
 The villagers contributed some local
 
materials such as wood poles, gravel and sand, 
as well as wood for the
 
formwork. 
 The villagers were also involved in the construction activities,

mostly as laborers, with supervision by the NEA's officials. 
This resulted
 
in valuable indirect benefits, which include :
 

1. 
Involving the villagers as participants at the begining of the
 
project.
 

2. Demonstrating the rule of a cooperative approach in rural development.
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3. Fostering close cooperation between local people and the government
 

in rural development.
 

4. Transferring an appropriate technology to rural people.
 

5. Creating the sense of ownership of the project by the villagers.
 

The problems encountered in this work organization include :
 

1. Most villagers were unskilled and so the work done was not so
 

neat. Sometimes, this resulted in considerable repair work to be done
 

after the test run.
 

2. Since most villagers had their own work to do, mostly as farmers,
 

during the cultivating and harvesting seasons there was some loss of the
 

labor force.
 

3. There were some conflicts between the villagers who participated
 

in the project and those villagers who did not participate in the project.
 

The remaining site, the Bo Kaeo project, was built by a contractor
 

since the electricity produced from this plant would be mainly supplied
 

to the Tin Mine of the Mining Industrial Organization. Therefore, the
 

villagers in the project area did not participate in the construction
 

activities.
 

C. HYDROLOGICAL STUDY
 

The hydrological study is very important in the planning and design
 

of a micro-hydropower development project. It is required for the identi

fication of the design discharge and the installed capacity of the plant
 

as well as the reliability of power generation, especially at those sites
 

without pondage (runoff-river).
 

Since no streamflow gauging stations exist on the four streams developed
 

for hydropower, some approximation methods were adopted to determine the
 

values of the design discharge and design flood. For the design discharge,
 

field measurements at the sites were conducted during the dry season.
 

The values obtained, which wei.e considered as minimum flows, were used
 

as the design discharge of tne project. For the design flood some empirical
 

formula which were developed for the basins in Northern Thailand, or
 

the rational formula, 
were used in calculation.
 

The use of the empirical formulae and flow measurement for one dry
 

season period may not be adequate for hydropower development planning.
 

However, it was all the data that wer- available. Detailed field observa

tion of the basin characteristics are also required. 
More information
 

on streamflow characteristics should be collected either by asking the
 

villagers or by field measurements for longer periods of time. However,
 

the latter approach is usually restricted by the time factor.
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D. CIVIL WORKS 

The civil works of the micro-hydropower project include a weir, a
 
headrace, a forebay, a penstock, and a powerhouse building. The wcir
 
type used in the four projects is a concrete weir. 
 Most of the heacraces
 
and penstocks are asbestos cement pipes which are cheaper in price. 
The
 
installation of thece pipes must be done carefully and they 
should be
 
buried under gr, und to przvcat the damage cause' by falling stones from
 
the hill.
 

Most of tbe construction works were carried out with villagers' par
ticipation except for the Bo Kaeo project. 
The main problem in this work
 
organization 
is that most of the villagers are unskilled, so the wolk
 
done was not neat and sometimes repairs were needed. A training program

should be offered and classification of the workers should be made to
 
put the right man in the right place.
 

E. MECHANICAL AND ELECTRICAL WORK
 

All 3f the turbines and gjenerators installed in the powerhouses of
 
these foar micro-hydropower projects were designed and manufactured by
 
NEA. Mireover, most of -,ther equipment, including transformers and trans
mission, lines, are made within the country. All of the mechanical and
 
Plectrical equipment was irstalled by the technical staff of NEA who had 
a lot of experience in such installation work. The only problem arising
 
was 
the delay in the delivery of this equipment.
 

F. OPERATION AND MAINTENANCE
 

The participation of the villagers in construction work is beneficial
 
to the operation and mointenance of the plant since the villagers then
 
understand the function of every part of the prcject. 
As previously mentioned,
 
the villagers in each 
project area have set up a committee to take care
 
of this electricity, for collecting the electricity charge from the consumers,
 
and for operation and maintenance work. One villager is hired fcr operating
 
the plant. The following tasks have to be done for the operation and
 
maintenance of the micro-hydropower plant.
 

1. Start and stop the electricity generating equipments daily.
 

2. Lubricate the machines and observe the performance of :ach apparatus
 
periodically.
 

3. Release the sediment by opening the sluice gate from time to
 
time.
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4. Remove the debris from the screen of the intake structure.
 

5. Survey the routes of the headrace and penstock to observe any
 
potential cause of damage to the pipelines, e.g. erosion of soil underneath
 
the pipelines, etc.
 

6. Read the consumers' meters for computing the electricity charge.
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CONCLUSIONS
 

This chapter summarizes the results of 
the implementation of the four
micro-hydropower projects in Chianc 
 ai Province, the Kam Pong project, the
Mae Ton Luang project, the Huai Pui Project, and 
the Bo Kaeo project. All
four projects have received financial support from USAID, and the National
Energy Administration (NEA) is the government authority responsible for the
 
implementation.
 

A. 
 THE KAM PONG PROJECT
 

The Kam Pong project is located in Kam Pong village, Tambon Huai Kao,
Amphoe San Kampaeng, Chiang Mai Province. 
The catchment area at 
the weir
site is approximately 6 km 
. The main features of the project include
 

1. A concrete gravity weir, 2 m high and 15 
m long, with intake
 
structure and spillway.
 

2. 
 An asbestos cement pipe headrace 0.30 m in diameter and 470 m
 
long.
 

3. 
 A penstock consisting of an asbestos cement pipe 0.30 
m in
diameter and 50 m in length and a 50-m long steel pipe of the same diameter. 

4. 
 A powerhouse equipped with two sets of turbines, generators,

and switchboards


3 The installed capacity is 40 kW with the design dis
charge of 0.12 m /s and effective head of 60 m.
 

5. 
 Transmission line and distribution system together with step
up and step-down transformers.
 

The electricity generated from Kam Pong powerhouse is supplied 
to 118
households in Kam Pong village. 
The construction cost of the Kam Pong
project is 2,656,500 Baht (US $ 115,500), excluding the labor cost and
some local materials contributed by the villagers of Kam Pong. 
The grant
from USAID to 
the Kam Pong project is 2,438,519 Baht (US $ 62,544). 
 As
compared with the diesel power plant of the 
same capacity, the benefitcost ratio of 
the Kam Pong project is 1.98:1, that is, the project is con
sidered economically feasible.
 

Besides the direct benefit from energy production, there exist 
some
indirect benefits as a result of villager participation in construction
 
work. These indlirect benefits include 
:
 

1. Increasing villagers' income and upgrading t ,eir standard of
 
living.
 

2. 
 Initiating a rule of cooperatives in rural development.
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Fostering close cooperation between local people and the 
govern

ment in rural development.
 
3. 


4. Transferring an appropriate technology to rural people.
 

THE MAE TON LUANG PROJECT
B. 


The Mae Ton Luang micro-hydropower project is located in Tambon Pa
 

Miang, Amphoe Doi Saket, Chiang Mai P ovince. The catchment area of the
 

Most parts of the terrain are
is about 19 km .
 

steeply sloping and are covered with dense forests. 
The main features of
 

the Mae Ton Luang pr.ject include :
 

basin at the weir site 


m long with intake
 
1. An concrete gravity weir, 2.20 m high and 19 


structure and sluice gate for sediment release.
 

1,255 m
 
2. An asbestos cement pipe headrace 0.30 in in diameter 

and 


long.
 

An asbestos cement penstock 0.30 niin diameter and 140 n,long.

3. 


1.2 m in diameter and 15.0 m high.
4. A steel surge tank, 


A powerhouse equipped with a set consisting of one turbine, 
ge

5. 

the design


nerator, and switchboard. The installed capacity is 35 kW at 


discharge of 0.1 m Is and effective head of 60 m.
 

Transmission line system including transformers, high-voltage
6. 


and low-voltage lines.
 

The electricity generated is supplied to 230 households in three vil

lages of Tambon Pl Miang. The total construction cost is 2,577,150 Baht
 

) is a grant from
(US $ 112,050), in which 1,275731 Baht (US$ 55,467 

the Mae Ton Luang project
Besides this budget, the villagers in
USAID. 


area also contijbuted to the project by providing part of the labor force
 

and some local construction materials.
 

When considering the installation, operation, and fuel costs of the
 

diesel power plant of the same capacity as the benefit of the Mae Ton
 
the


Luang micro-hydropower project, the economic analysis shows that 


the Mae Ton Luang project is 1.82:1. That is, the
 
benefit-cost ratio of 


project is economically feasible.
 

to the Kam Pong project, the participation of the villagers
Similar 


in the construction work of Mae Ton Luang project also 
yielded indirect
 

benefits as mentioned in Chapter 4, Section G.
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The main difficulty arising in the implementation of Mae Ton Luang

project was the delay in the purchase and delivery of the generating equip
ment. This led to the delay in the operation schedule.
 

C. THE HUAI PUI PROJECT
 

Th3 Huai Pui project is located in Tambon Long Khod, Amphoe 
rao,

Chiang Mai Province. The catchment 
area is approximately 11.6 km-. The
 
main features of the Huai Pui project include 
:
 

1. A concrete gravity weir, 3 m high and 16 m long with intake
 
structure and sluice gate at the right abutment.
 

2. An asbestos cement headrase 0.30 m in diameter and 
1,450 m
 
long. The design discharge is 0.1 m /sec.
 

3. A steel penstock 0.30 m in diameter and 165 m long.
 

4. A powerhouse equipped with a set of turbine, generator and 
switch
b~ard. The installed capacity is 50 kW at the design discharge of 0. 1
 
m /i and design head of 85 m. 

5. Transmission line system consisting of 
step-up and step-down
 
transformers, high-voltage and low-voltage lines.
 

The electricity produced from the Huai Pui powerhouse is supplied 
to
 
250 households in Tambon Long Khod. 
 The tote-l construction cost is appro
ximately 2,972,000 Baht (US $ 129,217) in which 1,030,921 Baht (US $
 
44,823) is i grant from USAID. Similar to the Kam Pong and Mae Ton
 
Luang projects, the villagers in Huai Pui project area also contributed
 
in the form of supplying labor force and some local construction materials.
 
With a benefit-cost catio of 2.09:1, 
 the Huai Pui project is considered
 
to be economically feasible.
 

Desides the benefit from electric power generation, the implementa
tion of the Huai Pui project also has some indirect benefits as a result
 
of villagers' participation.
 

The main problems encountered in the implementation of Huai Pui pro
ject result from the mountainous topography of the project area. 
 This
 
caused great difficulty in the installation of the headrace and resulted
 
in the delay in project operation.
 

D. THE BO KAEO PROJECT
 

The Bo Kaeo project is located in Tarrbon Bo Kaeo, Amphoe Samoeng,
 
Chiang Mai Province. The main features of the project include:
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1. A concrete weir 2 m high and 15 m long with intake structure
 

and sluice gate for sediment release.
 

2. A steel headrace, 200 m long and 0.40 m in diameter.
 

3. A steel penstock, 0.40 m 4i diameter and 600 m long.
 

4. A powerhouse equipped with two sets of turbines, generators
 

and switchboards, each of which has an installed capacity of 100 kW. That
 

is the total installed capacity of Bo Kaeo project is 200 kW.
 

The electricity generated from the Bo Kaeo project is mainly supplied
 

to the Tin Mine of the Mining Industrial Organization. However, four
 

small villages situated near Bo Kaeo powerhouse will also be served by the
 

Bo Kaeo project. Since most electricity from the Bo Kaeo powerhouse would
 

be supplied to the Tin Mine, the construction work was carried out by a
 

contractor without villagers' participation.
 

The construction cost of the Bo Kaeo project is approximately 6,142,500
 

Baht (US S 267,065), in which 1,500,000 Baht (US $ 65,217) is contributed
 

by USAID. The economic analysis reveals that the benefit-cost ratio of Be
 

Kaeo project is as high as 3.64:1. That is, the p:oject is considered
 

economically feasible.
 

The major problem encountered during the construction phase of the
 

Bo Kaeo project was the poor accessibility to the project area, and the
 

road to the site. Another problem
contractor had to construct a new access 


was the delay in the purchase and delivery of a transformer which resulted
 

in a delay in project operation.
 

196
 



Chapter 10
 

Recommendation.
 



RECOMMENDATIONS 

In investigating the implementation of the four micro-hydropower
 
projects mentioned above, the following recommendations can be made.
 

1. All the data necessary for the project design and planning should
 
be carefully collected and recorded prior to the approval for the imple
mentation of the project. The collected data should include :
 

- Topographic map of the projecL area in an appropriate scale
 
showing the sites for a weir and a powerhouse as well as the location of
 
the villages that will receive the electricity generated from the project.
 

- Detailed orofile along the routes of the headrace and the
 
penstock.
 

- Geologic structures at the weir site, the routes of the headrace 
and the penstock, as well as the site for the powerhouse. 

- Socia-economic structure of the nearby villages, emphasizing
 
the requirement 2f electricity for productive use.
 

- Hydrological data of the stream where the weir will be con
structed.
 

2. With respect to hydrological study, an appropriate method should
 
be adopted in order to obtain as reliable data as possible. More field
 
observation and data collection should be conducted to obtain the most sui
table value of the design discharge. Detailed investigation of hydrologi
cal characteristics of the region with consideration of several potential
 
sites for micro-hydropower development should be conducted by the respon
sible agency.
 

3. Since most of the potential sites for micro-hydropower develop
ment are located in a remote area where the accessibility is rather poor,
 
operation and maintenance problems should be carefully considered in the
 
design stage.
 

4. The implementation schedule should take into consideration the
 
time period needed for each task, including the purchase and delivery of
 
construction materials, and equipment, the available manpower, the nature
 
of the project area, and project features.
 

5. Villagers' participation should be maintained since valuable
 
indirect benefits result. In addition, some training program should be
 
offered for those staff who are responsible for projects with this kind
 
of work organization.
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