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Programme of the Seminar on Smail-Scale
Hydro-Electric Power Developmant

11 Mar, 1992

9:00 - 9:15 am -  Welcoming Speech by Deputy General Manager (Fi-
‘nance) Tuan Hj. Othman Abdullah

9:15 - 10:15 am -~  Main Role of Japanese Administratiqn in Develop-
~ ment of-ﬂP_Developmentabijr,_MURAKAMI_from MITI

10:15 - 10:30 am - Tea Break

10:30 - 11:30 am - SSHP Facilities of Japanese Local Authorities by
Mr. ISHIKAWA from GUNMA :

11:30 - 12:30 pm | - 7 SSHP Development in Japan by Mr. NAKAYAMA from
NEF
12:30 - 2:00 pm - Lunch Break
2:00 - 3:30 pm . Open Discussion
3:30 -« 4:00 pm - Tea Break

12 Mar. 1922

9:00 - 10:00 am - New Technology'for SSHP Develoﬁmeht'in Japan By
Mr. ASANC and Mr. YAMAMOTO from EPDC

10:00 - 10:30 am - Teak Break

10:30 - 11:30 am -  Continie |

11:30 - 12:30 pm - Open Discussion

12:30 - 2:00 pm - Lunch Break

2:00 - 3:00 pm -  Open Discussion

3:00 - 3:30 pm - Cioéing Remark by Deputy-Genér&l.Managér (Engi-

neering) Mr. PETER LAJUMIN

3:30 - 4:00 pm - +'Tea Break’ oo el
7:00 - 10:00 pm - Reception_at_HYatt=Kin3ba1u-Ihterﬁational Hotel

(DINNER). (Kimanis Ballroom II) '
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ROLE PLAYED BY ADMINISTRATION IN HYDROELECT.RIC POWER GENERATICN '

Summary

In Japan, electric power sources are basically developed by private sector.

Ministry of International Trade and Industry (MITI) (and‘ its predecessor) has
been positively supporting private sector in the development of hydroelectric
power, recognizing that the economic growth is dependent on a stable supply

of electric power.

The first contribution made by MITI to hydroelectric power developﬁrent was the
establishment of & nationwide continual and systematic survey to clarify the
feasible locations for hydroelectric power development. More fecently,' MITI
has been executing more comprehensive measiures, such” as proﬁiding feg.ional
incentives to seek public acceptance from inhabitants who oppose electric
power development, environment preservation measures, & variety of subsidiary |
measures for the improvement of the economic aspects of hydroelectric power
development, technolbgy development and technological support to hydro'elec tric
power developers. The present situation of administf_ative _-measures for the
promotion of hydroelectric power development 111 Japan ‘are describe& below.
It will be of great satisfaction to us if what is reférred to below should
prove to be helpful as a reference in developing hydroelectric power in your

esteemed country.

1~ 2
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ROLE PLAYED BY ADMINISTRATION IN HYDROELECTRIC POWER GENERATION

Hiroyuki MURAKAMI.

Section Chief in charge of Hydroelectric Power Development Promotion
Electric Power Generation Division -

Public Utilities Departmerit

Agency of National Resources and Energy (ANRE), MiT{'

~ JAPAN | 3 -

. Mr. Murakami completed the post-graduate course in Electrical Engineering at
Hokkaido University.in 1985. After that, he entered MITI and was engaged for
about two years. in jobs involving {qorking out long-term development plans and
'perform'ing economic analyses in the Blectric Power Development Division of the
Public Utilities Department, ANRE. For the subsequent two years, he worked
in the .Pollut_ion Protection Guidance Office of the industrial Location and
Environmental Protection Buredu, MITI, giving guidance relating to air
pollution prevention, performing-.advanced high technology pollution fact-
finding surveys. and making studiesf of global environmental problems (freon
control problem and globai warming'problerﬁ). Later, he served in the Public
U_t;'.lit_ies Deparfment as an operatioﬁs control expert officer to regulate the
_ saféty of nuclear power generation for 'a period of one year. - Since 1990, he
has béen ﬁorking in the 'Elect;ric: Power Generation Division as a section chief
in- charge of hydroelectric power - development promotibn to work out
hydrdelectr-i_c:‘.power' develbpﬁlent ‘plans; map out and implement subsidiary
" policies, make arrangements with relevant government agéncies and make an
environmental review of & project. At ‘the same time, -is in charge of
.pr'om-oting"the development of -geothermal power generation.. He has been

performing duties performs for hydroelectric power development.
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ROLE PLAYED BY ADMINISTRATION IN'HYDROELECTRIC POWER GENERATION

Section 1: Present Trends of Hydroelectric Power in Japan

1.1 History of Hydroslectric Powér_Development in Japan and Water Power Resources Surveys

(1)

(2)

Dawn of Hydroelectric Power Development'in'Japan‘(See:Fig._i)_

The history of hydroelectric power development.in Japan bggan
approximately one hundred years ago in 1891 when a hydroelectric

power plant with an output of 160 kW was developed in Kyoto city.

Hydroelectric Power Develdpmehtheasibiiity Studies, which have

Supported Hyd_roeiet:tric Power .Develdpment in Japan - ¢

Hydroelectrie power developments in Japan are closély related: to -
the hydroelectric power development feasibility studies (water
POWEer IresOurces surVeys)'Conductéd by the- Japanese Government.

So ‘far, five surveys of this:type'have been.perfotm&d~on a

" nationwide basis.

In Japan, the Government first deéides;pn=a basic policy for
hydroelectric power developments. With streamfgaging[stations

located in principél rivers all ‘over the country, & .grasp of

‘water flow in each river is obtained. - Thus, mnationwide

hydroelectric power development‘feasibility—studiés“have:bean
conducted in great detail. -The findings in. these studies and

surveys ~have alliowed uss .to uncover. every. location’,that .is’

‘economically “advantageous for the development. of hydroelectric

power. " As a result, privéteTelectricity companies have been-able
to proceed with developments step by step, with priority given to

the most economically advantageous 19Cationé;

To promote hydroelectric power develqpr_ne'nt. in a planned manner,
it is first of all important to observe rivers flow rates and
make surveys on a point by point basis continually and

systematically.

-
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_Fig. 1 History of Hydroelectric Power De_vglopment_
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ROLE PLAYED BY ADMINISTRATION IN HYDROELECTRIC POWER GENERATION

Section 1 : Present Trends of Hydroelectric Power in Japan

(3) History of Hydroelectric Power Developments

In’ the 18903, very small- sazed power stations in the several

hundred kw class began to - be constructed in the suburbs of

CltlES

,Around'1900 fhe price of . coélfbegan to rise, and it became

technologlcally possible to transmlt electricity over a distance

of about 100 km. ‘As a result hydroelectrlc power statlons ‘of

“ the 10 MW class came £0 be constructed one after another

Early in 1920°'s, hydroelectrid power production began to exceed

. thermalelectric power produCtion; and. an era of hydroelectfic

power domination was establlshed lastlng up to around 1955.

those days, hydroelectrlc power stations of the 300 MH class were

built one after another. Thus,'thls was an age of full scale

hydroelectrlc power in Japan.

In the beglnnlng of 1960s, the demana for electrlc power showed

remarkable growth and there was p0331b111ty that teserv01r type

" power stations alone mlght ‘be 1nsuff1c1enp to provide enough

power to supply for the peak load. As a result, MITI started to

explore pumping locations. Sodn, the’ development,_of: pumped

storage power plants began and';he_times changed into an era

dominated by pumped storage power generation.

At that time, the scale of thermaiélectric power generation began

to’ be gradually eniarged thereby 'imprbving its eConoﬁic

' advantages. ‘As.a result, the constructlon of - therma1313ctr1c

power stations was accelerated. In that era, Japan as a whole

pursued efficiency. and merits of scale as 1ts most 1mportant

priority. On  the _othei ‘hand, thlS tendency brought abuut

pollution problems mainly-in large c1t1es

-6
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ROLE PLAYED BY ADMINI.STRATION iN HYDROELECTRIC POWER GENERATION

-Section 1: Present Trends of Hydroelectric Power in Japan

1.2

1.3

._associations, ett.

At present, cbn&éntional hydroelectric power development is
mainly. ‘being made  gradually on a medium or -small scale in
upstream -areas- of rivers, since priority has been given to
locations that are economically superior and are blessed with

favorable conditions for hydroelectric power development.

Present Situation of Hydroelectric Power in Japan

In Japan, hydroelectric power had been developed as of the end of 1991

to the following levels:
{1) Conventional Hydroelectric Power: approx. 1,700 sites, 20 GW

(2) Pumped Storage Power ¢+ approx. &0 sites, 27 GW

Hydroelectric Power Development System

In Japan, the major part of the development of commercial hydroelectric
power stations is being performed by nine private electric power
coﬁpanies and the Electric Power Development Co., Ltd., 34 public
corporations owned by local public bbdiés and another six electricity

enterprises.

Besides this, there is another type of hydroelectric power development
system. It is integrated river basin development. The developers of
electric power, city watéf, indﬁstrial procesé water, water for
irrigation take ﬁart-in dam projects for the purpese of flood control

constructed by the Japanese Government.

In édditidn, hydroelectric power stations for private use have been

déﬁeloped by railway companies, mining - enterprises, agricultural
-7
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ROLE PLAYED BY AOMINISTRATION IN HYDROELECTRIC: POWER GENERATION

Section 1: Present Trends of Hydroelectric Power in Japan

As an organization concerned with these matters, the New Energy
Foundation (NEF):'. has  bheen. providing ' some business services for
executing the national hydroelectric. po_wer-develojainé:_it pqlicies,_ such
as for technology developments, reseatch and dévelopment. subsidiary

measures, and so on.

L~ 8
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ROLE PLAYED BY ADMINISTRATION IN HYDROELECTRIC POWER GENERATION

Section 2 : Hydroelectric Power Development Targets in Japan

2.1

2.2

- Significance of Hydroelectric Power Generation

Superior Features of Hydroelectric Power Generation:

@

(2)

(3)

(4)

(5)

Hydroelectric'power is indigenous of energy. Besides this, it

is a reproducible form of energy that will never be exhausted.

It is & clean energy that does not generate either air pollutions

or greenhouse effect gas.

Hydroelectric power is a form of energy with a fully completed
level of technology. It also exhibits a high level of enerpgy
conversion efficiency. In comparison with the energy required
for the construction of a hydroelectric power station, a
remarkable amount of energy can be generated by the station
itself through its operation. It may be deemed a source of

energy whoring a good energy balance.

As a local energy, it is helpful for the activation of local

regions.

Although an immense amount of initial investments are required,
a hydroelectric power station will prove to be economical in the

end, with reduced power generation costs over the long term.

Roles of Hydroelectric Power in Energy Policies and Development Targets

In 1990, Advisory Committee of Energy. of MITI has worked out a summary

‘of long-term energy demand/supply outlook, as shown in Table 1.

'TheSE Iong-term outlook emphasize making the maximum possible effects

to save energy in order to suppress the especially strong tendency

towards increasing energy consumption in Japan. At the same time,

1-9
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ROLE PLAYED BY ADMINISTRATION IN HYDROELECTRIC POWER GENERATION

Section 2 : Hydroelectric Power Development Targets in Japan'

emphasis has been alsc placed on_the.p_romotion of introducing sources
of energy which generate little CO, (nuclear power, hydroelectric power
and new energy sources such as. ,_Igeo't_hermal_ .energy, .solar. power
generation, etc.} as a means of respbnding to the glo.bal warming

problem. {the problem of climate change}.

For hydroelectric power, a goal of about 6 GW has been set for the

coming twenty years.

1—10
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ROLE PLAYED BY ADMINISTRATION IN HYDROELECTRIC POWER GENEHATION

Section 3 : Water Power Administration in Japan

31 Chailenges of Hydroelectric Power Development in Japan
(1) Improving its Economic Attractiveness

In -Japan,' future hydroelectric power development will be
supported by medlum scale and small scale power plants (with a
mean capacity of 4,600 kW). As a result, no merlts-of scale will
be achieved. Hydroelectric power‘gene;ation wili tend to be less
economical ' than thermalelectric powef geperation. STt is
necessary, therefore, to improve the economic.attractiveoess of

hydroelectric power development.
(2) The‘Growing Movement of Envirommental Protection

- In Japan, a 1arger:number of'future'hydroeléctric power plants
locates upon natiooal.parke'iﬁ mountainous afeas,'end“it is
-.becomlng more and more difficult to obtaln the publlc acceptance
of regional inhabitants and other persons for hydroelectrlc power
development. In addition, most_hydroelectrlc power 1n,the future
will be of the run-off-river type. Consequently, the water level
will be 1owered over a several kllometer long. sectlon of those
rivers. - Hydroelectrlc power' development, therefore, is
encounterlng more and,more objections ow1ng to the growing nature.
-protectlon movement, which aims. to protect rivers and landscapes

from.development.
{3 Redevelopment
In Japan, the number of old power efatione'ﬁe§ increesed From

now on, therefore, it w111 be necessary to rebulld or redevelop

them properly

1—12°
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ROLE PLAYED BY ADMINISTRATION IN HYDROELECTRIC POWER GENERATION

Section 3 : Water Power Administration in Japan

3.2

Adminisivation of Hydroelectric Power by thé Agency of Natural Resources and Energy,
Ministry of inlernational Trade and industry ' '

(1) Orpanization of ANRE, MITI, and its Hydroelectric Power

Development Activities

MITI is organized as shown in ANNEX which is attached hereto.
Concerning hydroelectric power development, the Electric Power
Generation Division of the Public Utilities Department integrally
conducts wétér"power surveys, subsidiary measures, safety

inspections, and environmental reviews, etc.
(2) Hydroelectric Power Development Promotion by MITI
(a) Incentive te Improve Economic Aspects

] System to Grant Subsidies covering Construction Costs of

Hydroelectric Power Stations (1980 on)

Hydroelectric power generation in the future will be on
a medium-scale and small-scale, thereby it is difficult
to get merits -of scale. Furthermore, most future
hydrdeieétiic power “developments will be located in
mountainous areas, making them tend to be less and less
economically attractive. "With these factors taken into
consideration, a system has been established to have a
financial’ assist for hydroelectric power development
projects, by covering s certain percentage of their

construction costs.

Subsidy'Ratio:'i

-5 to 202,-&006réing to the scale of the development
S 113
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.ROLE PLAYED BY ADMINISTRATION IN HYDROELECTRIC POWER GENERATION

Section 3: Water Power Administration in Japan

_ Subsidized Parties:

Public enterprises and other:électric_power-cpmpanies.

R System to Award Grants for Payment of a Fixed Rate of
Interest on Hydroelectric Power Station Construction

Costs (1985 on}

This system can Ee selected instead of the subsidies for
conétruction costs; the aim is to reduce the high cost
of h'yd'roelect_fie 'pow.er.'gener_a_ﬁion- inﬁnediately after _
startup of operations so as. to prp'm_ot'e hydroelectric
power development. Under this syst_.erh a fixed rate of
interest is paid for 'a fixed period‘ after initially

putting a hydroelectric power station into operation.

§ Subsidies for the Electric Power Development Co., Ltd.

to Develop Hydroelectric Power (1980 and on) '

This system is =similar to the construction cost - -

subsidies. According to the scale of the hydroelectric
power develdpment_ to- be carried out by the Ele_ctric
Power Development -Co., Ltd., the construction cost

involved is subsidized at 5 to 20Z%.
(bh) Technology Developments to Improve Economic Attractiveness

] .-Sﬁbsidies relating to. Hydroeleciric Power génerat-ing

Téchnologie s {1986 on).

Subsidies are granted for demonstration tests_t"ha.t are
condl.icted tao confi.rm the -successful achievements of
. research and. for- sur‘_&eys ~for -'impréving the economic
aspects of medium-gcale and _small—scale. hydroelectfié '
power dev_elopmeﬂf . | '

114
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ROLE PLAYED BY ADM!NSSTRATION IN HYDROELECTRIC POWER GENERATION

" Section 3 : Water Power Administration in Japan

Development Support Subsidies, Surveys and Research

In addition’ to the subsidies already referred to, a
survey subsidy is available to provide guidance that is
needed by medium- and small-sized hydroelectric power
developers to carry out planing. New Energy Foundation
(NEF) has been entrusted with performing a. fundamental
survey into the deveiopment of techniques to measure and
collect  river discharge data ﬁhrough the use of
artificial satellites, etc., based on which
hydroelectfic power development plans are to be mapped

out., .

(e¢) - Fiscal Grants to Local Public Bodies to Promote

.Establishment of Power Source Locations

Grants - to Promote Establishment o Power Source

Locations

In the case of hydroeleétric power, -local éelf-governing
-bodies are -entitled to receive a grant to build public

-fatilities in the local city, town or village where a

hydroelectric power - station with a capacity of 1

- megawatt or more is located.

Grants for ‘areas . Surrounding Hydroelectric Power

© Generating Facilities

-+ To reduce .the ‘effects owing to the presence of dam,
reduced water levels, etc., a grant is paid to the city,

town or village where a hydroelectric power station has

been 1ocatéd and has been'operating for a peridd of 15

. yea¥s or more after starting operations.
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(d)

Surveys to Preserve. the Environment -

B A variety of surveys are. being performed to harmonize
- hydroelectric ﬁowef development with the preservation of

the environment around the related rivets.

(3) Main Codes and Regulations relating to Electric Power Developﬁent.

(a)

(b)

Electric Power Development Promotion Act (Economic-Pianning

. Agency) -

Every commercial power station in Japan must abide by this

Act in order to position every power development plan

within the National Electric Power Development Fundamental

Plan after being examined'ad_approved_by a council (the

Electric Power Develdpment Arrangemeﬁt Council), whose

members include men. of knowledge and experience and-

representatives of relevent government agencies.

Before being brought to the Council, an electric power

development plan is normally subjected to an environmentél

review by MITI, as is referred to later.
Electricity Utilities_Industry'Actd(MITI)

This Act-provides for"granting=of;apprqvai for those who
are to operate  an electricify;ﬁentEIprise, fof the
notification of plans to install electric power facilities,
etc., for the standards concerning related.technologieé and-

for the permissionfauthorization .of insﬁections,'electric

© - . power rates, etc, -

yA'deve;opment.plan‘which has passed. through the Electric_

Power ' Development Arrangement Council is to receive a

1-16
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Section 3 : Water Power Administration in Japan

3.3

(4)

permit under the Utilities Industry Act. After that, the

involved construction may be started.

- Other Principal Hydroelectric Power Development-Related Godes and

Regulations

Hydroeiectric power development in Japan is deeply related to the

(a}

{b)

following codes and regulations:

River Act (Ministry of Construction)

This Act is deeply related to hydroelectric power. It
provides for the rights to use the water in rivers and for
the technological standards relating to the safety of
structures to be constructed on rivers, etc.

Natural Parks Act (Environment Agency)

This Act provides for the management of natural parks,

-including ~national ones. Any hydroelectric power

developmenit that locates on the areas of a natural park

must receive a permit beforehand.

Many other codes and regulations are alsc related to

hydroelectric power develdpment'projects.

Measures for Preservation of the Environment

Environmental Assessment System

Pollution hegan to be a secicus problem in Japan around 1960, with the

" rapid economic growth at’ that time as a background:. To adopt a new

 'approach' to this problem, an Electric Power Station Environmental

=17
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Assessments System began to be entroced in 2973. The related

environmental reviews have been performed by MITI.

In 1984, moreover;.the Environmental Assessment System began to apply
to full-scale development projects other than these involving electric
power generation. The assessments have been conducted by the relevent

government agencies,

In additiomn, evéry local public body has also established a similar

environmental assessment system under its local. ordinances.

Fig. 2 shows the environmental assessment .systems relating to power

generation.

A survey must be performed in advance by.the related developer for a
hydroelectric power development location with a capacity of 30 MW or
mere concerning its effects_on'the envirohment, in.order to prepare an

environmental impact statement.

This -statement must be submitted to. MITI. ' At the same time, the
developer must disclose the statement to the  local public at the

development location and must also hold explénatoty meetings.

Concerning the environmental. impact statement prépared by the
developexr, MITI is to perform an environmental review, based on
opinions gathered ffom environmental review advisers in their
respecture fields of sﬁecializétion and from local inhabitants. After

that, MITI is to prepare an.environmental review .report..

MITI is to then make arrangements with'relevent;goverﬁmént:agencies,'in
~concert with the Electric Power Devéldpment_ﬁfrangement Council already'
referred.to, s0 as to arrange the items about which_the de§e1éper neéds
to be guided. Thgs,.MITI renders'gdidancepto-haye'developers improve

their proposed-environmental protection measures..
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The proceedings referred to above have allowed Japan to maintain her
environment in a. favorable ‘condition thus far with regard to the
.electric power development field,
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Electric Power Generation Division/Technology Promotion Office
Electric Power Generation Division'

. Construction work, maintenance and operation of
turbine "and boilet ‘for hydro-power generation
facilities, thermal power. generation f30111tles and
nuclear power facilities.

. Coordination of rights on water and land for electric
power development. :
. Surveys concerning preservation of’ env1ronment in the

peripheral areas - - of hydro-power generation
facilities,: thermal power generation, and nuclear

: power facilities. :

. . Powér generation dams. ,

. Presenting opinions and recommendations to governors
of prefectures concerning the utlllzatlon of hydrou
power generation facilities.

. Sharing of cost of. common facilltles used for
_electric power’ generatlon.

. Survey related o development of hydro—power
generation. RN

. Surveys of flow volume of the river: and weather etc.
related to electric power generatlon.

. Flow meter coefficient’ test. S

* Inspection. for weldlng of machlnes and devices

related to thermal power . generatlon f30111t1es and
nuclear power facilities. o
. Rationalization of use of fuels for _power generatlon

except nuclear power.
. - Geothermal power generatlon.

Technology Promotion Office

. Téchnologicai survey and planning of policy related

to electric power generat10n._~ _
* R&D of high efficiency technology, desulfurlzatlon
" and denitrification technology for coal fired power
generation. Fo oo
* R&D of methanol gas flred power generatlon
~ - technology. - R
. R&D of hydro-power generation technology.
. R&D of power generation. technology w1th prev1ously
unused energy sources. -
. R&D of electric power storage. technology _
° R&D of environment assessment technology for 31tt1ng
_ of power plant.
. International cooperation related to above mentioned
technologies.
P22
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SMALL-SCALE HYDROELECTRIC POWER GE’NEHAT!NG FACILITIES OWNED
BY LOCAL PUBLIC ORGANIZATIONS IN JAPAN

Summary

Japanese electrical companies may be classified into two categories; one is
general electric power companies who sell electric power dirsctly to
consumers, and the other is electric power wholesalers who wholesale electric
power to the general electric power: campanzes on a blanket b351s.; Public
electric power bus1nesses managed by local publlc organlzatlons belong to the
Iatter category of electric power wﬁolesalers." At present, these public
electric power businesses are taking. the lead "in developing medium-scale and
small-scale hydroelectric power stations here in Japan. The Enterprises
. Bureau in the Prefectural Government of Gunma manages the largest public
electric power business nationwide, with a total of twenty-one power stations

constructed so far.

Out of the power generator facilities owned by the Enterprises Bureau in the
Prefectural Governmgnt of Gunma, three dszerent power stations have been
-selected for description here as representatzve types from the viewpoint of
small hydroelectric power generation development. These three power stations
are the Tenguiwa (540 kilowatts), Kiryugawa (470 kilowatts) and Hiroike
(4 200 kilowatts). An. outllne of the power gener&tlng fhc111ties at each of
the stations referred to above wull be introduced to the reader, 1nclud1ng a

description of their new technologies and design fundamentals.

The design of the Kariyado Power Development Project (1,200 kilowatts) will
also be outlined and introduced to the reader beioﬁ._ The situation of this
project may be considered to relatively reseﬁble that in ﬁhé.upstream basin
of the Riwagu River in tHe Rangu District, Province of Sabah, and a
description will be given of the principles based on which the Ehterprises
Bureau of Gunma Prefécture  has .been acting in 'developing. small-scale
hydroelectric power generation. Some of the critical problems that must be
tackled to promote tbe development of small-scale hydroelectr;c powwr

gensgration are cost reduct;on and env1ronmental preservation.
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SMALL-SCALE HYDROELECTRIC POWER GENERATING FACILITIES OWNED
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Akira ISHIKAWA
Electricity Generation Division
Bureau of Pubtic Utilities

Gunma Prefeciural Government
JAPAN

1976

.

1976-80 :

198183 -

1984

1985-87
.1988-89

1990 on

)

"

Graduated from Civil Engineering Course, Kanazawa University, and
immediately took office in the Gunma Prefectural Government.
Engaged in surveying and supervising works involving housing and
industrial '-'dével'opment ..

Engaged in design and work supervision in the hydroelectric power

- station construction field. .
.Engaged in planning a new power station project.
- Engaged in surveying the multipurpose dam construction.

‘Took the office in charge of public enterprise management

planning, in addition to water resource Surveys.

Is once again engaged in hydroelectric power generation survey and

.. construction services. At present, holds office in the capacity

~of . Survey Section Chief, Electric Power Generation  Sectien,

- Entérpfi.ses Bureau, Gunma Prefectural Government, and is in charge

of "planning and. ‘desig11ing hydroelectric power stations and of
ﬁiaking-arrangements with related government organs while promoting

the. 'dev'elopment- of medium-scale and small-scale hydroelectric

power.
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SMALL-SCALE HYDROELECTRIC POWER GENERATI_ﬁG FACILITIES OWNED
BY LOCAL PUBLIC ORGANIZAT!ONS IN JAPAN

~Section 1 ; Role to be Played by Pubhc Electricity Enterprises
in Small-Scale Hydroelectric Power Development

1.1

Public Electricity Enterprises in Japan

Electric power enterprises in Japan can be 'clas'si.fied" iﬁtb'-two
categories; general electric power compan:.es and electr:.c power
wholesalers. General electric power companies sell electric power'
wﬁich they generate themselves or purchase from electr:.c_ power
wholesalers. directly. to the users who raqui.re electricity. -The
electric - power: wh'oles_alers, on the other .hand,_ _do_-_n'bt sell any
electrical energy directly to the user,. but wholesale it <entirely to
the gen'eral electric power c:ompanies-. - All general:.electric power
companies are privately owned, and as a whole they cenduct operatlons
all over the nation, divided into ten sales territories.. The electric
power wholesalers include some private companies-such ass the Electric
Power Development - Co., . which is . partially owned by “the -Japanese
Government, and others owned by local: public organizations. such as
public corporations. Electric p-oé\rer_ companies managed by local public

organizations are called "public electricity enterprises."”

From : a- historical- point of view-,; the first public .electricity

" enterprise was established in 1909. In. those 'days.-' such enterprise

supplied power. generally omn &’ reg-ionél basis.. -Later, in 1938, the
national  government -began to: coatrol electric. power -while pl.ibiit:
electricity enterprises were merged into -a nationally- cohtrolled
company. After the end of World War 1I, hawevé'r, demand for electric
power rapidly increased, coupled with the reconstruction of the nation
and its industries. To meet requests for regional promof;ion, etc.,
moreover, an overall river development project was promoted on.a full
scale, and public electricity enterprises éonséqueﬁtly_ came to actively
participate in the project. In 1951, moreover, electric power

companies were reorganized and converted to the existing scheme whereby

~electric power companies supply power on a region by region: basis.

Coupled with this, public electricity enterprises adopted their current

form of business, whereby the electricity they producé is not supplied

2 — 4
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BY LOCAL PUBLIC ORGANIZATIONS IN JAPAN

Section 1: Role to be Played by Public Electricity Enterprises
: in Small-Scale Hydroelectric Power Development

ot the general-public but is wholesaled to electric power companies on

a blanket basis.

From the second half of the 1560s, the Japanese economy entered into a
growth period. In those days, electric power companies constructed
full-scale thermoelectric power stations, based on the supply of low-
priced oil. .As a result, hydroelectric power development by public
electricity enterprises slowed down temporarily. With the oil price
hikes that erupted from 1973 on, however, it became a major natiomal
priority to secure.eﬁergy sources to substitute for oil. Consequently,
public electricity enterprises, which are the leaders in medium-scale
~and small-scale hydroelectric power development, are now positively
‘tackling the development of hydroelectric power as a clean enexrgy

source.

Ak‘preaent. there are public electricity enterprises managed by thirty-
four ‘local publicforganizations throughout the nation. They now have
243 hydroelectric power stations in operation, with a maximum'putput of
2.37 miilioﬁ kilowatts and an annugl awvailable power supply of
9,5 billion kilowatt-hours. Besides this, 32 power stations_afe'now
under consfruction,_with a maximuﬁ cutput of 160 thousand kilowatts and
" with an aﬁnual-available power suﬁply of 0.62 billion kilowatt-hours

(as of April, 1991).

The power stations now ip operation have a mean output of 10 thousand
kilowatts per station, while those under comstruction will attain a
mean output of 5 thdﬁsﬁnd kilowatts. A decrease in the number of
locations blessed with a situation favorable for building a power
-'station has halved the development.size.per station. Thus the power
st&tién locationé to be pianned from now will become smaller in size,
' acéordinély; .Coﬁsequently. many such locations will be high in cost,

-hrihging_aboutnlowfmerits of scale, so subsidies and technological

©....dévelopments: will be: essential :requirements to reduce the costs. To

achieve an overall decrease in costs, including those for maintenance

" 2-5
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Section 1 : Role to be Played by Public Electricity Enterprises
' in Smali-Scale Hydroelectric Power Devalopment

1.2

and management, moreover, it will:be necessary to come up with creative

contrivances using drastically new concepts.

Role to be Played by Public Electricity Enterprises

At present, medium-scale and _small-scale  hydroelectric power
development in Japan -is being ~led by"the,fpﬁblic eléctriéity
enterprises. This is mainly because the points at which medium-scale
and small-scale hydroelectric power will be developed in the ‘future
Qill'bé mostly located -under ‘unfavorable conditions.' Undet these
circumstances, public electricity enterpriseSjwillzbe able to eésily _
work out a dévelopmént'plan in harmony WithrregiOnal development and
readily establish a system of cooperation with related administrative
organizations. In addition, thése enterprises. have been'advantage in

that they are able to make. effective use of benefit systems in which

funds may be raised at & low -interest rates .and in which fiscal

subsidies may be granted on-a preferred basis.

Public electricity enterprises wholesale their prbduct é1ectricity to
private electric ~power companies. Compared to ~ other: -public
corporations that.render services -directly to regional inhabitants,
therefore, these enterprise may give the impression - of ‘ being only
loosely connected with the region. Nevertheless, public electricity
enterprises have been contributing to the improvement'of:pﬁblic.Welfare

through hydroelectric power development in the following ways:

X By 'contributiﬁg ‘to the stable: supply -of naﬁibnal‘.and' regional
"~ electriecity, with hydroelectric power“as'a'cléan3énergy_that is

wholly produced domestically,

& - By helping to build up the.public interestJSnﬁiwelfareiof{tegional

inhabitants in cooperation with flood control and water-utilization

2~
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1.3

" 'in Small-Scale Hydroelectric Powar Development

activities by participating in overall river exploitation projects

‘a5 '8 codeveloper,

‘# By striving to promote the regional ‘employment and regional

industries by executing works  to construct power-generating

facilities.

I By furthering the stabilization of the financial situation of

 municipal authorities and the buildup of public facilities under the

suhéidy ‘system whereby subsidies are granted to the municipal
authorities where such power stations are located, and-

¥ By contributing to the inhabitants’ welfare by spending electricity
enterprise operating profits on measures to aid the region.

Enterprise Bureau of Gunma Prefecture

Japan in divided -into 47 prefectures. Gunma Prefecture is located

nearly 'at the center- of  Japan, haviﬁg "an area of 6,363 'square

kilometefs, extending 96 kilometers in the east-west direction and

199 kilometers in the north-south direction. It has a population of

'.épprbximately'1;96 million.; Out of the 47 prefectures, Gunma is ranked

21st in area, 19th in population and 17th in gross prefectural product.
Thus, it may be deemed to be & prefecture that ranks nearly at the
average level. Approximately two thirds of the land in the -prefecture

is covered with ' hills and mdunfainé; ‘From the west to the north of the

Prefecture, there are imposing mountains of the 2,000 meter high class.
‘The source of the Tonegawa River, which has the largest draindge basin

‘area in‘Jhpan'(extenﬂiﬁg-b#ér'a-tdtal*bf“lsz'kilometérs); startg in the

mduntaiﬂbusfidﬁe to ‘the north of the Prefecture. This river pierces

" the Kanto plains while 'absorbing the discharge from medium- and small-

Qizédzrivérs'ffdivafiousifegiohs;”éﬁd:finally'flbws into the Pacific
Ocean. - Gunma Prefecture has'ﬁn annual rainfall of approximately 1,700

2 -1
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millimeters, which is: also the meaﬁ_numericgl value for nationwide .
‘rainfall in Japan. The mountainous zoue,_gq;.;he__north of the
Prefecture, however, is an area with heavy snowfall in the winter
season. This .amplé water flow has been used for ﬁany, years to

construct hydroelectric power stations.

Thé Enterprises Bureau of Gunma Prefecture was established in 1958 and
theresfter started to operate an electric. power business. lLater,
howevey, it began to develop new businesses one by'ohe,in #espbnse to
the needs of the times. At present, it conductors. such businesses as
housing and industrial development, hater—supply for industry, tool
road management, tourism facilities and general water-supply in
addition to its electricity provision business. At .present, the
electric powéf generation business continues to be the mainstay of the

Bureau.

The Bureau's electric business began with Aimata  Power Station
(7,300 kilowatts) and the Momono Power Station (6;260 kilowatts), ﬁ@th
constructed as part of a.overgll river developmentsproject,with which
the Japanese government had been promoting in 1958.':At present, 21
_power stations have been completed, outputting. a tQ£31 of - 211,910
kilowatts te supply electricity of 0.8.through 0.9 billion kilowatt-
hours. Ve sre proud that this-ié the largest business. scale among the
~ public electricity enterprises all over the nation. .Table 1.1, shows a

list of the power stations owned by. the Bureau.

At present, the Kumakura Power Station,Lwith'a-maximum_output_of 2,900
kilowatts, iscupder_construcﬁiqn,ﬂgNgvertheless,:theHdgvéloﬁment of
medium-scale ahd smallescale,hydroélectriq power plants is scheduled to
-be positively p:bmoted‘continpaiiy:from‘nowwpn,”_The.Bureah_hgs béen
proceeding with studies and research'qqnce:nihg_t@e_utilizatiqn;of wind
_force, solar and geothermal energy. not limitad_itéelf,tp}hydroelebtrié

power only. Thus, the Bureau has gdpp;gd:tbe;pplicy_of-performing its

9-8
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role as a public electricity enterprise while giving due consideration

" to énvironmental pollution problems as well.

Table 1.1 Hydraulic Power Station of Gunma

Effective

Power Maximum Maximum Completed
station discharge head output Year
 ‘name (m*[sec) (m) (kW)
AIMATA 10.00 91.00 7,300 1958
MOMONO 11,50 66.34 6,200 1958
NAKANOJO 12.57 106.30 11,000 1960
SHIMA . . 4.80 130.65 5,000 1961
SHIRASAWA 20.00 151.70 26,000 1964
TONAMI ,14;00 46,10 5,300 1964
YUKAWA - 4.50 213.00 8,200 1965
TAGUCHI 58.20 12,40 6,000 1866
SEKINE 59.00 9.50 7,800 1967
'KOIDE - .78.10 12.90 8,400 1967
YANAGTHARA 90:10 10.00" 7,500 1967
SHIMOKUBO 12,00 148,62 15,000 1968
TAKATSUDO 30.00 21,30 5,300 1973
ODAIRA 24.29 "171.79' 36,200 1976
AZUMA 24,00 100.48 20,300 1976
SOHRT 15.30 | 85.00 | 11,000 1981
TENGUIWA* 10.40 7.36  ' 540 1982
YAGﬁgg' N 7.00 137.75 7,800 1983
KIRXU@AHA# Ii;so 39.00 470 1984
HIRdiKE* _ 6.50 80.30 4,200 1986
NARAMATA ‘11.00 | 133.30 12,400
. TOTAL . - 211,910
% : The detaiiéd;afe'déséfiﬁéd'iﬁ:Sécfion:i;'
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. Section 2 ;- Small Power Generating Facilitles Gwned
' by Enterprises Bureau of Gunma Prefecture

Out of the power generating facilities owned by the Bur_.je_au.' three ‘power

stations, i.e., Tenguiwa (540 ki-lowatts),-Ki:yugawe (470 kilowatts) and Hiroike

(4,200 kilowatts) with different sizes, will be introduced to the reader by

giving their outlines from the viewpoint of small hydroelectric power

generation.

21

Tenguiwa Power Station

(1)

Maxlmum di‘eohe‘r‘ge : 10.4 cubic meters per seoohd. o
' E':ffecftive:h_eed : i 7.36 meters |

Maximum output : 540 kilowatts

Type of _hj'draulic turbine - :  horizontal axis fixed vane propeller

hydrau}.lc turbine 457 mllllon ‘yen -

{9.140 million H$)

Backgrounds of the Construction:

Twenty and several years ago, this location began to be studied

for a plan to construct a power station.. On those days, however, -

it was unfeasible owing to the poor economical justiciability.

Later or in 1973, small hydroelectric power generation .began -_tpi
be reviewed due to a hike of oil prlces. With the lead taken by

the National Govermnent a  trend toward the development of

=‘medium-scale and smell -scale hydroelectrlc power uprose” and a

veriety of . technologles started being studied to - reduce the'_
development cost. On that occasion, the "study and research 1nto_;
small hydroelectrlc power generatlng systems w:.th low falls" was :
commenced. A man from ‘the Bureau took part . in. the research as;

one of its reseerohers .. As a:result of thls research a

_conclus:.on was. reached to the effect that a hydroelectric power_:

generation even w:Lth a low fall could be economlcally Just:ifi.ebl)rj

developed with new technologles mtroduced

2 —10
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(2)

In response to that-conclusion, the National Government (Ministry

of International Trade and. Industry) founded a national subsidy

--grant system for the development of medium-scale and small-scale

hydroelectriq power in-1980. To promote the energy development
and continually_proceed with the research and development on new

technologies, moreover,- the Ministry established the New Energy

‘]Foundatibn. This foundation made a nationwide survey on the

locations to develop, together with the research into new power

station models suitable for a low flow with a low fall. As a

.results, Tenguiwa was selected as a candidate location. This

point was found suitable for a new power station model, i.e. a
built-in type hydraulic turbine generator (horizontal axis fixed

vane propeller hydraulic turbine).

" The built-in type hydraulic turbine power generator literally has

a hydraulic turbine unified with a generator and it is suitable
for a low flow rate of water (about 0.5 through,4.0.cubic meters
pexr second). . If a few units of an identical built-in type
hydraulic turbine:power generator are installed according to an
actuai-flbw,rate,_moreover,.it.will be. possible to design and

construct the power station at a lower cost. Thus, this power

.generator may be considered matching with the objective of

developing small hydroelectric power.

Power Generating Plan

'Coupléd. with the development. of the built-in type hydraulic

turbine power generator, a "reliability demonstration test®
théreon was decided to carry out at the Tenguiwa location. Since
1981ﬁfthgrgfore, the Enterprises Bureau of Gunma Prefecture has

been striving to promote the power generating plan.

‘The. special conditions for locating the Tenguiwa -Power Station

lay in the power genersting plan with a farming water channel

2 11
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utilized.  An idle head of 7.36 meters: existing din a farming
water channel was utilized to generate a maximum output power of

540 kilowatts. And structures involved were installed along the

- water channel. This farming water channel is ‘mainly used to

replenish water to rice fields and has its water flow vary
significantly from season to ‘season. So, it was planned to
install four identical hydraulic turbine pbWer-généfators, whose
operating number should be changed accordingﬁto a decreaée or

increase in water flow. The power station was -subject to the

" following specifications divided into' irrigation and non-

irripation seasons:
P Irrigation season {June 1 through September 23)°

Maximum discharge : 10.4 cubic méters'pef‘second
Effective head : 7.36 météfs.“
" Maximum output = : ' 540 kilowatts (with fouf'géﬁerators put

into operation) -
g§ Non-irrigation season (September 26 through May 31)

Maximum discharge : 2.66 cubic meters per second
Effective head : 8.12 meters -
Maximum output : 150 kilowatts (with one generators put

into operation)
Design and Execution of Work
The work was planned to be compléted entirely within the season

at a low flow rate of water and the hydraulic ‘turbine power

generators were scheduled to start being”ihstalléd“éimultaneously

with the completion of the civil engineering work. . As'planned,

the ﬁork-was'COmmeﬁCed'in'Februaty;'QQBZ’and thé:power”station

2-12
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© ‘started to operate in June, same year. Its main facilities were

- designed while the work was executed with features as follows:
g Eiisting farming water channel

The_existing farming water channel was constructed in 1952,
Typhoons and other weather conditions thereafter, however,
brought a deposition of soil and sand into the .channel. The
soil .accumulated'.was carried out and those portions
superannuated were repaired to maintain its functions as a

water channel,
B Head tank

. The farming water channel had its bank raised intermediately.
It was decided, therefore, to raise the bank over an upstream
section: of about 200 meters from the water tank. A water
co’ntro.l gate was provided in _i;_he head tank and screens were
inst‘alied at intervals of 4 centimeters in the upstream to
effectively co.l'le'.ct dust. An excess water ch:_mnel, moreover,
was constructed as a deservoir _i%rith an extension of 30 meters
diagonally across the existing water channel. From this
deservoir, the water was made to overflow into the existing

farming water channel.
. & - Penstock, power station and afterbay

The power station was sorconst_—.r_ucted as to be equipped with
.f_gtir hyd,rau'lic turi_bine'power generators outdoors so that it
would befoperated while controlling the number.q.f gene'rators
-invoperation as the feafure of & built-in type -hydraulic
. turbine power generator., -As tailored to this construction, a
steel pipe ‘structure was required - and . an- Etcherwiss type

'branc_h pipe was employéd. The\ afterbay, moreovér, was
2 13
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arranged as displaced approximately every three meters to avid
mutual interference after studying the area and depth at which
the hydraulic jump discharged out of the hydraulic turbine

should be stabilized.:
Power Station Equipment'

For main equipmeht the power station employed the ‘built-in type
hydraullc turbine power generator, A new model selected by the
National Government for -the research "and development of new-
technologies. To secure an efflcient.operatlon-accord;ng to a
change in flow rate of farming water,. four generators of an
identical model were installed, Wiﬁh consideration given to a

decrease in cost through standardization.

The built-in type hydraulic. turbine type generator eﬁpldyed a

-fixed wvane type propeller'hydraulie turbine and a cage—type'

inductor motor .in the generator unit. With the hydraulic turbine
runner vane incorporated inside the rotor, the generator was of

outdoor - type monoblock construdtion.__n==s
Funds.

The power station required a total project cost of 457 million
year at a'.ueit construction price of.'850 thousand vyen per
kilowatt in power generetéd)--For“fundsf a fiscal subsidy was
granted to eoéer 502 of the portions reQuired for the built-in

type power generator. a . subject of -the demonstratlon test‘ and

‘157 of any portions other than that, considerzng that it was the

first experimental case of new’ equipment ‘recommended by the
National Government'_'The'fﬁndsﬂcould‘he broken down into a

fiscal subsidy of 119 million yen, a borrow1ng ‘of 264 million yen

-and a self-owned fund of: 75 million yen.

2 - 14
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Kiryugawa Power Station

. Maximum discharge
~Effective head

Maximum output -

1.8 cubic meters per second
39.00 meters
470 kilowatts

“Type of hjdraulic turbine : horizontal axis cross-flow hydraulic
. turbine
Total project cost : 287 million  yen (approximately 3.7

million M$)

(1) Kiryugawa Dam Construction Plan

The Kiryugawa Dam was of multi-purpose type owned by the
"P:efeciural Government of Gunma, whosé construction was commenced
for -the putﬁ@sé]of regulating'fldpds. maintaining the normal
functions of. flowing water and supplying city water. It was a
gf&vity_tybé-concrete dam_ﬁO.S meters high, with a bank top level
- of 264 meters and with a .total waté: storage capacity of 12

million cubic meters.

N At 410 m*fsec of ‘the ﬂesign-high water flow or 560 m*/sec in
the dam location, floods were be regulated to eliminate a

possible flood disaster in the downstream of the dam.

& The formal functions of flowing water were be maintained by
réplenishing the water already consumed along the Kiryugawa

River in the downstream of the dam..

[ It;was:made-pnssible to také'city water newly at a rate of

34,500 cubic meters per day (0.4 m>fsec.)

For the dam construction plan, a substantial survey was started

in 1972 and the construction work was commenced in 1974.
217

APIZ2 - 137



SMALL-SCALE HYDROELECTRIC POWER GENERATING FACILITIES OWNED

BY L.OCAL PUBLIC ORGANIZATIONS IN JAPAN

" Sectlon 2: Small Power Generating Facilities Owned
' by Enterprises Bureau of Gunma Prefecture

(2)

Power Generation Plan

When the dam conetruCtion’project'was'startedi.the Enterprises
Bureau could not take part in the plan to generate power by use
of the Kiryugawa dam  because the costs for the dam had been
allocated amblguously and the progect itself could not ‘be deemed
economically justifiable. The oil crisis which took place twice
in 19708, however, changed the oil-substitute energy devélopment
over to one of national projects. as a results, the_hydroeiectric
power generatibn was  recognized again in the:_ﬁeeds for
diversification of electric power SOu:céé;* In ‘1980, moreover,
the ”Mediuﬁ—scale and Small-scale Hydroelectric Power Development
Subsidy Grant System" began ' to ‘operate - so that the power
generatlon plan turned out feasible in the long run. As =
result, the project took -such an 1rregular form that the power
generation plan was made to take part in the project in 1982 when
the dam body had been constructed almost completely. The power
generation plan was allowed to- take part under the fundamental

conditions as follows:

g The water reserVOirﬂbperation’plan“wés"ndt'to be changed at

all.
R No dedicated power generation capacity is provided.

2 The poser station was to be managed by the power generating

enterprise.

§ For the powef:generﬁtion piﬁﬁ'td take part’in Eheﬂprbjeét' the
costs 1nvolved were ‘to be allocated on a dual basis; one was
to bear a portion of the total dam pro;ect costs (pr;mary
allocation) and the other ‘to bear the cost for selective water

‘intake equipment- (secondary allocatlon)

9 - 18
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" The primary allocation was broken ‘down -into- 85.9Z for flood

control; 13.8% for city water and 0.3%7 (69 million yen) for power

"generation. For the secondary allocation, the Bureau was to bear

16.8%7 (35 million yen) as calculated from the maximum working

water flow ratio of river management to power generation.

In the power geéneration plant, water. was to be taken through a
river management discharge pipe from the surface intake equipment

located on the body of the Kiryugawa River dam (at the maximum

- intake water flow of 8.9 cubic meters per second). “And the water

so taken in was to be branched at a distance of approximately 40
meters from the ‘starting point at ‘the maximum flow rate of 1.8
cubic meters "per second. = TFrom this bra‘nching point, an
approx:xmntely 28 meter:s ‘long power generating pipe was provided
to guide the water to the power station located just below the
dam. -An effective head of 39 meters was used to generate a
maximum p'ow"er-.of- 470 kilowatts, After generating the power, the

water was discharged into the stilling basin for the existing

“water-utilizationfoutlet works.

Deéign-and Execution of Work

The power generation plan was made ‘to take part in the dam
project near its completion. In the stages when the power
station work was executed, the dam body work had ‘been already
completed mostly while test bonding had started. In August,

1983, - therefore, the 'power  Sstation  work was commenced in

.~ accordance with:the test bonding plan. = And the power station

‘gtarted ' ‘to “operate in  June, 1984 subject to the start of

discharge in-the dam.

The water. in_take' port for the dam surface water intake equipment

%A jointly-used. - Since- the front -'screen had so rough a bar

“ pitchias 10 - centimeters, however, the- power station work was

2 —19
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.provided with a "trash boom at a bharx pitch of 5 centiméters in -

. front of the screen, with a possible adverse gffeét of water

chips,: etc. on the hydraulic turbine taken into consideration.
Power Station Equipment

To select a hydraulic turbine, a. study st#rted concerning two
types; i.e. Franéis1hyd§auiic turbine .and cross. flow hydraulic
turbine, _considefing _that - the _gffecpive: heéd varied from a
maximum of 39 meters to a mihimum of_13.2 me;ersﬁand that the
wo;king water flow changed from a makimﬁm.of-l.a cubic meters per
second to a minimum of 0.5 cubic meters per second. As & result

of this study, it was decided to employ the cross-flow hydraulic
turbine, which was probably adaptable with both changing falls
and floﬁs, had a simple construction and could -be delivered
within a short term. Besides, the guide.ﬁaﬁe of 2:1 split type

was adopted to increase the efficiency as lightly. loaded.

This hydraulic turbine was the largest crosé-flow.type évailable
in Jﬁpan on those days when the Kiryugawa Power Station was
constructed. With the'fiéld—proven_producﬁion increased 1atér,'
however, the hydraulic turbine came to be employed in a 1,000

kilowatt power statiom, too.
Funds

The Kiryugawa Power Station required &ftdtal project cost of 287

.million yen at. & construction unit price of:SlQ thousand yén per

kilowatt- in. power generated.g Therfunds;:éised~could be bréken
down into a fiscal subsidy of 37 million yen, a borrowing of 165

million yen and a self-owned funds of 85 million yen.

A fiscal -subsidy for medium-scale and.smallfscale_hydroele;;ric

. power detelopment,;-meanwhile, _W@S;,manditorily limited to =&
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subsidy ration of 5 through 15% by output size. A power station
with a ca'pacity of 5,000 kilowatts and below waé entitled to'a
fiscal subsidy of 15Z. This .‘subsidy ratio appl'ied. to the
Kiryugawa Power Station. Nevertheless, it did not apply to the
total project cost since the project included those portions

which could not be deemed applicable to the subsidy.
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2.3

Hirolke Power Station

Maximum diséhergeﬂ_ 6. 5 cubic meters per second

?ffective:heEd

Maximum output

';80 3 meters j;" e
&, 200 kllowatts Lo

o

Type of hydraulic turbine : vertlcal axis Frenc1s hydraulic turbine

Total project cost : 4,256 million yen (approximately 85.1

sy

million MS)
Backgrounds of the_Gonstruction

Slnce the upstream mountainous aiea had the soil denatured by hot

_sprlngs,_the rivers in this: area had the water of high ac1d1ty

started to flow from such soil. Many locations hed ac1dlc water.

Espec1ally the Yukawa River, an upstream branch of the rivetr on’

which the leolke Power Station was planned to be located. showed
"so high an acidity level of pH = around’ 2 or 3._ This hlghly_

‘acidic water was not only inapplicable to the irrlgetlon but also

brought serious damage to the river management structures located
along the coest The Bureau, therefore took.part in an overall
river development prOJect covering this area. and constructed a
neutralizing plant in 1961 through 1966 to continually dose a
lime emulsion into the rivers so as to neutralize their hlghly

acidic water - Tao store the sedlments generated by the

. neutrallzatlon in the downstream, the Sh1nak1 dam (grav1ty type

concrete dam with a bank helght of 43.5 meters) was constructed

.At the same time, this dam was utllled to construct the Yukawa

Power Statlon (maximum output 8 200 kllowetts)

As a geries of developments following the Yukawa Power Station,
the Bureau was proceeding with a survey plan eround the Hiroike
area. On those days, however, the plan could not. be concertized

because it was not profxteble enough from an economic p01nt of

_v_:.et_v. _ Slmllarly to the Tenguiws and K:.ryugawa Power ‘Station -
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cases.intrdduced'to_you in the preceding sections, however, the
Hiroike Power Station came to be really constructed as an
independent electric power development point owing to a change in
environments suffounding hydroelectric power generation and to

the establishment of a fiscal subsidy system.
Power Gemeration Plan-_;

In the-Hirqike-waer_Generation Plan, a 7.3 meters high intake

weir was -located on the Shirasunagawa River- just below the

. meeting point of a branch in the downstream of an outlet for the

existing Yukawa Power Station owned by the Bureau. And the
water was taken in at a maximum flow.of 5.77 cubic meters per

second from that intake weir and led into a settling basin

- through & hgadracefehanﬁel with a total extension of 580 meters.

After_settling down sand there, the water was led into a head

- tank.through a 3;640 meters long headrace channel at a maximum

flow rate of 6.5 cubic meters per second together with an
jntermediate intake from streams on the way. From this head

tank, the water was further led to the power station by way of a

-151 meters long penstock to generate electric power at a maximum

output of 4,200 kilowatts, . using an effective head of 80.3

meters.’ The flowing water after generating the power was

. discharged in the upstream of the intake weir for the existing

power,statién_oﬁned by an electric power company through a 595

meters long tailrace'tunnel across the Sirasunagawa River.
desigh and Execution of Work

The Hirdike Power Station had a totdl tunnel extension of 4.8

- kilometers with headrace plus tailrace. And these tunnels, work
- governed the term required to complete the. power station. In

© June, 1984,»the work -was commenced and .the power station was put

2;—25
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into operation in two years and one month or in ‘July 1986 as

origindlly planned.
n Intake weir

To determine a design flood flow rate at each intake weir, a -
centurial probability rainfall of 257 millimetérs.peridhy was

obtained, based on thg data collected at . rainfall

obgérvatories in the &iciﬁitj; And this probability rainfall
wWas uéed as the basis to calculate a design flood water £low

rate ‘at each location _fot. the purpose of arithmetically

~obtaining a safety factor of each structure.’

The intake weir on ;he-Shirasunagawa-River, main rivef for the
"~ power station,. was made“.of -concrete and  provided with a
:sediment'discharge gate, having a bank height of 7.3 meters,
a crest length of 53 meters and a bank volume:of 3,200 cubic

‘meters.

The three torrent intake facilities were of Tirol type, with
consideration given to the simplification of maintenance aﬁd

" management, - including the riverbed situationé‘at the site.
.For structural features, these facilities had.their shapes and

~ dimensions determiﬁéd by.the'use of 1/5 prototypes so that
sand and soil might not enter readily into the'heédrace and
that the river could take in‘water effectively;f The crest,
moreover, was lined with pebbles to prevent the bank from

being worn out.
[ | Settling basin

The setting basin was;designedrinto a ‘17 meters long and - 7
meters wide single tank subject to & design flow rate of 5.77
cubic meters per second, an internal-maan'fiow tate of 0.3
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‘meters per second and & minimum sediment particle size of
.1 millimeter. Besides, the settling basin was provided with
‘horizontal overflow type excess water discharge and a sand-
flash gate at a bed gradient of 1/20, with sand flash taken

into consideration.
Headrace and tailrace tunnels

The __tunnels hé.d a. total extension of approximately 4.8
kilometers, ~which occupied 'a. high . percentage of the
construction cost. . In terms of work execution process,
‘moreover; “they governed the progress of the entire work
exécution. As a result, importance was not attached to how
less costly they could be dug but how promptly they could be
éompl_e_ted. For excavation, the headrace and tailrace tunnels

‘were made through a simple repetition of drilling, explosive-

o chargihg, blasting, mucking and. timbering.. - The machinery

employed was ‘selected in an appropriate combination after
- making ‘2 comprehensive examination of tunnel lengths and

geological conditions on & section by sectlion basis.
- Penstock snd spillway

Both penstock and spillway comprised the upper tunnel portion
*across under .a -road, the middle exposure portion and an
embedded shaft lower than the reclasimed level of the power

- gtation, with anchor blocks located in their boundaries.

- . The .spil-iway_ was located below the penstock at a road—crossing
‘portion, with the section stability taken into consideration.
With'thése conditions takén'intoracéount, the-'spillwéy had
'plane"and' cross-section designed into a complex_l'inear box
'-‘-'culve.rt_:-.with- verticalrr~and".horizcnt'al- curves made at several
locations, - And __s_truc_:tures involved were determined..
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- therefore, while.nmking caertain: of safety by conducting a
hydraulic phototype test, including the stilling work.

B Powér station

The power station was designed into a semi-—undergr.ound
reinforced concrete construction with a squaré section, pased -
on the geographical and. geological conditions. With each
floor designed to have a minimum possible area, the structures
supporting the main equi'pment..w'ere of duél-floor construction
- while an overhead crame (with a lifting capacity of 15 tons)

was installed to place the equipment in position.
Power Station Equipment

Judging from both effective fall and :working water flow, a

hydraulic turbine of either vertical or horizontal shaft w_és

-applicable within a -range . .of Francis hydraulié turbine

"applications. As & result-of making a comprehensive comparison

study, however, it was decided'_ to- employ  the vertical shaft
Francis hydraulic turbine, which generates a large guantity of

electricity and has an economic advantage, accordingly.

To operate’ the hydraulic turbine guide vane, an electric servo

" motor system was employed, which allows us: to: dispense with a

hydraulic unit and other -ancillaries and is e'zisy to operate in.

- comparison with the cOnvétitional 'hydraulic— fsyst".em. 'I_'his was

aimed at reducing the building area while striving to economize
and simplify the power 'station:,:ec';uipmen.t- by' making the entire
power station ‘free from. oiling, with-inlet valves. and other
auxiliarieg electrified és well. To control ‘the power station,
a remote control system' was’ employed to' conduct mo_niforing .88

required' and’ it was provided with the equipment which permits us

9 — 28
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to remotely monitor and control at a control station located at

a distance of 19 kilometers.

‘Funds

The leoike Power Station requlred a total project cost of 4,256
m11110n yen at a constzuctlon unit prlce of 1.01 million yen per -
kilowatt in power generated. The funds raised could be broken
down into a fiscal subsidy of 769 million yen, a borrowing of

2,044 million yen and a self-owned fund of 1,443 million yen.

As already referred to concerning the Kiryugawa Power Station, a

tflscal subsidy ratlon of 5 through 15% applled to a medlum—scale

and small- scale hydroelectrxc power development. Thls subsidy,

however wag never suff:c;ent for the full promot;on of medium-
:scale and small scale hydroelectrlc power developments _As a

irﬂsults,ra system to exceptlonally provlde ‘the. subsidy with an

extra of sz was established in 1982 for those locatlons which

fmlght be economlcally dlsadvantageous and dlfrlcult ‘to start a
'development but deemed approprlate to develop in earller stages.
'And this system was adopted for the Hiro;ke Power’ Station so that
-a fiscal sub31dy ratio of 202 applled

229
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Fig. 2.16 Komagazawa intake dam
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SMALL-SCALE HYDROELECTRIC POWER GENERATING FACILITIES OWNED
BY LOCAL PUBLIC ORGANIZATIONS IN JAPAN

Section 3 : Examples and Problems of Small-Scale
Hydroelectric Power Generation.

An outline hee been - 50 far'introduced'to youlelreedy conoefning*the three

existing power stationsc- out of the 1OC&tan5 being currently planned by the
Bureau, the: Kariyado locatlon mey ne deemed resembllng the: bas;n in the
upstream of the leagu River in the district of Ranau, Province of Sabah in
terms of their 91tuatione. An explanation, therefo:e, w111 ‘he given below-
concerning the deeigné as an example, at Kariyado. At the seme time, problems}-
involved in a:small~scaie.hydroelectric power station'Wouldflike to be gfaeﬁed

from the view point of a developer.

3.1 Example of Kariyado Power Station Design

This harlyado Power Generation Plan is now belng bolled down. = And
there are possxbllitles that it may be altered partially from now on.
If things go ahead smoothly, however, the work involved is planned to
commence next year. In this.power:generation plen wétef is'to be
taken in at 8 maximum flow rate of 2.1 ¢ubic meters : per second from an
intake weir to be located on the Kumagawa River flowing in the western
part of Gubnma Prefecture. And an effect;ve head of 72. 9 meters. is
'avallable to .&a powsar statlon to be constructed approximately 2.2
‘kilometers downstream (maxlmum output of 1, 200 kllowatts) With this -
effective heed utilized, the power etetlon is to obtaxn electricity of
6, 210 megawatt hours in potential’ generated a yeer.- It may be deemed:
as:a run-of- rlver type power station plan Under this pcwer generation'
plan, ‘the flrst emph331s hes been placed on a reductlon of both work
perlod and  cost by employlng a concrete _hume 'plpe (centrifugal.
_relnforced concrete plpe) as 8 headrace channel Nevertheless, an_
optimum englneering method w1ll be edopted w1th s comprehen91ve studyk
made, 1ncluding malntenance and management w1thout adher;ng to the :
cons;ruction unit prlce Vonly. The prlnclpal design. drawzngs are
attached hefeto at the end, though very 111egib1e because of thelr.
small sizes. It will be much apprec;ated if you fell the princxples ‘of
the Enterprises Bureau - of Gunma Prefecture, toward ‘small-scale
hydroelectric power developments. '
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SMALL-SCALE HYDROELECTRIC POWER GENERATING FACILITIES OWNED
BY LOCAL PUBLIC ORGANIZATIONS IN JAPAN

: Section 3: Examples and Problems of Small-Scale
Hydroelectric Power Generation

3.2

The plan is ‘to be subject

- Intake area

Maximum discharge: .
Effective head

-

-Maximum output :

. Power-generateda year

Penstock L g

Hydraulic turbine

Generator

Outlihe. of Works

to the following specifications:

45.2 square kilometers
2.1 cubic meters per second
72:3 meters

1,200 kilowatts -

6,210 megawatt-hours

" inflatable rubber weir, 2.0 meters high

with crest length of 13.0 meters

FRﬁ-pipe (fibér glass reinforced plastic
pipe) and steel pipe _

horizontal axis Francis hydraulic turbine

horizontal axis 3-phase alternating current

synchronous motor generator

‘Some of the spécial-conditions.given to a plan of the works around the

Kariyado Power Station will be introduced to you.

B Intake weir .

This area has a geological feature based on the Neocene pyroxenic
andesite, which is covered with Pleistocene lake-produced deposits
in the Quaternary period, mud flow deposits, volcanic crush flow

deposits and loam layers. Mud flow and 'ﬁolcanic crush flow

.:depbsits,namong-Dthers,.have a'relativelyflow specific gravity. The

bed: gravel in the river contains many pumice pieces and the riverbed

':has;a'sharpfgradient of‘approximately 1/30 through 1/40, resulting

- in a larger volume of.dfift gsand. .

- 1f-a stationary concrete weir were constructed on the .river course,

‘.- therefore, an. ddvance of sand:deposition would:impede the normal

235

AP12 - 155



SMALL-SCALE HYDROELECTRIC POWER GENERATING FACILITIES OWNED'
BY LOCAL PUBLIC ORGANIZATIONS IN JAPAN

Section 3 : "Examples ahd Problems of Small-Scale
Hydroelectric Power Generation

intake of wa_ter. . And it would be necessary to.discharge the sand
and soil deposited. In reality, an existing powér'station located
in the downstream of the planned location has had & significﬁnt
praoblem: of sand depbsitéd ‘since it could. not be -effectively
diéchérged through the sbillsand'discharge gate. - With the cost
taken into.aCCOunt for a future continuous discharge of:sand. the
inflatable rubber weir has been decided to be -employed through a
compfehensive;exaﬁination, including the maintenance and control
coéts;'though reQuiring a significant amount. of initial investments.
The rubber weir is plshned to be'z.b meters high and so constructed
as to inflate._pneqmatically. -Once the river has had a flow
increased: to reach an overflow depth of O.S'mefers from the :rubber
weir, it is automatically deflated to prevent sand from depositing

in the upstream of the weir according to the plan.

.Besides, the weir is planed to be provided with a fishway, through
which water is made to flow at a constant flow rate normally so as
to protect fish and to preserve the landscapes and environments in
the downstream basin of the river. To discharge water throuéh the
fishway at a constant-fiow;rate)-a.water.level gage is provided in
front of the intake port to regulate the aperture of the intake port
gate. Thus, the upstream of the intake weir is pianned to be kept
level normally at a flow rate less than the maximum working water

~flow. -
#  Settling basin

" As already referred;to,:the-fiverbed'gravel~éontains many pﬁmice
pleces so that the river has & 10t:0f drift3sand;_xAs'a:résult,
& larger volume' of sandrthaﬁ‘normal_is-expectéd to dépoSit in tﬁe
‘settling basin. Un&erithe Kariyadd Power  Station Project, the
settling basin is divided into two so that the power can continue
‘being generated wile dischargiﬁg'soil-'._and sand. " In other words, .
it is s0 constructed that either side of the two 80 divided will
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SMALL-SCALE HYDROELECTRIC POWER GENERATING FACILITIES OWNED
BY LOCAL PUBLIC ORGANIZATIONS IN JAPAN

. Sectlon 3 : Examples and Problems of Small-Scale

Hydroelectric Power Generation

permit sand to be discharged normally, The settling basin,
moreover, has had its capacity so determined that one side only

- will allow fine sand to settle down satisfactorily.
# - Headrace channel

A route of the headrace channel has been so determined that the
water cha.n'n_el will have a ﬁotal extension minimized, with
géc’agraphic_al conditions taken into consideration. Basically, the
headface :c_hanne_fl . is . made of .a hume pipe culvert, with
consideratién given to both economical and workability. Over the
section wheré the peographic features prevent the hume pipe from
. being buried, a box culvert. or pressure-free tumnel is. to be
employed. ' Besides, the route. has two crossings; one is across a
stream - and “the other across a road. T.,heseri crossings are
... constructed of FRP (fiberglass reinforced plastics) and steel
pipes in an inverted éiph_on form, Ex_cépt some portions including
the stream _'crossing, etc., moreover; the headrace channel is

-entirely buried under the ground.
. B Penstock

The penstock pip_elihé is to be of  exposure type, with the
linearity near a straight line while there are a small number of
'pm.:tions: ‘bent and ' curved, S_ince' the design water pressure
~.reached a _max_imum._of approximately 10 _.kglcm?, the .FRP pipe has

- been selected after inaking a stﬁdy in comparison with steel pipe.
i Sgil—lway

- FRP pipe is to be employed .as the spillw&y, too. And it ‘is
planned to - be located . in . parallel with . the penstock. The
;_spillway, moreover, .1s to have & baffle type  stilling work

: located at the.end to discharge water safely in the downstream.
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SMALL-SCALE HYDROELECTRIC POWER GENERATING FACILITIES OWNED
* BY LOCAL PUBLIC ORGANIZATIONS IN' JAPAN

-Section 3: Examples and Probiems of Small-Scale
~ Hydroelectric Power Generation

3.3

1 Power station

The power station is' to bé of ground,typé: With its buiiding
divided into two ridges, i.e. equipment room and control foom, a
wrecker truck or the like is to be used to‘assemblé~and‘install
the hydraulic turbine and generatér. And the_mschine roeom is to

have the overhead crane omitted.: -

Problems Involved in Small Hydroelectric Power Developments -

Needless to say, hydroelectric power generation has excellent power
supply characteristics. Even a small-scale-hydfoelecific péwer station
should be developed positively. A4s far as small hydrbéléttric power
generation is concerned, however, it may be oftén biéssed'pob;iy with.
anoptimum location and a favorablé scalerﬁéfit. ~And it involves many

problems mainly from an economic point of view.

From the standpoint.of a publiﬁ eléctricity ehtérprisé'who_has been so
far promoting the medium-scale and small-scale hydroelectric power
generation, two significant " subjects may be considered lying . in
developing small hydroelectric power; one is a decrease in cost and the

other 1s an environment preservation problem.

First of all, the hydroelectric power is ¢haracterizéd by a stable cost

for a long term ‘but requires an immense amount of investments in

‘initial stages. So, hydroelectric power has a ‘higher initial prime

cost than thermoelectric power. A smﬁli-sdalé"hydrqelectric power
station has many economic disadv&ntages and its_devélbpment,carries

every unfavorable factor for the management of an enterprise. it is

‘necessary, therefore, to secure a fiscal subsidyrand'ﬁflqw—intefest

loan for raising the fund requlred ‘In addition, it“is:netessary to

introduce new technologies and study the feasibility of executlng such -

"small power station: constructlon work jointly wzth another pro;ect.
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SMALL-SCALE HYDROELECTRIC POWER GENERATING FACILITIES OWNED
BY LOCAL PUBLIC ORGANIZATIONS IN JAPAN

Section 3 : Examples and Problems of Small-Scale
: Hydroslectric Power Generation

Besides, a lot of creative contrivances should be made, with
congideration given to maintenance and management on an overall basis.

‘And exertions should be used to reduce the cost involved;

.Second, even a small hydroelectric power generation should take into
"'due cons:.deration the preservatlon of environments at port1ons with
water 1evels 1owered 1n a rlver and at every work-executing site. And
'endeavors should be made to make the hydroelectric power generation
coﬁxﬁéfi‘blé with the preservation of environments wh.ile pursuing for an

‘effective use-of hydraulic energy.
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SMALL SCALE HYDROELECTRIC POWER DEVELOPMENT IN JAPAN

Summary

Hydroelectric power is an ‘energy purely produced domestically for J&pan
Besides, this energy is renewable A steady development of hydroelectrlc
power .1.9 requzred from Ewo po.mts of view; one is the protection of

environments and the other a’ stable supply of energy

The Japanese Government has been taking a wide diversity of measures to
promote the hydroelectric pbwer dévelopment. Described herein, howaver, are
the actual trends of hydroelectric'power-developmeﬁt in Japan, including

various measures taken to promote the development.

Among a variety of measures taken, f.i_{re times hydroelectric power potential
surveys have been conducted, covering the entirety of out country. And it has
contributed greatly to the developments of hydroelectric power in Japan, being

very helpful for a reasonable development.

As far as various measures so far taken are concerned, -moreorver, those surveys
and projects which have been and are._bein'g' conducted by the new Energy
Foundation will be introduced here. A brief overview of the New Energy

For._mdation, meanwhile, is added below.

The New Energy Foundation was establisbéd in 1980 to meet the heéas for
developing and using oil substitute enérgies to secure a stéble sdpply of
energies. To put new energies into 1r:_v-.nat:'r:.icfxl_ use, the New Energy Foundation
has been striving to promote the studies and researches involved and to
popularize o0il substitute energies and enlighten their users. It'. compr__i.s'es
four centers, I.e. New Energy Promotion Center, Hydroélebtric '. PO.WE'I‘.
Develépmeht Center, Geothermal Energy Devélopment Cen_tér and Energy St'o_rage.
Engineering Development Center. To support the Government's policy for
powerfully promoting the hydroelectric power development, the Hydroelectn(.

Power Development Center has been conducting a number of projects.
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SMALL SCALE HYDROELECTRIC POWER DEVELOPMENT IN JAPAN

Hirotoshi NAKAYAMA

Survey Department

. Hydroelectric Power'l-'leadquarters
-New Energy Foundation

JAPAN

Mr. Nakayam"ﬁas graduated form the Department of Civil Engineering, Faculty
“of ?ech‘ziol_ogy,'l(yushu University in Japan, in 1987. After that, he entered
Kyushu Electric Power Company and was engaged in the services of designing the
modifications of hydroelectric power plants and of éxploring hydroelectric
“power ﬁevelopment sites. ' Later or in 1989, he was temporarily transferred to
a foundation, New Energy Foundation. Since then, he has been studying the
techni'ques to effectively calculate a stream discharge at a hydroélectric
power development site mainly from an existing stream-gaging station while

arranging in order the data relating to the current hydroelectric power

© -potential in Japan.
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SMALL SCALE HYDROELECTRIC POWER DEVELOPMENT IN JAPAN

Section 1: Present Trends of Hydroelectric
Power Development in Japan

1.1

Hydfoe!ectric Power Potential in Japan

As shown in Table 1 and in Fig. 1, Japan. has a h?drqelectricﬂpQWQ;
potential of approximately 32.8 million kildwﬁtts;as'a'totalfmaximum
output of conventional hydroelectric power plants.’ Of.this:to;al

output, approxihately 20.85 million kilowatts is a total installed

. capacity of the power plants in operation. And 570 thqusand-kilowatts

is. a. . potential of the hydroelectric . power  plants now under

-construction. -

- And the resﬁ approximately-ll.SB million kilowatts is a potential of

planned sites.

The number_of planned sites of hydroelectric power plants;‘moreover,
reaches approximately 2,750_éiteé, a- potential of which amountsrto
approkimafely_lz.s million kilowatts. And in case of not conéidefing
loss by newly developments potential per site shows so small a scale as

approximately 4,600 kilowatts.

Fig. 2, furthermore, shows & distribution of hydroelectric power

outputs,
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- SMALL SCALE HYDROELECTRIC POWER DEVELOPMENT IN JAPAN

~ Section 1 : Present Trends of Hydroelectric

Table 1

Power Development in Japan

Hydroelectric Power Potential in Japan
o . o Numbér'of _ Installed Annual
Status of Development Hydro Plants Capacity Generation
i : S (kW) - {(MWh)
Cénventional _
_ Hydroelectric 1,734 20,846,098 89,176,366
In Operation | Power Plants. S :
Under Mixture
Pumpt-Storage 20 5,627,040 2,513,768
Power Plants
G"g:s:;:z't‘:ic 7 571,990 | 2,407,182
o . Hyc g . =14 -73,910 ~711,262
Under - Power Plants . _
Qonstruction Mixture
Pumpt--Storage 2 500,000 240,000
-Power Plants
g‘ﬂ:g:ig‘;iic 2,749 12,540,690 | 47,440,684
yeroe~ecLx -285 -1,075,765 -7,401,919
, Power -Plants . .
Planned . = b : - '
- ?:;t‘érgtora . 20 7,956,000 1,793,400
 Tumpt-Storag -3 -123,770 ~711,170
_ Power Plants-
{Total Conventional _ 4,552 '
Hydroelectric Power Plants -299 32,809,103 | 130,911,051
Total Mixture Pumped-Storage 41 ,
Power Plants _13 13,959,270 3,835,998
iTotal Hydroelectric Power 134,747,049
‘Plants .

* The Figures of "In Operatlon" are as of March 31 1991.

* The Figures of “In Operatlon“ are total of plants of E].ECtr:LC power
wutilltles and entetprlses and of private power plants with a capacity
'100 kilowatts or more only.;

* Negatlve Flgures descrlbe figures of the plants whlch are subjected
‘to influence of newly developments.

* All the datas above a:e referred to "Hydroelectric Power Potential
in’Japan” issued by the_agency of natural Resources and Energy, the
'm'iniStry of Ir_l'te:;national Trade: and Industry.
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The hydroelectric power generating facilities in Japan; moreover, are

mainly owned by the following three parties:

L)

(2)

3

General Electric Power Utilities (9 companies)

‘There are nine electric power companies in each of the national
“districts (9 districts) " They are selling general consumers both
electricity whlch they have generated in house and have purchased

' from cther electric power utilities.

As far as the maximum output is concerned, these nine companies

have occupied epproximately 667 of all - the conventional

"hydroelectric power generating facilities in Japan._-(Ancthef

electric power utility does exist (Okinawa Electric Power

- . Company)- but does not have. any- hydroelectrlc power generatxng

1‘ fe0111ty )

Wholesale Electric Power Utilities

Falling in this category are public electric utilities in 33
prefectures and in 1 city, Electric Power Development Co., Ltd.

and other private enterprises. All of them are selllng their in-

house generated electriéity to general electric power utilities.

As fef as the maximum output 'is  concerned, they occupy
approx1mately 277 of all the convent10nal hydroelectrlc power

generating facilities in Japan.

.Private Power Plants

The electricxty generated is used as the power to be supplied for
the private use only, 1nc1uding a factory or the like As far as
the maximum output 1s concerned ‘the prlvate power plants occupy
approximately 7z of 'all the conventional hydroelectric power

generatlng facilities in Japen (the term, private power plant,

3 -7
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however, means & facility with a capacity of. 100 kilowatts or

morg only.)

A breakdowﬁ of the conventiohal hydroelectric generating

facilities referred to above is given on Table 2 below.

Table 2. A hre_akdown of the Pure Hydroeleciric waer Generating Fabillt!es _

Division of Owners Number of |- Installed . | Annual Generation
Hydro Plants Capacxty (kW) _ - {Mdh)
General electrlc power . 1,125 1&,811,734_ (661)_ 61,046,289 (682)
utllltles o B o S _
Wholesale electric 359 5,635,849 (271)] 20,315,761 (232)
power utilities ' S ' o
Private power plants 250 1,398,515 (7%7)| 7,814,316 (91)|
20,846,008 (100%) [ 89,276,366 (100%)

1.2

% As for private plants, adding up power plants with a capacity 100

kilowatts or more only.

General__Methodlof Working out a Development Plan

In Japan, a hydroelectfic ppwef_development.plan is generally worked

" out by the methods and sﬁéps_as referred to beiov.

(L

Schematic Plan

Based on the existihg dat& 'gedgraphicéi.chafﬁ and the like, a

schematlc route is selected on a draw1ng to work out a schematic .

plan of an 1nd1v1dual power plant slte, taklng lnto account the

'flndlngs of a rough water _ ystem aurvey and of a fleld'

exploratlon.
3-8
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(a)

(Db)

1)

Rough Water System Survey

"Both water system and river to be covered by a development

plan are sufvéyed concerning the river from, outline of its

‘basin; water utilization facilities already obtained, etc.,

" based on the dats already available. And the findings of

‘this survey are used as the data fundamental to the plan.

On-drawing Plan

A plan is  worked out, based on the existing data (a

‘topographic map to a scale of 1/50,000, etc.) and on the

findings of rough water SyStem survey.
Determining a power plant type

A hydroelectric powér plant may take one of three types

- according to the power supply functions’ characteristic of

that power plant. ' To proceed with a development plan, it

-is necessary to preselect an optimum type beforehand.

Three types about power plant are described below.
8 PRun-of-river type power plant:

':A'pbwer plant of this type does not have a storage pond,
in particulat, but uses natural stream discharge of a
river directly to generate electric power without making

any adjustmeht of the discharge.

g Poundage type power plant:

Demand for electric power fluctuates remarkably in a day
or in a week the natural stream-discharge of a river
remains ‘nearly constant in a day or in a week., A

3~ 48
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2}

storage pond, therefore, is_lqdatgd_in‘qfdém or in the

midcourse of a headrace. I'_n the.__midnight':or oh a

‘holiday when the electric. powerhkdemand -is low, the

-stream discharge is stored in pond so that the water so

stored can be used when the electric power demand is
high. Thus, the power plant. is capable of responding

properly to a fluctuation of electric power demand.
Reservoir type power plant:

If the power is hydroélectriéally' generated while
resorting merely to natural streanydiSChafge of a river,
the quantity of power. generated will fluctuate from
season to.season in a yeér, resulting in an instable

supply .of power. As.a solution to this problem, a dam

is constructed to store the discharge in a wet season
and to use the stored water in a dry season. . As a

. result, the power plant can obtain an averaged quantity

of water throughout the year by increasihg the doughty

water-discharge.
Calculating an Output and a Quantity of Power Gemeration

Both oufput_ and . power generation  are arithmetically
ZObtéinednfrom‘a_totalihead.availab}e on g-téﬁographic map
-and from.a‘stréadeiéchérge ét;the water intake. ‘A stream
discharge .data collected for the latest decade are to be

ugsed. ..

A maximum output available may be obtained as. under.

PES. g "Q{;ﬁ,(.;';"‘He :._1_1- .

where, . P. .:  maximum output (in kilowatts)
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N t total efficiency (i = n. * ny)
with gy, "and n, standing for turbine
efficiency  and generator efficiency,
resﬁectively

Quax ¢ Maximum usable stream discharge (in cubic

. meters per second) '

He

-

effective head (in meters)

Described ‘below is how to prepare a stream discharge data,

" which are fundamental and most important to work out a

power generation plan, in particular.

I Préparing & stream discharge data:

TO‘hydroélectrically generaté power, neither possible
" power generation hor ‘storage reservoir size can be
determined ‘without  accurately knowing the stream
“discharge. -A river has the stream discharge vary with
the meteoroclogical, topographical and geological
5£eaturé$;: it is.ﬁécessafy; therefore, to precisely gage

the stream discharge for a period of long years.

For a gaging period, a stream discharge data gathered
during the latest decade are used to work out a poﬁer
. genératidﬁ plan in Japan. For the Japanese Government
(Ministry of International Trade and Industry) to permit
or authorize a pbw9ffg8nérationlplan,,any data that may

’,:haﬁe~been:gathéréd'fof'a:peridd of less than one decade

'“:'are.“hét;'récogniied ‘as  the official data for =

“hydroeléctric power development.

The Electric Enterprises Act, therefore, pfovides that
those who have installed a hydroelectric power plant
must gage the stream discharge 'of a river on which such

S 8
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power plant has been installed and that they muét report
the results of such gaging to the gbvernmenfL The
equipment to gage the stream discharge and the method of
gaging a stream discharge have been established in a

governmental order.

.. Currently in Japén;jtheré are 720 gaging stations, which
have been gaging stream dischargés in response to an
order from the Min;Stry.sof,ﬁInternational Trade and
Industry. . Except  somg gagigg étations-under direct
control of the Ministry of International Trade and

'Industry, electric power utilities have been gaging
stream discharges. 1If the sites where gaging were done
in the.psst are addéd, the gaging stations existing in
Japan reach approximately. 1!800;sites. To obtain a
.permit ;o:' authorization = for., an electric = power

-development, it is necessary to use the stream'discharge '

_data collected in the gaging stations referred to above,

_At a gaging station, a daily stream'discharge is géged
every day, and accumulated .and stored as the stream
discharge data wvaluable for a hydroelectric power

development.

To. prepare a stream.discha;ge.dat$ at a Site planneﬂrto
be hydroelectrically developed, the stream discharge
data_at an ekisfing'gaging station are multiplied by a
simplé catchmgnt area.rgtiquo_caléuléte.a discharge if
such existing:gagihg,stéﬁién is located near the p;aﬁned
hydfoelectgic.powé;?dévelogmentraite. And the dischérgé

so calculated is taken for the stream discharge data.

This calculation is. to. be .made by the use of an
-expression as follows:¥;
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QA= A XQB

C‘aH
where, Qs ': stream discharge at the planned site
Qg 1 stream discharge gaged at a gaging
- station nearby
CA, : catchment area at the planned site

“CAp : catchment area at the gaging station

The maxinum usable discharge is generally taken at such
a level that the capadity factor will reach
approximately' 45 through 602 in a run-of-river type

power plant.
_The cépabitj faétory may be obtained as follows:
Capacity factor =

Annual possible power generation in kilowatt-hours
Maximum output in kilowatt x 8,760 hours

Based on this maximum usable digcharge, the maximum
output'is obtained.. In addition, the annual possible

-power generation is calculated.
3) Roughly Integrating a Construction Cost
‘Based on a roughly estimated quantity, various expenses are
-integrated for -main power plant structures, land

-‘compensdtion and construction to roughly estimate the

“ . construction cost.-
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(2}

4)  Studying Economic Aspects

A rough construction cost per generation in kilowatt-hours
at the\planned_constructiqn siteuis-talculated.r And the
.economic aspects. of the plan are evaluated, based on the

construction cost so calculated.

Cost per generation in Kilowatt-hours =

Total cost .
Annual pogsible power generation in kilowatt-hours

Field Surveys

Based on the schematip ;plén,  £19id surveys are carried out
concerning the topogféphical, geological and environmental

features at the site to work Qut,a_pbﬁerrgeneration plan.
(a) TopbgféﬁhicaifSurveyé-'

An aerophotographical survey is carried out around the
-site where_main powér plént_structuﬁes are écheduled to ﬁe
installed at the planned location. -And a'topographical-map
to a scale of 1/1,000 or 1/5,000 is prepared.

(by - Geological Survey

A surface,geoloéibal survey is first.of all car;ied out
around the-ﬁite whqré main'powe;;plént_strﬁctures Ared
~scheduled to be installed. ;And4th§,p§rtion ér_portidns
considered neceSSarj as;a,result;qf.sngh surface geological
survey is subjected to a seismic prospecting and a boring

survey.
314
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(3)

(c)

" Environmental Survey -

Surveys are carried out concerning current water quality at

the site where water is scheduled to take in, including the

-~ distribution- and 1living conditions of animals and

vegetables  around the planned site. And in case the
planned site is in a national park area, it is necessary to

survey the influences to the environments.

Power Generation Plan

"A'power'generation*plah is worked out in detail, based on the

schematic plan and on the findings of the field surveys.

(&)

(b)"

"Layout of Civil Engineering Facilities.

The locations of main power plant structures and the route
of & headrace are determined, with consideration given to
the findings of the field surveys, etc.

Détermining a Sizé

Based on the findings of field surveys and on the existing

data and so on, main power plant structures are roughly

‘designed. To make this design, it is necessary to

positively adopt the new technologles, in addition to the
observance of the "engineering Standards relating to Water

Power PFacilities for Power Generaiion“ -(A ministerial

~ordinance of the Ministry of International Trade and

Industry).

A output is calculated from the stream discharge.data

already referred to plus the effective head (total head -

3 ~15
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(c)

loss of head) and total efficiency of both hydraulic

turbine and generator.

The monthly quantity. of power generation is ca1cu1ated
based on the past near ten-year stréam_discharge datas. As
for the output and quﬁntity of;.power generaﬁioﬁ, more
accurate. values : than those_;in,_the;-schematic plan are

calculated.
Integrating Construction Costs.

Construction costs'are-integrated on an item by item basis

as shown -in Table 3.
The construction;costS'referred;to herein must be a more

detailedly highly accurate value than that in the_schematic-

plan.
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Table 3 integration Construction Costs

:VItems Reference
(1) Land compensation Compensation for sunk area and
P _ 's0 on
(2) Building of power
station
Dam, Intake, Settling basin,
Waterva Headrace, Headtank, Spillway,
S y Penstock, Tailrace, Cutlet, and
"} Spoil-bank and so on
(3) Civil engineering Storage pond or |Dam, Flood spillway
works Reservoir pond
s Foundation of machinery, Access
Facilities . T e .
road, Tree planting and son on
Temporary Road for construction, Bridge,
facilities Temporary building and son on
{4) Turbine and Turbine, Generator, Transformer
: electric facilitiesand so on
facilities
(s) Hana.ement-éf | Personnel expenses, Electric
cons%ruction work expenses for construction,
Fixtures and so on
{6) A share of dam This cost is added up in case
cost multipurpose dam
(7) Interest during -
~ construction term
(8) Expenses of
instructing
office
Reserve cost preparing for
(9) Sundry expenses accidents during construction
S term o
- '(10)'Compensation-for Compensation for plant which
: abolished plant are subjected to influence of
o newly developments
8 -17
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(d)

Evaluating Economic Aspects of the Plan

From the power generation and construction cost calculated as’
. referred to (b) énd {c) above, the‘const?udtion cost per power
generétion'(ih'kiIOﬁétt-hours) is calculated. And the value so

calculated is used to'evaluate economic aspects . of the plan..

Cost generation in kilowatt-hours =

Total cost - .
Annual possible power generation in kilowatt-hours

The construction. cost . per - generation in kilowatt-hours,
meanwhile, must be obtained as a_'mofe ‘detailedly highly accurate

value than that in the schematic. plan..

38.-18
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