'SMALL SCALE HYDROELECTRIC POWER DEVELOPMENT IN JAPAN

Section 2 : Measures to Promote Hydroelectric
Power Development

21

New Hydroelectric Power Development Techniques

As a research into the development techniques to promote hydroelectric

. power devglopment,ithe New Energy foundation (NEF) has been conducting

* the following surveys as consigned by the Ministry of International

Trade and Industry: .

(1) .

5th Hydroelectric Power Resources Potential Survey

This sﬁ:vey was carried out as a six-year plan starting in 1980

ﬁnd'ending in 1985.

C(a)

(b)

”Objective

As part of the ' governmental policy to promote the

" diversification of power supplies aimed at getting rid of

' petroleum, the survey haduah objective of clarifying the

eﬁtirety of hydroelectric power resources potential in

) Japén and of pfomoting a reasonable. development of the

-hydroelectric power resources which can be secured most

" stably out of the resources reserved in the country.

What was Surveyed

. Sites hxdrnglectiically undeveloped were. surdeyed as

described_belQWjand a power generation plan was worked out

at every site surveyed.
Schematic plan .
Field survey

Power generatioh plan

Evaluating economic aspects of the plan
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SMALL SCALE HYDROELECTRIC POWER DEVELOPMENT IN.JAPAN

Section 2! Measures to Promote Hydroelectric
- Power Development

(c)

(2)

Findings

As a result of the‘éﬂrvéys,;it could be gathered that 2,811
sites were found applicable to conventional ‘hydroelectric
power developments, having a potential of 13.01 million
kilowatts and an annual_power'generatibnepﬁtéhtial'of'49.7
billion kilowatt-hours for undeveloped h&dtoelectric‘puwer
potentidl., - And -Japén‘ was  found:  having -a total
hydroeiectrib power potential as shown in a Table 4,
including the hydroelectric power plaﬁhs both in operation
and under construction. These surveys have clarified the
eﬁtirety of hydroelectric power resources potentiél in
Japan; Based on the findings successfully gathered,
reasonable hydroelectfic power developments have been being

promoted here in Japan. .

. Table 4 Hydroelectric Power Potential in Japan

. Installed Capacity  Annual Generation
kWY 7 (GWh)
32,746 130,924

* The Figufes are as of March 31, 1985,
Survey  into ~ Techniques of Developing Miniature -
Hydroelectric Power Plants T

This survey was carivied out ss a four-year plan starting in

1986 and ending in 1989.° ° - =
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. SMALL SCALE HYDROELECTRIC POWER DEVELOPMENT IN JAPAN

Section 2 1 Measures to Promote Hydroelectric
Power Development

{a) Objective

To' make effective use of the scastteringly distributed
water -energies by developing private hydroelectric power

generation, thereby contributing to promotion in a region.
"(b)  ‘What was Surveyed

Hydroelectric _pdwer"charactgristics; such as a supply
.fluctdation'due to a chénge in stream discharge, and demand
characteristics in férm_and'mbhntaih areas, including local
industries, wefe analyzed. And a survey was carried out
“into the techniques to harmonize demand and supply for
miniatufe hydroelectric power peneration mainly with a
" capacity‘of 1,000 kilowatts or less, including the means of

usiﬁg:tﬁe power so geherated.
{¢) Findings
“A manual was prepared, showing the steps involved in the
techriiques to~ develop a miniature hydroelectric power
" plant. ~ Findings of this survey have accelerated the
devélbpmént'-éf'-pfivhte ‘miniature hydroelectric power,
. especially contributing to regional promotion.

(3)  Survey into Series Developments to Reduce Construction Cost

This survey was carried out as a six-year plan starting in 1985

and ending in 1990.
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SMALL SCALE HYDROELECTRIC POWER DEVELOPMENT-IN JAPAN

- Section 2: Measures to Prdmoie Hydroelectric
Power Development -

(a)

(b)

1 .

2)

Objective

- Recently, hyd:qeiedtricfpowerJdevélopmeﬁt sites have been

being_smalle;'and,émaller,éized, precluding an expectation

of scale merits. As .a result, a construction cost has

turned relatively high. 4s a solution to this prqblem,'a
technique was establishedatp_:eduée_the constrﬁction cost
by conducting develdpments in series, aiming at a

significant decrease in cost.

‘What was_Sutveyed,.

Setting‘bur_eyes on. the fact th&t'sitéslhydfbelectrically
undeveloped have similar'qhé;acteristics, a number of sites
in a. similar size:qlocaféd,,ﬁeafby_;of-_existing in an
identical water system were grouped  to bring about some
cost reduction effects as enumerated below. Thus,'the
survey was carried.out to decrease :a construction cost by

making effective use of -such effects.

8 Standardize the specificatignshgf;headraée'and headtank

structures,. construction equipment, etc.

‘B Standardize ihe;specificatiogs:pf'hydrbelecﬁric power

equipment (hydtaulip%turbineg.aqq;generators)._

E Jointly and otherwise .properiy' apply construcfion
machinéry aﬁd.falseﬁbrks.: . TR ;

§ Centralize the.supervision of works.(sd that évéry.work

can be supervised in a single comstruction work office).

The survey was carried out to decrease a construction cost

by taking reasonable design with new technologies.
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SMALL SCALE HYDROELECTRIC POWER DEVELOPMENT IN JAPAN

Section 2 . Measures to Promote Hydroelectric
Power Development

(4)

~(e)

‘Findings"

It was found that developments in series would allow a
construction cost to ‘be saved ‘by approximately 5% as

compared with an individually designed development.

It was found that a reasonable design with new technologies

employed would' allow an approximately 152 decrease in

construction cost as compared with a conventional design.

"And some sites have been already developed by making

effective use of the findings in this survey. And it could

-:be expected ‘much - that a future hydroelectric power

- development would be accelerated in a great measure.

Survey into Methods of Effectively Gaging-Stream Discharge at a

Developing Site From an Existing Gaging Station

This survey was carried out as a five-year plan starting in 1986

" and ending in 1990.

(2)

Objective

In Japan, :stream diéchafgefdata relating to a point to be

hydroelectrically = developed have - been being prepared

“through a direct calculation of the stream discharge from

a nearby. gaging station if it is located near the point.

Despiteﬁthe fact- that thefe'are'maﬁy'gaging_stations all

L over .the nation, however, there are also many points about

which the important*lStréam,;diécharge data cannot be
calculated for a study of the development size and economic
aspeﬁtslbec&use there is.no.gaging station nearby. This
survey, therefo?e, was made into the methods of converting

323
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SMALL SCALE HYDROELECTRIC POWER DEVELOPMENT IN JAPAN

Section 2 : Measures to Promote Hydroelectric
Power Deveiopmem

(b)

(c)

and calculating stream discharge__élso from the data

relating to any gaging stations other than the one nearby.
What was Surveyed

This survey did not only build up a stream discharge data
_cblieqted at  gaging stations -all. over the nation but

developed a method of calculating stream discharge.

A hydroelectrlcally developlng p01nt  has its stream

dlscharge calculated and prepared through a conversion from

. the stream discharge data. obtained in. an existing gaglng

station nearby with a catchment area ratio (a ratio of the

_catthment area at.a gaging'station{to ﬁhe catchment area at

a poxnt to develop) The survey, however,'employed another

method of correcting the stream dlscharge with a .rainfall

ratic (a ratid of the_ catchmentg,;glnfall .at a gaging
. station to the one at a developing point) so that a

conversion could be made frbm the data:gathered at not only

8 newly gézing station but also’every .one.
Findings

In addition to the conversion with.a catchment aresa ratio,

converting a. stream'disch&rge'with*a.rainfall ratio was

. found -improving . .the  accuracy. in: calculatlng the stream
discharge. -As.a result, one gaglng ;station has had a range

.. of its,appl;catlonssexpanded,.allow1nghus to expect that a

reasonable,s;ream,discharge,can be calculated through the

new technique in the future.
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SMALL SCALE HYDROELECTRIC POWER DEVELOPMENT IN JAPAN

Section 2 : Measures to Promote Hydroelectric
Power Development

(5) Survey into Hethgds fof-idalculating Stream Discharge at a

Developing site, Using Remote Sensing Data

This survey has been currently carried out as a three-year plan

starting in 1991.

(a)

(b)

Objective

Concerning those points whose stream discharge could not be
calculated through ‘the survey referred to in (4) above,
this survey is being made into the methods of correcting a

calculated stream discharge with remote sensing data.
What is being Surveyed

A stream diséharge data relating to a point to be
hydroelectrically developed are calculated and prepared by
converting the stream discharge‘ data pathered at an
existing -ghgingi station with a catchment area ratio.
Although an applicabié range of a gaging station has been
expanded: by thefﬁufvey*IEferred'to in (4) above, this
survey is being made into a method of correcting a stream
discharge with the remoté sensing data, -in addition to the

rainfall ratio correction method.

" For remofe_sensing, LANDSAT data are used. Based on these

- data, the plant situations around the basin of a river are

taken to grasp -the characteristics of each catchment.

-Another  remote 'sensing (weather satellite NOAA, etc.) is

utilizéd to grasp the snowfall in the catchment of a river.

-~ At the same time, methods are alsc studied to coavert and

calculate a streamed discharge.
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SMALL SCALE HYDROELECTYRIC POWER DEVELOPMENT IN JAPAN

Section 2 : Measures to Promote Hydroelectric

Power Development

(6) Survey into Techriques of Redeveloping a Power Plant in Qperatidn

This survey has been being currently carried out as a three—yeér

plan starting in 1990,
(a)' Obiective

An old power plant generally_is_not making satiéf&ctory use .
of the hydroelectric power energy that a river:has, since
it has a. small working.19tréam;tdigchafge. From the
viewpeint _of'-.effecfive,f hydroeléctric poﬁer energy
.utiliZation,'therefcre, the survey is=éimed,at establishing

a technique of fedeveloping such an old power plant.
(b} = What is being Surveyéd

This survey covers four items as'specified below. From a
new. polnt of view, a redevelopment technlque tries. to be

established, based ‘on . those 1tems

B A fact-finding survey intd_éonven;ional hydroelectric
power piants:both'in opefation and under construction.

'8 A study . of the techniques - for evaluating the

Iredevelopment, With_consideraﬁibn;given to the effective

use of both water power resources and existing

_equipment. - '

A study~to'rationalize:thezdesigncand'work eiechtion

plan of a redevelopment. - ' _ . o

] _Worklng out a development plannlng manual to determine

what redevelopment should be carrled out, Judging from

the actual. situations. .of:an existing: power plant.

3.-26

AP12Z - 194



SMALL SCALE HYDROELECTRIC POWER DEVELOPMENT IN JAPAN

Section 2 : Measures to Promote Hydroelectric
Power Development

(7) 'Survey to Establish a Power Generation Design Support System by

(8)

Use of Computer Systéms

This survey has been being currently carried out as a four-year

plan starting in 1990.
(a)  Objective

‘To suppoft a prompt design for a power generation by
establishing ‘a detail power generation design system with

computers utilized.
(b) What is being Surveyed

Those ‘stirveys which have besn already carried out,
including the fifth,ﬁydroélectric power resources potential
“survéy and the ones referred to above, are to be configured
" into a data base to establish a. computer-aided power
 gen§tation:deéign system, which will make effective use of

“‘the needs in detail power generation designs.

‘Survey -to Evaiuage' Environmental Effects of a Power Plant

Installation in a Water-reduced Level Section of a River

This survey -has been being carried out as a seven-year plan

starting in 1985 and scheduled to end this year (1992).'
“'(ay " Objective -~

To establish a system allowing use to forecast and evaluate
the effects of a hydroelectric'powef'plant.installation
©upon the" adﬁafiC"cféééﬁféé} ‘water qualities, natural
'Lhndééapés}‘etéf'iﬁ“é water-reduced level section, thereby
p:bmoting"fhé“lbééfiéﬁ?ﬁf_hﬁdrbéiééffléipbwér plants vhile
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SMALL SCALE HYDROELECTRIC POWER DEVELOPMENT IN JAPAN

Section 2 ; Measures to Promote Hydroelectric
Power Development

2.2

paying due . consideration to . the. presérvatibn of

environments.
(b} What is being Surveyed.

At hydroeleetrically undeveloped site, a fact- fin'd.ing
survey is be:Lng carried out into the ecosystem of aquatlc
creatures, water qualltles and natural 1endscapes 1n a
section whose water 1eve1 . has been lowered. And a study
has been being made:to_clar;fyuwhat)effects a water level
reduction has. brought about .or .concerning evaluation

methods involved and evaluation manuals.

Measures to Reduce Costs through Technical Devei_epmen!s -

:To reduce the. constructlon costs incurred on 'hydroeiectric pewer

generation by.. ratlonallz:mg and sav1ng the labor . fo:. the medium-and
small-sized hydroelectrlc . power generatlng equipment and work
execution, the New. Energy Foundatlon has been mak1ng a new technology
development survey into the equipment, work execution and new materials
as. referred to. pélow as consigned. by the Ministry: of ‘International

Ttede and Industry.

(1) Utilization Technology for Inflatable Rubber Weir.

A bag made of synthetic rubber is made to rise and fall, with
water or air filled or discharged under. Ipfes‘sure :This. allows'us
to remove the effects of back ware and dep031ted sand .on the

upstream of a we:q.r

~ Besides, the welr permi,t.;si_;th_e,.:ceetf,‘t:o,_,._he,re_du.g:ed as c_ompared with
the concrete one. (For details, see "NEW, TECHNOLOGY FOR SMALL
SCALE HYDROELECTRIC POWER DEVELOPMENT') ... . |
3. 28
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SMALL SCALE HYDROELECTRIC POWER DEVELOPMENT IN JAPAN

Section 2 ; Measures to Promote Hydreelectric
Power Development

':'('é) o

An outline .of the inflatable weir is shown in Fig. 3.

Siructurao:

Rubber Carpet

Tater Flow-— LW
Yater or Air

— oy
Chlorunrene Rubber

\\\\\\\\\\\\\\\\\\\\\\\\\
\\\\\\\\\\\\\\\\\\\\\\“
\\\\\\\\\\\\\\\\\\\\\\

ZNylon Fabric

)
u

petail of Cfégpihg

Fig. 3 Inflatable Rubber Weir

Rationalization 'of Dam Foundation Treatmerit in Low-head Project

Two fOun.dation ,tréatmeht'. engineering processes have been
developed; one is the dam - foundation treatment engineering
process with an undergfouﬁd wall made of concrete mixed with
bentonite and the other is a foundatlon treatment englneerlng

process w1th wet minute cement (WMC) grouted,
These engineering process permit us to reduce their costs for

constructing an int&k_é dam. (For detailed, see "NEW TECHNOLOGY
FOR SMALL SCALE HYDROELECTRIC POWER DEVELOPMENT")
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SMALL SCALE HYDROELECTRIC POWER DEVELOPMENT IN JAPAN

Section 2 : Measurss to Promole Hydroelectric

Power Development

Fig. 4 depicts a comparison of the convehtional engineering

process with the new technology for a dam foundation treatment.

Usual Technique . . _ Ct e .

Riverbed 39400 . ) R i HNew S'Eeclanque

. L I ¢ ) . 39200 oo
deposit ' 33&&’7

gAO0__ g o
t\ Sheet Pile: -

- - pitnoe

_ . " “Cap Concrete A\ Riverbed ‘-l_)e‘posit_;‘
-, o~ Surface of : i i 7iC ting ™%
Ninspectiont gy Rock - CﬂntinFlous Diaphraa / Y : Grouting’
Gallery " - * S

Fig. 4 Compariééh of the Conventional Engineering Process with the new
Technology for a Dam Foundation Treatment

(3) Adoption of the TBM I:*Iethgc_i.:_:::,
An all-geology type TBM (Tunnel Boring Hachin_é}' is ‘capable of
excavating three or four times as compared with the existing
blasting method. As a result, it ig possible to re'duc'e both term
of work and costs, with labor saved. {For detailed, see "NEW

'"TECHNOLOGY FOR SMALL SCALE. HYDROELECTR?:C POWER DEVELOFMENT" }

Fig. 5 shows a tunnel boring machine. .
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“SMALL SCALE HYDROELECTRIC POWER DEVELOPMENT IN JAPAN

Section 2 : Measures to Promote Hydroelectric
Power Development

- (4)

(5)

'Fig. 5 TBM (Tunnel Boring Maching)

Rationalization -of Civil Facilities Such as Elimination of

Spillways -

~In "the case of a Francis hydraulic turbine, spillways are

omissible by -discharging the ware through a discharge ‘valve
located in the lower part of a penstock and by operating at the

intake gate.

-In the case of a Perton hydraulic turbine, spillways are also

omissible by establishing deflector and operating the intake

- gate..  (For -details, see "NEW TECHNOLOGY FOR SMALY, SCALE

HYDROELECTRIC POWER DEVELOFPMENT") .
Application of FRPM Pipe'to Penstock

An FRPM (Fiber-glass Reinforced Plastic Mortar) pipe is highly

: resistant to both acids and corrosives. ~ Applying this pipe is

. aimed at. creatingf. the “fallibility to a displacement of the

g’rdund','--'re‘duciﬁér'the pé'hStoc'k"-Weight'f and penstock équipment.

Fig. 6 shows an FRPM pipe.
| 3 -3l
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SMALL SCALE HYDROELEGTRIC POWER DEVELOPMENT IN JAPAN

Section 2: Measures to Promote Hydroelectric

Power Development

— :‘“{}Pfétécfi;e 1hyer:

ﬁ_._.__._.._ChODDedstrand layer

g~ Roop " layer: luuitiple
e Cut_tayer [ layers

} Dutér ERP layer

Resin mortar layer

| ST =:~':_- - -

—— Cut-layer (Nultipie :
e Hoop layer | layers o inner FRP layer
-:JjChoppéd strand laver

= Protective layer

. Fig.6 FRPMPips " -
(6) Mechanical Joints for Penstock

-The penstock has been conventionally joined by welding. . With a
mechanical jpint_of ﬁolting applied, however,;thé penstock is
caﬁable of flowing a settlement of the ground with gafety. This
permits. us to expect of a reduction of: both term: and cost for

..installation-of .the penstock. - -
(7) Package Turbine Generator

-This geﬁeranof;is applicableiﬁt an effective'head of 3 through 20.
meters,'étream:discharge of 0.5 through]ﬁﬂo;cubih meters: per
second: and output'oﬁglof;hrpugh 600;kiloﬁatts. The turbine unit
comprises a fixed,vaneqprqpellg:yJB“fixedfguideavahe; and'a
squirrel cage type'induction generatbr.' Rotors are incorpdréted
on the circumference of the runner vanes;ofraghyd;aulié_turbiﬁe.

And they are turning jointly on a concentric circle.

. The generator is aime&Eat-réducinglcdst&:bywsimplifying and

.. standardizing the equipment. _(Eor;details,fsee'"SHALL SCALE.

.7HYDROELEGTRIC,POHER;GENERATiNG FAGILITIES OWNED BY LOCAL PUBLIC'
ORGAﬁIZATION IN JAPAN) |
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SMALL SCALE HYDROELECTRIC POWER DEVELOPMENT IN JAPAN

Section 2: Measures to Promote Hydroelectric
Power Development

(8)

‘maximum usable ‘discharge.:

Fi'g'._ 7 shows a package turbine generator.

Botor of generator  Rumner vane  Stator of generator

Fig. 7 Package Turbine Generator

Light-load Francis Turbine

Thigs hydraulic turbine is. applicable to a run-of-river type power
plant with & medium-high head (approximately 50 through 300

meters) and with stream discharge fluctuating in a great measure.

* This -po.we'r» plant is-'-'dperal.ale in a zone ‘with' a low stream

““discharge. . A light-load Francis turbine of :loﬁ specific speed

{150 meter-‘-kilowatts) type is operable up to a stream discharge
of 257 on the maximum usable discharge. And a high specific

speed (200'mé_ter-'kilowb.tts) type is operable up to 40% of the

3 —33
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Section 2: Measures to Promote Hydroelectrle
Power Development

2.3

(9)

(10)

This hydraulic turbine itselfﬁis-cbstly and aimed at reducing the
cost per unit power penerstion by increasing the quantity of

power generated.
'Very-low-head Hydroelectric Power Generating Facility

A power plant is to bekdévéloped; which employs a straighﬁ;flow

‘turbine shaped into'a flow channel dpplicéble to a very low head.

The Vényiowrhead;ﬁyéﬁdéieC§§ig power plant is applicable to the
site which satisfiés'the_fbiiﬁﬁiﬁgﬁéohditiéns:

Head' S s ;2 £§§§@gh 25 meters

Working dié@hgtge“Q{ 30 through 100 cubic meters

output .~ * i 500 through 21,000 kilowatts

Others

Fostering and Assisting Developers

To promote the development of hydroelectric power, the.New.Energy

Foundation has been conducting the following projects with the fiscal

subsidies granted from the Ministry of International Trade and

Industry:

(1)

Technical Guidance for . Medium- and Small-scale Hydroelectric
Power Devélobment (to Develop a fpwer Plant withran Qutput of
50,000 kilowatts and. below). |

.To. foster and strgngthen;-thef;pﬁbliCL elégtric?:utilitiES':and
ﬁfivaté.power generating installation deve1opers,_tha Néw Eﬁetgy-
Foundation has been condubting a guidance relating to technicél
.and managerial challenges, etc;.boncerﬁing-those hydroelectric
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“SMALL SCALE HYDROELECTRIC POWER DEVELOPMENT IN JAPAN

Section 2 : Measures to Promote Hydroelectric
Power Development

(2)

power developﬁent plants which are considered promising or likely

© to succeed in their project. In addition, a fiscal subsidy is

granted to cover a c_eftain .percentage of the costs required for

planningiandlor'Sufveyiﬁg for such project.

Interest subsidy System for Construction of Hydroelectric Power

- Development

Those public electric utilities and other electric enterprises,
ﬁhich'try to install medium- and small-scale hydroalectric power
plants, are subsidized with the interest payable for construction

costs for a certain period following a startup of hydfoelectric

‘power plant operations. Thus, the system is aimed at promoting

the hydroelectric power development by reducing the initial power

“generating cost, with a burden of the interest lightened.

In - addition, the New Energy Poundation has been opening

h&droelec}fic poweréreléted training courses as one of the

Foundation’s autonomous projects.

3-8
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SMALL .SCALE' HYDROELECTRIC POWER DEVELOPMENT IN JAPAN

Section 3 : Conclusion

Outlined above are the actual trends of hydroelectric power development in our
country, including the measures taken for the promotion . of such development.
From now - on, it will be essentially necessary to develop the hydroelectric

power which is clean.and renewablenfrom‘afglobal pointaof,view.

-In. Japan,. the - National Governmentr.make: five times: hydroeiectfib powef

potential surveys starting in 1910 to.clarify the entiré1y o§ hydroelectric
power development sites all over the nation. As a fesﬁlt, a reasonablé

develppment has been being promdted. “And the-findings of the surveys havé
-been considerably.supﬁbrtingwthe development still'at“the;present. Japan,
mgrebfer, is a minor country from-the viewpoint of natural resources. As a
.result, the Japanese Government has been taking a:wide variety of measures for

' developments..

To promote an immense extension of the deﬁelopmept from now on, the Provincial
Government of Saba is also recommended to develop hydroelectric power
reasonably, with state-of-the-art techiologies introduced. To.this'énd, a
‘hydraulic power potential. survey should .be preferably made: to establisﬁ a
comprehensive development plan, first of all,:with the . future taken into

consideration.
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NEW TECHNOLOGY FOR SMALL SCALE HYDROELECTRIC POWER DEVELOPMENT

Summary

This paper will give some examples of new technology adapted .for small scale
hydroelectric' power development. One is the example for typical run-of-river
project in Japan which includes:; (a) an inflatable rubber weir; (b)) Burried
unde_rg_‘_z:?und penstocks; (c) .Adoptio_nr of a th_fz'pell 'lgorin_g ‘_machir_:e;i_ _(d)_—_:ng,_rbihe..

generators with different sizes.

The other is a low head power project with a reregulating pondage. " The
project was constructed on deep alluvial deposits and t_:hé technologies adopted
include: {a) Bentonite concrete diaphram cut off wall; {(b) Wet milled cement;

(c) A large size tubular turbine.
Some examples out of Japan include: {a) A L-.shape'watemay iayc_:ut:,- (b))

Adoption of & tunnel boring macbine; (c) Elimination of an head ta'nk; (d)

Fiber reinforced plastic penstocks.
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‘NEW TECHNOLQGY FOR SMALL SCALE HYDROELECTRIC POWER DEVELOPMENT

" Junichi ASANO
Manager
Marketing & Consulting Division
Overgseas Engineering Depariment :
Eléctric Power Development Company, Lid. (EPDC)
JAPAN

Mr. Asano grac.iuated.-in, Civil Epgineering from the Muroran Institute of
Technology in early 1972.  He. joined EPDC after the graduation and has been
in.v'olved in the development of hydroelectric pdwer projects in Japan and
abroad. He is presently the Manager of the Marketing and Consulting Division,

Overseas Engineering Department.

Between 1984 and 1989 he was in charge of -planning-- of small.scale
hydroelectric power projects as an assistant manager of the planning section.
~ In 1985, he was involved in the Pahang Small-Scale Hydroelectric Development
Study in Malaysia. He has been.acti#ely involved in feasibility studies of
hydroelectric power projects -in Lao P.D.R., Myammar, Thailand and Vietnam
since 1989, '
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NEW TECHNOLOGY FOR SMALL SCALE HYDROELECTRIC POWER DEVELOPMENT

Section 1 : Adoption on New Technology
Example t - Kurotani Project

11

Qutline of the Power Project

The Rurotani Hydroelectric Project is a run-of-river:power development
project with an installed capacity of 19,600 k'w,_-;-'loc;&te'd cone the
Kuroteni River, a small tributary of the-;ha--River,' .it_:self'-a.“tribu'tary

of the Tadami River in the Agano'River System,

The Kurotani Intake Dam, made of a large-scale inflatable. rubber weir '
of 6 m high is located at & point ap.p‘ro'ximate_ly“ls km-upstream: from the
confldence of the Kurotani River and  the .'I'na'_"‘R_ii*er_-" - The: project
consi"st.s of three intake dams, "a. 8,200 m long headrdce tunnel, a 450 m
long penstock, and a semi-underground - powerhouse. ~ Its: installed
capacity is 19,600 kW with maximum discharge of 12 m’/s and effective

head of 194 m..

. The power. generated is to: be -interconnected with: the bus 6f. the

© Tagokura Power Station of  EPDC by a transmission line {66 KV, 1l cct,

length approximately 13 km). ' The energy is ‘to be supplied to Tohoku

Electric Power Co., Ine. for distribution.

The project located in a heavy snowfall area (accumul‘a'ted_'_average
annual snow-fall is more than 15 m), and access to intake dam site
during snow season from December to April is very difficult. This is

one reason that we adopted a small size tfunnel boring machine to

‘excavate the longest tumnmel in. length of 4,850 m. The tunnel will be

excavated from a head tank side and it makes the tunmnel excavation

works during snow season possible,
In order to construct a economical and functional project inm harmeny
with environment some interesting technology such as an inflatable

rubber weir, a buried underground penstock, and omission of _spillway'is :

adopted.
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1.2

1.3

Topography and Geology of the Project Area

“The Kurotani River having total length of 25 ~ 30 km originates from
mduﬁtainous area‘at elevation ofsl,400 ~ 1.800'm and runs from south to
north. Therprbject'is located in the area 6 ~ 16 km upstream from the
confluence of the.Kurotaﬁi'Rivér'ahd the Ina River. The project area

ig in topographic maturity and its valley is narrow and steep.

The bed rock of the project area consists of Permian slate interpolated
' by granite and gahbfo. Dikes consists of rhyolite, porphyrite,
" ‘diabase, and liparite are élsd_diSt;ibutéd in small area. The slate is
black and hard, being developed by block-form joints. -  The granite
which is hard is distributed in the downstream ares of the waterway.
The granite is ﬂeepiy.weathered'at low elevation in the downstream area

of the waterway.

Construction Schedule and Plan

: Thé'consfruction'wbrks begun in May 1991 and the projeét'is-expécted to
~ be commissioned in May 1994, The construction period is very .limited
because’ of hehvy éndwfall from December to April. The construction
work will be stopped during the snow season except the TBM tunnel

excavation work.

Efforts not to disturdb natural comdition by the construction work were
made, A cable crane and incline 'fﬁcilities were adopted as
substitutions for construction roads. The newly constructed roads are

-a‘road for No, 3 Intake Dam and a road for penstocks.

.4_'5
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1.4

Inflatable Rubber Weir

. In _6rder to  keep the .river bed. in natural cOnditioni'as.:much as
-possible, a 6.m high inflatable rubber weir will be constructed on the
main river. Compared_with,a steel gate having similar functions, in

inflatable welr has the folloving-featufes:‘_;;-

§# Safe and sure automatic deflation and automatic erection through

‘adoption of a multiplex mechanism .

Easy maintenance due to less: trouble because of a simple operating

mechanism and no necesgity for.painting.

‘Excellent 'weather resistance and durability ‘against_ impact of

boulders

Shortening of construction period is possible because of 1ight

weight which makes delivery and instﬁllationaeasy,

Prevention of water level rise upstream .of dam, as no backwater

caused by the dem and sedimentation . .

Other important features include:

8§ A settling basin and a desilting gate can be omitted, because

sediment flowing into the pond can be removed naturally by deflating

 the weir.

] Manpowe:,.conngcted'with the maintenance and operation-such as sand

flushing, can be saved.
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1.5

Buried Underground Penstock

A penstock of 2.2 m in diameter will be buried underground -1 m below
the surface. The underground penstock has the following advantages

compared with a surface penstock:

i Supporting structures such as saddles for penstock are not necessary
. because ''the penstock will be supported and testrained by the
surrounding ground and backfilld earth. - Anchor block concrete can

. be reduced as the horizontal forces on anchor blocks’ are alleviated.

B - There is less susceptibility to effects of natural phenomena such as

air temperature and snowfall.

B There is safety against external impacts from avalanches, rockfall,

etc.- .

l: Scenery can be maintained -through  greening after burying the

penstock.

Consequently, - by 'burying'—penstocks at sites ~of severe natural
environment such as:cold and heavy snowfall areas, there will be even

more merits gained from the point of view of long-term maintenance.

It is unavoidable ‘that the shell thlckness of a buried penstock will be
slightly grea;er compared w1th a surface penstock, considering the
earth pressure of the surrounding backfield earth besides the internal
pressure. However, & reduction in overall construction costs can be

expected, because supporting structures are not necessary.
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1.6

Omission of Spillway

(1)

Outline

Most of the medium- &nd'smallyscale'hydraulic power plants are
generally plaﬁned' as small run;of—river types, and aré not
usuall? econoimical. However, in most .cases, ‘it .can be made
economical by ingenuity and new technology because the total
constructlon cost is not so high. - One of the means. of reduCLng
construction: expenses is an economlcal design that OmltS the
spillway that leads the spilled water from the head tank to the
river and. adds a discharge valve tapped from .penstock just

upstream side of inlet valve instead.:

The omission of the splllway is made by two methods. ‘that 15, bne
is by using civil englneerlng facility and the other is ‘by the
deflector discharge of the Pelton-turbiue. VIn Japan, several
power plants that were developed b§ these methods.are operating

now.

~These power plants usually have a small dlscharge, under & HPfS

to generate electr1c1ty and only one main machlnery, In the case
of a deflector:discharge;,only-the Pelton'turbihe?is allowed to
be used. As the Kurotani Power Plant has a rélatively large
discharge of 12 nﬁls and two Francis turbine: uﬁits, many problems
have to be examined to use a dlscharge valve 1nstead of the

splllway.'

The omission of the spillway,in_the~Kurotani*PowerfPlant'ﬁas made
possible by research including the improvement of ‘the valves,
makihg the penstock discharge valve system applicable for
discharge above & m’/s. ) ‘
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‘Fig. 1.1 shows'a'conCeptibnal drawing of an ordinary power plant
“and the Kurotani Power Plant where the spillway was omitted by

- adding the penstocks discharge valve.

It an ordinary*power plant, at load reje&ction by failure of
* transmisgion line and/or generating equipﬁent;'thé‘level of the
water in the head tank rises and spills, and the spilled water is
discharged into the river through a spillway tapped from the
tank. The spiilway is usually provided parallel to the penstock
and most of'them.are expensive. The system applied this time
detects the rise of water level in head tank caused by load
réjection. and” discharges water in an amount proportiomal to
-spilléd water to the downstream bypassing through a discharge

valve.

- Fig. 1.1 Omissidln of Spillway

Conventional Type ' New Type

- "Head .Tank | ' L . )
- . ) _—haad Tank

. Spillwey

Penstock - . S
. S . Penstqck

Discharge

Ko.l Turbiney MHo.2 Turbine valvea . No.l Turbine . N0.2 Turbkine
swio g o aw/is L |f. 12w/ /s AW s
Sub " - Inlet
valve - Valve Yalve
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(2)

‘The penstock discharge valve system is activated at the time of

‘the load rejection and discharges water not. to spill from head

tank. For this PUIPOSE,, the 1nvestlgat10n and research. such as

‘the evaluation of the reliability, the control system linked

with the hydraulic. turbine, the.backup method in the case of
mulfunctioning, were conducted and the application to actual

plant was realized.

Selection of discharge valve

_ Fiﬁe kinds of'valves, that is, - a cone valve (H.B.V.), & hollqw,'

jet valve (H.J.V.}, -a jet flow valve {(J.F.V.), a needle valve

‘(N.V.), and & pressure-regulator-type -valve_'(R.T.V.) were

selected, examined, and evaluated  for the penstock discharge

valve,

The examlnatlons were performed for 12 items, such as structural
design, operation and ‘contiol performance, flow characterlstlcs,-

energy-absorbing effect, etc.

As the result of the overall evaluation of those valves, the cone
valve (H.B.V.) with a small operating.force a'large energy
absorblng effect of the valve itself, simple structure, and least

malntenance, was adopted. It has to be noted that the hollow jet

 valve .(H.J.V.) has advantages that_ hqs' self-openlng

characteristics when water préssure'is,applied'ﬁb its body and
that it has high operational reliability owing to it’'s operation
mechanism capable of using pressure oii system of hydraulic

turbine as stand-by. -

The follbwiﬁg phofﬁgféph{shows hoﬁﬁit-islinsiﬂlieﬁ,rla
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1.7 Selection of Turbine Type and Unit Discharge -

- To select the type of hydraulic turbine for ‘the Kurotani Power Plant,

the following three cases. were examined for economic efficiency.

{a) 6.+ 6 ms vertical shaft Francis turbine
(b)-‘ 8 +.4 mifs vertical shhft Francis turbine

{c) 9 + 3 m’fs vertical shaft Francis turbine

The vertical shaft Pelton turbine was also examined as an alternative,
although evidence was given that it is not economical to use because of
its higher machinery cost and a larger housing space requited for

installing splral case with not less than four nozzles.

The annual run off and it’'s. period, which was calculated from the run
offédurationrcurve, for the power generation scheme are roughly as

'followé.- (The tiver flow réquired for_downstream and not to be used
411
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for power generatton is subtracted

ke, December to April: 0.25 m’fs Ilookn@) ~”: i

 12 ﬁFIs or

m’{s or

n®/s or

m/s or

=N W e o

m’fs of

m*/s or

nﬁls or

more
‘more

more

more

more
more

‘more

usable

uéabléﬂf_fr

-ﬁsaﬁlé
‘usable
"us'aﬁi_é

'ﬁs&ble :

dsable

80 days[yeari"
” 99 days!yea:;

May - to November 0.5 m*/s [ 100

110 days}'year_? -
I;lﬁd days]year ]f;f:7ZU_;

) _'ZiO daysfyear_y

 300 days[yearj 75 -

365 FiaY_.SI year - s

o For the medium and small scale run of river plants w:Lthout a regulatmg

'capa01ty, the “annual - energy productlon shall be maxlmlzed espec1ally

'con51der1ng minimumn operatlon 11m1t of turblne 1n dry season.

Therefore, the hydraulic turbine, which can be operable at around 1 m*/s

flow (25 - 30% Q). was selected for this-ﬁian.

The energy production was calculated based.on. the efficiencies of the

hydraulic. turbine and generator in the attached data.

In conclusion, the adnption-of-the,b} plan, hydraulic turbine, is most

economical, a& a result of comparing specific data, energy producfion

and rough construction ' cost per kWh for- three cases.
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Turbine Efficiency Characteristic
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o~ o851
g :
e

1+ ]

=
LY

(3]
£
[11] 0604

o7t
ey s
Discharge (m’/s)
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Fig. 1.5 Inflatable Rubber Weir
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NEW TECHNOLOGY FOR SMALL SCALE HYDROELECTRIC POWER DEVELOPMENT

Section 2 : Adoption of New Technology
Example 2 - Tadami Project

2.1

Outline of the Project

Tadaml Dam is a fac111ty for power generatlon locsted 3. km downstream
of Tagokura Dam built earlier by Electric Power Development Co., Ltd.
(EPDC) on the Tadaml River of the Agano River. System. At Tadami
Hydroelectric Power Station electric power of a maximum output of 65 MW
is generated uslng a smxlmmn power discharge of 375 n1!s,jtak1ng
advantage of the effectlve head of 19.8 m mede avallable by a
regulatlng pond Having an effectlve storage: capac1ty of 2 hm3 created

by this dam and a tallrace canal 2.2 km in length..

At power station sites of low head located of theﬂmlddle.or doenstream'
stretches of rlvers such as the Tedomi site, thé'widths of'the rivers
are broad and alluvial deposits exist in many cases.’ Excavatron and
£l volumas w111 tend to be lsrge u51ng conventional construction
methods that core: bases are based dlrectly on foundation bedrock -while
care of the rlver would be of enormous scale making dam constructlon by
such methods difficult for practical purposes. Consequently, to
construct dams .directly on alluvial deposits and to carry out

foundation treatment rationally assume extremely grear importance.

The river width 4t tﬁe dam site is approximstely 180 m, and is more
than 450 m when the terrace portions at the right and left banks are
inclodeds' Therefore, Tadami Dam was laid out’ to have a msin dam
portion from the left bank to the present river chennel (crest length
354 m), and nexr to it a spillway and'a‘power intakeiStructure-(total
width 74 m), while further on the right'benknside tﬁere'is:a7side dam
(crest-length 154.5 n), the total length of the rlver structures
includlng the spillway being 582.5 m.  The main dam 1s a central
imperv1ous core rOCkflll dam constructed dnrectly on ‘alluvial: dep031ts

approx1metely 20 m in thickness.

The slde dam (height 24.0 m) at the right- bank srde adgacenL to the

spillway and power 1ntake structure is also a central 1mperv1ous core
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2.2

-rockfili.dam.' This side dam was based directly on the bedrock as the

alluvial deposits were thin at the right-bank side.

The embankment volume of the main dam and the side dam together was

approximately 450,000 m’.

The new technology for foundation treatment of alluvial deposit and for
low head utilization was developed in this project.

Foundation Treatment for Alluvial Eeposi{

The alluvial ' deposits at the Tadami site are compavatively well-

- compacted with the void ratio approximately-zs percent, the deformation

modulus being about 1,700 kgf{csl according to plate bearing tests. The

maximum partlcle size of the sand and gravel is roughly about 60 cm.

.Coeff1c1ents of permeablllty tend to become successively hipher going

'from the right-bank side to the left- bank side, with wvalues of the

orders of- 104.cm[3_and 10°% cmfs indicated at the right and left-bank

- sides, _respectively;- Whereas the alluvial deposits at this site

. contain few boulders so that excavation is easy, there are many parts

where cdefficiehts of permeability are low for sand-gravel deposits so
that improvement by grouting methods is difficult and the diaphragm cut
off Vﬁll method is more advantageous economically compared with

grouting methods.

The diaphragm cut off wall at Tadami Dam is of & construction for

.cutting off water acting integrally with the_impérvious soil core, and

'_théfefoxe,ﬁthejldcation of the-diaphragm wall was arranged underneath

thé impervious .core to form a continuous cut off wall which would be
baéed directly on'ihe'bedrbék existing at a depth of approximately 20
m. Thicknesses of diaphragm cut off walls normﬁlly range between 60
and:lOO ¢m, and 80 cﬁ was selected in this case giving'consideration to
the maximum partlcle size of the alluvial deposits, scale of the dam,

4-—21
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and performances of construction equipment. :Bentonite concrete which

shows propertiés close to the_deformability of the surrounding alluvial

deposits was adopted as the material for the diaphragm wall.

The connection of the diaphragm wall and the impervious soil ‘core was

where the hydraulic gradient'would_be a maximum, so that blanket

grouting using wet milled cement (WMC) grout: was performed along the

entire width of the impervious core aiming to suﬁpresS-seepage flow

velocity.

(1)

Bentonite Concrete Diaphragm Cut Off Wall

Bentonite concrete is a material with its deformability increased

taking adventage of the water-retentive properties of bentonite.

. A_deformability'approxiﬁately.the same as the alluvial-=deposit

foundation is exhibited, whilé since the water cut off property
is good, bentonite concrete is extremely logical as a diaphragm
was.- material making structural design of ‘the dam easy. EPDC has

actively worked to ‘develop this doncfete, Mix designs of

_ bentonite concrete are for unit.cement contents in a range of 75

to 200 kg/m’ with about 10 to 30 kg/m® of bentonité added to
concrete, and water-cement ratios from 1.20 to6 3.50, appropriate
proportions required to be selected dependingzon the use and

construction method.

The mix proportions of bentonite concrete were selected giving -
consideration to approachiﬁg the defcrmabilicy of-the”sﬁfr@undihg
alluvial deposits while"securiﬁgu water cut  off Ipropérty,
stability of quality, and workability. A standard mixldésign.of-

bentonite concrete is:-given in table below. -
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Standard Mix Design Of Bentonite Concrete

Water-Cement ratio W/C (Z) S ' 223
Send pereentege gfa (2) T _ ' 7 ' T 47
. | Bentonite B 25
Cement c 125

:Uni;é7;§$ht' Water W 279

| Fine aggregate 8 792
‘Coarse aggregate 6 928

The structural study of the diaphragm wall was made by a linear
finite'element'methqd giving coneideranion to the embankment and
water impoundment eroeeeees. As a result, the amounts of
settlement of the dlaphragnl wall and the rlver deposits at
_ completlun of embankment were 2,1 cm and 2 5 cm, respectively,
the difference in. the varlet1on belng 0.4 cm. It was decided
that the examinatlon of stresses 1n the dlaphragm wall would be
done by element safety factor, with 2. 0 £o be secuxed as the
.element safety factor at this site throughout embankment and
1mpound1ng, and durlng e&rthqu&ke As a result of analysis, it
- was found that the maxlmum stress occurrlng 1n91de the dlaphragm
wall was in the v1c1n1ty of the embedded part of the wall, and
‘the element safety factor at thle time’ wes_2.3. By adoptlng a
bentenite concrete diephragm wall, the diffetence in settlement
- amounts between .dlaphragm wall endﬁ alluviel ”deposits was
'“practlcally elimlnated whlle stress—w1se, large ‘concentrations
'.of stresses did not occur, and a ratlonal design was made

possxble. :

Regardlng the structure of the connectlon between diaphragm wall

and 1mpervioue 3011 core, model experlments were conducted in
4 —23
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.(2),_

view of the extreme importance of this part from the standpoint
of water cut off, and the safety weé'confirmed Also, in-situ

tests wete performed before actual ccnstructlon of the bentonite

concrete diaphragm cut off wall, and conf;rmatlons were made of

constructibility, deformability, watertlghtness, and _response

properties at time of earthquske.

‘Confirmation of the water cut off properties of the diaphragm was

done by permeability tests by the packer method utilizing test

‘holes of » 66 nm made in the wall. As a result of the tests the

coefficient of permeability was found to be an average of 4.4 x
107 em/s. The control criterion for coefficient of permeability
of the-well is 1.0 x 10“6'cmls or under, so that the permeability
test results all satisfied the criterioe,'and it was escertained_

that emple watertightness-had been eecured.
Wet Milled Cement (WMC) Blanket Grouting

Ordlnary cement whlch has been conventlonally used for grouting
‘bedrock is & mater1a1 whlch excels in the aspects of handling,
strength durablllty, costs, etc.,_but there are often limits
occurrlng with respect to practicle sxze in groutzng of alluvial
dep031ts. EPDG focused on the fact that cement grout is used in
the form of a slurry and carrled out research on the WMC groutlng
method almlng for 1ncreased eff1c1ency of pulverlzatlon by

sw1tch1ng the mllllng process of cement from the conventlonal dry

'system to a wet system. Thls groutlng method 19 featured by the

fact that 1n_]ect10n can be done changz_ng the quallty of the prout
mlcropulverlzlng cement effeCtlvely, and moreover to any desired -
particle size with slmple fac111tles 1ncorporat1ng a wet mllllng

process in the conventional process of 1n3ect1ng cement grout.

The wet mlcromllllng apparatus (herelnafter 'referred te as

micromlll ) is a device con31st1ng of a vessel in which steel
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. beads are filled with the beads rotated at high speed and cement
particles passing through the voids“in the -beads pulverized by

forces such as friction, compression, and shear.

The alluvial déposits at the Tadami site are generally fine-
particled and difficult to imprové by gfouting, but it was judged
that by manufacturing and injecting WMC of the finest size, it
would be possible for representative sand-gravel layers, needless
to sﬁy, and even silty—shnd layers having minute voids existing

cat parts to be improved.

Results Of Studies On Groutability Ratios

Particle size
of deposits _ - Groutability ratios
L {mm)
Sample ,
No : ‘Ordinary cement WMC _
D15 P10 | pisjees | D10/695 | D15/G85 | DLO/GYS
: S (=15) (28) (215) .. (28)
1 8.0 4.3 229 86 1,778 614
2. C0.45 ) 0.37 | . 34 -6 | 267 40
3 1.2 0.18 | 14 A 111 26
A 0.07{ o0.06| 2 1 16 9
Note' Ordinary cement = G95 = 0.05 mm, G85 = 0.035 mm
WMC - .G95 = .0,007mm, G85 = 0.0045 mm

The target permeability was made 5 Lu siﬂce-the grouting ﬂaé to

_be ‘blanket groutlng, the range of 1nJectlon was along the entire
| bottom surface of the imperv1ous 3011 core with the depth of
 -1mprovement to be 5 m. The injectlon pattern was that of two

rows at 1.5 m spac1ngs on both upstream and dovnstream sides of

the diaﬁhragm wall with grout hole intervals in the direction of

the dam axis 2.5 m.
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At the difficult-to-improve right-bank- side,':since 'adequate
improvement effects were not obtained with primary'injection,
secondary ;injection and additional grout hole  injection were
performed. As a result, the probability of‘non-exceedence at 5

Lu became. 88 ﬁercent to attain the terget:

At the left-bank side of;-ccmparaﬁively ‘high coefficient of
permeability,. . the improvement target was moré or less reached
~with primary injeétiqns.':As a_resuit'of permeability'tESts after
a slight amount of additional grouting, the probability of non-

exceedence at 5 Lu became 93 pércent;

The relationships of amount of grout injéCtéd and improvement
effect according to the right and left-bank side are summarized

in table below.

o Relationships of Amount of Grout Injected ‘
and !mprovement Effect According to the Right and Left-bank Sides

Location o Left bank side | Right bank side

Coeffic%egts ?f perme-ablllty. 1.7 x 102 55 x 1070
before injection (cm/s) : R A
Coefficients of perme-ability - S g e . e
after injection (cm/s) T Z23x107. | 2.2 10;;_
Probability of non-exceedence. : 03 -
at 5 Lu (Z)
Amounts of grout per valve () .|.. . 623.... -|l. - . 456
Amounits of cement per length - .= | '1556“1 g : :".::504
(kg /m). : _
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2.3

Bulb Turbine

L

Introduction

‘The bulb turbine generating unit is the ‘optimum unit for electric

power generators at low head sites under large flow conditions.
Owing to the cylindrical and linear arrangement of the éasing and
dfaftrtube which comprise the water passége, the bulb turbine has
the folloﬁing advantages in comparison with the vertical shaft

Kaplan turbine:

1 Higher efficiency due to léssihead 1qss

3 Smaller machine size due to highe; unit speed
L Requires less excavation than elbow type draft tube and volute

'-;type‘casingi

'Thﬁ_EPPG's Tada@iinqject is typiéal under those circumstances

and is appliédfadvaﬁced'téchholbgy,

In order to pursue the features of low head and large capacity

machines, careful . feasibility studies were made hetween the

~."Kaplan ' type unit and the bulb type unit in terms of the

efficiency,w-éizé' of . the power house ‘building, required
excavations, maintainability and so on and finally the bulb type
was selected making points for its less construction cost and

more energy production.
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The power station is partially underground as showyn in ¥ig. 2.1,

Fig. 2.1 -Sectional View of the Tadami Powerhouge

| FEr ey
P DA R AN WO L A By

Forgbay | .

- A 1,700 kW S-type tubular unit is installed side by:side with the
BH5 MW .buib unit so-that, at any.time',' Ef‘ne released water 8 51315,
. to protect mnatural ‘condition of the ‘river; can be discharged
bypassing the bulb unit.
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-(2) . Features and Construction

Téhle 2.1 iists the specifications of bulb turbine and S-type

tubular turbine,

Table 2.1 Specifications of Turbine and Generator Units

Type

: : : S-type Tubular
_ _Bulb Turbine Bulb Turbine Turbine
" No. of units - ' R T - 1
Capacity (MfW) - 65.8 1.75
Head (i) - 20.7 24,2
Speed (reQImin} : 100 600
Specific speed (m-kW) 614 468
Submergence {hdrizontal) ' - -8.5 _ -3.45

center of rotating parts (m)

~ Type

_ : S-type Tubular
7 ‘- Generator -~ . -Bulb Turbine Turbine
Capacity (MVA) _ 67.2 1.7
Voltége (kV). _ ' 11 6.6
Frequency (Hz) _ . 50 50
No. of poles | - 60 10
Speed (revlmin). - 100 600

Power factor _ £.95 0.98

q —29
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Features of the Tadami bulb unit are described beiow.-?:

(8).:

(b)

Runner and Wicket Gate -

A five-blade runner was used, in view of the rather high

- .head. of 20.7 m, ‘and .a high nicke1 chtent 13-chromium

stainless steel casting was used to assure high fatigue’

sirength in water and good'weldability.

Twehty wiéket:éﬁtes, made of ié‘cﬁromium staiﬁiésé-éteel
casting, were 'coniCally arranged and.- supported by

cylindrical stem bearings.
Bulb Supporting System

This system has six stay vanes, tﬁbihori?dﬁééi’éﬁﬁbbfts and
& bulb support, which éuppdrt the various'iﬁads; hydraulie
thrust, bulb weight, bubyancy,'generatof driving torqué,.
generator thermal load, seismic force, quctuating
hydraullc force and seasonal thermal load The above loads
are all carried to the surroundlng concrete by the stay

vanes and the support.

4 — 30
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" Fig. 2.2 Cross Section of the Bulb Unit

Stay ring

Wicket gate

1 IM- Hatch cover |7~ N
. g B ) e

Discharge ring

1A N Stay vane--— - g _‘;-:

lnspeclion/ B i ~ ¥y -
shaft - [ 3 T S o SRR
A 1 e g F Runner vane

13,808 x-13.800
l."'.’
o

. g

. - -
m
[l
g
&

IRENNREN)

Therefore, their reliability is wvery important. The
- fishtail shape six stay vanes are hollow. These stay vanes
are spaced at equal pitch around the bulb body to reduce

the share load on the surrounding concrete.

The large t'op. and bottom stay .vanes are hollow for
- maintenance access and to accommodate generator leads and
- . piping. - A bulb support is at the bottom of the generator
and two horizontal supports are..on. each side of the
generator. The stiffness of these supports, with longer
'_pipes-and fixed ends, is selected so that the bending
stress caused by forced displacement cannbt increase.
These longer pipe supports do not need a large concrete

pier and spherical bushings at eéach end. Therefore,
| 4 ~31
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mainténance is easier and less concrete work is required,
and'hydfaulic head loss at the large concrete pier is
reduced. The two horizontal supports must‘eacﬁ be pre-
loaded using pre-set hydraulic rams, so that at any  time,
the suﬁpbrt can maintain the minimum required coﬁpressive

load.

The stay.vanes and supporting structures are designed to he
rigid eﬁdugh to-ﬁithsﬁahd the .various loads, to assure
smooth opeféiién ‘without excessive deforﬁation, to
withstand ffictionél force at-each bearing and vibration,
and to be safé—enough.té withsﬁénd low and high cyclié

loads. -
Bearing System

Thrée_gui&é bearings are provided in view of_thé machine's
large size and capacity and these bearings are forcibly
lubricated by a gravity head from an upper oil tank. The
Thrust bearing is close to the stay vanes so that it can be
supported rigidly. The thrust load is thereby transmitted

directly from the stay-vanes.to the concrete foundation.

For the thrust'bearing, a Hitachi pivot-spring type thrust
bearing is used. This bearing has both the advantages of

good oil £ilm formation and good load balancing through the

 pivot spring operation. This bearing structure minimizes

thermal distortion thfough-the:use;of'double-layer thrust

- ‘bearing - pads.

4 —32

APlZ - 236



NEW TECHNOLOGY FOR SMALL SCALE HYDROELECTRIC POWER DEVELOPMENT

Section 2 : Adoption of New Technology
~ Example 2 - Tadami Project

(d)

Cooling Method for Generator

The bulb generator must be designed to have adequate

ventilation for cooling in the closed and limited diameter

‘of the bulb casinga Also, the design of the ventilation

‘chanriels must be simple so that the"generator can be easily

maintained. - For the Tadami bulb generator and efficient

. cooling effect was achieved by improving the construction

of the stator frame. A non-pressurized cooling method was

adopted.,

{3} Special Model Tests’

(a)

‘Hydraulic Performance Model

. The water passage and the stay ring were optimized to have

a accelerated at their outlet. - The runner blades were

developed using F.E.M. flow analyses.

A flat, high efficiéncy, over the entire output range was

achieved, as -shown in Fig. 2.3.

Fig. 2.3 Characterics of the Turbine

i Relative efficiency
oo
& sp b / BA.

B skL BA.=10" [ 954 220" .
‘8 |3 ¢BA.=F BA.=15 3 -
8 85{°B.A,=0". - Plant cavitation coefficient 00| _ 108 §
S o - 07 &
e . . / 06 9
g 5 _ Critical cavitation z 05 o
< - coefficient o€ = g
) 0.3 'E
(5

26 3 46 50 8 70
' " Turbine output (MW)
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(b)

(c)

Cavitation characteristics.

The relationship’ between. - the critical  cavitation .
coefficient and the plant cavitation coefficient is shown
in Fig. 2.7, where the cévitation margin at the maximum
turbine output of 65.8 MW is approximately 25 percent

Runner vanes were developed, which assured a no-bubble

condition over the entire operating range.
Scale Model of the Stay Ring

To assure reliability in construction before;manufactufing
the prétotype machine, a 1/8 scale model was built,
comprised the stay vanes, the surrounding concrete, a bulb
support, two horizontal supports, and the rotatlng parts of
the turb1ne_and generator Model tests were tested int he
laboratory using.a 1,200 ton capacity testing machine and

a 20 ton vibration testing stand.

'(4) Manufacture and Installation.

(a)

(b)

Stay Ring

The stay ring was. divided into 12 pieces for easier
transportation The plﬂces were connected at the s;te-
using coupling bolts “and seal welding, This coupling
method is consmdered a good way to reduce the large amount

pf deforma;ion caused by weldlng heat .

Shop. Assembly ‘of ‘the Bulb Turbine

~Shop éssémbly_waé'pe;forméd; iﬂcluding the_turbine:rotatingi

such parts as runner, shaft, etc. All clearances, gate
opening, deformation of the shaft and major components,
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{c)

(d)

load acting on the turbine bearing, operation of the runner

_blades, etc., were tested and compared with the design

values,

Shop Assembly of the Bulb Generator

The generator was fully assembled and rotating tests were
performed - in the shop. Guaranteed performance Wwas:
confirmed at a satisfactory value. All clearances,.
deformation, -stress and temperature rise of major
cémpbnents were measured and compared with the design

values.

Site Installation

‘Most of the consﬁruétion of the Tadami powerstation has

“been completed}_}lnstéllation of the turbine embedded parts

{stay ring, hatch cover, draft tube liner, etc.}) have
already been finiéhedi To get a highly reliable stay ring,
which is tﬁé'most_importan£ part of the bulb generating
unit, an ﬁdjustable spider bracing was used during
installation to maintain the accuracy of the machined face.
A deformation of 0.3-0.8 - per 10.2 m dismeter was ;éss'

than the allowable deformation 1.5 -mm. The r@nner,

e generator rotor and ~other main part were installed

successfully.
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Project Feature of Tadami Project

MAN STRUCTRUES

Main Dam Sub Dam
Dam o -
Type Rockfill with center Rockfill with .
: impervious core- center impervious
o core :
Height 29.0 m 19.0m
Crest Length 354.0 m 154.5m
Crest Width 10.0 m 10.0 m
Volume 310,000 ™ 90,000 m*
Slope Gradient o '
Upstream 1: 2.8 T : 2.8
Downstream 1 2.2 1 : 2.2
- Spillway L
Type Controlled
Dimension Width : 14,0 m
" Discharge Capacity 6,000 m/s
‘Number of Gate Roller Gate x 3
: Width : 14.0 m
Height ¢ 17.0 m
“Outlet Works R
Type B - Controlled -
Dimension conduit pipe

T 41,1005 ¢600
Length : 21.5 m

Discharge Capacity

2.5 ms

Power Intake

 Type ‘Reinforced concrete
Dimension Height : 24.0 m
S T 20,5 m

Width

Power House

Semi-Underground

Type

Dimension Width : 20.5 m
Height : 43.0m
Length : 74.0 m

Tailrace '

Type Open _

Dimension Width : 45.0 m - 87.2 m

Length : 2,200.0 m

4~—36
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MAIN STRUCTRUES o _
o ' Main Dam Sub Dam
MAIN MACHINARY ' T :
Main Turbine Sub Turhine
Turbine S
Type Bulb turbine S-type tubular
: ' : _ _ turbine
Output o 65,800 kW - 1,750 kKW
Number R _ S 1 o 1
Generator - o o _
Type .~ Three phase AC Three phase AC
: ' synchronous generator, synchronous
“horizontal shaft -generator,
_ _ _ horizontal shaft
“Capacity o _ 67,200 kVA 1,750 kVA
Humber 1 1

4-37
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MEW TECHNOLOGY FOR SMALL SCALE HYDROELECTRIC POWER DEVELOPMENT

- Section 3 : Adoption of New Technology in Foreign Countries
Exarnple 1 - A-Project

3.1

3.2

Outline of the Project

_:Thié project is a small scale run-of-river hydroelectric power project,

comprises a 4,200 m pressurized headrace tunnel and & 8,100 kW
powerhouse, and generates 39 GWh annually. A L-shaped profile tunnel
layout. was adopted to prevent a long penstock and distruction of

environment. .

- The project intends to use a tunnel boring machine (TBM} in the
construction work of & .tunnel. = An adoption .of & L-shaped profile.

tunnel makes omission of a head tank and a spillway possible.

- TMB Method

The TBM methods are adopted for the project construction sites for the

- following reasons:

(1) The progress of the overall construction work in each scheme
depends élmost entirely on the prégress.of,the tunnel work. By
adoptiﬁg a TBM, the rate of the tunnel work can be stepped up,
thuS,geﬁq:ing an early start to the commerciﬁl operation of the

. power  stations while at..the same time providing ‘the economic
advantage of generating incomes through : the production of

electric power that much earlier.

__(2)_;_The_tunnelhlength_is_kyzoo m. - Tunnels of such a length can be.

excavated by the TBM method at lower costs. than by the

conventiopal method,
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3.3

(3)

4) -

{(3)

The geology of the tunnel at each const:uétioﬂ'sfﬁé*ié”ééfimatEd

to consist of a homogeneous granitic rock in the deeper layef,

~whereas the surface layer is weathered.  In this case the TBM

method is suitable.’

Ali the tunnels can be excavated starting from thelpdwérlétation
side. It is easy to transport construction machinery to any of
the power stations through the well»maintained roads of aééeSS to
the-said powerhouses provided that parts Of:tHeSé“acceSS roads

are improved.- In the powerhouse area éxists flat land providing

a suitable assembly yard for a TBM,

The TBM method is a method desirable froni the viewpoint of
environmental aspect because its unidirectional work does not

require any intermediate work -adits, construction roads and

" disposal areas. It can be executed without destroying the forest

above the tunnel section.

Construction Work of Shafts by Raise Borer

(1)

':(2)

(3)

" A vertical shaft is intended té be excavated with a raise Dorer.

The use of the raise borerlmakes*it'poSsibld'td*ekecute the

construction work of & shaft safely and in a' short period of

time.

A raise borer is generally composed of the main body (drill unit,
control unit, valve unit; power unit, ‘switch”unit) and toole
(drill rod, pilot bit, reaming bit, étc.), and in & broader sense

comprises also water and air supply equipment.

The excavation of a shaft will.bé eiecﬁtéd'aftér compietion of .
the excavation of horizontal tunnel by installing the main body
aboveground and executing pilot drilling downward from the'ﬁop"

4 —_“4.12_
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(4)

using a pilot bit with a small diameter of 250 to 300 mm, until

the pilot bit reaches the horizontal tunnel where a switch-over

- to a yeaming bit takes place to start reaming upward from the

' bottom.

The rate of excavation by ‘a raise borer depen'ds cn the
characteristics of the bedrock in question. The Project at hand
has been planned with the following rates of excavation in mind

based on the records of similar works:

Pilot drilling 10 m/day
Reaming 8 m/day

These standards are provisional and therefore must be reviewed

after conducting a detailed geological investigation at the

definite design phase.
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Project Feature of A-Project

Ttems Unit Sempam
Planning Dimensions
1. Catchment Area km? 78.0
Main (quer basin)  kﬁF; 78.0
‘2. Annual Mean Inflow . 10m3. . 82.2
' (m3/s-day) (951.3)
3, Maximum DPischarge  m¥fs | 4.5
4. Firm Disdharge m3/s 1.2
5. Intake Water Lével E.L. m 440.5
6, Turbine Center E.L. m 216.0
7. Gross Head m 224.5
8. Effective Head m 217.5
9. Installed Capacity KW . 8,100
10. Dependable kW Z,200
Capacity
11. Annual energy 10°kwh 39,270
Facilities '
i, Diversion Dam
Type _ Concrete _
Dimensions Hm x L 7.50 x 51.50 7,630
Concrete Volume m '
2, Waterway .
Type , P. or Non-P Pressure
Vertical Shaft LxD 125.5 x 1.75
Horizontal LxD 4,200 x 2.80
Penstock LxD 200 x 1.15
’ - 0.85
Tailrace LxD T. Culvert 71
3, Powerhouse B .
Type .Surface
Turbine _  V.Pelton, 4N
Quter Sizes mx m ‘19.3 x 20.5
Concrete Cmd 1,790 °
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NEW TECHNOLOGY FOR SMALL SCALE HYDROELECTRIC POWER DEVELOPMENT

Section 4 1 Adoption of New Technoio-gy in Foreign Countries
Example 2 - B-Project

4.1

4.2

Outline of the Project - -

-This project is a small'scéle run-of -river hydroelectric power project
“to supply energy in isolated remort area. The project consists of an
intake dam 8.6 m in height, a 342 m pressurized headrace tunnel, two
" penstocks in 337 m and 290 m in length and a 6,000 kW powerhouse, and
generates 40 GWh annually. .

Because a headrace tunnel was very short, a settling basin is designed
to have a functibn'of & head tank, and a head tank and s spiliway could
be eliminated. The fiber reinforced plastic (FRP) pipes are used as

penstocks and some parts of penstocks are buried underground.

" Omission of Head Tank or Surge Tank

Generally speaking, a surge tank is installed on a pressurized headrace
when the headrace is_lohg and very large water hammering can occur, in

order to absorb the surge effect and protect the tunnel

In the case of this project, the length of headrace channel is 417.89
m, and.the length of penstock is 311.788 m, and.the total length of
731.678 m is a relatively,shoit headrace channel. The surge tank may
be omitted when tﬁe wﬁter channel is- short. ‘In addition, as Pelton
'turbiﬁes are uséd.in this cage, the magnitude of water hammering is

small.

A Pelton turbine has the needle which controls the spouting water (jet
steam) that impact the runner, “and the deflector to control the
‘direction of the water jet that impacts the runner, and the outstanding
feature of this type of turblne is that it can control :or.shut off the
force of wéﬁer that acts on the runner without changing the water flow
that—entérs the powerhouse. That is, the rate of flow entering the

powerhouse can be adjusted by the needle, and the water that acts on
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Section 4 : - Adoption of New Technology in Forelgn Countties
"Example 2 - B-Project

4.3

the funner can be adjusted or shut-off by the deflector:..Therefore,
when the turbine-generator has to be stopped urgently due to mechanical
or electrical fault-on the-powerhoﬁse equipment‘electrical\faultfon the
transmission line, the power geﬁeration unit can be shut down without

abruptly changing the rate of inflow to the powerhouse. This is an

-ad&antage because the rise -of water pressure due to shutting off of

watéer flow can be suppressed to a low value.

Generally speaking, the needle is operated from the full open positioﬁ
to the full close position in 30 to 60 seconds, and:the deflector can

be fully closed from full open position within 1 to 4 seconds.

As discussed above, there is no serious problem concerning the pressure
rise in pressure tunnel and penstock because the Pelton turbine is
adopted. Therefore, it has been. decided fo;“fhis-Project“not'to
install a surge tank at the end of the headrace tunnel in order to

reduce the total construction cost.

Adoption of FRP Pipe

‘It was decided ‘t.o mainly wuse :the FRP -pipe; which'is being remarked

recently as a new material replacing the conventional steel pipe, with
the objective of reducing the .construction. cost: and - construction
period. ' However, steel pipes will be-used for the sections which are

buried into concrete and for branches and curved sections.-

‘The ‘FRP pipe has the following featureé.~J

(1) : FRP pipes _having  désign pressure ©of - up. £o- 250 m can be

manufactured.

450
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4.4

(2} The standard of' FRP pipe Association is applied to the fiber
reinforced plastic pipes, and structurally stable products can be

obtained, -

- (3) In comparison to genersal grade steel pipes, the total- cost is
.iow, and the workability is superior as FRP pipes are light

- weighted.  They have many advanﬁages; i.e., good performance in
éonnecting:to pipes of other types, capability to: stand outside
pressure at low cost, superior erosion resistance, superior

hydraulic characteristics, and the lack of need of painting.

(4) At present, there  are many examples of applications in
construction work. EPDC has selected FRP pipes for the penstock
(2.4 m in diameter, 338.14 m long, with maximum static water
pressure of 177.0 m) fo: Okinawa Sea Water Pumped Storage Power

Plant (30 HW)'which-ié under construction.

Continuous Foundation for Penstock

The methods of supporting FRP penstock can be broadly divided into the
saddle support type foundation and the continuous foundation. In the
former case, the pipe is supported at both ends, at intermediate 2

points, 3 points, 4 points, etc.

With the continuous support method, the bending force in the direction

-of the pipe axis and the shear become zero, and the stress generated

. are only the bending force in the circumferential direction, tensile

strength-caused;by=interna1 pressure; and the stress in the direction

- of. pipe axig. . ‘As-the total stress is reduced, the pipe was thickness

*. can be reduced, -

In.this‘design,.the.curved section is fixed by anchor blocks, and other
straight sections are supported by continuocus concrete foundation. The

.'4 ;5_1
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NEW TECHNOLOGY FOR SMALL SCALE HYDROELECTRIC POWER DEVELOPMENT
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a5 .

_FRP pipe uSed-hés 6.0 m unit iength, and the joint is an:inserting type
T-joint. Therefore, the load ié’ﬂistributed'to-eachrpipe,unit. and the
load does not transmit continuously as in the case of steel pipe. This
makes it possible to save the volume of anchor block donérete. In
addition, as the pedestal type'saddle,support~is'eiiminated.to'choose
the continuous.fouﬁdation; the pedestal form having Complicéted shape
is not required, and the-workability is'iﬁpfbved.— In:particular, in
‘the lower section of the penstock, where the slope is gentle (15° to
30°).and it is covered by'talus_whichuis ten’plué severalemetérs thick,
the surface ground will be excavated: for. a dépth'of 3 to 4 meters to
expose the stable natufal'grouhd. and continuous concrete foundation
will be constructed-(the'bearing_force of the:foundation ‘ground is
estimated at approximatély'18'tlmzl,.thereby'distributiﬁg the load of

penstock,

This continuous concrete floor foundation are provided with expansion
joints at locations of the joints of FRP pipes, ‘so that even when a
foundation of & unit pipe moves, the stress concentration will not be
created in the pipe except for the-pipe~joint-owing.tc.thiS”independent

foundhtion blocks.

‘Adoption of Buried Type Peﬁs!ock

The dovmstream section of the penstock will ‘be placed on a gentle slope
having a lohgitudinal.gradientﬂo£-15°;t0J30°;"Accordiﬁgftovboring
-'surveys, this area isxcovéred with. talus’.cones which are ten plus

several meters deep,_and it isAdifficﬁltftozplhce“an¢hbr:blocks on the .

. bed chk. In addiﬁion,‘chasms;createdaby Eurfdtewwatét?dufihg rainy -

season: crosg the route of the penstock. :Therefore,”ifﬁthe.peﬁstoék is

placed in an open cut channel with slopé'treatmenﬁ;%the rain’ chasms

will be regenerated in a heavy rain, to erode the slope and bury the

penstock with debris.  For this.reason;-itjhESjbeen decided to:bury the
4 —52
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Section 4 : Adoption of New Technology in Forelgn Countries
Exampte 2 - B-Project

penstock in this 'section. At the same time, drain channels will be

provided on both sides of penstock to prevent ingress of surface water.

The  burial of the penstock ._has:' the effé.ct of preventing
extensiohlcontr&cti'on of FRP pi'pes dué to temperature change of this
. region, and protecting the ;:)enstock from impact of fallen rock oi‘ gun
builet. Also, the forest fire in the vicinity will be prevented, and

help people travel for hunting and fishing.
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Example 2 - B-Project .

Project Feature of B-Project

AP1Z - 258-

Items Unit Sempam
Planning Dimensions _ _
1. Catchment Area Cwm? 290
2. -Annual Mean Inflow - 1.0%m* o 307.9
(m/s-day) (3,564)
3. Firm Discharge mfs 1.11
4. Intake Water Level E.L. m 489.0
5. Turbine Center E.L. m 306.7°
6. Gross Head m 161.5
7. Effective Head m 158.90
8. TInstalled Capacity kW 6,000
9. Dependable kW - 1,400
Capacity
10. Annual energy 103kWh 40,299
Facilities
1. Diversion Dam
Type Concrete
Dimensions Him x Lin 8.6 x 77.0
2. Waterway
Type Pressure
Headrace LxD 342.3%x2.0
Penstock LxD 336.8x0.9~0.5
290.1x2.0~1,1
3. Powerhduse :
Type Surface
Turbine V.Eeltqn, 4N
1, 000kWx2
2,000kWx2
4 =54
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