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About 70 % of the total enercy reculrement in Sweden has *c¢
pe imported as Suel oil. This is cne 0f the main problems of
the Swedish economy as it is €for manv cther countries.
Electric power supply ancunts *tc rouchly 20 § o0f the total
enercv cemané. In the vear 1373 92 TWh eleciric enercy was
produced. Until the mid of the 1%60s the cower supcly was
oractically completely based cn hyéro power. after that
thermal power has taken a crowing part of the increase in
the power demand. In 13879 hviéropcwer accountssd for 63 %,
nuclear power for 22 %, oil fired backpressure plants for 10 3
0il fired concdensinc plants andé casturbines for 3 & of %he
oroducticn.

The installed cenerating cazaclzy at the 2nd ¢ 1272 was
11200 MW in nvdércelectric zlants and L1837 MW in therma’

The last figure includes six nuclear uniss of 23718 M7, 2¢
oil fired condensing zslants, 3100 MY Zzck =-rassure zléen=s
1780 ! casturbines. Fcur nuclear unizs ¢ zccether 3630

are ready for test operaticn &@£zar the oesisive resulit o she
nuclear referendun in March 1980. 2Ancther +twec nuclear unizs
are.unéer construc:tion andéd will Se taken in creraticn during
the 19380s.

The production of power is cracticellv ecuallv divided
between the government shrcuch the Stz242 2cwer 3oaré and
vower comgarias owned Dy industrizs, municizalitiass and
other nen-gevernmental bedies. The lazier are joined in the

Swedish Power Association.

The total hydro power oroduction now amounts L around 61 7TWh
during a normal year of precipitaticn. Plants now under con-
struction will give a further 1 TWh. On the zascis of data

[
relating to the topocraghy and runocii, zhe :fgzal rnatural
avéro potential has teen estima=ed ts 227 TWh ser vear. Consi-
dering inevitable losses, effeciency oI machinery ané water-
wavs, unfeasile sites ew, it nhas zeen judzed -achnically
possible =o cdevelop about 130 TWh per vear.

On several occasionszhrouchout studies have been
made tc inwvesticats te wnizh ay 20wWar are accnomi-
cally worth develczment. EZach nas grocucedé 2
nigher figure than the orecedinc st.éy was made
in 1974 ané cave the f:%u:e gz r as eccnesical
feasible. The evaluaticn nf the is continually
chancing as a consacuense garslv cof technolezizal ani eccnco-
mical Javelogrent in desizn and constructicn and carslv of
costs 0f altarnative ;cref srzducTicen ) ’




In the fifties and sixties the evaluaticn was made i ;
comparison with oil-based production of power. The latest
estimate is based on ccmpariscn with nuclear power, wnich
according to present jucdgements is the cheapest alternative.
Anctiier :lternative for the futurs mav be ccal-based power.
This would probably result in a further uprating of the
econoniically develcpable hvdro resources.

'1

¥ith an econcmically feasible potential of at least 95 TWh
per year, of which 62 TWh is develored today, an additional
resource of 33 TWh per year shculd thus remain to be used.

However, under pressure f£rom envirzcnmental groups, the
government has decided that most of these resources must
remain untouched. The actual plans aims at a nyvdro power pro-
duction of only 65 TWh per vear in 1990,

2. Background for small hvérc power olants

lectric light was £first demonstrated in Sweden in the 1880s.
The power was then produced in small steam olants Ln’ led v
coal or oil. The first generating stations tased on hviro were
opened in the 1880s. These plants wer usually built where
there previously had been directly driven machinery mills,
saws, hammers etc. The plants were small and e
intended :Zor suoolv11v power to industries and commu
the immediate vicinity. They were mcst oftan bui
watercourses but sometimes in the larce rivers t
latter case, however, only a small par%t cf the w
used for the glants.

4

Many huncdred of such small local hvdroelectric plants were
constructad during the end of the nineteen<h ané tne becinningc
of the twentieth century. As the technigue of transmitting

power by the alternating current method was developed in the
beginning of 1900 it became possible to exrloit more remocte
waterfallis. Gradually the power networks grew larger and

a ccuntrywide power system was established. The technigues
at the design, construction and operation of large hydro-
stations were develored in such a wav that the vower IZrom
these2 plants became much cheaper than the power from the old
small plants. The main part of the countrv’'s power was at
last prcduced in the larce stations, the costs of wich were
determining for the power tariffs. The conseguence was that
the revenues from the small hydéro plants were not high enouch
fcr defraying the costs for reconsiruction when the plants
became worn out and cuit~oci-date. The small cower plants were

therefore laid down at an increasing rate.

3.

)

neray oot

M

ntial in small nvére

Because 0f the oilcrisis in zne 1970s ané LZhe marked rise in

energy prices the Swedish Pcwer 2ssccilation ook the initiatiwve
in 1974 in a development schema f~r small hydro oplants. In

order to investicate the enerqgv zotential in clcseddown small
stations 2 nation wicde survey was carried out. Power cecmpa-
nies and electric uytilities were 2sked aZcus zoth clos2ddoun
small hydrozlants and small aydrs plents still in operation




but which were judged to recuire a comdiete renovation in
the immediate future. The survey was restricted to plants
with capacities from 100 k% to 1500 kW. The limits were chcsen
with respect to the assessment that power stations with a
capacity of less than 10C kW would recguire unreasonably hich
restoration costs whereas very few stations with a capacity
of more than 1500 kW had been dismantled.

The survey vielded the following results:

Number of units Capacitv MW

Closeddown plants 510 235

Plants built before
1950 still in ope-

ration 684 290

Miscellaneous

objects 156 25
1 350 550

If the closeddowr. wlantc accoréinc to +this study w
restored ané i we assume an average annual ut
of 4000 hours,we should have an enercy procucticn I
magnitude ¢f 1 TWh per vear. The renewal of plants still in
operation would mean no acdéitional energy, but iZ no measures
were taken it woulé be necessary to reckon on a loss of energy
amounting to about 1 TWh per vear. The aggrecate potential
energy output of small hyéro in Sweder is thus approximately
2 TWh per veer

To be observed is that in this ficure no new sites fcr smzall
hydro are included. Without dcubt there are many such sites
in Sweden. However, it has been judged that these prcjects
will be much more uneconomic than tne still remaining un-
harnessed waterfalls in the larqe rivers. It is also certain
that an exploitation of new sites for small hvdro will meet
a strong oppos’tion frén envircnmental groups and organiza-
tions.

4. Legal aspects

Elthough there are large recions of clains in the souih of
Sweden, the country as a whole is a land of lakes and rivers
with vast woods in between. ke set<lers moved inlané and more
and mcre northernly they Zollcowed the weaterccocurses where
tillable soil was tc be founé ané the water itself became
their help for ::a.ssc:ts ané cornmunication. They alss cot
fisn for Zood, boc~ore Icr tocls and reeds for winterfoddesr tc
the cattle. Smaller affliznts affcréded mechanical power ¢
mills for grinding and sawinc. On such a backgrouné already
the early midcle-ace orovincial leaws stzted trhat use of water

{

t

e -
was based on private right. In most countries the raterwvavs
belonc to government Or local authorities. In Sweden, however,
they are still pecssessed by 4he cwners c¢? the rivertanks,
which sometime may be the covernment. Tris is an explanazion
wihy most of the small power plantz ere cwneé by orivat: comca-
nies or indivicuels.

s

(-1 ID
b |




Permission according to the water law and couns:iructicn law

is necessary to build a nvdrocower'plan:. The exgeriences,
especially from the last vears, indicate that the judicial
trial often 1is very complicated, tl*econsuming and expensive.
Even a small plant, if ic is a site which has not been
harnessed previcusly, may have manv azcelants.

A+t restoring oléer closedcown Dlants, hcowever, the jucdicial
trial normally should not be toc complicated. This is special
the case if the right to store and regulate the water can be

referred to older legal permissions.

One condition which always must be met is that the eccnomic
advantace of the hvdro olant must be greater than the casita-
lized costs of the vlant. The advantage is calculated in
conformity to special rules stated in the watsr law.

5. Development procramme

The amount of energy forthceming frcm res:tcred renovaiad
small hydro plants in Sweden cces not rercrasent a verv impres
sive figure. It is, hcwever, on the other zané a domestic
anergy resource which in a sienificanzt wav mav restric% the
1se of imported excensive fuel o0il. The Swadish Power
Asscciation therefore considersé it werthwhile %o try readuce
the costs for small nvére <o secure the continued ccoerz-icn
of these plants and also tec put disusad planits tack in+c

service.

The a‘m of %he develozment programme was:

&

1. To renew plants still in oreraticn. This may

reguire rather comprehensive measures, for instance
a -umplete new head race tube and £:icharge tallv

o}
or partly of the mechanical ané electrical ecuipment.

0 ¢t

2. To add new units to existing olants in order
to increase as well the capacity as the enercy pro-
duction.

2. To restore plants wnich have vreviosly been closed
édcwn. This will usually reguire cuite much of con-
struction work and new mechanical and electric
ecuiment.

4. To build new small power plants in small water-

courses, wWnhich up to ncw nhave not zeen nharnessad.
The conditions are very diZferent Zor the four catecories
Catecory 1 will przikably ke the mcs:t Zavcuracle one ccacsernin
tcth ecomemy and pessizilities to g2t zhs lecal nermissicns
wnich are necessary. Cazegory 4 is nct of immediate in=arest
and will not come to fore until a c¢r2ater par:t of unharnessed

1
L.arge rivers nas been utilized




The Jdevelovment programme was cirected towards reducing costs
of installaticns as well as costs of maintenance and cpera.ion.
The idea was by means of simplification and standardizaticn

to reduce capital costs ané .oy means of autcomaticn to reduce
operaticn cests.

The survey mentioned abcve showed that the develepment pro-
cramme should ccmprise units for heads between 2 and 30 m.
The capacity of the units sheculd te in the rance 100 -

1500 kV.

The survey also indicated that most of the closeddown plants
were situated not far frem distributicn networks 10 - 20 kV.
It was therefore decicded to dispence with turbine regulater
anéd voltage regulation for the prcocsed :urbines. It was

azlso decided that the regulation of water trough the turbines
should be made in the simpiest possible way.

6. Pro-ctvoe installations

In order to test varicus technical solutions = number of
prototvpe units wers designec., The cesign and constructicn of
these prototyrpes was done in cccperation hetween thu oowver
companies ancé gde manuZacturing incuszries in Sweden. Sone

cf the costs of the prohtotvces were defraved bv goverument
grants. The development Wwork has teen carried cn in twe staces.
Stage 1:

This ‘first stace comprised six prcoellsr zurbines with Zixed
guide vanes and fixed runner blacdes. These Ddrotcivoes nave
been in operation since the becinning c¢i 1877.

Stzge 2:

The second phase comprised two units. These furbines were
4lso equipped with fixed guide vanes but had adjustable
runner blades. They hzve been in cperation since late in 1979.

Some dates of tne prototype units are shown in €igure 1.

The protztype uniis have Iuncticned rathar well. In apzendix 1,
however, some proklems are described which cucht to be taxen

in considerationr for future instatlaticns.

7. Standardized units

It has teen judced feasizle *to casicn th2

as propeller turbines wi.=h Zixed or zl-ar

able runner blades. The turbine is fitte

vanes ancd thus no regu.acion of the guide

The turbine is normally connected tc 2 standaré asvynchronous
generater b me2ns €L a transmissicn v23r. Th2 cererz4or is
connected via a transformer =c sh2 iocal cistributicn nes

The voltage of the cenerator is normellv 400 V.
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The turbine is closed bv means of a cate at the intake
in the dam or "2 butterfly wvalve in the neadrace tube. if
such one is use?. The cate or butterflv valve respectively
are fitted with a hvéraulic servcmotor. for orening cperaticns.
Closing takes part autcmatically by a valve beinc opened in
the hvdraulic svstem anéd the cate (valwve) beinc clcsed by i*s
own weight (counterweicht}.

The unit is sterted by the slow openins of the gate (valve!l.
After the unit has been connected to the network, which takes
nlace automatically, the number of revoluticns is controlled
by the network. The starting and stooping of the unit take
place automatically and are guided by a level indicator in
the upper storage in the case of units with fixefd runner-
blades.In the case ofunizs with adjustable blades the auto-
matic cperation can be adjusted to both %he wacer level
regulation with the level indicater ané also to a device
ensuring a certain amount of draw-down.

If the voltage of the net disapears, the cate or alternatively
the valv2 is clcsed autcmatica’ly. During the closinc prccess

the unit attains run away speec. 7o ensure a cuick closure

the unit is fitted with two cverspeed prctections one solenoid

valve ané cone mechanical hvéraulic <valve,

&

If cecnditions permit intermittent coeraticn of the unis,

a2 turbine with £ixed runner blzdes is reccmmended. The unit
can be given maximum efficiency when fully lzczded and theraby
the maximum possible producticn. Uhen the stcrage nas heen
drained to its lower limit the unit is stcpped a2nd it will

be started again when the upper limit has been reached

IZ regulations of this xincé canant te permizted on account

cf conditions in the stream, the unit is ecuizped with auto-
matic regulation cf the runner blades. The unii can then bhe
operated with constant upstream water level, i e utilize

the available flow or be regulated ~ithin the limits pre-
scribed. The average efficiency is scmewnat lower for units
having runner regulation than for units withou: such regqula-
tion. On the other hand, intermittent operation with utili-
zation of the upstream storage implies a certain loss of head.

For the erection of turkbines there are varicus alternativas
cepending on local conditions and the head to ze utilized.
The follcwing three main tvpes are relevant:
Type l:  Generally for 2 -~ 8 m head

Propeller turbine with vertizzl shafs

Turbine erected in an c¢zen turtine chamier in

close proximity to the dam. Clcocsure pv gacze in

the intake.(In the lcwest rance of hzad the

runner must be placed zelow the lower wat~r level}
~zzention has to be gaid to the desicrn of the turdine chambder
to avoid disturbances in the water flow




In some cases it may be desirable to place the turkine
above the lower water level and it may then be ovcssible to
design the headrace as a sighcn. An intake cate is not then
required. (Figure 2).

Type II: Generally for 5 - 10 m head.

- T Propeller turbine with horizontal shaft.
Turbine erected in a closed turbine chamber
and with a headrace tube from the intake in
the dam. Closure by means of a gate in the
intake or a butterflv valve in the headrace
tube. (Figure 3).

Type III: Generally for 8 - 30 m nead.

- Propeller turbine with vertical shaft.
Turbine erected in a closedé turbine chamber
and with a headrace tuke frcm the intake in
the dam. Closure bv means ¢Z a butierfly valve
in the neadrace tube. (Ticure 4).

These three tyvpes can be I:itted with Zixed or aizernatively
adjustacle runner blades. With these six ccmbinaticns the
30 = heads a&ng 1CC to 1520 xW

entire range tetween 2 and
can be supvlied by suitable
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In the diagram on figure 5 is shown in wnich ranges &the
three types will be used.

The choise of runner diamet is cdezencdent of manv rfacxors
as flow rate, headéd ané the ocs;:-on 0 the turtine in ra2la-
tion to the lower water level. An efiurt to use any of

the recommended diameters will implv a stand ization which
will be 0f value as well for the purchaser as for the
supplier. In figure 6 the runner diameter as a function of

head and flow rate is shown.

In figure 7 the relation between head, runner diameter and
number of revolutions is shown.

In figurea 8 the turbine eificiencies which should be demandeé
is shown.

It is generally recommendeé that the dam will be ecuipped
with a spillway ccnsidering the risk ¢ disturbances on
cates during wintertime.

The intake have to Le ecguinced wizth trash racks with inter-
vals tetween zars ¢f 30 mm, zhserez. el.sinating risw te fisn
cassiang througn the turiine.
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Limits due to cavitation

Kunna diameter

e el R ppp— S

15 m s

Flow rate

(m)

h




300 600

Runner diameter

_Leanse

9700 mm

Cee mr cee = wminn - . e wa i e P D—
900 1200 r ) min

Mutibher of
revolutions




80 -

"0 Y [ - ——— e ——a —

60 -}

25

50



Guaranteed cfflicliency
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Headrace tupes for units of type II and III must be
dimensioned economically with respect to prevailing condi-
tions. Alternative types of tubes are woocd, ste=l and fibre
reinforced plastic. From the point of view of laying as well
as that of maintinance,it appearsthat plastic tubes have
ad.antages to be taken into consideration when making compari-
sons.

Bearing in mind the unit”s manner of operaticn with rela-

tively slow closure, the rise in pressure in the headrace

tube is relatively low, thereby eleminating the need for a
surge chamber for units of type III.

8. Dimensizning of the cavacity of the plants

Determining for the capacity of a unit is partly the utilized
nead, partly the inflow of water and its regulation possibili-
ties and partly the marginal costs and value of the capacity.

For those areas in Sweden where mir.-power plants are of
current interest the specific cutflow of water is between

5 anéd 25 1/s km"~ as shewn on the map in Zigure 9..As an
averace value a soecific outflew of 10 1/s ané k=" can be
assumed. vecisive for choise of capacity will at last ke

the cost of the installed capacity andthe vaiuve ci the energy
production. With the help of the diagram in figure 10 the
capacity can be determined for various catchment areas and

15 1/s ané km“.

It shcoculd be observed that £fast changes of the water level

* the intakes of the plants may cause troubles cdue to ice floes,
this is specially the case where there are narrow intake channels
Therefore it may be motivated in these cases to choose a
relatively small capacity and thus limit the changes of the
water level.

9. Invitation to tender

In order to facilitate uniform purchasing of mechanical and
electrical equipment, recommendatiols are made for inviting
tenders. It is deemed imperative that all of the mechanical ard
electrical equipment be purchased from ore ané the same supolier,

who shall have sole responsibility for comglete deliverv of
the eqguipment. )

The invitation does not specifv dimensions or the material
for different parts of the delivery. Inst2acd it is assumed
that the tenderer who is liable for complatze delivery will
specify the details in the cender - in scme cases with alter-
native choies ¢ material. The runner chamber and the runner
blades hare to be inade of material which is resistent to
corrosion. In the tencder the gualitv is to be descrikecd. The
tenderer must append to the tancer an erecticn drawing for
the pliant from which the purchaser can determine the extent
of the civil encineering work which must be taken into
consideration in evaluating the tender with rsference to

the total cecst.
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The followinc shall be observed i
tendering:

- a suitable level cf the “turbine
lower wate: level shall be
with regards to efficiency

- in cases where runner with fixed

they shall nevertheless be

connection it

in
recommended by the tenderer
ané the risk of c2vita

T

relation to the

tion.

blades are ofiered,
manually adjustable to

permit turbine output to be adjusted. The tender shall
specify a cylindrical or a half-spherical runnerchamber.

- the turbine shall

normally be ecuicc th
sceed protections - one with a solenoid valve

ed wi dual over-

and cne

with a mechanical-hydraulic mechanism.

- the unit shall be designed to withstand at least 2

hours of run-away-speed.

- the output of the generator shzll
relation to the turbine output in
favourable temperature ccnéitions
the life of the generator.

be taken
the unit.

- necessarv measures shall
spection and repair c:

It is to be
nected with
propecsed by

Observed that ¢
the standard un
ke Swedish Power

.rm

n
i

for the

tencer need

Associaticn.

be cverdimensioned in
order to obtain more
and thereby prolong

not to
oropeller turbine
The tencderer nées

-ad

the posszblllty to make nhis own alternative proocsals with

suff

In appendicaes 2-3 the basic data for the

10. Matte

icient technical basis for evaluation.

tander

rs to be submitted to the Water Court:

For the restoration of old pvlants

fcr which permission

granted earlier have not been utilized a water court

decision is required. The same is validé for

to plants still in operation in order
energv Production.

To the application to the water cour:

aescription of the

information of the caracity of the

suplementing units

to increase the

& summary technical

project shall be attach=d containing
nev

unit, the value of

the energy production ané the anntal ané capital costs to

be met by the project. Incerests

involweZ snall

e stated.

The application srall indicate the *ela:10ﬂ51*; Be<ween the
net value of the plant and the valuz cI the demace. In %hne
cases of restoration or extensicn of olé nlants L1= economic
legality are cenerally undeniazle., In the2 cases of new olants,
however, testing of the eccrncmic lecality mayv be decisive
with regard to the right to carry out ths prcject. For such
plants the fishing inzeresss rmav se cruszial.

To tacilitate lecal aspects of rancvatizn ¢f 218 ziants
scec..al reccmmendations nave cean meée. )




11. Economic asvects

The costs in Skr/kW £or the mcchanical and electrical
equimment concerning units with £ixed runner blades are
shown in the diagram in figure 1l. Units £fitted with
adjustable runner blades will cost 250 000 - 300 000

SXr kr more per unit. The costs have been verified in
connection with >surchasincg o0f six units with fixeé runner
blades and five anits with adjustable runner blades.

The costs cf the construction work for these eleven
plants are in average 60 3 of the total costs. The costs
are valid for the year 1979. The average cost per kWh

has been calcuviated to 13,5 dre/xVWh. (Interest 8 3%, period
253 vears, coust of cperat*on ané maintenance 1 % of the
cost of installation). In figure 12 the averace costs

are accounted.

The Swedish Association of Electricitv Su
has drawn up recommendations concerning th
energy from small power plants. The zavme
winter and summer and during daytime and ni
the eleven plants analvsed here, the pavmer
10 to 12 ére/kWh i e less than the averacs cos

avment for
different in
me. For

12. Government subsidies

In order to prcmote uvtilization of clcsed down small

hvéro plants, the government has since 1978 - 07 - 01

given subsidies to such plants. The subsidv is upward limited
to 35 % of the total cost of the restcraticn. Subsidies are
only civen to such restorations which can be proved proii-
table from the national economic point o view. Cn %the

other hand subsidies are not given when %he cost of rastora-
tion is less than the revenues. The current fcimg of
subsicies are valid until 1981-07-01. Up to Merch 198¢C

42 million Swedish kronor have been granted fcr 48 proiecis

th an energy production of more than 100 GWh/vear.

Figures of the projects are shown below:

Enercy
Numnkber Canacitv froduction Suzsidies
k% Giin/vear M Skr
Protctype units 8 5000 21,5 6,15
Other units 40 18300 83,0 35,74

13. Future oromotion of small hvédro

The government subsidies certainlv have had 2 gositive
eifect on the restoration of small hvdrs slants in Sweden.

t has, however, teen difficul:z for manv cZ the cwners ef
cmall hydro to finance the remaininc gart of the st (5% %)
by ordirary bank lcans. 2 Chr:inatién-of recduced sunsidies
and coverrnmentzl lcans would probatly be cof creat importance
for the further develorment ¢f small nydro. Subsidies would
primarily be used tc pay the costs of the first investiza-
ticns ané the costs a= tna Yeser Court. Sizch 2z zroontlive

ws's o
5vstem L3 w.:e*‘ consideraticn.
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Enerpy -
Capacity productio
kW GWh/year
Averagpe costs for
six plants with
fized runner blades 700 3.3
Averape costs for
five plants with
adjustable ranmer
blades 530 2,8

Averape costs for

all eleven plants 620 3,0



Cost for mechanical

and electrical equip-
ment

M Skr Skr/kW
1,50 2 150
1,7% 3300
1,6 ?2 600

Other cost

M4 Skr Skr/kW

2,50 3 550

2,35 H 400

2,4 3 900

Ig;ul cost

M Skr

1,00

W,10

n,05

Skr/kW
S 700
\
(g9
s
i
7 700
iy
P
Vo)
€
ry
6 600 0




It has been judged necessarv %to make general surveys con-
cerning the most suitable restoraticn of small plants in
every watercourse where small hydro is cf current interest.
Such general surveyvys also will help the owners of small hrdéro
to cooperate in the dimensioning and desicn of the plants in
the same river. These general surveys are administratec by
the provincial governments.
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MINI-POWER STATICONS

Prototyve installaticns - experience gained

The eight prototype installations have been object ¢f ollow-up studies and
records have been kept of the experience gained. This experience has been made
use of in forming the standardized purchasing programme. The operational
experienced has also been documented in operational reports and inspection
reports.

culer importance when

This is only a summary of the points which are of parti
ini-power stations.

designing the machines and electrical equizment for m

The disposition ¢f the unit

The iInstallation elevation of the unit should de studies «
to cavita<tion and runaway conditions for each installatio
a relatively small head there may De certzin acvant:gcs witr
with a verticzl shaft, for example to reduce the size of t
required and to reduce the vibraticns during ruraway.

2ecause of =-he automation oF the I
~ requirements for the shut-off of t
%0 the power net-work is intarrupte <he butzersily valve or gatse,
whichever is fitted, fzils to operate, runaway is obizined with the
unit rotating at approximately twice its ncrmél speed ance the draft tube
is subjected to a very great strain. This TuSe shouvld be designed 0
withstane the vibrations which occur and Sor the same reason it should
be cast into concrete.

neTaL_ETign, Tlhere are sITLlgent

waTar=3587Ta LT Tlle cconnecticn

)
¢ -

The design of the invake

The intake should be provzaec with some type of extra shut-¢Iff
(stop-logs) to make it possible to clese the water-zath if the
butterfly valve cannot be closed, even thougn this condition must
be regarded as very exceptional.

The design of the trash rack

In order to reduce tne necessity of cleaning the trash rack it
may be desirable to increase the spcacing between the bars from
tne normal 20 =m to 50 tc 65 mm. This may be possible if the

rbire is & propeller-type turbine with fixel blacdes wnich re-
duces the risk of injury to Zfish z2ssirnz thrcugh the turbdine
Parzicular zttention should be paid te this point.

Tra:zh racx

Faticnalized autcmati trash rack cl22anars zre now on the markas
and in scme cases installetvicn of such ezuirzment may de justified.
Cleaners can alsq He installed after ewmzeriznce nas teen gzined wizh
the waterzourse in guesticn. The ns2cessity for cleaning varies cen-

sidera®l




s2l-race tubes

A very considerable number of the gropesed mini-pover staticns
are fi-ted with head-race tubes. Wnhen thase are renewed the
choice of materizls ard dimensions is reconsiderad. The
standardized mini-power steticns have & relatively long shut-down
period and 2 negligidle pressure rise aftsr shut-efI. It is
probable that the use of higher flow-velocities than previously
is justified and this also results in chezp head-race tubes.
However, particular attention shculd be paid to the shaping of
the tubes at +the inlet and at the cecnnection to the turdine by~
terfly valve in order *o ¢btain faveurzkle flow with the

nd of the
s

lowes= possible lc.ses. The details of the design a
foundations for tne tube must be decided for ezchn imstallation
inédividuzlly. The choice of material fcr the tube =ust also be
made from case to case using a tendsring procedure. Nowadays,

fibregiass reinforced plastic tubes can cften compete Wit
wooden or steel tudes.

3utterily valves

The butterfly valves used in four ol the preTeTyre instellatierns
have Funmctioned well. In future insvtallzsions ther shculd elsc
be Titted with 2 hand-pums. Steas shouldld Ze srevidad tTe prevant
them being turned bevond the end 3csition. Similarly, they

i ~

shculd fe provided wicth secure lecking dev

ices Zor use when
work is beinz carried out in the turbine casi

Shut-off gztes

- In two of the protvotype insztzllacicns ge

d <es were chesen instaad of
butterfly  valves. The primary reason was econcmy - lower
instzllation cecst and smaller losses in tThe water-path.

From the operationzl pecint of view, however, a butterfly valve
has certain advantages, parricularly in the wintar. As was
pointed out above, it is desirable that future installations
with butterfly valves are alsoc provided with sinple shut-cff
gates which can be operated menually if the valve does not
function.

Turnine
Special attenticn sheuld be paid to facilities for inspection
Z the runner in future.and Sor this reason the runner sheuld

- P
Lwura ghar

TuTure 2uid
(h2%her the

e Zaziled in

in5t costs




(3]

The prototypes units are guarznteed to withistand runawsy
operation for 2 hours. Due to the vibrations which arise,
runaway testing has only been :arried outr for short periods.

In the case of normal shut-dcwn the valve closes and no runaway
occurs. ¥hen the connection to the power netwerk is interrupted,
the turbine speed increases to about twWice the normal sceed
and runaway occurs for about 1l minute hefore the valve has

ime to close.

Runaway protection devices must be duplicated &nd in addition
t0 an electro-magnetic valve there must be a mechanizal-nydraulic

runaway protection device.

The vibrations during the synchronizing cperaticn and durin
-3

then the turtine casing is providsd with & vent 2ipe this must
have its opening sbove <he urpaer water-levsl. Ctharuisas chers
is a risk thet the stazticn will be flceodzs if ths non-returs
valve fails <o operzte.

i 3 P = ra=hna’ eyt el 23R A -t

Lifting facilitiss (an ey2-tolt) shculd de przvidad cver zhe
&= £ v - %~ - s - - . -

g3aring for future dismantiing during rezeir work

The noisa-level of the gearing Is lower thzn was ex

The genera2tor

Care should ke taken to ensure that the genare

2 Tor is net designed
for too low capacity. The value of the lcsses in the ganerator is
suificient to justily over-dimensioning of the zanerazicr. The

should be cooled by means of a thermostat-cenirolled suction fan.

In the case of large generators the windings should be provided
with resistive elements in order to allicw the temperature of the
windings to be da2termined in a simzlz manner.

The method to be usz2d for cool
stage sc that bcocth the ganerzto

= - - - - - - =2
Complete tezsts should Le carried cut 2t the weorkshoos of <hs
- _—— Do - 3 - = - S miiema S " . 2
anerater rmazulfecture in the case ¢f futurs delivaries,




G

is such

Fault indicztion and sigralling systems must be chesen

fcr e2c¢h case. The standard design of <hs prototyde unis

that if it is wished to run the machines with a fzaul:

which Is not consicdered serious it Is necessary to Ziscenrect
the signalling system. For future mini-power staticns e =ore
sophisticated signalliag system might be -onsiderad to be
justified in some cases.

The a
funcz

Voltaza

urcmatic control system Zor startinag zd stor

ionad satisfactorily for all the protatyre

cerigtion on the conneczed network

Dur

-
vel
nd
by

1]

ba!

or su

ing the designing of the mini-power station
tage variztions during synchrenizing was given i
apcrehension was exprascsaZ in casa the variztions shculé Se

ch a megnituds as to be Troublescnhe.

cing has
stallaticns.

0

The results of measurements &7 ¢on2 of the installatiscs
wz$ ccnsiderad to be criticzl showsd that th2 mzgnisude
The vcltags variztion is in azzresmsnt with that Scund by <thesor
but that the duration ¢f the disturtence is vervy shars ané thes
it Is without sizgnificznce Ia prazctice.

Other secints
The srcblem presented by Ice in <he inlat chamnel shsulé :a
teken invto actount during the desizm. Juring shorzt-zzom regulation
.the ice-cover can De Droxan 2né ice-floes may Slces Zownstrezm and
cover the =rash rick with interrupted opsrccion as z resul=s. This
can de counteractad by dimensicring the channel sc tha+t <he ve-
locity c¢f the water is kept low (<1 m/s) and by ilmizing ths 2u-
hour veriation in the dam weter-level to within 5 - 10 cm by mezns

cf automatic intermittent cperation.

However, turbines with fixed runner blades are not
on sites where ice-problems are expec:ed.

recommended
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