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7 in ductien

About 70 % of the total energy recuirement in Sweden has
be imported as fuel oil. This is cne of the main problems
the Swedish economy as it is for many other countries.
Electric power supply am¿cunts tc roughly 20 % of the tota
energy demand. In the year 1979 92 TVJh electric energy was 
produced. Until the mid of the 1960s the power supply was 
practically completely based cn hydro power. After that 
thermal power has taken a growing part of the increase in 
the power demand. In 1979 hydropower accounted for 65 %, 
nuclear power for 22 %, oil fired backpressure plants for 10 % 
oil fired condensing plants and casturbines for 3 % of the 
oroductic-n.
The installed generating 
14 200 in hydroelectric 
The last figure includes 
oil fired condensing clan 
1780 MW casturbines. Four

capacity at the er.d cf 19 7 9 was
niants anc * 7 A- - 0 vJ w MW in thermal plants
six nuclear u r* 1. “ 3 Cf 3710 MV:, 3C1C Mb
ts, 3100 MW c = c k pressure plants and
nuclear uni Z 3 cf tocether 363C MV.:

are ready for test operation sfter the positive result cf the 
nuclear referendum in March 1980. Another two nuclear units 
are.under construction and will be taken in operation durine
the 1980s.
The production of power is practically equally divided 
between the government through the State Power Board and 
power companies owned by industries, municipalities and 
other ncn-gcvernmental bodies. The latter are joined in the 
Swedish Power Association.
The total hydro power production now amounts tc around 61 TWh 
during a normal year of precipitation. Plants now under con
struction will give a further 1 TWh. On the basis of data 
relating to the topography and runoff, the total natural 
hydro potential has been estimated to 200 TWh oer year. Consi
dering inevitable losses, effeciency of machinery and water
ways, unfeasible sites etc, it has been judged technically 
possible to develoo about 130 TWh per vear.
On several occasions throughout the ye=.rs studies have been 
made tc investigate tc which extent k.vfrc tower are economi
cally worth development. Each new estimation has produced a 
higher figure than the preceding. The latest study was made 
m  1974 and cave the firure 93 TWh ter '.'ear as economical 
feasible. The evaluation of the potential is continually 
cr.anginc as a consequen.se partly cf technological and eccnc- 
meal development in cesicr. and construction and cartlv of 
costs of alternative cover traduction.
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In the fifties and sixties the évaluation was made in . 
comparison with oil-based production of power. The latest 
estimate is based on comparison with nuclear power, which 
according to present judgements is the cheapest alternative. 
Another alternative for the future may be coal-based power. 
This would probably result in a further uprating of the 
economically developable hydro resources.
With an economically feasible potential of at least 95 TWh 
per year, of which 62 TWh is developed today, an additional 
resource of 33 TWh per year should thus remain to be used.
However, under pressure from environmental groups, the 
government has decided that most of these resources must 
remain untouched. The actual plans aims at a hydro power pro
duction of only 65 TWh per year in 1990,
2. Background for small hvdro Dower oiants
Electric light was first demonstrated in Sweden in the 1380s. 
The power was then produced in small steam oiants fuelled by 
coal or oil. The first generating stations based on hydro were 
opened in the 1880s. These plants were usually built where 
there previously had been directly driven machinery for mills, 
saws, hammers etc. The plants were small anc essentially 
intended for supplying power co industries and communities in 
the immediate vicinity. They were most often built in small 
watercourses but sometimes in the large rivers too. In the 
latter case, howe;er, only a small part of the vat erflow was 
used for the plants.
Many hundred of such small local hydroelectric plants were 
constructed during the end of the nineteenth and the beginning 
of the twentieth century. As the technique of transmitting 
power by the alternating current method was developed in the 
beginning of 1900 it became possible to exploit more remote 
waterfalls. Gradually the power networks grew larger and 
a countrywide power system was established. The techniques 
at the design, construction and operation of large hydro
stations were developed in such a way that the cower from 
these plants became much cheaper than the power from the old 
small plants. The main part of the country's power was at 
last produced in the large stations, the costs of wich were 
determining for the power tariffs. The consequence was that 
the revenues from the small hydro plants were not hich enough 
for defraying the costs for reconstruction when the plants 
became worn out and out-of-date. The small cower oiants were 
therefore laid down at an increasing rate.
3. Energy potential in small hvdro

Because of the oilcrisis in che 1970s and the marked rise in 
energy prices the Swedish Power Association took the initiative 
in 1974 in a development scheme f"-r small hydro plants. In 
order to investigate the energv potential in cicseddown small 
stations a nation wide survey was carried out. Power compa
nies and electric utilities were asked about both closecdovn 
small hydroplants anc small hydro plants still in operation
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but which were judged to require a complete renovation in 
the immediate future. The survey was restricted to plants 
with capacities from 100 kVJ to 1500 kK. The limits were c'ncser. 
with respect to the assessment that power stations with a 
capacity of less than 10C kW would require unreasonably high 
restoration costs whereas very few stations with a capacity 
of more than 1500 kW had been dismantled.

The survey yielded the following results:
Number of units Caoacitv MW

Closeaaown plants 510 235
Plants built before 
1950 still in ope
ration 684 290
Miscellaneous
objects 156 25

1 350 550
If the closeddown olants according to this study were 
restored and if we assume an average annual utilization time 
of 4000 hours,we should have an energy production of the 
magnitude of 1 TWh per year. The renewal of plants still in 
operation would mean no additional energy, but if no measures 
were taken it would be necessary to reckon on a loss of energy 
amounting to about 1 TWh per year. The aggregate potential 
energy output of small hydro in Sweden is thus approximately 
2 TWh per year.
To be observed is that in this figure no new sites for small 
hydro are included. Without doubt there are many such sites 
in Sweden. However, it has been judged that these projects 
will be much more uneconomic than tne still remaining un
harnessed waterfalls in the large rivers. It is also certain 
that an exploitation of new sites for small hydro will meet 
a strong opposition fran environmental groups and organiza
tions .
4. Leaal asoects
Although there are large regions of plains in the south of 
Sweden, the country as a whole is a land of lakes and rivers 
with vast woods in between. As settlers moved inland and more 
and more northernly they followed the watercourses 'where 
tillable soil was to be found and the water itself became 
their help for transports and communication. They also cot 
fish for food, bog-ore for tools and reeds for winterfodder to 
the cattle. Smaller affluents afforded mechanical power to 
mills for grinding and sawing. On such a background already 
the early middle-ace provincial laws stated that use of water 
was based on private right. Ir. most countries the 'aterways 
belong to government or local authorities. In Sweden, however, 
they are still possessed by the owners cf the riverbanks, 
which sometime may be the government. This is an explanation 
why most of the small power plants are owned by orivatu compa
nies or individuals.
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is necessary to build a hydropower plant. The experiences, 
especially from the last years,indicate that the judicial 
trial often is very complicated, timeconsuming and expensive. 
Even a small plant, if ic is a site which has not been 
harnessed previously, may have many appelar.ts.
At restoring older closedcown plants, however, the judicial 
trial normally should not be too 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 economic 
advantage of the hydro plant must be greater than the capita
lized costs of the plant. The advantage is calculated in 
conformity to special rules stated in the water lav;.

5. Develooment orocramme
The amount of energy forthcoming from restored renovated 
small hydro plants in Sweden does not represent a very impres 
sive figure. It is, however, on the other hand a domestic 
energy resource which in a significant way may restrict the 
use of imported expensive fuel oil. The Swedish Power 
Association therefore considered it worth-while to try reduce 
the costs for small hydro to secure the continued cperaticr. 
of these plants and also tc put disused plants back into 
service.

The aim of the development programme was:

1. To renew plants still in operation. This may 
require rather comprehensive measures, for instance 
a complete new head race tube and exchange totally 
or partly of the mechanical and electrical equipment.

2. To add new units to existing plants in order
to increase as well the capacity as the energy pro
duction .

3. To restore plants which have previosly been closed 
down. This will usually require quite much of con
struction work and new mechanical and electric 
equipment.

4. To build new small power plants in small water
courses, v/hich up to r.cw have nor been harnessed.

The conditions are very different for the four categories. 
Category 1 will probably be the most favourable one ccncernin 
both ecomcmy and possibilities tc ger the legal permissions 
which are necessary. Category 4 is r.ct of immediate interest 
and will not come to fore until a greater part of unharnessed 
large rivers has been utilized.



The development programme was directed towards reducing costs 
of installations as well as costs of maintenance and opera.ion 
The idea was by means of simplification and standardization 
to reduce capital costs and -by means of automation to reduce 
operation costs.
The survey mentioned above showed that the development pro
gramme should comprise units for heads between 2 and 30 m.
The capacity of the units should be in the range 100 - 
1500 kV.
The survey also indicated that most of the ciosecdown plants 
wore situated not far from distribution networks 10 - 20 kV.
It was therefore decided to cispence with turbine regulator 
and voltage regulation for the proposed turbines. It was 
also decided that the regulation of water trough the turbines 
should be made in the simplest possible way.

6. Protctvoe installations
In order to test various technical solutions a number of 
prototype units were designed. The design and construction of 
these prototypes was done in cooperation between thv power 
companies and the manufacturing industries in Sweden. Some 
cf the costs of the prototypes were defrayed by government 
crants. The development work has been carried c.r. in two states

Stage 1:
This first stage comprised six propeller turbines with fixed 
guide vanes and fixed runner blades. These prototypes have 
been in operation since the beginning of 1977.

Stage 2:
The second phase comprised two units. These turbines were 
also equipped with fixed guide vanes but had adjustable 
runner blades. They have been in operation since late in 1979.
Some dates of the prototype units are shown in figure 1.
The prototype units have functioned rather well. In appendix 1 
however, some problems are described which ought to be taken 
in consideration for future installations.

7. Standardized units
It has been judged feasible to design the standardized units 
as propeller turbines with fixed or alternatively with adjust
able runner blades. The turbine is fitted with fixed guide 
vanes and thus no regulation of the guide var.es.
The turbine is normally co 
generator by means cf a tra 
connected via a transformer 
The voltage of the cenerato

nnected to a 
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The turbine is closed by means of a cate at the intake 
in the dam or 'a butterfly valve in the headrace tube, if 
such one is used. The cate or butterfly valve respectively 
are fitted with a hydraulic servomotor.for opening operations. 
Closing takes part automatically by a valve being opened in 
the hydraulic system and the gate (valve) being closed by its 
own weight (counterweight).
The unit is started by the slow opening of the gate (valve). 
After the unit has been connected to the network, which takes 
place automatically, the number of revolutions is controlled 
by the network. The starting and stopping of the unit take 
place automatically and are guided by a level indicator in 
the upper storage in the case of units with fixed runner- 
blades .In the case of units with adjustable blades the auto
matic operation can be adjusted to both the water level 
regulation with the level indicator and also to a device 
ensuring a certain amount of draw-down.
If the voltage of the net disapears, the gate or alternative! 
the valve is closed automatically. During the closing process 
the unit attains run away speed. To ensure a quick closure 
the unit is fitted with two overspeec protections one soler.oi 
valve and one mechanical hvcrauiic valve.
If conditions oermit intermittent coeratior. cf the unit, 
a turbine with fixed runner blades is recommenced. The unit 
can be given maximum efficiency when fully leaded and thereby 
the maximum possible production. t-Jhen the storage has been 
drained to its lower limit the unit is stepped and it will 
be started again when the upper limit has been reached.
If regulations of this kind cannot be permitted on account 
of conditions in the stream, the unit is equipped with auto
matic regulation of the runner blades. The unit can then be 
operated with constant upstream water level, i e utilize 
the available flow or be regulated within the limits pre
scribed. The average efficiency is somewhat lower for units 
having runner regulation than for units without such regula
tion. On the other hand, intermittent operation with utili
zation of the upstream storage implies a certain loss of head
For the erection of turbines there are various alternatives 
depending on local conditions and the head to be utilized.
The following three main types are relevant:
Tyne_1: Generally for 2 - 3 m head 

Propeller turbine with vertical 
Turbine erected in an open turb

shaft. 
ine chamber in

close proximity to the dam. Cic sure by care inthe intake.(In the lowest ranсe 
runner must be placed below the

of head the 
lower waror level)

Accention has to be paid to the design of the turbine cham.be
to avoid disturbances in the water flow.



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

Type_I_I;

Tyoe_IIl£

Generally for 5 - 10 m head.
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 butterfly valve in the headrace 
tube. (Figure 3).
Generally for 8 - 30 m head.
Propeller turbine with vertical shaft.
Turbine erected in a closed turbine chamber 
and with a headrace tube from the intake in 
the dam. Closure by means of a butterfly valve 
in the headrace tube. (Ficure 4).

These three types can be fitted with fixed or alternatively 
adjustable runner blades. With these six combinations the 
entire range between 2 and 30 m heads and 100 to 1500 kvv 
can be supplied by suitable units.
The following standardized runner diameters are recommended: 
0,5 - 0,7 - 0,9 - 1,15 - 1,5 - 2,0 - 2,3 m.

In the diagram on figure 5 is shown in which ranges the 
three types will be used.
The cnoise of runner diameter is dependent of many factors 
as flow rate, head and the position of the turbine in rela
tion to the lower water level. An effort to use any of 
the recommended diameters will imply a standardization which 
will be of 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 figure 8 the turbine efficiencies which should be demanded 
is shown.
It is generally recommended that the dam. will be equipped 
with a spillway considering the risk of disturbances on 
gates curing wintertime.
The intake have to be equipped wich trash racks with inter
vals between bars of 50 mm., ohereby eliminating risk to fish 
passing through the turbine.
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Headrace tuoes for units of type II and III must be 
dimensioned economically with respect to prevailing condi
tions. Alternative types of tubes are wood, steel and fibre 
reinforced plastic. From the point of view of laying as well 
as that of maintinance#it appearsthat plastic tubes have 
advantages to be taken into consideration when making compari
sons .
Bearing in mind the unit's manner of operation 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. ____ of the capacity of the plants
Determining for the capacity of a unit is partly the utilized 
head, 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 outflow of water is between 
5 and 25 1/s kri as shown on the map in figure 9.2-As an 
average value a specific outflow of 10 1/s and km can be 
assumed. Decisive for cnoise of capacity will at last be 
the cost of the installed capacity and the value cf the energy 
production. With the help of the diagram in figure 10 the 
capacity can be determined for various catchment areas and 
heads. The diagram is valid for a specific outflow of 
15 1/s and km.
It should be observed that fast changes of the water level 
at the intakes of the plants may cause troubles due 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 render
In order to facilitate uniform purchasing of mechanical and 
electrical equipment, recommendatioi*s are made for inviting 
tenders. It is deemed imperative that all of the mechanical ard 
electrical equipment be purchased from ore and the same suDolier, 
who shall have sole responsibility for complete celiverv of 
the equipment.
The invitation does not specify dimensions or the material 
for different parts of the delivery. Instead it is assumed 
that the tenderer who is liable for complete celiverv will 
specify the details in the cender - in some cases with alter
native choies material. The runner chamber and the runner 
blades ha/e to be mace of material which is résistent to 
corrosion. In the tender the quality is to be described. The 
tenderer must append to the tender an erection drawing for 
tne plant from which the purchaser can determine the extent 
of the civil engineering work which must be taken into 
consideration in evaluating the tender wirh reference to 
the total cost.
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The following shall be observed if connection ’ xth 
tendering :

a suitable level cf the 'turbine in relation to the 
lower water level shall be recommended by the tenderer 
with regards to efficiency and the risk of cavitation.
in cases where runner with fixed blades are offered, 
they shall nevertheless be 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 equipped with dual over
speed protections - one with a solenoid valve and one 
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 shall be cverdimensioned in 
relation to the turbine output in order to obtain more 
favourable temperature conditions and thereby prolong 
the life of the generator.
necessary measures shall be taken tc facilitate in
spection and repair cf the unit.

It is to be observed that the tender need not tc be con
nected with the standard unit for the propeller turbine 
proposed by the Swedish Power Association. The tenderer has 
the possibility to make his own alternative proposals with 
sufficient technical basis for evaluation.
In appendices 2-5 the basic data for the tender are given.

10. Matters to be submitted to the Water Court
For the restoration of old plants for which permission 
granted earlier have not been utilized a water court 
decision is required. The same is valid for suplementing unit 
to plants still in operation in order to increase the 
energv production.
To the application to the water court a summary technical 
description of the project shall be attached containing 
information of the capacity of the new unit, the value of 
the energy production and the annual anc capital costs to 
be met by the project. Interests involved shall be seated. 
The application shall indicate the relationship between the 
net vaiue of the plant and the value cf the damage. In the 
cases of restoration or extension of ole plants the econcm.i 
legality are generally undeniable. In the cases of new olar. 
however, testing of the economic legality mav be decisive 
with regard to the right to carry out the project. For such 
plants the fishinc interests mav be crucial.
To facilitate legal aspects of renevatien c 
special recommendations nave been mace.

old
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11. Economic aspects
The costs in Skr/kW for the mechanical and electrical 
equipment concerning units with fixed runner blades are 
shown in the diagram in figure 11. Units fitted with 
adjustable runner blades will cost 250 000 - 300 000 
Skr kr more per unit. The costs have been verified in 
connection with purchasing of six uni*-s with fixed runner 
blades and five units with adjustable runner blades.
The costs of 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 calculated to 13,5 ore/kWh.(Interest 8 %, period 
25 years, cost of operation and maintenance 1 % of the 
cost of installation). In figure 12 the average costs 
are accounted.
The Swedish Association of Electricity Supply Undertakings 
has drawn up recommendations concerning the payment for 
energy from small power plants. The payment is different in 
winter and summer and during daytime and nighttime. For 
the eleven plants analysed here, the payment has been 
10 to 12 ore/kWh i e less than the average cost.

12. Government subsidies
In order to promote utilization of closed down small 
hydro plants, the government has since 1978 - 07 - 01 
given subsidies to such plants. The subsidy is upward limited 
to 35 % of the total cost of the restoration. Subsidies are 
only given to such restorations which can be proved profi
table from the national economic point of view. On the 
other hand subsidies are not given when the cost of restora
tion is less than the revenues. The current forms of 
subsidies are valid until 1981-07-01. Up to March 198G 
42 million Swedish kronor have been granted for 48 projects 
with an energy production of more than 100 GWh/year.

Figures of the projects are shown below:
Enercy

Number Caoac itv Production Subsidies

Prototype units 8
kw
5000

GWn/vear 
2l“, 5

M Skr 
6,15

Other units 40 19300 83,0 35 ,74

13. Futur® oromo tion of small hvdro
The government subsidies certainly have had a positive 
effect on the restoration of small hydro plants in Sweden.
It has, however, been difficult for many of the owners of 
small hydro to finance the remaining part of the cost (55 %) 
by ordinary bank loans. A combination of reduced subsidies 
and governmental loans would probably be of creat importance 
for tne further development of small hydro. Subsidies would 
primarily be used to pay the costs of the first investiga
tions anc the costs at the '••¿ter Court. Such a promotive svstem is under consideration.
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Average costs

Capacity
E n e r y y  - 
p r o d u c t i o

kW GWh/year

1 . Av e ra ge  c o s t s  f o r  

six p l a n t s  w i t h  

f i x e d  r u n n e r  h l u d c s 700 3,3

3 . Av(_'iM|>.i> c o s t : ;  f o r  

f i v e  p l a n t s  wi Lit 
ad justal>to r u n n e r  

111 .11 If  s !S30 2,0

d. Averaj 'e  cost;; l o r  

a l l  r l e v e n  p l a n t s 070 3,0



Other cost Total cost
and electrical equip
ment

Cost for mechanical

M Skr Skr/kW M Skr Skr/kW M Skr Skr/kW

1,50 2 150 2,50 3 550 <1,00 5 700 lr.i,I

1,7 5 3 300 2,35 <1 <|00 <1,10 7 700

’■JH-
c:

l,h ? f.00 2 ,'l 3 ‘J00 <1,05 6 600 <D
!-•



It has been judged necessary to make general surveys con
cerning the most suitable restoration of small plants in 
every watercourse where small hydro is of current interest. 
Such general surveys also will help the owners of small hydro 
to cooperate in the dimensioning and design of the plants in 
the same river. These general surveys are administrated by 
the provincial governments.
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MINI-POWER STATIONS

Prototype installations - experience gained

The eight prototype installations have been object cf follow-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.

This is only a summary of the points which are of particular importance when 
designing the machines and electrical equipment for mini-power stations.

The disposition of the unit

The installation elevation of the unit should be studie-i with regard ' 
to cavitation and runaway conditions for each installation. Even for 
a relatively small head there may be certain advantages with a unit 
with a vertical shaft, for example to reduce the size of the building 
required and to reduce the vibrations during runaway.

Because of “he automation of the installation, there are stringent 
requirements for the shut-off of the water-path if the connection 
to the power net-work is interrupted. If the butterfly valve or gate, 
whichever is fitted, fails to operate, runaway is obtained with the 
unit rotating at approximately twice its normal speed anc the ¿raft tube 
Is subjected to a very great strain. This tube should be designed to 
withrtano the vibrations which occur and for the same reason it should 
be cast into concrete.

The design of the intake

The intake should be provided with some type of extra shut-off 
(stop-logs) to make it possible to close the water-path if the 
butterfly valve cannot be closed, even though this condition must 
be regarded as very exceptional.

The design of the trash rack

In order to reduce the necessity of cleaning the trash rack it 
may be desirable to increase the spacing between the bars from 
the normal 20 mm to 50 to 60 mm. This may be possible if the 
turbine is a propeller-type turbine with fixed blades which re
duces the risk of injury to fish passing through the turbine. 
Particular attention should be paid to this point.

Trac!-1 rack

rationalized automatic trash rack cleaners are now or. the market 
and in seme cases installation of such equipment may be justified. 
Cleaners can also be installed after experience has been gained with 
the watercourse in question. The necessity for cleaning varies con
siderably.
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A very considerable number of the proposed mini-power stations 
are fitted with head-race tubes. When these are renewed the 
choice of materials and dimensions is reconsidered. The 
standardized mini-power stations have a relatively long shut-down 
period and a negligible pressure rise after shut-cff. It is 
probable that the use of higher flow-velocities than previously 
is justified and this also results in cheap head-race tubes. 
However, particular attention should be paid to the shaping of 
the tubes at the inlet and at the connection to the turbine but
terfly valve in order to obtain favourable flow with the 
lowest possible looses. The details of the design and of the 
foundations for the tube must be decided for each installation 
individually. The choice of material for the tube must also be 
made from case to case using a tendering procedure. Nowadays, 
fibreglass reinforced plastic tubes can often compete with 
wooden, or steel tubes.

butterfly valves

The butterflv valves used in four of the prototype 
have functioned well. In. future installations the; 
be fitted with a hand-pump. Stops should be prcvic 
them being turned beyond the end position. Similar 
should be provided with secure locking devices for 
work is being carried out in the turbine casing.

installations 
should also 

ed to prevent 
'iy, they 
use when

Shut-off gates

In two of the prototype ir.stallacicr.s gates were chosen instead ef 
butterfly valves. The primary reason was economy - lower 
installation cost anc smaller losses in the water-path.
From the operational point of view, however, a butterfly valve 
has certain advantages, particularly ir. the winter. As was 
pointed out above, it is desirable that future installations 
with butterfly valves are also provided with simple shut-cff 
gates which can be operated manually if the valve does not 
function.

Tne turnme

Special attention should be paid to facilities for inspection 
of the runner in future.and for this reason the runner should 
be mace accessible vi2 man-hole covers.

The cooling-water supply and the questicr 
be giver, careful consideration.

itraticn shcuic

¿he question as to whether the cocl 
supperting bearing should da driver, 
it can continue tc cterete when the 
power, should be considered.

water pump for the 
direct current, so that 
er station is without

Facilities for (manurl) a 
be provided at all irstal 
runner hub shcuic be cyli 
eacr. inocvicuel esse weir

es
s. me cues a c

al mus
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The prototypes units ere guaranteed to withstand runaway 
ooeration for 2 hours. Due to the vibrations whic.n arise, 
runaway testing has only been tarried out for short periods.
In the case of normal shut-down the valve closes and no runaway 
occurs. When the connection to the power network is interrupted, 
the turbine speed increases to about twice the normal speed 
and runaway occurs for about 1 minute before the valve has 
time to close.

Runaway protection devices must be duplicated and in addition 
to an electro-magnetic valve there must be a mechanical-hydraulic 
runaway protection device.

The vibrations during the synchronising operation and during 
runaway when the unit drops out must be counteracted as explained 
above.

When the turbine casing is provided with a vent pips this must 
have its.opening above the upper water-level. Otherwise there 
is a risk that the station will be fleeced if the nor.-retum 
valve fails to operate.

The gearing

Lifting facilities (an eye-bolt) should be provided ever the 
gearing for future dismantling during repair work.

The noise-level of the geering is lower then was expected.

The eenerator

;
. ' v_

Care should be taken to ensure that the genera 
for too low capacity. The value of the losses 
sufficient to justify over-dimensioning of the 
should be cooled by means of a thermostat-cent:

or IS net aesi
.r. the generato:
gamer.ator. The
■oiled suction

In the case of 
with resistive 
windings to be

large generators the windings should be provided 
elements in order to allow the temperature of the 
determined in a Simula manner.

The method to be used for cooling should be decided et an early 
stage sc that both the generator and the building car. be designed 
accordingly.

Complete tests should be carried cut at the werssheps cf the 
generator meufacture in the case cf future deliveries.

Automatic control ecuicver.t

greatest possible operational reliaii 
for the prevention of flooding of the 
be duplicated.

C. -AC rcr
■eoessarv

№ m
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Fault indication and signalling systems must be chcsen
for each case. The standard design of the prototype units is such
that if it is wished to run the machines with a fault
which is not considered serious it is necessary to disconnect
the signalling system- For future mini-power stations a more
sophisticated signalling system might be considered to be
justified in some cases.

The automatic control system for starting and stopping has 
functioned satisfactorily for all the prototype installations.

Voltage variation on the connected network

During the designing of the mini-power stations the question of 
voltage variations during synchrcnicinz was givan much a*, tent 
and apprehension was expressed in case the variations should 
of such a magnitude as to be troublesome.

The results of measurements at cr.e of the installations which 
was considered to be critical showed that the magnitude cf 
the vcitage variation is in agreement with that found by theory 
but that the duration cf the disturbance is very short ar.d that 
it is without significance in practice.

Other ooir.ts

The problem presented by ice in the inlet channel should be 
taken into account during the design. During short-term regulation 
.the ice-cover can be broken anc ice-floes nay float downstream anc 
cover the trash rack with interrupted operation as a result. This 
car. be counteracted by dimensioning the channel sc that the ve
locity cf the water is kept low (<i m/s) and by limiting the 2u- 
heur variation in the dam water-level to within 5 - 1 0  cm by means
cf automatic intermittent operation.'
However, turbines with fixed runner blades are not recommended 
on sites where ice-problems are expected.

I/ 
И»



Mini-sower station
Sate far ir.vl~a~ltr. to tender

Power plant: Waterway:
Municipality: County:

Owner: Contact person: address:
tel.

Restoration ( ) Renovation (_) Addition (_} Sew Futility (_)

F i:od Adjustable
**' •‘ O ’ '

blades blades
( : ) (A)

Turbine type: orcoeller turbine
\ _

«  «

Intake gate (I;

Type II : Closed turbine pit, her . (II) O )

Intake gate o

Butterfly valve o

Type III: Closed turbine pit, vert. (Ill) ( J ( J

Butterfly valve o

Head race tube: Length: ..... m Diane r »... m

Water level, upstream: max.: +.... downstream.: max.: +
normal; r .... normal: t
ÎH1 r. . t  . . .  . *•• i M

Head (geod) nax. : . r
r\ ̂ *̂7 a 1 ;

Flo-’ 2 -  -* -
2tV-i , ; . . . .■ " s- •' - -  ’ r
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Appendix 1

Mini-oc^er station 
Dene fer submitted t*

Power plant : 

Municipality:

Waterway : 

County:

CcnT3CT '^?rSCn

*esto:ration (_) Renovation (_) Addition (_) New ract-ity (_)

¿vue i:

Type II: Closed turbine pit

Fyps

Ls t *■* a

- b i n e ,  ? 1", v s r ~ . (Ij

gate o

pit, her. (II

b-~- O

riy valve C )

turbine pit, vert. (I

rly valve o

?ivâC flC'UStcC.
blades blsdrs
CD (A)

». )

( )

Head race tube: Length: .......  n Diameter:

Water level, upstream: r.ax.: -r.... downs trea.r : r . a : t .
— r* -*‘*-1 3  1

head (gecd)

:esign ciscnarre:

* b  •• r  • i  —
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Fewer plant: 

Owner:

he tender shall quo 
over station cf tvo

• a  C  r .

VAST.
3l

he cc~.pcr.ents and works covered 
ied below.

e_e

er are speci-

As c s :vr.a~ I.s
r.; xss ¿T. X*

Convener.

<

a1 a vcr. se.w or
:r.oJ

3v.tter~l> valve with hydr. servomotor

-- r' “ w -5 — 3  

Oversteed ^retentions: 
solenoid valve 
mechanic-hydraulic valve

Intake unit cf steel plate (dimensional) 
data indicated in the drawing)

Turbine casing with necessary ranks anc 
recedes
Fixed guide ring and bearing housing 
for journal bearing (rubber bearing;

( )

\

( )

(_)

O
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— •

-3*1-
2.

►

Runner shaft (tubular)

•

(J
*

Combined thrust and guide bearing (j

Runner chamber, split o

Draft tube (dimensional data) o

Discharge lines between turbine casing
and draft tube o

Coupling between turbine and
generator shafts o
or
coupling between gear shaft and generator
shaft (I)

r3S£ r£Sr.S STIC bC — -5

Safety devices

Cil for initial filling of servomotors,
gear and bearings C )

Gear, cylindrical single-storey gear (j

Asynchronous generator, type ... O
Electrical and control equipment

Capacitor bank o
Control and relay board O
U00 V switchgear (J
Diverse electrical auxiliary equipment
e.g. for level regulation (j

Transformer, standard G.^/10 kv or
3.3/13 k'/ —  •

(_)

Plus the fallowing works: 9

All transports C >
— • -s (

Auxiliary devices for erection i )

e/ecticn -
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i . Guarantees

a ) Efficiency guarantee

A hydraulic efficiency guarantee she 
tests on model wheels. The efficier.: 
to 25, 50, 75 and 10C% lead at K=

b) Output

A guarantee shall ha provided that : 
in the tender at H= car. ta acr.tevec.

state:

c) Cavitation guarantee

the value spécifiée in apoendix A2, a 
vidée chat the turbine car. be cterete: 
stated cutput witheut risi cf harm.ful 
in standard Si:: 25 30 10.

d ) General celiverv zuarar.tee

The complété deiivary is guaranteec f: 
cr 10 C00 hours cf operation, whiebev er ccr.es r_

or i. 
rst.

a vv-^antee is provided that overs peed forO  * •

hours shall not lead to pî 

2. Insurances

:a...age.

The supplier- shall be responsible for ai: 
insurances for the delivery.

3. Delivery time

Within 2 months follcv;ing order placeman* 
shall be submitted to the purchaser. The 
deadlines shall than be met in order the- 
can proceed according to schedule

tsoort ar.c erectic;

i - -
spec

Penalty clauses

a) u:

■ ** -  y  ^ j c S

m (
Ki



—

_ 7 - _

b) Cutout guarantee

c)

If the guaranteed output . ..k'< cannot be achieved at the speci
fied head H= .. . r., fines shall be payable in the fern of a 
reduction of the agreed-uper. price by the sate percent as the 
output loss represents of the guaranteed output.

Deliverv delav

If commissioning of the power plant is delayed through the 
fault of the supplier and the purchaser thereby suffers a 
loss, fines for delivery insurance shall be payable. The fines 
shall be 0,5% per each whole week of delivery delay, provided 
that the deliver’/ delav is the cause cf the delav in commissioning.

:e ror
5—0 Ci r — SC

:cr!?-et2 csl-very, 
tns -STlwSr*» Xl"; Vi.cV.'

.r.es are generally less than 1 ; 
:t anv index adjustment clausa.

(value added tax, VAT) —̂ «*•
w  —

;c;VI7.Sr. -
Payment shall be made in

1. Genera, ccr.citicr.s

General Conditions N170, MLM71 end TPT1S she 
unless otherwise specified when ordering.

-- ato_'. delivery,

1

l




