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INTRODUCT I
by 3. Gunnes, M.Cc. iz Zivil Engineering.

Tirector of The Water Pcwer Research Csparwmert, ¥VE.

The history of Horwvegian hydro-pover in *he meaning of electricity
generation, tegan one hundred years ago. The first very smeall units
were estatlished for supplying eleciric ligat, and were buil® and utiiized

by private enterprises.

In the year of 1285 the first pcwer-plant with the purpose of selling

electric power, was established.

Although there vere few power-plants constructed up to the turn of <re
century, this period nas a par-icular place in *ie Norvegiaen electri-
fication histcry. The constructionf hyirs-z:wer plants during this
period was mainly urdertaken by mining- og capermill comparies, and
formed an important crigin for the furtier develovacr® of industry in
the 2cuntry. CZeside supplying electricity %o the factories, the sur-
rounding cumuni®.ies were provided with elecwuriz light.

The £irst electricity companies organized and owned by municipalities,

grew up from arcund 190C. Their main purpose was domes' lc supcly.

]

From 1GC7 ip =2 adout 1327, several tig hydro power projeczts vere zonst-
ructed and put intc uperation. All of chem wi-h the purzi:e of supplying
electric pover to elestromezallurgical and electrochemical Indusiries

established close o the power niants.

During “he 3ame period a large number of development carried out by

municipaiities aiso 20k place.

It is clear that around 1929 the basis for the industrial development
of the country was founded, and it is obvious that vater-trwer nad a
central pluce in that picture.

During the perioa from 1970 up to 1745 (the 2eginnirg ~f tre zescnd
world var), 2 laize nusber of power-plants were corstrust-d, ALl of rhese

wers basically operating on limited local gridi.




The table below shavs =<he stasictics from 1:L4 with all *ogesraw > o7g

wvater-power staticns:

Norvegian water—power stations per. Januiry lst, 10LL:

Generating capacity Nunber Sum generating capacity
PR 10C kW 1,:6: 37.1 MW
16 - 550 kw 276 =3.% vw
500 - 1,00C kW 3 57.2 W
1,300 - 5,00C kW lie 237.7 My
5,330 - 10,000 kW 0 2.5 W
18,360 - 20,300 kW i 2%0.3 W
20,330 - 50,200 kW M3 572.8 W
50,900 - &W s 235.3 W
Sum 2,.c9 2,301 Md

We recognize tiaat a aumber of 1,462 stations, or 73 % of :he tcral
aumber, had a generating capanity of less thar 15C KW, Heowever, the
~otal outpu: from these 1,453 stations was only 1.2 % 52 the zotal

generating capacity.

After 1945 a toom regarding developmer. of Zprgze piants started

countrywide development of a hige volvtage transpi:

lon line system
began, and successively %he small local poversiations became <oo
expensive and unreiiable +, keep in operaticn compared -o the safe
and abundant supply from the new big system. Most of the small power-
stations vere therefors cingsed, or they were included in tre develon-

ment of bigger schemes.

In the nex: table the statistics over water-power stations per.
January lst, 1979 are snown:




Norvegian water-pover stations ver. Januacy 1st, 1979:

Generating capacity Nuzber Sum generating capacity
c - 1 MW ca. 25C ca. T95 M
i- loww 195 736 MW
10 - 20 W ST 92 M
20 - oMW 35 2,717 W
5¢ - 100 MW it 2,942 My
100 - MW 52 10,171 MW
Sum €T3 17,51 MW

It Is reen that out of 1,818 stations with a capacity less than 1 W

in 194k, cnly 250 are still in separate operation.

Uo %o 1GT6 little attenticn has Seen paid to tke small unjts cf
hydro-power potentials, mairly tecause of an abundant supply of cheap
electricity. However, as development of new large schemes are facing

a groving resistance from groups of people and various organizatiosns,
it has become more and more difficult to f£ind new schexes for providing
3ufficient electricity. Therefore the small potentiels are again in
forus, and at rreseat a ~ountrywide investigation is gcing on

fcr registration of the small lwdro-powver potentials. Within 1979 a
registration of about $20 power-piants, ranging between 300 kW and
1C,000 kW will be completed. The total energy Sutput from these plants
is expected to amount to approximately 5 TWh mean annual production, which
is 6 % of the hydro-electric potential already developed in the country.

A number of the small old stations, which have veen closed some
20-30 years ago, are included in this investigation. However, a great
oumber of the very smallest, potentials less than 300 kW, will be investi-

gated and registered later on.

The cost limit for economic feasible power-plants is assessed to an
investzent of C.40 US$ per. kWh annual producticn (cost level 1979,

interest T % p.a., ecoromic life 40 years),




Aczlassifizatiinin strict terms 5¢ small svtaticns versus medium and
big staticns, Is rataer iffizuit. There seems to be only one l.gical
term limitetion; the cagpacity of stardardized units which are maru-
factured today. This iimit is approximately 10 MW. There is no lower
limit.

To make as many as possible of the small power stations eccnomically
feacible, is it necessar; to emphasise the imp riance of standardized
ejquipment and econcmic design, construction and operatior.. The large
numocer of stations wnich may bte Suilt, make a comprehensire s:andardi-

zation possit.e.

In 1372, ~ae lorvegian eleztrizity supply system was organized in 325

serarate units. ~4f thnese urits 327 were responsibie for iistrituziszs I

elacwric pever to domestic cinsumers. M2st of them were Cwred T the Zuni-

cipalities or 2y tne ccunties. Amcng these units most of the small

rydrc-power ijevelopment is expectel %o take bplace.

Almost 3C % of <te pover production comes from stations owned by <ne

tat2 Jover System, which is a directorate under the lorvegien Water

(]

Sesources and flectricity Board 'NVE). This directcrate 13 plannirg,

necessary Suncticrns for these purposes. The State Pcwer System is nor-
zally engaged 7i<n <ne biggest power-plants and transmissicn linec,

and I3 therefire 37 less interest regarding vhe small pever-rlants.

The sma.l sources sf hydro-power, srtould be ccnsidered as any otner
source of aveilatle energy. At wrisn time <he varicus small souirces
ars =0 te develaped, will ieperd <on the develcrmen<t cos<3 2ompared

©o =ne 22s8%s cf otner available =nergy sources,

The development ~usts for small nydro-pcwer vlants in Nocreay proves to
range ‘rom agout .22 LS § per ks, up tc the limit of eccnemic feasiGlz2
power, i0d aven nigrer. miis indicates that tne deveicpmernt »f -ne
sneapes’t resources CUght %O ve started as soon as pnssitle, wnile <ne

mcre expensive cres rrosacly -nculd te developed witnin I0 years or =7.

| S




However, one factor shouii te .aken into acczunt irn this regari; --=
soall piants are cfter located neer=r thr ccrsumers than the tig plants
are, and shculi therefore be given scme eccnomic credi-s vecause of re-

duced <ransmission costs and losses.

The official polizy in Norwegian electricity scpply is, that the excisting
electriiity institu-ions scal: Cperate treir swr existing power syste=m

as they ic i~ now, either directly or in Joint ec-orerationwith other
electricity comparies. Furthermore, they cught %o have responsibility

for the developmert Af the sSmilier water-zower scur:es yhich are spread
arcund the ccuntry. However, to promote a more efficient electricity
3upply, the pclicy is to work Zor a soncentrarior 5f the smallest urjts

in companies comprising a county, or if cer-a rn circumstances make

this 3fficylt, 2-4 unizs in a courty.

for organizing the develorment of smaller vater-pover scaemes, :tvo

modeis seem interesting.

- Tke zounty (sr another tigger unit) is responsible for planning, finman-
cing and :zastructior, and Is alis “ae Luner if t.e rlant, Tre local

cnizizalisy i5 given <ie recpoLsit

ity fir runrirg and daintaranczae

¢ tne ternial 2piipment.

= The local zunicipelity is zre >ner, and nas =ze responsitilisy ror
rooning chz plant, tue saz tg

J2in the Zigger system -hrougt a

Pover produstion co-operaticn.

Both mcdels aim, as far as pcssitle, <0 maintain a decentralized
elezericicy -rganization 373%em with urits big ensugh to promcte a

3trong =ccncey and sn efficient utilizating ¢ the energ; resour:ze;,

As tne small vater-pouver clants are regarded as ap integrated part of che
total system, any special financial Arrangenent Las not teen propated.
The pessivility of Zi7ing some econoric Suppor: for promoting :larning,

exceptad.

This will 2? courze impede the small municipality units in develsping
their uwn plan%s, tecause they usually have tne possitility of buying

auch earer electricity from the Iro3s suppliers, for example the caunty

«The electricity price in dorway hes deen kept cons.derably lower tran




the cost of developing new power, ceused by “he great numter of old
depreciated water-power plants’'. The financial policy makes it neces-—

sary with units big enougn %o menage *his financiel problen.

From the out.ine above, it shouid be juite clear *ha% th> 2lectricity
from the small power-plarts crdinarily will ve Intermixed with *h
pover floating in the mein grid. 72nly in particular cases, as for
example in especially rexote sreas of the ~cuntry, the power will te
produced for a lirited grid. It also seems %0 be of limited impcrtance
0 keep the small power-pilants as a reserve ip case some perts of the
main system shculd have a treskdown. This will require more expensive

equipment, and is ccnsequently a jus;tisn of economy.

The articles in *his paper iIntend %o give an outline cf modern Necrwegian
technclogy regarding lesign and developmernt of small scale hydroelectric

powarplants.




SHALL SCALE HYDRO POWER-PLANTS

- Development of local industry

- Controll and maintenance of the hydrauliz eguipment in hydro power-plants
- Small sized hydro power turbines

- Technical evolution and standardizing.

by 4. Mjoliner, Director and general ma2nager

DEVELOPMENT OF LOCAL INDUSTRY

Hydro power development may entail significant contribution to local industry,
primarily the civil works. However, through cooperation between contractor
and local industry, production of small hydre turbines may also contribute to
increased local activities.

The assumptions are as follows:

There must be a basis for development of a mechanical workshaop milieu.
Primarily, the work will consist of plate construction and welding operations,
producing relatively uncomplicated parts as draft tubes, draft tube jates,
fundament casings, supply machinery like trash racks and simplified gate
constructions.

The material used in these constructions will be mild steel which is easy to
weld. For low head plants, the production will also comprise penstocks, ex-
pansion boxes, manholes and turbine casings.

Today, most turbine parts consist of welded constructions. Consequently,
turbine covers, guide vanes, guide vane arms and chains can be produced
locally. However, demands for quality are more stringent when it comes to
production of the vital turbine parts, especially for turbines which are
intended for high head plants. This will often require use of non-destructive
material inspection, i.e. liquid penetrant inspection, magnetic particle in-
spection, ultrasonic and X-ray inspection, and, of course, heat treatment
facilities.

Further, it weuld require a machine workshop equipped with the most common
machine tools in order to machine flanges, drill noles etc. Local production
of turbine c/linders, distributors etc. requires precision tools in order to
obtain satisfactory quality.

Assembley and fitting together of the products require a mounting shop, in
which locally produced parts and parts produced by thg,contractor are fitted
together, adjusted and exposed to pressure and functibn tests.

The possibiiity of training personnel for the various spheres will rcpresent

an important precondition. Training, primarily at the contractor's, is assumed
to be both expedient and necessary. On the other hand, the contracto- will need
to have guarantees that delivery dates and quality requirements are met. From
a contractor's point of view, this will often represent one of the main ele-
ments of risks. The problem may be solved if the customer is willing to share
the risks to some extent, in order to promote local production.

Alternctives for developmant of local industry can be described as follows:

- Contractor establishes a subsidiary in the topic area.

- (ontractor cooperates with an existing company, which will act as
sub-contractor for specified products and services, or based on a
Joint-venture agreement.

- Contractor enters into licence agreement with an existing company.




It would take too long to describe these alternatives in de

tafl, but it is
obvious that exploftation of hydro power, through rational cooperation be-
tween customer, local authorities and contractor, would represent significant

opportunities for transfer of new technologie
thEortanities for. ogies and increased employment in

CONTROL AND MAINTENANCE OF THE HYDRAULIC EQUIPMENT IN HYDRO POWSR STATIONS

1. INTRODUCTION

The daily or routine maintenance of the equipment is usually described
in the supplier's operating and maintenance instructions.

This will, however, in many cases make an insufficient basis for the
Tong term preventive maintenance, which is due to many circumstances
but espesially the fact that the operating conditions vary considerably
from place to place. The purity of the water, physically (foreign
material like sand and other solid substances) as well as chemically
{degree of acidity, contents of chemical pollution, etc.) will be of
vital importance when deciding how to plan the maintenance of the
equipment,

The object of the maintenance will be in two parts:

- Main object is continuity of operation, which means that the plant
will not be exposed to unintentional standstill because of breakages

- Water economy, i.e. optimal utilization of the energy supplied to
the turbine, is of vital importance where water resources is a
minimum factor. By measuring of old plants, it has been proved
that the efficiency of the turbine deteriorates with time, the
degree of deterioraiion depending upon mode of operation, con-
struction and amount of maintenance performed.

Some of the most important factors reducing continuity of operation
and efficiency are highlighted below.

2. CORROSION

Firstly, corrosion will lead to perforation of the material, thereby
causing leakages. Outside the statfon, this will not cause immediate
major damages. Inside the plant, however, even small leakages may
cause major damages by exposing the electric control equipment and
maybe “he generator to direct water spurt. In cases when the operating
mechanism of the shut-off valve 1s operated by water pressure from the
penstock, special attention must be drawn to the pressure tubes in
these control systems and also to the bypass line. When new, these
tubes are dimensioned in the same way as the main pengtock, but
because of small diameter, the material {s considerably thinner, and
the interior corrosion develops just as quickly here as in the main
penstock, provided approximate equal material quality. Usually, such
leakages will be discovered at an early stage. Real danger will arise
when the corrosion has been permitted to develop so evenly and to such
an extent that the remaining materfal will not have the necessary
strength. By increase of pressure during load rejection, this may result
in sudden fracture, which primarily causes large water leakage and
secondarily may entail unability to stop the mschine when the water
for the operating mechanism fails.




Our experience is that most of the damages relate from corrosion on

vital bracket joints, which may not be so easy to inspect, but

which may result in considerable damages. For instance, it frequently
happens that stay and screw joints in the trash racks corrode, so that part
of the trash rack are transported into the turbine.

Hydro power olants have an extraordinarily long span of life, and
therefore, the problems in this field will undoubtedly increase
considerabiy, also because of the fact that during the later years the
materials have been utilized to a much higher extent than before. Special
attention is required with regard to the gate constructions, which are
of vital importance to the continuity of operation and which are often
inaccessible for inspection and maintenance.

Moreovcr, valves, control devices, air inlet valves, etc. which are

seldom in use, will be affected, because they may corrode so much that

they cannot be operated. [n many cases, it will consequently be impossible
to make these components function when necessary, resulting in considerable
interruptions of operation at the plant. This can be illustrated as
follows: In many cases the penstock is provided with an emergency butterfly
valve and an air inlet valve. If the air inlet valve has rusted in,
draining of the penstrck will resulc in complete compression.

Corrosion fatigue is another frequent phenomenon. This especially concerns
the part of the turbine shaft in horizontal turbines e.posed to water, i.e.
in sharp transitions as keyways etc.

The stress level in such components is set low, and theoretically it is
unlikely that fatigue will accur. But it is also known that when an
horizontal shaft is exposed to corrosive surroundings, the danger

of fatigue fracture will increase. This is among other things due to the
fact that the surface develops corrosive holes where the stress level
increases compared to the conditions existing when the shaft surface was
not corroded.

As regards reduction of efficiency, the corrosion knots that normally
develop in the water exposed areas of a hydro power plant where the
material is of ordinary mild steel, will be of considerable importance.

This applies to the total water way, inlet gates, trash rack, penstock, shut
off valve, turbine and outlet. In Francis turbines, the spiral casing and
stayring, distributor and runner are often very much corroded. To some
extent, stainless material is being used in runner, guide vanes and the
interior surfaces of the turbine cover. This increases the initial cost, but
will prove profitable in the long run because of con:iderable reduction of
maintenance costs as well as maintaining high efficiency,

EROSION

Erosion may often represent danger to the continuity of operation
equalling those arising from corrosion. Considerable damages are often
caused by sand in the water. In high-head plants with high water
velocity erosion attacks may often be considerable. However, low head
plant; are also vulnerable. In horizontal Francis turbines we have seen
that the shaft sealing bracket has eroded to such an extent that it
broke and the plant was inundated. Usually, it will, however, start
with a minor leakage. frosion may result in vital bracket Joints being
destructed.

Erosion in the turbine dictributor will high'y affect the continuity of
operation. Major leakage in the distributor because of abrasion may
result in difficulties with regard to reducing the revolutions per
minute sufficiently when the distributor is shut off, which in turn
result in problems with regard to parallelling into the grid,




reakage in the distributor M3y, in extreme cases, result in problems
when operzting o/ the shut-off valve is needed. [f th- plant is equipped
with sluice valve, this will prove difficult to open, since the bypass
valve will be unable to provide sufficient water an the downstream side
of the main valve in order to obtain the correct pressure there.

Thereby, the friction power of the sluice will outstrengthen the

the power of the servomotor. This will not apply to the spherical
valves, but autumatic operation is dependent upcn a certain amount
of prassyre downstream the valve in order to mxke the main control
valve function. Slide vaives usually have 0il hydraul.cs for openirg
and drop weioht for closing, making the problems less prominent, nut
major leakage in the distributor May cause difficylties.

CAVITATION

As will be known, cavitat-on occurs in cases when, Tocally in the
turbine, the water velocity is so high that the pressure decreases
beiow the steam pressure, developing steam bubbles which in turn
are condensed when they reach a zone with higher pressure. In this
Z0n= there will be fatigue of material, ana the material will be
destructes.

Cavitatica damages whicn cre allowed to develep will result in inter-
ruptions of operation. This especially ccncern runner and draft tube.
There are examples on how Francis cunners have had so large cavitation
and corrosion damages that the runner ring loosened during operation,
resulting in major damages. Our ordinarv experience is, however, that
Cavitation damages may develop to a large extent before resulting in
real major attenuation of continuity of ope ation.

[t should also be noticed that there are many reasons for cavitation.
The hydraulic design of the machine is of vital importance, but there
are examples illustrating that local corrosion and erosion damages
flave changed the geometrical shape of the .unner blades, which there-
after have beer exposed to cavitation damages .

MECHANICAL ABRASION

Most parts having a relative movement are exposeJ to mechanical abrasion.
This especially concerns the bearings, and it is important to use correct
type of oil. There are many reasons for bearing fajlure. It is frequently
caused by foreign particles and dirt in the bearings. It may be Ziscussed
how often the bearings ought to be dismantled and ¢leaned, but we have
tearned that at many plants this is done too seldom. Depending upan
conditions of operatinn and type of bearing, we usually recommend dis-
m.itling and cleaning at 4 year intervalls. [t is very common only to
r~new the oil, which of course must be done, but a great amount of the

dismantling and cleaning at an earlier stage, because the lubricating
channels which are necessary in order to obtain sufficient 0l tilm in
the slide bearings, are slowly beiny clogged by cirt. Inevitably tnis
results in breaking of the film, and tne bearing will have a very quick
rise of temperature. It is, however, a w5t that tharcugh cleanliness
1s shown while cleaning the bearings. For instance, traverse cranes are
orten used, resulting in particles sifling Gown on the bearing during
assembley.




It is of vital importance that the cooling water system for bearings
with water cooling is always intact. When cooling pipes are used, these
are seldom clogged because the water is filtered (percclated). but in
old bearings there are frequently water leakages in the cooling pipes,
resulting in bearing failure.

For instance, when the penstock is equipped with an erergency closing
butterfly valve, the result of an a‘r inlet valve failure because of

corrosion when draining the penstock i1l result in breakdown of the
penstock.

This can be illusirated as follows: Draining of the penstock will require
use of an emergency closing butterfly valve as well as the air inlet valve

If the air inlet valve canrot move because of corrosion, this will result
of complete compression of the penstock.

, ———




SMALL SIZED HYDRO POWER TURBINES
TECHNICAL EVOLUVION AND STANDARDIZING

Most suppliers aof hydro turbines were in fact estabiished last century. To
begin with, >hey produced small-sized turbines, which gradually developed
1nto the large units produced toiay for outputs up to several hundred Md per
unit. This increase of size was primarily a result of a growing demand for
low cost electricity to consumers. This is made possible through the large
water power plants. Therefore, the demand for smali-sized units has been
minimal during the last 20 years, and consequently, the technical evolution
in this field stagnated.

However, shortage of energy has now made the small-sized units an

interec=ing alternative, provided that they are able to compete successfully
with ather farms of energy, such as oil, coal, nuclear powe: etc. Redevelopment
has, however, been necessary. It is neither sufficient nor possible just to
down-scale the dimensions of a large turbine. This would result in hign-priced
and inappropriate solutions. By analysing the cost-affecting factors, it has
been found necessary to:

- Reconsider mode of operation
- Simplify and standardize the design
- Use standardiczed components

The most common types of turbines are the Francis, Pelton, Kaplan and tubular
turbines. The Kaplan turbine and the tubular turbine are suitable for lTow
heads and heavy discharge, while the Pelton turbine 15 used for high heads
and relatively modest discharge. The area inbetween is covered by the Francis
alternatives. The abovementioned types are all well suited for simplified
mode of operation as described below:

Constant water flow/jouiput througn turbi.»

In cases aof parallell operation of power stations wndre other units keep 3
canstant frequency, the turbine can be designed with fixed guiding apparatus,
3nd also fixed runner vanes on tne Kaplan and tubular version. The umit is
rejqulated only by the main valve 1n front of the turbine. This 15 also used

for parallelling to the gqrid. After parallelling, the valve wil) be in open
position. It 15 impossible to operate on partial load. However, it is to

some extent possible to regulate a variable waterflow if the power plant 1s
provided with an intake reservoir of adequate capacity and the pond leve!l

is allowed to vary between certain limits. The turbine is operated for a
certain period of time on full-load, while the water leve! falls until it
reaches a dr’>rmined level, at which time the machine will stop. When the
maximum leve, is resumed, the machine will start. This cyclus can be automized.
Thus you will save the costs for adjustable quide apparatus, frequency

governor and supplementary flywheel effect. Compared to a conventional turbine,
the savings will represent approximately 25-30%, depending on the type of
turbine involved.

Variable discharge/output through turbine

If it is required to adjust the water flow through the turbine, it must be
equipped with adjustable guiding apparatus, which is controlled by a simple
oil-hydraulic unit. This is suitable for control of intake reservoir and
remote load control. It will reduce the costs for frequency governor as well
as supplementary flywheel effect. In some cases it will also eliminate the
costs of safety valve and surge chamber.




This presupposes employment within a large grid cystem. Further, it must be
ascertained that there will not be an unacceptable pressure rise as a result of
tne fact that this swmplification (low flywneel effect) in most cases will
entail runaway speed of the turbine at load rejection. When this alternative

1s suitable, it will represent a cost reduction 3f 10-20° coapared to a
conventional turbine.

Variable power take-off from generator

Wnen operating either periodically or continually on a separate network, the
stability of the system must be considered. As a minimum the turbine will have
Lo b2 equipped with a frequency governor of electro-hydraulic or mechanical-
hydraulic construction. Considering the amount of maintenance involvec, the
mechanical-hydraulic type will often be preferred, but this is also very much
dependent upon the competence level of the s:zaff responsible for operation

and maintenance of the equipment.

Usually, it is necessary to have more suppliementary flywheel effect than what
is built in by natural means 1n generator and turbine runner. Pelton turbines
will normally require water jet deflector. Francis turbines will sometimes
require pressure relief valve. Kaplan/tubular turbines will require adjustable
runner blades and guide vanes in order to obtain maximum efficienc; for a
large load range and capability to perform with stability on a separate net.

The above three alternatives have in common tne requirement for minimum
inspection and maintenance. Consecuently, the turbines are equipred with
contryl and safety devices resulting in automatic stop in the event of the
more ardinary failures. However, the equipment 15 not as comprebensive as

it will have to be for a large unit where failure consequences will be much
more calamitous. {Such units are therefare equipped with a much larger number
of control devices). Further, tne units are normally equipped only for manual
start, dDecause the necessary ancillary equipment for (ne automatic start
procedure will represent 3 consigerahle 1ncrease in price.

Simplifying :nd stancardizing of Jesian’construction -

In order =c minimize ¢nsts 1t has been necessary to simplify the design

as much as technizally possible without reducing the demards for safety of
operation and maximum output. [t was particularily necessary to use

welded details instead of cast details. Tod.y's welding technology and range
of material ttypes have strongly contributed to reducing the production casts.
[t is essential that choice of material quality is made from a maintenance
point of view. On a long term basis, it may prove extremelv profitable to use
stainless steel in some of the vulnerable elements of the construction, even
if this will increase the initial costs. Most of the small-sized turbines

are designed with horizontal shaft. Today, we do not have turbine shaft or
bearing for these turbines, see figure | and 2.

The runner is mounted directly on to the generacor shaft by means of a
shrinkage joint by the oil pressure method. This simplifies the dismantling
and erection, shaft keyways are avoided, thereby reducing the danger of
fatigue fractures in the shaft. Hcwever, the axial forces of the turbine will
have to be absorbed by one of the generator bearings. On the other hand, the
unit will have only two bearings. Further, the shaft sealing box is

designed so that it does not touch the shaft. Previous grease-lubricated
bearings and bushings are today replaced by self-lubricated bushings. If
additional flywheel effect is required, a flywheel is mounted on the generator
shaft on the opposite side of the generator.

It is further necessary to standardize as much as possible in order to

minimize the costs. There are, however, so many factors to be -onsidered when
designing hydro turbines that only a certain extent of standardization can

be obtained. Apart from head and discharge, revolutions per minute and suction
head (for Francis and Kaplan/tubular turbines) will be eisen ial f?r ths
applicability of a given turbine design for various combinations of head and




discharges. For one thing, the output will be considerably reduced if a
turbine designed for a specific combination is gperated under other conditions.

For units less than 1 MW and where the Francis turbine is a suitable
alternative, we have designed 9 standardized versions as shown in the
head-flow diagram, see fig. 3 and 4. It will be necessary to change the
revolutions per minute if one standard turbine will be used for various
combinations of head and discharge.

Regarding turbines with outputs up to 10 MW, we have nrepared a standard
arrangement for the constructions in order to reduce the engineering work
and thereby the costs, without reducing the demand for maximum output for
the plant in question. For instance, data for output, revolutions per minute,
runner diameter and suction head have been systematized in the head-flow
diagrams.

From these diagrams, the main dimensions of a turbine for the desired com-
bination of head and discharge can easily be found, since all main data
are stipulated as a function of the runner's discharge diameter. This will
primarily reduce the pre-feasibility work.

Extensive use of mass produced components is also a cost reducing factor.

This will primarily apply to the control system elements. The use of such
elements, however, requires previous evaluation and testing. It is of vital
importance to ascertain that the often prevailing disadvantageous surroundings
(humidity, vitrations, pressure oscillations etc.) will not destroy the
functional characteristics of such elements.

Finally, | would like to stress the importance of standardizing the purchase
specifications for small-sized hydro units. Large units will normally require
detailed specifications.

Detailed specifications for small-sized plants will often make it impossible
for the suppliers to offer their standard versions. Studying of such speci-

fications and trying to adapt the standard versions thht are developed will

also pe time-consuming and expensive, resulting in an unintentionally high-

priced solution.
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FRAACIS TURBINE
QUTPUT: 1000 e
SPkeD: 100U R.P.M.
nETHEAD: 144 m

NEW TURBINE [N OLD
HYDRO POWER PLANT.

FRANCIS.

OUTPUT: 1900 «W
SPEED : 500 r.p.m.
NET HEAD:37 m
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ZLECTRICAL EQUIPMENT FCR SMALL SCALE EYDR: PCWER-PLANTS.
- The Generator

- Switchgear and coniTo. system

by .. 3ergseng, M.s:. Elec. Eng.

Sales manager )
Energy production and Distribut:ion

The Genera::

The main task »~f a small scale hvdrs power piant s to produce ¥Wn

An induction generator with squirrel cagxe rotor is thus suitabis for

such a nower piant 2r v:iding that a =mic - fed Dy svnzhronoss

zenerators - is at hanc.

There will be cocasions wherse it 1s desirabie 3 matntlain opefation
»¢ such a piant 'n the absence 2f the grid - = . - suppiv to a sma..
izzal communily or industiriai clant npesessuiating @ mor= costiv
sainticn v apdiving a svachron. us Jereral s ans sn-=d rezuiatien

.1 the turoine

pen refllectiin 3f a small scals power plant and i3 uses T

wiid hrieliv define 1735 a#s1gn pailosophy as

- Simplicity

- Limited use >f ccmponents
- Stancardization

- Unmann=d operation

- Manual starting up

Soth synchranous and induction michines have their advantages
and drawbacks in small scale power plants. The svachronous
generator covers all types [ operation whilst the induction
generator with squirrel cage rotor must be c~nnected to & grid
fed by synchroruus generators. This is due to the fac: that ¢
must draw its magnetizing current irom the grid.  “oltage

regulation 1s not poesihle.




Tae induction generator acts as a reactive load on the grid and

part of the magnetizing current of the generator must be com-

pensated by means of a condensor battery.

Complete magnetization of an induction generator with a
condensor battery is conceivable. Single opcration - in any
case. with constant output - is thus possible. However. this

is a theoretical aspect.

A summary of possibilities for the use of synchronous or induction

generators is given in Fig. 1.

Due to ccsts and delivery time. the generators must be aken from
standardized machine series. This implies that, in the case of
*he induction generator, it would be taken from the industrial
motor series and, in that of the synchronous generator. from the

generator series for combustion motors.

Demands on a generator in a hydro power plan® differ from those
in a diesel power plant or on a motor in an industrial plant.
Modifications are, therefore, necessary. This applies, in the
first instance, to strain on bearings. strain in connection with

runaway speed as well as control of critical speed.

Synchronous generators are delivered as brushless generators.
They are fitted with AC magnetizing machine and rotating diodes.
The voltage regulator is situated on top of the generator. The
latter is also equipped with the necessary measuring transformers
for the regulator, The generator with magnetizing and regulating

system is thus a package delivery.

The voltage regulator effects the following functions:

s W




- Voltage regulation

- Sharing of reactive powsr bhetween generatcrs

operating in parallel

- A compound circuit maintains the necessarv current
in the event of short circuit so that prctection may

function

- Voltage build -up with the aid of residual magnetism

from the generator
The system is not dependent on outer sources of veltazs.
The magnetizing machines and voltaze regulators ir= cimensioned

for a wide field of operation - a small number cvers the entire

range of generators.




» desion and svstem Criteria fir tne switchgoear a..3 cGARIrY. svstern

-
2l a small scaie nvrlro power plant mav fe summmarized ina few w3ras

- Simpliicity

- Autsmaliun 163 tertatn extent - 1. e unmanned “peralicn

bt ranal starting ap

o

- Remoate control saculd He avoided hut is. of course,
pOSSiv.e. R

Protectisn Sv~ ¢m

Choice ci protection for any generator demrands a clear outline of the
strains to which a2 generator is exposed during operation - which
would comprise:

- Electrical overvoltage affecting insulation
- Mecharnical forces as a result of runawav or short circuiting
- Heating as a result of overload or lack of cooling

The object of the protection system may be descrised as threefold
inasmuch as:

- its nature rnust be preventive - i.e. an abnormal
condition must be detected at the earliest possible
moment

- it must instantly leave the faulty point currentless

in cases where the fault develops rapidly

- it must be able to guard against faults in the grid
to which the generator is connected

Thie may lead to a relatively comprehensive system ard, for small
power stations, a compromise is necessary.

1
The majority of faults result in inadmissible rises in temperature.
The obvious solution is to insta!l temperature sensors in all bearings
and in the windings of the generator. Fig. 27 shows the
characteristics of semi-conductor elements used in low voltage
generators.




“lements may be supplied with Curie point  adapt=d to limit
temperatures for the bearings. windings and the iasulation class.

Good heat contact between winding and sensor is essential for sale
and saiisfactory function as the sensor reacts to gradual rises in
temperature. The sensors are less suited to high voltage generators
as the winding insulation is considerably thicker than that for low
voltage.

For high voltage generators. PT 100 elements may be used.
Connected to a control unit, the relevant temperatures may be
measured, a pre-warning signal given and, when the upper
temperature limit is exceeded. trirping is carried out.

Furthermore, for high voltage generators. thermal relays with
suitable thermal time constant may be utilizea.

vy installing overcurrent time relays with instantaneous short
circuit release, reliable protection is attained against:

- Overload
- Prolonged overcurrents
- Short circuits

In the event of short circuit in the winding between two phases i
the generator, the point of short circuit will be fed from the grid.

To which extent the overcurrent time relay will aifford any particular
protection (release the breaker’ depends upon the location of the short
circuit in the winding - in other words, the magnitude of the current
from the grid.

However, dependent upon conditions as well as the size and voltage
of the genrrator, the use of differential relay as a safeguard against
internal short circuit should be considered.

Frequently, a winding shor? circuit will originate as a stator earth
fault.

A winding short circuit between twc phases always entails considerable
damage to the generator and costly repair. The main objective

must therefore be to prevent a stator earth fault from developing

into a2 winding short circuit. Thus it may be quite as important to

use a stator earth fr .It relay rather than a differential relay.

Cvervoltage may occur both as a result of defects in the voltage
regulator - magnetizing system - and of runaway. Overvoltage
protection is therefnre included as standard equipment. Overspeed
protection is also included - as in all other power plants.

A summary of faults and faulty components is given in Table 1.



Automation and Centrols

Bringing to a standstili:

As a main rule and due to the fact cthat the plants are normallv un-
manned, any fault will resuit in automatic disconnection of the
generacing unit from the zrid and, furthermere, the unit will be
brought to a standseiil.

however, Jdepending upon the location of the plant and the nature
of the faulr, it may be reasonable to keep the plant running but
disconnected froz the grid. This is especially important in areas
where temperatures below 0°C for 329F) are to be expected.
Otherwise, the penstock may freeze. If necessary, arrangemerts
for by-pass of the water zay be made.

The unit is disconnected from the grid and brought to a standstil: by
the built-in automatic control, the general procedure being:

- the turbine is de-loaded

- the valve in front of the turbine will close

- the circuit breaker trips time delayed.
The delay is 2djustable.

in the case of a synchronous generator, iz is Je-
magnetized.

Start_procedure:

In order to start, certain conditions must be fulfilled. Furthermore,

the presence of the operating crew is required in order to initiate the
starting and to controi it.

Once initiated, the starting proucedure runs autuvmatically.

- Manual starting of the oil pump to build up the oil
pressure of the hydraulic system to the required
level.



Manual setting o7 the automati
If any fault exists within the system. an alarm will

fow be given and the fauit may bde identified on the

alarm panel. The starting procedure js automatically
discontinued untii the faulty component has been repaired.

€ to operating positicn.

Following the setting cf the automatic,
elements of the turbine are brou
upon opening of the valve,
to nominal speed.

the various
ght to start position and.
the turbine starts and accelerates

In the event of an induction generator being employed. the circuit

breaker will close when synchronous speed is reached. The closing
command is given by the speed control equipment and the generator
is instantly ready to deliver rated output. In order to achieve this,
however. a grid must be at hand and the generator driven at an over-
svnchronous speed of aporoximately 1029 of synchronous speed.

The turbine regulator will provide for this speed.

A synchronous generator must be treated somewhat differently,

a. Connection to a grid, parallelling:

In this event, the unit is being accelerated to synchronous
speed and, in order to avoid switching error and rel
the operating crew, parallelling as well as magnetiz
thr generator are carried out automaticaily.

ieve
ing of

The parallelling apparatus - Synchrotact - censists only

2f solid state components. [t is connected to the voltages

on either side of the open circuit dbreaker and controis the
following:

Slip of the rotor and thereby the frequency

- Voltages on either side of the open circuit
breaker
- Phase angle

The closing command is
is reached.
closing time,.

given when the set maximum slip

Consideration must be given to the breaker

When connected to a grid,
completely by the grid
Frequency regulation i

the frequency is determined
- and thereby the speed of the unit.
9. therefore, not necessary.

Single operation:

Compared with an induction generator,
generator may produce reactive power as well as sustain

its terminal voltage, The sSynchronous generator is thus
suitable for single operation,

the synchronous




Start-.p and closing of the circuit reaxer do nct dilfer
Ironm the prornecire tor an jnduct:on generator. B ovwever
{reguenc™ reri2tion MUst now 2e DOSSIdle and a tiraine
with ad u1s:adle z:iide vanes and runner vanes must o
emploved.

Zxcitation Svsiem and Voltace Regulation

Slip-rings and ~rushes alwavs reguire a C~rtarn amount of
maintenance. They may further 2e dne of the weakest poin's
with regard to reliabiliity.

The moders svnchronots generatnr for the smiall scal»= hvdr
Duwer 5tatidn 1s tnerefcre o° the Lrushless typs.  The rotating
d:0des a3 well a3 the AC exciter are mounted on the generatr

shatt inside the stator ‘rame.

The volitag= reg:lator :s 5{ the solid state type and mount-d on
tae tco 2 the renerdtar. as ar- also the current transformess
ivr {eediny ol the regalator. Fizoo).

The generator. ~xcitation and voitage regualating equipment this
Iarm a comasiste unit.

Fig. % shows the regzaiatar orinciole L2 an auionsmon.s Jenecal. T
. svstem. The unit has a numzer of tu-o2ions

1. Automatic valtas~ segulation
nder norraal circumstances. the woltage 13 automat: "3l
nent conztant and at & pre-3set vaiLe.  The reterencs .
nf the Zenerator voitage 18 ad;ustadis.
Farthe. more, the dutcmatic voitage reg-ilatar 18 sgiipn~2
with a quadrature current voltay~ droup circiut. Shou.d
the reactive cutput Of the genmrator increase Devond the
value ¢orresponding to the nominal power factor. the (12023t
will arcrease the voltage in urder to sustain the correc?
react:ve 2utput.

5. Voltage build -up

The voltage is built up Dy the residual magnetism »f the
generater, which provides for an automatic voltage >uild -up.
When the terminal voltage has reached 30-407 sof nominal
voltage, the automatic voitage reaulator takes contro. and
regu.ates the voltage to the desired value,




c. Compournd:n: Jirouat

Tre nec-ssary exiitatiun current dusing short ¢z
canditier 15 provided for Dv 4 c:moiundiag Circurt.
will mawutain the short circoait current {or a scificient
periad of timie to aliow the relevant relays to sperate.

Water Level Rezulatur

As small pow~r niants ar» desi2nes for inmann—-d speration,
auvtornization of the tursine admission is theriLure Arcessary.

The ollowinz medes 3¢ operation warrant astomaticn

a. Water suzniv to the reservoir varies thraughsut the day
wr the wees, The variation may be with:n the satpit -
range :f tn- turoine byt outside the capac:ty of the reservorr.
This 15 espe- .V true [Or power piants with sma.i intaxe
chambers ~r run-sf-river sower nlants.

SENsStocx 3t INe Nt .ke SnamMmNer T av e

. The wniet 12 the
oreign todies.

biocxed uv |

< Powerr c.ants aner- =

tafire Na.nter 18 des

<. T.ooensLre the Jimost easioitalin Lroarving water 5.

sondtint leve. (0 the reservi s,

el rarg.atur s thereire seen devised -

st nevertheiess cuerationaiiv reiiadl-,

nstead 51 waler level $enSOring L0 2 r=servoir, wnicn 2ilen Anianls
n

295Uy trandmissy.n ot the sensor signal - -0 g icing Lierns A3
Pressirce 1s 3en9o5res at the .Atu<r 10 th» nower slant as =, as the

distrisutor Nnening Aith the a1 o ¢
ment 13 attainzn.e I ne $tatic ~aler .»vel L7 the waler-iine .0 the
tntare resarvoir, roadiustment of the wickat zates or - :n the
case .1 atuduiar T:rine - the runner hlades). the servs-matar of
the turnine Cantro. svstem mav e uased. A princip.e Sretch s
shown :n Fi2. ..

Sese twy Criteria MelSUre -

i

As a secondarv functiun, the reygulator also monitors the pressure
1n the turdine.  [n the event cf the water supply being completely
or partly dinckad, tne regulator will recister this as 'oss uf
pressure and react :in accordance with low water level - adrusting
the turBine output unt:l sat.sfactory pressure has been restored,
Emptying of the panstock and subsequent tricase of the under-
pressure orotection may thius be avoided - the generator rema.ns
connezted to the 2134 Yt with reduc d oLt Unon remowval f
the 2H3tac.». =7 Zalina Tevasrls "9 nGr~iw, O = a0 1L0.
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Connectian ta the Grid

Apart irom the equipment directly related to the generators
(-ynchronizing. voltage regulation etc. ). the main power circuits
for an induction generator are similar to those for a synchronous
generator. However. the power circuits for high and low voltage
generators are somewhat different - Fig. b.

For a low voltage generator, the circuit treaker is located between
the transformer and the generator and. in the case of a high voltage
zenerator, between the transiormer and the high voltage bus bur.

The generators in question may be designed for operational voltages
tp to 13.2 kV. However. since the grids to which the smali scale
power plants are to be connected normally have higher voltages,
step-up transformers are necessary.

Furthermore, in the event of 2 short circuit - for instance, on the
generator terminals - the short circuit current from the grid can
reach a considerable magnitude. The impedance of the transformer
will limit this to 2 more suitable inagnitude. reducing the strains to
which the equipment otherwise could be exposed.

The magnetizing current of the induction generator is supplied from
the grid. The generator is thus unable to regulate its terminal
voltage - i. . the terminal voltage is completely governed by the
grid. The grid voltage may fluctuate over the dav, night and. since
the output of an induction generator - keeping the current constant -
is proportional to the voltage, it is important to know the magnitude
of these fluctuations. Otherwise the output will be reduced when it
is most needed - i.e. when the load demand is high and the grid
voltage at its lowest value. Careful consideration must therefore
be given to the ratio of transformation and the transformer must be
equipped with the correct tappings.
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TYpe ope fation Leratlor
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generacur a t A 3 a 19

Mo3T sultable I

Very suitable

' tnduction

gernerator
NGt very sultable

O —

Unsuitabie

Synch. gen. Suitakbie

a: Operatica with constant output

b: Operation with varyinj cutput

c: Operation with varyling lcal and constant voltage

d: Operation with vary.ng load and producti.n 3f reactive power

Fig. 1
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At normal temperatures, resistance of the element

18 practically constant whil3at a minor temperature
rise from a certain point yields an i1ncrease in tenth
powers Ln element resistance. [t acts as a breaker

and may iLnterrupt a itatic circuit.

Fig. 2




Voitage regulator SF7 Front view.

88 4040
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Automatic voltage Regulator SF7 1

. Block Diagram OE-S 77/52
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A: Measurewent of the
distributor opening

B: Measurement of the
pressure

Water level
reqgulator

Adjusting servo

increase/decruase “

Turbine regulator

$7 Tail water

B
A

Main

Sarvo

( r
D Turbine
Valve
Fig. 5 Schematics of the water levael requlator




Max. 24 kv, SO or 60 Hz Max, 24 kV, S0 or 60 Hz
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Tunnels

At rresent there are “wWo rossible methods ITT etting apprcxizately
worizontal running. onventiornal running, use Af toring and tlazting,
and full profile driliing. In 3f% rock, and rock holding small
quantities of quartz, iz €11 prafila 4rilling the best alternative, in
jeference to a smalier ~rcss secticn of runnel. Conventicnal -unneling

is better adapted to hard rock.

Large cro3s sections are unnecessary for small power-plants. Full
profile drilling may be operated down *o 3-4 m?, while conventional
runnel running has 5-8 m2 as lower limit, dependent upon available
mechanical equipment. Common for all rough ground projects is the
great cost of rigging. This favours long tunnels, but not too long,
because transpor: of earth zasses nay te expensive. For smaller cvoss
gections rail transport is usual, while for cross sections exceeding

15 m?2, wheel transport is preferalle.

Enclosure 1 shows development of cost as & function of length, and

cost as function of cross sectiorn.
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Penstoke

Orilled
preasure
shaft

Deep scree

Expencive foundatior

Tightening pipe -rock

The tunnel is necessary to obtain sufficient overburden

for the pressure shaft.
Fig. &

Because of the necessary size, will loss of head often be low iz

tunnels. Manning's formula is often used.

2"
Manning's formula h, = <=
f M .35/3
v=9 e - P F surface
v =32, R (hydraulic radius) = A periphery

The formula shows that full profile drilling may have a lesser cross
Section at the same loss of head as is usual in conventional tunnels.
Consequently, development of profile drilling machinery will be of
importance for small power-plants.

A rough calculation shows loss of head per 100 m tunnel to be:

| 4
Blasted tunnel he = O.6-q2'?”/3 n

. L3
Drilled tunnel @ ht = 0,11.q2-F" 3




This shows that drilleé tunnel with a cirzular cross se2tiorn Zets agproX.
3,5 tines less loss of Lead than blasted tunnel. Pracsicaily, this
means that & necessary tunnel of lo me, may be reduced o 3,5 =m
wner. irilled, assuming the loss of nead to Se 5,1 »/iiu a. The reascn
for this lies in the fact *ha% a circular cross section nas a better
aydraulic shape,and also that a drilled tunnel has a snccother surfaze

): higher Manning numbter.

for unlined pressure tunnels it iIs normal-aconomic to cai:wlate the
loss cf head to 2,1 -0,35 m/l°0m, wnhich equals epprcx. I,- m/sec. -

1 m/sec. for cross sections frem 5 m~ tc 15 me.

~

Summary. idvantages and disadvantages.

Cross section m? Manning'ﬂ
«r/m | minimum maxizum number M ; lafluence on rook
]
Tapnel: !
Jonvertioral runningl 3,20C,- c-3 28-3¢ 53iasting 22us:s shock
L=230=z wawes in rosz. May
| :2use mors securing.
| Stcnes may de usa2d for
rcadé 2ase ani fillin
[ or lam.
Full profile Zmall vitrstions in roek
drilling 2,%¢C,- 4 L 70 Prcduce fine mass, whica
L=3)%m is not Z2it for Zam
filling or road tase,
Utilizazicn possible
if otner materials added
shaft:
Alimak, 6,000,- | 3,5-k 30-33 Same ag for tunnel.
olasting
Jrilled 3,700,~ 1,1 70-8C Must be accessible
from base to top.
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2ver-ground orc)

— -

The topography will lecide the solutisms In AL Lerrain work,

An over-ground waterway consists cf canals and pipe constructed of

various materials {steel, ductile irca, reinfurced plastic, vacd)! impreg-
nated timberi). Soluticns will differ from project <o prcject, e=nd every
conciveable combinazicn, poth between different pipe tvres ani ripe ':hannel
systems, mey te fcund. High head slantis gften tave headraces, Scwever, 1o

steel pipe, while lov read plants often have headraces. iovever, in

some 3as2: i+t may be cf advantage *c use :nannels for zigh head 1l

Fig. 5 shows 2 iifferent solutions for over-ground projects.

Wooden pipe

T\ Headr ace V< 05m/s r—_——"S"VOif
A -

> -

Pipe

Turbine

Headra ce Lowhead powerstation

- — B Turbine
Oam in river

Fig. S




2. Channels

Canals are of present interest in sloping grounds consisting of deep
morsine, but they may also be used successfully in rough grounds.
Canals are especially of interest vhere great quantities of water and
lov head are concerned. The longer the distance betwveen intake and
pover-plant, the more favourable is the use of canals, compared to
other systems. For this reason, canals may profitable be used to
transport vater from the reservoir to a suitable penstock line (see

ex. 1).

1
Canal in moraine Canal in rock

Fig. 6 Pig. 7

Canai tranporting vater from reservoir to penstock should have a smaller
reservoir at the end of the canal. Canals in lov head plants are normally

of such a size that this is unnecessary.

Compared to closed vatervay systems, canals often demand inspection
dependent on vegetation conditions and climate. Experiences from Norvay
shov that canals are easily clogged up by rubbish, especially in forest
grounds,

Becauce of fragile ice formation during winter, it must be possible to
ice-cover the canals in frost periods., Fragile ice blocks up the intake
gstes, thus making av stoppage. Por this reason, the velocity of the
headrace ought not to exceed C,S m/sec in areas exposed to frost in periods.
In other aress the velocity vill be determined by the pitching materials
used in the canal., Enclosure 2 shows cost and gradient for small canals.
In spite of more inspections, canals may favourably be used in sloping
ground instead of penstcoks. The reason is found vhen comparing cost and
gradient for small canals vith the cost of pipe.
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Generally
As nentioned abaove pipes comstructed from varicus materials may te usez.
Differect zypes ari sizes of pipe -ay te ccmbined Ic get optimel sclutions.
The account btelow szovws the Jomaics where the Jifferent %ypes of tipe zay
be used. EHere must De menticred that steel pipe tetomes expensive for
lesser Zischargei nesals, because the wall-thicikress on thils pressurs level

is not determinei ty <he discharged read, Tuv af rus- and wear.

a2 SC =2 bEaVIS. 50w £20a 3 =
3 e Y > - re 'y

— + - + +
Steel pipe
ductile ircn
reizfcrced plastic
wcod pipe —_—
In connection With perstotis s 1t izportant to reallze that the pire

cce% often 13 a small Itex. Fenstocks ¢ paver—tlents must te laid nver
lopger level ranges. This zeans fcundaticns and levelling, In rougs

terrein, expences 1cncerning tiis ty far exceeds <he 2¢st 2f tipe.

The ~onstructicral 22s<, which nes cnly increase with <errain cendisiorns,
but alsc with a larger diameter, are compared <o the loss of nead in

the penstcoik, which reduces the energy production. Principally it is
usual to make ar estimate as shown below, to find the correct iimension

of the pernstock.
106A kr

total building costs

loss
—» 3 mm

-

2conomic
diameter

Fig. &




Loss of head Tor pipe may be found by using Darcry-weistack's Jormula:

D = Ipterior pipe diameter
V = water velocity [Bcrvay has today approximate eccuomic velocity
‘steel 3,5 m/sex. <V < 5,5 n/sec.), [reinforced plastic 2,5 m/sec.

< 7 < 4,5 mfsec.]), {wond 1,5 m/sec. < V< 3,5 N/SCC-E]

f = friction coefficient dependent on relative roughness,
D 7
v

v

and

Reynold's number ° = » £ is best found in a Moody-diagram.

The friction coefficient will wvary over time, especially for steel

pipe, (corrosion, overgrowth etc.). The friction coefficient for steel,
wood and reinfcrced plastic is indicated below. delded,suooth steel
pipes have leas: friction (this also appiy to reinforced plastic).
However, the friction increases with junsticn of rivets, and with
corresion. As a rule for rougn valuations, the foiloving estimate may
be used: f steel = 0,020, & reinforced plastic = 3,21k, £ wood = 3,015,
f ductile irom = 3,017.

"’

steel

0.031

0.021 uctile iron
impregnated timber (wood)
reinforced
plastic

0.01 1

—3

year

Fig. 9



When xmeintalinred, wosd pipe may last sprroximately 40 to ol yaers.

Reinforcedé glasti: pipe osver-ground wi:il probably last for a shorver

period than earth covered pipe. Zuctile irom will las® as long as

earth covered reial:ircei plastic tipe cinder the sam2 condivions.

Steel pipe over—ground will iast arproxioateiy = years. In this ccnneztiorn
the condition of the watsr percentase <©f acid, sailmen® transport et:.)

is very ilagortant. ZIte2l | B 1 lal snn te wizns<and

the weer from sarnid eni

chenical sutst=znc=: ani : W P He. & plzstiz ani
ductila iron nave a & ni zrproxinately ihe

a
same durabiliiy regeri:

has less resis-

agains* sutstances us.ually faund .- Watersays.

As menticnes tefore, =he pipe ~25™ may = = sma’l 173z In ne -otal

renstcck znast.

kr/m

Total construction
costs

-
-

Pipe cos’s

Easy terrain Ditficult terrain

FlgloLn

The figure siows in principle She praparniong hetwesr nipe oo

R
P

ani

total ouilding =os-s.




- 48 -

With lov hesds and easy terrain, the type of pipe will heve a strong
influence on the cost figure. This is the reason for the current
interest in Norway ror wood pipe over-ground, if conditions for earth
covered pipe are not especially suitable, in which cases reinforced
plastic may be used. By using trenches, the number of supporting points
may be reduced, tecause use of supporting points enhance the price of
the penstock.

Znclosure 3-k shows the cost figure for over-ground pipe and earth

covered pipe.

Use and placezent of pipe

The penstock line should be constructed in such a wvay that use of down-
grades near the power-plant is possible. The higher the pipe is placed,
the more the pressure is diminished and thereby the cost. This solution
is limited by the line length, because increased length entails added
cost and stability problems. Usuallycombinations of pipe types (wood,
steel), is employed.

The stability of waterways often demands surge tank and “lyvhesl effect
(on turbine axle), especially by lcug penstocks or tunnels. 12 an ordi-
nary surge tank canuot be constructed {(difficult terrain etc,), it is
possible to construct an air-filled surge tank. For penstock this wil
often increase the cost, and that is another reason for udapting the

waterway to the terrain as shown in fig. 11.

Intake
Possibilities for surge
tank if needed

GO0

AD

Turbine

Pig. 11




The wall-taickness cf the pipe must ejualize thestazi: pressurce, and
pressure variations dy on/off switches. TFressure ~hanges bty cn/off
switches increase with veloccity and length ¢f pipe. For shor* langths
cf pipe, (L < 130 m), the follcwing calculation may te used:
a=20C,14H+ 20 m. Necessary measuremert will then testatic pressure

plus zaximum pressure gradient, and this must not te exceeded.

T¢ reduce the cost of tipe, the wall-thickness is adepted <¢ %ne necessary

dischared read.

For the cperation of power-plants, troducers of equipment prefer pites

wizh a hign elasticity module. This faveurs the use of steel insteald

of reinforced plastic and wocd, cecause pressure variaticns i
reach the same extent in trhese maserials. The pressure waves will T2

abscrbed ty the pipe marerial, therety rot iasting lorg enough =c influence

the turbine regulator and thereby the ret stebilizy.

Reinfcreed plastic pipes and ductile iron are suited for earth covering.
As menticnes before, it may then be possible tc reduce the numcer zf
foundations and thereby the costs. Wi<n low heads the friction agains<®
the ground will functicn as a continous point of support. =Zar<h ccvered

pipes are not as easily exposed tc wear, heat etc.

Available materials

Compacted sand and gravel

Sand

HsD+¢15m, BsD+im Earth covered pipe.

Fig. 12




For pipes on ground (mostly steel and wood, but aiso reinforced plastic),
it is necessary to use points of support in Jeference to the weignt

of water and pipe, temperature variations (Zriction force), derendent

on the friction coefficient f( whick mey be reduced by using pasteboard)
(fig. 1L}, and the net weight of the pillars. The pillars have %o be
rock-fastened, because founding on mcraine demands expensive suprortin

points. The spacing of steel pillars is za. 3 to 10 m (dependent on pipe

length}, for wocd pillars ca. 2 to L =,

Asphaltic
pasteboard
covering /3 2TIr

Anchnr block

Rock

Pitlar

Scree / moraine




The anchor blocks, erected at even intervals, have to h0ld vater pressure
from atove in the direction of ths pipe axis, water pressure from telow
in the same dire:tiom, the friction force frcm all the ground blocks, the
axial comporernt ¢f the steei weight from above, and force from changes

of the cross section.

Py = pf ({ intericr cross section cof pipe) *

P, = pf (p water pressure)

Py = {(Gs + Gv) cos a 35 = weight steei
Gv = weight water

P, =Gs sin

Pg = Pz (f} *+ £,) changes in cross section

Pg = friction caused by expensiocn

Fig. 16

A penstock ought to have a minimum o® positions of bend, because

this enhance the price, and causes extra loss of head. If *he penstock
cannot be zcmstructed as straight as possible, ard by simple means in
moraine grounds, this may cause considerable measurement Eroblems regarding

the statility of the penstock.

gnclosure 5 shows wood tvipes an weoden irestles. This is a solution for

flat tc.rain and low heads.
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Types of nipe, advantages - disadvanzages
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Pegulatisn ins%alla-isns

r, Ty e

Jenera.ily

Figure 17 shows in princip.e the discherge Tor a river in Norway.

fegulatior installations can make interception of water pessicle, tnerety
increasingthe productisn in pericds when tne lcad is a1igh. For small

pover-plants thls means, in most cases, that waser is ‘nter-ected ©-r use
in pericds wher <he “low normally is Lcow. Regulatizn inssa’lasions sl

to balance the vatervays's rlow.

Im3s

q middle

Winther, Spring, Summer, Autumn
Annual discharge

- A
am . e,

In water conservation *he vest reservoir sites often are fourd in <re

upper part of the catchment area. This mears that it is important <o

maxe tine intake reservoir large enough far the daily, or preferably

weekly, load varistions. The draw off from the main reservoir may “hen

oe dcne at even intervals. Usually it Is impossible to adjust the Araw
I

off from *he main reservoir to daily consume variations. I: is there-

fore of impcrtance to enable the intake reservcir to take tnese veriations.

Reservoir

Pond for dayly regulation
Powerstation

rig. 18




Bigger plants will be aimed to er=ct sufficiently large reservoirs to inter—
cept the water for use in higk consume periods. 1f suitable lakes,

vhich may be easily regulated, are not found in the area, big plants may
stand the cost of artificially constructed reservoirs. The dams may

become iarge and expensive, they will however, often be economically
acceptable, because of the enourmous amount of energy, and the effect

they represent for a larger plant.

3ig dams are not of interest for small power—plants. The discharge is less,
and/or the Lead of water is lower, or it eay bte pcssible to utilize only
part of the watervay. Because of this, it is importart to note that dams
for small pover-plants must te placed vhere the highest cubical contents
per meter jam is to be found. For this reasom, cnly big sills will be

used for a necessary intake in river.

Topography, ground conditions and availsble recourses will determine
the type of dam. The main types are:

GRAVITY DAM OF TRIANGULAR SECTION,
AMBURSEN DAM (FLAT SLAB DECK DAM),
FILLED DAM

ARCH DAr,

The .iocal conditions will determine the solution fcr all these dams.
In Norvay, small dams vill be standardized with special instructions

etc. to prevent injudicous construction, and thereby acciden’s.

Gravity Dam of Triangular Sectiom.

This dam is constructed of concrete, brick or stome-blocks.

The dam resists the pressure of water mainly by its own weight. The
basic form b : h, is constant. The main forces are water pressure
(increase linearly vith the depht), net weight, .upward pressure of
vater vhich may be compressed in the base joint snd ice pressure in

areas exposed to frost in periods.
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Pw = —W-h
2

Gravity dam

Pi = ice pressure

o""lowmc nappe i RS T D T e ———

Fig. 19

Problems i1n the base joint may be reduced %y injection of cement or

by draining. The rrinciple of a Gravity [am of Triangular Section i3
shown in enclosure. This dam is of interest for small pover-plants
becsuse cf the simple construction, and tke various building materials
vhich may be used. Dam walled o5f stone-blocks must have a watertight
3lab upstreaz=.

ReckfilliedTimcer Sam s constricted by the same principles as the

sravity Zam of Triangular 3ection, but is less expensive. Because of

the settlament of “he dam, the log walls snould not be vertically arected,

and a watertight slab must be piaced upstream. In Korway, peat Is usu-

ally prefered for waterprcofing.

Protection against
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Ambursen “am (Flat Slab Deck Dam).

The Amburser Deaa has less weighat, and tecause of this it has an inclined
upstream face to get a vertica: component of the wvater pressure. The
elrb is reinforeed and stretched betwveen walisheped piilars, which is
spaced b to 7 m. Forces and stability calculations are similar to the
Gravity Dem, upward pressure excepted. This pressure is greatly reduced

hesause of less ccntact surface in the tase.

Pi

Flat siab deck dam

The Ambursen Dam is not suitable for small power-plants, tut where the
dam site is short, and a high embankment is prefered, this Zam may be

of interest,

Earth dam, stone/gravel dam and rockfill dam are the most common types.
Where impermeavle materials are inavailable, asphalt, peat etc. will

be of interest as waterproofing materials.

For fillasd dams use of cheap masses is desired. In most cases the
masses are not sufficiently compact, and a watertight core is required.
This core is made of impermesble material or of a compact material (con-
crete, wood, asphalt).

Fille'idams for small power-plants are suitable where the dam profile is
long, and in combination vith other types of dams to increase height

of swell, It is necessary that all the possible filling masses are

available in the vicinitycf the dam site.




Dry stone
pitching

Rocktill Dam with moraine core

Rock facing

Pit run earth

Impermeabie materials

Sem: - permeable materials
Fig. 22
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Cemmon derominatcrs for the dams

Foundation on mck is unnecessary unless for Ambursern lams, hcwever the
ground should te cleared tc hard ground for all dems 'Filied 3ams, Jravi-zy
Qams). Spillvay is necessary, especially for filled dams ecause :his =jpe
of dam has little resistance against cverflow., For filled dams *he spiilvway
should be separately made, and to prevent overflow, freescard stould

be placed an adequate distance above HWL (i m).

Freeboard

N\ (0-2m) _ spillway

Concrete Dam

Fig. 2u




Spillway

/

excaveted or blasted gate

€Earth dam

Fig. 25

To reduce overflow, flood-gates zay be installed. This reduce the
heigrt of the freeboard, while sirultanecusly, less aress are >verflowed

duricg floods. In many cases, reduced freehboari may r=duce rne cost of

the dam to such an exten: <hat the gate is prcfitecle for tnis reascr

oniy.

The foilowing is a summary of tae mOSt important advanteges and &is-
advantages for the various main types of dams. Znclosure 7 shcws in
principle the cost of the various dams. It =ust be ncted t-e° the

topograpny, in most cases, ieterzines the type of iam.

am wi<n Toraiine ccre,

L\l

Inclosure T, 3, shows irn principle Rock-Filled
Gravity concrete dam, Amtursen Jdaxm.
Cizadvantages

Type of dam Advantages

High upward pressure. Incalculabie
factual force conditions. leeds
much concrete {low dams may he
walled of stone in mor*ar!}.

Gravity dam of
triangular section

Simple construction. .eeds
littie skilled labour. May
be founded on locse ground
in some cases.

Ambursen dam
(flat slab deck
Jdam) 5-15 m

Reinforcing. Needs skilled
latour. Sheuid be founded on rceck.

Neeis liftle concrete.
Small upward pressure.

Rockfilled dam

May be placed on thick

Needs material deposits in the

>5m layer of gravel. Cheap vicinity of the dam. GSeparate
for big dams. spillvay, must not be flooded.
Zarth dam May be placed on loose Crest level on . = above HRV.
<0m ground. Reasgsonable cost Needs stone cover nn upstrean
of materials. face.
Wooden dam Cheap and simple construc- Limited durability. Needs much
' tion. May be placed or maintenance

ground of 3and and stone.




Gates

Stop logs give an inexpensive cut off of small apertures. The logs
are pushed dcwn in vertical foids, as shown by figure 26.

—— — B
futicol flange

Barrier of beams
Emergency gate

Fig. 2€

Barriers of Vertical 3eams are suiatle for long and low apertures.

The beams (wooden) are placed verticall- in series.

yywi /j

\

Barrier of vertical beams

Fig. 27
Slidegates of wood or steel are easy to handle. These gates usually
give a better prctection against floods, because of their possibilities

for greater dephts. Great lifting power is required, and this may

entail expensive capstans.
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Slidegate
Fig. 23

t:
1]
;
|
1. Crouss beams
2. Skin plate

3. Wormgear operating hoist
4. Handweel

Tn ciose greater apertures, Fixed Roller Gates usually replace

Slidegates.

Trash rack

A trash reck i3 necessary to prevent trash etc, to destroy the ~urbines.

it is often ccnstructed of flat, gaivanised steel bars spancing from Lop

Narrow fooipath

-- Trash rack

Flat
galvanised
steelbars

inlet canal/

Reservow

—

Fig. 29

= -
]
L —

to bottom and inclines at 2:1. The
inclinaticn, and the narrov footpath
not more than 0,5 m abnve the weter at
the top, have by experience been found
to give the btest performance with re-
gard to cleaning off ice and *rash
(tig. 29). The water velocity through
the rack should be less than 1 m/s.

To prevent ice on the bars it shculd

TN == . dived in areas witn frost, because

ice on the bars increases the head loss.




General layout

The pover plant's layout depeads son i%ws size and the locaticn of

turbine, generator and transforrer.

The building has to have ventilatior, iight and, in scme cases, 1ift

in

and cranes.

Figure 29 ghows the comstructional principie of a swmall power plant.
The foundation is made of concrete, and is securely fastened tc tre
ground. Walls and rocf may te built of localy availablie materials
(i.e. wood, stone etc.}, but the wall where the switch gear is erected,

has to be built in some incombustible material, as for example bSrick.

In industrialized areas it may be convinient tc use :oncreve-=lements
or metall-plates {aluminium, ircn}. In Norway, where 2xtensite use of
small pover-pliants is practicatle, the possibility of producing standard-

ized buildings is teeing considered.

When constructing smeil power-plants use af motile 2ranes should te

prefered.

The building cught to be made a3 small as possible. This can te a-risved
by placing part of the equipment, as transformer and ventila*er,. In the

open.

To make control and replacemen’. of defective parts easier, the roc? or
one of the walls should be easily moveable. This permits easy access

for the trucks to the stationary equipment.

Where it is possible, turbine and generator Cugh: to be placed on a
frame, which should be secured to the foundation. Repair is simplified
vhen removal of the whole frame is possible. With such timesaving devices

it is also possible to reduce the loss of energy.

Enclosure 5 shows the totsl costs of a pover-plant with building, turtine,

generator etc.

Note: Several photographs have been omitted due to the
fact that only a poor copy was produced.




Constructional arrangment of a power plant

Francis turbine

Valve (Butterfly vailve)

Generator

Switchgear

. Transformer (If possible it should stay in the open)
. Pipe

Walls of sheap materials ( wood, brick )
Rocf, easy movable

. Crane {not necessary)

Grid

. €rome ! metal)

Somvenrwn -

-

-
-

Fig. 29
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HYDROLCGY OF SMALL CATCHMENTS
by D. Lundquist, Hydrologist, The Hydrological iCepartment, NVE

Traditional hydrology

Hydrological data used for planning and operating hydro power-plan*s

i3 based on observed runoff{ series. If available, the hydro power olenning
is based on runo’f series from the river system concerned, or if these are
not available, series from nearby rivers. for quantitative estimates
precipitation observations are also regularly considered.

Wher planringprojects with large catcihment areas the nydrological data
are usually represented by monthly or weekly mean discharges. However,

for projects in small catchment areas where the possibility of stcrage
resevoirs is limited, the short time variation of the runof?f will clay

an important par: ror planning and cperation. Here it will be s necessIi<y

to make use of daily mean discharge series.

Today, computer simulstion programmes play ar important part in the planning
of hydro power projects. Runof? series, preferatly of 30 years lenzwl.,
which represents the catchment area for the projec are used as Inpu:

in the simuiation programmes for computing the annual power production
(kWk).

Sther input parameters sre reservoir volume, turbine capasity and
waterway dimensions. Ccmputation with a set of different paremeters
which gives a set of different outptt resulte is used to decide the

project's design.

For simplified analysis it i3 usuel to construct duration curves for
the runoff?. Construction of summation curves for deciding optimal

reservoir volume and annual power production has been a ccmmonly uszed
technique in the past, tut today simulatiops by computer has cutdated

“he summation curves.

For larger dams there are several regulations and restriction3 regarding

design and spillway constructior,which require flood stazistics and

(%]

analysis based on runof? seriez. To decide flood freauency, empirical

equations are also in use,




The cperation strategy of small scale power prclecis Is usually
based on experience, sometimes surplied with smow surveys in

the catchment area.

As small pcwer-plants often have limited reservcir capasities,
it is only possible to plan the cperation strategy °or short periods

ahead. For this purpose hydrolcgical analysis is not generally used.

Utiltzing hydrological models

A brief outline of the traditicnal use of rydrolcgica' data for planning
and operating hydro power stations has been given in “Le previocus
shagrter. furing the las" years, hovever, the use cf zathema:ical
nydrclogical models as a supplemen: to the traditicral hydrolsgy,

has been introduced.

Frequently representative hydrological series are not availatie for
pover plants in small catchments. Jbserved series of%en represent
much larger areas than the small catchments concerned, and =+, even be
zeasured in another river system. In some projects, hcwever, <here
has heer installed a temporary discharge statior representirg “he
sme’l catchment, but only a siortterm serie is available, perhaps
only one or tvo years of record. In this latter case representative

data excist, but the observation period is %00 shor:.

Both of these aydrnlogical data problems can be handled with *he help
of a hydrological model which simulates runoff series for the catchment.
Where represertative observations are completely missing, the model must
be calibrated by other available data. The conditions in the model are
then changed in accordance wiith L.-. differences be*vaen tre calibra-
tion catchment and the catclment to be developed. When short %erm
observations excists, the model is calibrated to extend %hese data to a

longer serie.

A ccmmon type of such hydrological models are precipitation-runoff-models
vhere a gimplified catchment is described by mathematical expressions.
This type of model is able to transform observed precipitations data

into a simulated runoff serie. As an example, the Norvegian SNSF-model

-



- 73 -

-

and & practical application wiil be briefly described.

In the SNSF-model the catchment area is devided into subbasins of
different character, {7ig. 1), and the water transfer through each
supbasin is simulated by a system of tarks. Consequently ore se<

of parameters describes the main structure cof the catchment, and a second
set of parameters describes the individusl properties of the subtasins.
The catchment area is also devided into different altitude zones for
computation of areal precipitation and snowmelt, which results in a
third set of parameters describing the topography and climate of the
catcrment. These three sets of parameters make It possible to define

a fairly representative model ¢f a Norwegian catchment.

Wher planning four small hydro power plants in a river nearty Osloc with

a catchment area of 465 square kxm, a practical application of the SNSF-
model wvas done (fig. 2). Since there were no available runoff data for

the river,the model was calibrated with data from a nearby river system

(A} and then transformed to the river concerned (B) by using information
apout topography, climate and use cf land. The calibration was carried cus
with precipitetion data from ganging station no. 1 and no. 2. When
simuiating <he runoff for river B, precipitation data from staticns ne. 2
and no. 3 weres used. By tnis method an artificial runoff series of 20 years
length was simulated for river B. This series was then used during the

plaaning of the four power-plarnts.

During operation of hydro power systems, hydrological models can also
be used %o give valuable runoff progncses. With an updated model the
hydrological conditions in the catchment are known, and expected input to
reservoirs and plants can be simulated with the help of gquantitative

weather forecasts. This method has SO far not been applied to the opera-

tion of power - plants in small catcilments.
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WATER SUPPLY AND ENERGYPRODUCTION

by T. Jensen .

In mountanious courtries like Jorway, wvater supply cften is based on
vater vith high static pressure. This frequently has a head vhich
meke use of pressuvre reduction valves necessary. The valves will
prevent use of expensive pipe materials in the distribution net-
vork. In Borwvay, maximm hydrostatic pressure is not allowved to

extend 70 =.

The energy vill be killed in the pressure reduction valves. To pre-
vent this one should aim to use turbines and thereby reduce the pressure
and produce energy. In addition to the powerplant with staticnary
equipment, it is the reinforcement of the penstock to adapi it to

the static pressure and cccasional on/off switches, vhich makes the
additional costs.

To lower the cost one shculd use meckanical and electrical equipment
manufactured in great series. Thc turbines can be altered pumps,
vhich will have approx. 30 ¥ of the usual turbine cost, but with an

unfavourabie efficiency curve (seefig. 1).

However, the pointed curve is no hindrarce, tecause the flow througn
the pipe of*en remain constant. The distribution reservoir takes the
24 hourly variations.

When it comes to gervice and maintenance, the pump is favourable.

It also has s relatively high r.p.m. which does not require a gear
to raise the r.p.m. to suit tne generator. When looking at the effi-
ciency curve it is obvious that the pump muet operate on constant

flov. Loa¢ variations must therefore be arranged by joad-divertioc

by simple adjustahle vater resistances,
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Efticiency

854~

—
Percent of nominal max output

—— Efficiency of altered pumps

— —- Efficiency of a Francis turbine
Fig.1

An example showing the ~-mcination of water supply and

small pover niants,

Figure 2 shows an existing water 2upply plant wnere <he inlet I5 placed
at c.1. 800 (800 m above sea-level) and the distriburtion reservoir at
e.i, 230, Four reduczion valves are installed from c.l. 800 to c.l. 233,
An examination has proved i: possible to replace these with two tur-
bines. One of these is supposed tc be altered pump. Tre anrual
energyrroduction are expected to be 1,3 GWh and the total additioral
costs are estimated to 1,70 mill.kr 1.1.79 (US $ 1= 5,05 Nkr), this
means 0,94 Nkr/kWh, The cost does not include taxes.
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In this case it wes ne:2s:2ry =o use the existing ductile Irc. pize wi=l

. - qa 3 s : . -
diameter 20C mm. An average flow of G, 33 m /s will give <ne hest

i

result corrared %c head 1css and energvoroductisn, but this flow b

cnly 45 % of averag2 &iscnarge. The ennual productiocn could be 3,5 3
s2e

if the energyprouctisrn nai Ss=en taken intc consideration when the
water SUpp.y piant was ccnstructed. The pipe would te crhangeld rom
a=

ZJom 200 to Jrm LG, and <h= %c-al acditlonal ccst would be 3,°3 mill.zr.

(See IIT ir table 1l.)

I1I Tre scneme pianned Sor 2nergyproduction:

itle riw2rstetions:

7

I-II1 The =wo Bcs

I TI T
Average flow m3/s 3,08 3,20
Head hydrsstati: pressure = 3 214 Sis
Max. outpu~ KW JOK £3 322
Annual proliuction Fan 1,35 7,50 I,z
Tyves of turtines Pel-on | Altered pump | Pel<cn
Average efliciency % Z,30 2,49 w36
The cost .7 mechaniczl and ,
electricel =2guipmen:t Zr 1.1.72 ,72 I .0 ity :
Tsral cost 1,23 2,67 ,33 !
The cos* par kW 6.320 13,637 STh 1
Annual coswst (1 Wers107 zre Y 6,7 11,2 2,7 ‘

+ .. . . 3 .
L0 years depreciation time, a 7 % interest rate and 1 % annual maintenance.

(Us $ 1 = Nkr 5,05)

These examples shows tha®, it is economic favourable with a similar

utilizaticn of the energy instead of using pressure reducticn valves

in water 3upp.y plants.
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PROCEEDINGS REGARDING PLANNING, OFFICIAL TREATMENT AND IMPLEMENTATION.
by O. Gunnes

Because of the large number of schemes, & pre-feasibiiity study,
comprising plants up to 10,00C kW, will be carried out for the

whole country. This study is undertaken Ty the Ncrweglan

Water Sesources and Eleciricity Board (NVE)} which is the official
body for water resources and electricity matters inm Norway.

The study starts with a topographical and hydrolcgical investi-
gation based on available hydrological date and maps in scele
1:50,000. The office work is combined with a field visit and
discussions with the local staff, in order to get a more realistic
impressicn of the projects than map studies can give. The pre-feasi-
bility study gives a brief assessment for each project regarding hydro-
logical data, reservoir data, watervays (pipes, shafts, tunnels etec.),

head, installed capacity, energy output and cost estimate.

This registration makes it possible for each ccunty to make a schedule

for wanted development of hydro-power.

With basis in such a scheduie, the local electricity bodies may

apply to the NVE for oZficial financial support for further plan-

ning. Such support may be given on special conditions.

Whetherfinancial planning 3upport is given or not, the next step is‘

to develop a more comprehensive feasibility study. This study has to
include a far more comprehensive technical investigation, beside reports
considering juridical matters (water rights), ecological and environmental

consequences etc.

This feasibility study is the basis for an application tc the
NVE, and further to the Ministry of 0il and Energy, to get appro-
val for implementation of the planned scheme.

In most cases, except pure reconstruction of old plants in their old
shape, applications according t the water-right laws have to be pro-
duced. Similar applications according to the electricity law are re-

quired if the voltage is higher than 1,000 V.




Approvals regardirg the water-rights are finally giver by the
Ministry cf O0il end Energy. or by thc Parliament (1arger vianisi,

whils the electricity approval is given by the KVE.

The detailed studies and design, together with preparation of <ie

tinancial arrangements, normalily proceed parailel with *he formal

appllcaticn treatment.

The feasibility ..udy, as well as tne letail studies and zhe design.
are carried osut by Norwegian consultants, or in some ceses Ty ~re
electricity bodies themselves. ( Some of the bigger organisatisrs

aave established their own design and -castruction offices.)

The finercing of nydro-scwer is ncruaily srranged ty loan.

o construction msy begin unti]l the formal approvals are giver.
A number of Norwegiar contractors have an cuietanding experiance
regarding vater-poter oastricticn, and most of the work s unier-

taken by these contractors.

The manufacturing of hydraulic-mechanical and electrical equipment is
also dominated oy Norwegian companies, although the international

competition is f.r aarder rere than £9r ~he civil works.

Doth for the c¢i7:ili works (contractors) and for tne mechanical’

electrical equipment, a tender procedure is usual,

-
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