G @ | TOGETHER

!{’\N i D/? L&y

=S~ vears | for a sustainable future
OCCASION

This publication has been made available to the public on the occasion of the 50" anniversary of the
United Nations Industrial Development Organisation.

’-.
Sy
B QNIDQI
s 77

vears | for a sustainable future

DISCLAIMER

This document has been produced without formal United Nations editing. The designations
employed and the presentation of the material in this document do not imply the expression of any
opinion whatsoever on the part of the Secretariat of the United Nations Industrial Development
Organization (UNIDO) concerning the legal status of any country, territory, city or area or of its
authorities, or concerning the delimitation of its frontiers or boundaries, or its economic system or
degree of development. Designations such as “developed”, “industrialized” and “developing” are
intended for statistical convenience and do not necessarily express a judgment about the stage
reached by a particular country or area in the development process. Mention of firm names or
commercial products does not constitute an endorsement by UNIDO.

FAIR USE POLICY
Any part of this publication may be quoted and referenced for educational and research purposes
without additional permission from UNIDO. However, those who make use of quoting and
referencing this publication are requested to follow the Fair Use Policy of giving due credit to
UNIDO.
CONTACT

Please contact publications@unido.org for further information concerning UNIDO publications.

For more information about UNIDO, please visit us at www.unido.org

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION
Vienna International Centre, P.O. Box 300, 1400 Vienna, Austria

Tel: (+43-1) 26026-0 * www.unido.org * unido@unido.org


mailto:publications@unido.org
http://www.unido.org/

G @ | TOGETHER

!{’\N i D/? L&y

=S~ vears | for a sustainable future
OCCASION

This publication has been made available to the public on the occasion of the 50" anniversary of the
United Nations Industrial Development Organisation.

’-.
Sy
B QNIDQI
s 77

vears | for a sustainable future

DISCLAIMER

This document has been produced without formal United Nations editing. The designations
employed and the presentation of the material in this document do not imply the expression of any
opinion whatsoever on the part of the Secretariat of the United Nations Industrial Development
Organization (UNIDO) concerning the legal status of any country, territory, city or area or of its
authorities, or concerning the delimitation of its frontiers or boundaries, or its economic system or
degree of development. Designations such as “developed”, “industrialized” and “developing” are
intended for statistical convenience and do not necessarily express a judgment about the stage
reached by a particular country or area in the development process. Mention of firm names or
commercial products does not constitute an endorsement by UNIDO.

FAIR USE POLICY
Any part of this publication may be quoted and referenced for educational and research purposes
without additional permission from UNIDO. However, those who make use of quoting and
referencing this publication are requested to follow the Fair Use Policy of giving due credit to
UNIDO.
CONTACT

Please contact publications@unido.org for further information concerning UNIDO publications.

For more information about UNIDO, please visit us at www.unido.org

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION
Vienna International Centre, P.O. Box 300, 1400 Vienna, Austria

Tel: (+43-1) 26026-0 * www.unido.org * unido@unido.org


mailto:publications@unido.org
http://www.unido.org/




=

E
|

L

L2 e

N
O

I




Urited Nalions Industrial Development Organization

V206

ID/WG.329/31
10 September 1981

ENGLISH

Second Seminar-Workshcp/3tudy Tour in the
Developrent and Application of Technology for
Mini-Hydro Power Generation (MHG)

Hangzhou, China, 17 October - 2 November 1380

Manila, Philippines, 2 - 8 Novamber 1980

POt DY

HICRC—ITDORC PCWER I GUTANA*

cosepn M. O'Lallws

Wio o

* The views expressed ii. this paper are those of the author anz io not
necessarily reflect the views of the secretarizt of ™MITD0. This iocument
ras been reproduced without fcrmal editing.

** Specialist Zngineer Electrical/Mechanical, dyirospower Division,

Mlnistry of Znergy and Natural Resources, 3rickdam, Caorzetown, Guyana.




Introduction — Micro Hydropower in Guyana

1. WATER WHEEL
(2) Overshot
(») 3reastshot
(¢! Undershot

(@) Water Paddle

2. BANKI TURBINES

I. LOW CAPACITY PLaANTS

£,  RECOMMIIDATICNS
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In Third World ccuntries like Guyens it wonld seem ironic that
although there is an sbundance of potential power sources, {e.q. water

resources) thess ere the very countries that suffer chronic power

shortages.

Post of the Third World countries are found in the Trooics
whers no heating facilities ars necessary for the winter days, but one
may argue that csoling may replace hsgting. However this asuthor hastens

to point out that cooling in the iropics can btecome a luxury which is
ill afforded at a tims of nstionsl and intarnaticnal energy crisis,

All available power must be piloted into dirsct cash return projects to

halt the downward trend of those eccnecries not supposted by setzo-dollars.,

Again this authoor holds the cpinicn that it does riot matier wnich
of the technologies be it modern ar idigencus technolocy the emphasia
muet be placed on that one which can be successfully implemented alimost
immediately, without straining the national purse. What is intended here
is (o implement those proiscts that can tring in quick Teturns sucported
by the natiocnal purse for the benefit of all the penaple of thei:x

respective naticns.

With this in mind and the emphasis laid on finance. it becomes
obvious that schemes must be seen in their context and priority be given
to thosa projects that can at least satisfy to some extent tha naticnal
power needs, while at the same time creeting opportunities for engineers,
and technicians from the Third World to exercise their talents.

This would also mean that confidenco will s crzated on bcth sides -
the engineers on the cne hand and the decision mekers on the other.

Start small and grow big should be the motto.




THE WATER WHEEL

One of the cldest form of converting nstural puwsr scurces to

the benafit of mankind is the use of vater - with water.turning.wheels
known ss waterwheels, In fact the forerunners ¢f the mcdern Hydro—
turbines were vtilised many thousand of years mgo to produce meschanica.
powar from running water to irrigate fields and griding of grains.
Since this technology was known so long ego then in a crisis why not
implement these projects which are in any case low cost projects?

The point tc besr in mind here is that es experience is gained in the
construction of these projects so will the efficiencies of the projects
incresse., Water wheels are most suitatle for use in small communities
which are situsted in isolated places when the construction of trans-

misgion lines from the national grid makes it very expensive,

In Suyana there are very many such communities; therefore the
need to serve these communities becomes clearer with each pessing day
such that the amenities that go with electrical energy can also reech
them. Ffurther relevant econcric activities will surely levelop in
remote aress with the introduction of th= gveilability of electrical

‘energy-

Isolated communities will have small industrial plan‘s which
are being powered by their respective water wheels, VWater power can
be used directly as mechanical power or converting it intc els. trizal
power for tronsmission (short distances) to thes point of usage, ther
converting bsck into mechunical power toc do work, Heat for drving
purposes is another form intc which electrical energy can be readily
converted., This hest cen be used for the drying of crops.

Water Wheels use on most occasions low heads or no hesd as in
the case oi the water peddle.

Cetejories of water wheels are:

a) Over-Shot Water Wheels
b) Bozast-Shot Water Wheels

c) Under~Shot Water Wheels

d) Vater Paddle.

These wheels nead not utilise the river bed if traffic in the
river will be obetructed but can be used in a diverted power cansl.
‘howsver in strasama whers there is no traffic, utilization of the whole
stream msy hecome very economic. The mein sdvantage of water wheels

is thet of low cost construction whith Guyane should seriously




look at in its prssent stats of dsvalopment. The tachnology of this type
of energy convertion ass mentioned before is centuries old and should
thersfore b= implemented without delay since this would not requirs the
nesceasary conventional expsrtise and concomitant delay normally s part

of the whole process in the construction of larger hydropowsr stations,

Further in the design of hydroplents driven oy waterwheels would not

have to be tco conservative in its design critsrias.

Wgter wheela can be built with local materisls utilizing
available lasbour within the country,while at the same time giving our
ranpower the vital and necessary experience in this field. Materials
can be of greenheart which is well known as the "king in Water®,
Greenheart in conjunction with Claybricks as foundzticn and aluminium
sheet for lining the buckets, shculd present a formicable and long
lasting ccnstructicn technigquesa., This has got 0 te econgmicsal ~nen
considering the erratic rise in the price af gil as comcared with a

low=cost constzucticn and nearly no consumption of fuel.
DESIGN

The main parts of a micro-hvdroproject - water wneel project
consist 2f the follcwing items.

a) Head flume (trnugh)

b) Substructure with water wheel pit

c) Water wneel
d) Transmiscion Line

e) VWork Machines (Pump3s & Sawmilla etc.)
f) Superstructure - Dams Spillways etc.
The means or methad by which water is taken to the Watsz Wheel
will in the msin decide the type of Water Wheel being used.

Yhen the water is led from over the wheel it is known as an

OVER ShOT WHEEL.

When the watsr is led to thea whecl at about its breast it is

known as & BREAST SHOT WHEEL.

¥hen the water is lcd to tho wheel at sbout its bottom it is
known as an UNDER SHOT WwHEEL.

WVhen the wheel is placed ir. the watzr and it is the velocity

of the weter that turns the wheel it is known as the PADDLS WHEEL.

With the excention of the PADDLE WHEEL all the others would




requirc & head, It should hs noted hers that it is the stresm that
would decide the avasilable head whicy in turn decides the type of wheel

to be applied.

The main characteristic of water wheals are the following:

1. Heed H =« 0,4 - 12 metrss

Dischorge: Q = 5.0 - 0.005 cu.m/sec.

2. Speed: 2 to 15 r.p.m. (this can be increased to

perhaps 100 - 140 r.n.m.
under favourabls : onditions)
3. With varying hydrolacical conditions - Head and

River Discharge - tne speed of the wheel is variable.

4, The low cost caonstruction of water whaels make them
mast econgmical =ven though the stresam may te
pericdical anc/cr fluctuatiag,

5. The sower rotential of the water may be utilised
evan though the head is indeed very low (in the case
of the water paddle no Heed is reguirsd).

6. Construction, maintenance and repeir ares very simple

hence its low-cost,

7. Efficiencies between 30 and 8C zer cent can be
obtained., (Water wheels sperating under Higherz
Heads end lLower Speeds have greater efficiencies

than those operating at Low Heads and Higher Speeds).

a) The Over Shot Witer Wheel

€rom Appendix 1 the general layout of this type of water wheel
can be seen, It may be observed that the water is being conveyed tc the

wheel by a trough over the wheel, hencm the name "Over Shot",

This trough or Head Flume ctan be constructed from Greenheart

and spouts the waier gnto ths wheel through an orifice into buckets which

axe fired to the whesl.

WVhen this bucket is filled it moves on thus bringing the

ne..t bucket under the water jet to be filled up., Hers it is quite clear
that the wheel rotates primsrily because of the WEIGHT of the water in
the buckets of the wheel, [The Kinetic Energy is very small and in

future will not te considered).

Having meesured the tiight of the column ‘h,' of water from a

centre line of the orifice, end the inflow velocity, C the spouting

ol




velocity, T, is defined as

)T

[}

C= 0-9 .'.‘gho +~ CO

where 0.9 is a safe vslus of the velocity cosfficient.
Say, C° = 1 m/sec. and ho s 0.2 n the spouting velocity, from the above
formula
L =« 2 n/sec.

Therefore although the velocity of the water is i m/sec.
the sctual velocity of the water flowing into the buckets (spouting
velacity) is 2 m/sec., for ‘as low a height of watar column as 0.2 m.

Let the haight from the bott;m of the wheel to the surface of
the tail water be'Z and the height from the tcp of the wheel to the jrt

u
center line e Za hence Z0 can be calculated as

> -~
o &/2 42 + 42

where e = neight of the discharcing orifice

-y
L]

the thickness ¢ the %tzcigh Lntion
AZ & the air cap between the bettom of the trough end
the top of the wheel not teing morz than L te 3 cm
Havirj the acave infcrmation and the Head "H" known, the diareter
of the wheel can be calculated as

D-H-(h+Z +Z)
Q Q u

Application of the ovezshct tyre of wheel is usually reccmmended

whore the Head H is of at ieast 3m, therefore the diameiler for a small

whesl of this type will be

D =« 2.5m

The peripherial speed of the wheel "u"

is normally taken tc be
Setween 1,5 and 2 m/sec,, hencesfrom the well known formule
€0y

™

n -

thus the spaed vange would ue between
n = 15 and 3 r.p.m.
the bucket depth "a" is ususlly about 0.25 to 0.5 m,

The width of the wheel is governed by the discharye capacity of

ths water wasy, The follcwing relation mey be used *c determire

the width
Discharqga « 0.1 {or 0.2) cu. m/sec,
Yheel Width m

Water eplast.ing ovnr tha sides of the bucket can be reduced by

increasing its width somewhast say 20 to 30 om.




Let the ~idth of the spouting jet of wstsr be "b " the height of

the orifice can ba cbtsined from

N " g cu. m/sec - m
ubec n. 2
sec

Where u « contraction coefficient of water = 1

When the vottom flume of the trough is made cf wood it shculd have

a mininum thickness of abcut 40 mm,

One of the main "disadvantages” of water wheels is its low
sfficiency when compared to thes watsr turbines. Whereas water turbines
have efficiencies approximately 99$,that of the water wheesl st best :s

80% (vt its lowest is 40%)., Howeve: the usual efficiency factor is 65%.
Efficiency can be improved by improving ~e faollowing
£) Splashing and leakage
b) free height
ord ¢} bearing fricticn and windage.
In terms of Guyana this means that at present the water is flowing

without any eiergy being generatsd from it whersas even at s §5%

efficiency .4 would still bte saving on foreign exchenge - purchasing of
a2il.

The history ofe water wheels has shcwn that it was at first
constructed of wcod and aven tcday small water wheels are still being

constructed of wood.

1t has been shown from the development of wata. wheels that the
overshot wheel reaches s maximum efficiency when the peripherial speed

of the wheel sttains half the inlet velocity of the watcr.

From the diagram on appendix 1 the initisl and final spilling
positicns nxe-given as tl and h2 respectively. HNow shcould a linear
function be essumed for the spilling process then the whole dischargs

cen be said to leave the bucket ¢* a height of

h-+ h
L2 (=)
.

sbove thes tail weter level,
All loswes csn be made equivalent to the loss of part of the
head for the purposs of calcuiastion tha output of the wheel when

comparsd to its input or %o its efficiency i.e,

Effiziency = Output » Innut-Losses « 1 = losses
Input Input. Input




Yhen exnrsssad as s cercentaas

Output x 100 = 100 - losses x 100 (%)
Input Input

The depths of the power canals asirculd not exceed 1 m and is

usvally 0,5 m,

¥When the design of the buckets are being done, consideratioun

should be given to the following points:

a) The outer edge of the bucket should be so designed

that the water jet meets it at about 20 - 30 dagrees,

b) Becauses of a spinning whesl the centrifugal forces thus
crested will tend to have the water rising towards the
outer edge of the bucket, The water level in the
bucket then cannct te considered <o be level or

horizontal This rise depends on the speed of the wheel.

c} Once the cutermcst sceed of the hucket has been
dmtarmined, bucket pitch a0d depth must be designed so
that spilling does nct occur too early, The buckets
ere usually designed to carry half of its capacity of

water,

d) The number of buckets ars completed from the equation

n = ng

- —

e
Power cutput can be controlled by varying the inlet gate.
e.q. Let us say the wheel siows v., this mears that
the discharge nf water from the flume hss diminished
hence by closing the orifice of the gace partially it
will re-establish the original water level (Head).
However if the closure 3f thae orifice is used %o match
the output of the whesl then the =xtra watar due to a
rise in the. power canal must be diverted through a

spillway.

b) Ihe B Shot W Whee

By esllowing watar in the Hesdracs to enter the wheal st breast
height, the Breast Shot Water Wheel can be constructed. The edvsntage
of this typa of wheel over the Over-Shat Wheel is thst the dismeter can

be lerger than the availsble head of the river.,

A diagram of this type of Water Wheel is found in Appendix 2.




From Appendix 2 it is obvious that the watesr control is achisved bv aates
whizh can be of the double type. These Wheels can be applied in
conditicns whers variaticns of heed is spprecisble® hence the uss of the
double gates = the bottom half is closed during high water and through the
upper-half the water flows whils during low water level thes top nalf of
the gats is closed and ths water is teing mades to flow through the tottom
half of thes gatse.

With this type of gate althocugh the head codditions nmay vary
the effdciency can be kept_ fairly constant,

It is slmo to be cbserved from Appendix 2 that the bottom of the

wheel pit must taxe the sheps of the wheel and further, the opening

between the wheel and the sit should be reduced to as small as possible
if eerly emptying of the buckets ies not to take place, thus reducing the
efficizncy of *he wheel.

Scme types of whecl use the wall as s boundary tc the water :n
‘he buckets, however this wiil call for precision w~orx and thus increase

the cost. This author recommends that the buckets be 30 constructed as

to be self-containing.

In this type of wheel although the bulk of the power produced is
dues to *ha weight of the water in the buc«kets, the momentum of the water

would alsc ccntribute 8 fair share of the power finally attainable,

It is here reccmmended that these wheels be used under the

following conditions:

H = 2 to

Q « 0,3 to 3.0 cu.m/sec.
The wheel Diameter is usually
D = H + 3.5m

If we assume the safe speed of 8 point on the circumference of
the wheel to be between 2.0 tc 1.4 m.sec then the whuel speed will vary

betwesn
7 to 3 r.p.m.
According to the available literature the efficiency varies between

60% and 75%




Thae lindarehnt watar Wheel

In tha case of the undershot water wheel the water is receiv;d
by *he whesl on the "under” side as is shown in Appsndix 3.
1t should be noted here that it is not the weight of the water
- that causes the rotation of the wheel but the speed combined with the

inertis of the “ollowirg water that pushes the wheel arcund.

The question may now be asked at what point can one say that
this is no longer a breast shot wheel but an under shot wheel? This cen
be "answered"” by noting whether the weight of the water has been playing
any significant part in the spinning of the wheel. Further the fluma of

the undershot wheel is slightly above tail water level and obviously very
low heads cen be used.
Heads used in this type o7 water wheel ranges tetmeen
0.4 tc 3m
Discharge can he -etwesn

0.2 to 5 cu.n/sec
A distinct advantage ;; the undershot water wheel is that its
efficiency does not drop significantly with a rise in tail water level
es it operates quite well should it bs Immersed in water up o abcut
1,0 weter.
The diameter of the wheel shculd be based upon the Head of
water available for use and in fact being used on a psrticular scheme,

This relationship should be
D = 3H to SH
with the larger diameters being utilised on the lower Heads.
Vith the sbove recommended Hesds the diameter of this type of
wheel
D e 2 to 9 metres
Let us say that & safe speed of the buckets on the whesl is
betwesn
1.3 to 1.0 m.sec

then the gpeed of tha w'.eul is

n =« 12 to a r.p.m.

The wheel, out of sheer necessity must be placed in the water to

depth up to one third of tha NDiametar. Thie ia because of tha fluctuaticn
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in the tsil watar level,

The width of this wheel may bs determined by taking s discharge
figure of C.4 to 1.0 cu.m/sec
for each meter width of the wheel.

The efficiency of this typc of wheel is dapendant on the shape
snd position of the vanes. With the straight vanas the efficiency is
about 10 to 40 per cent (it may even drop to 15 per cant). However
with streamlined vanes it may even attain 70 per cent,

- Regulstion of the watsr wheel is done just as in the Overshot or

Bresst Shot Type of Wheels.

The Water Paddls

From appendix 4 it is clear that this form of the Water wheel
does not need a head. All of iis energy is cderived from the Kinetic
Energy of the watex.

It is shown in literature that the maximum xinetic energy used
by the Paddls Wheel is 50% of that obtainable from the water passing

the paddles.

With further inherant lasses the™est® efficiency of the

Paddls Wheel

ITL w 40 per cent




THE BANKI TURBINE

The Banki Turbine is & very versastile machine that is not very
sensitive to the varistions of Head Water Level. Ffurther it is very
easy %0 construct hencs it lends itselr to full utilization in Third
World countries where marufacturing sophistication is not yet a reslity.

This Turbine is between an impulse ard a teaction turbine
with an sided featurr that the water i~ pessing the Turbine btlades maske?d
contact twice with ths tlades - once upon entering the runner blades and
8gsin upon leaving the runner blades.

The besic differance batween ths Banki Turbine ancd ‘he
conventional turhines is, that there is no axial flow of wate.,
this means that water naves 20 cdegress ic the machine's shafi and at
no time will there be any flcw oY water alcng the exis or shafl of the
machine. This feature of the 2anki Turbine is Imgortant since in effect
it means that *he runner diameter is ipgroendsnt 3f the wheel discharge.
indeed it is the width of the runner that is & function af the wheel
discharge, i.2. the greater the flow of water the longer will be the
shaft of the macnine and not the diameter of the runner increasing cr

decreasing,

Water admission t0 the runner is indeed a very technical
point and requires a great deal of experience, the adsence of whicn
would point to the only other soluticn - EXPERIMENTATICN.

The discharge of water throuch the Turbine can be controlled
in either one of two modes i.e. Manual or Autcmatic. Obviously automatic
control is the more desirable mcde but it would also mesn increased costs,
Howevsr it is here suggested that manual control be used initially -
sutomatidn can be iﬁcoraoratcd et any stage - in & country such as cura.

In sppendix 5 = typical drawing of the Banki Turbine is
shown and in Appendix 6 drawings of a propased 1KW Turbine is shown

having & head of 1.5 metres with a flow of 0.125 cumecs.

DESIGN

Once the avai_able Head (H) end the Flow (Q) of the channel
is determined, the next stap is to ascartain the generator spced for
this will eventually determins the Turbine Speed (n).

With this iritial data the Diameter (D) of the Turbine is
determined by tie formula

0 e 393 it

n
where H i3 in metres snd n is in r.p.m.
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The paint to bear in mind now is that there must be & spzcific ratio
between the width cf the entrance cross-section of the supply flume and

the dfacetexr cf the ¢ rhine which at all times must be maintained i.e.

S = KD

where K = 0.2

The thickness of the water within the runnsr is alsc to be ccnsicexzd
if the turbine is naot to be "chaiied up®™ with water { ws preventing the
desicned speed to be made available tc the generator. This thickness of

water is found to he

d = 1,39 ¢

Mow the cnly parameter of the Turbine <o he resolved ic that of the

width, This zan be fzund from the fermula

= G.02 )
b = G.22 3
H

The aprrexinmagze cuizut =f thig Tushine is

. 2y

B Wk {he)

where 7 is in curecs
His in -~eters

Nlote that 1 netzic HF = 726 uatts

Exarple: DJeterrine the rain dicensicns af 2 Ten%i Vuzkine s

H = 1,5 metere, 3 = CJ.12% curecs, Selsct a runner

diameter to match a generatc:s speed of SCT r.p.-.
Sglytior
With & belt or geer ratic of 1:1T the Turbine speed n = 15U r.:z.m,

Applyirg guoteaticn 2 = 35,3 (H )} (=)
n

= 29,3 (1.5)‘} (m)

50
= 3.2 1.22 {m)
1C
» 43 (o)
pRAY

-

Retic bheiwmen entrarce widith of flurme and diameter of turSine




Thickiress of water in

wid* . of rurrer

Fewer cut;ut

P

Since 1 HF

Therefoze 1.

Efficiency =f these Tuzbines 804 » 1.4 x 0.8 = 1,12 K% at

‘475 HP =

- 13 -

SJunneT

= G.02n CQ (m)

H

T.C2 x 13T x I,12%

A -4

= 2 x .22
= e2tC

= .25 Inl

= I em

= 746 (%)

l.8 KW

Gerera*or
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w 3 Plant

Low capacity Plants ere the most suitsble for developmant in Guyans.
Under this tarniﬁology it is assumed that the cutput is 100 XKW with heads
of an average height of 60 - 100 metres and discharge capscity of 20 to
100 litres per sec, but no distinctive limits can be drawn,

dbviously Low Capacity Plants or Midget Stations have their economy

boosted in the fact thet their diversion wier, intake and power canal ars

designed for simplicity at their lowest cost. Again sll the conservative
faciors involved when designing large Hydrostations are not to be taken
on the conservative side but can be relaxed s grest dzal with gome of them

not sven being considered.

Should an ar=e lend itself to the development of a series of
similar Low Capacity Plants then serious ccnsideration must be given %o
the manufactuzing of srefatczicated -einfooced-czncrste and concreds
elements in series for the wier, the intake and in some cases the ccwer-

house also.

low Capacity Plants with medium and high heads usually have 3
forebay, supplied by a power canal.

The forebay conteins,

1., The Spillwey Gate, made of timcer.
2. A Sill, made of concrete or stones,
3. A Screen, rmade of timter-greenheart.
4. An Intake Gate - made similar ta that of the
Spillway Gete.
S. Clay Brick Bleck for anchoring the penstock and
its intake,
The Penstock for these plants sre made of wood. The snma’’mr
penstocks ars supported on trestles of simple design or it - A be
buried if the terrsin permits (on record there exists a pens.....

S50 metres long having a head of 21 metres made of timber).

One of the many variable type constrrction of a typical midget
power station is shown in Appendix 7.

francis or Pelton Turbines are usually instnlled_in medium and
high heads, however it is to be noted thst Banki Turbines have been used
successfully up to a heed of 60 metres, Francis Turbines for Low
Capacity plants are usually of the haorizontal shaft arrangement while the
Pelton is of the vertical shaft srrangement. In this case transmission
Gears are dispensed with}becngse the turbines cyn be cornected directly
to generstors. Agsin because of this connection generators with speed

ranging from 750 to 1500 r.p.m. can be manufactured very economically
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The regulsting needles of Midcet Palton Turbines/can be operated
& hand althouch sutomstion can be intruduced to replace and,/or
-

alternate the hand operstion.

Hydrsulic conditions would point to the requirement of steel
scroll casirgs when Francis Turbines are to install at low head power
stations, however ths cost of these steel scroll casings are simply
astronomical and hence rendering their epplication prohibitive.

Consideration must therefore be given to ishat is tearmed Open
Fluse Settings (0.F.S.). Sea appendix 8. Now 0.F.5. monapolise Midget

Power Stations design,

Horizontal shafts are employed at Midget Power Stations except
for verv low head between 1 metre and 2.5 metres, in which case the
vertical shaft setting is used. The Horizontal shaft setting has the
advantage of readucing cost bty making the installation aof ‘he trans-
mission drive very nuch easiar. Apgendix 3 shows a typical Cpen flurme

Sstting with a Francis Tuzbine installed.

The power canal leads to a foretay which is sf clay brick
censtruction, the pcwerhouse placed in line with the headrace :is also
of clay bricks with the spillwey at the side of the powerhouse made of
clay bricks isec.

Where the tarzain is of sand or sandy clay or of any locse
naterial it stands to reascn that the foreSay, the spillway end tail- -
watesr bay must be stabilised, This sccbilizaticn shculd take the form

of using clay bricks extensively.

The spillway is s gstes of simple vertical lift type of timber.
Une provision in this type of spiliway is that the chsrnel must be
lined with energy dissipators perhaps in the form of sills to break the
jet of water under pressure by a cushion., This sill is alsc made of
clay brick.

A 8ill with a screen above it and a simple bridge made of timber

can form the powerhouse intake assambly,

The screen is placed between the sill and the bridge from which
point, the screen can be conveniently cleaned from time to time - a hand

reke can be used,

The bridge can bs mede by having two timber beams across the

stream with boerds being placed between the timber beams to form the bridge.

The inlet gats to the powerhouse cen be operated from the screen
bridge. This qato'is slso of the timber type and is similar to that of

the spillwsy gate in construction.

The lowest point of the supply flume (s connected to the tail-

water by means of a drein pipe fitted with a cutoff valve,
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This is to dewatar the supply flume shculd it become necessary.

The locatiocn af the turbine is made after considaring *he hyiroloav
of the intsnded scheme,

In Midget Stations a crane is toc expensive %o have installed and
inttuaq}a hoisting tsckls is used inside the powerhouse. Automstic or
manual requlator is also found within the powerhousc d so too is the

switch gear box.

At the end of the tasilwater pit grooves fcr stop-logs are inserted
ir the connecting walls. Closing is effected by having two rows of
timber with an earth fili between them,

The floor of the powerhouse is made of reinforced concrete with
ribs. The wall between the machine room and the Turbine Flume is also of
reinforced concrete with care being taken to have proper water seals
installed, The othaer walls of the powerhcuse may utilise clay bricks in
their construction. The recof of the powerhocuse is made of timber t-uss
and shingles for its covering.

In cases whers the cowerhguse has *o be located on servicus
materials surch a3 sand a cut of £ wall must be placed in the fcocuncdaticn
of the powerhouse. The depth af the cut off wall would dependa cn +the
pagition of the impervicus sublayer or the required length of the

seepage path, Timber piles are used for ihis purrose.

The concrete wall seperating *He sugply flume from the machine
room has %o make accommodation for a water-tight ccnnection. This is
tecause the turbine runner is in the supply flume while the generator

is in the machine rocm.

In some cases the elbow of the draft tube is mede to pass through
the wall Appendix 8 while in mast cases the <turbine cover that is nearer

the wall is bolted onto the wall by means of an sanular flange embeded

into the concrete wall.

The cost of Midcet Powsr Stations can be further reduced if the
size of the powerhcuse can be reduced., This is sttained by arranging
for the machine floor to be above the headwatsr level (See Appencix 5;).
For the horizontal setting the only parts that ere necessary for th?
trensmission of energy)from the turbine to the generstor are the pulleys
and belts. The pulleys here have a double function, that is it does not
only transmit energy but it is also used to incresse speed by means of

@ ratio between driving snd driven pulleys.




Une of the most considered advantace of the Horizantal type sett-
ing is that the bearings are less costly than its vertical type counter-
part and also assembly, rerairs and maintenance work are much easisr,

hence less costly.

It shcula be borne in mind that at heads of cne 1 m to 2.5 m
vertical shaft settings would require at least 1 m of water tc cover
the turbine runner. This 1 m of water is necessary if air is not to
entar the turbine by means of whirlpcol and drastically reduce the

turbine efficiency,

Where the discharge of the siream is high aven vertical shaft
setting ray prove to be inadequate in preventing air from entering :ihe
turbine. Under these conditicng sciral casing g Indsed a necsssity.

(See ApcendixiD).

A closer examination of Accendixl) shcws that the inlet cate hoist
has been placed insice the machine room, thus asllowing its cperaticn
from within, Acain in this Horizontal Shaf: Setting, the cenerator can
be driven by bevel cears. If the sceed of the turbine “einc menually
operated then the handle of the caontrzol unit can also be glaced in the
machine room, If the turbine is ccntrelled autcmatically then the

speed sensitive governcr is at<tached toc the transmission thrcugh which

the belt drives,

Fixed bhlade propeller are alsc being used in Midget Power Stations
due to their capscity to acccmmcdate both high speed and discharge while
occupying a relatively small space. In most Midge: Stations a vertical
draft tube is used instead of the elbow type, the reassn being the cutting

down on cost with relatively small lcss of head.
Some menufacturers design and build tubular or bulb units which
sre being installed by very simple methods i.e. by boltihg an the unit to

8 prepered concreted structure and alsc tolting on the supply flume as

well as the draft tube st their respective places.




THE PRESENT POSITION

Guyans at the moment is having two susll and cae medium hydropowver sites
cons{dered as a start towards larger projects in the future, The two small
sites are in {solated areas. It {s expected that when the
medium scheme comes on stream it shall be stilized {n the naiional grid, to
increase the reliability of supplying the zation with powver.

The two small sites are:
(1) Wamakaru and
(2) ZRelipse Pall
The medi{um site {s known as Fumatumar{.

(1) Wamakam

Initislly the project is of the order of 500 kw frow a head of nearly
50 m. It is situatsd {n the South.Western part of Guyana.

This small hydroplant when completed shaii serve the asres i{solated froa
the national zrid and at the moment using desired fuel as the source of

power.

It 1s rather interecting to note that the diesel fuel has to de
transported by air- and 1its cost of transportation {s even more expensive
than the actual cost of the fuel. Activity {n this savannsh ares is mostly

cattle rearing hence cold storage is one of the main users of electricity.

(2) Eclipse Fall

This project {s found in the North-Western region of Guyana and when
completed shall have an {nitlal inetalled cspacity of about 2M.

The Zclipse hydroproject is also {n an isolated srea and shall bring
power to these areas that are now being serviced by Diesel Plants. Here again
tranaportation and supply of fuel {s the problem and although it is not by
air {t is very otriinuoun and unreliasble.

At the woment power {s not supplied on a 24-hour-a-day basia but at
specified tizes of the day and night.

Activity in this area is mainly agricultural based, hence preservation
crops will be one of the main users of elactricity.
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Fumatusari

At this area on the Potaro River & gold mining compa..y had set
up business and was {n short supply ol power, hence they constructed & small
hydropower station to supply thei- maciiines to extract gold., After their
opsrations this siation was abandoned, lesving sll the machinery and
{nfrastructure intact.

The Guyana Government rehabilitated this hydroproject and at the
momant hae plans to upgrade {t from l.5MW to 44.5 MW.
It {s seen that this emount of electricity shall be sent into the national
grid via & 138 KV transmission line.

RECOMMENDATIORS

l. That Guyana and {ndeed the third world countries start looking .nd
utilizing their hydropower resources, however small they may be.
Starting at points ot isolated but inhabitst areas that are at present
consuming foss{l fuel as a source of energy to those aress that

possess economical gnd viable resources to be exploited, once cheap

power is made svailable.

2. That afcro, small and medium schemes be constructed {n that order by
nationals from the National Budget.

3. That after a series of micro, emall and medium hydropower plants have
been constructed by nationals and the National Budget cannot support
large projects,then and only then sust international agencies be’
engaged in financing the project, since by this time a team of national
experts shall have Zrown.
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¥Witn ever:, passing day it is bacoming mors and moze svident that
hydropower must replace the conventional energy source. It is elso
rather ridicul~ s thet mankind on the whole hes zpent so much time and
money on g8 non-cedewable source of energy snd has even built up his whols

technology on that tbasis.

For the deveioping nations especially Guyana ;haz- there is en
abundance of renewable source of energy hydrocower must be developed now.
It is known that to desrelop hydropower the capital investment is .sry high
while maintsnence cocst is almost negligible., These two apparent opposing
factors can be “solved” by guing into the construction of micro hydropower

schemes,

igain when ane cansiders the randem rise in “‘he price of foss:il

. . . .. - «9
fuel, it tecomes aimcst ipcercative T2 ZznstTuct eaven ‘unscononical

1l

schemes :irmediately with ihe knowledce that sconer rather than later the
scheres shall have Seczme viable., On ‘he other hand shcuic i4 te seen in
the light that time will zertainly make these scremes econcmical and ihen,
it shculd be emparked upen, is indeed 8 fallacy. It is here argued that
not only is the price of fuel going ucwards Sut the grice of almost all
items is akyrocketing at & cate even higher %han the zate of zise of “ne

price of fueli,

Under these circumstances time will cnly make the schemes more

uneccncmical rather than eccnemical.

Let us lock at this whole idea from ancther perspective and say
thst we had emcarked on a particular hydrepower schere, which, say in
13975 was uneconomicasl, but a decisicn was taken against this background
to construct this scheme, 1In 1980 when one looks et this scheme it
obviously had become viable, If this scheme was to have been constructed
in 1980 then it nay §till have been unecc.omical perhaps even more
unecaonamical then in 1975, because of the difference in the rate of rise

in prices between cil end imported materials for construction,’

1t was mentioned above that microhydrepower schemes would bring

& compromise betwcen the two apparent oprosing forces. This is so because,

. whereas in large caonventicnal schemes a whole set of conservative decisions

have to be taken and each ane of thase decisians increases the cost of the
scheme, however, in microhydropower schemes most of these caonservative

decisions are not even cansidered.

Another point 40 bear in mind is that the mare quantum of money

involved makes micro-hydropowsr attractive, that is it dnes not require large




smounts of foreign exchangs.

dems for micro-hydropower schemes should not be designed along
ths lines of conventional dams, but unconventional designs must be
sdcpted as a matter of urgency. Dam designs such as the "ramp® using
logs wmust be given serious thcught. Again the use of clay bricks as

dams for micro-hydropower schemes must also be considered. These forms
of dems were used in arcient Egypt, and today's Chins. Guyana can

certainly learn from others experiences jin this field.
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