
t-'N- AA:P- 55'1
I",.,) .'):S'1:L~

Liberia
Evaluation of the Yandohun
micro-hydro project

. NRECA Small Decentralized Hydropo~er [SDH) Program
",\*:~.'

-
' ..,,;

,
;~

.
\

",
!

--~

'.:;,

. .

\
\

-.' .'..

- - ",.
. ' '-

.,-
'.' . .

- -~.

-','



It "

•

•

.'
••

••

•
; ...

•

•
, ..

.. '•

Liberia: Evaluation of the Yandobun micro-hydro project

by Allen Inversin and Walter Lawrence,

March 1982.
, J •

Sponsored.by the United States Agency. for International
Development under Cooperative Agreement AID/DSAN-CA-oZZ6

9 3l.D ':;"1 IS-

Small Decentralized Hydropower (SDH) Program
International Programs Division

. National Rural Electric Cooperative Association (NRECA)
1800 Massachusetts Avenue NW, Washington, DC 1.0036

.: ••r

: ," .

.,
• ~.i

.\,.

\ '"

..



~. ':" ~,/ .~. .'

..' '..

.: "'." /. ...

'Small.·decentrali~ed .hydropower ,program

'•.,:4

".

This publicati'on is one of a series that fosters the ·effective use
of small' decentralized 'hydroelectric power systems. The series is
.publisbe~ 'by theSmilfl'Decen~ralized Hydropower (SDH) Pro'gram,

,. lnternational, Programs Divisi,on, National Rural Electric'
'Cq~pei-ative As~ociation (NRECA). NRECA opera·t:es the SOO PrograJil
,und.er the terms of' ~ooperative Agreement AID/DSAN';'CA-0226 With the
'. Office of Energy, .Science and Technology Bureau, U.S. Agency.for

International Development.
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Under the agreement,. begun in May 1980, RRECA provides
range of technical assistance to developing countries.
provides such, technic~l.a88istance bY--'

Designing and: i~ptementing regional workshops in Af:dca, Asia,
and Latin America .
Scoping and managing in-country resource surveys ,and site'
'8sseSSDlEmts
Providing engineering; design, supervision, and specialized
assistance .. .
Developing specialized publications," such .as state-of-the-art
-reports, inventories of manufacture~., and .assessment

.. methodolo.ies
""'., 'C()nducti~g' 'special -studies into subjects, of finance, management,

.·and evaluation '
Providing train~ng services in 'such topics as oper~tion and
maintenance~ res~urce ass~ssment, management, and fab~ication

~ Carrying out speciali~ed services, such as tours of u.s.
manufacturing plants
Creating ,specialized products, such a~ productive-use plans for
energy.. from small· deeentralized .hydropower.

For, 'more. i·n~onDatiorion the· SDH Program, please c;:ontact:
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Information Specialist
Smatl Decentrslized Hydropower Program
International Programs Division · '., . -

NRECA
1800 Ma8sachu~ett8 Avenue NW

.. Washington, DC 20036 .
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.,. . 'Telephone: 202-857-"9622
Telex: .64i60 ,;
C:able': lQTRECA
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Introduction

The possibility of undertaking a micro-hydro project near the village of
Yandohun, Lofa County, Liberia, was firat recognized by Peace Corps
volunteer Gary Duncan in 1978 and the initial activity proposal was
submitted in June 1979. Over the subsequent months, numerous questiolLil
of a technical, social, and economic nature were raised by David French
(USAID AFR/DR/SDPJ, Gene Ellis (USAIDI, and others. Although the
project review committee meeting in Waahington in November 1979 was
unable to approve the activity paper as presented, a slightly redrawn paper
was approved by the committee in February of the following year. Work on
the site and ordering of the turbogeneratlng equipment followed, but later
in the year, questions concerning technical aspects of the project were
raised.

Through its Cooperative Agreement with USAID ST/EY, NRECA was asked
to send a team to address these questions. As a result of that request, a
team comprised of Allen Inverain, Micro-Hydro Engineer with NRECA, and
Walter Lawrence, conGUltant with NRECA, visited Liberia during the period
February l7-~6, 198~.

During the initial portion of Ule visit, discussions were held with Fred
Hagel, m, and Larry Donnelly, ENGR, of USAID/Mo11!'ovi~Mike Smith,
Peace Corps voLunteer, and Charles Martin, Director of Peace
Corps/Llberla, Lionel Keller, Head of the Planning and Engineering
Services Department of the Liberia Electricity Corporation (LEe), and Ian
Ybap, Load Study Engineer, also with that department. Time was also
spent revlewlng the lUes deallng with the Yandohun mlcro-hydro project at
USAID/Monrovia. No visit was made to the Ministry of Local Government,
the Government of Liberia signatory to the memorandum of understanding

. for the project, since that ministry W8$ being reorganized and it was still
uncertain who, on the side of the Government of Lib.eria, would be
responsible for this project. Because no .cable annoUncing our arrival·was
received from USAIDIW, the team was not able to arrange for it. visit to the
actual site untU near the end of its stay. FebNary 't3-ZS, in the company
of Larry Donnelly, the team viaited the Yandobun micro-hydro site,
accompanied by Mike Smith and Gary Duncan, who is still living in
Yandohun. The team also had the opportunity to meet with Ron Drnjevic, a
more recently arrived Peace Corps volunteer who eventually will take over
from Mike Smith. Because of the delayed visit to the sites the team only
had time to leave a brief draft summary of conclusions and
recommendations with USAlD/Monrovia.

If this project is to continue, there are a number of technical pointe that
will have to be resolved. However, because of the team's dedre to address
the primary questions posed by USAID/ Monrovia with the minimum delay,
we have generally not attempted to address at this time thosP. teehnical
pointS in detail.

1 Introduction
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Figure 1 Location of Yandohun

Should the ,decision be made ,to contmue' with the, project, NRECA, can ,
" pr,ovt~e,'the necessary assts,tance upOn approval "frorD, ST/EY." WOOaDi' "
Ktt~ 9f Sma1~ Hydroelec~icSystems and Equipm,ent (SHSE), 'who "
8Upp~ed the t~bogeneratinga1'1dcontrol equipmen,t andl?VC pipe for 'the .
project;, haS indicated. that he ~("es not see,his work ,completed Until the' '
system is on-line and his client'satisfied. ~ssist~ceboth from' him ,and,
from NRECA can be coordinated through NRECA.
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".'. "', :':-',' ::"., In l'e~ewbtg'~e ~co~ of the Yanci~bUn micr~ydroproject, it is
:'" ":" ., apparent .that' ih, -project is only in its ipiti&! stage. But.it is also
:' ;;: ,,' . apParent: that ,couuliitments,ha.ye 'been 'made,,'_C;~)lnmitmentson which 'it'
,~;, woul,d be.diffie:ttlt tor~ege. If USAID/M9nrovia,andth~Peace Corps,

..:, ,·a£.ter bemg made aware'of tbeulagnitude of the work that remaiD& and .
of the.fundS which have yet.' to be found, are still committed to the'
completion of this proj'ect, every effort must Pe made to ei1sure that ~y
expertise required to complement th,-t existing in-eountry be p~vided
and that important issues be resolved as they arise ~d not be delayed. ,
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• On the 'order of $,25,000 has been'set aside in the revised budget for
· electriCal compOnt!Dtafor the distribution t~,'aDd wi~.yandohun.and
Dungalahun. Their.actual cost'is'estimatedtobe near $SO,OOOp,exclusive
of labor. :Consequently, Wuming that ther.-ecommendatio~for the ';

, distribution system .made in thi8report are adopted, ,approximately an
ad~tional $ZS,OOOiJ:a funds will h~ve to be found. The costs for
additional pipe and bends required for the penstock,.as well'as tools,
timber' and sheet steel for the flume, etc. can probably be covered by the .
existiDg bal&llce;_ .

• Because' the productivity oftbe villagers 'implementing the scheme is
· unknown aadvariable, it ~ difficult to give any aCCUl'ate idea.of the

, roagnitudeof the work': which remains., Given 'othe~ demands on the
· villageri' time, it may well t~eanothery~ar before the civil works and

inst&;11adon of, the ,powerplant are completed. An awareneas that a
signific~t. amount of work remains to· be done is essential because,
throughout the duration of'this project, continued inputs from' the Peace

.Corps and USAID will !;)e necessary.' .

* A' propel', Wl'vey needs: to"be undertaken as soon as possiblE!- This survey
" . is to ~'used (1) to determine t~e actual placement of, the power canal '

. and ,forebay before excavation can 'be' undertaken and(Z) to determine'
the profil~ of the penstock to be able to determine and order the
necessaJ.y:bends an.d possibly additional lengths of PVC pipe. '

'. It is freqUently less f~8trating (aDd possibiy more effective on the short
:~. tezm) to ~4ertake a Project independently•. However,. given ~Ects

respon.:jibilities for the generation, transmission, and distributiOn of
electrical power in Liberia and their avowed interest in small hychopower
~der~akings,it isessen.tial tha:t they. be mOl'C!,~ctiv.~lyinvolved in the .

· project.··.Their par,ticipation invario~s~pectS of ·the·project$h~uldriot
·.be-.sumaduseems·to have. ~een:the case, at times in· the past.

.," .'. '.',"

• Beyond addressblg the immediate questions pos~d'by USAID, this report
· includes a cursory look at the technical aspects, which wUl have to be

covet'ed in gt'eaterdetail as work at the site proc-eeds. Becal.l8e of the
extent of f~ther technical 'inputs 'which will be required, if NRECA is to
proVid~ assistance on an as-needed basis; it is necessary that such a t'ole
be formalized, through STlEY. '
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Terms of reference

In the course of implementing the Yandohun micro-bydro project, questions
arose concerniDg (l) the technical adequacy of the designs adopted and
equipment purchased and (Z) the apparent necessity for substantially
Increased additional funding. Both the USAID Mission In MonroYia as well
as USAID/W were increasingly concerned about whether the project was
technically sound and whether additional funding of the :project was
warranted. This concern was accentuated by a lack of necessary expertise
to gauge the validity of the technical criticisms being leveled against the
project.

Under Its Cooperative Agreement with USAID ST/EY, NRECA, through Its
Small Decentrallzed Hydropower(SDH) Program, was a:ked· to proYide a
team to look into the technical adequacy of the designs adopted, to define
the ·extent of work yet required to complete the project, to estimate
additional COlts that would be involved, and to recommend a course of
action.

3 Terms of Reference
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Present status and fu'ture directions

This section inc1ildes m.ostly qualitative descriptions of the work done to
date .and that ,which is yet to be undertaken, conelusio.u drawn to datE), and
recommendations. As mentioned in the introduction te., this report, more
quantitative .~esign details and procedures will follow hi due course.

At-the "site of the' Y..,dohun miao-hydro project,land has been c1ear<!d for
'the dam, reservoir, powerhouse, and along the alignment of the powe.? canal
and penstock; work on the dam has begun; the constructim:. of roads for
access 'to the major components of tbe scheme is well advanced; and the
turbogenerating equipment has been -delivered to the site. The last I!:ectiona
of penstock pipe were being transported to the site. On the budgetary
front, approximately half of USAID's present commitment ($70,OOO) has
been obligated (Table 1). Although an impressive start has been made on
the project, much ,work remains to be done and additional funding will be
needed to complete the project. The 'rillagers seem committed to
completing the project and have made contributions in terms of both labor
and financing. The Peace Corps and USAIDfMonrovia also seem committed
to completing of the project and feel that termiDation at this point would
seriously affect their credibUity. Since no compelling arguments have been
advanced for terminating of the project, thia appears to b. an unrealistic
option.

If, after realizing the scale of work wbich remains to be done, USAID and
the Peace Corps feel that they are stiU committed to cOClpletIDg this
project, every effort shoq1d be made to ensure that subsequent work is '

An, tmprovUed ('o.-frame suppOl1 used by the villagers
to "Uft the turbogeneraUng package off the truck.

6 Present Status and Future Directions



* Especially since this is a prototype project, there is a need to fulfill"
commitments made in "the activity paper concerning a thorough and ..e11­
planned evaluation of the method. of implementation of this project and
its impact on the rural communities involved.

• Calculations Indicate that the dam shmlld be safe from failure from
either oIicliDa 01' overlurDlng. However, though this might change at
lOme later date, there is at this time DO way of justifying the
construction of a dam. It is recommended. that the base of the dam be
built up 10 that it serves as a weir and not for storage u originally
envisioned. This will permit a chance to determine the suitability of a
dam at the lite aJid permit at the same time minimum delay, until power
is avaUable to· the villagers. The daDr could be completed ahome later
date If this is thea deemed advisable.

• With the pouible ezception of a generator main breaker, the control and
pl'otection functions of the powerplant itself are provided' for.

" Protection of the primary distribution (2..4 kV or 7.2. kV) lines was not
provided for initially but is inclUded in relevant alternative diStribution
schemes.

• Alternative C (7.Z/lZ.5 kV wood pole line to the village) appears to be
the lower cost alternative. LEC uoes this REA-type stan_ and could
employ local labor to clear JUDIlle, dig hol.s, and set pol... SklUedlabor
would be neceaaary for transformer and liDe termination, stringiDg, tie
wirmg, aDd such. On the basis of a rough coat estimate, $50,000 should
be allowed.

"- • General recommendationa for specific de,ign aspects of the civil works
can be found in the appropriate sectlOllll iD the chapter, ·Pr• ...,t status
and future directions.·

... U one is c"',:--:(,:~emed with future Projects which have a Chance of being
reproduc..-:::ri"';l a more honest attempt should be made to address critics of
these projects f~olD the outset ani !ucorporate remions in the project.
In the case of Yand~hun, the die has been cast and. one has to make the
beat of the aiven situation, even though this project may not be as
appropriate as it might have be.n.

5 Summary of Conclusions and Recommendations

,



properly planned and eA"ecuted. The Peace Corps should realize the
techDical nature of such aD \Dlderta1dDg and provide Its volunteers with the
necessary technical back-up. This fact is even truer in the development of
a prototype project where new problems are encountered for the first
time. Such a project may wen encourage "or discourage other similar
undertakings in Liberia 01' outside, irrespective of the true merits of the
technology. Exposing its volunteers to "appropriate tec:lmology training- at
FallOfies Institute should not be vieweel as adequate preparation for the task
at band.. The Peace Corps volunteers who have been, 01' are now, involved.
with this project _seem dedicated to the project. The team recommends
that. these vobmteen must be provided with whatever ezpertise is

If the Peace Corps is to have substantialrespoDl:ibility for implementating
a number of such projects in the future, specific and specialized trajning on
small hydro projects must be undertaken. Separation of projects into
reccmnaisance aDd construction phases with different volunteers trained for
each phase would enable the volunteers to acquire the necessary skUls for
each phase and still comply with their aorlDal two year tours.

•

8 Present StatuD and Future Directions



Table 1
Budget fOl' the Yandohun Micro-Hydro Project

usAID contributions

Tur!>o-generatlon packlige
andp_tock

ShlppiDg ad"iDaurance
TransforD!en and electrical

'd»tributlon <iquipment
SIlIPPliiir'and _ance

Cement '
SOclo-ecoiiomic survey
Tra1nlJlg ,
Hand toola
SteelretbforciDg
MlaceUaneoua
ContlDgency'and inflation

Sub-Total

Community"contributiona

Chain saw
Hand toola
Gas and oU for saw
ChaIn saw,opC\'ator
Concrete culverts
Transportation (m"ateriala and

labor)
Rice mill
Coffee mill '
Local labor
Local indigenous m,terials

Wood for form.
Sand and rock

Sub-Total

Gov'! of Liberia contributions

Technical assistance '
Ministry vehicle and support
Cable

Sub-Total

TOTAL

Revised Budget, Obligated- Batimce
Z/19/81 Z/18/8Z Z/18/8Z

US $3Z,500 Z7,905.00 4,595.00
9,000 1,931.03 . 7,068.97

7,000
.

7,000.00
Z,OOO Z,OOO.OO
5,600 Z,Z70.Z0 3,3Z9:80
4,000 4,000.00
3,000 3,000.00
1,000 693.61 3,06.39

, , 1,000 1,000.00
1,000 . 1,000.00

,

3,900 89.00 3,811.00

US $70,000 ~3,888.84 36,111.16

.
•

. US $1,000 ' 1,000,00
1<'1,000' 1,000.00 ' ,

Z3 Z3.00 .
106 100;00
Z63 Z63.OO ,

,

,
,

,650 650.00 .
3,000 ,3,000;00
z,OOO Z,OOO;OO,

",

•

3,999 1,000.00 Z,999;00

3,000 3,000.00
Z.OOO 47Z.Z8 1,5Z7.7Z

US $17;035 4,385.Z8 IZ,649.7Z ,

US $1,000 . 1,000.00
, 4,000 1,834.15 Z;16,5.85
15,000 15,000.00

US $ZO,OOO '1,834.15 18,165.85

US $107,035 40,108.Z7 66;9Z6.73

"...

• as per records kept by Mike Smith, Peace Corps volunteer,-Yandohun,
Liberia

7 Present Status and Future Directions
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height of about two feet, sufficient for it to act as a weir and to divert
water through the intake. The abutments should be raised sufficiently to
~revent flood flows from eroding the abutments. The intake and settling
area· should also be protected from flood fiows. In this manner, full power
could still be generated for at least 85% of the year when flows are
claimed to exceed 180 cfm and half power for probably another 5-10% of
the year when flows fall between 90 and 180 elm. In its present
configuration, the turbine cannot make use of flow. below 90 cfm (though
this can be changed, see discuasicn on p. 19). Initially replacing the dam
with a weir permits:

(1) the shorte.t delay until the plant is on-line (and the vlllager. see the
fruita of their labor);

(Z) a chance to determine the pre~ce of any piping around the
abutments; and,

(3) . a chance to record actual low flows and the extent of sediment
deposition behind the weir to determine the advisability of increasing
the height of the dam.

It is recommended that more thought be given to the design of the intake
structure in ·the dam which leads water to the settl area ust
downstream of the dam. Any gates to control f ow aJ'l! generally
incorporated on the upstream side of the dam, not downstream as. indicated
in some of the preliminary drawings and reports. ::his permits water
pressure to more effectively seal the opening.and allOW8 free accesa to the
entire length of the intake for any repair and maintenance work.. n. " gh
the height of the intake opening is set as three feet, It must be noted that,
for the flows required, the actual gate opening there will never even
approach this value.•. The principal advantage of the large intake indicated
I. that the posslblllty of debrl. lodging Itself in this portion il> thereby non­
existent. On the other hand, if the dam is conatructed as envisioned,
operating the gate would require an inordinately large force when the
reservoir is full since the water preeaa1"e would aet virtually on the whole
vea of the gate (about nine square feet). AD opening of reduced size
might, therefore, be considered. Constrictions and bends along the -silt
bypass" should be avoided to maximize the velocity of the water and to
facilitate the removal of any debris or boulders which might become lodged
in this bypass. Though a larger cross-sectional area for the silt bypass
might have been advisable, since it has already been incorporated in the
dam, this is no longer a real possibility.

Settling area. To date, construction of the civil works has not proceeded
beyond the base tor the dam. There is, however, adequate space on the
sloping bedrock forming the bed of the Yando Creek at this point to include
a settling a1:'ea.

,

A settling area serves to remove any sediment that might ;otherwise settle
in the power canal as the water is led. to the forebay, sediment whieb. would
eventually render the canal ineffective until its entire length is cleaned out
by band. A seUling area can only be omitted if either (1) the water carries
no sediment year-round or (Z) labor is available to clean out the power

11 Present Status and Future Directions
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ScOlolt ope-ninl
(vith l'udt.-nul'Y

See.tion AA

(not to .c:.t.)

canal whenever necessary. In the. case of the Yandohun site, the. ter:aiD
can easily accomodate a settling area at the intake to the power canaL
Though a "flume for sedimentation" was called for in the "Preliminary
Engineering Analysis" (Fritz, 1980), it is recommended that this settling
area be properly designed' and mclude the components noted in Figure Z.

The dime-t..d.ons of a settling area are established so that sufficient time is'
allowed for all sediment above a certain size to settle out of the flowing
water. The cross-sectional area of a settling area is greater than that of
the power canal to reduce the velocity of the flowing water. Though a
settling area of nearly any shape is possible, it should 'be designed to
facilitate flushing of the sediment. Its size is determined by the silt bad in
the water and the magnitude of the flow passing through this area. A
settling area with small SW'face area would require more frequent cleaning
out. A spillway must be incorporated in the wall of the settling area on the
side of the river. This permits excess water, which might enter the settling

12 Present Status and Future Directions



Figure 3
An example of a flume constructed of sheet steel

A 4--*

Plan ,t.BoB
«(I) Detail of Lennon flume Joint

••<fii". _

"~"",-iI ~~-,- ...

IftWnMdMtl carrier flllI
~51t..dla.""'''""

(6) lennon ~ume assembled

+

1.Dq~1......
......, 5tll ber

-.,&-. ~,...,

c=-lB Section B.B
(tI) TYPe of stetllubstructur. fOT metal flumes of medium helatd

.~ area to be returned ·to the river and not diveJ'ted down ihe power canal.
Excess water in the power canal might caU8e eroaion along the canal or at
theforebay.

Power canal. The f\metlon of the power t;::anal is to convey water at the
proper rate from the intalte area on the stream 'to the forebay at the intake
of the penstock. This canal may be open or closed and be constructed
below or at ground level or supported above the. ground. An open canal is
generally preferred sine,e it permits easy removal of sediment or other
debris which might settle along" its length. It may be made' of earth or of a
number of materi~, including wood, concrete, and sheet metal, depending
on the porosity of 'the soil, the nature of the terrain, and the availability of
materials for its construction. Its dimensions, profile, and slope are
determined. by- both the layout of the terrain it traverses, the flow to be
accomodated, and economic factors. In designing the power canal, it must
be kept in mind that, according to Mike Smith, eventually two 30 kW units
might be installed in the powerhouse, requiring twice the flow initially
envisioned.

13 Present Status and Future Directions



F~ir4Paron of the power canal reguiriJIa excavation

Loose earth

Original ground '"

'\{i¥li(~i'1}/·
.:"."

\
Supported canal
(flume)

At Yandohun, the power canal would include two distinct portions, a flume
suspended above the ground and a canal excavated in the earth and rock.
Each portion is on the order of ZOO feet long.

A variety of materiale might be u.ed to CODStruct a flume. Two
pouibUities for the Yandohun aite a..-e wood or sheet metaL Whereas
timber and chain saw attachments to cut pianka are avaUable locally,
timber flumea are aubstantially heavier a.Dd require more labor Inputs than
theet metal flumes. Without treatment they may require more frequent
replacement. .

Because of ita relative ease of construction, it it recommended that a
8Uaiaht n,uDe, usiDg lJheet metal to convey the ... ater, be couaidered for
the fint section of the power canaL AD illustratioD of a sheet metal flume
In Figure 3 lJ Included to give an Idea of the conslructlon that mlaht be
involved. Th~ are designs used 'lor flumes of larger dimenaiODS than
would be needed at Yandohun aDd therefore the actual dimensions and
design adopted will differ from these.

To facUitate constructiou, a linear alignment from the settling area to the
beginning of the excavated portion of the canal would be advisable and
could be accom-odated at the site. Adequate footings would be required on
the ste,,!, slope.

Given the uature of the soU at the site, the excavated portion of the canal
need not be lined. Though a rough cut has already been made by a
Caterpillar tractor along the alignment of the proposed power canal, the
high point of thia cut lJ still, according to Mike Smith, about 8 feet above
the elevation of the proposed canaL At least a portion of this excavation is
in ~ock which, though the rock is rel~tivelysof. will be more time
consuming than if done in earth. However, being of rock, the walls of the
canal can essentially be vertical, thereby reducing the volume which has to
be removed.
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Before any further excavation, it is recommended that a survey of the final
alignment of the power canal b~ undertaken to ensure that the canal is
excavated in original earth rather than in backfUI. In addition, as
construction is undertaken, the various components described below should
be included. Drainage canals on either side of the power canal should be
ineluded to remove any nm-off during periods of rain and prevent soU and
other debris from washing into the power canal. Depending on the actual
design parameters, it might be necelSuy to include proper spillwa.ys along
the canal to prevent overflowing of the canal either during times of
unusually large flows or during times when the fiow in the canal has been
unexpectedly blocked and the water will back up in the canal. Water
flowing over tl:te spillways should be carefully led away from the canal so
that no erosion can occur.

Forebay. Though any description of the forebay ("collection box·) was
omitted in the "Preliminary EngineerinB Analysis· and subsequent reports,
it is recommended that a forebay, bullt with the components described in
Figure 5, be incorporated to serve primarlly as a secondary settling area.
Because the nozzles incorporated in the turbine design are of fixed area,
the function of the forebay at this site need Dot serve as storage to make
up for transients occuring during times of increasing or decreasing penstock
flows. It need be sized only to accept tbe anticipated sediment and to
submerge the intake to the penstock sufficiently to avoid vortex formation
and the entrainment of air into the penstock. Abo to be incorporated with
the forebay structure is a sluice gate to permit emptying out of the forebay
to clean out accumulated. sediment. It is also ad.visable to include a
spillway as part of the forebay 10 that, in the event of unusually hiP canal
fiows, this water CaD be safely removed from the forelJay. A waterway to
convey the water from the spillway aDd sluice gate must be properly
situated and constructed to avoid potential erosion whic..lt this water might
cause and which might undermine tbe penstock, powerhouse, or forebay
itself.

Penstock~ The penstock route has been cleared. partially and. the major
portion of the pipe is at the site. The PVC pipe tolerates only a aUght
curvature and even this requires considerable force to accomplish.
Consequently, depending on tbe actual profUe of tbe proposed penstoCk, tbe
actual penstock will essentially be formed of several straight portions
joined by appropriate steel bends.. Thee latter can be supplied to order
through the supplier of the turbogenerating equipment, Small Hydroelectric
Systems and Equipment (SHSE), after specifications have been obtained.
There is also a need for a transition piece between the lZ-inch PVC pipe
and the 8-inch flanged intake to the turbine. It is apparent tbat only
sufficient pipe was ordered to cover the penstock length as originally
envisioned. Depending on the actual profile, lengths of pipe may have to.be
cut and several additional lengths may have to be ordered along with the
bends. An adequate supply of the lubricant for the assembly of the pipe
also needs to be purchased. Approximate additional costs which would be
incurred. w.ould be $700 dollars for the envisioned three bends (indicated in
a drawing in the "Preliminary Engineering Analysis,· one wye, and one
adapter and $Z50 for each additionaller1th of lZ-inch PVC pipe.
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An eumple of a forebay desilDt in common use far .mall hydrrropoweJ'
plaDt!, Uluatratiy the baaic components which Mould be included

• )

~- ----c >--- __

(GOt to Ie-ala)

A Proper autvey of the pe...lock routiDg should be UDderlaken. DuriDg this
survey, an attempt should also be made to determine the depth of any
bedrock below ...,....d level along the propooed route of the peuatock. A
~ey is Deeded to determine the mapitude of the benda neceaary for the
pe!Ultoek aa well aa to determine the number of additionallencths of pipe
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which may have to be ordered. Later, the data obtained in the ....."ey will
be necessary to determine the size of the anchon to be uaed at the bends..
Becauae of the delay! which are iDcuned in oMeliDe and &hIPPing. i!...it
recommended that this """'ey be UIldertaken u ooon u poulble 10 that the
process can be initiated. Furthermore, in deaiping the penstock, the

A vent pipe, just below the intake to the penstocl<, is often included to
prevent collapse of the pipe Ihould the intake be fully blocked during Ito
operation. Since tapping the pipe would require apeclal toolo, another
means should be incorporated in the forehay deolgn to accompllsh this
end.

At each bend, the penstock mUlt be appropriately oecured by meaD' of
reinforced concrete anchors. These anchors secure the penstock agaInst
the forces due to both the weight of the filled penstock and the thrust due
to changes·in the direction of the flow.

The excavation of the penstock trench by hand will be a major taa!<, even If
DO rock is encOuntered. Though the excavated volume is a (unctioa ~f the
actud profile of the pe:natock route, it would be of the order of 2.00 Cubic
yards. The wbsequent~ of laying and properly embedding the pipe,
preparing anchoR, and backfilling will also require a sbab!e "input of labor,
time, and technical supeJ'Vision.

17 Present Status and Future Directions



A. far .. m&klng provIoion for to oecODd turbine iD the future, Kit<:hiDg of
SHSE ouggeot. the configuration oho"" iD the oItetch iD Flaun 6. The
peIllItod, which !lao been purcl1aoed can "",vide oufflclent no. for t.o 30
Ir.W turbiD"" with neal\gible additional head 1000.

Powerhouae. The powerhouee CaD be a simple structure bUllt of mud-brleb
plutered over with concrete, .. Is common practice in Liberia. The ODly
component .hlch 10 _tlallo a firm foundation of properly reiDforced
concrete. The powerhouse Deed be DO waer than to providl! sufficient
room to houoe the tur!>oseneratiDg mac:hiDery and ...odated control
equipment .Ith adequate acc_ iD all old.. of this machinery to facilitate
any repair aDd mamteDaDce. It caD, on the other hand, contain. workahop
and office and be conotruc:tod of ri&ld pillara to oupport an I-beam from
.hlch the turbogenoratlng equipment could be oupported duriDg iDota11atlon
or major repa\n. GI"en the equipment purc:haoed for thlo project, thlo
beam 10 really not neceooary after iDotal1ation of the equipment. Either the
frame auppoI'ting aU the equipment ehould be placed m. the powerhouae
before the .alIo ha"e been put up or eloe a door of ouffident width ohou1d
be incorporated in thia Itructure. Becauae of the weight of dle equipment,
the floor of the po.erhouoe baa to be ouffldently.trona, with proper
footiDp .hen buUt over a flllod-iD area as 10 envloloned. The opent water
from the turbiDe II: cliac:ha.raecl from under the turbine and a water-tipt
tallrace mllOt be conotnlctod to pre"ent thlo water from erodIne the
powerhouoe foundation.

It has been notod by the Peace Corpo "ohmte... worlr.iD& on the "",ject
that the micro-hydro oc:heme 10 to be deolgned 00 that a oecODd
turboseneratlng oet might be iDcluded iD the po.erhouae at oome future
date. By proper deolp. additional coo... beYODd thooe of the
turboseneratlng equipment Itoelf, could be iDoIpificont. Ho....er. if a
oecODd g.....atlng Nt 10 iDotal1ed, It 10 envlolonod that moot po." .ould
contiDue to ao to YaDdohUD, the larger of the two Yi11.ases aDd the 0Dl,. ODe

with road access. 11terefore, .om. ~e&Da of eynchroDiztDt: the two
tur!>oseneratiDg oat. will be neceooVy iD order that the power generated by .
each eet CaD be transmitted oyer the same liDes. This would mYOlve
additional coo.. and complezlty. Another option .ould be to .... only the
orig\Da1 turboseneratiDg oet for the g...eration of electricity and the
oecODd turbln. for direct mec:hanlceI drive of agro-proc-' equipment•
..... etc•• In a powerhouoe/vl1lage iDdIIOtri.. workohop if oufflclent apac.
i8 available at the powerhouae site. The actual layout of the powerhouee
will depend on the final configuration which 10 decided upon.

Mechanical _c"
Bec..... the turboseneratiDg equipment purchased for the Yandohun oIte
baa been a.aeembled on a common frame, installation of the equipment is
facWtated. The cmly taak requiring some care is the final placement of the
frame ..........t. the low. eDd of the penstock to insure alignment of the
uIo of the peIllItoclr. with that of the Intake to the turbiD. plpework.
Generally, 1D000tmc bola are left in the foundation at the approximate
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locations of the anchor bolta. The frame is then temporarily supported and
carefully aligned, shimmed if necessary, and then grout is poured under the
frame and around the anchor bolts in the mounting holes. Complete
inatructiona will be furnished by SHSE.

When the installation hu been completed, the proper proced.ure for
commissioning the plant muat be followed. The distribution system need
not be completed to undertake this teat.. Though commissioning is usually
undertaken by an experienced Individual, Ibis might be avoided dependiDg
upon the complexity of the system and the qualificati0118 of those present..
U everytbiDg wllb U.e elecUonics portion of Ibe equipment is in worldng
order, getting the plant on-line should Dot be difficult.. Further details can
be provided in due course. .

It will be necessary to estabUsh a maintenance schedule bued on the
ope%ational experience of SHSE with their equipment. This will involve
cbeclting and replacing Ibe belts and bearings and addiDg grease when
neceuary. Tools to unde%talte the necessary repair and maintenance work
should be purchased and kept in order in Ibe powerhouse. A supply of some
items such as grease and belts should be k.ept on hand.

Though Pelton rurbiDes can malte efficient use of fiow. much smaller th4
their design now, this is only the case with nozzl.. of adjustable area.. 1bis
is usually performed through the use of a spear valve.. With the equipment
purchased for Yandohun, the nozzles are fixed.. Since two DOz21ea of equal
size are included with this unit, it is possible to make use of either both
DOzzles (using about 180 cfm) or one nozzle (using about 90 cfm). Wllb Ibe
nozzlel furnished, it is Dot poaa1ble to make use of fiows leas than 90 elm
(which may occur duriDg 5-10% of the year). However, when a bette idea
i. gained of the actual flow. in the Yanda Creek, the existmg nozzles could
be replaced during the dry se8JlOD by nozzles of smaller jet area. According
to SHSE, the nozzles are threaded and can simply be sc:rewed into place.

Electrical aspects

Specifications for the turbogenerating equipment issued by the General
Services Administration in accordance with Federal procurement
requirements were rather broad. They are as follows:

"1. Horizontal shaft Z-jet Pelton type turbine suitable for operation
wllb ZIO foot head and 150 elm now.
• steel shaft suitable to drive 35 kVA generator
• stainless steel buckets
• gear operatett butterfly valve at intake
• butterfly valve for each jet
* 8" flanged intake"

"z.. Bruahlesa synchronous generator, 35 kVA, 30 kW, 2Z0 volts ac,
60 cycle
• voltage regulator
• ac instrument panel mounted and wired with voltage, current

and Hertz meters with switches to read each phase"
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On the basis of the purchase order, inspection of the usembly at the site
and the photographs, the following features were noted:

The total order was awarded to Small Hydroelectric Systems and
Equipment (SHSE) in Acme, Washington. SHSE designed and manufactured
the PELTECH turbine and the frame and engineered the procurement and
integration of the generator and load controller modules into the final
assembly. The generator, furnished by Fidelity Electric, is a lZ-terminal
machine which can be connected for a range of voltages from 120 to 480
volts, three-phase or single-phase. Although it could not be confirmed at
the time of the inspection at the site, it is presumed to be connected for
three-phase, 220/230 volts line-to-line as specified on the purchase order.

Thomson and Howe of Kimberly, British Columbia, Canada, furnished the
load control s~tem which consists of three modules: (1) load controller; (2)
load management; and (3) frequency guard. The load controller monitors
the generator load changes in termlf of frequency departures from the
nominal 60 Hertz generated voltage and generates signals to solid state
devices which switch variable increments of current into -passive- resistor
loads as needed to account and correct for small frequency excursions
caused by changes in the -active· {user} load. The· load management
module controls foUl' large passive resistor loads (water-cooled) and gets
signals from the load controller module to look at the load situation every
four minutes and to switch in or out those resistors as necessary. Although
the manufacturer's manuals do not make the theory of operation very clear,
the load management module apparently keeps the load control module
·centered· by ·switching on or off larger load increments so that the latter
always has latitude to operate over its limited range to fine tUDe the
frequency (and accordingly, the turbine speed). Finally, the frequency
guard modUle is intended to detect frequency excursions abo'\"e or below set
limits and to actuate related alarms or controls to shut down the turbine.
In this installation, a gravity-loaded jet deflector is held opeu by a solenoid
which gets its current from the frequency guard module as long as
conditions are normaL Should conditions depart from normal, the hold-in
solenoid is deenergized and a weight-operated lever operates a denector in
front of each of the two nozzles through a simple mechanical linkage. The
turbine then would slow to a halt altbough the water would continue to flow
into the turbine casing.

5HSE interpreted the specifications regarding the automatic load control in
such a way that the passive load resistors (which are ordinary water heater
elements) are mounted in a water-tigbt steel compartment through which
water, tapped off the penstock before the turbine inlet, is circulated and
then dumped into the tailrace. This unit is an integral part ·of ·the total
assembly with water piping and electrical connections to the water heater
resistance units all made at the factory.

Protection and Control Equipment. There are two prime aspects of the
installation and operation of the generation/distribu.tion system to
consider. First is control and protection of the turbogenerator and its
electrical output.
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Acting at the request of USAID/Monrovia, the Libeia Electricity
Corporation (LEe) reviewed the turbogenerator specifications, made a
brief vialt to the aite and the load centers of Yandoh\m and Dungalahun and
provided certain recommendations in thea letter dated 2.1 September 1981
(aee Appendix). Concerning the turbogenerating set, LEC hacllittle to
judge from other thllD the brief purchase specifications. LEC's
recommeDdatlona for control and protection of the turbogenerating set are
appropriate for a central station-size installa.tion but are overly elaborate
and corrnpcmclingly costly for a very small L1achine.

Their recommendation for voltage, current, and 'Peed indicators :is met by
the \mit u bullt (He the letter, page Z, sub-paragraph (al).

Sub-paragraph (b) cal1e for puahbuttOIUl for stut, stop, alarm cancellation,
cloeing and openinJl of breaker aDd emergency stop. Pushbutton atut and
stop are neither feasible nor desirable. Start-up is almply by opening .aI...
aDd activating the automatic load controller ayatem. The automatic shut­
down hu been deacn'"bed and is adequate. No alarm is needed-when the
lights go out, the machine needs attention. The Ughts going out In the ./.
vUlaae would iDdicate that the automatic sbut~wnmould be checked to
aee If it has been actlnted. If desired, a almple, battery-operatecl-t'eJay­
triggered alum coUld be rigged up in each village. From our extUDination
and photographs of the turbogenerating Ht at the site and the1&clt of any
specification In the purchase order for a main breaker, It appears as If the
breaker panel eontaina only branch breakera for the four pUaive reaiatora
and auxiliary control circuits and therefore no gener~tOl'bwealter. When
the shop wiring diagrams promised by SHSE are a.~able, this will be
confirmed. Assuming this to be the cue, a generator breaker will be
neceMary, but this CaD be a simple therm~ inverse time delay 3-pole
breaker with an lnatantaneous attachment' such u the new QO Une made by
Square D. Tripping would be indicated by the toale which ill used also to'
r""lose the breaker. Switches for auto/manual and such, which are aJao
called fOf. are not necessary since there is no auto-atu·t.

Sub-paragraph (c)-automatic Start and stop, Initiated. by pre-set conditions
auch .. biah or low water alarm or temperature-are not practical or
necessary. High temperature alarms are not practical for small machines
.ince there are no imbedded d~tectol'S in auch generaton. An ordinary
thermometer could be taped to the generator frame and the operator
instructed how to react to its readings.

Reguding sub-paragraph (d)--speed monitoring equipment-a frequency
indicator is provided and the frequency guard. module already deacribed will
abut the un~t down in case of frequency disturbances. This will alert the
uaers (and the operator) to correct the -trouble and to manually restart the
machiue or to close the main water valve.

Sub-paragraph (e)-annunciation (meaning target or lamp indication) of oyer
01' undervoltage, overeurrent aDd earth fault :is neither practical nor
juatified on such a amall machine. The generator bas permanently
lubricated ball bearings and the turbine bas visual-level grease reservoirs
which do require watching but with no alarm provisions. A kWh meter on
the output to the village loads (not including the passive load) as well as
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another reading total generation might be useful especially for evaluating
the system. Whether or not additional instrument transformers are
necessary can be determined when SHSE provides the complete wiring
diagrams. Low-voltage switch gear need be nothing more than the QO
Squue D breaker discussed previously·. "Apparatus cubicle" with potential
transformers and such is not necessary since gener2.tion is at 220 volts.
Station service (local lighting and a trickle-cl1arged battery emergency
light) could be picked off a 120 volt connection on the generator. However,
it might be simpler to operate station lighting on ZZO volts which is
available within the control panel. Other auxiliaries such as battery­
operated emergency lights could also operate on ZZO volts. "Sundry
equipment"-battery charger, water level measuring device, ac and de
alarm bells, dc fuse board-are found in large plants. In the case of the
plant at Yandohun, direct CUlrent control is not used.

Finally, though the Thomson and Howe electronic load controller, load
management, and frequency guard modules are regarded by the supplier to
be very reliable, there is little experience in their use under loads actually
experienced in remote, rural areas in tropical countries. As designed,
certain failures among these components could render the system
ineffective. Although the Thomson and Howe instruction manuals indicate
a one-year warranty on parts and labor necessary to repair manufacturing
defects, it obviously is impractical to implement such a warranty in the
remote project area of Liberia. Depending upon the nature of the load, it
might be possible to temporarily circumvent the electronics after Eallure oE
any of the components so that the system is not rendered completely
useless during the time that repairs are undertaken. However, before this
can be done, access to more complete wiring di.agrams for the equipment

A view from Yandohun village illustrating the style of construction used
in the typical home
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provided muat be galned. Such information has been requested from SHSE
and Thomson and Howe.

Summarizing the-above, this small plant must be as simple u possible to
keep coats dowu and to be of minimum complexity 80 that Dcn"t' ekilled
people can operate it. The coat of overcontrol and overprotection could
exceed. the cost of the controller' and protected equipment-moltly the
gent:rator-and including more than is already. provided with the
turbogeDerati~package is not essential.

Dlatributlon. The·second main component of tbls project Ia the distribution
of the generated energy to the vlUases of Yandohun and Dungalahun. On
the -basis of the relative number of houses mthe two, about 3'. of the-plant
output (wha.tever It may initially be) would go to Yandobun and about 1/4 to
Dungalllhun. Uaing a generated power of 3Z kW (for roundnumben),
Z4 kVA would be the maximum to Yandohun and 8 kVA to Dungalllhun;. .'

The only map relating the plant ,site to the villages Ia one dro,.... by'Mlke
SmIth (Figu>'e 7). From the' powerplant, up the peJlstock line 'to the road,
am! alone: the rOad to Yandobun vUlaa:e is a total distance of about 9,000
feet. Thla is the r<\Ute appropril~te for a buried cable. Overhead lines,could

. cut aeross some .of_: the curves in the road and .red:u.ce this distance by
perhaps 500 feet.

Alternative.designs.for the distributi~Daystem·in.clude the following:

Alternativa A
Step-up at the plant to.7.Z/l2.5 ltV, run three-phaae service to Yandohun
and liJlgIe pbase to Dungalllhun by 15 kV buried cable, and step-down to ,
lZO/Z,40 volts in the villages for secondary ~tribution.

AltemaliveB:. ,
Step-up to 7.2/12.5 kV at. tbe plant, run ihree-pbase overbead lin.. of .6
aluminum cable on treated pole.. to Yandohun aDd DWlgalahun, and step­
down to 12.0/2.40 volta: in the villages fo.r secondary distribution. This 1s the.
scheme probably consid~edby LEG in '~iving..~t their-c.ost, e~tim~te of
$164,484 for distribution presented o~ page.3 of' their 2,1 Septembel' 1981
!etl:er (see Appendix). LEe ,advocates use 'of 'concrete poles for this project
but wood poles (with l1eatmentof lO.me IOrt)' were seen along the. road ..
enroute to the site. If concrete poles could 'actually be del!veioied to the....
site and set at a lower cost than wood poles, conc~ete poleS would be the .
better choice. '. ' . '

Alternative C:
A 'slightly lower coat variation of this scheme could be tlill!'.same except for
a aingle-phaae feed to Dungalllhun which would be adequate jorligbtlng
IUch a small village. Motor loads would be limlt~d toflve'hor~power1l,y
single-phaae service, but it does not seem -Ukely ~at motor 10$ wouId
exceed such a value. . .
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Alternative D:
Step-up to 2..4 kV at the powerhouse with burled three-phase .6 cable to
Yandohun and single-phase to Dungalahun plus secondary distribution at
12.0/240 volts u before.

Alternative E:
Step-up to 480 volts and run a bundle of triplex secondary bu2i.ed cables to
both villages plus secondary distribution at lZO/Z40 volts.

In all these alternatives, step-up transformers at the plant and step-down
transformers at the Villages would be necess-""y. LEG proposed 7.Z/lZ.S ltV
primary to the villages since that is the!!' more widely used standard, based
on U.S. REA practice. Availability of transformers, insulators, awitching,
and such at 7.2./12.5 tv is a factor in their recommendation. However,
during our trip to Yandoh\Dl, what appeared to be Z.4/4.lItV line was seen
frequently along the"road near villages. The open wire size of #6 is
dictated primarily by mechanical strength conaideratiClD8 and is more than
adequate for eurrent-carry1ng capacity. Termination, splicing and burying
of either 2..4 kV or 15 kV cable requires special skUb which would have to
be supplied by LEe in some fashion. Once properly installed, buried cables
should cause no trouble and they would be relatively immune to lighting.

Installation of the bundled secondary (Alternative E) would be·relatively
simple and within the capability of a qualified electrician. It would have
the additional advantage of dealing with relatively low voltages (480 volts)
rath"" than Z,400 or IZ,SOO volts. Alternative E would require larger
conductor cross-sectional area and would incur ·larger power losses than the
high voltage cables. Also the dry-type transfoi'mers for this appUcation
cost more than the oil-filled high p!'imary voltage transformers for the .
other alternatives.

Voltage drop from the generator to the loads is a significant faCtor in
Alternative E since the line currents would be much higher, where the 2....
kV or 7.Z kV alternatives would have negUgible voltage drope. The ateady­
state 1Z4 kVA load) voltage drop was Int~latedfrom REA Bulletin 1607,
page 69, using three 4/0 aluminium triplex feeders to Yandohun at about
3.6 percent for the assumed 24 kVA load. stated earlier. This is acceptable
for a rural vlIlllie. Voltage drops from motor-starting inrush currents (such
as village water supply pump or coffee huller) would have to be
considered. Such motors should not be enough for inrush kVA to exceed the
24.kVA which might mean that such .loads would have to be· st~ted during
daylight (non-lighting) periods.

Very rough cost comparianns were made of these alternatives including
step-up transformers at the plant, a circuit recloser (breaker) for line
protection (except for Alternative E), primary line as indicated,
tran~formerson poles in the villages, duplex or triplex service drops from
distribution poles to the houses and special connections to the school and a
water ppmp in Yandohun, plus about 15 % contingencies, with totals
rounded off. A large measure of volunteer local labor for clearing, pole
-and anchor hole digging, pole setting, and backfilllng was assumed. in the
cost. estimatett.
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Table Z
Comparison of costs of alternative distribution plans

Alternative Description Total Cost Step-up, cable OJ' Village
wire termination, distribution
and lines to and house
villages wiring

A IS kV cable S70,OOO S 55,000 S15,OOO

B 7.Z/lZ.5 kV
line on 48,000 33,000 15,000
poles

C as B except
single-
phase to
Dungalahun 47,000 3Z,OOO 15,000

D Z.4 kV cable 51,000 36,000 15,000

E 480 volt
bundled
secondary 45,000 Z9,OOO 16,000

Table 2. indicates that the difference between Alternatives C and E is
relatively tittle in terms of costs. Considering the voltage drop and losses
aspects, plus little or no allowance in Alternative E for adding generation
eapacity at a future date, it appears that Alternatives B and C are the
better choices, with possibly a slight cost advantage for Alternative C.

All alternatives e:ltcept Alternative E would have sufficient capacity for
accepting twice the initial power potential of the site. By proper selection
of the original station transformers, they could be used at the village ends
of the lines, with larger units replacing the original station transformers
when and if the capacity of the plant is increased.
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General observations

There is a yaat potential for hydropower of all sizu on the African
continent, especially in the central belt from weat to eut, though cleazly
some natiODS are more endowed with this resource than others. The
potential for micro-hydropower projects is also immenae though the
purpose of auch projecta would more likely be tied to :rural development
than to aU import substitution.

The micro-hydro project Implemented by the local commUDIty at YlDldohun
io the flnt ouch project ID West Africa and, It io probably safe to say,lD all
of Africa. Because of the existence of this vaat potential CD the ODe hand,
and because It has yet been rirtually untapped to date on the other, It io
important that, .. 'With any prototype projects of this nature, adequate
pl.nnlna by those knowledgeable ID the technolollY and aware of the p1tfa11o
and promiaea auoclated with this technology is euer:tial. Becauee of the
impact, either favorable or unfavorable, a prototype project can haYe, this
planning should Dot be taken lightly. It should Dot be undertaken by
enthusiasts wbo may be aware of some of the potentlala of the teclmololY
but Dot well versed lD aU its ramifications, technical and otherwise. The
apparent 8implicity of hydropower technology is beguiUng.

To date, there bas been much more intere8t in the technical upecb of this
project. But even usummg that aU the technical problema reavdinl the
installation are resolved within the given constraints, thia wUl not assure
the aucce.. of the project. Theze are several are.. that .tiD need to be
adchelled before thio project can be viable. Among these are (l) the
designation and training of local penozmel to ensure ...tiafactary operation
and maintenance of the plant and (2) the settina 'Up of a management
structure to determine and implement policy (poUciu I'eguding, 101'
e&ample, aUocatiou and priority use of avallable power, e.tabUahment of a
tariff Itructure and mechanism for adjustments, establishment and
maintenance of revenue and operations accounts, and use of local labor to
maintain civil workS in working order).

And even if the organizational and operational questiona have been
an8wel'ed, there 18 r.tW no guarantee that such an undertaking can be viable
and have a beneficial impact on the community. Determining ita viability
M.d impact ie, of course, one of the stated. reasons for undertaking the
project.

.
Since the LEC haa responsibility for the generation, transmission, and
distribution of electrical power in Liberia, it might be advisable and
pro~blynecessary to include the LEG actively in any further
developments. Although during a meeting with Lionel Keller, LEC
proposed to undertake the installation of the distribution system. at
Yandohun and Dungalahun, to train local individual. to run it, and to
manage the system, their actual involvement should not be a foregone
conclusion. Meetings of interested parties must be called to address the$e
questions as well as the question of finding additional sources of funding.
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Several lessons might already have been learned from this activity. This
project involved. the application of a renewable energy technology (with all
the pluses that that brings to mind in this day and age), a suitable rural
site, and staff committed to spending several years in the field working
with the project. Therefore, in spit~ of the fact that it was a technology
which was untried in a rural setting in Africa, there seems to have been a
big puoh from Monrovia in 1979 to get approval for funding of this
activity. Although a numbel' of reservations were raised by the project
review committee in Washington, approval was eventually granted.
Addressing these reservations rather than repackaging the propoaal.may
well have led to a more effective prototype project. However, had the
project not been pushed. through, there may not have been sufficient
interest or momentum to give more thought to the project before ita
approval. Now that the project is off the ground, there is more reason to
give it some thought. But giving this thought beforehand would have been
advisable.

But, of course, delaying approval of the activity without providing the
expertise to appropriately address these arguments would have been of
little use. As it now standa, it would clearly have been advisable to have
bad access to the required expertise and experience at the project
formulation stage so that the final syatem could have been designed around
the Deeds of the community, the realities of the aite, and the skills which
are available locally. One might then, for example. have SPecified a
turbine with a manually adjustable nozzle to make use of the low fiows
during the dry season. One miebt have located the coffee processing
equipment, which was envisioned. from the outset, at the powerhouse itself
with a mechanical drive 80 that any fallure of the electrical system would
not imply complete shutdown of the plant. One might have located. the
load controller, if that indeed would have been the choice made for
go"erning the turbogenerating equipment, in the village 50 that a beneficial
use could be made of aU the excess power rather than dumping heat into
the tailrace. These and other possible design changes might well have led
to a more appropriate configuration. And it is only by giving the system
the attention it deserves at the planning stage that a system which might
be reproducible elsewhere can Oe developed. This, after all, 'is the purpose
of this activity.

As far as the Yandohun project is concerned, the die has been cast and if
one is to continue work, one must try to do the best under the
circumstances. Though a more appropriate system might well have been
designed, this is not to say that the present design is not a typical m.icro­
hydro design. However, with any possible future projects dealing with
micro-hydropower or other forms of renewable energies in a rural setting,
the lessons learned should be kept in mind and adequate expertise applied
from the outset.

And finally, as a prototype project, it is unfortunate that though funds have
been set aside, no baseline study has been undertaken to date. One is
reminded in cables from Monrovia, and elsewhere, that ..... this pilot
activity will provide an opportunity to assess the economic, social and
general development impact of mini-hydro units in rural areas" and that
••••included in the project is a close examination of the changes to
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detumlDe what, if any, SIOCial coata reaulu.u·. Yet one geta the impression
that this was included more to obtain approval than because it was felt
useful to the overall objective of the activity.

This impreuiOD iJ; reinforced ebewhere. It can be seen, for example, in a
compariaon of the actirity paper finally approved by the project rerie..
committee with the original paper. Though no major change. were -mad.,
the chanaee that were made can be summarized as followa:

1. expanding the aection on -Cultural Impact Considerationa- aDd
including a new lection on -Baseline Study and Evaluation Plan­
(thr -1h nothiDa In tWa area has been dome to date);

z. re-n-a down..ard the USAID contribution from $89,400 to $50,000
(..hich, In f.ct, .... Inc:reaaed later to $70,000);

3. lnc:reaaiDg the ..umber of beneficiuy vUJaies within • s-mUe radiua
and updating benefit flgurea to renect the Inc:reaaed coat of di~
fuel In genual \De bi. Liberia for the generatiOll of electricitY;

4. removins the provision for additional advlo«y aaatatanc:e by the IRT
contractor and rather- notintl: that technical ualstuce would be
volunteered by • DUmber of specific iDdiricluala and pcupa (..ho
apparently have volunteered little, if anythlDg, to ciatej; aDd,

5. lnC:\udina. coot/benefit r.tio of .95 and omitting the coat of the
project per beneficiary ~egardedhigb by • DUmber of c:ritiCI an<!,
even then, only one-third the coet per beneficiary more correctly
noted by the Minister of Plannin8 and Economic Affairs In hia letter
to the Minbter of Loeal Government)•

.

Tbeoe changeo all oeem to rein­
force the impreuion that the
writers of the paper were more
interested 1D form than In sub­
stance, wbether or Dot that was
the caoe. U one ia honeotly
lntere.ted. in aueuma ne.
technologies in new attuations in
the developing world, it Is im­
perative that the iuues at hand
be addreaaed and Dot skirted Dor
blurred beyond recognition.

If thia ia indeed to be a proto­
type project, the... ltudy of the
method of implementation and .
the impacu of th~ aeti'rities is
euentiaL Thia study mUit be
undertaken by qualified,
unolued Indlridua1a. It ..ouId
oerve little p.,.poae if under­
taken as a theoretical .tudy in '.
v.cuum. It ohould ..ot be under­
taken limply to comply with •
previoua cOlDmltm·ent.

..
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/ LIBERIA. ELECTlUCITY CORPORATION

........ ..-.
0I'1'1CC QfI' 'fMC MANAGING Dl'"..tOll TAU.""L.c U.

Tel. ~. 222813/222388

~IJC/111/181 Sept..bu 21, t9Bt

Mr. e:tlarl•• L. SU'iakla:44
Il\lral DeTe10PII"'l
UDJ,<t.ct Sta1... J.1cl Ml.a'IOA 'to Liberia
P.O. Bolt ,_"'~

No.rone

Dear Ik'. atr:hkl&Ddl

P\u'tber \0 Jov ".cau••t tor ...l.'t&Doe OD til. YudobUD/
1"&Dc.1&h_ M1m. Il7dzoo ProJect 0\1.1' B:a.c:f,..D...... M,.,ra. ,Jo••ph .....,.".
Ia. Ybap &Dd Silvo Sacebi, T1alt.d th••1t. &Dd ba•• repor\ad ••
follow'l

~r.tlF. that there v••~ eoacara about the .aDA.r ia
tdLlab 'tha 1111911 work v.. bd... ooalluc't.ed. 1.D \hat the claa'. foUD­
4&1;1011 III.' Dot bdq &Ador.d prope..!,. ud 1& f.ared tb&t thla
alpt Dot 1M abb too COD'Wia • flood &UuUOA.

S&C0l1el17, •• DO oa& could "11 ~.. &A~Il' about th•
• l.c\rlcal apI.itio_tio.a tor th. pow_r kau.. \hair r.o~~tiOD'
tor that are •• fo1lo",&.

I. ,. O....r.tor
Z. Tr&JIato~er

,. COlltrola aDd Pl'Ot-etJ.OD
_. Low TCo:'WI' nd tchl.ar
5. SWlllr,< eqll1s-t:llt

pr,•••tl,.. w. undu'at&ncl that the Ca••rator baa b..D.

ordered &Ad ebipped. 4 ..eyte. ot the apeclt1cet1ona
1Ddicate Inadequate protect10D.

a a\-aDdard d1etritMltlOD vanatOnle.. 0* 0" }JI;l.)
abo~ld be •• lected. Volta....atio&, .hould b.
12•.li1 1r../2oa. tor the 'tA;oe. pha.. coD1'lprat100
u.d 7.2 1r../120. tor .!1:1.a:le cooti.euratioD.. The
rat.d power 10 IV4 ot the tra:.tor.er aboald be
th..... a. the aanlWa COQtiQ~o\la &,eIlerator Ol.l~

Pl.lt 10 ltV div1ded b7 tb. t\lll load. pover hctor
ot the aeacrator.
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