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PROJECT AGREEMENT

Annex' A
PROJECT DESCRIPTION
:l,‘.'..'Pl:ojétt{I‘iﬂc_ : _ 2, AID Project Nuprcr ‘ o
" “Improved Rural Technology: -
‘Mini Hydro Electric Activity - | -698=0407.7

8, This Project consists of:

The installation of a 25-30 kw mini~hydro electric power plant and
distribution system for the village of Yandohum in Lofa County.. :Also
£funds are provided for evaluating the economic, social and technical
-aspects of the project. Because of the experimental nature of:this:
‘activity and the great potential for replication, evaluation.and testing:
are crucial to successful project implementation.

The project will be implemented and managed by Peace Corps/Liberia

working in conjunction with the Ministry of Local Government,  Ru¥al:
Development, and Urban Reconstruction. -

Annex'B contains a life of project estimated budget estimated’budget tor:
the above components. Annex C is a technical analysis of the project.

4, Special Provisions . ‘

'Goods and services, except for ocean shipping financed by. AID.undérithe’
~project shall have their source and origin in Liberia or :the: U
'States ' of America except as AID may otherwise agree in -writing. ‘Oce
. shipping, financed by AID under the project, shall except. as AID:may
. otherwise agree in writing be financed only in flaged vessels.of'the
*'United States of America. '
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B.

MINI-HYDRO ELECTRIC ACTIVITY
IMPROVED RURAL TECHNOLOGY
ESTIMATED LIFE OF PROJECT BUDGET

USAID Project Activity Funding:

ITEM '
Horizontal shaft 2 jet pelton type turbine ,
35 KVA brushless 220V synchronous generator
with belt drive

PVC penstock, 12' diameter, 620 feet, 160
PSI plus reducers '

Cement 1000 bags

3 phase, 40 KVA electronic load controller
and accompanying power house module,
generator overspeed clutch, and 3X20 KW
‘ballast-heaters

Transformers: 7X10 KVA and 1X20 KVA
2200/220 V 3-Phase

Miscellaneous
Delivery
SUB-TOTAL

Community Contribution:

Chain saw

Hand todls
Gas and oil for saw

Chain saw operator

Concrete culverts

Transportation (Materials and labor)

ESTIMATED

COosT

$25,000

4,500
3,500

3,000

9,500
1,000

3,500
50,000

1,000
1,000
23
100
263
650



ITEM ESTIMATED

, COST
Rice mill ' ?,QOQ
Coffee mill 2,000
Skilled and unskilled labor estimated value 5;55;*
Iocal indigenous materials
-=Form wood 3,000
--Sand and.rock ‘ 2,000

SUB-TOTAL 18,305

C. GOL Contribution:
1. Technical Assistance (25 PD)‘ 1,000
2. Ministry vehicle and support ‘4,000

3. Cables 50,000 FT no.1l4 AWG type
VF at .35 cents/ft 155000

SUB-TOTAL 20,000

GRAND TOTAIL §7_' 035



ENG INEERING .PLAN<FOR:
‘MICRO-HYDRO-ELECTRICPROVECT IN
YANDOHUN ZAND DUNGALAHUN. LOFA.

COUNTY, REPUBLICOF LIBERIA

MAY-JUNE 1980



PREFACE

.This report completes four weeks of consultancy activities on
the development of an engineering plan for the design of a
micro-hydrdglectric generation and water supply facility fbﬁ

the villages of Yandohun andyDungq]ahun in Lofa County, Liberia.
The details of the engineering plan 1ﬁcorporate the following

elements. -

1. Review of earlier studies and reports.
Design of the plant and uses of electricity.
. Hydrology of the project site.

. Dam and water works construction, including pehstpck layoyt,

2
3
4
5. Installed capacity and design of generating units.
‘6. "Electrical transmission and distribution nethrk.
7. Water distribution system.
8 Preparation of an implementation plan.

Development of a procurement plan and associated costs.

10. Social, economic and managerial concerns.
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-Review of Reports and Field Investigations

The proposa] was well researched and it largely represents the

true aspirat1ons of the peop]e of Yandohun and Dunga]ahun

After areconnaissance trip to Yandohun, lasting 19 days, part?

1y to testify to ear11er reports and to evaluate and establish

key fwgures of the plant requirements on the proposed site, the

following comments and recommendat1ons are made.

1. Basic Design Data

Supply areas

Name of stream

Gross head

Dam height

Intake channel
Reservoir

Flow at time of visit (May 1980)
Minimum flow

Design flow intake
Design flow penstock
Maximum flood
Peostock diameter
Number of penstocks
Installation

Unit rating

Transmission 1ine

Yandohun, Dungalahun

Yando

210 ft.

5 ft..
1,000 ft.
1.5 acre
130 c¢fm
20e8 cfm
300 cfm
150 cfm
2,000 cfm
12"

1

1

35 KVA

4 Km .
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These figures were derjved on the basis of present and future
forecasts of the demand for e1ectricity and. the costs of
deve1op1ng the site adequately to meet these demands. It iS'.
estimated that should any unforeseen factors cause higher than
forecasted demands, on]y minor additional construction on .the.
dam structure together with the 1nsta11ation of an ‘extra. pen-‘
stock and turbine= -generator assembly wou]d be necessary to
double the installed capacity. The following pages,describa

in more detail, the different components and’theirsdesign;

Dam and(;ntake

c11mat1c-factors, notably the extreme Tow f1owsuduring certain
periods of the dry;season necessitates pronsion of-a storage3=
faci]ity and flow regulation. On the other hand, the very

high flows in the wet season would require an overflow dam

with sufficient spillway to render the headrace 1ntake unaffect-
ed during floods. - The dam site is 1ocatedvabout~1.009,ft. up-
stream from the proposed power station site and 1t,js founded

on a solid bed rock spanning through the entire midth of the
stream. Given these natural site conditions, a gravity dam
constructed from concrete and -stone blocks would be most .ap-
propriate., With the exception of cement all other materials
needed for the dam construction can be obtained on site. "It is
recommended that the crest value of the dam should be 7. ft. at
theyspi]lway and 10 ft. at the headrace intake and the other
bank of the stream, The total length of the dam is 120 ft. of



el
which 60 ft incorporate the spiiiway This wouid croate

Vs

-enough pondage to meet the minimum requirements for {estricteo

%uses at the times of 1ow flows.v A silt bypass faciiit 1
provided for at’ the basement of the dam structure._ This bypass:
vwiii be kept open during the wet season When the fiowﬁand

siit content of the water areé high. and ciosed in thewdry

season.

~~~~~

siide gate and a stop 1og section.d Materials for the cons-

truction of these items can aii be obtained locaiiy or im-?

provised The trash rack 1S situated behind the stop Tog
-section and it shouid be tiited at approximateiy lofnegrees
-downstream.r The stop 1ong section is approximateiy 5"behind
'the dam. 1he siide gate w111 con51st of a thick slab of pnoper
iv treated timber which siides verticaiiy in raii tracks
embedded on both sides in the concrete wa]ls of the headrace
channe1 and situated. behind the trash rack Two iron rods can,
be siotted in hoies at the sides of the gate siab to form a
simple mechanism for contr01 of . the water fiaw in the channei
The- trash rack will be constructed from standard wire meshes
readily avafjable in Liberia. It will be necessary to repiace

these periodipaiiyygfter a few years of service.
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‘Headrace  Channel:

.The headrace channel 1s 800 ft. Tong.g The channei runs aTong
lthe hillside and through a cut 1nto the hi]l at an average sTopei
of 3 1000 It 1s founded on an open cut in the hiTTs'de”and
the structure wiTT be Tined with 3" concrete.: The cross‘section

is rectanguiar. width 2ft. and depth 2.5 ft’J

. "\r A

For an intake fiow‘j
of 300 cfm, the depth of watf??in the;channel W111 be 6“1at

i:sffps. A retaining waTi formed by stones

.average veiocity
.wiTT be buiit 50 ft from the intake.;ﬂ spiTTway is provided
.along the Tenqth of the channeT for extra protection against
fToods.-»A 20 ft..long settTing basin hav1ng twice the width of
the channel is 1ncorporated in thn channeT Together W1th the
silt bypass at the dam, these two would render suffic1ent1y

clean ‘water at the penstock intake.

Penstock Intake .

The penstock intake is equipped with a trash rack, an iniet
gate, one stop Toad section and a spiTT way It measures 4 ft.
by 10 ft. The trash rack measures 4 ft by 2 ft and can be

fabricated locally to satisfactory free opening

The-sTuice gate Which is hand*operated is-3 ft. by 2 ft ﬁThef
gate consisting of ‘a thick timber slab is downstream from the
.trash rack and slotted in ra11 tracks which are embedded 1n the

concrete structure at the penstock intake.\ Thi's provides a
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means of controlling’sr shutting off water flow in the penstock
In addition to stop gates at the turbine end and it can be

fabricated locally.

On the right hand side of.thg intake, an overflow section s
provided to spi11-all surplus water. The length of the welir
is 3 ft. and below this, a silt bypass fube.is formed which
will be used to empty the penstock intake&or to bypass water
flow in the penstock. The stop log section will be situated

in the intake channel, 2 ft. from the penstock intake.

Penstock

The design penstock intake and the installed capacity of the
plant requires that a 12 inch internal-diémeter pve pibe of
average desgn load 160 1b./sq. inch be used. PVC ijs chosén
primarily because of its costs and its suitability to site
conditions, i.é.. it is very easy to lay, does not corrode, it
1s 1ight, offers very little friction to water flow, and it
has a long lifespan. The total length of the penstock is
600.ft. For this size of penstock, the water velocity'in the
pipe will be 3.5 fps and the head loss due to the friction will
be 1.8 ft. the penstock will be provided with one gate valve
at the turbine end and the joints founded and held tight in

concrete,

Power House

The powerRGuge #i11 measure 10'X14°X10'. It will be founded on
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a8 solid concrete foundation with provision for water. d1scharge
from turbine housing. In add1tion to the turbine- generator
set, it will house the distributwon board—and. swﬂnhgear which :
will be mounted on one side of the wa]ls. The wa]] on which
the switchgear and distribution board are erected must be built
from brick but the otherswill be bui]t from stones and concrete.
Provision is made for discharge of water from the turbine

housing through the power house foundation 1nto the tat]racet

The front door extends through the whole width of the wa11
facing the access road and will consist of two wide timber
slabs. The access road is extended as far as the power house
and it will be level with the house floor. The turbineaand
generator will be mounted on rail tracks solid]y secured in
the foundation. Two other ra11 tacks mounted across the
length of the roof provide a hauling facility for turbine and

generator components during routine ma1ntenance,

Tailrace Channel and Ballast Circuit

The water is discharged at atmoSpheric pressure-from the
turbine casing into a passage in the power house foundation
leading to the tai]race channel. There is no need'for an
elaborate tailpace structure except that the channe1 must lead
to the malmstream where resistive heating forms an 1mportant

part of the haTlast circuit.
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The bailast circuit consists of resistive heaters submerged
in a pooi of stream water through which surpius power from the
generator output 1s discharged for the purpose of keeping the
operating frequency constant. The input to the bailast circuit

is fed thrdugh—the electronic governing system.

Hydrauliec and Electricai Equipnment

4. Turbine and Governor

On the beses of site data for the net head and the design flow; .
a two Jet pelton type turbine is proposed as appropriatepfonf

this installation. One advantage with this turbine is its high
conversion efficiency even on half its optimum rated“capaCity.
'The load factor and utilization factor for the proposed instaila-
tion are expected to be very low, with maximum demands highiy
seasonai. e.g. the coffee and rice mills which are major consumers
will be only used in the dry season. Thus there is the necessity
for more than one way of mav1ually or otherwise controiiing‘
turbine input with the provision of two fixed nozzies to

minimize KW flow problems ani also to l1ighten the governing duty
The aiternative of operating two gereration units wouid ‘be more
expensive and the advantage of having a possible stendby faci]ity
is not particularly important faFfiﬁ?E“B?HEétfi“"Aftu?aaf?mbﬁiéé”*
turbine would also be suitable but this would be more expensive.
Coarse control due to seasonal or long-term. changes in demand can

be taken care of by opening or closing one or the other of the
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;brake valves."F 1ne ana’ 1nstantanous contr0151

Jthe electronic load control governor;has proved adequately
“fatic”fonditions to

Ereliable 1n some countries with simflar“f'

Use of the electronﬁc governor.implies the inclusion

haiballast c1rcu1t to absorb surplus power when the consumer
idemand is lower than the generator output and an e]ectromagentic
plutch system to dfsengage the turb1ne should any cause arise

'uhich m1ght overspeed the generator.

b Generator and Gearing

fThe nearest generating fac111ty ‘to..Yandohun:; 1s 20 Km. away at

ﬁKo ahun. Also. there 1s no forseeable

Extst1ng grid to this area; The 1nsta11at1on W111 be operating
ﬁn 1so]ation and 1t w111 beta v1ta1 energy supp11er for the
Yandohun area, a]though the demand for electr1c1ty wi]l be small
A 35 KVA 220V three phase synchronous type brushless generator
15 recommended to meet these demands The brush1ess type

;enerator 1s easier to ma1nta1n and a s1n91exun1t wi11 ‘not onlv:
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be cheaper but 1t will avoid paraliei

<as for muiti unit systems "Fiow and

'wiii be adequate]y overcome by contrO;{'

enerator output probiems

ng and switching probiems

,two fixed nozzies together with the e;;;n?igi.,,,g;ﬂ

1forecasted average and maximum demandfsoi
of operation are’ not iikeiy to exceedf?o KN and 30 KN respective-

'i Based on the power market survey3

during the reconnaissance trip to Yan

'generating capacity of»35 KVA is recoa

n ¢

demands., 1t is" usefui therefore to c%

might be provided by a firm source: ofaso KH.

‘Houses (Lighting. oniﬂ)
Edch -house: 4 X 40W .
60 houses: 55 x 4 X 40 W.

Houses (other uses
55 houses: 55 x 50U .
Refrigeration (8 houses) 8 x 260

School. .
Lights: 6.x 40U :
Power (Projectors. etc ) 400 W

Health Center
Lights: 4 x 40W :
Refrigeration: .1 x 250W
Heating: 1 x 1,000

Workshop:.

Lights: 4 X 40W ,
Small hand tools: 500U
Woodsaw and other 2.,0KW

Street 1ighting:
20 x 100W

“and forecasts performed

ﬂohun. an instailed

mended to satisfy these

nsider mnwhat amenities

8.8 KW

4-.75KW.

0:64. Ki

2.66 KW

2.0 KW



-11-
‘Water pump:

2 x 3.5 KW | 7.0 kw
Coffee Huller Motor
Rice Huller = Requirements 3.5 Kk
1 x. 3.5 KW .
Total KW, 30,76 KW

It is anticipated that the workshop. rice. huiler.ecoffee hulier
and water pumps. would operate norma]ly only: during dayiight
hours and consequent]y. not a]l *he above loads would operate
at any one time. A three phase machine is preferred because
‘this provides for cheaper and more easiiy accessible motors

for running the water pumps, coffee and - rice huliers. etc..

which are v1ta1 end- applications for this proJect.

It is unlikely that the optimum operating speed of the,turbine
will be the same as the operating speed of.the generatorg -An ,
‘appropriate belt and pu]iey system‘of;speed increasing is 5694
gested to couple the generator and turbine shafts.‘ The: main
‘reason behind the choice of a beit drive system is its 1ow cost
and simp]icity of operation given the unavaiiabiiity of adequatelv
skilled operators for proper maintenance of the better but more
compiicated and expensive gear box'system. Eithervftat‘helts

or poly-veée belts would serve well. In view of the interrela-
tionship between the turbine, gearing system and the generator;
it is recommended that the turbine; manufacturer recommeno the
generator and the, type of belt inc]uding the gear ratio.' The
turbine generator asSenb]y wili be.mounted horizontaily.
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The,seheme'enVisages'one'naintoutdoor145-60 KVA<thF§5 phase -
transformer to step the: generator voltage to 2 2 KV.
Alternative1y. three 20- 30 KVA single phase transformers can be
used. The generator 1s connected to ‘the transformer tnreugh
a circuit breaker or an HRC fuse assembly. and ‘the electronic

load controlIer. The main data are:

Generator: S
Output voItage. - 220-240 V.
Phasé: -3
Frequency: - 60 HZ
Rating: - 35 Kva
Transformer:
Rating: - 45-60 KVA three phase or

- 3 x 30 KVA single phase
. Type: ' - Qutdoor
Voltage ratio: 220V/2200V

It is assumed that all pertinent protectfon equipment7for the

generator will be included in its package.

Electrical Transmission System

The transmission voltage is 2.2 KV. Two main transmission
systems are foreseen:

1. 7,000 ft. from power station to Yandohun.

2. .3,500 ft. from power station to Dungalahun,

Given the vulnerability of the $ystem to faults, and the
technical inability of the comnunity to handle any major faults
on the Systen,van underground transmission system 1s proposed
In particular, the topography and natural vegetation would not

-favor the use of overhead lines. It was also alleged that the
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the possib11ity of faults due to direct or 1nd1rect trikes

hwith severe consequences._ Al!oW1ng for futureth

“power generation to say 60 KVA. at 2 2 Kv and?almaxi'u tra
},mission distance of 7 000 ft 2 No. 14 UF type cablefwould

*serve adequate1y for the Yandohun carcuit For the Dungalahunf
'11ne. the same type cable will serve we11 The 1nit1aThtotal

‘cost of the underground cable w111 be more than the:overhead
option but. 1t wi]l be v1rtua11y trouble free forfaﬂIong’time.
The cost of maintaining an equivalent overhead system willQbe
excessive and it wi]l demand a technicaT back up which 1s not
'read11y avai]able 1n the’ area. It might however. be worthwhile
to adopt the overhead optton 1f LEc 1s wflling to provide not
only the 11ne conductors. transformers and sk111ed 1abor for
line 1nsta11ation£ but also a near. ful] proof protection system
to render the system Iess vu]nerable to outage due to light-
ning strikes. Such a system can be 1nsta11ed using propeﬁ)y
treated wood po1es and cross arms that can be obtained locallyf
and 4 x 4 km. of A w G. No. 4 ACSR conductors 1nc1ud1ng line
accessories, At 2 2 KV transmiss1on vo]tage, this system can
be adequate]y handle up to twice the installed capac1ty of the

system.

Electrical Distribution System
Yandohun
It is proposed that the distribution system zb be underground.

As for the transmission system, this avoids any need’ for
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protection against iightning and the danger of exposure of 1ines
The transmission cabie wili run through the town at 2 2 KV and
terminates at the coffee and rice miiis and the workshop which are

on the same side of town R 20 KVA 2200/220V threffphase trans-

former connects these three to the main cabie.y Supplies to the
-water pump. schooi. ciinic. streets and houses“are tapped

from the main cabie through 5 x 10 KVA 2200/220V three phase
transformer aiong the iine iength Each phase of the distribu--'
tion transformers wiii form a suppiyfﬁtiua'few houses., The demandf
for each circuit wouid be 10w enough not to cause intolerabie
unbaianced ioading of the entire system on the generator TThe
singie line diagram of the distribution system is shown in

Appendix 4; "The totai 1ength of cable required is 8 000 ft.»

ungaiahun

The maximum power requirement for: Dungaiahun is not iikeiy

to exceed 10 KN in the forceabie future.f The' same type cabie as
for the Yandohun circuit wiii serve well for connection to

the generator The transmission cabie wiii pass by the

edge of the town and terminate at a singie 10 KVA 2200/220V
three phase transformer at the water pumping station. fThé'
water pump will receive about 5 KW at ZZOV three phase from

this transfotmer. The suppiy to the rest of the v1iiage_is
tapped along the Tength of the main cable throygh a 10 KVA °



2200/220V
sing1e phi
this supp:

Uses of E}

«15=
:hree phase transformer. Three circuits at 120V
e from-the transformer secondary will provide

' The total length of cable required is 3,000 ft.

ctricity

A meeting
1980 for t
tricity ar
a survey v
ing servec
avenue whe
their argu
initial de
these are
ment. In
identifiec

Agricultur

'‘as convened at Yandohun on Wednesday, May 25,

‘@ purpose of 1dent1fying potential uses of elec-
the priorities attached to these uses. Earlier,
s Farried out partly for this reason ahd the meet-
to cross-check earlier findings and to provide an
eby all the potential beneficiaries would present

ents. This was also nece;séry for assessing the
and.and for forecastin§ fufﬁre developments, since
ital considerations in the specification of equip-

rder of pribrities. the following‘end-uses were

] Processing

Coffee, cc

in that ar

oa and rice farming are major agricultural activities

a. I was told that almost every mature man resident
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in Yandohun had his own plantations and that there is a lot

of scope for expansion of existing plantations. It was therefore
not surprising that the people singled out a coffee and rice
mi11ing industry as of the highest priority. For the major part
of the year, i.e., during off-season periods, coffee and rice
huiling machines will be idle for most hours or ' they will be
highly underused. It is therefore not necessary to have Jery
powerful machines sinﬁe the work-loéd on’a smaller machine

can be spread out evenly. Also, it woujd not be necessary to
install two separate electric motors for each of the milling
machinesr A single motor of slightly higher capacity than the
larger of the two m111s can be coupled on both_sides of the

motor shaft and the mills operated one at a time as the necessity

arises,

2. Water pumping

Both Yandohun and Dungalahun are situated on high groqnds and
water collection is a very difficult task. Both communities
rated a water supply system as an important end-application of
electricity to their villages.For Dungalahun in particular,
this will be the largest energy consumer and extension of
services to this village can hardly be justifiable if this
element is not 1nc1uded in the electricity distr1bution network
The sources of the water supply for the two villages are both
springs that are and have been in use for a long time. They

are both very close to the villages and their minimum charges

are satisfactory but pumps would be absolutely necessary for
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the system. No tests were performed o
treatment plants are included in the d

distribution systems.

There will definitely be an improvemen:
of the villages with the introduction -
The majority of the population are mus’
latrines is not completely .new to them
create any adverse effect' on traditio:
evidence that on-going efforts to intr
latrines has been received enthusiasti

will adjust to this changé favorably.

Lighting and Other Domestic Uses

This will undoubtedly be the most comm
demand is expected. to rise much faster
house and street lighting, other domes
include refrigeration, luxury items 1i

and electric iron.

If such expectations in 1iving standar
practice,‘it would first be necessary

housing conditions. Electricity suppl
school and for other applications in t
mentioned. Such applications in the ¢

ration of drugs and heating for steril

the water quality and no

sign of the water

in the hygiene condition |
f water seal latrines.

ims and use of water in
and is not likely to

11 practfce. There was
luce water-seal

111y and that the people

1 end-use and its
than other uses. Besides,
lc¢ applications mgntioned

» radios, fans, cookers

; are to be met in

> improve on present

to illuminate the gxisting
2 proposed clinic was also
inic would include refrige-

ration, etc. There was
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however, no written confirmation to show Government's commitment
to provide drugs and bersonne1 necessary for running the clinic.
It can, however, be assumed that such deciéion can be favorably
influenced by the presence of a reliable electricity supply in

Yandohun.

Small Scale Industries.

Carpentry, blacksmithing and tailoring are practiced in Yandohun
but on very small scale basis. If these processes are to be
electrified costs of necessary eiectrica1 equipment are to be.
borne by individuals. There is reason to believe that with time
at least one carpenter and one tailor can afford to do this. I
was also assured that this will greatly influence both the quality
and gquantity of produétion. It was not clear how blacksmithin§
would benefit from an electricity supply system and there was

no conffrmation that anybody intends to introduce any end
applications in this field. Judging from the present scales of
production and available skills, employment opportunities as a |
result of modernization through electrification of these

industries is not likely to change very much.

In future, it is anticipated that other uses which usually
follow the establishment of an electricity supply facility will
be introduced. The system is desfgned with this in mind énd it
is assumed that the installed capacity of the proposed:-plan is

adequate for any such developments in the foreseeable future,



-19-
If reinforcement becomes unavoidable, only mjnor constructiona}
work on the dam and the 1nstaflation of an additiona? penstock
and turbine-generator set will be néceSsary; ‘At th1s1;1me in
the future, it is assumed that the communiﬁy_wbuld be in gosition,

to do this with 1ittle or no ekternal financial assistance.

Hydrology of Project Site

No rainfall records or detailed contodr maps Were ava11ab1e for
this study. It was therefore impossible to estimate the catch-
ment rainfall. It was however, cohfifmed by thé'reéidentPCV
and the villagers that the Yando stream has neQer bgeh%known

to dry out cohp]etely. Stream observation and gadging by.fﬁé‘
resident PCV started in 1977 and’dur1hgfthe~1ﬁtérvén1ng.yearé.

the following records were obtained:

Maximum f1ow : 2,000 cfm
Minimum flow : 20,8 cfm
Flow at time of visit (May 1980): - 130 cfm

Some effects of soil erosion at the_dam-site7wepe ipparent
during the visit. The stream water wa§‘c1ear but the villagers
sajd that the water does get muddy particularly in the wet
seasgn. It is therefore, proposed. to 1pgggggrggg;§W;{Igmggggss.
at the basement of the dam. The siltway can be opened in the
wet season to a11pw passage of silt which settles at the buttom
of the stream. In addition, it will be necessary once every

dry season to clean the reservoir, headrace channel and the
penstock intake for any silt that might accumulate during the

preceding wet season.
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Detailed geological studies were not made but on the surface,
the dam sgte exhibits 1deal features for constructing a‘gravity
dam. The sofl in the headrace channe1 path has a low clay

content and concrete alignment will be necessary.

Water Distribution System

Yandohun
After a visit to the originally proposed source of drinking
water, it was decided that this site would not be suitab]e
hacause: . '

a. Most villagers assured me that it was not reliable and
can dry out completely in extreme dry seasons.

b. The site was very far from town and could not have
afforded the cheapest means of providing the source of water

supply even if the system was fed by gravity flow.

Two other sites were visited and after performing necessary flow
measurements and cost comparisons for development, the presgnt
source of drinking water, the Samhka spring was recommended.

The resident PCV and the villagers testified that the spring

has never been known to go dry, and che 10West flow, eStimgted

at 4 gals/min. is considered adequate to meet present and the
foreseeable_future demands. This was particularly a very
suitable site because of its close proximity to town.. For this
reason, it was 1mpresséd on the people that since this spfing

was to be developed as the source of drinking water, the catch-

ment area which extends into town must not be used up for
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future expansion of the town.In particular, toilets were
to be kept away from this area and new]y dug pits were to be

c1osed up.

An encatchment pond is to be constructed at the baSe of tne
spring for impounding most of the flow from the spring. Tno
pumping station would be Tocated at a short distance from tho
pond and it will pump the water through a 2 inch pipe to the
reservoir which is located 800 feet away at a vertical height
of 100 feet above spring Ievel which is considered the .,
highest point in town. E vom here, water is fed to six pub11c
taps, the school and the proposed clinic. Details of the
design and the water distribution sy;tem and presented dnv

Appendix 5.

Dungqalahun

At Dungalahun too, inhabjtants expressed the common concern

for provision of tap water as of the highest prior{tycin tbg
uses of electricity. The source of drinking watér is 200 feet
at' the buttom of the hill on top of which the town is sitnntedﬁ
Because thedviIIage is so small, only one public tap 1s.
Provided for in the design. The public tap will be at the base_
of the reservoir and no extra pipes will be required for water
delivery. The pump 1nsta11ation is also 1nc1uded in the main

electrical circuit for supply to the village.
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Implementation Plan

The implementation of the project will be governed mainly by
the delivery time of components. It is proposed that all
necessary site work requiring lTocal labor should be completed
before the expected time of delivery of external items. Also.
the rainy season precludes certain functions to be undertaken
at desirable times. Given these conditions. the following
duties are proposed to enable completion of the,project by
May 1981. |

1. June/Jduly/August 1980 (12 weeks)

Preliminary works

a. Site and.pond clearing

b. Extending and improving access'roadﬁ

¢. MWarehouse building construction

d. Gathering construction materials, 1.e. sand, stones,

timber and transfer to site.

A power-saw has been bought for this project and‘sitefclearing
would require only finishing touches.: It is,alsobpossiblekfor“
this time of the.year”to-clear the pond of stOnes andISand that
will in turn be required for dam construction. Culvertsthave
already been built for constructing and extending the new
access road as far as the power station site and only zinc and
a little cement needs to be bought for the warehouse construc-

tion. Some construction materials have already been gathered
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but transfer to site can be: delayed a little to allow for

more gathering of mater1a1s.

September 1980 (4 weeks)

Headrace conStruction

a. - Channel excavation

b;‘JPenstock 1ntake construction

c. Retaining wall construct?on
This 1s the peak of the wet scason. Channel-1inning- and
other concrete works must be do]ayed until November or®

December.

October 1980"(4 ‘weeks)

—& Hater~pump1ng—stetion“construction T
‘o. Coffee and rice huller buflding construction
These w111 require minimal concrete works. on1y for. the

foundation.

Mavamhar 1980 (4 weeks).
as Trenching for cab1e and water'p1pe laying

b, Power stat1on foundation laying

c. Headrace channel 11n1ng
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December 1980 (4 weeks)

a. Power hquéewbuilding_honstﬁuction

b, Enéatchmentypond coﬁstfuction~

c. Water pump installation
January 1981 (4 weeks)

a. Dam and headworks construction

b, Coffee and rice huller erecticn
It is expected that at this time, villagers would have harvestec
coffee and codoa‘crops and they would be in position to buy:
rice and'ébffee hullers for erection
February-March‘IQBI (G‘weeks)
Machinerj de11véry and erection'iﬁCIuding penstock and water
pipes.
March-Apri1-1981-(8-weeks-)
Cable laying and-distribufion network erection -and. accessories.
It is assumed that house-owners are responsible:for-their
own domestic house wiring and hooking to the=d1§tr1butjbn'net-
work, It is also expected that by this time, they WOuidﬁhave
made arrangéments to ensure that their houses- have been wired
for connection to the distribution network.
May 1981 (2 weeks)
Testing and Traihihg.
Durihg this period, proposed operators will receive some basic
training. An operating manual will be prepared for this.
Consumers will also be ‘taught some basic safety procedures in

the house.
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May 1981

Commissioning.

Social, Economic, Eva]uative and Maragerial Concerns

There 1s no doubt that the project will achieve its main aim,
f.e., to improve the. standard of living of the majority of
the popu]ation and to induce other rural communities to iearnv
how this new amenity can improve their lot. It is\expected
.that the amenity will enhance a more toieraﬁh environment

where a lighter work load in. certain areas creates a better
potentia] for’ improved income from self emp]oyment.primarily
through higher incomes from agricu]turai activities, etc. This
way, future rep]ication of micro hydroe]ectric projects cou1d
become self supporting. It is also expected that after this_piiot
project, rural inhabitants wouid find the introduction of
e]ectrical supplies in their homes, less radicai a change -£0 -
get accustomed to. When a high demand for prodect rep]ication
exists, 1t would be worthwhile to consider home manufacture of
some components, e.g., turbines; to reduce overall costs and

hence, encourage more demand for replication.

The commgnity represents a favorable social set-up capahie of
running/communally-owned eiectricai'system of this size,
Aiready two youngsters had been selected to follow closely

all aspects of the project development. 1 suggested that this

should be increased to four so as to provide for a lighter wo'k
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schedule while they go abo
will form the core of the
eompleted; and thein dutie
‘the'eleEtriéei plant but a
huilers;‘zln addition to s
an operating manual will b :
>operating procedures of th
the plant to prov1de for 0.

pointed out thatithe_commu

adhere to these neguietion'

further at all. In partic
what type of appliances or

bulbs each household would

.ovenloadingmthemmechine. .

appointed to administer al
of the system including it
'period of tnaining, operat

of the system operation; v

and what they cannot but r.:

it is‘important at this ee
of support from LEC staff
provide assistance when s
doing this would be to apr

staff in the area, who wot
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t théir farming activities. Thése.
operating staff when the plant is

will include not only operating

so the water pump.'rice'end7COffee
me basic training in'plant_openation;;
prepared outlining not onty the
‘plan, but also the limitatidns'qf

1y modest and basic needs. it‘nd;
ity either decide at this stage to‘
strictiy. or not to proceed any
lar, there must be a limitation to
the number and capacity of light
be entitled to install without
council of administrators.will-be
decisions regarding the management
financial proceedings."Ddring3the'
s will be thought all the intricecies
at they would be capable of‘dding‘
fer to outside help. 1In this regard,
‘ly stage to solicit the confirmation
n particular those at Kolahun to
‘ch problems arise. One wey df'
int a‘consultant from within LEC

d be available as the necessity

erises while the team of cerators familiarize themselves

with the system operation

.nd maintenance.
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I learned during my asSignhent that the beace Corps are |
.planning to eStablish an appropriate technology workshop in
the area. If. and when this happens, it is expected that
volunteers will always be available at Teast while the workshop
exists, to help in monitor.ng-certain critical components in
the system includihﬂ independent maintenance and repair work. or
future socio- economic evaluation of the prodect. This is
particularly important for the first few years. of operation

when:problems are most likely,

Conclusion

To. sum up, it is perhaps obvious from what has been said

already that the people of Yandohun by their own efforts'have
_established the necessary:bacgground which»can-be relied upon.

for supporting a pilot‘project of this nature. 'It is an |
understatementnto'say that'the»confidence'bestowed onathe resident
PCV Mr, Gary Duncan, through his selfless dedication to under-
stand the needs and work with the people to achieve these

needs at grass -roots levelis largely responsible for this.

Given Mr, Duncan's integrity. the people would be prepared to do
it all alone, if they could, and they have developed enough
rconfidence to continue the good works even in Mr. .Duncan's absence.
Such a combination of dedication on the one hand, and cooperation
on the other, are.vital factors for undertaking a pilot project

of,this‘nature.
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This system has been planned with a vxew to: keepfng costs,Iow
_but w1thout comprcm1s!ng unduely, the m1n1mum requ{}ement_fof
the system qnd the sa.ety of dperatfon. Many modificatxons or
innov:t%ons are posdib1e to make the system lecs expensived
Perhapa this prot nroject wi11 neTp 1n identi‘ying some of?
thess areas for future appTications.' Standby units are notf
provxded fcr due to financxa? 11mitaéfons and besides, theyf

are not considered 1mportant. Interrupted servzces therefore,

should be expected dnt11 standby units for such compdnents.g,f

for examp]e the e?eccrdnec Ioad governo* are. acqu1red

There is cansiderable potent1a1 for rep71cation of such projectsl
e:sewhere 1n this region.‘ Many pctent1al s1t¢s were v1sited
during the visft. ‘In an~1c1pdt10n of such deve opments, a

fﬁw v111aqes had already acquwred the1r own turbvne generator
sete eventhough these wer ,Jater found to be unsu1table.; It

is hoped that thxs p110t progect wi?? provxdn a test case whfch
would 1dentify what othsr cons1devat10ns are necessary to
determine the suftabf!xty of proJert rep1§catzon e?sewhere._ It
1s also expected that with avai?able suppTy of cheap electricfty
at Yanooﬁun, many end use applicatzons wi11 be devnlopﬂd to |
.create nore product1ve uses for e1ectric1ty at this levnl add

‘hence a stronger appea] for v111age e1ectr1f1cat10n.
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Appendix 1

cost zséimafeﬁ

fThese £iqures haveAbaen derived ta the best of ‘my knowledga ' of
.current estimates. Fluctuations must therefors be expected. -
‘since prices are not eonstant.

Iy cost’
‘1.-Horizental shaft, 2 jet pelton. $25,500

" type. turbine; 35 XVA brushiaess
220V synchronous generator with
belt drive,

‘2, P,V.c‘ penstock, 12" dismeter, 4;500.
620 feet, 160 psi plus reducers

3. Cement 1000 Sags € $3.50/bag 3,500

4. 3 phase, 4CKVA electronic load o
contzoliar und accompanying 3,000.
 power houss module, generater ‘
- overspeed clutch, and 3x2ODEW
ballast heaters. '

5. Cables: 50,000 ft. Mo. 14 &G 37,560
- type UF @ $0.35/f¢.
6. Trensformers: Tx10KVA and 1320KVA 17,000
‘ 2?00/220 v B-Dnase ‘
7. Consultanﬂy - 4,000
8. Hand tools 1;000-
9, Misctllaneéus :}.Oéof
10, Dellvery - 3,500
| TOTAL - -:svo;maaﬁ

M/3. It is assumed that suitable water pumps, COffGL and

' rice hullers can be bought from this end by the pesople
themselvez, This was suggested and accepted during
my vigie, ‘ ‘ - -



Fﬁfﬂcufémen:-rlan

Ii""“ave tere recoumended nanufactu:em whou p:oducts 'I -

%rT?u' MANUFACTURER

,S‘KVA, 3 phase ‘brushless - Evan's Enginaering Setvicaly

jneracor together with 31 St.. Thomas Road Launces-:
ynatching 2 jet horizontal ton. Corawall, England
ﬂshaf: pelton turbine (opera~: Tel. Launc{;on 3982

dg head 200 ft and flow 150
“¢fm) and belt drive.

%3 phase, 40 KVA Electrenie load Evansg Bnigineering
jeoptroller, accompanying powver as alhove

house module, generator over-

2 'sed tripping device (elutch)

nﬂ matching ballast heaters:

?_#ﬁlas: number 14 AWG typevvr; - From: the ‘U.S.

From the ULSL

Same as for Penstock:

CEMENCO, Monrovia Liberia



7.
Transforers _ From the U,S.
10y KVA 2200/220V three-phase
ougd 20
Items obtainable from LEC
1) Transformers a) 60 KVA, 220/2200V
' Star-Delta 011 cooled
2) Switchboard and Voltmeters, Ammeters, Frequency
accessories meters, wattmeters, control

switches fuses, overcurrent
relays, over-voltage trip, etc.

3) High repturing capacity
fuses and/or group
operated circuit
breakers

Items obtainable from mining companies or that can be
fabricated locally ‘

1. Trashracks
2. Stop logs

3. Sluice gates
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Water supply data ‘and distribution system

Yandohun , N
Pregent population 300
Design population 400

Vater Demand
Demand per head
Total demand

10 gals/day .
- 4000 ‘gals/day

-Source
- Min yield rate =
Estimated safe yield rate
Safe yield

4 gals/uin’
2.8 glas/min
4000 gal/day

Intake Pond

"Ferrocement

Construction material

Cross-section Circular ; .

Dimensions. Diameter = 13 ft
Height = 8 ft

Capacity 8000 gals.

Reservoir Tank )
Construction material Concrete
Cross—-section Rectangular

Construction details to be obtained from ninistry of .local
government and elsewhere.

Water Pump

Type , Sglf‘priming.

Supply 220 Volts, 3 phase
Capacity 130 gpm at 100 #t head
Motor capacity 5.0 AP

_Pipe size 2"

Dungalahun

The water distribution system for Dungalahun will gonaist of
a single'puﬁlic tap at the resevoir. This is cpnsidetgd‘quite
adequate in view of the Gery small size of the village both

in terms of area and population.
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Single line diagram for the Yandohun Electr:l.cal distribution
Systen,
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WATER DISTRIBUTION SYSTEM: YANDOHUN
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PROJECT AGREEMENT

. PROAG STANDARD PROVISIONS ANNEX

A. Reference to ‘this Agreement’ means the original Project Agreement as modifica Dy any revisions
which have entered into cffect. Reference to ‘cooperating country’ means the country or territory of

the Grantcee.

B. r(l) AID will make available the amount specified in Block 3 of this Agrecment, as necessary for
the Project, as may be further described in Annex A.

(2) The Grantee will make available the amount specified in Block 4 of this Agreement, as neces-
sary for the Project, as may further be described in Annex A. The Grantee will also make, or arrange
to have made, additional contributions of property, services, facilities and funds required for carrying
out the Project as specificd in Annex A. ' '

C. AID and the Grantee may obtain the assistance of other public and private agencies in carrying
out their respective obligations under this Agreement. The two parties may agrec to accept contribu-
tions of property, scrvices, facilities and funds for purposes of this Agrcement from other public and:-
private agencics, and way agree upon the participation of any such third party in carrying out activi-
tics under this Agreement.

D. Except as otherwise specificd herein or subsequently agreed by the parties, all contributions of

" the parties pursuant to this Agreement shall be made on or before the Project Assistance Completion
Date, or amended date. A contribution of goods or scrvices shall be considered to have been mude
when the scrvices have been performed and the goods furnished as contemplaied in this Agreement.
Disburscment of funds may take place after final contributions have been made, but AID shall not be
required to disburse funds hereunder after the expiration of nine months following the estimated Pro-
ject Assistance Completion Date (Block 5 of this Agrecment) or any amendcd Project Assistance Com-
pletion Date specified.

'E.. The procurement of commodities and services to be financed in whole or in part by AID may
(where so required by AID procedures) be undertaken only pursuant to Project Implementation Or-
ders (PIOs) issued by AID.

F. Unless otherwise specified in the applicable PIO or Project Implementation Letter (PIL), the pro-
curement of commoditics imported specifically for the Project and financed with the AID contribu-
tion refcrred to in Block 8 of this Agreement shall be subject to the provisions of AID Regulation 1,

G. Unless otherwise agreed by the parties or otherwise specified in the applicable PIO, title to all
property procured through financing by AID pursuant to Block 3 of this Agreement shall be in the
Grantce, or such public or private agency as it may authorize. ’

1L (1) Any property furnished to cither party through financing by the other party pursuant to this
Agreement shall, unless otherwise agreed by the party which financed the procurement, be used ¢f-
fectively for the purposes of the Project in accordance with this Agreement, and upon completion of
the Project, will be used so as to furtlier the objectives sought in carrying out the Project. Either party
shall offer to return to the other, or to reimburse the other for, any property which it obtains through
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financing by the other party pursuant to this Agreement which is not used in accordance with the pre-
ceding sentence.

(2) .Any funds provided to cither party pursuant to this Agreement which are not used in accord-
ance with this Agreement, shall be refunded to the party providing the funds.

(3) Any intcrest or other earnings on funds pfovidcd b\ AID to the Grantce under this Agrees
ment will be returned 1o AID by the Grantee.

L (1) If AID and any public or private organization furnishing commodities through AID financing
for opcrations hercunder in the cooperating country. is, under the laws, regulations or administrative
procedures of the cooperating country, liable for customs, duties and import taxes on commodities
imported into the cooper: iig country for purposes of carrying out this Agrcement, the Grantee will
pay such duties and taxes unless exemption is otherwise provided by any applicable international
agreement . ) '

(2) U any personnel (other than citizens and residents of the cooperating country), whether
United States Government employees, or emplovees of public or private organizations under contract
with, or individuals under contract with AID, the Grantee or any agency authorized by the Grantee,
who are present in the cooperating country to provide services which AID has agreed to furnish or fin-
ance under this Agreement, are under the laws, regulations or administrative procedures of the cooper-
ative country, liable for income and social security 1axes with respect to income which they are obliga-
ted to pay income or social security taxcs to the Government of the United States of America, for pro-
perty taxes on personal property intended for their own use, or for the payment of any tariff or duty
upon personal or household goods brought into the cooperating country for the personal use of them-
sclves and members of their faniilies (not including such personal or household goods as may be sold
by any such personnel in the cooperating country) or if any firm, not normally resident in the cooper-
ating country, is liable for income, reccipts, or other taxes on work finunced by AID hereunder, the
grantee will pay such taxes, tariff, or duty unless excmprion is otherwisc provided by any applicable
international agrecement.

J.  H funds provided by AID are introduced into the cooperating country by AID or any public or
private agency for purposes of carrying out obligations of AID hereunder, the Grantee will make such
arrangements as may be necessary so that such funds shall be convertible into currency of the coopera-
ting country at the highest rate which, at the time the conversion is made, is not unlawful in the coop-
crating country. :

K. AID shall cxpend funds and carry on operations pursuant to this Agreement only in accordance
with the applicable laws and regulations of the United States Government.

L. Thc two partics shall have the right at any time to observe operations carried out under this
Agrcement. Either party during the term of the Project and for three years after the complctjon of
the Projuct shall further have the right (1) to examine any property procured through financing by
that party under this Agrecment, wherever such property is located, and (2) to inspect and alfdit
any records and accounts with respect to funds provided by, or any properties and contract services
procurcd through financing by, that party under this Agreement, wherever such records may be lo-
cated and muintained. Each party, in arranging for any disposition of any property procured
through financing by the other party under this Agrecment, shall assure that the rights of examina:
tion, inspection and audit described in the preceding senience are reserved to the party which did

the financing.



M.  AID and the Grantee shall cach furnish the other with such’ information as may be necded to
determine the nature and scope of aperations under this Agreement and to cvaluate the effective.

ness of such operations.

N. The prescnt Agn':cmcnt shall enter into force when signed. Either party may tenninate this
Agreement by giving the other party thirty (30) days written notice of intention 10 terminate it.
Termination of this Agreement shall terminate any obligations of the two parties to muke contribu-
tions pursnant to Blocks 3 and 4 of this Agreement, except for psyments which they are com:. el
t. make pursuant to noncancellable commitments entered into with third partics prior to the ter
Jwination of the Agreement. It is expressly understood thar the obligations under paragraph I iclat-
ing to the use of property or funds shall remain in force after such termination. In additinn, :jron
such termination AID may, at AlD's expense, direct that title to goods financed under the Graut be
transfenred to AID if the goods are from a source outside the Grantee's cotintry, are in a deliverible
state and have not been offloaded ini ports of entry bf the Grantee's country.

O. To assist in the implementation of the Project, AID, from time to time, may issue PILs that will
furnish additional information about matters stated in this Agreement. The parties may also usc
joiny agreed-upon PILs to confirm and record their mutual understanding on aspects of the im-
plemncatation of this Agrcement.

P. The Grantee agrees, upon request, to exccute an assignment to AID of any cause of action:
which may accruc to the Grantec in connection with or arising out of the contractual performance
or breach of performance by a party to a direct U.S. Dollar contract with AID financed in whole »
in part out of funds granted by AID under this Agreement.

AID 1830.17D (5-79)



ROYEIMA VILLAGE WATER SUPPLY 698-0407.18

Limited Scope Grant Pro Ag dtd.- 3/%/81
GDAA-81-21636-AG17

PACD June 1982

Water Chlorination

Construction Materials

Pipes & Fittings

CRS Advance Balance

UNCOMMITTED

TOTAL FY 81 FUNDS:

OBLIGATED

525.00
12,265.13
21,187.40
15,988, 47

34.00

$50,000.00

DiSBURSED
6/30/82

525.00
12,265.13
21,187.40

$33,977.53

EST. ACCRUALS

—

PAGE ¢
S/LEONE /WAAC STATUS REPORT
6/30/82

UNLIQUIDATED Bft Z;%L

5@7“

15,988. 47
34.00

$16,022.47



