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PREFACE

The Government of Japan decided to cxecute a series of surveys for the
development of infrastructures related to the Wologisi Mine in the
Republic of Liberia, and entrusted the Japan International Cooperation

Agency (JICA) to act as executing agency for the surveys.

JICA organized a survey fteam of six experts headed by Mr. Kenro Nakamura
of Nippon Koei Co., Ltd., and sent them %o Liberia for the period from
June 19 to July 28, 1973 to carry out the field surveys. The resulls of
the fiéld surveys were further studied after the return of the survey

team, and the report has been compiled and submitted herein.

The surveys and studies were carried out, at this time, for improvement
of the access road to the Wologisi Mine. Appropriate plans for such
improvement works have been formulated and studied technically and

economically.

It wouid be our profound pleasure if the survey results could facilitale
the development of the Wblogisi Mine and contribute to the socic-cconomic
development of Liberia, as well as to further promote the friendship

between the Republic of Liberia and Japan.

1 should like to take this opportunity {6 express our deépest gratitude
to the personnel concerned in the Government of thé Republic of Liberia
wvho exténded kind cooperation to the field survey teah, and to the
personnel concerned in the Embassy of Japan in Liberia, Ministry of
Foreign Affairs, Ministry of International Trade and Industry of the

Japanese Government, and all other autherilies concerned in the surveys.,

January 1979

Shinsaku Hogen E

President
JAPAN INTERNATIONAL COOPERATION AGENCY
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SUMMARY AND RECOMMENDATIONS

1. The development of iron ore of the Wologisi mine located
in the Lofa County, a northwestern region of the Republic
of Liberia, has long been studied by a Liberia-Japan joint
enterprise (Liberia Iron and Steel Corporation - LISCO) .
For the development of the mine, it is necessary to con-
struct various facilities, including access road and trans-
portation systems. In view of the fact that such trans-
portation development will not only facilitate the develop-
ment of the mine but contribute to the development of the
northwestern reqioh as a whole, the Government of Japan
decided to cooperate in such transportation studies stage-
wise. At the first stage, the road iniprovement for an

access to the Wologisi mine has been appraised.

2. The existing road from Monrovia to the Wologisi mine
runs through Totota, Gbarnga, Voinjama and Kpakuta. The
road from Monrovia to Kpakuta {411 km} is a national primary
road,'and is a sole trunk road for the northwestern region.
The-agricuitural products like rubber, coffee, cocoa, palm
oil, etc. as well as forestry products'are transported
through this trunk road. From Kpakuta to the Wologisi

mine, a private road of 28.6 kilometers was constructed by
LISCO for an access to the mine. (Refer to Fig. 01/Fig. 02)

3. The road from Monrovia to Totota (127 km) is asphalt-
paved, and the improvement works are now underway from
Totota to Gbhbarnga (67 km) . The asphalt pévemeﬁt is schedul-
ed to be completed up to Gharnga by end 1979. From Gbarnga






to Voinjama via_ZbrzOr, the laterite-paved road of 195 kilo-
meters extends through the rolling terrain. It crosses the
St. Paul river and the Lofa river, where steel truss type
and concrete box-girder type bridges afe installed respec-
tively. The road from Voinjama to Kpakuta (21.9 km)} forms
a part of the primary road that extends to Kolahun and the
border with Sierra Leone. This road is also laterite-paved
and is fairly in good condition. (Refer to Fig.g2)

4. The private road from Kpakuta to the Wologisi mine
(called as LISCO road) is extremely in poor condition. The
minimum radius of curve is sometimes less than 30 meters
and the gradients are as steep as 10-25 percent. The
bridges are mainly lumber bridges of less than 5 meters in
Qidth. The road and bridges have to be completely improved
for transportation of équipments to the mine,

5. 8o far as the transportation of heavy equipments (which
include 70t trailer at the heaviest) for the development of
the Wologisi mine concerned, -the existing primary road from

Monrovia to Kpakuta will not require any improvement. The
: bridges along the route have also enbugh capacity for such
a heavy load.

6. For the improvement of LISCO road, it is proposed that
the road will be aligned to branch off the Voinjama -~
Kolahun road at Samita (instead of Kpakuta) resulting in
redﬁcing the total length 6f road reconstruction to 24.7
kilometefs cbﬁpared with existing route of 28.6 kilometers.
The road will be designed to have a design speed of 40 kilo-
" meters per hqur, laterife pavement of 5.5 meters in width,
minimum radius of 14¢ meters and maximum gradient of 8 per-
cent, These geometric design criteria will meet with the
effect that this road might possibly serve in future as a
part of Voinjama - Bopolu - Monrovia road which will be
studied in the second phase of this study. The cost of
improvement works for Samita - Wologisi mine road has been
preliminarily estimated.at about US Dollar 2.4 million.
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7. - In addition to the study on road improvement for an
access to the Wologisi mine, a preliminary study has been
made on the improvement of Cbarnga - Voinjama - Kpakuta

road as a national primary road to meet with the traffic

increase in future. The traffic along this road was esti-
mated to be about 265 vehicles per day, at present, and it
was presumed to increase to about 500 in 1985 and 1,100 in
2000. Provided that the road is improved to have a design
speed of 80 kilometers per hour, asphalt pavement of 6.7
meters inwidth and maximum gradient of 5 percent, the im-
p:ovément works will cost approximately US Dollar 48 million.
A preliminary:benéfit—cost evaluation indicates that such
improvement works will be marginally justifiable economical-
ly.

8. As the result of the first phase study, it is recommend-
ed that'the road improvement from Samita to the Wologisi.
mine be executed for an access to the mine. Likewise, it

is recommendable to conduct at the earliest a feasibility
study on the improvement of Gbarnga - Voinjama - Kpakuta
road in detail, including O/D survey and detailed traffic
fdrecast, study'and appraisal of désign criteria, detailed
estimate of construction and maintenance cost, estimate of
direct and indirect benefits, as well as economic and finan-

cial evaluation of the improvement works.

- iii -
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CHAPTER |/

INTRGDUCTION

1.1 BACKGROUND

The Republic of Liberia;IWith its population of about
1.6 million on the land of 112,000 square kilometers, has
been developed under its own national guideline of self-
reliance since the independence in 1847. The social and
economic development, however, had been rather in retard
until a decade ago. To accelerate development of the country,
especially development of economic and social infrastructuxes,
the Government of Liberia took up in recent years policies to
introdﬁce foreign economic and technical aides on bilateral

and multilateral basis.

One of the abundant natural resources of the country is
mineral resources, especially iron ore. The mining sector
accounted for one-third of GDP and made up for 74 percent of
export value in 1975. fThe iron ore production by four major
mining compahies reached in 1974 at 25.3 million tons per year,
though the production has been slightly decreased thereafter
due to closure of the Bomi mine of Liberian Mining Co. (LMC).
Numbers of iron ore deposzts remain undeveloped yet, like the
Wologisi mine, Bie mine and Petu mine.



Thé Wologisi mine, located in the northwestern part of
Liberia, has long been investigated by a leeria—Japan joint
enterprlse (leerla Iron and Steel Corporation - LISCO)

The mine is reported to have a deposit of more than 700 mil-
lion tons of magnetite. The investment group contemplates
to develop and export pelletized iron ore of 4 million tons
per year at the first stage and. 10 million tons per year at ™

the ultimate stage.

For the development of the Wologisi mine, it is required
to construct various facilities, ineluding access road to
the mine and ore transportation systems. At the request of
the Government of Liberia, the Japanese GoVerhment deoided
to cooperate in the studies on,such_trensportation facilities
required for the Wologisi mine'deveiopment in view of the
fact that the development of such facilities will not only
fa01lltate the mine development but contribute to the social
1nfrastructu1e development of the region as a whole.'

The studles have been entrusteﬁ to the Japan Internatlonal
Corporation Agency (JICA), actlng as the executlng agency of
the Japanese Government for its technical oooperatlon programs,
The JICA decided to carry out the studies stage-wise as

follows:
1st phase : Study on an access to the Wologisi mine
2nd phase : Study on new road construction from the
Wologisi mine to the ore loading port,
along the pipeline to be constructed for
~ore transport .
3rd phase : Preliminary study on port improvemeht

This report summarizes the‘reshlts of the lst phese étudy
on the access to the Wologisi mine through the existing road
systems.



1.2 OBJECTIVES OF STUDY

The objectives of the lst phase study is to make re-
connaissance of the existing road systems and to appraise
the road conditions to use it as an access for transporta-
tion of equipments, machineries and materials required for
the exploitation of the Wologisi mine. ‘The study covers
the national primary road from Monrovia to Kpakuta via
Totota, Gbarnga, Zorzor and Voinjama (411 km in total), as
well as LISCO private road from Kpakuta to the Wologisi mine
(28.6 km) » In addition to the appraisal of the existing road
as an access to the mine, preliminary study has been made on
improvement of the national primary road betWeen Gbarnga
and Kpakuta which remained un-studies to date.

The field sur#ey was conducted by the JICA team from
June 19 to July 28, 1978. The survey team was composed of
the experts as follows:

Team Leader K. Nakamura Executive birector
: Nippon Koei Co., Ltd.

Member N. Murai Transportation Engineer
Nippon Koei Co., Ltd.

Member Y. Okano Highway Enginecer
Nippon Koei Co., Ltd.

Member J. Mashiba Bridge Engineer ‘
. Nippon Koei Co., Ltd.

Member K. Ohkubo Port Eagineer
Nippon Koei Co., Ltd,

Coordinator M. Suzuki Japan International
Cooperation Agency (JICA)
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CHAPTER I

GENERAL CONDITION OF THE PROJECT AREA

2.1 NATURAL CONDITIONS

The access road to the Wologisi mine from Monrovia port
runs'ﬁhrough the Monterrado County, Bong County and Lofa
County. The landforims change from coastal plain to rolling
hills of 15—90 meters above mean sea level (AMSL), Bong range
of dissected plateau covered with tropical rain forest, and
northern higﬁland of above 300 meters AMSL (Refer to “Fig. 2.1).
The Wologisi mine is located at the hight of about 600 meters
AMSL. The major rivers in the region are Lofa river and St.
Paul river which run from the northeast to southwest direction,
and cross the existing Monrovia - Wologisi mine road at the

section of Gbarxnga-Zorzor and Zorzor-Voinjama respectively.

The climate is tropical and clearly divided into rainy
season from May to November and dry season from December to
April. The annﬁal_meén precipitation ranges from 4,000-5,000
milimeters in the coastal plain to 2,000 milimeters in the
highland (Refer to Fig. 2.3). The annual mean temperature
also varies in .the coastal and inland regions, but it is from
21°C_to_27°ciwith little seasonal variation. The relative
humidity also ranges from 65 to 95 percent.

As for the geology in Liberia, nearly all of the country
is underlaid by Precambrian crystalline rocks which form a
part of the West African Shield. The rocks forming this



crystalline shield are a series of granite, gneiss and
schist beds which have resulted from metamorphism by tetonic
forces acting on a regional scale, iron—beafing formations
(itabirites} are interspersed in the basement complex of
Precambrian age. Bands of amphibolite which follow the
trend of feliation in the gneiss are also common. A belt of
rocks belonging to the granite facies, as much as 15 miles
{24 km) wide and trending parallel to the coast, extends -
north-west from Monrovia to the Sierra Ieone bordex. Un-
metamorphosed sedimentary rocks exist along the ccastal area
of western Liberia. These rocks consist predominantly of
laminated sandstone and smaller units of arkoses, siltstones,
mudstones and conglomerates which are probably of Cretaceocus
age,

The 50115 in Liberia can be divided into such three

major groups as latosols, lithosols and regosols.

1) The latosols or lateritic 50113 cceur on undulatlng

- and rolling land, and occupy about 75 % of the total
arca. They are heavily leached and 51110a, nutri-
ents and humus are mostly Washed'oﬁtf Iron and
aluminium minerals have accumulated as permanent
residual materials, forming hérdpans and cemented
layers within the subsoil, while on the surface hard
and rounded iron exideés - known as iron stoneés or

buckshot - can be observed.

2) In sharp contrast to ‘these latosols are azonal 50115,
classified as 11thosols. The strlklng characterlstlc'
of these soils is that profile development is very
slow and often subject to erosion. The llthosols
occupy about 17 % of the total area on mostly hilly
and rugged land.



' 3) ‘Regosols are sandy soils which occur within the
narrow coastal belt and also in several small
patches farthef-inland. Along the coast they are
mainly marine sediments consisting of more than
70 $ of fine to coarse sand and silt. These sands
are heavily leached and bleached to an almost white
. colour, and the percentage of clay and organic
matter is very small,

2.2 SOCIAL ANP ECONOMIC CONDITIONS

The population of Liberia was 1.5 million in 1974 census.
It has been increasing at the rate of about 3.3 percent per
annum, and it is esﬁimated that the population is at present
about 1;65 million. Out of the total population, nearly 30
percent is concentrated in the Montserrado County around the
capital city, Monrovia. In the Bong County, about 13 percent
of the total popﬁlétion is inhabitated with average population
density of 17 persons per square kilometer. The Lofa County
is leés populated with the density of 7.6 persons per sguare
kilometer, but it encompasses 12 percent of the total population
of Liberia. (Refer to Fig. 2.4/Fig, 2.5)

, The economy of the region is predominantly agricultural
{agricultural sector accouﬁted for 10.5 percent of GDP in 1975).
The méin_agricultural products are rubber, coffee, cocoa, palm
oil and rice. Rubbex plantations are developed on a large
scale in the coastal plain and long the Monrovia - Gbarnga road
and on relatively smaller scale in the northern region. The
agriculture in the northern highland is mainly subsistence or
miked_subsistence and cash crop farming as coffee, cocoa, pil
palm, etc,j.Rice is the main staple food cultivated in the
northern highland, Bong range and coastal plain. ({Refer to

Fig' 2-6 to 2-8).



The National Socio-Econonic Development Plan (1976-1980)
puts special enphasis on the development of agriculture in the
Lofa County and northern region of the Bong County = {about
17 percent of the total investment under the Plan is allocated
to the agricultural sector). The agricultural development in
the Lofa County, according to the Plan, aims at production
increase of coffee (7,300 tons in 1990 as a target) , cocoa
(1,600 tons in 1990}, rice and palm oil, as well as improvement
of transportation and marketing systems.

Forestry development is a rapidly growing sector of
Liberian economy in recent years. The forestry products
accounted for about 2 percent of GDP in 1975 and is programed
to increase at the annual growth rate of 5.2 percent under the
S5-year Development Plan {1976-1980), The tropical rain forest
and semi-deciduous forest extend over the major part of the
Lofa County, {Refer t6 Fig. 2.2 and Fig. 2.9) Some con-
ceded forests are commercially expioited, as in the case of
timber mill operated by Tropical Farms Corporation (TFC)
which is located at about 60 kilometers to the north of Bopolu

viilage in the Lofa County.

The iron ore mine under exploitation in the Bong County
is the Bong mine oerated by German-Liberia Mining Co. (DELIMCO)
which produced 5.9 million tons of ore in 1976. Thé Bomi mine
in the Montserrado County operated by Liberian Mining Co.
{LMC) was closed in 1977. (Refer to Fig. 2,10).

The developmént of the Wologisi mine located in the north-
western part of the Lofa County has been studied since 1965.
The pre-~investment survey is underway at present by LISCO.
Accorxrding to the pfeliminary survey, the exploitable ore deposit
is said to be about 680 million tons (primary ore of 540
million tons and weathered ore of 140 million tons). LISCO
contemplates at the moment to mine and export 4 million tons



per year in the first stage and to extend up to 10 million
tons per year at the ultimate stage. The ore is planned to
be transported to the loading port by pipeline. The operatién
is provisionally set to start in 1983,
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CHAPTER Il

ROAD NETWORK AND TRAFFIC COUNTING

3,1 ROAD NETWORK

The road network is relatively less developed in Liberia.
The public road mileage total about 5,500 kilometers in 1977
(or 0.05 km per square kilometer of the national land), of
which about 1,900 kilometers were primary roads and the rests
were secondary road. The number of registered vehicles of
the country-was 21,850 in 1975.

The primary road network in the Bong County and Lofa
County 1is the road from Monrovia to Gbarnga (194 km), from
Gbarnga to Kolahun via Voinjama (240 km) and from Gbarnga
to Ganta, Yekepa, Topita and other cities in Nimba County,
This road from Monrovia to Kolahun via Gbarnga is the only

mean of transportation for the northwestern region of Liberia.

The other road that reaches the Lofa County is the
laterite-paved Monrovia - Bopolu road (8% km). From Bopolu,
which is located in the southern part of the Lofa County,
the road extends 56 kilometers to TFC timber mill in the
Kpelle National Forest. There is also a track running from
Bopolu to Kolahun connecting small villages, but it is not
for use by vehicles. (The constyuction of a new road between
Bopolu and the Wologisi mine will be evaluated in the 2nd
phase of this study by JICA.)



- The Government of Liberih, through the Ministyy of
Public Works {MPW), has been carring out since 1965 long
term plans for improvement of road networks of the country.
The on-going Forth Development Plan (1978-1980) contemplates

improvement of roads in the project area as follows:

i} improvement (asphalt pavement) of Paynesvill -
Totota road (114 km)

ii) improvement (asphalt pavement) of Totota - Gbarnga -
Ganta road (133 km) '

iii) feasibility stﬁdy of Gbarnga -~ Voinjama road (200 km)

iv} detailed design of Ganta - Sanniquelle and Ganta -
Tappita rocad '

The Socio-Economic Development Plan (1976'--1980) also
contemplates improvement and/or development of feeder roads
all over the country. The Plan incrudes construction of
feeder roads of about 100 kilometers for the development of
the Lofa County,.

3.2 TRAFFIC COUNTING

There is little traffic record of thé Monrovia - Gbarnga-
Voinjama road. The traffic of the road between Monrovia and

Gbarnga was observed to the approximately as foilows:

Monrovia - Kakata Approx. 2,600 per day
Kakata - Totota .o" 1,000 " -
Totota -~ Gbarnga " 900 "

No reliable traffic record is available for Gbarnga -
Voinjama - Kpakuta road, and traffic counting was made during
the field survey of this Study. The result of the traffic
counting for 12 hours was summarized as follows {(for details,
refer to Table 3.1): '

- 10 -~



counting point vehicles/12 hours

'St. Paul River 237
Lofa River 220
" Kpakuta 201

-~ 11 -
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CHAPTER IV

EXISTING ROAD AND BRIDGE CONDITIONS

The existing road and bridge conditions between Monrovia
and the Wologisi mine are briefly summarized by sections as
follows:

A)' Monrovia - Gbarnga Section {194.0 km)
B} Gbarnga - Zorzor Section {102.4 km)
C) Zorzor - Voinjama Section ( 92.8 km)
D) Vbinjamd - Rpakuta Section ( 21.9 km)
E) Kpakuta - Wologisi Section ( 28.6 km)

The inventories of the road and bridges are shown in
Table 4.1, Table 4.2 and Fig. 4.1.

4.1 MONROVIA - GBARNGA SECTION

The road runs from Monrovia to Gbarnga via Paynesville,
Kakata and Totota. The section up to Totota (127 km) is
asphalt-paved with carriage way width of 7.2-7.5 meters.

From Totota to Gbarnga (67 km), the improvement works are
undexrway with financial assistance from the World Bank. As
of June 1978, thé asphalt pavement (7.3 metersin width) was
completed up to 34 kilometers from Totota, and it is scheduled
to complete all the pavement up to Gbarnga by end 1979,

- 12 -



There are 33 bridges, with the bridge length ranging
from 3.0 meters to 73.8 meters, on the road from MQnrovia
port to'Gbarnga, as shown in the bridge inventory sheets in
Table 4.2, All the bridges are concrete bridges (RC slab,
RC T-beam or RC box type). The present condition of these
bridges are generally good, except for the bridge ovexr Du
river (65.1_km from Monrivia) which requires widening the
existing bridge width of 5 meters, and the bridge over Nyafo
river {97.1 km from Monrovia) which requires complete improv

ment.,

4.2 GBARNGA - Z0ORZOR SECTION

From CGbarnga to St. Paul river crossing point {44.5 km},
the rcocad runs through rubber plantation and small villages
called Wenshu, Belefuanai and Gbalatuai. The'roéd, laterite-
raved with the average effective carriage way width of 10.0
meters, is generally in good condition with respect to gra-
dient, surface and side ditches. The maximum gradieht'is

less than 6 percent throughout the section,

The horizontal alignment of the road is also in good
condition, except for a section about 6 kilometers before
crossing the S8t. Paul river where thé_road is sﬁCcéssively
curved with a radius of 100-150 meters. The maximum embank-
ment is less than 3 metexs in height, except for a portion
about 7 kilometers before St. Paul river ﬁheré the émbankment
is 10 meters in height and road shoulder is partly eroded.

- From St, Paul river to Zorzor (57.9 km) , the lateriate-
paved rcoad extends through flat to undulating terrain. The
surface condition of laterite pavement' is fairly good, except
for some part of the section where road shoulders are paftly
eroded and side ditches are poorly maintained. The horizontal
alignment is also good.  As for vertical alignment, the gra-
dient is less than & percent, and the embankment height is
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3 meters at maximum with a slope of 1:1.5 while cutting is
5-6 meters in height at maximum with a slope of 1:0.5 or
1:0.7.

There are 12 existing bridges from Gbarnga to Zorzor
(Refer to Table 4.2). Two bridges named as Mem Creek Bridge
and St. Paul River Bridge (with its main span only) are of
steel structure, and other 10 bridges are of concrete structure.

The Mem Creek Bridge, which was built in replacement of the
old fallen concrete bridge, has a short span of 5 meters only.

It may be cOnsidered that this short spanned bridge might have
been designed, though uneconomical, as steel structure on ac-
count of short construction period allowed for replacement.

The St. Paul River Bridge has 123.45 meters bridge length,
cdmposed of 5 spans of concrete T-beam with average span length
of 15 meters and 1 span of steel truss of 49.6 meters. The

bridge was constructed in 1958, and the super-structure and
sub-structure of the bridge are fairly in good conditions.

Other 10 concrete bridges are 5 RC slab type bridges of
less than 10 meters in span length, 4 RC T-beam type bridges
of 15 - 18 meters in spaﬁ length, and one 2-spanned continuous
box culvert type bridge. The abutments of all the bridges A
are protected, and flood height is sufficiently secured (no
trace of innundation was found within the period of the survey).

4.3 ZORZOR - VOINJAMA SECTION

- The road extends from Zorzor to Zuwulo, Konia, Lofa
River Bridge, and reaches Voinjama which is the center of the
Lofa County. In the first section from Zorzor to Konia
(26.9 km), the road passes through rolling terrain with small
isolated villages scattered along the rcad. The effective
carriage.way of the road ranges from 8.1 to 13,5 meters in
width, and the laterite pavement is generally in good condi-
tion. At a place 1.4 kilometers from Zorzor, the road has a
radius of as small as 70 meters. The road from Zuwulo and
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Konia runs through continuously rolling terrain and the
vertical alignment is mainly 4 to 6 percent in gradient,
Natural drainage was in poor condition and slopé failure in

some areas near Konia was found.

From Konia to Lofa River Bridge (40,8 km), the road ex
tends to the northwest ovey the-bontinuously up~down hills,
The road is laterite-paved and the effective carriage way i
10.2 meters on an average. Vertical alignment was observed
to be desigﬁéd te have gradient of 4-6 percent, but the nax:
mum gradient of 7 percent is observed at two sections. As |
holizontal alignment, some part of the road have a radius o
100-200 meters. Side ditches and slope protection are poor]
maintained in some parts of the section.

From Lofa River Bridge to Voinjama (25,1 km), the road
paSses through a xolling texrain but it becomes more gentle
as Voinjama is approached. Along the roéd, some 20 villages
and/or towns are scattered and oil palm plantations operated
by LPMC extend midway of the section. The width of the
laterite pavement road averages 10.2 meters. Horizontal and
vertical alignments are.fairly good, and pavement, drainage
and side slopes are properly maintained throughout the secti

There are 12 bridges of concrete structures from Zorzor
to Voinjama. The Lofa River Bridge is the longest bridge,
having a bridge length of 93.2 meters (box-girder type).

The Lueah River Bridge is also of box-girder type bridge witi
span length of 24.65 and 24.5 meters. The remaining bridges
are generally in good conditions, éxcept for some defects
observed in handrails.

4.4 VOINJAMA - KPAKUTA SECTION

The road extends from Voinjama, the third biggest city
in Liberia, to Kpakuta where LISCO private road to the
Wologisi mine is linked. (The road from Voinjama extends
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further to Kolahun and to the border with Sierra Leone.)

The road passes through oil palm and rubber plantations,
coffee and cocoa farms managed by LPMC. The vexrtical. and
horizontal alignments are comparatively well designed, with
maximum gradient of less than 6 percent. The effective
carriage way ranges from 9 to 13 meters in width, but natural
drainage are sometimes maintained insufficiently.

There is in this road section one concrete bridge which has
a span length of 15.4 meters and is fairly in good condition.

4.5  KPAKUTA - WOLOGISI SECTION

This road was constructed by LISCO as a private road
for accegs to the Wologisi mine in 1970. It branches off
from Voinjama'- Kolahun road at Kpakuta, and passes through
hilly énd mountainous terrain covered with dense forest.
The vertical and horizontal alignments were poorly designed.
There are curved of less than 30 meters in radius, and
gradients are sometimes 10 to 25 perceht. Duxring the raihy
season the road turns to be muddy and no vehicle other than

four-wheel-~drive cars can pass through this section.

All the bridges are also in poor condition. They are
almost lumber bridges'of less than 5 meters in width, except
for a steel bridge (however, the steel members with its
girder only) of 15 meters in span length crossing over the
Zelebah river. These bridges should be completely recon-

structed for safety traffic to the Wologisi mine.

- 16 ~






IMF’FIQVEMENT ﬁRDPDSED

FEJF! AQCESS Tﬁ WDLDGISI MlNE

| cHBBfER”]'V o






CHAPTER V

IMPROVEMENT PROPOSED
FOR ACCESS TO WOLOGISI MINE

5.1 CRITERIA FOR IMPROVEMENT

For the development of the Wologisi mine, the equiprents
and materials for development have to be transported from
Monrovia port to the mining site. These equipments, machin-
eries and materials will be transported through the primary
road via Gbarnga and V01n3ama. The major heavy equipmentsg
to be transported to the site will include:

- Equipment Weight (t) Traffic (times)

Crusherx 73 1
Ball mill 49 4
Generator - 36 9
Transformer 27 - 45 4

These equipments will be transported by trailers which
will run at a dead«low—SPeEd of 5-10 kilometers per hour,
To this end, the rocad will be requlred to meet the conditions

as follows

Minimum radius 20 m

Carriage way width 6 m at straight alignment
8 m at min. radius

Maximum gradient 10 &

Magimum super-elevation 5 %
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On the basis of the above criteria, the equipment for
the road improvement as an access road to the Wologisi mine

has been evaluated.

5.2 GRARNGA - VOINJAMA - KPAKUTA ROAD

The existing road from Gbarnga to Kpakuta via Voinjama .
is a laterite-paved road with effective carriage way width
of 7-14 meters as noted in the foregoing Chépter IV. The rcad
bearing capacity of base course was revealed to have a CBR
value of more than 10 percent. Such a road width and bearing
capacity are enough for the traffic of heavy trailers en-
visaged for transportation of equipments and machineries to

the Wologisi mine.

In terms of horizontal alignment, the curves along the
road have a radius of more than 100 meters, except for a
curve at 1.4 kilometers north of Zorzor where the radius is
70 meters. The maximum vertical allgnment along the course
is 7 percent at maximum at a point 152 kilometer from Gbarnga
(near Lofa River Bridge). The other sections have gradient
of 4-6 percent, and the maximum super-elevation is less than
5> percent. These facts will lead to the conclusion that the
Gbarnga - Voinjama - Kpakuta rocad has no geometric defect
so far as the transportation of heavy equipments to the

Wologisi mine concerned.

The bridge structures have also been examined in terms
of heavy trailer traffic to the Wologisi mine. Generally,
the bridges in L1ber1a are .of reinforced concrete structure,
The RC bridges are designed to be of slab type for less than
10 meters in span length, T-beam type for 13-23 meters span
and box-girder type for 27-33 meters span. The field inspec-
tion of concrete strength, as summarized hereunder, revealed
that the concrete was little deteriorated.
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Member of structure Compressive strength

(kg/cm?)
Floor Slab 380 - 460
' Girder 400 - 560
Handrail 320 - 360
Pier 260 - 280
Abutment 380 - 600
Wing Wall 420 - 440
(Foundation Rock) (300 - 600)

It is proposed that a trailer for transportation of
crusher (73 t) will be of a model as illustrated in Fig. 5.1 in
order that the load @istributed to each wheel over the bridge
span ranging from 10 to 30 metérs will not produce the bending
moment as to lead to the failure of the bridge structure,.

Judging from the above facts, there will be no need to
improve the existing Gbarnga - Voinjama - Kpakuta road par-
ticularly for the transportation of heavy equipments to the
Wologisi mine. (The improvement requirement of this road for
generated traffic as a national primary road will be discussed
in Chapter VI.)

5.3 IMPROVEMENT OF LISCO ROAD TO WOLOGISI MINE

The existing road from Kpakuta to the Wologisi mine
(LISCO road) is in extremely poor condition as described in
Chapter 4.5. The road has a radius of less than 30 meters
and steep gradients of 10 to 25 percent. It also suffers
from poor drainage. Besides, all bridges should be reconst-
ructed for traffic of héavy'trailers envisaged for transport-
ation of equipments and machineries for the Wologisi mine

development.

Despite the fact that the LISCO road is at present
considered for an access to the Wo1ogisi mine, the road will
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serve in future as a part of new road that is planned to
connect Voinjama and other cities and villages in northwest-
ern region with Monrovia and/or Robertsport via Bopolu
village. It is recommended, therefore, that the LISCO road
will be designed in the light of possible future traffic
diverted to this road.

Among various alternatives, it is adopted that the
improvement of the road will be designed to have criteria as

follows:

Design speed 40'km/hour
(alignment is designed to enable
future improvement with design
speed of 60 km/hour)

Carriage way width 5.5 m

Shoulder 0.75 m

Minimum radius 140 m

Maximum gradient 8 %

Minimum sight distance - 84 m

For the alignment of road, it is proposed to take alter-
native route to branch off from the Veinjama - Kolahun road
at Samita, instead of Kpakuta (Refer to Fig. 5.2). ‘he
proposed alignment will reduce the total length of road re-
construction to 24.7 kilometers from the existing route of
28.6 kilometers.

The road is proposed to be laterite-paved with 20 centi-
meters in thickness. The side slope will be designed to bhe
1:0.5 for cutting and 1:1.5 for enbankment. A typical cross
section is illustrated in Fig. 5.3,

For bridge construction, it is proposed to design'concrete
bridges. The bridge across the Zeliba river will be designed
to be a RC T-beam type as illustrated in Fig. 5.4. The other
bridges will be RC slab bridges as planned in ¥ig. 5.5.
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The work quantities for the proposed improvement of
the LISCO road, both road and bridge structures, have been
estimated on the basis of the preliminary design. Likewise,
costs required for the construction works have been esti-
mated at 1978 price. The total estimated cost of the
improverent works will amount to about US Dollar 2.37 million
as summarized hereunder (Refer to Table 5.1 for detail):

Direct construction cost $1.89 million
Physical contingency 0.29 "
Engineering fee 0.19 "
Total $2.37 million
Cost per km . $95,900/km
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CHAPTER Vi

PRELIMINARY S TUDY FOR IMPROVEMENT OF
GBARNGA — KPAKUTA ROAD AS A PRIMARY RCAD

6.1 TRAFFIC FORECAST
{Requirement for Improvement of the Road)

On the basis of the traffic counting in the field as
noted in Chapter III, it was estimated that the ADT in 1978
was approximately 265 vehicles per day, i.e. 75 passengex
cars, 160 light buses and pick-ups, 5 light trucks and 25
heavy trucks (Refer to Table 6.1).

"Phe future traffic volume on the Gbarnga - Voinjama -
Kpakuta road provided that the improvement work of the rcad
has been completed is forecasted preliminarily on the basis
of normal traffic increase and generated traffic increase.
{The diverted traffic is not envisaged because there is no
other road that the traffic is diverted from.) The normal

traffic increase has been estimated on the formula as follows:

Passenger Traffic Increase

it

(population increase) + (increase of per capita
income) x (coefficient)
3.2% + 2.4% x 1.5 = 6.8%

Freight Traffic Increase

= rate of GD? increase
= 6.8% {(1978-1980)



The future traffic is therefore presumed to increase at
the rate of 6.8 percent in 1978-1980 and graduwally decrcase
the rate thereafter as follows:

1978 - 1980 6.8% per annum
1980 - 1990 6.0% "
1990 - 2000 5.0% "
2000 - 2010 - 4,0% "

The generated traffic on the Gbarnga - Voinjama - Kpakuta
road is alsc presumed to increase at the rate of 10 percent
in the first year of operation, at 20 percent in the second
year and at the same rate as normal traffic increase rate
above-mentioned thereafter. The traffic projection of the
Gbarnga - Voinjama - Kpakuta road is thus calculated as shown
in Table 6.1 and as summarized hereunder.

1980 approx. 300 vehicles/day
1985 : 490
1999 650
1995 830
2000 1,060

The foregoing traffic forecast will lead to the conclusion
that the existing road between Gbarnga and Kpakuta via Voinjama
be improved with its geometric alignments due to the applica-
tion of higher design speed.

6.2 CRITERIA FOR IMPROVEMENT

To meet with the traffi¢ increase calculated on the proposed
road, the geometric design criteria was supposed on the basis
of AASHTO standards as follows:

Design speed ' . 80 km/hour
Carriage way width 6.7 m
Shoulder width ' 1.8 m
Minimum radius . 220 m
Minimum sight distance 116 m
Maximum gradient 5 9
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6.3 IMPROVEMENT WORKS

The improvement works under such criteria are designed

as summarized hereunder.

a)

b)

o)

.Alignment:

Under the design criteria provisionally set forth in
6.2 above, there will be 18 sections which have less
than 220 meters in minimum radius and proposed to be
improved. These improvement will total approximately
4,000 meters in length. In terms of vertical align-
ment, some sections have gradient up to 7 percent and
some other sections have gradients changing in a
short distance. It is therefore proposed to improve
the vertical alignment throughout the route.

Cross Section:

- The sandy soils along the road has enough bearing

capacity. The improvement will reguire neither ex-
traordinary cutting nor high embankment. The side

'slope will be designed to be 1:0.5 for cutting and

1:1.5 for embankment. As a base course, it is
designed to have selected laterite soil of 20 centi-

meters in thickness. The surface treatment will be
done by asphalt concrete of 4 centimeters in thick-
ness. The cutting portion will have unlined side
ditches, except for some sections where the road
pasées through larger villages and concrete ditches
are provided. A typical cross section is designed as
illustrated in.Fig. 6.2,

Bridge and Culvert:

As noted in Chapter IV, the existing bridges and box

culverts have enough capacity, and it will not be re-

V“thréd té design major improvement works for upgrading.
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6.4 IMPROVEMENT COST

The quantity of improvement works and their costs are
preliminarily estimated as shown in Table 6.2. The total
construction cost will amount to approximately US Dollar

48 million as summarized hereunder,

Direct construction cost $38.6 million

Physical contingency 5.8 "

Engineering fee 3.8 "
Total $48.2 million

Cost per km $220,800/km

6.5 PRELIMINARY ECONOMIC EVALUATION

The estimated improvement cost above-mentioned (Finan-
cial Cost) includes direct and indirect taxes. On the
assumption that thée tax will amount to about 12 percent of
the financially estimated cost as in the case of previous
study on improvement of the Totota - Ganta road, the economic
cost of the improvement works is estimated at about US Dollar
42.43 million, which will be disbursed in the scheduled year
as follows: |

1980 $ 0.85 million
1981 13.86 n
1982 13.86 @
1983 13.86 "
Potal $42.43 million

The maintenance costs for annual regular maintenance of
patching holes, clearing culverts and ditches, etc. and for

overlay after 10 years are estimated preliminarily as follows:

Regular maintenance cost $1,100/km per annum
Overlay after 10 years $38,500/km
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Benefit expected to accrue from the improvement works
was estimated on the basis of Road User's Cost saving consist-
ing of the Vehicle Operation Cost (VOC) saving and Time Cost
saving. The VOC saving was measured as the benefit in this
Preliminary study and the Time Cost saving was neglected due
to the non-major/unknown factor of the benefit. The VOC on
the asphalt-paved road and laterite-paved road and the VOC
saving were estimated provisionally as follows:

Unit: US cent/km

VOoC
' . Laterite- Asphalt-
Vehicle Type paved paved VOC Saving
Passenger car 22.01 12.61 9.40
Pick-up, light bus 27.17 15.44 1r1.73
Light truck - 50.56 28.70 21.86
Heavy truck: 61.36 34.84 26.52

Annual economic benefit due to the improvement works will
occur by summing up the VOC saving with respective vehicle
type on the basis of the traffic forecast mentioned in fore-
going Section 6.1 and was calculated by the following equation:

A.B. =)ISV x NT x 365 x L

1
+ —5—-Z§v ¥ GT x 365 x L,

where; A.B. = Annual Economic Benefit (US$)
Sy = VOC saving {(US cent/km/vehicle)
NT = Normal Traffic {vehicles/day)
GT = Generated Traffic (vehicles/day)
L = Total'Road Length (km)

365 means 365 days a year

Z} means summing up

The annual economic bénefit is tabulated in Tabie 6.3.
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The annual cost and benefit estimated for 20 years of
operation at a discount rate of 10 percent are tabulated in
Table 6.4. The benefit-cost ratio of the proposed improvement

worKks is therefore estimated as summarized hereunder,

Economic cost (present worth) $39.05 million

Economic benefit ¢ " -} $40.10 nmillion

Benefit-cost ratio 1:1.03

The above result of preliminary study implies that the
improvement of Gbarnga - Voinjama - Kpakuta road to the
asphalt-paved road at the design speed of 80 kilometer per
hour would be marginally feasible economically, and that a
decision for improvement should be made after making feasi-
bility study, including detailed 0/D survey and traffic
forecast, study and appraisal of design criteria, detailed
estimate of construction and maintenance costs, detailed'
estimate of direct and indirect benefits, as well as study

on most appropriate time for start of improvement works.
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TABEE 3.1

Table 3.1 RESULTS OF TRARRIC COUNTING
(12-hour counting, June/1978)

. (Gﬁit: vehicles)
Vehicle Type Count;ng,PO:nt
L St, Paul River Lota River Kpakuta

Passenger Car 15 15

44
Taxi 35 18
Pick-up 128 130

142
Light Bus 1 O
Light Truck {(2-4+%) 0 Y]

12
Heavy Truck {6-101) 27 26
Trailer 1 1 3
Total 237 220 201







TABLE 4.1

Table 4.1 EXISTING ROAT CONDITIONS FROM MONROVIA TQ WOLOGISI

ROAD . ROAD NOS, COF PRESUMED
SECTION PISTANCE YWIDTH PAVEMENT CONDITION BRIDGES DESIGN SPEED
(}m) (m) {km/hr)

A-Section: Monrevia — (barnga

i)
Monrovia 127 7.2-7.5 Asphalt good 19 30
- Totota -paved
ii)
Totota — 34 " " Tmprovement works 3 80 - 100
34km fronm completed in 1978
Totota
iii)
34km from 33 " Laterite  Improvement works 6 40 - 60
Totota - -paved are scheduled to
Gbarnga be completed by
1979

Sub total 194 33
B-Section: Gbarnga - Zorzor

102 7.0-13.0 " Partial improve- 12 40 - 60

ment is required

C=Section: Zorzor - Voinjama

93 3.1-13.5 u Partial! improve- 12 40 - 60O
ment is reguired

D-Section: Voinjama - Kpahkuta

22 8,7-12.6 " good 1 60

E-Seclion: Kpakuta ~ Weolongisi mine

29 4,6-~7.7 unpaved Overall improve- 9 20
ment is required

Total: © 440 o7
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TABLE 5.1

Table 5.1 CONSTRUCTION COST (LISCO Road)
(1978 price)

Description Unit of o't Unit Rate  Amount
P o'ty d (8) (31,000}
DIRECT CONSTRUCTION COST
Clearing & Grubbing m 191,000 0.5 95.5
Excavation m3 147,000 2.5 367.5
Embankment, m3 147,000 1.8 264.6
Conerete Ditch m 42 230.0 9.7
FPipe Culvert m 126 480.0 60.5
Box - Culvert (1) m : 60 1,300.0 73.0
Box — Culvert {2) m 63 2,500.0 157.5
Concrete Bridge (1} me 137 562.0 77.0
Concrete Bridge (2) me 136 396.0 53.9
Surfacing (Latelite) m3 44,680 12.5 558.5
" Sub Total 1,722.7
Minor Items 172.0
(104 of the above)

Total 1,894.7
PHYSICAL CONTINGENCY {15%) 284.2
ENGINEERING FEE {10%) 189.4
TOTAL ' 2,368.3

Cost per km (Total length = 24.7 km) 95.9
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TABLE 6.2

Table 6.2  CONSTRUCTION COST (Gbarnga-Kpakuta Road)
(1978 price)

Descrivtion Unit of o't Unit Rate Amount
v Q'ty Y (3) (81,000)
DIRECT CONSTRUCTION COST
Clearing & Grubbing m? 931,000 0.5 465.5
Fxcavation m3 2,858,000 2.5 7,145.0
Embankment n3 1,018,000 1.8 1,832.4
Concrete Diich in 1,020 230.0 234.6
Pipe Culvert m 300 480.0 144 .0
Subbase & Shoulder m> 554,700 12.5 6,933.8
Base m3 145,500 48.0 6,984.0
Surfacing (As-con) n? 1,302,700 8.7 11,333.5
Sub total 35,072.8
Minor Items 3,507.3
(10% of the above)

Total 38,580.1
PHYSICAL CONTINGENCY (15%) 5,787.0
ENGINEERING FEE (10%) 3,853.0
TOTAL : 48,225,1

Coslt per km (total length = 218.4 km) 220.8
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Table 6.3
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VOC Saving due to Genersted Traffic
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Heavy Truck

Light Bus, L/T = Light Truck, H/T =

Vehicle Operation Cost
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P/C =
VOC
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