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May 1, 1972

Mr. Albert P. Disdier, Director

Office of Capital Development & Finance
Bureau for Africa

Department of State

Agency for International Development
Washington, D. C. 20523

Dear Sir:

We are pleased to forward to you, herewith, the completed Economic
and Technical Feasibility Study for Bridge and Dam across the Cotonou
Lagoon, Cotonou, Dahomey.

This report contains the details of in-depth studies made in accordance
with the scope of work required by our contract AID/afr-724.

The results of the studies clearly indicate that a new four-lane bridge,
located near Boulevard Saint Michel, is needed to alleviate extremely con-
gested traffic conditions. The studies also show that a dam, located near
the lagoon mouth, will provide an effective protection against erosion in the
lagoon as well as enable to considerably reduce the intrusion of sea (and
therefore also salinity) into Lake Nokoue.

Even when the potential benefits to the fishing in Lake Nokoue are dis-
regarded, and only vehicle operating savings and erosion reduction are con-
sidered, the benefit/cost ratio for the recommended construction (bridge with
dam) is still high. The cost of the dam is also amply justified when its cost is
compared to fishing bencefits alone.

As requested by letter, from WARCDO Abidjan, the contingency item in
the construction estimates has been increased to 20 percent.

It has been a pleasure to work for A,1.D. on this project and we look
forward to have again an opportunity to be of service.
Very truly yours,
SANDERS & THON C.
/4{*\»/&4«4 L
Abraham Perera, P. Em
Assistant Vice President

AP/dke
Executive flices: POTTSTOWN, PENNSYLVANIA
PHILADELPIIA, PA. « PITTSBURGH, PA. o« WASHINGTON, D. (.. « MIAMI FLA,
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SECTION I
SUMMARY OF FINDINGS AND RECOMMENDATIONS
A. TECHNICAL FEASIBILITY STUDIES

1.  Cotonou City Planning

Cotonou has developed at a relatively rapid pace since the completion of its deep-
sea port in 1959. As the best and most direct link to the world markets, for both Da-
homey and Niger, the Port of Cotonou has played an important role in the economic
growth of Cotonou. At present, therc are some 40 industrial establishments in Cotonou
and at least 23 more are being planned to locate there in the near future. Several new
large regional developments are likely to have a strong influence in the future growth
of Cotonou. Among them are the recently discovered limestone deposits near Onigblo
and the offshore drilling for petroleum near Porto-Novo.

Cotonou is estimated to triple its size from the present population of 150, 000 to
a population of 450, 000 in 1996. This will require that Cotonou develop all its available
areas within city limits as well as those areas beyond city limits adjacent to Lake Nokoue.
An expansion towards the northern areas of Cotonou is therefore essential. In recognition
of this, the Cotonou City Master Plan recommended that a new bridge, a large central
market, and a new City Hall be constructed near the lagoon in the vicinity of Boulevard
Saint Mickel.

For the purpose of predicting the rate of growth of various city zones, an analysis
was made of residential densities and land uses within Cotonou, The potential factors
aiding or inhibiting the growth of each zone have been related to transportation ne«ds of
people and goods across the lagoon in order to evaluate the relative merits of two bridge

alternatives.

2. Traffic

A detailed traffic survey was made at Cotonou bridge in November of 1970. The
collected data included volume counts and origin-destination survey by vehicle categories.
Separate counts were made on a weekday, market day, and a holiday. From the results
of these counts, a hase 1970 traffic data were established. Time series for determination
of future traffic growth rates have been obtained for the years 1960 to 1970 from available
traffic records of the Ministry of Public Works in Cotonou. The 1970 average daily traffic
by traffic categories and the average probable growth rates are as follows:

1-1
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1970 Average Probable
Daily Traffic Growth Rate
Passenger Cars, Taxis and
Light Trucks 10,400 6.0%
Buses 640 5.0%
Trucks (over 2 tons) 1,650 5.0%
Motor Bicycles 8, 200 8.0%
Pedal Bicycles 9,000 8.0%
Pedestrians 11,400 4.5%

The above growth factors were modified for each city zone in relation to its potential
growth, All growth rates have been reduced to 75% of the initial rate in the last 10
years of the study period. The resulting average daily traffic was as follows:

1970 1977 1987 1996

Passenger Cars, Taxis, etc. 10,400 15,694 28,934 45,461

- Buses and Trucks 2,290 3,161 5,078 7,285
Pedal and Motor Bicycles 17,200 29,783 71,816 149,621

Pedestrians 11,400 15, 845 28,152 47,710

In addition to the bridge traffic, a survey was made of the boat traffic in the la-
goon. The number of passengers crossing the lagoon was as follows:

Market Day 10,585
Weekday 4,364
Holiday 2,200

Speed, delay and capacity studies revealed the following for the existing Cotonou
bridge (in terms of equivalent vehicle units per hour):

Practical capacity (with no delays) 1,800 EVU
Maximum capacity (with 3.5 minutes

average delay) 2,500 EVU

The average speeds across the bridge and in various areas of Cotonou have been
observed at various traffic densities. At practical capacity on the bridge, the average
speed was 8 k. p. h.

Factors were derived to determine the proportions of the traffic which would use
the new bridge at Boulevard Saint Michel. These diversion factors vary from 1977 to

1-2 /
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1996. Initially (in 1977), only drivers from zones nearest to Saint Michel would use the
new bridge. Later, as the congestion at the existing bridge increases, drivers from
other zones would also divert to Saint Michel bridge.

The following tables show the distances between zones via each bridge and the
traffic distribution in 1977 and 1996 (see map In Appendix A, page A-1.):

Zonal Distance (Km) Zonal Distance (Km)
0-D A B 0-D A B

1-5 2.0 5.3 3-7 4.8 3.0

1-6 2.4 3.4 3-8 5.1 4,7

1-7 3.3 4.0 3-9 8.6 8.2

1-8 3.6 5.7 4-5 4,0 4.4

1-9 _ 7.2 9.2 4-6 4.6 2.9

2-5 4,9 6.9 4-7 5.4 3.2

2-6 5.4 5.3 4-8 5.6 4.9

2-7 6.2 5.7 4-9 9.2 8.4

2-8 6.5 7.4 5-10 8.4 8.1

2-9 10.1 10.8 6-10 9.0 6.5

3-5 3.5 4,2 7-10 9.8 6.9

3-6 4.0 2.6 8-10 10.1 8.6

9-10 13.6 12,1

A = distance via existing bridge.
B = distance via Saint Michel bridge.
1977 1996
c D < D

Passenger Cars, Taxis, etc, 9, 807 5, 887 21,285 24,176
Buses and Trucks 1, 859 1,293 2,626 4,696
Pedal and Motor Bicycles 17, 327 12, 456 53,7176 95, 845
Pedestrians (incl. boat pass.) 10,749 5, 095 25,176 22,533

C = traffic volume via existing bridge.
D = traffic volume via Saint Michel bridge.

With the volume of traffic as shown for 1996, both bridges will begin to be con-
gested and therefore, a third bridge across Cotonou Lagoon will become necessary.

3. Subsoil Exploration

Review of previous subsoil exploration data and the results of the dynamic penetro-
meter tests near the Boulevard Saint Michel bridge site indicate that a pile supported sub-
structure for the bridge is feasible. A maximum settlement of approximately 3 centimeters

s anticipated for the bridge.
1-3
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The data obtained from a single core boring near the site of the proposed dam
reveal a deep compressible clay stratum. A settlement of 30 to 50 centimeters is
anticipated for the dam. This problem will be overcome through appropriate construction

procedures explained in Section V.
4, Hydraulic Studies

Theoretical hydraulic studies by Sanders & Thomas, Inc., based on previous
data and mathematical model studies of SOGREAH Laboratory of Grenoble, France,
indicate that the proposed dam will reduce sufficiently the velocity of flow during flood
conditions to eliminate the erosion in the lagoon.

Sanders & Thomas, Inc. studies indicate also that the tidal inflow into the lagoon
will be reduced by the proposed dam to less than 10% of the present volume. Consequently,
it is to be expected that salinity also will be reduced to sufficiently low levels to eliminate
the terredos in Lake Nokoue.

With the terredo and the erosion problem eliminated, it is hoped that the former
ecological and fishing conditions in Lake Nokoue will be restored.

5. Existing Bridge

The existing bridge s essential to the lagoon crossing traffic in Cotonou. Its use-
ful life, however, is limited to approximately only 10 more years. In order to prolong the
usefulness of the existing bridge, additional repairs are recommended. The necessary
additional repairs of the bridge substructure, funded by FAC, have been completed in part.
The remaining repairs are expected to be completed by 1974.

The repairs of the bridge deck are included in the work to be done in the new hridge
and dam ~onstruction contract. Included in the repair work is the reconstruction of the
concrete deck, new wider sidewalks, new lighting system, and the painting of the bridge

girders.
6. Proposed New Bridge and Approach Roads

Two alternatives were considered for a new bridge across the Cotonou Lagoon.
They consisted of either a parallel bridge next to the existing one, or a bridge near
Boulevard Saint Michel.

The parallel bridge was planned to be only two lanes wide, while the Saint Michel
bridge required four lanes. The reason for this choice was the fact that the approaches
at the existing site could not function as more than four lane roadways. Thus, the com~
bination of the existing and the new bridge needed not to have more than four total lanes.
With a new bridge located at Boulevard Saint Michel, it is possible to provide a total of six
lanes crossing the lagoon--four at Boulevard Saint Michel, and two at the existing bridge.

{\



SANDERS &C_?HOMAS Inc.

The approach roads for the Saint Michel bridge are longer than those at the
parallel bridge. They are planned to be constructed four lanes wide. Their total length
is 1.7 kilometers.

The remaining 7.6 kilometers of approach roads connecting the Saint Michel
bridge to the International Route No. 11 will be constructed as a two lane roadway with

FED funds.

7. Proposed Dam

The primary function of the dam will be to prevent the erosion in the Cotonou
Lagoon but at the same time the dam will help to reduce the salinity in Lake Nokoue.

The dam will consist of a sand and rock fill, 3 meters wide at the top and having
side slopes of 2 on 1. The rock material for the proposed dam will be quarried at
Dassa-Zoume, approximately 155 kilometers to the north, and will be transported to
Cotonou by OCDN railroad. The sandfill will be obtained from the sandbar near the

lagoon mouth.
8. Other Erosion Contiol Alternatives

A rock mat placed under the new bridge has been considered as an alternate
method of protecting the bridge foundation against erosion. While considerable cost
saving is thus achieved (as compared to the cost of a dam), no benefits are possible with
respect to the fishing in Lake Nokoue and the time for construction of the bridge is in-
creased hy seven months due to the fact that construction must be interrupted during the

flood season.

9.  Project Scheduling

The final design for the recommended improvements wiil require 12 to 18 months.
The letting of contract will require a minimum of six months. The construction is estimated
to take 24 months. The final design should begin no later than in January of 1973 if the
proposed construction (with the exception of the existing bridge repairs) is to be completed
by January of 1977. To meet this target date, it will also be necessary that the construc-
tion of the dam he completed before the flood season of 1975, With the dam In place, water-
borne construction operations will be possible through the flood season, and thus the re-
mainder of the work could proceed without interruption. If an accelerated schedule is adopted
for final design, it may be possible to complete the construction by January, 1976.

10.  Summary of Costs
The costs have been estimated for both the American and Foreign procurements.
For American procurement it was assumed that most materials other than gravel, sand

and rock will be imported from U.S,A. For Foreign procurement it was assumed that
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only materials and equipment not available locally would be imported. The costs include
contingencies, design and construction supervision (1. 00 US Dollar = 270.00 Fr. CFA).

Costs (Millions)

Description of American Procurement Foreign Procurement
Construction Fr. CFA | U.S. Dollars Fr. CFA]|U.S. Dollars
Repairs of Existing Bridge 148.7 0.55 142.2 0.53
Parallel Bridge 715.0 2.64 546.0 2.02
Parallel Bridge Approaches 38.6 0.14 41.9 0.16
Saint Michel Bridge 1,000. 2 3.70 849.4 3.15
Saint Michel Bridge Approaches* 172.9 0.64 203.0 0.75
Erosion Protection (Rock Mat) 150.1 0.56 143.4 0.53
Dam ! 576.0 2,13 l 508.8 1.88

* Additional 180 millions Fr. CFA, to be funded by FED, for 4.9 km of two-lane road are

included in the economic analyslis.

Costs (Millions)
Description of American Procurement Foreign Procurement
Construction Fr. CFA | U.S. Dollars Fr. CFA|U.S. Dollars
Recommended Construction:
Repairs of Existing Bridge 148.7 0.55 142.2 0.53
Saint Michel Bridge 1, 000.2 3.70 849.4 3.15
Saint Michel Bridge Approaches 172.9 0.64 203.0 0.75
Dam 576.0 2,13 508.8 1.88
Total 1,897.8 7.02 1,703.4 6.31
B. ECONOMIC FEASIBILITY STUDIES
1.  Economic Alternatives and Expected Benefits
The alternatives cons’dered for the economic justification ot :i - project are tabu-

lated below:

ALTERNATIVES

COST

EXPECTED BENEFITS

(A)
No improvements

1-6

(a) Repairs of Existing
Bridge Deck

(b) Repairs of Existing
Bridge Abutments

(c) Maintenance
Bridge Foundation

(d) Maintenance - Existing
Bridge Approaches

None
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ALTERNATIVES

COSTS

EXPECTED BENEFITS

(B)

New Parallel
Bridge
(Without Dam)

Same as (a), (b), (c), and
(d) above
(e) New Parallel Bridge
(f) Parallel Bridge
Approaches
(g) Parallel Bridge
Foundation Protec-

1. Reduction in congestion
delays at the two
bridges.

tion
(C) Same as (a), (b), (d), (e), 1. Reduction in Congestion
New Parallel and (f) above delays at the two
Bridge (i) Dam bridges.
(With Dam) (j) Loss of Shrimp 2. Elimination of erosion
Harvest in Cotonou Lagoon,
3. Improved fishing in
Lake Nokoue.
(D) Same as (a), (b), (c), and 1. Reduction in Congestion

New Bridge at
Saint Michel
Boulevard

(Without Dam)

(d) above

(k) New Bridge at Saint
Michel Boulevard

(1) Saint Michel Bridge
Approaches

(m) Saint Michel Bridge
Foundation Protection

(n) Maintenance - Saint
Michel Bridge
Approaches

delays at the existing
bridge.

2. No congestion or delays
at Saint Michel
Bridge.

(E)
New Bridge at
Saint Michel

Same as (a), (b), (d), (i), (k),
(1), and (m) above

1. Reduction in congestion
delays at the existing
bridge

Boulevard 2. No congestion or delays
(With Dam) at Saint Michel
Bridge
3. Elimination of erosion
in Cotonou Lagoon
4. Improved fishing in Lake
Nokoue
(F) (1) Dam 1. Elimination of erosion in

(Evaluated against
fishing benefits
only)

(j) Loss of Shrimp Harvest

Cotonou Lagoon
2. Improved fishing in Lake
Nokoue
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2.  Benefit/Cost Analysis and Internal Rates of Return

For each improvement alternative, a benefit/cost analysis was made and internal
rate of return determined for both the American and the Foreign procurements. The
values of benefits, discounted at 10% to 1975, were as follows (1.00 US Dollar = 270 Fr. CFA)

Net Benefits (Millions)
Alternative American Procurement FForeign Procurement
Fr. CFA | U,S. Dollars Fr. CFA |U, S, Dollars

Parallel Bridge Without Dam * | 19,580 72.5 19,735 73.1
Parallel Bridge With Dam * 19, 154 70.9 19,369 71.7
Saint Michel Bridge Without Dam* | 25,479 94,4 25,606 95.0
Saint Michel Bridge With Dam  * | 25,052 92.8 25,241 93.5
Dam (Only fishing benefits

considered) 2,310 8.6 2,310 8.6

* Includes only vehicle operating savings and erosion benefits.

The benefit/cost ratios and internal rate of return were as follows:

Alternative American Procurement Foreign Procurement

B/C IRR B/C IRR

Parallel Bridge Without Dam * 15. 05 449, 17.31 48%

Parallel Bridge With Dam * 11.09 38% 12. 86 41%

Saint Michel Bridge Without Dam* 13.10 38% 14. 14 399

Saint Michel Bridge With Dam  * 10.57 34% 11.60 35%

Dam (Only fishing benefits

considered) 4.00 29% 4.50 30%

* Not including fishing benefits

The calculation of time savings due to lessening of congestion and therefore, time
for travel has not been considered in the economic analysis because the reduction in
vehicle operating costs above provides sufficiently high rates of return.

3. Sensitivity to Changes in Traffic Data, Expected Savings and Costs
The benefit/cost analysis and internal rates of return were tested for sensitivity
to changes in traffic growth rates and diversion factors, reduction in expected savings

and increase in construction costs. The various changes were all included simultaneously
in the analysis. They were as follows:

1-8
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Base 1970 traffic data Reduced by 10%
Traffic growth rates Reduced by 20%
Diverted traffic to Saint Michel Bridge Reduced by 15%
Vehicle Operating Savings Reduced by 15%
Fish Benefits Reduced by 50%

The results were as follows:

Alt H American Procurement Foreign Procurement

ernative B/C IRR B/C IRR
Paraliel Bridge Without Dam * 10. 85 30% 12.57 32%
Parallel Bridge With Dam * 7.87 26% 9.20 28%
Saint Michel Bridge Without Dam * 7.30 26% 7.92 - 21%
Saint Michel Bridge With Dam  * 5.79 23% 6. 40 249
Dam (Only fishing benefits
considered) 1.60 16% 1. 85 17%
* Not including fishing henefits ' y

4.  Expected Financial Impact of Proposed Construction

The absence of a new bridge across the Cotonou Lagoon would lead to much
greater congestion and loss of time in the future. This would, without doubt, deter
normal traffic growth and the pattern of future urban development of Cotonou. The re-~
sult will be that residential, cultural, and economic growth will take place in areas of
Cotonou which will minimize the need to cross the lagoon.

A new bridge will have, in the long run, a definite impact on reduction of delays
and a more favorable commercial and industrial development in both the west and east
parts of Cotonou with consequent potential for increased employment. It will, therefore,
also have an indirect influence towards, and a future increase in governmental tax
revenues.

C. RECOMMENDATIONS
1. Proposed New Construction

It is recommended that a new bridge across the Cotonou Lagoon be constructed
four lanes wide and located near Boulevard Saint Michel. It is also recommended that a
dam, located near the mouth of the lagoon, be constructed for the purpose of eliminating
erosion in the lagoon. Although less expensive construction (rock mat) could be used for

1-9 /1/7/
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prevention of erosion, the potential additional benefits from improvement of fishing yields
in Lake Nokoue more than justify the additional costs of the dam.

2. Additional Improvements of the Existing Bridge

All necessary repairs to the existing bridge substructure are expected to be com-
pleted by 1974 with FAC funds.

The repairs to the superstructure can only be made after a new bridge is con-
structed and open to traffic.

It is recommended, therefore, that the repairs to the existing bridge deck be
included in the new bridge and dam construction contract.

The recommended repairs include complete reconstruction of the bridge deck with
wider sidewalks, rehabilitation of the lighting system and the painting of steel girders.

3.  Construction Scheduling

It is recommended that the final design be completed in sufficient time to provide
for letting of the contract and the beginning of construction not later than by January 1975.
This will permit the completion of the dam before October of that year, and enable the
construction operations to proceed without interruptions during the flood season. Every
effort should be made, however, by the funding Agency to help implement procedures
which would allow to adopt an accelerated project schedule so that construction could begin
one year sooner than estimated in Section XI of this report.

1-10
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SECTION II

GENERAL

A.  SUMMARY OF THE PROBLEM AND PREVIOUS STUDIES
1.  Brief Description of the Problem

Following the construction of the deep water ocean port a. Cotonou in 1959,
serious ecological disturbances occurred in Lake Nokoue and in the Cotonou Lagoon.

In the past, the Cotonou Lagoon was blocked at its mouth near the ocean, by
a sandbar. The sandbar was washed away at intermittent periods by the flood force
of the Oueme River, but it would then quickly be re-established by the strong littoral
sand drift of the occan currents. After the construction of the Port of Cotonou, the
ocean currents were deflected out to sca, and the littoral drift transporting the sand
was pushed further to the cast. The lagoon, therefore, remained permanently open
to the ocean. As a conscquence, the lagoon began to be eroded, and Lake Nokoue be-
came infested hy terredos (marine borers).

The invasion of the lake by the terredos caused considerable loss of wooden
fish traps called "akadjas'and, therefore, reduction in the yield of the fish catch. The
erosion of the channel of the Cotonou Lagoon undermined the pile substructure of the
existing International Bridge. At the same time, the rapid growth of the City of Coto-
nou resulted in greatly increased traffic across the bridge. The latest traffic surveys
made at the bridge show that the number of vehicles crossing during peak traffic hours
already exceeds the capacity of the bridge and that serious congestion results at the
bridge approaches.

The Dahomean Government therefore undertook to seek help for the purpose
of correcting the problems in Lake Nokoue and the Cotonou Lagoon. Several engineer-
ing and economic studies were made by French, German, and U.S. A. agencies and
several different solutions were suggested. All of the reports, however, recommended
a new bridge to alleviate the traffic congestion and a dam in the lagoon to control the
erosions and to block the terredo invasion of Lake Nokoue.

2. Studies by BCEOM (1963 and 1968)

In 1963 the French governmental agency, Bureau Central d'Etudes pour les
Equipments d'Outre-Mer (BCEOM), undertook the study of the general feasibility of
constructing a water control structure (dam) and a bridge in the lagoon. Six different
alternatives were considered, and costs were evaluated. At the same time, BCEOM
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had commissioned the hydraulic laboratory SOGREAH of Grenoble, France, to make
mathematical model studics of the Oueme River delta (consisting of Lake Nokoue and
Cotonou and Porto-Novo Lagoons) for the purpose of determining the essential hy-
draulic paramcters and design criteria for the proposed dam.

In 1968, after the lishing situation in Lake Nokouc and the erosion in the
Cotonou Lagoon become critical, BCEOM made cxtensive surveys, and prepared a
preliminary design for a dam with sliding gates, at the site near Boulevard Saint
Michel with provisions to allow the building of a bridge across the dam spillway, at
a futurc datc. The primary objective was to improve the fishing in Lake Nokoue by
controlling the inflow of the ocean tides, and, therefore, the salinity intrusion, as
well as preventing the penetration of the terredos into the lake through the Cotonou
Lagoon.

Additional model studies were made by SOGREAH at this time to evaluate
the magnitude of the forces expected to be generated upstream and down stream of
the proposed dam spillway.

The BCEOM studies, ficld surveys, and hydrographic mecasurements in the
Cotonou Lagoon, as well as the Report on Model Studies by SOGREAH, have provided
a very valuable source of information and data for later studies by Sanders & Thomas,

Inc.

3. Holzman Proposal (1969)

This proposal was a modification of the 1968 BCEOM plans by the German
firm of Philip Holzman A.G. The modification consisted mainly in the use of three
large concrete gates operated hy clectric motors rather than 350 small wooden
planks operated manually, as proposed by BCEOM.

4. Reconnaissance Report by Sanders & Thomas, Inc. (1970)

In 1970, the Ageney for International Development, Washington, D. C., cn-
gaged Sanders & Thomas, Inc. to review the previous proposals for a dam-bridge
and to re-examine the problem in the Cotonou Lagoon. At the same time, Agency
for Intcrnational Development requested that a brief traffic survey be performed at
the existing bridge to cevaluate the volume of the various categories of traffic crossing
the lagoon, and to determine what percentage of the total traffic was of international
origin,

The conclusion reached by Sanders & Thomas, Inc. at the completion of
their reconnaissance study was that both a dam and a bridge were needed. The
traffic at the existing bridge was quite heavy and nearing its full capacity. The
existing bridge had deteriorated and was in need of vepairs. At the same time the
crosion in the lagoon continucd to be a problem, although its rate had slowed down.
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The recomnaissance study also concluded that significant cost savings could be achieved
if the bridge and the dam were not combined, but werc located at separate sites. An
in-depth engincering and economic feasibility study was recommended to evaluate more
precisely the construction costs and the cconomic benefits to be derived from cach of
the various feasible engineering alternatives.

B.  OBJECTIVES CF IN-DEPTH FEASIBILITY STUDY

1. Statement of Work

The scope of work for the Feasibility Study was outlined in the Reconnaissance
Report by Sanders & Thomas, Inc. The final statement of work was Iormulated after
detailed discussion with the staff of the Agency for International Developinient about ob-
jectives to be attained and potential difficulties to be overcome. Primary objectives
were an in-depth technical study to evaluate with sufficient accuracy, the construction
costs of the proposed capital improvements, and an cconomic analysis to cvaluate the
potential benefits to be derived therefrom.

The principal items of the statement of work included the following:

a. I'ield Work in Dahomey:

(1) Traffic volume and origin-destination surveys.
(2) Channcl soundings and test borings.

(3) Existing bridge survey.

(4) Gathering of necessary and useful technical,

cost, planning, and economic data.
b. Work in Home Office:

(1) Determination of additional rehabilitation needs for the existing bridge.

(2) Preliminary design and construction cost estimates for the new bridge
and the dam.

(3) Hydraulic studics to determine the desirable characteristics of the
proposcd dam in terms of erosion, flood flow, salinity intrusion, and
silting.

(4) Analysis of test borings in terms of foundation design requirements.

(5) Analysis of accumulated ficld traffic data to predict future traffic
distribution, growth, and bridge capacity requirements.

(6) Review of the City of Cotonou master planning and determination of
future city zonal growth and transportational needs.

(7) Economic analysis and determination of bencfits to be expected from
proposed construction, as well as benefit/cost ratios and internal
rates of return for various construction alternatives considered.
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(8) Evaluation of construction priorities essential for the realization
of maximum immediate bencfits.

(9) Report describing the work done and containing the engincering data,
preliminary design, cost estimates, and the economic justification
of the recommended capital improvement.

2.  Engineering Alternatives and Costs

The engincering alternatives for a new crossing of the Cotonou Lagoon were
narrowed down in the Reconnaissance Report by Sanders & Thomas, Inc. to two loca-
tions: (a) parallel bridge on the upstream side of the existing bridge, and () a
bridge located further up the lagoon in line with Boulevard Saint Michel.

The engincering alternatives for the crosion prevention and restoration of
former ccological conditions for the [ishing in Lake Nokoue, were cssentially confined
to a dam with a flixed weir, located at the mouth of the lagoon, downstream from the
existing bhridge.

In the Feasihility Study, however, it was deemed desirable to include con-
sideration of allernate erosion prevention measures (such as rock mat for the pro-
tection of bridge foundation) which would not, at the same time, benefit the [ishing.
Thus the dam would be considered, alternately, as a structure either helping only to
climinate the erosion problem in the lagoon or also helping to improve the [ishing in
Lake Nokoue,

It would become, therefore, possible to compare the cost of the dam with the
cost of other feasible erosion preventive measures and to evaluate whether (a) the
benefits to be derived from a new lagoon crossing could justify the construction of a
dam or (b) should alternate crosion protection measures prove to be less expensive
than the dam, cvaluate whether the cost of the dam could be justified by considering
only the benefits expected from improved fishing in Lake Nokoue.

3. Economic Alternatives

In order to determine the total value of benefits to be obtained from the pro-
posed construction, it is nccessary to first calculate the costs for the case in which
no improvements arc made other than the repairs of the existing bridge. The repairs
of the existing bridge and the maintenance of the existing approaches are necessary in
order to insure that the existing bridge would continue to function until the end of the
study period (1977 to 1997). In this case, the major portion of the total costs is con-
tributed by the vehicle operating costs due to the delays and the congestion at the
existing bridge.

With the construction of a new bridge, the crossing delays and the congestion
will be greatly reduced or eliminated. The difference in vehicle operating costs
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between the "no improvement' case and various "new bridge' alternatives, constitutes
the vehical operating savings (benefits).  Other beneflits are derived from the construe-
tion of the dam in terms of climination of crosion problems in the lagoon and improve-
ment of the fishing in Lake Nokoue.

Vehiele operating costs and benefits are discussed in detail in Sceetion X1l of
this report.

The construction and maintenance costs, the years in which they are incurred,
and the expected benefits for each cconomic alternative considered, are summarized
in Table II-1.

In the ceonomie analysis, all costs are discounted to the year 1975 using a
minimum discount rate of 107 for the determination of benefit/cost ratio.  The veliabil-
ity of results (sensitivity) is then tested by reducing the Traffie Growth Rate (20%),
Vehicle Operating Savings (15%), 1970 ‘traffic Volumes (107), Volume of Diverted

Traffic to Saint dMichel Bridge (15'), and Fishing Benefits (507).

C. FIELD WORK IN DAHOMEY BY SANDERS & THOMAS, INC.

1. Traffic Surveys

Traffic Surveys were conducted in Cotonou during a period of four weeks in
November of 1970, The surveys were accomplished with the help of 44 loeal personncel
and police provided to the Consultant by the Ministry of Public Works, Cotonou.

The survey included volume counts and orvigin-destination counts at the existing
bridge, volume and origin-destination counts of the hoat traffic near the landing at
the Saint Michel central market, and turning movement counts at sclected intersections.
Speed studies were also made along present and proposced access routes, in order to
determine average running speeds on paved and laterite roads,

2.  Hydrographic Surveys

Hyvdrographic survevs. conducted by the Sunders & Thomas, Ince. team in the
Cotonou Lagoon, were accomplished with the help of the following:

a.  Scrvice de 'Hydraulique - which provided a motor boat equipped with sonar
apparatus and crew.

h. Service Topographique - which provided a ground crew to monitor and
locate the waterborne work.,

c. Cotonou office of Office de In Recherehe Seientifique ot ‘fechnique Oulre-
Mer (ORSTOM) - which also provided @ boat equipped with O meter
(flow velocity meter),

[y JO
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TABLE 2-1

Alternatives

Costs

Years In Which
Costs Are Incurred

fixpected Benelits

(A) No improvements

() Repnirs of Existing
Heidge beek

M Repairs of Existing
Bridge Abutments

(¢y Maintenance - Existing
Deidge Foundation

() Muintenancee - xisting
Bridie Approaches

1496
cach vear
(1077 to 19496

None

(B) New Parallel
Bridge
(Without Dam,

Samie as go, (b, (¢, and
(y above

() New Parallel Bridge

Yy Parallel Bridge
Approaches

(e Parallel Bridege
Foundation Protection

(b Maintenance of Parallel
Rridge Foundation
Protection

Same as (@, M),
(), amd (dy above

1975
1975

1975

1046

1. Reduetion in congestion
delays at the two bridges

(Cy New Paralled
Bridge
(With Dam

Same as (o, (hy, (hy qe,
and (r above

(1 Dum
() Dam Maintenance

(o Loss of Shrimp
Harvest

Same as (@, My,
(), (¢, and
(h) above

1975

19495

cuch year
(1976 to 1997)

1. Reduetion in congestion
delavs at the two bridges

2. Elimination of erosion and
salinity problems

3. Improved fishing in
i.ake Nokoue

(D) New Bridue at
Saint Michel
Boulevard

(Without Dam)

same as @, My, (©, and
(th ahove

(I New Dridge at Saint
AMichel Boulevard

(mysaint Michel Bridge
Approaches

(ny Saint Michel Bridge
Foundation Protection

(o Maintenancee = Saint
AMichel Bridge
Approiacies

(py Maintenanee - Saint
Miche! Br dee
Foundation Protection

Same as (@, (b,
(¢y, and (h above

1975

1075

1075

ecach year

(1977 to 1096)

1946

1. Reducetion in congestion
delays at the existing
bridge

. No congestion or delays
at Saint Michel bridee

to

(1) New Bridee At
Suaint Michel
Boulevard

(With Dany

Same as (o, (hy, (b, (b,
(i, (o, (b, om, and
() above

Same as (@, M),
(hy, (i, (i, (o,
h, (mmy, and (0
above

1. Reduetion in congestion de-
lays at the existing hridge

2. No congestion or delays at
Saint Michel Bridge

3. Keduetion in traveled dis-
tance (Saint Michel Bridee
traffic)

4. Elimination ol crosion and
salinity problems

5. Improved fishing in
[.ake Nokoue

(F) Dam
(frvaluated
agninst fish-
ing benelits
only)

(iy Damn
(jr bam Maintenance

(k) Loss of Shrimp
Harvest

1975

1495

each year
(1076 to 1997y

1. Elimination of erosion and
salinity problems

2, Improved fishing in
l.ake Nokoue
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In the course of the hydrographic work, channel cross section measurements
werc made at the sites of the proposed bridge and of the dam. TFlow velocity and flow
volume werc also measured near the site for the proposed bridge at Boulevard Saint

Michel.
3. Existing Bridge Survey

A survey was made of the cxisting bridge superstructure and substructure.
Measurements were made of the upstream and downstream elevations of the channcl
bottom, ncar the bridge piles, to evaluate the progress of the erosion and conscquent
loss of pile embedment. Meetings were held with the responsible officials of the Min~
istry of Public Works and the Cotonou office of BCEOM, relative to proposed immed-
iate and future repair work for the bridge.

4. Other Surveys

Miscellancous surveys were conducted throughout the City of Cotonou to col-
lect data useful for planning and cconomic studies, Numecrous meetings were held
with representatives of Ministere du Plan, the Chamber of Commerce, the Port of
Cotonou and industry.

During these eity surveys, data were gathered on the characteristics of the
various city zones from which their future growth potential could be cvaluated. From
the mectings with representatives of the government and industry, information was
obtained relative to the Master Plan and the prospects for the future of Cotonou.

The sum total of the information obtained was then reviewed and cvaluated,
and further surveys were made to improve, where feasible, the reliability of the
data collccted.

D.  FIELD WORK BY SUBCONTRACTORS AND OTHER CONSULTANTS
1.  Subsoil Surveys and Testing by SASIF and LNBTP

In order to acquire sufficient subsoil data for a preliminary evaluation of the
proposcd hridge and dam foundation construction costs, two subcontractors were c¢n-
gaged to perform core boring, penctrometer, and laboratory testing., The subcontrac-
tor for the core horing work (at the site of the proposed dam) was Societe Afrieaine de
Sondages, Injeetions FForages de Cote d'Ivoire of Abidjan, Ivory Coast. The subcon-
tractor for the penctrometer and laboratory tests was Laboratoire National de Bati-
ments ¢t Travaux Publics of Cotonou, Dahomey.
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2. Fishery Survey by NMFS Biological Laboratory

In conjunction with the work and studies of Sanders & Thomas, Inc., the
Ageney for International Development has engaged the services of the National Marine
Fisheries Service Biological Laboratory of Seattle, Washington to survey and cvaluate
the present conditions of the fishing in Lake Nokoue and to determine the requirements
for an improvement of the present deteriorating situation. The ficld survey of fisher-
ics in Lake Nokoue was made by Dr. Richard B. Thompson of the NMI'S Biological
Laboratory. His findings and recommendations arc detailed in a report, completed
in July, 1971, entitled "Report of Fishery Reconnaissance to Lal:e Nokoue', Dahomey.
The same report also includes an economic cvaluation of expected [ishery benefits by
George K. Tanonaka. The bencfits are evaluated on the premise that the present pro-
blems in the lake will be eliminated.
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SECTION III

CITY OF COTONOU - PLANNING ANALYSIS

A. REGIONAL AND URBAN CHARACTERISTICS

1. Geographic Location and Economic Importance

Cotonou is the commercial and economic capital of the Dahomean republic.
It is built on the shore of the Gulf of Benin and is located 90 kilometers west of Togo,
40 kilometers cast of Nigeria, and 600 kilometers south of the Niger and Upper Volta
borders.

The geographical importance of Cotonou is twofold. It is a transit relay
point for the traffic between Ghana, Togo, and Nigeria. At the same time, it is the
principal access point to and from the Atlantic Ocean for the capital city of Niamey,
in Niger. Cotonou is therefore a focal point of international transit of people through
its airport and of supplics and merchandise through its deep-sca port.

The city of Cotonou is located between the Atlantic Ocean shore to the south
and Lake Nokoue to the north. It is divided by the lagoon, which presently has only
onc common crossing for pedestrian, vchicular, and railroad traffic. To date, the
cit,” growth has developed primarily along an cast-west axis along the occan shore.
The portion of the city west of the lagoon, however, has a limited amount of land
available for further development. This area, which is limited from further expan-
sion by the International Airport to the west, Lake Nokoue to the north, the lagoon
to the cast and the occan to the south, is estimated to be 60% urbanized at present.
Though the city has spread only to limited extent, it is on the castern side of the la-
goon that the largest amount of available land is to be found.

The western portion of Cotonou is characterized by the airport, the commer-
cial and hotel arcas, the port, the Presidential Palace, the various governmental
buildings, and the forcign embassies, all located along the occan shore. The main
native residential arca extends from there to the north, towards Lake Nokouc and the
western shore of the lagoon. The city hospital, the Army headquarters, the OCDN
railroad tracks and station, and the great central market are also situated in this
part of the city.

The castern portion of Cotonou contains the industrial zone, situated mainly
along the routc to Porto-Novo, and the less developed areas with less affluent resi-
dential population, situated to the north of the route to Porto-Novo and ncar the east-
ern shore of the lagoon.
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The main sources of employment in the city are the government, the foreign
embassies, the port, the hotels, the shopping distriet, the airport on the western side,
and the industrial zone on the castern side.

The great central market, located at Boulevard St. Michel along the western
bank of the lagoon, is also a major point of economic activity. It is a place where the
native population as well as the European community of Cotonou comes daily to shop
for food, fuel, and small handicrafts. 1t is here, also, that the fishing villagers living
around the shores of lake Nokoue bring their cateh to be sold. LEvery fourth day being
market day, large crowds come not only from Cotonou itself, but also from the Da-
homean countryside and ceven as far as Togo and Nigeria. There are also many other
local markets, but they only serve local neighborhood needs.

2. Distribution and Composition of Population

Cotonou was not alwayvs the leading population and commercial center in Da-
homey. Rather, it existed as a small, quict community for many ycars, and was not
nearly as important as Porto-Novo or Ouidah. Not until the post World War II period
did Cotonou hegin to burgeon. According to unofficial estimates by governmental
sources, the present (1970) population of Cotonou ranges between 100, 000 and 130,000,
while an additional 30,000 to 40,000 persons reside in the immediate suburban envi-
rons (c.g., Akpakpa, Agblangandan, and Agbato on the castern side of the lagoon, and
Zogho and Kounounou on the western side).  Until the official results of a comprehensive
population census (which is scheduled to be undertaken in 1971) are made known, the pre-
sent population for Cotonou cannot be ascertained with any degree of accuracy.

For the purpose of this report, the assumption will be made that the present
population within the Cotonou city limits is 115,000 and that there are 35,000 persons
residing in the suburbs.

Beeause of the great dependence of the suburban population on Cotonou for
employment, shopping, culture, entertainment, and the like, it is logical that the city
and the suburbs are considered as a single entity. On the other hand, for the purposcs
of estimating future population, and its potential effect on transportation demands with-
in the city (particularly in regard to the lagoon crossing), it is essential that the pop-
ulation of Cotonou, per sc¢, be differentiated from the combined figure for Cotonou and
its suburbs.

The latest available census data (December 1959) indicate that Cotonou, with-
in its municipal boundaries, contained 13,700 houscholds with a population of 61, 900
consisting of the following:

Population Origin
60,560 African
1,190 European
150 Eurafrican and Assimilated
3-2
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These figures were underestimated due to crude methods employed in making
the census. Estimates were probably 109% too low for Africans and 20% too low for
Europeans.

The suburban population was estimated to be approximately 20, 000 outside
Cotonou municipal limits and 60,000 in the fishing villages, around Lake Nokouec.

The recorded African population (1959) consisted of 91% native Dahomeans.
The following Table III-1 (Ville de Cotonou, Recensement de Decembre 1959), shows
their origins and gives an indication of the population movement from other parts of
Dahomey to Cotonou,

TABLE III-1

ORIGINS OF DAHOMEAN POPULATION IN COTONOU

(1959)
Men Women Totals %

COTONOU 10,109 10,167 21,076 38.2
PORTO-NOVO 4, 350 3,923 8,173 14.8
OUIDAH 4,798 4,793 9,591 17.4
ABOMEY 3,022 2, 865 5, 887 10.7
SAVALOU 768 735 1,503 2.7
PARAKOU 208 222 430 .8
DJOUGOU 93 90 183 .3
NATITINGOU 72 51 123 .2
KANDI 98 97 195 .4
ATHIEME 2,686 2,996 5,682 10.3
NIKKI 28 27 55 .
POBE 159 140 299 )
ABOMEY-CALAVI 1,064 948 2,012 3.6

28,155 27,0564 55,209 100.0

A more detailed discussion of the estimated present and projected future dis-
tribution of the population in various areas of Cotonou is given in Subsection D.

3. Influence of Regionul Development on City Growth

The future growth of Cotonou is difficult to predict. At bhest, one can attempt
to look at the past development and at the future potential of the city in terms of its im-
portance for Dahomey, as well as in terms of the futurc regional developments which
undoubtedly will have their cffect on what happens in Cotonou.
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In the past, Cotonou has developed at a relatively rapid pace, particularly
after the completion of the deep-sea port. To what extent the building of the port has
stimulated the development and location of industry in Cotonou cannot be precisely
established, but it is certain that without the port facilities, the growth of the Cotonou
industrial zone would have been much slower., At present, there are some 40 indus-
trial establishments in Cotonou. Approximately 23 more are being planned in the
near future. A detailed discussion of the present and future economic prospcects for
Dahomey and Cotonou is given in Scction XII.

In terms of city planning, it is important to observe how the economic growth
of Cotonou was aided and accelerated through capital improvements, proper zoning,
and development of available city lands. In this context we can relate the regional
developments which have had, and will have, an effect on the city, and which also
point to the type of capital improvement needed for city growth. The construction of
the port, for example, was needed to provide a better cargo transportation facility
and a better link to the ocean for Niger as well as for Dahomey. In turn, to make
the Cotonou port fully uscful for Niger traffic, improvement of the road between
Parakou and Malanville is presently needed. The completion of this road project, in
turn, will have its cffeet on increased cconomic activity in Cotonou. Similarly, in
the near future, several large regional developments, when completed, and if suc-
cessful, will certainly have a strong cffect on Cotonou. Among these are the recently
discovered limestone deposits at Onigblo near Pobe and the exploration and drilling
for pctrolcum offshore near Porto-Novo. The raw limestone will be processed into
cement at Onighlo, but it will require an improved roadway link (including an improved
lagoon crossing) to Cotonou for local distribution and export. The petroleum will prob-
ably he stored on the castern side of Cotonou and will also need an improved lagoon
crossing for better access to the port and the rest of Dahomey. All of these dvvelop-
ments cannot help but stimulate increased employment and cconomic activity in Cotonou.
Additional local development will follow the construction of a new roadway facility or
a new bridge crossing over the lagoon. Similar to the commercial area which developed
around the western approaches to the existing bridge, it is certain that new commercial
establishments will spring up near the approaches of a new bridge.

The future growth of Cotonou will depend on the opportunities for employment,
education, recreation and municipal scrvices which the city will be able to provide.
Thus, the rate of the population growth will be determined not only by the birth and
mortality rates in the city, but also by the rate of influx of people from the surrounding
areas in scarch of gainful employment. At present, the influx into Cotonou scems to
continue in spite of lack of opportunity for employment. However, in the future, it is
likely to reduce considerably if the employment opportunitics in the city do not keep
pace with the demand. A plan for an orderly development of the social and economic
futurc of the city is provided by the Cotonou Master Plan (Ville de Cotonou, Project,
dirccteur de principe, 1962).

)
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B. SUMMARY AND REVIEW OF COTONGOU MASTER PLANNING
1. General Summary of Cotonou Master Plan (1961 and 1962)

The Cotonou Master Plan was developed through two reports.  The first,
prepared by Mr. B. Reynard of Socicte d'Etudes pour le Development Economique et
Social (SEDES), was essentially a survey of existing social and cconomic conditions
of the city and its suburbs. The sceond report was more properly concerned with the
detailed planning of the city and therelove constitutes the true master plan. It was
prepared by Messrs. A. Arsac and K. Mestoudjian, architeets and urban plamers of
Paris, France, under the sponsorship of Socicte Centrale pour L'Equipment du Terri-
toire (SCET).

The 1961 Report was limited, in its rccommendations, to the immediate
needs of Cotonou through 1965. They included:

a. improvement of housing for 17,000 city houscholds and 500 in the
fishing villages.

b. Increase in the number of elementary school facilities and creation
of new sceondary cducation centers.

c. Development of more health services around the recently-constructed
new hospital.

d. Construction of a better Town [all.

c. Reserving sufficient land for futurce sports activities.

f. Sanitary and storm sewer system for Cotonou and suburbs.
g. Improvement and paving of city streets.

h. Improving and organizing city water and clectric distribution.
i. Planning the future organization of public transports.

The 1962 report contained a detailed analysis of various urban problems and
proposed the course of action in terms of future prospeets for Cotonou.

Four basic criteria were set as a basis for all plinning:

a. Subordination of the new master plian to the requirements of the
new port and related industrics.

‘ ’;))(\:,\
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b. Subordination of the new master plan to the location and plans
for Independence Square and administrative buildings around it.

c. sxtension of Cotonou beyond the present city boundaries.

d. Improvement, by stages, of traffic flow and scparation of residential
and industrial traffic.

The zoning was then reviewed and the following proposals were made:

a. Location of Industries in the arcas which offer most dircet uccess
to the port and to other modes of transportation.

b. Location of all government administrative offices around Independence
Square.
C. Location of housing in arcas adjacent to sources of employment and

recereation.  Where space is limited, such as in the central business
district, high-risc buildings should be permitted.  Publie transporta-
tion should be extended to reach the arcas beyond present city boundaries.

The proposals for the transportation improvements in Cotonou were confined to
considerations of rail traffic only, and no discussion was offered relative to car or truck
transportation, probably because the problems of streets and highways transportation
were treated in a separate report entitled "Principles ol Bridgeheud Study'

2. Summary of Bridgehead Study (1961)

This study was also prepared by Messrs. Arsac and Mastoudjian. It preceded
the extensive and detailed 1962 report and was intended mainly to develop an integrated
solution to the following:

H Location of a new bridge.

b. Improvements for the Lagoon Market (Saint Michel Market).
c. Location of the new Town Hall.

d. Development of the west bank of the lagoon.

These four items were deemed inseparable and vital for the future development
of Cotonou. The report states that an orderly arrangement demands that a central mar-
ket, the new bridge, and an improved Town Hall be located in the geographical center
of the city. A westlern boulevard along the lagoon would then provide a north-south ac-
cess artery which would connect at the market with an cast-west artery (Saint Michel

Boulevard).

3-6
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The report concluded by stating that if all of its recommendations were im-
plemented, the cconomice interests of the city would be well served through inerecased
commercial activity along the two boulevards and in the new market, as well as im-
proved accessibility to the center of Cotonou by means of the bridge and the west
hank boulevard.

3. Review of Master Plan Recommendations

The many recommendations of the Cotonou Master Plan have been quite
closcly enforced to date.  The officials of the Ministere du PLAN and of Travaux
Publics strongly endorse the recommendations of the Bridgehead Study.

In terms of transportation aspeets and the objective to stimulate expansion of
the city to the north towards Lake Nokoue, one can only agree with the Master Plan.
The idea of creating a focal center of town by means of a modern Town Hall adjacent
to a big central market, both located at the crossing of two perpendicular arteries
(Saint Michel Boulevard and the proposed west bank boulevard) is quite attractive. It
scerves the triple purpose of promoting commercial investments, centralizing city ad-
ministration, and developing faster access. A scecond lagoon crossing, by means of
a new bridge, would previde a closer tie between the castern and westlern portions of
Cotonou, and, al the same time, it would allow the fishermen of Lake Nokoue a more
convenient and shorter trip to the market. It would also provide faster access to the
industrial zone located on the castern side of the lagoon for the people who are now
living in, or in the future, will want to locate in the northwestern part of Cotonou,
The inter-regional traffic would also have a faster, less congested route to usce for
passing through Cotonou, and thus avoid the delays inherent to downtown tralfic.

C. MAJOR LAND-USE ELEMENTS

1. Road Transportation

International Route No. 11 is the most important cast-west route in Dahomey.
It includes the existing bridge across the Cotonou Lagoon. Because this coastal thor-
oughfare connects Accra (Ghana), lLome (Togo), Cotonou, Porto-Novo, and Lagos
(Nigeria), its significance to the Dahomean cconomy cannot be overstated. As cco-
nomic conditions improve in West Africa and inter-regional commerce grows, inter-
national vehicular travel through Cotonou is bound to assume increasing importance.

While the International Route is the most important road scrving Cotonou
and its envirvons, there are several other roads in Cotonou which are also heavily
traveled at present and which may take on added significance in the future. The im-
portance of these streets is perhaps best indicated by the number of gasoline service
stations already located there, PPresently in Cotonou there are some 10 gasoline
stations supplicd by scven foreign companies.  The bulk of these establishments arve
located wlong the more important streets in the city, as follows: ten on International
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Route, ten on Boulevard Saint Michel, nine or Rue des Cheminots (which leads dir-
ectly into the port), and six on Avenue de la Republique.

There are also other roads which carry substantial amounts of traffic, pri-
marily beeause of commercial development along their Iength.  Among these are
Avcnue Delorme and Avenue Steinmetz.

The existing hridge across the lagoon is undoubtedly the most important
road transportation link in the entire city of Cotonou. Becausce it is the only lagoon
crossing through which onc can have access between the castern and western parts
of Cotonou, it is also a vital link for intracity as well as inter-regional traffie flow.
It is, however, rapidly becoming unable to serve adequately the large traflic using
it. The fact that the OCDN railroad also uscs the bridge, makes the situation even
worsc.

The existing bridge is a scene of frequent traffie congestion, especially
when a train crosses the bridge.  Therefore, u new crossing with good approaches
is sorcly needed.

In terms of cconomic importance, one must view the need for an improved
crossing as an absolute neeessity if a faster and saler movement of people and goods
is to be obtained. A new lagoon erossing could greatly improve the Cotonou road sys-
tem in the following ways:

a. It would reduce travel time, delays, and vehiele operating costs.

U, It would make Cotonou more aceessible to its castern and western
halves,

c. It would promote better economic development.

d. It would reduce the probability of accidents,

it should he pointed out that as Cotonou grows, additional road improvements
will become necessary.  Among these are (in ovder ol their importance):
a. A boulevard along the west bank ol the lagoon.  This improvement will be
nceeded to permit fast north-south travel and also to conneet the existing
bridge to other future bridges across the Tngoon. A well plomed houleyvard
along the lagoon could offer considerable cconomic and recreational henefits
in terms ol parklike as well as altractive commerceial development, A con-

siderable amount of engineering study for this project has already been com-

pleted by BCEOM through funds advanced by FFAC (Protection des Berges de
In Langunc de Cotonou, BCEOM, 196G6).
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b. A paved road wong the line of the existing laterite road on the castern
side of the lagoon, passing near the Catholie and Moslem cemeteries and
the Yacht Club. This projeet, il carried to Agbuto, would help acccelerate
the development of the Linds in the northeastern part ol Cotonou.

c. A laterite road at P. K. 3" near the Cotonou radio station, leading south
to the occean shore. 'Fhis projeet would help to develop vaduable Tands in
the southeastern part ol Cotonou.

2. Commercial and Industrial Development
There arve two major shopping arveas in Cotonou.

The first is a Furopean-type market arca, located along the International

Route No. 11 on the western side of the lagoon, near the existing bridge. The retail
and service stores in this commercial arca are housced in permanent-tvpe structures.
Among the various businesses are modern self service food shops as well as elothing,
shoes, and other merchandise stores,  There are also restaurants, pharmacies, tra-
vel agencies, and a movie theater. Through this arca, the nternational Route No. 11
is heavily traveled, and the flow of traffic is constantly intervupted by cars sceking to
park near the shops or making turns to or from side sireets,

The sceceond major market in Cotonou is primarily a native Alfrican-tvpe mar-
ket, also located on the western side of the tagoon near the interseetion of Avenue de
la Republique and Boulevard saint Michel. This facility is officially known as the La-
goon Market, but is also known as the Saint Michel Market. It has o distinetively na-
tive flavor and is uscd by shoppers and purveyvors of goods from Togo and Nigeria, as
well as from all parts of Dahomev. Presently all husiness is conducted cither com-
pletely in the open or in opensided stalls covered by tin or thatched rools.

Several other less important loeal muarkets on both sides of the Tngoon eater
to the small daily needs of the local neighborhood. A Targe fish market focated along
the castern side of the port is a scene of busy activity every morning, when the ocean-
going fishing boats bring their cateh to be sold. This market will assume inercasing
importance in the future since o vetrigeratimg plant and o Gishing harbor are presentlv

heing constructed nearby.,

In terms of future growth potential, the Saint Michel Mavket is. by Tar. the
most important.  The Cotonou Master Plan calls for farelv extensive improvements
at the Saint Michel Alavket which will convert it into an all-weather fueitity where the

Fp. K. 's arc points along the OCDN railroad tracks denoting the distimee in Kilometers
from the OCDN railroad station in Cotonou.  Thus, PUK, b denotes a point Tive Kilo-
mecters cast of the station.,

N
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local arts, crafts, and products may be displayed to the best advantage.  Included

in the future plans for this Market is a marina along the lagoon shore, which would
permit the docking of small boats and "piroguces." Thus, the fishermen hrom Lake
Nokoue could casily bring their cateh for sale at the Saint Michel Market. The Mas-
ter Plan also calls [or the construction of new municipal buildings near this Market,
including a new Citv 1all, It is also atl this location that the Master Plan recommends
the construction of a new bridge across the lagoon,

The great majority of industrial development in Cotonou is located in two see-
tions of the city. The lavgest of these is on the castern side ol the lagoon along the
International Route and contains the most veeent and largest industrics.  The older
industrics arc located on the western side of the lagoon in the triangular-shaped area
hetween the railroad line leading to the old wharf, the lagoon, and the Atlantic Ocean.

There are also other smaller industrial establishments bevond the confines of
these arceas, most of them on gites located near the International Route as it traverses
Cotonou,

The Cotonou Aaster Plan calls Tor the greatest amount of future industrial
development to take place avound the port, including the utilization of lund now being
created by the action of littoral drift, which is depositing sand west of and against the
new port jetty and the shoreline.

The arca surrounding the port is a logical and desivable location Tor Tuture
industry. It is also probable that industrial expansion will continue further cast along
the International Route and that there will be intensification ol industrial development
in the avea near the old wharf.

In the future, when the northeastern arcas ol Cotonou begin to be developed,
it may prove advantageous to locate new industry there. By thus providing new employ -
ment opportunitics for the future vesidents of this arca and a ready labor source for
the prospective industry, more people may be attracted to the arca and, therefore, its
development would be acecelerated.

3. Residential Density and Living Arrangements

Population density in Cotonou is relatively low compared to other large West
African citics. Bascd on a city land arca ol approximately 39,8 square kilometers
and a population of some 115,000 the present gross density ol 6600 persons per square
kilometer, or 66 persons per hectare.  OfF course, because so mueh of Cotonou con-
sists of undeveloped marshland and non-residential arcas containing plantations, gov-
crnmental buildings, industry, marvket places, and port facilities, the disteibution of
the population presents a somewhat dilfervent picture.  In the neariy fully developed
residential section of the city bounded on the north by Avenue de la flepublique. on the
st by the Tngoon, on the south by the railroad, and on the west by o line extending
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north from the Place de I'Independence, the gross density is substantially more than
the overall city figure—perhaps two to three times as great, In terms of average net
residential density, it is estimated that the present citywide figure is about 13 housce-
holds, or 66 persons per net residential hectare.

The typical residential accommodation in the developed sections of Cotonou
consists of a single household unit in onc corner of a Jot with an open courtyvard on two
sides. There is also a fair amount of onc- and two-story multiple-family structures
containing, in most instances, separate apartments (sometimes only one roomy accom-
modating an individual houschold. There are few apartment bhuildings in Cotonou more
than three stories in height, a fact casily substantiated by a skyline view of the city,

In most cases, there are between four and ten lots per block, cach lot con-
taining between 500 and 750 squarce meters of land.  Lately, however, there has been
some cvidence of further construction activity within the lots. a situation which, if
allowed to continue unabated, could prove troublesome.  The toleration ol greater
residential densities in the already built-up scetions of the eity will lead to over-
crowding of land, result in loss of open space, light, and air, and bring additional
pressures on community facilities, services and transportation system.  Higher
residential densities should be permitted only through carelul planning, so that all
cenvironmental factors may be given propev attention,

Bascd on past and present trends, it would appear that Cotonou has sct out
on a relatively low-density residential course - a life style quite different from that
of other large West African cities: Abidjan, Dakar, and Lagos, for example, where
high density multifamily residentiad quarters are more numerous.  In Cotonou, on
the other hand, net residential densities are relatively low, and the population is not
yet coneentrated,

It is this density aspeet of Cotonou that is so important insofav as transpor-
tation considcrations are concerned.  The low-density, spread-city pattern of develop-
ment means that more people will have to travel gremer distances for the journey-to-
work trip, the shopping trip, the social trip, the educational trip, and the reercational
trip, The interplay among the aveas on the castern side of the Tagoon and those on the
western side must necessarily increase as spread-city pattern tukes its mature form.

The future growth of Cotonou will require chimges in the existing residential
densities.  These chuanges will vary in accordance with the physical and geogiraphical
characteristics of cach arca of Cotonou.  An attempt to prediet the changes to he ex-
peeted and the potential growth of the various arcas of Cotonou is made in subsection
D which follows,
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D.  ANALYSIS OF INTRACITY ZONES
1. Description and Characteristics of Zonal Limits

Cotonou, within the present city limits, encompasses approximately 39,8
squarce kilometers or 3,980 hectares of Tand.  For the purposes ol a more detailed
analvsis, the city has been divided into cight zones which are deseribed below, Tables
HE-2 and HI-3 give the estimated 1970 residentinl density, and population and land usce
distribution data for cach of these zones.  The boundaries ol the cight zones are shown
in the Cotonou City map, page A=1in the Appendix. This map shows hoth the present
and future proposcd city streets. Figure 3-1 shows @ general plan of the city of
Cotonou and its environs and gives, also, a good indication of the presently populated
and unoccupicd areas in and around Cotonou.

ZONE NO. 1 is essentially a triangular arcea bounded by Rue du Dahomey on the
north, the Cotonou Lagoon on the cast, the Atlantic Ocean on the south, and the rail-
road teading to the port on the west. It contains 2.2 square Kilometers ol Land, and
is estimated to have o total 1970 population of 20,500,

This area mav be considered the central business district ol Cotonou, al-
though the intensity of physical development and human activity is further inereased
by virtue of the fact that the port, various governmental offices, hotels and railroad
station, industry, and residential quarters, arve also located heve. The residential
quarters of this zone occupy approximately 36° ol the total zone area, but it has the
highest residential density per heetare. The existing bridge across the Tagoon, which
is actually the extension of the International Route, conneets this zone with the vast

bank of the city.

ZONEF NO. 2 isan irregularly=shaped rectangular area bounded on the novth and eist
Ly the OCDN railroad tracks, on the south by the ocean, and on the west by the Cotonou
International Aivport. This arvca contains 7.6 square kilometers of Tand (exclusive ol
the sand being deposited against the shore jetty), and is estimated to have o total pop-

ulation of 11. 000,

Among the major features in Zone No. 2 are the most modern residential
guarters in the citv, the major forcign embassics, the Presidential Palace, and other
covernmental installations, such as the hospital and the military camps. The Cotonou
Mternational Airport, including the terminal, scervice buildings, hangars. and the run-
WV, occupy o lorge e (2.0 hm=) at the western end ol this zone.  While there are
long range plans to relocate this facility to anew site west ob the eity it is highly im-
probable that this will ocewr in the next decade or two. The residential areas of this
zone represent approximately 207 of the total zone area. The International Route No,
11 traverses this zone from its northern to its castern limits, A native residential

arca known as Cadichoun is also incheded in Zone Noo 2,

ZONE NO. 3 is o irregularly-shaped rectangular area hounded on the north by the

open as well as unopen portions ol Avenue de L Republique, on the cast by the Jagoon.
on the south by Rue du Dahomey and OCDN railroad tracks and on the west by the
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TABLE III-2

ESTIMATED PRESENT RESIDENTIAL DENSITY AND POPULATION OF COTONOU (1970)
(WITHIN CITY LIMITS ONLY)

Net Residential Density Estimated Net Estimated Estimated
Zone Gross Area Households Persons Residential Area Household Total
No. (Hectares) Per Hectare Per Hectare (Hectares) Population Population *
1 220 32 160 100 16,000 20,500
2 760 10 50 160 8,000 11,000
3 910 14 70 450 31,500 36,000
4 960 10 50 470 23,500 25, 250
5 300 12 60 100 6,000 7,500
6 80 24 120 50 6.000 6, 750
T 110 10 50 80 4,000 4,000
8 640 10 50 100 5,000 5,000
Total 3,980 13 66 1,510 100,000 115,000

permanent places of residence.
or 4.500 persons; Zone No. 2
Zone No. 4 - 5%, or 750 persons: Zone No. 5 - 107, or 1,500 persons: Zone No. 6 - 5%,
or 730 persons: Zones No. 7 and No. 8 - none.

It is assumed that an additional 155, or 15,000 persons, live in Cotonou but do not have
Their allocation by zone is as follows:

Zone No. 1 - 30%,
- 20%, or 3,000 persons: Zone No. 3 - 30%, or 4,500 persons:
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TABLE III-3

LAXND USE DISTRIBUTION IN COTONOU (1970)

Arecas In Square Kilometers

, Percent
Developed Areas Vnderdovel | Ar Underdeveloped
Total Within Outside nderdeve’oped Arcas nderceveiope
Zone | Zone City Limits City Limits * Within Outside Within Outside
No. | Area | Residential | Other | Residential | Other | City Lim. | City Lim. * City Lim. | City Lim. *
1 2,2 0.8 1.4 - - 0.0 - - -
2 7.6 1.4 4.2 - - 2.0 - 26 -
3 9.1 4.8 0.3 - - 4.0 - 44 -
4 1.6 2.7 0.2 - - 6.7 - 70 -
5 3.0 1.0 1.4 - - 0.6 - 20 -
6 0.8 0.6 0.1 - - 0.1 - 12 -
T 115.0 0.5 0.1 0.4 0.0 0.5 13.5 45 97
8 7.6 0.4 1.4 0.3 0.1 1.6 0.8 T2 58
Total}54.9 12.2 9.1 0.7 0.1 18.5 14.3 17 95
21.3

* Entire Area Is On The Eastern Side Of The Lagoon
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International Route No. 11. This zone contains 9.1 square kilometers of land, and
is estimated to have 36,000 residents within its borders, making it, by far, the most

populated zone.

Predominantly residential in character, this zonc also contains part of the
Saint Michel Market complex on the west bank of the lagoon and many small business
establishments along the north-south streets between Zone No. 1 and Boulevard
Saint Michel, which is also a major commercial thoroughfare. The extreme western
part of this zone contains marshy lowlands which is undoubtedly the reason why it
remains largely underdeveloped at present.

ZONE NO. 4 is a trapezoidal-shaped area bounded on the north by Lake Nokoue, on
the cast by the lagoon, on the south by Avenue de la Republique, and on the west by
the city boundary. This is the largest zone of the eight, having 9.6 squarc kilometers
of land. The 1970 population is estimated to be 25, 250.

Residential development is the major land usc feature in the southcastern
part of this zone, while vacant land predominates in the northern and western parts
where there are large cxpanscs of marshy lowlands. Howcver, cven these arcas
are beginning to be used for residential development.  There are alrcady new sct-
tlements springing up here, three of which are known as Sikecondji, Awansouri-
Toeta, and Djidje. The Saint Michel Market is located in the extreme southeastern
corner of Zone No. 4, where it adjoins the market in Zone No. 3.

ZONE NO. 5 is an irregularly-shaped rectangular arca on the castern side of the
lagoon, bounded on the north by an unnamed, wide laterite road located along the
northern limits of the sports stadium known as Stade Pleven and the Moslem ceme-
tery, on the cast by the north-south line passing through P.K, 3.2 near the Cotonou
radio station, on the south by the occan, and on the west by the lagoon. This area,
generally known as Akpakpa-Dodome, cncompasses 3.0 square kilometers of land,
and has an estimated population of 7,500. It contains petroleum storage facilities
and industrial establishments along the International Route (the Porto-Novo Road).
Residential development is located around the perimeter of this zone and in the sce~
tion north of the International Route. Stade Pleven, which is the major soccer sta-
dium in Dahomey, attracts large crowds at cach game. The existing bridge and the
International Route cast of the lagoon, as well as the Catholic and Moslem cemeteries,
also are located in this zonc.

ZONE NO. § is a triangular arca located on the castern side of the lagoon. It is
bounded on the north by an unnamed laterite road which passes near the Catholic
Mission and, in accordance with the Cotouou Master Plan, is proposed to become
the major connecting road to the new bridge.

On the south, Zone No. 6 is bounded by an unnamed wide laterite road ncar
the sports stadium and on the west, by the lagoon. Zone No. 6 has 0.8 square
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kilometers of land, and contains an estimated 6, 750 persons. This is the smallest
zone, but it has the second highest population density per hectare.

This zone is practically all residential in character. The only vacant tracts
of any magnitude exist along the lagoon. These tracts are largely subject, at present,
to flooding during the rainy season. (Only a small village called Dedokpo is situated
in this area on relatively higher ground, and is not subjcct to flooding.)

ZONE NO. 7 is a rectangular arca bounded on the north by Lake Nokoue, on the
east by a north-south line passing through a point ncar P.K. 7, on the south by the
unnamed laterite road near the Catholic Mission and on the west by the lagoon. This
area has 15 square kilometers of land and an estimated population of 4, 000.

Of the total arca in this zone, only 1.1 squarc kilometers are within the city
limits. About 67 of the total arca is occupicd by dwellings. Thus, Zonc No. 7 has
the least population of all the zones, and, at the same time, it has the largest area
of vacant land. Included in Zone No. 7, besides the portion within the city limits,
are the villages of Agbato, Agbodjedo, and Avontrou.

ZONE NO. 8 is essentially a rectangadar arca bounded on the north by the unnamed
laterite road ncar the Catholic Mission, on the east by the north-south line passing
through P.K. 6, on the south by the occan and on the west by the north-south line
passing through P.K. 3. This zone contains 7.6 squarc kilometers of which only

6.4 square kilometers are within city limits. Zonc No. 8 has an estimated popula-
tion of 5,000 and is largely undcrdeveloped at present. 1t contains the Cotonou radio
station (Service Radio) and some industrial establishments. Included in this zone are
the villages of Zinjanaho and Aghalangandan. Therc are also scattered residential
areas near the occan beach.

2. Prospects for Future Zonal Growth

Assuming a compound annual growth rate of 4. 5%, the population in and
around Cotonou will increase to 450,000 by 1995. Table III-4 shows how this growth
would be apportioned between the city and the suburbs by 5-yecar intervals. It should
be noted that a large portion of the expected population growth will come from immi-
gration, as well as from natural incrcase (births minus deaths). In the period 1952~
1959, for example, a total of 22,000 persons—mostly between 18 and 35 years of age—
moved to Cotonou and vicinity primarily from rural arcas clsewhere in Dahomey.

It may be assumed that with full development (in 1995), 50% of the city's land
area will be used for residential purposes, while the remaining 509 will be used for
commerce, industry, public strecets, institutions, and other urban purposes. Within
the Cotonou city limits there will be 2,000 hectares required for residential use.  This
means that practically all of the lands in the northern scction of the city ncar Lake
Nokouc will be used for residential purposes. At a net density of 78 persons or 16
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Cotonou

Suburbs

Total

TABLE IlI-4

POPULATION GROWTH ESTIMATES IN COTONOU AND VICINITY
BY FIVE-YEAR INTERVALS

1970-1995
1970 1975 1980 1985 1990
115, 000 143,000 178,000 222,000 239, 000
35, 000 44,000 55, 000 69,000 122,000
150,000 187,000 233,000 290,000 361,000

Note: Assuming a 4.5% compound annual population
growth rate, Cotonou will reach its theoretical
maximum population of 239,000 in 1990. All

population increase thereafter will occur in the
suburbs.

1995

239,000

211,000

450, 000
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households per residential hectare (a density slightly in excess of the present con-
ditions), there will be approximately 209,000 persons living in Cotonou. This figurc
represents the city's maximum holding capacity, cxclusive of the unallocated popu-
lation; 239, 000 il such persons are included. 1t is obvious, therefore, that any pop-
ulation projection substantially beyond this figurc could not materialize within the
city limits unless substantial changes take place, with respect to the physical devel-
opment pattern and residential densities.

If the entire projected arca-wide population is to materialize in Cotonou
alone by 1995, the following must occur: 1) the present single household density pat-
tern would have to be restructured to permit a substantial amount of multi-family
residences, 2) the open yards around existing single household units would have to
be replaced by additional residential structures (each lot would thus accommodate
two, three, four or more single houschold units), and 3) ncw, prescently underdevel-
oped areas in the city would have to be developed with multifamily residences.

If onc or more of these developments do not occur to any significant extent,
Cotonou itselfl will not be able to absorb the entire area-wide population projected to
1995 within the present city limits. Rather, the major part of the anticipated growth
during the next 25 years will have to take place in the immediately adjacent suburbs
and outlying areas.

The 450,000 persons projected to reside in the area by 1995 would represent
an increase of 300,000 persons over the 1970 figure. However, Cotonou, within its
city limits, would be able to absorb only 239, 000 persons — 124,000 more than at
present. The remaining 176,000 persons would have to establish themselves outside
city limits. Thus, it must be assumed that beyond the next one to two decades, a
Cotonou rcgional arca will begin to take shape within the city of Cotonou, the heavily
populated core being surrounded by residential suburbs extending towards Lake Nokoue
to the north, Porto-Novo to the cast, Abomcy-Calavi to the northwest, and Ouidah to
the west,

It is within the context of the demand for physical space to locate and house
the projected future population of Cotonou, that we can attempt to predict the probable
growth within cach of the cight city zones. The estimated increase in residential den-
sities and population growth in various zones are shown in Tables II11-4 and III-5.

ZONE NO. 1 is expected to continue to be the commercial hub of activity in the future,
and will probably grow in stature as the port cxpands and new commercial and indus-
trial establishments replace some cf the arcas presently being used for residential
purposcs. It is likely, too, that while residential acreage diminishes, the residential
density will increase as multifamily housing is built in this very convenient part of
Cotonou,

ZONE NO, 2 has great potential for industrial development on the substantially large
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TABLE III-5

ESTIMATED FUTURE RESIDENTIAL DENSITY AND POPULATION OF COTONOU (1995)
(WITHIN CITY LIMITS ONLY)

Net Residential Density | Estimated | Estimated Net Estimated | Additional 25-year

Zone | Households Persons | Household | Residential Area Total Population | Percent | Growth

No. |Per Hectare | Per Hectare{ Population (Hectares) Population*| Since 1970 | Increase | Factor
1 33 165 16,500 100 22,500 +2,000 10 0.5
2 14 70 21,000 300 27,000 +16,000 146 3.7
3 15 75 48,000 640 55,500 +19, 500 54 1.8
4 16 80 48,000 725 61,000 +35, 750 142 3.7
5 14 70 12,500 180 14,000 +6, 500 87 2.5
6 29 131 9, 800 75 11, 300 +4,550 68 2.2
7 18 88 8, 800 100 10, 300 +6, 300 158 3.8
8 20 60 34,400 875 37,400 +32,400 648 8.3
Total 16 78 209,000 2,695 239,000 +123,000 107 3.0

* It is assumed that an additional 15% of the population or approximately 30,000 persons, will live in
Cotonou but will not have permanent places of residence.
Zone No. 1 - 20%, or 6,000 persons; Zone No., 2 - 20%, or 6,000 persons; Zone No. 3 - 25%, or

7,500 persons; Zone No. 4 - 10%, or 3,000 persons; Zone No. 5 - 5%, or 1,500 persons; Zone No. 6 -

Their future allocation by zone is as follows:

5%, or 1,500 persons; Zone No. 7 - 5%, or 1,500 persons and Zone No. 8 - 10%, or 3,000 persons.
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tract of land which will develop as a sandfill west of the port jetty, by the action of
the littoral drift. A considerable amount of sand has alrcady accumulated in this

area.

The potential of this land for industrial development is tremendous, given
its ready access to the port and the International Route. Morcover, the entirve ce-
onomic valuce of this "new' land will add a great deal to the wealth of the city. Usc
of the Crespin Concession lands (located along the occean to the southeast of the air
port) for industrial development is also a distinet possibility. Although the arcas
available for residential development in this zone are limited, the residential popu-
lation of this zonc will increase substantially in number, due to the fact that locating
near the ocean is highly desirable. The main arca likely to develop residentially is
located between the airport road and the occean,

|

ZONE NO. 3 will require considerable cffort to reclaim the large arca of marshy
lowlands to the weat. It is expected, howcever, that residential development of these
presently open tracts will continue. Perhaps the major change in the castern portion
of this zonc will be increased commercialization of the north-south strects abutting
Zone No. 1 (c.g., Avenue Steinmetz, Avenue Delorme, cte.), and Boulcvard Saint
Michel, which lead into the site of the proposcd new bridge and market place in the
northeastern corner of this arca. Along with the construction of the bridge, it is
expected that Avenue de la Republique will be paved and improved.

ZONE NO. 4 development will also depend on the extent to which marshy lowlands
will be reclaimed. In spite of the cost and the problems involved in filling the marshy
areas, it is cxpeeted that residential development of the vast expanses of presently
vacant land in Zone No. 4 will be the major change witnessed there, over the next

25 years. The new bridge and market place near Saint Michel Boulevard are located
in the southeastern corner of this zone. The new bridge, with its approaches, and
the improved Saint Michel Market could prove to be major factors providing stimulus
for an accelerated development of Zone No. 4.

ZONE NO. 5 will continue to grow, as it has in the past, through industrial devel-
opment along the International Route No. 11. Its southcastern portion, primarily
along the ocecan shore, could become a prime area for residential or possibly hotel
development.

ZONE NO. 6 will remain primarily a residential avea. It is likely to develop mostly
along the lagoon, provided that low arcas, subject to flooding, arve filled in and made
more suitable for additional residential usce. Possibly some recreational use similar
to the Yacht Club, already located there, could also be developed along the lagoon
shore. If the Intcernational Route No. 11 is relocated, and a bridge is constructed at
the Saint Michel site, some commerciai develupment will undoubtedly be established
in this zone along the castern approach road to the new bhridge.
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ZONE NO. 7 will probably experience larger growth than any other arca in Cotonou,

It is interesting to obscrve that Zone No. 7 has a theoretieal holding capacity
for a population of 135,000, assuming that it would achicve a residential density of 18
houscholds or 90 persons per hectare. This density would be slightly larger than that
which presently exists in Zone No. 3.

A good deal of the land in Zone No. 7, ncar Lake Nokeue, is marshy and may
take a long time to be developed.  Nevertheless, the potential for development of Zone

No. 7 is great. Considering cven the most conservative estimates of population growth

in Cotonou and taking into account the relatively limited amount of available space in
most of the other zones, it is inevitable that Zone No. 7 be {ully populated and devel-
oped. The potential impact of the growth of Zone No. 7 on intracity transportation is
immense.  In fact, a large part of the nced for a new bridge at the Boulevard Saint
Michel location as well as a west hank boulevard, could probably be justified on the
basis of expected future growth in Zone No. 7 alone. These two capital improvements
will be essential in providing quick access for the residents of Zone No. 7 to the im-
portant commercial, industrial, and governmental installations in Zones No. 1 and 2,
and to the Saint Michel Market in Zone No. -}

ZONE NO. 8 will undergo both industrial and residential growth. Industrial devel-
opment will prevail along the lands adjacent to the International Route.  Most of this
zone, however, will develop residentially.  Zone No. 8 should experience the largest
increasc in residential population within the city limits, with most of the initial
growth occuring in the southern arca where cooler temperatures, due to the prox-
imity of the ocean, are likely to attract carly development.
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E. URBAN GROWTH POTENTIAL FROM A NEW LAGOON CROSSING
1. Planning Objectives for Selection of Bridge Site

In the Reconnaissance Report by Sanders & Thomas, Inc., two sites were
chosen as having the most merit for the location of a new bridge across the Cotonou
Lagoon. One site was near Boulevard Saint Michel, and the other was near the
existing bridge. The choice was made primarily on the strength of engineering and
construction cost considerations. In Section XII of this report, each site is also
evaluated on the basis of ecconomic benefits to be derived in terms of improved traffic
flow and vehicle operating costs. It is useful, however, to also consider other ob-
jectives which undoubtedly will contribute to the economic growth of Cotonou, but
which are difficult to quantify. Therefore, they cannot be included in the benefit/
cost calculations. Thus, the new bridge should be located with the following objec-

tives:

a. Displace the city's center of gravity to the north, closcr to its
geographical center.

b. Provide access to areas of the city suitable for future development.

c. Facilitate and improve the operations of the city's governmental
and municipal services.

d. Develop casier communications and access between the eastern and
western halves of Cotonou, thus allowing for better use of the recre-
ational, cultural, and economic resources of the city, by its residents.

The choice of the site near Boulevard Saint Michel would satisfy all of the
listed criteria, while the site near the existing bridge would satisfy only the last two.

2. Residential, Cultural, and Recreational Aspects

There is no doubt that in future years Cotonou will have to expand northward
in order to provide room for the cxpected population growth. As the city begins to
expand, it will become necessary to build additional streets, water, sewer, telephone
and electric scrvice lines in the newly-populated areas. In addition, new school
facilities, parks, and rcercational improvements will also be required. Above all,

a good access road will be necessary to initially provide quick and casy travel to
existing facilitics in southern and eastern portions of the city; this will be needed

only until new facilitics are built in the developing arcas. This road should be planncd
and located so that it ultimatcly can becomce a major transportation link in the city
road system. In order to promote the development of the northern arcas of the city,
the Cotonou Master Plan wisely suggested the location of a large central market near
Boulevard Saint Michel. This was accomplished in 1963. Today, the central market,
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also known as the Lagoon Market, is a focal point of daily activity. Every fourth day,
it is especially crowded with people bringing merchandise and products from as far
as Ghana, Togo, and Nigeria. Thus, once a weck, the Lagoon Market assumes a
truly international character.

In Africa the city market is often a place where people from small villages
have their first contact with an "urbanized' civilization. Thus, the market, beyond
being a place for exchange of goods, also scrves as an cducational and a social func-
tion. It becomes a place where people gather to talk, exchange news and learn new
things. The market, therefore, affords an opportunity to the villager to sell his
wares and at the same time satisfies his basic desire to become more "eivilized' by
exposing himsclf to an urbanized environment.

It makes good sense, therefore, to locate a "eentral™ market near the future
geographical center of the city. A new bridge and approach roads located near Boule-
vard Saint Michel admirably scerve the goal of helping the northward expansion of the
city, and of providing better access to the Lagoon Market, as well as a more cen-
trally-located link for intracity and through traffic.

3. Governmental Facilities and Services

Most of the governmental buildings in Cotonou arc located near the ocean
shore, within an arca extending from the airport to the lagoon. The state government
buildings include the Presidential Palace at the Independence Square, the military
camp, Scrvice Hydraulique, Travaux publics, Ministry du Plan and others. The mu-
nicipal buildings and scrvices include the Hospital, the Chamber of Commcrce, the
Post Office and the Town Hall. It is obvious that the municipal government and
services should be located in the future in a more centralized location.  Again, the
Cotonou Master Plan proposes that the town hall be relocated nearer to the future
geographic center of the city — namely, near the Lagoon Market. The advantages
are obvious. As the city expands in a northern dircction, the administration of the
municipal functions and services will become incres singly difficult as compared to
the present,  The existing Town [Hall is entirely too small and inadequate to house
the number of municipal employees and officials which will be needed Lo successlully
manage city affaivs. A new Town Hall, built in a more centralized locatlion, can be
planned, iaitially, as a more modest building, but with plenty of room for future ex-
pansion, Indircctly, the expansion and the growth of the city will create more oppor-
tunitics for employment in the private as well as public scctors. The advisability
of providing better access to all parts of the eity, in terms of better municipal govern-
ment and scrvices, once again reinforces the choice of the site at Saint Michel Boule-
vard for a new bridge across the lagoon.

4. Economic Growth and Prospects for Employment

The successful growth of Cotsnou, in terms of opportunitics for ecmployment,

3-24



SANDERS &C_‘7uoms Inc. |

will require an expansion in both the private as well as governmental operations.
Although it is doubtful that in the necar future the influx of new commercial and in-
dustrial establishments will keep pace with the demand for employment, the city
population will continue to erow due to both the birth rate, as well as immigration
from the rural arcas. Unless the municipal and state governments succeed in getting
sufficient funds through increased tax revenues, it will not be possible to provide the
necessary administration and scrvices which an expanded city will need. 1t is to be
hoped, however, that the increase in population will generate the development of a
good number of small businesses which cater to the basic needs, such as clothing
stores, bakerics, building trades, cte. These small cstablishments, in turn, will
supplement large investors and industry to provide a necessary tax base from which
the city government can finance the needed expansion of their services. The tax
base could then be enlarged by encouraging new large commercial and industrial
concerns to locate in Cotonou and by helping the small local businesses to prosper
and increase in numbers by keeping their tax burdens to a minimum. This could be
achieved through continued tax incentives and through efficient usc of tax revenues.

Whether the economic growth, employment, and tax revenue problems are
solved or not, the choice of a site for the new bridge should be planned to be near
the area where growth must take place. Again, the choice of the site at Saint Michel
Boulevard seems to hest satisfy such a goal.
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SECTION IV

TRAFFIC STUDIES

A. OBJECTIVES
1. Requircd Data for Economic Studies

Traffic studies were nceessary to provide a) the essential data for calcula-
tion of vehicle operating costs in the ecconomic studies in Section XII and b) the basis
for the calculation of maintenance costs for the bridge approach roads.

The largest proportion of the benefits of the various proposcd alternatives
derive from savings in the vehicle operating costs. These are composcd of costs due
to operating vehicles at various speeds on different types of road surfaces and of costs
due to starting and stopping cycles and delays in congested conditions.

The necessary traffic data arc obtained from three main areas of study. These
are: 1) volume counts, 2) origin-destination surveys and 3) specd and delay studies.

2. Traffic Composition and Volume Counts

The counting of the traffic volume for cach vehicle type crossing the Cotonou
Lagoon on the cxisting bridge was needed for the following purposes:

a. To determine daily and hourly variations of traffic.
b.  To provide the basis for the determination of average daily traffic.

¢.  To provide a basis for the cvaluation of probable future traffic growth,
together with the previously available counts.

d.  To determine the maximum practical capacity of the existing bridge in
terms of traffic flow.

Included in the traffic volume counts were also the pedestrian traffic using the
existing bridge and the boat traffic in the lagoon.

3. Origin-Destination Survey
This survey was nceded to determine the following:

a. The number of daily trips between various zones of Cotonou.
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b.  The expected future distribution of the traffic between the existing
bridge and the proposed new bridge at the Boulevard Saint Michel Site.

A minimum sample of 10 of the total traffic for cach vehicle type was
deemed necessary to obtain valid origin-destination data for cconomice studics.

4.  Speed and Delay Studies

The speed studies were neeessary in order to determine the average speeds
with which the various vehicles operate on laterite (carthen) and paved roads within
the limits of the City of Cotonou, as well as crossing speeds on the existing bridge in
congested and non-congested conditions.

The data developed from speed and bridge crossing studies were used as the
basis for cvaluating the traffic eapacitics of the existing and proposed bridges and the
congestion delays to be expeeted as a result of traffic growth.

5. Bridge Capacity Requirements

The bridge capacity-width requirements for the new bridge can be determined
from the data on traffic growth and distribution at cach bridge site. Included in the
bridge capacity considerations are the pedestrian tratfic and the cffeet of vehicular
traflfic composition on speeds and sale operation on the bridge.

B. DATA AVAILABLE FROM PREVIOUS TRAFFIC SURVEYS
1. Traffic Counts by the Ministry of Public Works—Cotonou

The Ministry of Public Works (Travaux Publics) has kept a vecord of the
traffic crossing on the existing lagoon bridge during the years 1960 through 1970,
Counts were made manually, twice a year (generally in March and September), qach
once continuing for an entirve week.  The counts were obtained for cach class of ve-
hicle: namely, motor bicyeles, passenger cars, small trucks (0.8 to 2.0 tons),
medium trucks (2.0 to 10,0 tons), and large trucks (over 10.0 tons).

The collected data show many discrepancies, bul nevertheless ave guite
usceful.  The inconsistencies were probably caused by the inesperience of the per-
sonnel performing the traffic survey as well as the difficulty in classifying the vehi-
cles. In Cotonou it is not unusual to sce passenger vehicles used for cargo-hauling
purposcs or small trucks loaded much beyond their normal capacity. Large trucks,
on the other hand, arce often used for transporting people instead of cargo thus fune-
tioning as a bus,
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The results of the Ministry of Public Works counts have been used together
with later data obtained by Sanders & Thomas, Inc. to determine the apparcent growth
rate for each vchicle class., (Sce Figures 12-1, 12-2, 12-3, and 12-4 in Scction XII).

2. Dachomey Land Transport Study

In November and December of 1967, and in January of 1968, traffic volume
counts were performed at the Cotonou bridge by N. D. Lca and Associates, a
Canadian engincering consultant, using automatic traffic counters.

Comparcd to manual counts taken in the same ycar by Ministry of Public
Works pcrsonnel, it appears that the automatic counters recorded volumes from 97
to 54% higher. The average excess is about 26%. If the counts recorded by the auto-
matic counters arc reduced by approximately 267, onc obtains results quite close to
thosc obtained by Sanders & Thomas, Inc. a ycar later.

Nevertheless, the results of the automatic counters are uscful in that they
give traffic volume data during a continuous three-month period. It was possible,
therefore, to obtain a sufficicntly long trend to establish the relative variation of
traffic during the various days of the week, as well as hourly variation during a 24-
hour period.

3. Traffic Survey by Sanders & Thomas, Inc.

In January of 1970, Sandcrs & Thomas, Inc. performed an i8-hour traffic
count at the Cotonou bridge. During this count, volumes were recorded for various
classes of vehicles as well as for pedestrians.  The results have closely matehed the
results obtained by N. D. Leca and Associates in terms of relative variation of hourly
traffic during a day.

Additional counts were performed on the International Route at the entrance
and cxit of Cotonou currently with the bridge counts. It was thus possible to establish
that approximately 75% of the total bridge traffic is local Cotonou traffic. It was also
determined from obscrvation of auto license tags that approximately 14 was of inter-
national origin.

C. VEHICULAR TRAFFIC ACROSS EXISTING BRIDGE (NOVEMBER 1970)
1.  Traffic Composition and Yolume Counts

The volume counts at the existing bridge were done manually by six tecams of
counters working six hours cach., A team was stationed at cach end of the bridge and
was instructed to count the traffic coming from one direction. IFach tcam consisted
of one time keeper and three counters, with cach counter recording the volume of cate-
gorics of traffic assigned to him cvery 15 minutes,
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The six categorics of traffic consisted of the following:

a. Passenger cars, taxis, station wagons and light trucks (less than
2 tons) were considered as one category since they all have similar
operating characteristics.

b, Busses.

c. Trucks (over 2 tons).
d. Motor bicyveles,

e. Pedal bicycles.

f. Pedestrians,

The counting was conducted on a market day, a non-market weckday, and on
a holiday. Additional counts were performed on the same davs as the origin-destination
survey in order to have a direet comparison between them.

The following Table IV-1 shows the total daily traffic volumes for each of the
traffic categories and types of days on which they were counted.

TABLL V-1

NOVEMBER 1970 TWO-WAY TRAFFIC - COTONOU BRIDGE

Traffic Category Week Day Market Day Holiday
ragsenger Cars, Taxis 11,024 10,135 8,272

Station Wagons and Light
Weight Trueks (under 2 tons)

Busses 698 678 431

Trucks (over 2 tons) 1,737 2,257 571

Motor Bicveles 8,202 R, 770 6, 8598

Pedal Bicyeles 0,075 9, 981 7,200

Poedestrians 10,167 11,913 10, 953
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The average daily traffic was computed by using the following proportions:
254 of market day traffic ', 20% of Sunday and holiday traffic 2, and 55 of the week-
day traffic. Since the actual count was conducted over an 18-hour period, it was
necessary to increase the 18-hour tolals by approximately 20 to account for the traf-
fic between 11:00 PM and 5:00 AM, There was no nced to make adjustments for
scasonal variation of traffic since, in Cotonou, unlike the rural arcas of Dahomey,
there is no significant change in traffic during the dry or rainy scasons. Thus, the
following results were obtained for the average daily traffic:

TABLE IV-2

TWO-WAY AVERAGE ANNUAL DAILY TRAFFIC COTONOU BRIDGI
(NOVENBER 1970)

Traffic Category Average Annual Daily Traffic

Passenger Cars, Taxis, Station 10,400
Wagons and Light-Weight Trucks
(under 2 tons)

Busscs 640
Trucks (over 2 tons) 1,650
Motor Bicycles 8, 200
Pedal Bicveles 9,000
Pedestrians 11, 400

During the 12-hour period from 7:00 AM to 7:00 PM comprising 85'% of the
total traffic the heavier directional volume includes 51% of the total two-way volume,
During this same period, the heavier dircction 15-minute count contains 547 of the
total 15-minute two-way traffic volume.

The dirvcetional analysis of the car, bus, and truck volumes indicates that
westhound volumes are slightly larger in the morning hours and that castbound

' Market day occurs cvery fourth day.

2 Holidays occur approximatcely 20 times a year. Sunday traffic was found to be
similar to holiday traffic.
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traffic is slightly lavger in the afternoon. The motor bieycle volumes do not vary
for cither direetion, while the peddie bicycele volumes are distributed approximately
557 westhound in the morning and castbound in the early evening.,  Pedestrian traffic
was 697 westhound in the morning and castbound in the evening.

The hourly variations of two-way traftic volumes for cach type of traffic
ategory are shown in Figures 4-1 through 1-6.  Tor cach category three graphs are
shown: one for a market day, onc for a nonmarket day (weekdayy, and one for a
holiday or Sunday. The graphs include the indication of the time when the bridge was
closced to vehicular traffic due to the passage ol the train,  The train crossed the
bridge on the average of eight times per day.,

'rom the graphs in IFigures J4-1 through -6, it can be scen that all traffic
has peaks in the morning mand in the evening with a pronounced deeline around 2:00
o'clock in the afternoon.  The highest hourly two-way volumes for cach traffie cate-
gory are shown in Table V-3,

Table V-] shows the one~way peak traffie during a 15-minute period within
the peak hours listed in Table 1V-3,

Other 15-minute one-way peak traffic periods not occurring within the peak
hour periods arce shown in Table V-5, Some of these oceurred vight after the passage
of the train.

2.  Effect of Market Day and Seasonal Variations

As indicated by the tralTic volume counts, the effeet of market day is felt in
a different way for cach type of vehicle. It appears that on a market day the volume
of passenger cars, tlaxis, light trueks, and busses declines, while that of heavier
trucks, both motor and peddle bicveles, and pedestrians increases.  In all cases the
inercase or decrcase is not lavge: it varies only between 6 and 10 pereent. in the
wse of trucks weighing over 2 tons, however, the market day traffic increases by
3077, This probably can be explained by the fact that trucks carry heavy loads of
merchandise and produce for sale on the market,

There were no sienificant differences in the origin-destination charvacteristics
of the traffic between a weekday and a mavket day.  Although an origin-destination sur-
vey was not conducted on a holiday, it is possible that a drop in the vatio of short to
long trips would have been noted and that the percentage of international trips would

have also declined,

The seasonal variations of traffie in Cotonou are believed to be insignificant,
Although all of the eity streets (with the exeeption of a few main arteries sueh as the
International Houte No. 11, Boulevard saint Michel, and Avenue Steinmetzy are not
paved, the rainy scason does not affeet theiv serviceability to any great extent.
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TABLE IV-3

PEAK HOUR TWO-WAY TRAFFIC - COTONOU BRIDGE
(NOVEMBLER 1970)

Traffic Morning Afternoon
Catcgory Volume [lour Volume Hour
Cars 1,029 11:00-12:00 1,015 5:15 - 6:15
Busses 104 11:15-12:15 03 4:30 - 5:30
Trucks 208 9:00-10:00 292 5:00 - 6:00
Motor Bikes 1,070 7:15- 8:15 1,116 $6:30 - 7:30
Pedal Bikes 1,487 7:00- 8:00 1,237 5:30 - 6:30
Pedestrians 1,898 7:00- 8:00 2,261 6:30 - 7:30

TABLE V-4

PEAK 15-MINUTLE ONE-WAY TRATIFIC - COTONOU BRIDGE
(NOVERMBER 1970)

Traffic Morning Evening
Category Volume | Direction Time Volume | Dircetion Time
Cars 188 Wi 11:15-12:00 170 Wi 5:15 - 5:30
Busscs 20 wB 11:45-12:00 19 Wi 4:45 - 5:30
Trucks 32 WB 9:00- 9:15 68 B 5:30 - 5:45
Motor Bikes 171 LB 7:45- 8:00 440 \WB 6:35 = 6:45
Pedal Bikes 226 kB 7:45- 8:00 185 Wi 5:45 - 6:00
Pedestrians 413 EB 7:00- 7:15 468 KB 7:15 - 7:30

TABLE IV-5

MAXIMUM 15-MINUTE ONE-WAY TRAFFIC PRECEEDING
TIHE PEAKS IN TABLE V-4 - COTONOU BRIDGE
(NOVEMBER 1970)

Traffic
Category Volume Dircetion Time (PN)
Cars 201 wB 6:145 = T:00
Busses 24 wB 4:dh - 5:00
Pedal Bikes 228 wi 6G:00 - 6:15
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3.  Origin—Destination Survey

This surveyv was conducted during a 12-hour period at the castern and the
western ends of the Cotonou bridge. At each end, a team of four interviewers aided
by a policeman would stop a passenger car, a truck or bus, a motor or peddle bi-
cycle or a pedestrian and would record the origin and destination of cach. The en-
tire operation was supervised by the engineers of Sanders & Thomas, Ine. in order
to insurce that a random. uniformlyv chosen sample of the traffic was obtained.  The
survey procecded with many initial difficulties.  One of the problems was the lack
of sutficient room to pull the vehiceles out of the stream of traffie during the inter-
view and allow the rest of the traffic to proceed undisturbed.  Another problem was
to insure a precise answer relative to the place of origin or destination.  Additionally,
i very scerious problem was the absence of a policeman at the precise time at the
heginning of the survey work or the unwillingness of some of the policemen to stay
during the entive six-hour period. 1t was necessary, therefore, to repeat the survey
work several times in ovder to obtain usable data.  In spite of the difficultics, how-
ever, the survey teams eventually suceeded in obtaining a sufficient number of re-
sponses with usable information.  ‘The survey work was conducted in two 6-hour
shifts on a market day and a weekday.

The final results consisted of 1, 763 usable responses for the passenger
cars, taxis, cte., 767 for busses and trucks, 1,230 for motor and pedal bicyceles
and 1, 280 for pedestrians.

Iiash answer obtained during the interviews at the bridge was later marked
with a number corresponding to the zone of the city where the origin or destination
was located.

The zones were the same as those deseribed in Seetion HIL Two additional
zones were usced in the origin=destination survey denoting arvceas outside Cotonou,
Zone No. 9 denoted any area west ol Cotonou (Abomey Calavi, for instanee) and
Zone No. 10 denoted any arca cast of Cotonou (Porto-Novo, cte.). Thus, Zonces
No. 9 and 10 denoted an external treip, while all the others denoted an intracity trip
(Sce Map, page A-1 in the Appendix ),

From the origin-destination survey, the perceentage of trips between any
two zones was determined and tabulated by cach vehicele type and also for pedestrian
trips. The results are shown in Tables V-6 through V-9,

The results obtained for a market dav and a weekday were quite similar,
indicating that they could be combined rather than shown separvately. In general,
for a few trips where there was a significant inercase in traffic on o market day.,
the combined result was adjusted to reflect that market day occurs only every fourth
day.
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TABLE V-6

PASSENGER VEIICLES, TAXIS, STATION WAGONS AND LIGHT TRUCKS

(UNDER 2 TONS)
(Percentage Of Trips Between Zones)y*

Zonc 5 6 7 8 9 Total
1 17.7 4.6 0.8 10.4 17.1 50.6
2 5.2 1.2 0.1 2.6 2.3 11.4
3 10.1 3.5 1.0 5.1 4.7 24,1
4 3.8 1.4 0.4 2.7 1.4 9.7
10 1.0 0.5 0.0 0.5 1.9 3.9

Total 37.8 11.2 2.9 21.3 27.1 100, 0

* Results based

on 1763 responses representing 177 of average daily traffic

TABLI V-7

TRUCKS (OVER 2 TONS) AND BUSSIES
(Percentage Of Trips Belween Zones)*

Zone D 0 7 8 9 Total
1 17.5 0.7 0.0 25.2 15.8 59.2
2 3.5 0.0 0.1 2.1 1.7 7.4
3 2.6 0.3 0.0 3.3 5.9 12.1
4 1.2 0.0 0.0 0.9 0.1 2.2
10 2.7 0.1 0.3 7.2 8.8 19,1
Total 27.5 1.1 0.1 58,7 0203 100.0
—

* Results basced on 765 vesponses representing 3577 of average daily traffie.
I i !
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MOTOR BICYCLES AND PEDAL BICYCLES
(Percentage Of Trips Between Zones)*

TABLE V-8

Zone 5 6 7 8 9 Total
1 - 18.9 8.0 4.2 11.0 1.2 43.3
2 3.2 2.0 0.8 1.2 0.2 7.4
3 16.0 5.9 1.6 10.7 0.9 35.1
4 6.9 1.5 0.2 4.6 0.2 13.4
10 0.3 0.2 0.0 0.3 0.0 0.8

Total 45.3 17.6 6.8 27.8 2.5 100.0

* Based on 1230 responscs representing 77 of average daily traffic.

TABLE IV-9

. PEDESTRIANS
(Percentage Of Trips Between Zones)*

Zone 5 6 7 9 Total
1 22.0 18.8 6.6 5.1 0.6 53.1
2 3.2 1.5 0.8 1.6 0.1 7.2
3 14.4 10.5 2.9 3.5 0.9 32.2
4 2.7 0.9 0.6 1.7 0.0 5.9
10 1.1 0.2 0.2 0.0 0.1 1.6

Total 43.4 31.9 11.1 11.9 1.7 100.0

* Based on 1280 responses representing 117 of average daily traffic.
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Half of the passenger cars and taxis had cither an orvigin or a deetination in
Zone No. 1, 1.5% of all traffic was of international origin.

Fifty-nine peveent of all the trucks and busses orviginated in or was destined
for Zone No. 1. The most frequent trip was between Zones 1 and No. 8. International
truek traffic was 5.65 and international bus traffic was 8. 8% .

Forty-five pereent of all peddle and motor bicyeles had origin or destination
in Zone No. 5: 487 in Zone No. 1. The most frequent trip was between Zones No. ]
and No. 5 (197) and Zones No. 3 and No. 5 (165). Only one motor bicycle was re-
corded as having an international destination (lLagos).

Using the computed average daily traffie and the pereentages shown in Ta-
bles 1V-3 through IV-6, it is possible to obtain the traffic volume for every zonal
ovigin-destination pair. Thus, the number of vebiceles that could be expeceted to divert
to a new bridge at the Boulevard Saint Michel site can be computed.

The number of passengers was also counted and recorvded during the origin-
destination survey. ‘The average number of pagssengers observed in the private cavs
was 2.23, while that in the taxis was 4. 84. These numbers include the driver of the
vehicle,

The average number of passengers observed in the trucks was 3.36. The
number of passengers in the buses was 15,9 including the driver.

The responses from the origin-destination survey were analyzed to determine
the center of gravity of cach zone. These are shown in the map of the City of Cotonou,

page A-1 in the Appendix.

The centers of gravity of cach zone were used to determine the average
length of the trip between zones for the purpose of calculation of vehicle operating
costs for cach trip.

The determination of centers of gravity was further verified by turning move-
ment counts atl sclected intersections.

4. International Traffic

From the ovigin-destination survey percentages and the average daily traffic
figures, we ean caleulate the following results for the international traffic:

4-11
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TABLE TV-10

1970 INTERNATIONAL TRAFFIC - COTONOU BRIDGE

Traffic Percent of
Category Daily Average Annual Average Total Traffic
Passenger Cars 156 5,700 1.5
Busses 56 56 8.8
Trucks 92 3,340 5.6
M. wor Bicycles 15 550 0.2
Total 319 11, 260 16.1

D. BOAT TRAFFIC ACROSS COTONOU LAGOON

1.  Description of Boat Traffic

Cotonou Lagoon is traversed every day by a substantial amount of boat
traffic. The bulk of the passenger and cargo traffic is carried by five or six ferry
boats usually consisting of a flal bottom wooden boat powered by an outhoard motor.
The ferry boats carried at times as many as 60 passengers together with their bun-
dles of producc and other misccllancous cargo. The other boat traffic consisted of
dugout canocs known locally as "pirogues". The pirogues usually carried less than
ten passengers and were navigated by means of oars or wooden poles which were
pushed against the tagoon hollom.,

The pirogues were by far the most numerous type of hoat. Most of them
usually came from the fishing villages around lLake Nokoue, but many also came from
the cast shorc of the lagoon. The ferry hoats scerved mainly the cross lagoon traffic
by providing passcnger transportation from the castern side of the lagoon to the Saint
Michel Market on the western side. Some of the ferry boats brought passengers from
Porto-Novo or places as far away as the Nigerian border. In general, the rates
charged for travel on the ferry boats were very low. They ranged from 5 to 20 Fr.
CFA per person. The low fares probably can explain why so many people used this
type of transportation in preference to walking or taxis.

2.  Boat Passenger Counts and Origin-Destination Survey

The boat passenger traffic counts and the boat origin-destination survey
were conducted simultancously. One team consisting of three interviewers was
placed at cach of the major landings at the Saint Michel Market on the west bank of
the lagoon. The two landings were located approximately 0.2 kilometers north of
the site for the proposed new bridge. The survey was conducted during a 12-hour

4-18
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period from 7:00 AM to 7:00 PM on a market day, weckday and holiday. The
counts were kept for cach individual 15-minute period. The results of the sur-
vey are shown in Table IV-11,

TABLLE 1V-11

1970 BOAT PASSENGER TRAFFIC - COTONOU LAGOON
(Average For Weckday And A Market Day)

Number of

Description Passcngers Time
Pcak Hour-Morning Two-\Way Traffic 1,115 7:00- 8:00 AM
Peak Hour-Afternoon Two-Way Traffic 923 6:00- 7:00 PM
Peak 15-Minute One-\Way Traffic West Bound 430 7:30- T:45 ADM
Peak 15-Minute One-\Way Traffic Easthound 294 6:45- 7:00 PM

The total daily boat passenger traffic was as follows:

Market Day 10,585
Non-Market Day 4,364
Holiday 2.200

The boat passenger traffic was distributed 75% westbound in the morning on
a non-market day, and 80/ westbound in the morning on a market day. There was an
cqual casthound traffic in the afternoon. The hourly variation of boat passenger vol-
umes is shown in Figure 4-7.

The origin-destination survey shows that none of the boat passengers orig-
inated in or were destined for Zones No. 1, 2, 8 and 10, The results of a two-day
survey period of the boat traffic are shown in Table IV-12. The zonat destinations
shown arc for the boat. Some passengers may have had destinations bevond that of
the hoat: however, the questioning of passengers revealed that such cases were few,

There were 12 passcengers coming by boat from Nigeria during the market day survey.
p ) . )
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TABLE IV-12

1970 BOAT PASSENGER TRAFFIC - COTONOU LAGOON
(Percentage Of Trips Between Zones)

Zone 5 6 7 8 9 Total
1 0.0 0.0 0.0 0.0 0.0 0.0
2 0.0 0.0 0.0 0.0 0.0 0.0
3 0.1 57.3 0.0 0.0 1.9 59.3
4 0.0 36.4 4.1 0.0 0.2 40.7

10 0.0 0.0 0.0 0.9 0.0 0.0

Total 0.1 93.7 4.1 0.0 2.1 100.0

3.  Effect of Alternate Bridge Sites on Future Boat Traffic

As can be noted from Table IV-12, most of the boat traffic transported pcople
between Zones No. 3 and 6 and Zones No. 4 and 6. Most of this traffic was by means
of ferry boats. If a new bridge were located at a site adjacent to the existing bridge,
there would be no changes in ferry boat traffic. However, if a new bridge were con-
structed at the Boulevard Saint Michel site, most of the boat passengers would probably
cross the lagoon on the new bridge. Therefore a new bridge at the Boulevard Saint
Michel site could put all but a few of the ferry boats out of business.

Most of the pirogues came from Agbato and Lake Nokoue [ishing villages and
usually went to the Saint Michel Market. The pirogue traffic, thercfore, would not be
affected by the choice of the new bridge site.  The fact that 94% of the people in Zones
No. 3, 4 and 6 want to cross the lagoon each day indicates that a new bridge is very
much needed in the vicinity of Boulevard Saint Michel. At present, most of the people
crossing the lagoon by boats are the least affluent citizens of Cotonou.  Thercefore, it
is expected that most of these people will be initially walking across the new bridge.
Because of this, sufficiently wide sidewalks will be required to allow a pedestrian
traffic of over 12, 700 people (in 1977) to cross comfortably. At some future date, with
ecconomic growth, many of these people may be crossing by bicycle or car.
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E. SPEED AND DELAY STUDIES

1. Speed Studies

The average speed of traffic flow was determined by driving a passenger car in
the stream of traffic in sclected arcas of Cotonou at various times of the day. The
speeds ranged from an average of about 15 kilometers per hour on laterite roads to 80
kilometers per hour on the International Route in the eastern portion of Zone No. 8.

Some of the obscrved speeds are listed in Table 1V-13:

TABLE IV-13

AVERAGE SPEED OF VEHICULAR TRAFFIC IN COTONOU

Name of Road

Type of Road

Location

Average
Speed

International Route

Western Part Zone

Zones No. 3 & 4

Pave 55 K
No. 11 aved No. o 55 KM/HR
b Ad 1 4‘ Al )' -7 2
International Route Paved Eastern Part Zone 10 KM/HR
No. 11 No. 2
International Route Western Part Zone
Pc 3 y y
No. 11 aved No. 1 32 KM/HR
International Route Eastern Part Zone
Paved
No. 11 ave No. 1 24 KM/HR
International Route Paved Fastern Part Zone 80 KM/HR
No. 11 No. 8
Avenue Steinmetz Paved Zone No. 1 32 KM/HR
Avenue de 1a Republique Laterite Fastern Part 20 KM/HR

Road Near Catholic and
Moslem Cemeteries

Laterite

Zone No. 6

10 KM/HR

On laterite roads, the speed basically tended to be slower as the conditions of
Paved roads, on the other hand, were generally
in fair condition, and the speed depended mainly on the amount of traffic using the

the road became worse, due to ruts.

roads.
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The average speeds on the existing bridge varied depending on the degrece of
congestion.  When the volume of traffic crossing the bridge was relatively Tow the
average speed of bridge traffic was as high as 10 kilometers per hour.  During times
of congestion, usually right after the passage of the train, the average speed on the
bridge would fall to 10 kilometers per honr. By field obscervation of traffic volumes
and corresponding speeds of traffic, a relationship between speed and traffie volume
was derived. This is shown in graphical form in Figure -1-8.

Figure 4-8 shows that the maximum onc-way volume of traffic that can cross
the existing bridge is approximately 1260 cquivalent vehiele units per hour 3 per
lane and that the average running speed at that volume is approximately 10 kilometers
per hour. Figure 4-9 shows how speed varies with traffic density.

Normally, the plotting of traffic spced versus traffic densily resulls in ap-
proximately a straight line.  lowever, the plotting of field data obtained {rom ob-
scrvation of Cotonou bridge traffic does not result in 2 straight Tine.  This is duce
to the offect of vehiceles unable t~ maintain speeds above 25 kilometers per hour, such
as bicycles and motoreyveles.  In low density traffic these slower vehieles have Tittle
effeet on the overall teaffic flow, since the faster vehicles are able to eross into the
opposing lanc and pass them.  In densities exceceding 18 vehicles per kilometer, how-
cever, the cffcet of slower vehicles begins to have its effeet. As the opportunitices for
passing a slower vehicle decerease, the overall traffie begins to conform to a speed
cqual to that ol the slowest vehicle.

The speed of tratfie on the bridge approaches during the congestion time was
even less than that of the traffic on the bridge.  The congestion time occurred
usually right after the train had passed and clearved the bridge.  For 10 to 20 minutes
therealter, tralfic on the bridge was atl capacity and was traveling at approximately
10 kilometers per hour. At the same time, the speed of the traffic on the approaches
was only 8 to 10 kilometers per hour.  On the western approach road the speed
tended to be always slower than that on the castern approach road duce to interference
causced by traffie coming from the side stroots.

2. Determination of Delay Time and Congestion Distance

In order to cevaluiate the potential congestion, delay time and vehicle standing
time at the Cotonou hridge in the future years, it was first necessary to determine
the maximum possible volume of traffic that can ¢ross the bridge in a period of time.
Due to the Tnet that the traffie in Cotonou is composced of o mixturce of many categorices
ol vehieles, it is best to define the bridge capacily in terms of "equivalent vehicle
units'.  Tor this purpose cach category of vehicles is weighted according to its cffeet
on the traffic flow.

o . . . . . .
Sce also the discussion in subscction 1V, E, 2 which follows.
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Cars, taxis, station wagons, and small trucks were weighted as one vehicle
unit each; trucks over 2 tons and busses were weighted as two vehicle units ecach;
and the pedal bicycles, motor bicycles and motorcycles were weighted as one-
quarter vehicle unit each. A graph of hourly variation of traffic on the basis of
equivalent vehicle units is shown in Figure 4-10. Calculated two-way peak EVU

volumes from field count data are shown in Table IV~-14.

It can be seen, from Table IV-14, that, although the actual number of vehicles
counted in cach category during peak hours varied considerably, the calculated maxi-
mum EVU volume does not vary much. This indicates that the EVU peak figures
represent the practical upper limit of the traffic capacity for the existing Cotonou
bridge without creating congestion at the approaches. Table IV-14 also shows that
the existing bridge in 1970 was alrcady near its traffic capacity during two hours in
the morning (7-8 and 11-12 A. M.) and in the evening (5-6 and 6-7 P. M.).
one-hour periods during the day are at or near peak capacity.

TABLE IV~14

Thus, 4

PEAK HOUR TRAFFIC, TWO-WAY EQUIVALENT VEHICLE UNIT VOLUMES
COTONOU BRIDGE (NOV. 1970)

Passenger | Trucks and Pedal and EVU
Hour Cars Busses Motor Bicycles 2X(3) | 1/4X(4) (1)+(5)+(6)

(1) 2) (3) (4) G | © (7)
5-6 PM 835 360 1694 720 423 1978
5-6 PM 850 288 1695 576 424 1850
5-6 PM 937 207 1743 414 436 1787
5-6 PM 896 208 1858 416 464 1776
6-7 PM 759 253 2010 506 502 1767
6-7 PM 905 139 2008 278 502 1685
11-12 AM 1015 217 1350 434 338 1787
7-8 AM 805 167 2381 334 595 1734
11-12 AM 813 340 929 680 232 1725
7-8 AM 852 142 2355 284 589 1725
11-12 AM 945 223 1031 446 258 1649
7-8 AM 781 98 2314 196 579 1556

The greatest number of equivalent vehicle units crossing the bridge in both
directions was rccorded in a 15-minute period from 12:00 to 12:15 PM, on November

19, 1970.

During this period, 313 passenger cars, 68 trucks and busses and 791

pedal and motor bicycles were counted. If the same traffic volume had continued
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for the remaining -15 minutes, the hourly volume would have heen 2,581 EVUs. Of
course, this would requive that the approaches to the bridge be at full congestion, so
that peak traffic intensity can be maintained during the entive hour.  Under much con-
gestion, the maximum number of EVUs that could eross the existing Cotonou bridge
in one hour would be approximately 25000 Table V=11, however, shows that on the
average, he maximum practical hourly capacity does not exceed 1,500 EVUs,  With
this hourly volume, short delays and congestion have heen obscerved at the hridge
approaches.  Thus, we can assume that when two-way traffic at the Cotonou Liridge
reaches 1, 300 EVUs, the approaches will just hegin to he congested and the traffic
will stiart fo experience debavs,

Delay time (standing time) occurs within the total time requived for a vehicle
to rceach the bridee from a point where it fivst encounters congestion. F'rom this
point, the vehicle progresses towards the hridee at extremely slow speeds and is
forced to make numerous stops and starts. Delay time is the sum of all short
standing times that cccur within the congested distancoe.,

Delay time will ocewr every time that the hourly volume of vehieles approach-
ing the bridee excceeds 1,500 EVU=, In ovder to be able to estimate the comount of
delay time when the teatlic volume is bhelween 1500 EVE/he (practieal capacity) and
EVU/hr (maximum capacily), it was necessary to observe the distribution of traffic
volume in peak hours. [0 wos found that the disivibution ol the four Ih-minute periods
averaged approxmately 3200 26, 280 and 190 of the total hourly volume. Iis
obvious that, aft wasimwn capacity, the distribuation during cach I5-minute period
must be cqual. I follows that whenever the Li-minate volume excecds 257 of the
hourly volume, theree will he deloves,

The actuad hehavior of teaflie in congested conditions is difficult to predict.
As the traffic volume becomes excessive, and the area of congestion spreads along
the bridge approach voad and into side strects, the number of factors which influence
the traffic behavior also inereases, and the entive situation heomes quite complex,
In order to ealenlate the delay time, nomathematienl model was established, in which
an attempt was made to take into account most of the factors determining the traffic
operation in congested conditions.  With high tenffic volumes and highly congested
conditions, the mathenmtionl model approximates the actual situation by applying
conservative factora which produce cquivadent results,

For prrposes of delav time ealeulation, it was assumed that there will be a
onc-minute defav for cvery 200 EVUs over 1300 EVU /ey This delay will affect the
entive hourly teaflic. Onec the nourly volume cxeceds 2500 1V ‘he, however, the
exeess of traflic above the first 2500 EVUs will have to wait a full 60 minutes before

it is able to eross the bridgee,

The Tollowing cxample shows assumed distribution of hourly VU traffic vol-
umes between 5:00 AAM and 10:00 PAL for a congested day, and the method of delay
time caleulation,
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EVUs Delayed Less | Delay in | EVUs Delayed | Delay in
Hour EVUs/he | han 60 Minutes Minutes 60 Minutes | Minutes
5- 6 AM 85 - - - -
6- 7 695 - - - -
7- 8 2669 2669 3.5 169 60.0
8- 90 2576 2576 . 3.5 245 60.0
9-10 2444 2444 3.2 189 60.0
10-11 2337 2337 2.7 26 60.0
11-12 2441 2441 3.2 - -
12- 1 PM 1005 - - - -
1- 2 1880 1880 0.4 - -
2- 3 2425 2425 3.1 - -
3- 2532 2532 3.5 32 60.0
4- 5 3075 3075 3.5 607 60.0
5- 6 2120 2120 1.6 227 60.0
6- 17 1680 1680 - - -
7- 8 1127 - - - -
8- 9 398 - - - -
9-10 63 - - - -
Total Delayed EVUs 26179 1495
Average Delay (minutes) 2.8 $60.0
Total EVIIs/day = 29988

In the example, it is shown that from 7:00 f¢ 8:00 AM there were 2669 EVUSs.,
Thas all arce delayed 3,5 minutes, and the exeess over 2500 becomes delaved 60 min-
utes.  From 10:00 to 11:00 AM there were 23237 EVUs.,  All get delayed (2337 - 1800)/
100 = 2,7 minutes and there are no cars that are delayed 60 minutes.  From 3:00 to
4:00 P there are 2532 BVUs,  All are delayed 3.5 minutes and 32 EVUs become ad-
ditionally delayed 60 minutes,  The next hour ¢1:00 to 5:00 PM) there are 3075 EVUSs,
To these we must add 32 EVUs which are waiting from the previous hour, Thus 3075

EVUs are delaved 3.5 minutes and (3075 4+ 32 = 2500) == 607 EVUs are delayed 60

minutes.
The average delay time for cach of the EVUs that experienced delay would be:
(26,179 x 2.8 + 1,495 x 60.0)/ (26,179 = 6.2 minutes
Howcever, in order to adjust this delay to one applicable to the entire daily
traffic, we must prorvate the EVUs experiencing delay to the total number of 15VUs

in the day. Thus we get:

(26,179/29,988) x 6.2 = 5.4 minutes
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For a four-lanc bridge, or roadway approach, the delay time was calculated
in a similar mamer, assuming 5600 EVUs/hr as practical capacity and 7200 EVUs/hr
as maximum capacity.

To calculate the congested distance, it was assumed that, in congested con-
ditions, onc IVU occupics a length of 4 meters.  Thus, a passenger car of Luropean
manufacture (such as a Citroen or a Peugot) would occupy a length of -1 meters while
a truck or a bus (having a weighted value of two) would occupy a length of 8 meters.

Using the example previously cited, the average number of EVUs per hour
experiencing delays would be: 26, 179/10 = 2,618, and the congested distance would
be (2,618 x 4) x (26, 179/29988) = 9,142 meters.

The actual distance of congestion is not, however, spread ina single line.
As traffic approaches the bridge [rom various origins and reaches the point ol con-
gestion, the waiting vehicles will be spread in several directions away from the
bridge. For this reason, (¢ was assumed that all traffic from a zone originates at
the zone's center of gravity. In caleulating the costs of operating vehicles through a
congested area, the computed congestion distance was compared to the actual dis-
tance between centers of gravity of cach zonal origin-destination pairv. I it was
smaller, the caleulated congestion distance was usced. I it was targer, the actual
distance between the centers of gravity was used.

The caleulated delay times and congested distances for cach year of the
study period are shown in Tables XI-15 through X1I-17 in Scetion NIl.

For the purposce of caleulating the delay costs, the maximum delay used was
60 minutes cven if the caleutated time exceeded 60 minutes, because, most likely,
the pattern of hourly traffie distribution in atyvpical day would change.' As the delay
time increases and hegins to be exveessive the drivers would probably tend to avoid
the trip across the bridge.  Other modes of transportation may come into use, such
as ferry boatls carrying passengers and cargo across the tagoon. Gradually the
growth of the vehicle fleet in Cotonou may decrease or stop altogether. B

The offeet of o train crossing the existing bridge duving an hour ol full
congestion will be a reduction of time available for the vehicular traffie to use
the bridge.  Sinee the train presently eliminates the use of the hridge for about
10 minules, for all traffic exeept bieyeles and pedestrians, it is in cffeet equiva-
lent to 10760 of the peak VU volume.  Actually, as the tralfie congestion in-
creascs, the delavs due to the train will also increase, sinee it will take more time
to clear the way for the train through the vehicular traffic. The bridige capaeity due to

T See also the discussion of level of service volumes and the velation of total deily
olume on tevel of service capacities in subscection 1,

S e cconomic consequences of high degree of congestion are discussed in Sceetion
XII.
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the train during a congested hour would be reduced by at least 10/60 x 1800 EVUs or
300 EVUs. Thus the traffic capacity of the bridge during a train crossing would be
only 1500 EVUs. This indicates that the total delay of 60 minutes could be reached
much sooncr than calculated.

F. CAPACITY REQUIREMENTS FOR THE NEW BRIDGE
1.  Expected Future Traffic at Alternate Bridge Sites
The projected future traffic distribution at cach alternate bridge site by traf-
fic categorics and vehicular traffic expressed in equivalent vehicle units (EVUs) is
shown in Tables IV-17 through TV-19.

TABLLE 1V-15

FUTURLE TRAFFIC AT EXISTING BRIDGE SITE
PARALLEL BRIDGE ALTERNATIVE

Trucks and

Pedal &

Year Cars Busses Motor Bicveles Pedestrians EVUs
1977 15,694 3,161 29,783 15, 845 29,463
1982 21,353 4,012 45, 802 20, 835 40, 829
1987 28,934 5,078 71,816 28,152 57,045
1992 37,079 6,175 106, 2508 37,081 75, 994
1996 40, 461 7,285 149,621 47,710 97,438

It should be noted that there were 5,486 (ADT) passengers per day in 1970

crossing the lagoon by boat.
ditional bridge pedestrian traffic.

It is expected that at least 957 of these will become ad-
The expeeted total pedestrian traffie an the new

bridge at Boulevard Saint Michel is shown in Table TV-18,
TABLE IV-16

FUTURE TRAPFTFIC AT EXISTING BRIDGE SITE

SAINT MICHEL BRIDGE ALTERNATIVE

Trucks and Pedal &
Year Cars Busscs Motor Bicveles Pedestrians [VUs
1977 9,051 1,829 17,711 10, 749 17,644
1982 13,044 2.270 25, 640 13,529 23, 296
1987 7,600 2,796 37,013 17,179 32,537
1992 22,625 3,008 50,184 21,101 41,778
1996 27,637 3, 780 64,728 25,1176 51, 381
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TABLE IV-17

FUTURE TRAFFIC AT BOULEVARD SAINT MICHEL SITE
SAINT MICHEL BRIDGE ALTERNATIVE

Year Car Trucks and Pedal & Pedostri VU
car ars Busscs Motor Bicyeles cdestrians LVUs
1977 6,143 1,332 12,042 5,095 11,818
19082 8,308 1,741 20,162 7,310 16, 832
1987 11, 244 2,281 34,803 10, 973 24,508
1992 14,454 2,871 56,074 15,979 34,215
1996 17,824 3,004 84,893 22,533 46,057
TADBIL.E IV-18
FUTURE PEDESTRIAN TRAFTIC
AT SAINT MICIHEL BRIDGE
Pedestrians
Ycear Total
From Table [V-19 I'rom Boat Traffic
1977 5,095 7,230 12,325
1982 7,310 10,373 17,683
19087 10,973 15,571 26,044
1992 15,979 22,675 38,654
1996 22,533 31,975 54,508

2.  Effect of Traffic Composition and Number of Lanes on Levels of Service

In ovder to determine the traffic capacity requirements for the new bridge, the
expeeted composition of traffic must be considered.  The composition of tralTic will
not he the same at Fath alternate locations. At the existing site, a parallel bridge
will not carry as much pedestrian traffic as will a new bridge at the Boulevard Saint
Michel site. At cach location, also, the relative perceentage ol cach category of
vehiceles will differ. Tables 1V-19 and 1V-20 show how the projected number and per-
centage of cach category of vebicles varies at cach alternate hridge site during the
study period.® In cach case, the pedal and motor bicycles constitute the largest pro-
portion of the total vehicular traffic.

6 Sce Scetion XII for the discussion of vehicle growth rate,

4-32



SANDERS &%omf\s Inc.

TABLE IV-19

COMPOSITION OF TRAFFIC AT EXISTING BRIDGE SITE
PARALLEL BRIDGE ALTERNATIVE

1977 1987 1996
Vehicle Type
ADT % ADT % ADT %
Cars 15,694 32.3 28, 934 27.3 45, 461 22.5
Trucks/Busses 3,161 6.5 5,078 4,8 7,285 3.6
Motor/Bikes 29,783 61.2 71, 816 67.9 149, 621 73.9
Total 48,638 100.0 } 105, 828 100.0 202, 367 100.0
TABLE IV-20
COMPOSITION OF TRAFFIC AT EXISTING BRIDGE SITE
SAINT MICHEL BRIDGE ALTERNATIVE
1977 1987 1996
Vehicle Type
ADT % ADT % ADT %
Cars 9, 807 33.8 13,555 29.6 21, 285 27.4
Trucks/Busses 1,859 6.4 1, 956 4,3 2,620 3.4
Motor/Bikes 17,327 59.8 30, 320 66.1 52,776 69.2
Total 28,993 100.0 45, 831 100.0 77,687 100.0

TABLE IvV-21

COMPOSITION OIF TRAFFIC AT BOULEVARD SAINT MICHEL SITE

SAINT MICHEI

. BRIDGE ALTERNATIVE

1977 1987 1996
Vehicle Type
ADT o ADT o ADT "
Cars H, 887 30.0 15,379 25.6 24,176 19.4
Trucks/Busscs 1,293 6.6 3,130 .2 4, 696 3.8
Motor/Bikes 12,456 63.4 41,496 69.2 95, 845 76.8
Total 19,6306 100.0 60, 005 100.0 124,717 100.0
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To obtain the greatest possible capacity there must be opportunity for the
faster vchicles to pass the slower ones. If two lances are provided in cach direction
instead of one, there will be an opportunity for passing, and the avecage speed of
traffic will be faster. The bicyeles will have less effect on the traffic flow because
there will be one extra lane for the bicycles to move out of the way or be passed.
However, the relative difference in speed between them and the faster vehicles will
also increasce. Thus the cffect of bieyceles on the traffic flow will be felt at lower
densities of traffic duc to the faster average speeds. The same method may be used,
for both the two- and the four-lane traffic, in determining cquivalent vehicle units.

At this point it is usecful to introducc the concept of level of service. The
Highway Capacity Manual, applicable for the traffic in USA, defines levels of ser-
vice from A to F. Although the type of traffic in Cotonou is much different from
that in the United States of America, the level of scerviee concept can still be used,

Level of Scrvice A is obtained at low traffic densitics and no problems occur.

Level of serviee B is defined as stable flow with drivers having reasonable
freedom to sclect their speed and tane of operation.

Level of service C is defined as being a stable traffic flow but with speeds or
volumes of traffic above which conflicts and delays would begin to occur.  The free-
dom to sclecet a lane, or pass a vehicle is restricted.

Level of scervice D exists when stable traffic flow is interrupted for short
periods of time and congestion begins.  The freedom to seleet a lane or pass a ve-
hicle is lost, and the traffic is forced to conform to the speed of the slowest vehicle.

Levels of service I or F exist when traific flow is interrupted with incrcas-
ing frequency and stoppages oceur with longer times of deiay.

The capacity of a multi-lane facility (such as a four-lanc bridge) gencrally
increases by a factor lavger than the number of lancs.

For a vchicle compesition which is typical in the United States the following
maximum capacitics arc usually accepted for uninterrupted flow of traffic.
TABLE TV-22
TWO AND FOUR LANE ROADWAY CAPACITIES (U.S.A.)

Number of Lancs Hourly Capacity (EVU) | Speed
Type of Facility in lkach Divcetion Per Lanc Total KpH
2-lane roadway one lane 1,000 2,000 00
4-lanc roadway twe lancs 2,000 8,000 50
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The composition of traffic crossing the Cotonou Lagoon contains a large pro-
portion of slower moving vehicles (pedal and motor bicycles) and the entire traffic
in general tends to move at speeds substantially slower than 50 kph. For this rea-
son, the following capacities are adopted at various levels of service, as can be seen

in Table IV-23.

ROADWAY CAPACITIES AND LEVELS OF SERVICE

TABLE IV-23

TWO AND FOUR LANE ROADWAYS (COTONOU-DAHOMEY)

. Number of Lancs Hourly Capacity (EVU) Levels of| Speed
Type of Facility | in gach pirection Each Lane Total Service | KPH
Two-lanc’ Less than 150 | Less than 300 A 50
road\vay one lane 150 ~ 400 300 - 800 B 32
400 - 650 800 -1300 C 20
650 - 900 1300 -1800 D 1z
900 -1250 1800 -2500 E 8
Over 1250 Over 2500 D
Four-lane Less than 200 | Less than 800 A 50
roadway two lanes 200 - GO0 800 - 2400 B 32
600 - 1000 2400 - 4000 C 20
1000 - 1400 4000 - 5600 D 12
1400 - 1800 5600 - 7200 Kk 8
Over 1800 Over 7200 I

The level of service volumes for the two lane roadway, shown in Table [V-23,

are based on actual ficld observations of the traffic at the Cotonou bridge.

Primarily,

they reflect the limitations with reepect to traffic capacity of the bridge itself, which

is only two lanes wide.

ments, could function as a four-lane roadway, if a wider bridge were available.

The approaches to the existing bridge, with some improve-

The level of service volumes for a four-lane roadway (or bridge) was deter-
mined using judement and taking into account the composition of traffic, obscrved be-

havior of the truffic, and the restrictions which exist at the bridge approaches.

In the

casc of the bridge approaches for the bhridge near Boulevard Saint Michel, there will be
less interference from the cross traffic in the immediate vieinity of the bridge and there

will be no interruptions duce to train traffic,

Also at high traffic volumes the congestion

will spread into the side streets and this condition will begin to reduce the level of ser-

vice in arcas beyond the immediate bhridge approaches.

In order to take this into account, the level of service volumes were further ad-

justed.
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maximum hourly volumes for cach level of service were reduced by a ratio of ac-
tual daily volume to the following limiting volumes:

At the existing bridge site:

With two-lane bridge - 30,000 EVUs/day (bridge governs)
Wwith four-lanc bridge - 40,000 EVUs/day (approaches govern)

At the Boulevard Saint Michel site:

With two-lane bridge - 30,000 EVUs/day (bridge governs)
With four-lanc bridge - 50,000 EVUs/day (approaches govern)

As an example, in 1985, the projected daily volume for the pavallel bridge
alternative is 50, 206 EVUs/day. For a four-lane bridge, at level of service C, the
maximum volume would be: (1 - 0,1021) x 1,000 = 3,592 EVUs,

3. Detarmination of Required Bridye Width

Consideration of levels of scrviee is uscful in determining whetl er the new
bridge under cither altermative ought to be a two- or a four-lane hridge.  Hourly traf-
fic volumes for cach alternative at two-year intervals, during the study period, are
shown in the Appendix,  From these, it is possible to deterizine the number of hours
of cach level of service that will exist in the future years, at the existing and the
proposcd bridges under cither alternative,  Tables V=24 through IV-27 show the levels
of service with cither a two- or a four-lance new bridge at Boulevard sSaint Michel, With
the parallel bridge alternative, only a two-lane new bhridge is considered, so that, in

TADLIE V=24

LEVELS OF SERVICE (1977 TO 1996) PARALLEL BRIDGIE ALTERNATIVIL
(Two-l.ane Lixisting Bridge with a Two-lLane New Bridge)

Levels of Scrvice (Hours Per Day)
Year

A B C D I I
1977 10 12 e ] 0 0
1979 Y 9 G 0 1] 0
1981 9 ) 11 0 0 0
19893 8 D 11 0 0 0
198h 8 4 6 6 0 0
1987 7 4 2 ] 2 0
1989 7 3 2 ] 9 0
1991 7 2 3 1 ) 6
1093 G 2 2 2 ] 11
1996 H 2 1 ] 1 14
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combination with the existing two-~lance bridge, a four-lanc crossing is provided., It
was cxplained carlicr that the approaches at the existing bridge site could not funetion
as movre than four lanes. It would, thercefore, be of no benefit to provide more than a
total of four lanes on the two bridges under the parallel hridge alteirmative,

It can be scen from Table V=24 that in 14989 there will he more than nine hours
of level of serviee I, This indicales that in 1989 the parallel bridge alternative witl
beeome inadequate to serve the traffic across the lagoon,

n Tables V=25 and V=26, levels of service are shown for the new bridge at
Boulevard saint Michel,  Table I'V-25 shows that with a two-lane bridge there would
be raore than nine hours of level of service I in 1985,

TABLIL V=25

LEVELS OF SERVICE (1977 TO 1996) SAINT MICHEL BRIDGE ALTERNATIVE
(Two-t.une Dridge at Boulevard Saint Michel

Levels of Serviee (ITours Per Day)

Year

A Y ¢ n ki I
1977 it 6 i 0 0 \
197H 9 6 9 0 0 0
1981 S D 10 1 0 0
1183 S 4 4 7 1 0
1985 7 3 2 1 11 0
1987 7 3 2 1 8 ]
1980 7 2 2 1 2 10
1991 7 2 2 1 2 10
1999 5 2 1 1 1 141
14996 ! 2 1 1 1 15

TABLIL V=26

LEVELS OF SERVICE (1977 TO 1996y SAINT MICHEL BRIDGE AL TIERNATIVE
(IFour-Lance Dridge at Boulevard Saint Alichely

Levels of Service (Hours Per Day)

Yoar T

AY b ¢ D I I
1977 17 n 0 0 0 0
1O7TH 1o 11 0 0 0 0
105] 12 12 0 0] ] 0
] OSN3 12 12 0 {) ) 0
1985 10 14 0 ] 0 )
107 9 11 q ] 0 0
1439 9 5 10 0 0 0
1991 = 0 I 0 () ()
194935 8 | I ] () ()
1906 S il 2 Kt 0 0
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Table IV-26 shows that with a four-lane bridge extremely high levels of service are
obtained and that the traffic conditions never fall below level D,

The levels of service at the existing bridge, functioning together with a four-
lane bridge at Boulevard Saint Michel, are shown in Table 1V-27.

TABLL IV-27

LEVELS OF SERVICE (1977 TO 1996y SAINT MICHEL BRIDGE ALTERNATIVE
EXISTING BRIDGE (Two Lances)

Levels of Service (Ilours Per Day)

Ycar i

A B C D ) F
1977 8 4 7 5 0 0
1979 8 4 4 8 0 0
1981 8 4 1 11 2 0
1983 8 4 1 9 2 0
1985 7 4 2 9 2 0
1987 7 3 2 7 5 0
1989 7 3 2 2 10 0
1991 7 3 2 1 9 2
1993 7 2 3 0 6 6
1996 7 1 2 2 1 11

Thus, it can be seen that in 1989 the four-lane bridge at Boulevard Saint
Michel still maintains level of service C while the existing two-lanc bridge has just
rcached the condition of exeessive hours of lLevel I,

After 1989, more traffic will shift to Saint Michel bridge. 7 1f we assume
that sufficient traffic is removed from the existing bridge to obtain nine hours of
level of Service I in 1996, the levels of service shown in Table TV-28 will exist at
the two bridges.

Table IV-28 shows that in 1996 both bridges will become inadequate and that
at that time, a third bridge across the Cotonou Lagoon will become necessary.

7 None of the additional diverted traffic is considered in the cconomic analysis on
the assimiption that the benefits obtained would be equal to wdditional cost duc to
longer travel,
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TABLE IV-28

1996 LEVELS OF SERVICLE SAINT MICHEL BRIDGE ALTERNATIVE
(Maximum Traffic Diversion to Saint Michel Bridge)

Levels of Serviee (Hours Per Day)

Year

A B C D I r

Existing 7 3 2 3 9 0
Bridgce

o
o
2]
w
<

Saint Michel 6
Bridge

In view of vestricted approach conditions at the existing bridge site, it is not
possible to obtain there, a six-lane vehicular crossing of the lagoon. A four-lane
crossing would become inadequate in 1988, With a four-lanc bridge at Boulevard
Saint Michel and the existing two-lane hridee a six-lane crossing is feasible and
appears adequate up to 1996, Acceptable levels ol scerviee will be obtained only if
sufficient diversion takes plice.  The use of Saint Michel bridge by traffic that
normally would prefer to use the existing bridge should be greatly facilitated when
the proposced West Bank Roulevard is completed,
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SECTION V
SUBSOIL EXPLORATION

A. OBJECTIVES
1.  Foundation Considerations for the Proposed Dam

The objective of the prelimmary subsoil exploration program at the site of the
proposcd dam was to determine the type and natuve of the subsoils and their effect on
the design and construction requirements.  Sinee occeurrence ol compressible soils
would result in construction problems and increasced cost for the dam, it was neces-
sary to include in the prelimmar subsorl mvestigation, at least one test boring, lab-

oratory testing and engince g analvsis,
2. Foundation Constderations for the Proposed Bridge

The prelimina: fonndation investztion program at the site of the proposced
bridge was undertaken to determine the teasibility of piles as a substructure., Addi-
tional costs in the hridec fomndation wonld b imeurred and expensive settlement would
resu’ il the sand steata overiaving the compressable soils were found to be loose. In
this casc, cither stabilizine the foundation or adopting another type of substructure
would be vequired.  The prelimmary subsoil investigation included field testing and

engincering analy s of cocent and proevious data.
B. FIELD INVESTIGATIONS

1. Corc Boring Work by SASIF Near the Site of the Dam
a. Generald

One hor e woas made by the Socicte Afrvicaine de Sondages Injeetions Forages of
Abidjan, Ivory Conet (SASHY near the location of the proposced diam (Seo Figure H-1),
Locating the bhoroig ot the exaet Toeation of the dam would have required the construcetion
of a plattorm in approzimately three meters o water. bue to tida! aetion and water
velocity, this would have heen too difficult amd espensive.,

The horing worl was nevde with o deill vig caquipped to malie the standard pene-
tration test as it propressed into the subsoil. The total depth of the boring, its com-
pletion, was 20 meters, The work ool seven dave and was completed on August 7,
1971, 1t ineluded contimuous sampling (disturbed typey, six standard penctration tests,

and two undistorboed samples,

1
i
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b. Standard Penctration Tests

The standard penetration test consisted of advancing a sampling spoon into the

soil by means of 2 hammer and recording the number of blows required to advance

the sampler one foot (30 em).  The sampler is first advanced 6 inches (15 ¢m), and

then the number of blows, N, counted during the advancement ol the next 12 inches

(30 emy is recorded. The hammev weighs 140 pounds (63.5 Kkg) and Talls 30 inches

(76.0 em). The sampler has an extevior diameter of 1-7/8 inches (52,2 mm). Its interior
diameteris 1-3.S inches (37,5 mm) which is also the diameter of the soil sample obtained.
Six standard penctration tests were made as follows:

SPT No. 1 From 5.00 m to 5.45 m N = 2
SPT No. 2 From 3,00 m to S.45 m N = 67
SPT No. 3 From 11,00 m to 11.45 m N = 41
SPT No. I'rom 11,00 to 14.456 m N = 25
SPT No. 5 From 17.00 to 17.45 m N = 8§
SPT No. 6 T'rom 19,00 to 19,45 m N = 2

2. Penctration Tests by LNBTP at the Bridge Site Near Boulevard Saint Michel

Five dvnamic penetrometer tests have been made by the Laboratoire Nationai du
Batiment ¢t des Travaux Publies of Cotonou, Dahomey (LNBTP) near the location of
the proposcd new bridge at Boulevard Saint Michel.  One additional dynamic penetro-
meter test was made near the point of the SASIE core boving.  The location, depth, and
results of the pencetrometer tests are shown in IMigures 5-2 through 5-9,

The cquipment used was a heavy dynamic pencetrometer of the BORRO type. The
test consisted of pushing into the subsoil a cevlindrie shaft having an avea of 10 squarce
centimeters and having a coniceal point ac the bottonmy with an avea ol 15,2 square centi-
meters.  The conieal point was abandoned at the bottom of the test hole when the shaft
was retracted.  The shaft was advanced by means of & hammer weighing 70 kg and
falling 50 ¢m. The vesistance to penetration was caleulated as follows:

Iy, = — M2
Ac (M+D)
where:
Ilp = vpesistance to penetration, expressed in bars (kg/cmz)
M = wecight of the hammer in kg
II = hcight of drop in cm
P = weieht of the shaft in kg
A = arca of the shaft in cm>
¢ = unit penetration of the shalt (per blow of the hammer) in em

[ ]
i
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The tests show refusal when the penetration resistance exceeds 300 kg/cm2. In
general, the penctrometer tests show that a resistance of 20 kg/cm?2 is encountered
near the surface at the lagoon banks and at a depth of 3 meters in the middle of the la-
goon. Below these depths the resistance increases up to refusal which is obtained at
3.5 meters depth at the banks and at 5.5 meters depth in the middle of the lagoon.

Also available were data from previous test borings and field pressure meter
tests made by Burcau Central Equipments Outre-Mer (BCEOM) near the same location
of the LNBTP tests.

C. LABORATORY TESTING

1.  Subsoil Samples Obtained Near the Site of the Dam

The disturbed and undisturbed samples obtained by SASIF, have been tested by
LNBTP which has also supervised the work of SASIF.

The laboratory testing included the following:
a. TFor the disturbed samples:
Sieve and Hydrometer Analysis
Sand Content
Relative Density
Shear Test (Remolded Sample)
b. For the undisturbed samples:
Specific Gravity
Sieve and Hydrometer Analysis
Atterberg Limits
Shear Tests

Consolidation Tes

The results are shown in Figures 5~10 through 5-20,

5-12
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D. SUBSURFACE CONDITIONS
1. At the Site of the Proposed Dam

The subsoils, as encountered in the test borings by SASIF generally consist of
four strata:

Stratum Depth in Meters Description and Condition

yellow and grey sand and silty sand with

A 0 to 7 shell debris - loose
black sand and silty sand with small gravel
B 7 to 16 and occasional shell debris - dense to very
dense
, black silt and clay with slight trace of fine
C 6 to 20 sand - very soft to soft
D 20 to 25 black clay with organic matter - soft

Stratum A consists of fine sea-bottom sand with about 98% finer than 2 mm and
virtually no silt. The angle of internal friction as determined from a remolded shear
test was 39° with no cohesion.

Stratum B consists of black sand 62% to 96% finer than 2 mm with up to 11%
silt. The angle of internal friction was about 40° with little cohesion.

Stratum C consists of loose black silt with 67% to 89% passing the #200 sieve.
The Atterberg limits indicate that this soil is predominantly clay. Undisturbed shear
tests indicate an angle of internal friction between 10 and 14°, with a cohesion of 0.3%
to 0.4 g/cms3.

Consolidation tests show that Stratum C has a compressibility index which
varies from 63% with a preconsolidation pressure of 1.6 kg/em2 to 107% with a pre-
consolidation pressure of 2.2 kg/em2,

Stratum D consists of black highly plastic clay with organic contents varying
from 15% to 25%.

2. At the Site of the Proposed Bridge Near Boulevard Saint Michel

The soil profile, as determined from previous and recent data, consists of
two strata:
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Stratum Depth in Meters Description and Condition
— 0to3 Water
A 3to 13 Sand - Dense to very dense with the upper

two meters and lower one meter somewhat
less dense and mixed with silt

B 13 to 20-30 Clay and silt - medium dense

Based on the laboratory testing by LNBTP and previous data from BCEOM :
following soil parameters were assumed for use in preliminary foundation analysis:

Stratum Submerged Weight Cohesion Friction Angle
A 0.83 (g/cm3) 0.02 (t/m2) 33°
B 0.63 (g/cm3) 4.70 (t/m2) 14°

E. PRELIMINARY RECOMMENDATIONS FOR FOUNDATION DESIGN AND
CONSTRUCTION

The foundation conditions were analyzed based on both the previous and new
lahoratory test data. The probable load-carrying capacity for piles and expected
amounts of settlement have been evaluated in a conservative manner.

1.  Proposed Dam

Settlement of the clay stratum under the dam will be substantial. A total settle-
ment of 307 to 50 centimeters may be expected over a relatively long period of years.
Half of the maximum scttlement will probably occur within the first four years. In
order to accclerate the time in which the consolidation of the compressible strata occurs,
the dam foundation should be preloaded, if at all possible.

Prior to final design, additional investigations in the area of the dam should be
made to determine the extent to which the soil substrata vary and to more accurately
establish the compressibility characteristics of the underlying clay.

2. Proposed Bridge

Pile foundation bearing on the dense sand is feasible. The following formula was
used for the determination of preliminary point bearing capacity for precast concrete

I' Contained in BCEOM reports entitled Etude du Debouche Lagunaire de Cotonou (1963)
and Ouvrage de Regularisation et de Franchissenent du Debouche Lagunaire de
Cotonou (1968).
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piles (with soil cohesion assumed equal to zero):
Quit= 7R2 (3DNg + 0.68RNg) + 2wRh8(D - h/2) tan ¢
where:

Qult is the ultimate bearing capacity of a single pile

R is the radius of the pile tip

D is the penetration of pile, from ground surface to pile tip

F is the submerged unit weight of soil

Ng,» Ng are the bearing capacity factors (both assumed = 30)

h is the depth of penctration of pile tip in the dense granular coil
¢ is the angle of internal friction of the supporting soil

It was calculated that a capacity of 25 to 50 tons per pile can be obtained
with total pile embedment of 5 to 8 meters with a pile having a 24-inch diameter
using a factor of safety of three. Piles should be kept as high above the clay stratum
in order to minimize the scttlement. The calculations ? indicate that settlement
should not exceed 3 centimeters under the anticipated loads. As piles are driven into
the sand, local densification will occur increasing the bearing capacity of the soil
under and adjacent to the driven pile.

Additional subsoil investigations at the bridge site should be made prior to
final design to more accurately determine the profile of the subsoil and its strength
and consolidation characteristics. Foundation investigation work should also include
pile load tests and static cone penctrometer tests.

2 Based on soil cxploration and laboratory testing data contained in the BECOM reports
of 1963 and 1968.
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SECTION VI

HYDRAULIC STUDIES

A.  OBJECTIVES
1. Prevention of Erosion in the Cotonou Lagoon

The erosion of the Cotonou Lagoon began in 1959 after the completion of the
construction of the new deep-sea port. During the last ten years coasiderable damage
has resulted to the lagoon banks and to the pile foundation of the existing bridge. Al-
though the rate of crosion scems to have slowed down in some areas of the lagoon dur-
ing the last few years, there is no guarantee that the erosion will stop altogether in the
future.

In order to prevent the eventual eollapse of the existing bridge and future under-
mining of the lagoon banks and the new bridge, a dam has been proposed to be con-
structed at the mouth of the lagoon near the ocean. A dam provides an cffective erosion
protection by reducing the veloceity of flow in the lagoon. A dam also helps to reduce
the salinity of Lake Nokoue.

2.  Reduction of Salinity in Lake Nokoue

The change of salinity in Lake Nokoue began after the Cotonou Lagoon hecame
permanently open to the sea in 1959, It was noted that the salinity cycles changed and
that certain parts of Lake Nokouc continued to have high salinity for longer periods
than before. This change has helped to invite the invasion of the terredos into the lake
with the conscquent destruction of the akadja fish traps and reduction of the lake fishing
harvest.

In order to be able to evaluate the potential usefulness of the proposed dam with
respect to salinity reduction, it was necessary first to evaluate and understand how the
salinity changes had occurred in the lake. It was only then that the contribution of the
proposced dam towards salinity reduction could properly be assessed.  The proposed
dam achieves the reduction of salinity by eliminating a substantial amount of the tidal
sca water inflow into the lagoon. The maximum amount of the tidal inflow that the dam
can block, howcever, is limited by other important requirements,

3. Maximum Allowable Flood Levels and Silting in the Cotonou Lagoon

In the past, when the Cotonou Lagoon was completely closed by a sand bar, the
level of Lake Nokouce would rise during the flood peaks of the Oueme River and the City
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of Cotonou would become flooded. Since the dam will permanently obstruct the lagoon,
one important requirement for the design of the dam is that its weir should have suf-
ficient size to allow the flood waters to escape to the sea. Another important requive-
ment for the weir of the dam is that the levels of the flood backwater must remain suf-
ficiently low so that the City of Cotonou does not become flooded.  Both of these goals
could casily be achieved by constructing a low weir.  This, however, would have heen
in direet opposition to the goal of maximum reduction of salinity, which requires that
the weir be constructed at a level high enough to block the inflow of most il not all of
the tidal waters. Thus, the problem was to determine the highest possible level for
the weir which, at the same time, satisfics the flood and backwater requirements.

Another aspecet that needs cousideration is the potential problem of silting in
the Cotonou Lagoon. The proposcd dam will effectively prevent crosion in the lagoon
by reducing the flow veloeitics. Reduced velocities, however, may causce the silting
of the lagoon channcl.

B. PREVIOUS AVAILABLE STUDIES AND STATISTICAL DATA
1. Monography of the Oueme River Delta '

This publication contains a collcction of hydrologic and hydrographic data rela-
tive to the Ouceme River delta.  The data were collected and organized by the Office de
la Recherche Scientifique et Technigue OQutre-Mer (ORSTOM).

From this sourcc, data were obtained on the following:

a.  Maximum recorded flood levels in the Porto-Novo Lagoon and Lake Nokoue.

h.  Comparative levels of Lake Nokoue, the Atlantic Ocean and Porto-Novo
Lagoon during the periods ol opening or closing of the Cotonou Lagoon during the years
1952 to 1953,

¢. Other usclul information relative to the flood records in the Oueme delta.
2. Hydrographic Surveys by BCEOM

These surveys were performed by Burcau Central d'Etudes pour les Equipments
d'Outre-~Mer (BCEOM) and the results were included in their reports of 19637 and 1966 °.

The hydrographic surveys provided information relative to channel cross scetions,

P ORSTONM, Monographic du Delta de 1'Ouceme, Edition Provisoire, 19641,
2 BCEOM, Etude du Debouche Lagunaive de Cotonou, 1963.

' BCEOM, Ouvrage de Regularisation de Franchisement du Debouche Lagunairve de
Cotonou, 1968.
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topography, flow velocities and tidal records for the Cotonou Lagoon as well as salinity
records for Lake Nokoue.

3. Tidal Records

Tidal records provided by the BCEOM reports contained daily tidal data for the
periods of July 1, 1962 to March 31, 1963 and March 1, 1966 to November 30, 1966.
The records show the tidal amplitudes at two locations in the lagoon: Cotonou bridge and
Agbato.  I'rom these records, it was possible to determine the average varviation of the
levels of mean tide as well as the variation of the tidal amplitudes at cach location. This
information was usctul in the determination of the probable reduction of the tidal inflow
after the construcetion of the proposed dam.

4.  Salinity Records

The salinity records were also obtained from the BCEOM reports. The records
provided salinity measurements at the selected stations in Lake Nokoue and Porto-Novo
Lagoon. The records include the periods of January, 1957 to December, 1959 and Jan-
uary, 1964 to July, 1966, The records for the years 1957 to 1959 were particularly
valuable heeause they made possible the comparison of the salinity with the volume of
flow of the Oueme River during the time when the Cotonou Lagoon changed from being
open to being elosed,

5. Mathematical Model Studies by SOGREAH

The hydraulie laboratory SOGREAII of Grenoble has performed very detailed
mathematical model studies of the system consisting of Lake Nokoue and the Cotonou
Porto~-Novo Lagoons. The mathematical mode! was established by using basic hydraulic
principles and by deviving certain cocfficients in the mathematieal formulas by con-
formance to known ficld measurements in the actual conditions.  Thus, the adjusted
mathematical formulas of the model allowed the investigation of many diverse conditions
of channel flow, tidal amplitudes, cte., and the ealculation of the expected consequences
from the proposed construction of a dam in the lagoon.

The results of the SOGREAT studices have been very helpful in the hyvdraulie
studics of Sanders & Thomas, Inc, Although the dam proposced by Sanders & Thomas,
Inc. differed considerably from the one proposced by BCEOM, it was nevertheless possi-
ble to use the SOGREAIL results, By appropriate substitution of the calculated flow
characteristics for the type of dam proposed by Sanders & Thomas, Inc., onc could re-
late to the rest of the model which remained unchanged.
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C. HYDROGRAPHIC SURVEY BY SANDERS & THOMAS, INC.
1. Objectives

The objectives of the hydrographic surveys by Sanders & Thomas, Inc. were
intentionally modest. One could not hope, in the short time available, to improve upon
the rather exhaustive data already obtained in the previous studies. ‘The extent of the
survey was thercelore limited to investigating a few key items to determine the latest
and most up-to-date conditions in the Cotonou lLagoon. The items that were deemed
important to checek included channel eross scetions at the proposed bridge locations,
channel soundings to determine the best loeation for the dam near the mouth of the la-
goon, and current veloeity measurements at sclected points in the lagoon. The cross
scetion data were useful to establish more preecise dimensions for the caleulation of
construction costs of the bridge and the dam. At the same time, they provided an indi-
cation of whether or not there were any changes in the rate of crosion of the lagoon
channel.  The flow veloeity measurements helped to provide another indication of the
futurc crosion risk. The location of the channel cross secetions that were surveyed by
Sanders and Thomas, Inc. is shown in Figure 6-1.

2. Channel Soundings at the Existing Bridge

Channcl soundings at the existing bridge were performed to determine whether
there was any further undermining of its foundations since the last measurements were
made by BCIOM in March of 1970.

The measurements of channel depth were made using a graduated rope with a
weight attached to it. The sounding work was done during approximately o two-hour
period at the time when the tides were changing, and the velocity of flow was relatively
low. The results of these soundings show that the erosion under the existing bridge is
still progressing, although at a slower rate than in the years past, (Sce Figures 6-2
and 7-1).

3. Channel Soundings Near the Lagoon Mouth

In order to determine the most advantageous location for the proposed dam, two
cross scetions were taken near the mouth of the lagoon. The scections were obtained
using a boat cquipped with sonar. The apparatus was EIAC-Electroaccoustic GBH of
West German manufacture. It was powcered by four 6-volt hatterics. The boat, the
crew, and the sonar cquipment was provided by the Service de Hllydrauligue of Cotonou.

Whilc the sonar work was in progress, two survey teams ol the Scervice Topo-

graphique, Cotonou, were triangulating the boat position. The plotled ceross scetions
arc shown in Figurcs 6-3 and 6-4.

1



NOUVELLE ROUTE INTERNATIONALE
NEW INTERNATIOMAL ROUTE

NOUVEAU PONT
NEW BRIDGE

‘AYE UE D

PORTO NOVO

LEGENDE

PONT ACTUEL LEGEND

EXISTING BRIDGE

COTONOU

EMPLACEMENTS DES
@ PROFILS HYDROGRAPHIQUES

LOCATION OF
HYDROGRAPHIC SECTIONS

ROUTE INTERNATIONALE ACTUELLE
EXISTING INTERNATIONAL ROUTE

PORT OCEAN ATLANTIQUE

ATLANTIC OCEAN

-9 *oI4

'Z)Nl SVNOH&'}‘? SdEIGNVS



9-9

"9 "o1d

NIVEAU EN METRES
ELEVATION IN METRES

BERGE OUEST BERGE EST
WEST BANK EAST BANK
.0 \ ,
\ /
-1 A [
!
i I 4
’I
3 7
‘l
-4 &
o A
Ve o +’
~
.5
5
7
0 50 100 150 200 250 300 350

PROFIL 1

SECTION 1

PROFIL 2
SECTION 2

DISTANCES EN METRES
DISTANCES IN METERS

PROFILS EN TRAVERS NO. 1 ET 2
CROSS SECTIONS NO, 1 AND 2

'DN] S\’NOHE)N’ Sd1d NVS



EPI BANC DE SABLE

L-9

€9 "o1d

NIVEAU EN METRES
ELEVATION IN METERS

JETTY BERGE OUEST SAND BAR BAey o et
WEST BANK ! ;
1 LN
0 ¥ \ L LY LY A
L - . -t
-1 ’ < N =
| A’.~--.' N‘h Lo
-Z ; . v il T
i l' /
-4 1 4—f
1 4
3 . /
. . /
i F/
i
-7 :
-8 :
-9 1
I
-10
i
-1 —f
v N
-12 1 /,-
1fe
-13
-14
0 50 100 150 200 250 300 350 400 450 500 550

e 1970

smmmma 1966

DISTANCES EN METRES
DISTANCES IN METERS

PROFIL A TRAVERS NO. 4
CROSS SECTION NO. 4

'DNI SVNOH(S? Sdid NVS



8-9

-9 *9Id

N!VEAU EN METRES
ELEVATION METERS

BERGE OQOUEST BERGE EST
WEST BANK ps EAST BANK
. s /

‘~ 1/
! - v 2
| ~ S
\ ‘ LYt Ty & F/
\ S~ e
\ N p. ke LT )
\ pd
50 100 150 200 250 300 350 400 450 500 550

comunes v mmmm 1966

T I T T T LY mbi¥

DISTANCES EN METRES
DISTANCES IN METERS

PROFIL A TRAVERS NO. 3
CROSS SECTION NQ. 3

'f)Nl SVNO%’? Sd'j(INVS



SANDERS &(?uoms Inc.

4.  Channel Soundings at the Boulevard Saint Michel Site

At this site, the soundings were made by using the graduated rope. Here it was
also necessary to use a boat and two survey teams to triangulate the position of the
soundings as they were made. The results of the soundings by graduated rope were
later checked with sonar cquipment.

The cross scetion of the channel at the Boulevard Saint Michel site was com-
pared to the cross scctious obtained at the same location by BCEOM in 1963 and 1966
(Sce Figure 6-5). At this location, it is cvident that the crosion is continuing and that
its rate does not seem to be subsiding.

5.  Flow Velocity Measurements

The flow velocity measurements have been made at the location of the proposed
bridge ncar Boulevard Saint Michel and near the existing bridge.

All velocity measurements were made using an inflatable rubber boat equipped
with an OTT meter. The boat, its crew, and the OTT meter were provided by the
Cotonou Office of ORSTOM,

At the Boulevard Saint Michel site, velocity and depth measurements were made
at intervals across the lagoon. The location of each measurement was established by
means of a tagged cable stretched from one bank of the lagoon to the other. Thus, it
was possible to determine the eross section of the channel as well as the flow velocities
and the volume of flow. The calculated volume of [low was 800 cubic metlers per scceond.
The veloeity readings were averaged over the depth in which they were measured.
Higher average velocities were [ound in the more shallow depths. The highest average
veloeity was 0. 76 meters per scecond (See Figure 6-G).

The velocity measurement at the existing bridge was made at only one point,
The flow velocity variation was measured through a depth of 4. 73 meters.  The muxi-
mum veloeity of 1.25 meters per second was recorded at the surface. At the hottom
the velocity reduced to 0,45 meters per second (Sce Figure 6-7). This is comparable
to the average flow velocities found at the Boulevard Saint Michel site.  All ol these
velocity measurements indicate that the crosion of the lagoon channel is continuing.

The veloeity measurements at both sites were made approximately one hour
helore or after the low tide. The velocities therelore were close lo the maximum ones
that exist at low tide. Towever, it is probable that during a peak flood the flow velo-
cities in the lagoon would be cven greater.

i Office de la Recherche Scientifique et Technique Outre-Mer
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D. ESTUARIAL CHARACTERISTICS OF THE COTONOU LAGOON

1. Physical and Hydraulic Characteristics

The Cotonou Lagoon is approximately 4 kilometers long and, on the average,
300 to 350 meters wide. It connects Lake Nokoue to the Atlantic Ocean and forms part
of a system of lagoons through which the Oueme and So Rivers flow to the ocean. The
Oueme River, the largest onc in Dahomey, reaches the Atlantic Ocean through two
channels. The first channel, known as the lagoon of Porto-Novo, is the longest one and
extends for approximately 100 kilometers eastward to Lagos, Nigeria. The second
channel, extends westward for approximately 20 kilometers and consists of two portions.
The first portion is Lake Nokoue itself, and the second portion is the Cotonou Lagoon
(See Figure 6-8). The So River flows southward, first through Lake Nokoue and then
through the Cotonou Lagoon. Oueme and So, although being two separate rivers, share
a common flood plain. During the flood season, they overflow their channcls and sub-
merge a huge area which at times is larger than Lake Nokoue itself.

In the past, prior to the construction of the Port of Cotonou, the Cotonou Lagoon
was periodically closed by the action of the littoral drift which would create a sand bar
and completely block the lagoon. During a flood, with the Cotonou Lagoon closed, all
of the flow passed through the Porto-Novo Lagoon. As the Lake Nokoue level rose and
the flood force increased, the sand bar would burst open and the Cotonou Lagoon would
share part of the total flood flow. After the construction of the Port of Cotonou the
lagoon became permanently open. As the crosion began to deepen the lagoon channel,
the Cotonou Lagoon's share of the total flood flow increased. Thus, the hydraulic re-
gime of the area changed. The effects of this change are discussed in the subsections
that follow.

2. The Tidal Effects in the Lagoon

The deepening of the lagoon channel resulted in increased tidal inflow. The
cvidence of this is shown through the increased amplitude of the tides in various reaches
of the Cotonou Lagoon. The measurements performed in 1963 by BCEOM show that the
tidal amplitude in the lagoon has increased almost four times as compared to the ampli-
tude that was measured in the years prior to the permanent opening of the lagoon. 5
The tidal amplitude is directly related to the volume of tidal inflow and is therefore also
related to salinity.

In the past, when the lagoon was open, its mouth was relatively small. It never
had a chance to increase to a large size because the action of the littoral drift would
soon close it completely. Consequently, the effects of tidal amplitude in the lagoon were
rather small. After 1959, when the port jetty deflected the action of the littoral drift,

> SOGREAI. Grenoble, Etude Theorique Preliminaire du Regime Hydraulique de Chenal de
Cotonou ct du Lac Nokoue. (1963)
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the lagoon mouth beeame permanently open.  In the following years, as the opening con-
tinued to increase in size due to erosion, the tidal effects in the lagoon also increased.

The increased tidal inflow has brought with it increased perieds of salinity in
Lake Nokoue, The tidal inflow has also had a profound cffect on the channel crosion.
This is evidencedby considerably increased depths of the channel near the lagoon mouth.

The erosion and the salinity penetration due to tidal inflow can best he understood
by considering the action of density currents in a typical estuary.

3.  Density Currents

Density currents are causced when waters with differing densities begin to mix.
This occurs in estuaries where sea water and fresh water mix during high and low tides.
At high tide the sca pencetrates into the estuary due to a difference in both the statie and
veloeity pressures.  As the sca water progressces into the estuary, the difference in
pressure and density causes circulatory motion in the vertical sense.  The sea water has
highcr density and tends to drop to the bottom of the chanuel,  Thus, a salinity wedge is
formed.  As the sea water continues to move into the fresh water revion, the difference
in pressures and density diminishes gradually,  Lventually a point of cquilibrium is
rcached.  This point is defined as the "nul" point.  During the low tide the reverse process
takes place, and the salinity wedge retreats towards the sea.

The distance of sca waler penetration depends on many factors. The most im-
portant ones arce (a) the average difference between the fresh water level and that of the
high tide, and (h) the width and depth of the mouth of the estuary.

In the Cotonou Lagoon, two situations exist presently, cach developing different
density currents and having different nul points:

a. Low Tide - {sca water level is lower than the lagoon levely:

In this casc the main flow is towards the sca. The [resh water is on top and little
conflict exists in arcas of tidal mixing. Therelore, circulatory flow is slight. The salt
water edge is retreating towards the sca with the help of low tide and the pressure from
the increasing [low of fresh water towards the sea,

b, Iligh Tide - (sea water level is higher than the lagoon levely:

In this case the sca water initially is at the top, but duc to its greater density
slowly moves towards the bottom.  Thus, a salt water wedge begins to form and pro-
gresses towards [Lake Nokoue, The greatest amount of eirculatory motion occurs at the
mouth of the lagoon where the largest difference in pressures exists. It is here, there-
fore, that most of the crosion is produced.

.

O BCEOM. Rapport (1966) - Ouvrage de Regularisation et de Franchissemoent du
Dchouche Lagunaire de Cotonou, Anncxe 1, Lever [Iydrographique du Debouche on Mer,
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Prior to 1959, the nul point of the density current was probably somewhere near
the middle of Lake Nokoue. It was only duving the dry scason when the flow of the Oueme
and So rivers was rather low, that the salinity wedge probably penetrated as far as the
Porto-Novo Lagoon. Today, however, the tidal inflow is much lavger. vhe nul point
therefore must be mueh farther in the lake. The salinity levels also tend to be higher
in most arcas of the lake and remain high for longer peviods of time.

4.  Effect of the Proposed Dam on Tidal Inflow and Density Currents

‘T'he proposcd dam should greatly reduce the tidal flow in the lagoon.  The top of
the dam weir will be at an clevation slightly above that of the normal lagoon waters. Thus. a
large outflow to the sca will occur only during the lood scason when the lagoon level
will exceed that of the weir,  The tidal inllow will oceur only during the high tides and
then onlyv during the time that the celevation of tide exececeds that of the weir,

Due to the variation of tidal amplitudes during the year, the total amount ol sea
water penetrating the lagoon will vary and will depend on the fength ol time that the
high tide remains above the top of the weir.  The volume of tidal inflow after the con-
struction of the dam is discussed in more detail in subscetion k.

Sincee the dam will cut off a great proportion of the tidal inflow, it is logical to
expect that the salinity wedge will vemain in the lagoon and that it will never penetrate
heyond Agbato.

The circulatory movement on the upstream side of the dam (morth side) will be
slicht and no crosion is expeeted to vesult there,  On the downstream side, however,
during the flood scason, sizable energics are expeeted to be generated at low tide.  For
this reason it is recommended that protective measures be taken to dissipate the energy
of the water flowimg over the weir in order to prevent the undermining of the dam.

E. HYDRAULIC REGIME OF LAKE NOKOUE
1. Maximum Lake Levels During Flood Season

Belore the permanent opening of the Cotonou Lagoon, the highest level in Lake
Nokoue (recorded during the flood of October, 1952) was 2,20 meters (Hyvdraulic Zero
Datum) . After the opening, the highest level (vecorded during the flood ol Septeimber,
1968) was 1. 93 meters.  Besides the elevation of the lake during the floods, it would
have been very uscful to know the combined total volume of Tlow of the rivers Ouceme and
So, which fTow through the luke.  However, due to the fact that these rivers overflow
their channels in the flood stage and form @ huge flood delta, it was impossible to malke
any kind of ficld measurements of flow during a flood.  ‘The best available records made

" ydreaulic Zero Datum is defined as the Jowest elevation attained by the Towest tide
evor registered by the sea gauge located at the old wharf ol Cotonou,

6H-16
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at various measuring stations along the Oueme and the Soindicate that the total combined
flow should not cxeced 1500 cubie meters per scecond.

One fact that has been well determined, however, is that conditions in the mouth
of the Cotonou Lagoon have a strong influence on the lake level.  \When the lagoon was
closed, in the vears prior to 1959, the lake level would vise very high and all the flow
would be forced through the Porto-Novo Lagoon. When the Cotonou Lagoon beeame
permanently opened, the flow was shaved by both lagoons and conscquently the lake level
was lower,

With the proposed dam, the level of Lake Nokoue during the flood scason will be
somewhat higher than under present conditions.  The weir of the proposed dam, there-
fore, will need to he designed in such @ way as not to ereate an excessively high lake
level and, as a vesult, flood the City of Cotonou,

2. Effect of Closure of the Cotonou Lagoon on Lake Nokoue and Porto Novo Lagoons

The Ouceme and So vivers discharge their waters into Lake Nokoue during the
[lood scason, and the lake behaves as a vreservoivr which continues to fill and rise in
level until the flow into the Like begins to be execeded by the flow out through the lagoons
of Porto-Novo and Cotonou. When the Cotonou Lagoon was closed, the level of the lake
would risce much higher than when it was open.  With both lagoons open, the flow into the
lake was exceeded much sooner by the flow out because there were two lagoons available
for the flood to escape to the ocean,

ORSTOM has measured the sea and lake levels during 1952 and has related them
by means of a graph. The ORSTOM graph, veplotted on the Ivdraulie Zero Datum, is
shown in Figurce 6-9. The graph shows the lollowing:

a.  With Cotonou lLagoon closed (October 25, 1952): The highest level is at the

3

Cotonou hridge. The level at the Porto-Novo Lagoon is lower, but quite high,

h.  With Cotonou Lagoon open (October 30, 1952 - only live days later): The
levels of hoth the Cotonou and Porto-Novo Lagoons is almost the same, but both are
lower than in ().

In easce (m the level of Lake Nokoue was probably slightly lower than that at the
Cotonou hridge. In case (b) the level of the lake was probably slightly higher than that
in both lagoons.

3. Flow Relationship Between the Cotonou and Porto-Novo Lagoons

The manner inwhich the two lagoons shave the total flow of the Oueme and So Rivers has
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been determined by field measurements and their relationship has heen caleulated and shown
in a graphical form by SOGREAH in their report. ® This graph has been modified in this
report by the addition of the flow conditions that will exist when the dam proposed by
Sanders and Thomas, Inc. is constructed (Sce Figure 6-10). Curves have been ealeu-
lated for different clevations of the dam weir to determine the maximum backwater levels
in the Cotonou Lagoon and also the resulting maximum levels ol Lake Nokoue., Thus, for
example, from Figure 6-10 it is seen that for a maximum expeeted discharge ol 1500
cubic meters per second approximately 575 m3/s will [low through the Cotonou Lagoon,
925 m3/s will [low through the Porto-Novo Lagoon and the clevation of Lake Nokoue will

be +1.97 meters.

It is generally considered that the level of 42,00 meters is the highest aceeptable
level before the city ol Cotonou hegins to be flooded.  Most of the presently settled arcas
of the city arce above that level. However, in the northern scetions near Liake Nokoue
there are many arcas whose clevation is below the +2. 00 meters level, These arcas will
continue to he flooded as the back water level approaches 2,00 meters,

In general, the 12,00 meter level will be reached only in extreme floods.  The
maximum total volume of flood watcrs will rarcely reach 1500 cubie meters per scecond:
therefore, the lake level should never exceeed an elevation of approximately 11,90 meters
(assuming a total volume of 1400 m3/s).

4. Effect of Cotonou Lagoon on Outflow Currents in Laoke Nokoue

The records of salinity in Lake Nokoue, prior to the permanent opening ol the
Cotonou Lagoon in 1959, shows that high salinity existed in certain arcas of the [ke
during the [lood scason while the lagoon was closed.  With the lagoon closed, it would
he logical to expeet that the flood waters of the Oueme River would dilute and wash awayv
any salinity that may have penetrated the lake while the Cotonou Lagoon was open.  This
seemingly contradictory situation needed an explanation. It was theretfore essential to
compare and analyze all available data on salinity, floods, openings, and closures of the
lagoon in order to arrive, if possible, at a logical conclusion relative to what was hap-
pening in Lake Nokoue. The answer was provided by consideration ol the outllow cur-
rents ol the two rivers, the Oueme and the So through the lake,

The available salinity records for the yvears 1957 and 1958 (sce Figure 6-11)
have provided a good comparison between salinity trends in Lake Nokoue and the Cotonou
Lagoon during the period of change from an open to a closed lagoon by action of the lit-
toral drift. 'This is shown in FFigures 6-12 thvough 6-16.  In cach, the approximate con-
tours of salinitv have been plotted as indicated by the available records for six locations:
one in the Cotonou Lagoon, onc in the Porto-Novo Iagoon and four in various parts of

LL.ake Nokoue,

8 SOGREAIL Grenoble - Etude Theorique Preliminaire du Regime Hydraulique du Chenal
de Cotonou ¢t du [Lae Nokoue, (1963)
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In Figure 6-12 the Cotonou Lagoon is open.  Salinity contours show that the
salinity decreases progressively from Aghato to Porto-Novo. The period of the vear
is generally the dry sceason, during which the rivers Queme and So have minimum flow.
Thus, we can sce that most of the flow from both rivers would go towards Porto-Novo
with possibly only a portion of the River So flowing towards the Cotonou Lagoon. (This
is also shown by the graphs in Figure 6-11,) Thus, the diluting effect of the flow from
the rivers made itself felt in the casterly direetion only,

In Figure 6-13, the Cotonou lLagoon is open but the period is during the flood
scason. This time the recorded salinites in the entire Lake Nokoue were close to zero.
The flow of the two rivers is large.  Approximately 55 of the total flow goces towards
Cotonou Lagoon and 157 towards Porto-Novo; thus, the salinity is completely diluted
by the fresh water flow,

In Figure 6-11, the Cotonou Lagoon is closed.  The perviod is mostly dry scason,
The salinities in Lake Nokoue ave again high.  They have been brought into the Lake by
the tidal inflow from December, 1957 to February, 1958, during the period when the
lagoon wus still open hut began to slowly celosce under the action of the littoral drift.
After March, 1958, the lagoon was totally closerd.  The flow of the So and the Oueme are
again very low, and are direeted entirvely towards Porto-Novo,  The region of highest
salinity is in the western portion of the lake where there was little or no chanee for dilu-
tion by the flow of the River So (Sce Figure 6-15).

In Figure 6-16, the Cotonou Lagoon is also closed but the period is from the
beginning of the Flood scason in October of 1958 through the middle of the dry scason in
April, 1959, Pigure 6-11 shows that during the flood months of October and November,
1958, hardly any flow was measured in the Cotonou Lagoon (only 82 m3/s).  This was
duc to the fact that the Take Tevel was rising, the lagoon was closed, and the water from
the Take was just lilling up the lagoon.  The entire lake was acting as a rescervoir until
the flow towards Porto-Novo began to prevail,  Thus, once more the main direction of
the lood waters was casterly while the western part of the Lake and the Cotonou Lagoon

were almost stagnant,

The concept of Lake Nokoue outflow currents is important in order to arvive at
the factors which influence the amount of salinity. Thesce lactors are:

()  The size of the opening and the tength of time that the Cotonou Lagoon re-
mains open,

(M  The volume of flow from the Oueme and So Rivers.
(©)  The dircetion of flow of the two rivers,
IT there is moderate tidal inflow when the Tlow of the Oueme and the So is low

(dry scason), there will be little dilution; therefore the salinity will remain high.,  On the

6-27
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other hand, when the tidal inflow is large and the volume of flow of the two rvivers is also
large, but is directed mainly towards Porto-Novo, the salinity again will be high, There-
fore, the key item is the ratio of fresh water to salt water., In order to reduce salinity

it is important to reduce drastically the tidal inflow so that at all times the ratio of [resh
water to salt water is very high,  The proposed dam does exactly that,  As explained in
the next subscetion, the tidal inflow will be veduced by 907, Thus, at all times (exeept
in a very exeeptional dry scasony, the salinity in Lake Nokoue should remain low,

5. Effect of the Proposed Dam on the Salinity in Lake Nokoue
The proposed dam reduces the tidal inflow by taking advantage of the following:
(1)  Elimination of all tidal inflow during low tides.

My  Elimination ol all tidal inflow during high tides whose peak is lower than
clevation +1.10 meters,

(¢)  Reducetion in the length of time during which the high tides with peaks higher
than ctevation +1.10 meters [low into the fagoon of Cotonou.

In order to evaluate the amount of reduction in the tidal inflow by the proposced
dam, a month to month record of tides, as measured in the Port of Cotonou, was used,
Although the tides vary from vear to vear, usually on a 19-vear eyele, it was deemed
sufficiently accurate to regavd the tidal records of 1970 as being typical, In this vear,
the highest peak of the tide did not exceeed clevation 1, 70 meters,

In Figure 6-17 a table is given showing the number ol times that a certain eleva-
tion is exceceded by the high tide in cach month,  This table also shows that the peaks of
the high tide in Cotonou vary considerably and that some of the very high peuks occur
only a few times cach month,  The highest tides occur generally between August and
November: this is also the period of the floods.

If one takes a look at the typical tidal curve diagram (shown in Figure 6-17), onc
cun sce how the length of time during which the tidal inflow enters the tagoon over the
weir of the proposed dam varies with the tidal amplitude.  For example, if two high tides
have the same peak elevation but different amplitude, the tide with a bigger amplitude
will penetrate the lTagoon for a shorter time than the tide with a smaller amplitude,  Fig-
ure 6-18 shows the retationship between the tidal amplitude, the peak elevation of the
tide, and the number of hours that the tide will enter over the weir into the lagoon.

Next, Figures 6-19 and 6-20 show that there are two basic conditions of the tidal
inflow over the weir ol the dam.  One condition (Figure 6-19), generally during the dry
scason, shows that all of the portion of the high tide above the weir will enter the Tagoon.
The scecond condition is in the flood scason when the levels of both the Tagoon and lake
Nokoue rise above the level of the weir,  Generallv, the peak levels of most floods are
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higher than the level of the high tide. Therefore, the penetration of the tide is further
reduced during the flood scason beeause the tide will enter the lagoon only during the
time when the flood level is below its peak.

Using these relationships, the total inflow into the lagoon has been computed
for cach month of the vear. Dasced on volumetrice considerations, the salinity level for
cach month was computed next,  Volumetrie approach to salinity determination is ad-
mittedly approximate, but it should give a good indication of the expected results, Fig-
ure 6-21 shows the caleulated volumes ol tidal inflow and salinity in Lake Nokoue under
present conditions and after the proposed dam is constructed.  From il, one can sce
thiat during the dry scason the total volume of the tidal inflow has been reduced almost
90% and that the salinity is estimated at less than 10 grams per liter.

6 Effect of the Proposed Dam on the Qutflow Currents in Lake Nokoue

An attempt has been made Lo indicate the probable trend of salinity and outflow
currents in Lake Nokoue after the construction of the dam. Based upon average monthly
flow volumes ol the vivers Oueme and So, and the volumes of reduced tidal inflow over
the proposcd dam, contours of salinity and viver flow arrows have been shown in Fig-
ures 6-22 through 6-26. They show that (a) the nul point of the salt wedge will not pro-
gress much heyvond Aghato, and (b) that the river outflow currents will be mostly directed
towards Porto-Novo in all months of the dry scason and (¢) that during this period the
salinitics in excess of 10 grams per liter will exist only in the Cotonou Lagoon and in
the immediate vieinity of Aghato.  During the four months of the ood scason (August
through Novembery, the outflow currents will he direeted towards hoth Cotonou and
Porto-Novo and Cotonou will have salinitics less than § grams per liter.  As mentioned
before, inan exceptionally dry season (say when the combined flow of both rivers is
under 200 cubic meters per sceond) it is possible that higher salinities than 10 grams per
liter will exist in the northern and castern portions of the lake. This, however, will be
a4 rare occurrence,

F CONTROLS AND DESIGN REQUIREMENTS FOR THE PROPOSED DAM
[ Maximum Expected Flood
The maximum design flood from combined (low of the two rivers, Queme and So,
is assumed to be 1500 cubie meters per second.  Based on the known relationship of

how the Tagoons ol Cotonou and Porto-Novo share the flow, the maximum expeeted flood
flow, through the Cotonou Lagoon is less than 600 cubic meters per sccond,

2. Requirements and Dimensions for Weir Design

The weir dimensions ave controlled by the following requirements (Levels based
upon livdraulic Zero Datumy:
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(@  Maximum allowable backwater clevation of +2,00 melers.
()  Weir elevation at +1,10 meters.

(¢) Top of the dam adjacent to the weir, of +2.80 meters.

()  Capacity to discharge 600 cubic meters per second.

With the maximum backwater fevel of #2,00 meters and in order to be able to
allow a [Tow of 600 cubic meters per sccond the required width of the weir is 520 meters.
Thus during the maximum flood of 600 cubic meters per sceond the velocity ol Tow over
the weir will be 1.3 meters per second.

the width of the weir should be sufficient to permit case of construction and to
allow aceess for construction cquipment during low tide. A width of 3 meters would be
sufficient for this purpose,

3. Effect of Future Expansion of Port of Cotonou on Littoral Drift and Tidal
Forces on the Dam

The future expansion of the Port of Cotonou will cause the littoral drift to he
defleeted further to the cast.  This may cause the present sand bar in front of the Cotonou
Lagoon to be eroded away.  The disappearance of the sand har may hive o result ina
slight increase in the tdal amplitude at the dam. This change. however, will have a
negligible effeet on the salinity Tevels due to the faet that higher tidal amplitudes tend
to deercase the Tength of time during which salt water penetrates the lagoon.

G. BENEFITS AND DISADVANTAGES FROM DAM CONSTRUCTION

1. Reduction of Erosion in the Cotonou Lagoon

The proposced dam will greatly reduce the veloeities of flow in the Cotonou La-
goon. During the dry scason the flow velocities will be minimal. During the flood sca-
son thev will be faster but will not execed 1.3 metlers per sceond at the weir.  Else-
where in the Tagoon the velocity of flow will he muceh stower. Figure 6-27 shows the
expected maximum and average veloeities of fTow as a function of quantity of flow through
the Cotonou Lagoon,  The present channel has alveady been eroded and has carried much
large: flow than the expected maximum of 600 cubic meters per sceond,  Thus the com-
bination of iess volume of flow coupled with slower velocities should definitely prevent
any further crosion in the Tagoon.  The benefit of this will reftecet itself in the reduced
construction costs for the proposed future West Bank Boulevard which will not require
any rock protection ol its embankment along the Tagoon, The seriousness of the crosion
under the existing hridge is discussed in Seetion VI The dam will eliminate wlso the
need to provide special proteetion for the foundation of the new bridge. This should re-
sult in additional savings in the construetion costs,

G-10)
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4. Loss of Shrimp in the Lagoon

The construction of the dam may totally climinate the shrimp fishing in the
Cotonou Lagoon and Lake Nokoue. The monetary loss, however, will not be large
since to date the shrimp harvest in the lake has nevevr exceeded 400 metric tons per
vear.

5. Sanitary Effluent

Presently all sanitary effluent in Cotonou is discharged into the ground where it
mixes with the rainstorm cffluent and eventually sceps into the lagoon and the lake.
[Fears have been expressed that the proposed dam will ereate stagnant conditions in the
lagoon and therelore aggravate the pollution from the sanitary cffluent.  In cffeet, the
dam will be a very pervious dam.  Theretfore, even in the dry scason, there will alwavs
be some movement ol water towards the sca during low tides. In flood scason, the en-
tire lagoon will continue to be flushed elean not only of any sanitary effluent accumulia-
tions, but also of salinity causcd by the intermittent penetration during high tides.
Therefore, no adverse conditions are anticipated from the construction of the proposed
dam with respect to the accumulation of sanitary cffTuent in the lagoon. This however,
should not preclude the fact that there will be a pressing need to construet a sanitavy
sewer system in Cotonou as the city continues to grow in size as well as in population,
BCLOM has alrcady made a study in 1963 for a sanitary sewer colleetion system in
Cotonou, which would suffice until 1990, at a total cost (in 1963), of 243 million Fr.
CTA.

G-13
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SECTION VII

EXISTING BRIDGE

A. CAUSES OF BRIDGE DETERIORATION
1.  Channel Erosion

The channel bottom at the existing Cotonou bridge has been subject to changes
since the time of the bridge construction in 1928. These changes were caused by the
scour of the bottom during the flood season and by deposition of materials during the
dry season. As indicated by the measurements made by OCDN Railroad staff in the
years prior to 1959, the changes in the lagoon bottom were relatively small. There-

fore, there was no significant net loss of embedment of the piles supporting the bridge.

Since 1959, however, the lagoon erosion began to acquire a faster rate. The most
significant increase in the erosion rate occurred between 1959 and 1966. During this
period the channel area has increased by 50% at an average rate of 77 per year.

Since 1966 the rate of erosion has slowed down considerably, Based on the November
1970 measurements made by Sanders & Thomas, Inc. the rate of erosion, since 1966,
is approximately 17 per year with loss of pile embedment progressing at 2% per year.
(See Figure 7-1).

2. Traffic

The Cotonou bridge has been intended to function primarily as a railroad
bridge. In the years prior to 1960, the volume of vehicular traffic which used the
bridge was relatively small. Since 1960, however, the growth of the vehicular traf-
fic hasbeen rapid and paralleled the growth of the city. The effect of greatly-increased
vehicular traffic on the bridge increased the rate of wear of its deck. In addition
to that, the impact and vibrational loads on the bridge were made more se.'ious by
the concurrent loss of pile embedment. Presently, the vibration of the bridge
superstructure and the sway of its piers is particularly noticeable when heavy traf-
fic such as the trucks and the train cross the bridge. The vibration of the super-
structure is also agravated by loose bearings of the bridge girders. Wearing of
the deck is evidenced by the deterioration of the concrete and metal expansion joints.

3. Lack of Periodic Maintenance

The bridge deterioration has been increased by the lack of periodic mainte-
nance. It is doubtful, in fact, that the bridge had received any maintenance at all
until 1970. The bridge steel girders need a coat of paint, and their bearing seats
have been loosened by corrosion. The metal deck joints also show evidence of

7-1
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corrosion and spalling of adjacent concrete.  The sidewalks have failed completely in
several locations foreing pedestrians to step into the path of vehicular traffic to avoid
these arcas.  The bridee lighting has been inoperative for several years making the
usc of sidewalks particularly hazardous at night.

B. CONDITION OF BRIDGE IN 1970

1. Superstructure

The superstructure of the bridge shows many signs of an incipient loss of
structural inteerity,  Although there is no immediate danger to the bridge, continued
lack of repairs will aggravate and aceelerate the deterioration of the bridge deelk,
Since the last inspection of the hridge by Sanders & Thomas, Inc., in January, 1970,
no repairs were made to the bridge superstructure.,  The sidewalk deek points and
lighting syvstem continue to need repairs and the steel girders need eleaning and

painting,
2. Substructure

The picrs of the hridge were repairved during the first half of 1970 and are
presently in excellent condition. The only weakness remains in the piles which have
lost a large portion of their embedment.

The abutments, however, have received no repairs and continue to be
threatened by erosion and Toss of stone facing.

C. BRIDGE REHABILITATION

1. Recent Repairs

Major vepair work of the bridge piers and piles was completed during 1970
al a cost of 50 million Fr, CFA (approximately $182,000). The financing of the re-
pairs was provided by Fonds d'Aide ot de Cooperation (I'AC).  The work consisted
of reconstructing the deteriorated conerete in piers and piles and application of an

epoxy coating (o protect against salt damage,
2. Proposed Immediate Additional Repairs

In ¢ =der to protect the pites of the hridge against further erosion and loss of
cmbedment, BCEOM has prepared plans to provide a rock mat under the bridge.  The
rock mat will consist of a 0.7 meter thick lTayer of medium size roek fragmoents
(weighing 10 - 6o kg each). The project will be finameed by FAC and is estimated
to cost 45 million F'r. CEFA (in 1971).
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3. Required Additional Future Repairs

An additional program of repairs is being studied by BCEOM in cooperation
with Ministry of Public Works. Included in this program arc repairs to the abut-
ments, complete replacement of the bridge deck (including repair of the metal joints
and sidewalk) and rchabilitation of the lighting system.  Estimated year of completion
for various repairs is shown in Table VII-1. 1t should be pointed out that when the
deck of the existing bridge is replaced, it should be constructed with much wider
sidewalks than the presently existing in order to be adequate for future large pedes-
trian traffic. Sidewalks having a width of at least 2.0 meters cach should be pro-
vided at that time. (See Pigure 7-2).

TABLE VII-1
SUMMARY OF COSTS

FOR REHABILITATION OF THE EXISTING COTONOU BRIDGE

Cost Millions

Year Completed Description of Work Fr. CFA
1972 Place rock mat for crosion protection 45

Repair abutments, place embankment and

1974 rock protection on lagoon hanks adjacent 15
to abutments

Repair deek, repaiv sidewalks, restore

1978 lighting, clean and paint steel givders

150

1996 Replace roek mat for erosion protection 80

4.  Feaosibility of Maintenance of Traffic During Rehabilitation

Presently the Cotonou bridge cavvies heavy traffie during all but a few daylight
hours. The traffic using the bridge is almost entirely of local origin,  Any interrup-
tion of the bridge traffic, thercfore, would have grave cconomic consequences for the
City of Colonou. All rchabilitation work, when undertaken, will have to be accomp-
lished during the night hours, mostly between midnight and 5:00 AM.  This would re-
present too short a working period to accomplish reasonably producetive results,

It would certainly be impossible to do any kind of repairs on the bridge deck in
a way to allow full usc ol it during the day. ‘T'he width of the bridge is too narrow to
allow the shutting down of one lance of traffic. If this were done, almost complete dis-
ruption of tralfic would result,
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The proposed construction ol a roek mat under the bridge will also need to he
done mostly at night. During this time rock material is proposcd to be brought to the
bridge site by rail and then transferved to a barge.  The rock will then be pliaced under
the bridge hy dumping and by manual picce by picee placement in between the piles.

The repaiv of bridge abutments, once the stone material is hrought to the site,
will not create too much disruption to the traffie,  The vepaiv of sidewalks and light-
ing will necessitate that the pedestrian traflic be confined to one side only while the
work is in progress on the other side. Due to the fact that the sidewalks ave very
narrow, interference to vehicular traffie will inevitably result,

In view of the fact that the present (1970) traffice is alveady quite congested,
any repair work  will be very difficult at best and therefore quite costly.  The tralTic
congestion, at the same time, will become seriously aggravated causing considerable
lossces to the cconomice life of the city.

All of these problems could be avoided, however, if a new bridge is construc-
ted first. In this case the traffic flow could he transferrved to the new bridge while re-
pairs ave being made to the existing one,  The only traffie which will need to be main-
tained will be the OCDN vailvoad tralfie.  This should not prove difficult,

5. Cost of Additional Bridge Repairs

The required rehabilitation work for the existing bridge is listed in Table VII-1
in chronological order of priority. The year shown for cach item of work is the latest
date by which the listed work should be completed,  The cost shown for the work after
1977 assumes that a sccond bhridge will be available for traffic maintenance.  The ve-
pairs without the help of a sccond hridge will be extremely difficult.  The costs for the
work prior to 1977 refleets this. It is assumed that all work listed to he completed
prior to 1975 will be financed by cither FAC or FEED. A detailed cost estimate for re-
placement of bridge deck (including wider sidewalks), repair of Tighting and painting of
steel givders is shown in Appendix A, paees A=6 and A-13.

D. EXPECTED REMAINING BRIDGE LIFE
1. Expected Life Without Additional Rehabilitation Work

Without any rchabilitation work, it is estimated that the remaining useful life
of the existing hridge will not exceed ten years,  The existing bridge was constructed
in 1926, Since then it has had minimal maintenancee and only recently have its picrs
and piles heen repaived after undergoing scerious deteriovation,  In general, bridges
with adequate maintenanee, have a useful tife of (10 years, By 1970, the Cotonou bridge
has become 12 years old,  With the inercased vehicular traffic one of the controlling
factors in the remaining bridge Tife will be its concerete deek,  The deek already shows
signs of serious deterioration,  In the next five vears the faiture of the deck will begin
to accelerate, and eventually the deck will beecome unusable,  Although the picrs and
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the piles have been repaired the problem of erosion remains. The erosion rate has
slowed down, particularly in the center of the channel. Near the banks, however,

the erosion continues. If nothing is done to stop it the bridge abutments may suffer
serious damage. Some damage to the abutments has already occurred. Thus, crosion
is the second most influential factor which limits the remaining uscful life of the

bridge.
2 Expected Life with Additional Repairs and Adequate Maintenance

Assuming that adequate repairs are made, and particularly, that the bridge
piles are protected against further loss of embedment, the useful life of the Cotonou
bridge will.be extended for another 40 years. If a dam is not constructed, the useful
life of the rock mat under the bridge would be shorter. Due to scouring action of the
flood waters the rock mat would probably nced a complete replacement in about 25
years.

I a dam is constructed, however, the crosive action of the flood flow will be
greatly diminished, and the useful life of the rock mat will be extended to at least 40
years.
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SECTION VIII

PROPOSED NEW BRIDGE AND ROADWAY APPROACHES

A. PARALLEL BRIDGE NEAR THE EXISTING BRIDGE SITE
1. Preliminary Layout, Design and Construction

A parallel bridge would be located approximately 20 meters north of the existing
bridge. It would have a total length of 350.75 meters and would consist of 23 spans of
15.25 meters cach. The total deck width is 11. 10 meters and provides for two traffic
lanes with a 3.50 meters wide sidewalk on the north side of the bridge. This wide single
sidewalk was located on the north side of the bridge in order to reduce to the minimum
the need for the pedestrians to cross the vehicular traffic.  The bridge would have
multiple simple-span precast prestressed conerete superstructure which is supported on
pile bents. The bents consist of precast conerete octagonal piles which are battered to
resist longitudinal and transverse forces. The top of the piles is imbedded in a pile cap
which serves as a bearing seat for the superstructure. The plan and clevation of the
proposed bridge and typical sections of the bridge and roadway approaches are shown on
page A-2 in Appendix A,

The construction of the bridge would be relatively easy. Pile driving from barges
would proceed from both shores. Alternate pile groups would be driven first in order to
help consolidate the bearing sand strata. The completed pile groups would be used as
anchorage for the harges. After all pile driving is completed, the piles would be cut to
required clevation and capped. The placement of prestressed heams would then proceed
using a barge mounted crane. Finally the deck eoncrete would be placed by trucks travel-
ing on completed spans.

The stoving of construction equipment, materials and prestressed beams, how-
ever, would be difficult if not impossible near the construction site. Therefore it
would be necessary to set up the construction yard at a more open and less crowded
location. Such a location would be removed at least 2 kilometers from the construction
site. This would tend to increase equipment and material hauling costs. Furthermore,
due to the congested traffie conditions near the existing bridge the access and delivery
of materials to the ¢ mstruction site would be subject to many delays.l

2. Requirements for Approaches

A parallel bridge would require very short approaches. However, the close
proximity of the existing bridge and several cross streets, including the proposed west
bank houlevard would afford, at best, difficult channeling of the traffic at the western

"'In 1975 at least 5 hours of each day will have traffic conditlions at level of service E.
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end of the bridge. Even if the existing bridge were used for two-lanc onc-way (cast-
bound only) traffic and the new two-lane parallel bridge were used for the westbound
traffic only the traffic flow at cither end of the bridge would be subject to heavy cross
movements. This situation, plus the train crossings on the existing bridge, would
reduce the effeetiveness of the new bridge in handling increased traffic loads in the
futurc. The western approaches to the parallel bridze are particularly limited since
they pass through a crowded business scetion.  The available space for the roadway
is limited and in part oceupicd by the tracks of the OCDN railroad. 'The western ap-
proaches, thercefore, would be restricted, to runction at best as a four-lanc roadway,
even if widened and improved.  For this reason it would not make sense to build a
parallel bridge of more than two lanes width.

B. BRIDGE AT BOULEVARD SAINT MICHEL
1. Preliminary Layout, Design and Construction Aspects

The proposed new bridge at the Boulevard Saint Michel site would have the same
layout and design as the parallel bridge described previously. The total length of the
bridge would consist of 22 spans of 15,25 meters cach for a total length of 335.50
meters.  The total width of the bridge deck would be 19,00 meters and would provide
for four traffic lanes and two sidewalks, cach 2.50 meters wide.

The plan and clevation of the proposed bridge and typical sections of the bridge
and approaches are shown on page A=3 in Appendix A,

The construction of the bridge would also be similar to the parallel bridge. One
big advantage of the site near Saint Michel Boulevard, however, is unlimited room at
the cast bank of the lagoon where a large construction yard could casily and conven-
iently be located.  The construction operations, therefore, would not suffer any intcr-
ference from existing traffic. This will greatly facilitate construction operations and
hence reduce construction time and costs.

2. Requirements for Approaches

The approaches necessary to connect the new bridge at the Boulevard Saint Michel
site to the existing Mmternational Route are quite long. The western approach has a
length of 4 kilometers.  Of this, approximately 1.5 kilometers are in swampy terrain,
2.2 kilomcters are along Avenue de la Republique and 0.3 kilometers are along the castern
end of Boulevard Saint Michel. The castern approach is 1.5 kilometers long. It joins
“ae existing International Route just cast of the sports stadium known as Stade Pleven.
The entire length of the approach roads is proposed to be constructed as a two-lane
roadway cxcept in the vicinity of the bridge where four lanes would bhe maintained for a
length of 0.1 kilometers on the western side and 1.3 kilometers on the castern side.
Only the four-lane portion of the west approach is recommended to he constructed under
the bridge project.  The remainder of the west approach (two-lane portion), has already
been proposed to he constructed at a cost of 150 millions Fr. CFA, with FED financing.
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This cost, however, is estimated to be 180 million Fr. CFA by 1975, The entive east
approach (four and two-lane portions) are recommended 1o be constructed with the
bridge project.

A special requirement exists near the western end of the bridge where the pro-
posed future improvements to the Lagoon (or Saint Michel) Market are to he made,  An
access road passing under the bridge is needed in order to separate the market teaftic
from the bridge tratfic.  One extra span has been provided in the Saint Michel bridge
for this purpose.

The plan, profile and typical seetion of the approach roads are shown on pages
A=2, A-3, A-1 and A=) in Appendix A,

C.  CONSTRUCTION COSTS
1.  Effect of the Proposed Dam on Bridge Costs

If a dam is constructed in the Cotonou Lagoon the veloceity of flow will be reduced
drastically and the possibility of crosions almost entirely climinated. It will not he
necessary, therefore, to provide any protection for the bridge foundation.  In addition
to this, a definite advantage will exist during the construction of the new bridge,

With the dam completed or almost completed it will not he neeessary to interrupt
bridge construction during the flood scason. This will resull in a shorter construction
schedule for the entire projeet,

Without the dam, it will he necessary to interrupt the pile driving operations dur-
ing the flood season, It will be hazavdous and difficult to operate harge carrying con-
struction cquipment neav the partially completed bridge since the drag of the flood foree
might hurl the barge against the already driven piles and destroy them.  1furthermore,
a rock mat under the bridge would be necessavy to protect the bridge piles against ero-
sion and loss ol enmtbedment,  Thus a longer construction schedule would result and this
would reflecet itsell in higher costs,

A dam, therefore, would reduce the bridge construction costs but the additional
cost of the dam would greatly exceed any savings in the bridge costs,  IHowever, the
construction of the dam would result in fishing benefits and reduction in overall con-
struetion time schedule, The relative merits of the construetion of a dam have been
included in the cconomic analysis and are discussed in Scetion X1,

2. Determination of Unit Prices

Unit prices for the Feasibility Study were determined by using the same sources
and revisiting the same local contractors and agencies in Cotonou and in the United
States as was done for the Reconnaissance Study.  The previously obtained data on unit
prices were thus updated and improved,  The sources for the local materials in Da-
homey were rechecked and where the source changed, new material and transportation

costls were determined.
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To the new unit cost data (See Table VIII-1) conservative inflation factors were
applied to predict the probable costs in 1975, the year in which the bids for the pro-
poscd construction are expected to be received.  Every effort was made to predict and
ascertain all probable items of cost and influences on the prices in ovder to insure that
the estimated total costs arve sufficiently accurate,

It should be noted that the unit prices in this report show a considerable inerease
with respeet to the prices given in the Reconnaissance Report.  This is due to the re-
cent accelerating rate of inflation in the construction industry which is particularvly felt
in the American procurement and, to a lesser degree, is also reflected in the Foreign

procurcment costs,
3. American Procurement

Costs on the basis of Amcerican procurement are provided in this report and arce
included in the cconomice analysis. It must be pointed out, however, that it is unlikely
that mouvce than a few bids will be received from American contractors.  Recent ex-
pericnee for a bridge projeet in Niamey, Niger indicates that it was not possible to im-
plement American procurement even on a partial basis.  The veeent farge escalation
of construction costs in United States, mainly caused by high labor costs will tend to
make American bidders less competitive with Foreign bidders since most skilled
American labor foremen and cquipment operators would have to be paid higher wages
that prevail in the United States,  For this reason it is strongly recommended that the
financing agenev allow maximum freedom for subcontracts and local procurement if a
sufficient number ol competitive hids are to be received from American bidders,  The
hreakdown of bridge construction costs for American Procurement arc shown on pages
A-7 through A-10 in Appendix A,

4.  Foreign Procurement

Fven if foreign procurement were not vestricted only to contractors from under-
developed countries, most likely, the low bidders will be local contractors with offices
in Dahomey or other nearhby West African countrics. They are in general quite com-
petent and are equipped to perform the necessary worlk,  The quality of their workmin-
ship is excellent,  This is evidenced by the recently completed repairs of the picrs of
the existing Cotonou bridge.  In order to encourage the submission of a large number of
bids from forcign contractors, it may be wise for the design consultant to first scliceit
interest for the projeet among the qualiticd bidders in etigible countries. Once a list of
intcrested qualificed bidders is developed, the prospective bidders should be consulted in
ordcer to help develop a design which would include the tvpes and methods ol construetion
with which the prospective bidders are familiar. thus it will be possible Lo reccive bids
on the same basis [rom all the bidders,  This should help generate tight competitive
prices and therelore lowest total cost.  In this report the costs of foreign procurement
have been developed following Freneh and German construetion methods as shown in
the BCEOM and Holzman reports but adapted to conform to the type of bridge proposced

8-4



S/\NDEPS &%on;\s Ine.

in this report. The breakdown of the estimated bridge construction costs with foreign
procurement is shown on pages A-14 through A-17 in Appendix A.

D. MAINTENANCE COSTS
1.  Bridge Maintenance

No data were available to evaluate the maintenance costs for bridge structures
in Dahomev, Bridges in general do not need vearly maintenance. In the case of the
existing bridge, once the recommended rehabilitation work is completed, only the
steel girders will need repainting approximately every five years. In the ease of the
new bridge, which will be an all concerete bridge, practically no maintenance will be
neeessary for at least ten vears. At that time, the deck of the hridge mav need some
maintenance with respecet to pessible wear of the deck conerete surface.  The lighting
system for both bridges is the only item that might require vearly maintenance, but
the cost of it would be of minor importance. Sinee the total length of the bridge is
relatively short (0,35 km) it was deemed sufficiently accurate to assume that the vearly
maintenance costs used for roadway maintenance would be adequate (when aceumulated
for live years) to pay for bridze maintenance costs.

2. Roadway Maintenance

The source of data for the roadway maintenance costs were the two reports pre-
pared by N.D. Lea Associates and Lamarre Valois International Limitee for the Inter-
national Bank for Reconstruetion and Development (1968 and 1969).  Bascd on these
reports, the maintenance costs are composed of two portions. One is a fixed cost for
the deterioration of the road surface due to weather conditions. The other is a function
of the volumec of traffic using the road (sce Table VII-2), No data were available for
four-lanc roads. In this case, twice the cost for two-lane paved roads has been as-
sumed.

Normal maintcnance is defined as that which will allow the vehicles to operate
most of the time under the best esuditions that might be expected for paved roads in
Cotonou.,

The roadway maintenance costs have been evaluated by applying the total city
traffic to approach roads only. These include International Route No. 11 for the
existing and the new parallel bridges and for the bridge at Saint Michel Boulevard, the
new approach read along Avenue de la Republique and Boulevard Saint Michel on the
western side and the new road to PK. 3 and the International Route No. 11 on the
castern side of the lagoon.  All of these roads are or will be paved roads.

Fouv the remaining roads and streets in Cotonou, it was assumed the mainte-

nancce costs would be the same under all alternatives and therefore, these costs have
not been calculated.
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In applying the traffic volume to the maintenance cost calculations, only traffic
due to cars, trucks and busses was included, and it was assumed that pedal and motor
bicycles have negligible effect on maintenance costs.  An inflation factor of 2 per
year was uscd for the costs shown in Table VIII-1, The total maintenance costs, for
the 20 year study period discounted to 1975 for cach alternative are as follows:

Parallel Bridge Alternative 251 Millions Fr. CFA,
Saint Michel Bridge Alternative 297 Millions Fr. CFA.
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TABLE VIII - 1
UNIT PRICES

The prices have been adjusted to year 1975 by Sanders & Thomas, Inc. The unit
prices are for completed construction and include normal overhead, taxes and profit,
Additional overhead due to contractor's administrative and supervisory personnel
living in Dahomey for the duration of construction is included in the cost estimates,
pages A-6 through A-19 in Appendix A,

It is assumed that local materials such as sand, gravel, rock, bituminous
paving, etc., would he used by all types of procurement. It is also assumed that local
skilled and unskilled labor would be used in all cases. The cement is assumed to bhe
purchased locally and to be of either American or local origin. Equipment, forms,
precasting and prestressing plant, reinforcing steel, structural steel, prestressing
strands, etc., is assumed to he imported. In the case of American procurement the
shipping costs arc generally computed separately, whereas, for Foreisn procurement
they are included in the respective unit prices.

COST
CONSTRUCTION ITEM UNIT Fr. CFA SOURCE
Shipping - USA to Cotonou Various shipping
including loading and unloading Ton 10,000 (1) agencies in USA A
) 3 Various U, S, pile

Precast Concrete Piles (2) (3) M 49,000 (1) precasting yards A

Precast Concrete Piles 3 . Entreprises du
delivered to Cotonou M 61,000 Benin - Cotonou F
Entreprises du A
Driving Piles M 25,000 Benin - Cotonou F
Travaux Publics A
Placing and Cutting Piles cach 38,000 Cotonou F

A = American Procurement
F = Foreign Procurecment

Remarks: (1) average cost
(2) includes forms and reinforeing stecl
(3) precast in Cotonou - precasting forms brought from USA,
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TABLE VIII - 1 (Continued)

UNIT PRICES

ST \ ITEN UNIT COST SOURCE
CONSTRUCTION ITEM NI'T Fr. CFA UR
Structural Excavation and Backfill 3 Societe Colas A
(Bridge Abutments M 1,000 Cotonou F
Reinforced Concrete 3 Eastern Prestress
Precast Pile Caps (2) (3) M 80, 000 (5) Co. - Hatfield, Pa. A
Reiwnforced Concrete (2) 3 Entreprises du
Precast Pile Caps M 74,000 Benin F
Reinforced Concrete (2) 3 ) Eastern Prestress Co. A
Abutments - cast in place M 60, 000 BCEOM F
Reinforced Concrete (2) Eastern Prestress Co. A
. . M3 65, 000 :
Bridge deck - cast in place ! BCEOM F
Prestressed Concrete
Bridge Beams (2) (3) M3 | 126,000 (5) | Eastern Prestress Co. | A
Prestressed Concrete 3 BCEOM
Bridge Beams (1) M 118,000 Holzman, A.G. F
Eastern Prestress Co, A
Neoprene Bearing Pads (1) each 5,000 BCEOM F
L 3 Eastern Prestress Co. A
Removal of Existing Bridge Deck M 8,500 Entrepriscs du Benin T
Structural Steel A
Existing Bridge Brackets (4) kg 400 BCEOM F

A = American Procurement
F = Foreign Procurement

Remarks: (1)

average cost

(2) includes forms and reinforzing steel
(3) precast in Cotonou - precasting forms brought from USA.

(4) includes removal of existing brackets

(5) includes shipping precasting forms and prestressing plant
back to USA,
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TABLE VIII - 1 (Continued)

UNIT PRICES

- . - COST
CONSTRUCTION ITEM UNT'1 Fr. CFA SOURCE
3 Societe Colas
Embankment M 1,300 Cotonou F
Excavation, including placement 3 Societe Colas
in embankment M 200 Cotonou F
Sub-base 9 Societe Colas
(silty sand, 15 c¢m depth) M 300 Cotonou r
Base 9 Societe Colas
(Laterite material, 15 cm depth) M 1,300 Cotonou 3
Bituminous Surface Course 9 Societe Colas
(Sheet Asphalt, 3 ¢cm depth) M 800 Cotonou F
Societe Colas
Shoulders (15 ¢m depth) M2 400 r
Cotonou
Drainage Pipe, incl. excavation Societe Colas
] g N
and bhackfill M 12,500 Cotonou F
3 Various U, S,
Embankment M- 1,000 (6) Contractors A
Excavation, including placement 3 ‘ Variovs U.S.
in embankment M 600 (6) Contractors A
Sub-base ) . Various U, S.
M 200 (6) Contractors A

(silty sand, 15 ¢m depth)

A= Amcrican Procurement
I' - Foreign Procurement

Remarks: (2) includes forms and reinforcing steel

(3) precast in Cotonou - precasting forms hrought from USA,

(G) Cost includes labor, materials and equipment depreciation only.
The expenses of shipping road construction equipment from USA
to Dahomey and back to USA (after comnletion of project) is in-
cluded in the shipping tonnage in the cost estimates for roadway

approaches.
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TABLE VIII - 1 (Continued)

UNIT PRICES

cosT

CONSTRUCTION ITEM UNIT Fr. CFA SOURCE

Base _ Various U, S,
(laterite material, 15 em depth) M 1,000 (6) Contractors A

Bituminous Surface Course Various U, S,
M2 600 (6) | A

(Sheet Asphalt, 3 em depth) ) ) Contractors

9 Various U, S.
Shoulders (15 ¢m depth) M 300 (6) Contractors A

Drainage Pipe _ Various U. S,
including excavation and backfill M 12, 000 (6) Contractors A
Rock - (20 to 80 kg) T 600 Travaux Publics and A
furnishing and loading on train ’ BCLOM, Cotonou I
Rock - (20 to 200 kg) (Phase 1 & 2 o Travaux Publics and A
furnishing and loading on train 1 800 BCEOM, Cotonou o
Transportation to Cotonou to site A
ranspopiaton - T 800 OCDN Railroad ;
of dam (by train) F
Transport to Cotonou OCDN A
Station T 760 OCDN Railroad F
Unload Rock at site of dam T 109 Travaux Publics and A
) BCIEOM, Cotonou I’

A = American Procurement
F = Foreign Procurement

Remarks: (2) includes forms and reinforeing steel
(6) Cost includes labor, materials and equipment depreciation only.
The expenses of shipping road construction equipment from USA
to Dahomey and back to USA (after completion of project) s in-
cluded in the shipping tonnage in the cost estlmates for roadway

approaches.
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TABLE VIII - 1 (Continued)
UNIT PRICIES

COST
'qr T N ‘EN INT'T h 4
CONSTRUCTION ITEM UNT'1 Fr. CFA SOURCE
Unload rock from train (OCDN

station), load on truck, trans- T 1 240 Travaux Publics and A

port by truck and unload P e BCEOM, Cotonou r

truck. (9)

1 Rock | il . - = 900 Travaux Publics and A
Place Rock between piles (7) 5, BCEOM, Cotonou r
bl Rock in D Phase 1) (7 T 2. 700 Travaux Publics and A
blace Rock in Dam (Phase 1) (7) , BCIOM, Cotonou r

Travaux Publics and A
St - core material in d: M3 ,500
Sand for core material in dam (8) 2,5 BCEOM, Cotonou F
Bl Rock in D i 2 (10 T 900 Travaux Publics and A
ace Rock in Dam (PPhasc 2) (10) BCEOM, Cotonou
Dredging M 1,000 BCEOM A
I

. 9 o A
Embankment (sand) (11) M 300 BCEOM .
Rock Proteetion for Lagoon Travaux Publics A

Banks (12) T 4,700 Cotonou I

3 Travaux Publics A
Excavation (at Lagoon banks) (12) M 500 Cotonou F

A = American Procurement
F = FForeign Procurement

Remarks: (3)
(7)
(8)

(9)
(10)

(11)

(12)

precast in Cotonou - precasting forms brought from USA,

includes 1oading on harge

includes excavation, placing in canvas bags, loading on harge and
placement in dam,

transport by iruck to hridge site or to stockpiling site (Rock, Phase 2).
loading of rock at stockpiling site, transport by truck and unloading

in dam (sce discussion in Seetion 1X),

sand material obtained by dredging and placed in embankment in the
lagoon banks near the dam,

required for crosion prevention (alternative without the dam)
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TABLE VIII-2

YEARLY ROADWAY MAINTENANCE COSTS (1000 I'r. CFA)
ASSUMING NORMAL MAINTENANCE
Base Year 1970

Type of Road

Fixed Portion
(with no traffic)

Variable Portion
(based on traffic volume)

2 lanes paved
4 lanes paved

239/KM
478/KM

46/KM/1000 vehicles/day
92/KM/1000 vehicles/day
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SECTION IX

PROPOSED DAM

A. PRELIMINARY DESIGN
1. Choice of Site

The proposcd site for the dam has been recommended in JJuly of 1970 in the Re-
connaissance Report by Sanders & Thomas, Ine. 16 was pointed ouwt that the primary
requiremnent was o place the dam at a location where the entive Tagoon and thervefore
also both the cocnrteng and the new proposcd hridee may be protected against crosion,
The sclectd gae Tigs been surveved and moee precisely deternimed during the reeent
Field worl. by Socdeors & Thomas, ne, team i Cotonog, in Sovember of 1970, The
location and the il ol the dan ave shoean an Figure o-1 coed the dom cross section 08

shown in Fioure e,
2. Foundation Conditions

The Timited cxplovatory intormation obtained for this report near the site ol the
proposed diam (sec also Section \y indicates that o compressible elav stratum exists
approxintelv 2o meters helow the channel hottam, This will eause signilicant settle-
ment under the dam over aopeciod of ot Least the Tt sis vears, Devond this time,
the amount ol setthment will be mueh soadber and of negligihle importance,  This is

discusscd additional v in subsection I
3. Magnitude of Expezted Flood and Tidal Forces on Dam

The cupected tlond torecs on the o are dete-mmed primarily by the veloeities
of flow over the dim during flood sensons, These will not excecd the velocities pre-
senthy existing in b chanoel oy the voneral area where the dam will be located.  The
lavgest encrores ol e oenerated by the tlood waters durvine the Tow tide,  Wor this
reason o ovoch wpeon s heen provided o the Southern (oo ey sede of the dam to ab-
sorb and drssipeate the imapaet ol the flood sater =palhne over the dam. The vidad im-
pact on the dam and the velocitics of the taftow duemg high tides sl bhe considerably

smatler thin the velocitios o the flood conditions,
4.  Required Construction Materials
It is expeeted thar maxinonm velocitics of flow over the dam will not execed 2

meters per second, Theretore, rock Tripments of 20 to 200 Kilograms are proposcd
to be used fer the faces and the top of the dam.  In the apron, the rock fragments of
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the same size have also been sclected. It is suggested that a sand fill be used for the
dam corc. The sand used will be of the coarse size. It will be placed in the dam in
canvas bags weighing 40 to 60 kilograms. The sand core will not be used above cleva-
tion =0.2 meters in order to prevent loss of core by flushing through rock embankment

during low tide. The dam will therefore remain pervious above clevation -0.2 meters.

At low tide there will be a certain amount of leakage through the dam but this is con-
sidered beneficial with respect to the elimination of stagnant conditions in the Lagoon.
Additionally, any silt that may tend to accumutate ncar the dam will probably be limit-
od to an clevation below that of the lowest tide (clevation zero) duc to cleaning action
of the leakage through the dam. On the contrary, at high tide, the only movement of
water will occur above elevation of approximately +1.0 meters therefore it is not nec-
essary for the dam to be impervious with respect to salinity between clevations 0 and
+1.10 meters.

5. Expected Future Maintenance

The dam will not require any maintenance on a periodic basis. It is expected
that it wil® last at least 40 years without requiring any work. At worst, there may be
some rearrangement of rock fragments as the dam settles through the first four or
six years after its construction. This problem is discussed in subscction B. After
the dam has scttled, no further problems are expected and at the most, some minor
repairs and additions of rock may be required after the dam has been subject to floods
for a long number of ycars.

B. CONSTRUCTION REQUIREMENTS AND COSTS

1. Material Sources and Transportation to Cotonou

The nearest quarry where the necessary rock is available is located at Dassa-
Zoume approximately 155 kilometers north of Cotonou. This quarry has been recently
reactivated since the quarry of Dan, which was used for the construction of the Port
of Cotonou, hecame exhausted. A railroad track is available near Dassa-Zoume. A
railroad spur leading to the quarry also exists and can bhe casily reactivated for im-
mediate use. Therefore transportation to Cotonou would be done by rail. The OCDN
officials have confirmed the feasibility of transporting the rock from Dassa-Zoume
and have given an estimate for the transportation costs to Cotonou.

The sand for the dam core can be obtained at the existing sand bar. TIlere it can
be graded to coarser size and placed in bags. A barge can casily transport it to the
construction site ior placement in the dam.

2. Probable Construction Methods
One possible method of construction would be to dump the materials from the la-

goon banks and gradually procced to close the gap in the lagoon. This mecthod, how-
ever, could create problems. As the gap between the two embankments begins to
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narrow, high velocitics through the parvtially completed dam would requive heavy rock
matcerial and would make the placement extremely difficult.

IFor this reason, a different construction method is recommended.  The method
would consist of constructing the dam in approximately 0.5 meter lifts placed evenly
across the full length of the dam.  This would insure that the veloeities of flow over
the partially completed dam remain relatively low.  In order to implement this proce-
dure at least two good-sized barges will need to be employed, one transporting rock
and the other transporting the sand in bags for the core.  With two barges an efficient
cyele of operations could be obtained so that one barge is placing the materials in the
dam whilc the other i< being loaded.

3. Dredging of the Dam Foundation and Protection of Banks

A certain amount of dredging will be required to remove the loose bottom ma-
terials and to excavate a trench in whieh the bottom of the dam ean be anchored.

In order to protect against a possible damage of the lagoon banks in the immedi-
ate vicinity of the dam, it is proposed that the embankment be construeted and pro-
teeted with rock vip-rap for approximately 50 meters on the occan side, and 180
meters on the upstream side on hoth sides of the Tagoon (See Figure 9-1).

The existing rock jetty should be removed in order to avoid constricting the flow
in the immediate vieinity of the dam.

4.  Expected Maximum Settlement of Dam

Duc to compressible substrata, approximately 20 meters below the lagoon hot-
tom a probable maximum scttlement of 50 centimeters is anticipated.  This will re-
quire the following procedure for the phasing of the construction of the dam:

Initially, the dam should be constructed to clevation of +1.10 meters.  As the
dam construction procecids, some settlement will take place, and, with the top of the
dam brought to +1.10 meters in height, the total settlement from the heginning of
construction mm already amount to 5 centimeters, This stage of construction should
he completed inapy <imately six months, and just hefove the beginning of the flood
scason (approximately October 1975, The dam will continue to settle until the com-
pletion of the existing bridge vepaire in January of 1973, By this time, it will have
settled approximately an additional 10 centimeters, bringing the top of the dam below
the requircd clevation of 1 1o meters, At this time, the top of the dam can bhe re-
stored to cievation <1, 15 meters in order to provide a slight exeess to offset future
additiondd settiement, The final adjustiments in the top of the dam should be done
approximately in 1982, hut the measurements of the elevations in the top of the dam
should he taken vearly, to chart the progress of the settlement.,
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It must be noted that a much more precise program and construction procedure
can be developed in final design after detailed corve horings arce obtained and more
laboratory testing has been made.

In order to provide for future adjustments in the top of the dam, it is suggested
that sufficient rock be acquired at Dassa-Zounice as part of this projecet. The excess
rock should be stockpiled, possibly in an arca within the yard of 'Fravaux Publics on
the castern side of Cotonou. It is proposcd that later adjustment work for the dam be
financed by the Dahomean Government.  The cost should not be great, sinee the rocek
will be already available in Cotonou and could casily be trucked to the dam and placed.
In fact, during dry scasons, the heavy trucks will be able to drive across the dam and
dump the rock  The cost of this work should not exceed 9 millions Fr. CIFA in 1982,

5. Construction Quantities and Costs
The construction quantitics and costs have been estimated to include the neces-

sary work as cexplained in the foregoing subscctions.  The detailed breakdown for
American and Forcign Procurcment is shown in Appendix A, pages A-12 and A-19,

9-6
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SECTION X

OTHER EROSION CONTROL ALTERNATIVES

A. LAGOON BANKS PROTECTION
1.  Proposed Future West Bank Boulevard

As a conscquence of the general erosion in the Cotonou Lagoon, the lagoon banks
have suffered extensive damage. In 1966, BCEOM has made a detailed study, financed
by FAC, for the improvement of the lagoon banks. !

The recommended work consisted of two phasces.  In the [irst phase, (Project A)
it was decided to repair and place temporary proteciion on both the cast and west
banks. In the sceond phase (Projecet By a permanent type of embankment with rock
protection was proposcd.  The project included the construction of the West Bank
Boulevard as reccommended in the Cotonou Master Plan.  Figuwre 10-1 shows the typi-
cal sccetion for cach project.

Projeet A was cstimated to require seven months of construction time. It re-
quirced 23,000 tons of rock, 4,000 cubic meters of sandstone and 25,000 cubic meters
of embankment materials. The total cost, in 1966, was estimated at 75 millions Fr.
CIA.

Project B was expected to require 10 months to complete and involved approxi-
mately twice the amount of the materials as projeet A, The total cost in 1966 of
Project I was estimated at 125 millions of Fr. CFA,

To date none of this construction has been undertaken, probably due to the [act
that other planning for a dam and a bridge in the Cotonou Lagoon may requive exten-
sive revisions to the proposed improvements for the lagoon hanks.

2. Estimated Cost of Required Rock Embankment

The following were the rock quantities and costs, estimated for Projeets A and
B by BCEOM in 1966:

Projeet A 23,000 Tons 36.7 Millions Fr. CFA
Project B 43,000 Tons 4.5 Millions I'r. CFA
Total 100.2 Millions Fr. CFA

These costs, if escalated at 57 per year to 1975, would increasce to 146. 0 Millions
I'r. CFA.

I proteetion des Berges de la Lagune de Cotonou, Project No. 188, November 1966,
10-1
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It is safe to sav that at least 507 of this cost or 73.0 Millions I'r. CFA. could
be a saving attributed to the construction of the dam. Ilowever, this saving has not
been ineluded in the Benefit/Cost analysis for the dam.

B. PROTECTION OF BRIDGE FOUNDATION
1. Foundation Rock Mat

A dam at the lagoon mouth is an effective but costly crosion prevention structure.
A substantially less expensive construction which would be equally effcetive against the
crosion damage under the new bridge is a rock mat. It consists of vock fragments of
sufficient size and weight to be able to resist the crosive forees, placed at the lagoon
hottom under the bridge.

A rock mat has already been planned by BCEOM to be placed between the pilings
under the existing bridge by 1972, The projeet has been financed by FAC and is ex-
pected to cost 15 million Fe. CFA. It is a tedious undertaking duc to the necessity of
confining the delivery of rock by train during off traffic hours (mostly during the night).
After the transfer ol the roek from the train to a bharge, it will be necessary to place
the roek partly by dumping and partly by hand between the piling, (See Figure 10-2),

In the case of the new bridge, it will be much casicr to place the roclk mat,  The
rock could be dumped hetween the piles as soon as they have been driven and hefore the
pile cap and bridge beam construction is started,

The rock mat should generally consist of rock fragments of 60 kg or less in size,
forming a blanket of rock extending in width at least a few meters bevond the piling
and having a total thickness of 0,75 meters,

2.  Expected Life
Since the bhridge piling in essence represents a constriction in the normal channel
flow, there is a great deal of turbulence and high flow velocities around the pilings.
Over a long period of time, some of the rock may begin to be scoured out.  Thus, it is

to be expeeted that @ rock mat protection may need a total veplacement after approxi-
mately 20 vears,

3. Estimated Cost

The estimated quantities of rock and the construetion cost for the rock mat are
shown in detail in Appendix A, pages A-11 and A-18.

10-3
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SECTION XI

CONSTRUCTION SCHEDULING

A.  ESTIMATED COSTS AND TIME REQUIRED FOR FINAL DESIGN
1. Field Surveys, Core Borings and Testing

Updated detailed topographic and hydrographice surveys will be required for the
final design of the hridge and the dam.  eluded in the surveys will be the establishing
of control points for construction and clevation beneh marks.  In order to help deter-
mine the potential construction problems, updated flow velocity measurements should
he made during both the Tlood sceason and the dry scason of 1973, 1 is estimated that
the required ficld work would take four months.

A program of core horings and standard peunetration tests should ba developed
to obtain sufficient foundation data for final design.  Included in the program for sub-
soil cxploiation should he one boring, penetrating 15 meters into the elay stratum,
at cach abutment and pice for the bridge and at Teast six bovings for the dam. In ad-
dition, three bridee borings and three dam borings should have sufficient length to
reach the hottom ol the elay stratum, if it is within reasonable depth.

A laboratory program should include a sufficient number of tests on undisturbed
samples to determine the consolidation characteristices of the clay stratum,

It would be extremely usceful toperform at least one load test on a pile driven
into the sand steatum at the Toeation of the proposed Saint Michel bridge. In licu of
this, at the very minimum, statie penetrometer tests should be made.  The total cost
of the core bhoring and testing program for final design is estimated at 24 million Fr.
CIF'A. This cost is included in the bridge cost estimates under the contingencies item.
The core horing and testing work could be completed in approximately cight months.

2. Hydraulic Mode! Studies

Hydraulic model studies would be very desirable in order to obtain more precise
data on salinity reduction and backwater levels during flood with the proposced dam.
Usclul information could also be obtained on veleeitics of flow during various stages of
construction of the dam. The overall cost of a hydraulic model, although substantial,
would not be unreasonable in velation to the overall magpitude of investment., The de-
sign data that could be derived from a hydraulic model study would more than justify
the expenditure through possible savings in the cost of the dam through more

11-1

it



SANDERS &C?HOMAS lvc.

cconomical design.  The total cost of a hydraulic model is estimated not to exeeed 16
million Fr. CFA. The necessary studies could be made and completed concurrently
with the cove boring and testing work.

3. Final Design and Contract Letting
The final design and preparation of contract bid documents should be started

alter the completion of the field survevs. [t is estimated that this phase would recuire
12 months. The advertisement tor bids, prequalification of prospective bidders, re-

ceipt of bids and the construetion contract award will require a minimum of six months.

The total time from the beginning of tinal design to the begimming of construction
is estimated to require 24 months., A scheduling network for this portion ol the projeet
is included in Iigure 11-1,

B. ESTIMATED REQUIRED TIME FOR CONSTRUCTION

1. Procurement of Materials and Construction Equipment

In order to maintain an efficient and reasonably fast progress, it will be neces-
sary to initially expedite the following:

a. Lstablish a construction yard and an arca for stockpiling work materials
ncear the site of the dam.

b. Bring the neeessary construction and materials handling equipment to
Colonou.

C. Initiate the quarry operations at Dassa-Zoume and make arrangements
with OCDN railroad for transportation of rock to Cotonou.

d. Initiate fabrication of precast elements and make arrangements for ship-
ment to Cotonotut, orv

¢. Acquire materials and cquipment for establishing a prestressed conerete
casting vard and arrange for their shipment to Cotonou.

f.  Procure two construction barges cither locally in Cotonou, or arrange
for their shipment from abroad to Dahomey.

With the above listed priorvity items completed, the work can begin simultan-
cously on the grading and paving of bridge approach roads, quarvy work and trans-
portation of rock to Cotonou, and preparation of sandbags for placement in the dam.

11-2
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2.  Effect of Flood Season on Construction Progress

The dam must be Lonstructed in time before the flood season of 1975 in order
to facilitate the waterborne construction operation during the flood season. As men-
tioned carlier in this report, the construction of the dam will greatly reduce the flow

velocities in the lagoon, ¢ren during the flood.

During the six months necessary to complete the first phase of the construction
of the dam, the brid e beams and the piles can either be brought to Cotonou from
abroad or precast ir Cotonou. Therefore, as soon as the dam, Phase 1, has been
completed, the pile iriving operations can begin.

Without the coastruction of the dam, however, there can be no waterborne con-
struction work during the flood season. If, instead of the dam, alternate erosion
protection (rock mat) were to be constructed, the overall completion of construction
would be delayed by at least five months, and the opening of the new bridge to traffic
would be delayed by seven months (See Figures 11-1 and 11-2). This would result
not only in increased construction costs, but also in loss of vehicle operating savings
during the seven months of delay.

3. Construction of Bridge Approaches

The construction of the bridge approaches (for Saint Michel Bridge) will be done
under two separate construction contracts. One will be financed by FED, and the
other by the agency which will finance the bridge and the dam project.

It is to be noted that, in order to obtain maximum immediate vehicle operating
savings, the full approach roads from the west to the east connection with the Inter-
national Route No. 11 should be constructed and completed at the same time that the
Saint Michel bridge is ready to be opened to traffic. To accomplish this, and as-
suming that the FED financed approach road project is begun in January of 1975, the
following are the construction periods available for the completion of the approach
roads (See pages A-4 and A-5 in Appendix A):

STA 0 to STA 4900 (FED project) 24 months

STA 4900 to Saint Michel bridge and

1
Saint Michel Bridge to STA 8000 18 months

It can be noted on the construction schedule network (Figure 11-1) that approach
road construction has been planned in two stages. First the grading (nine months) and

118 months are required for construction; 24 months are available, since the approach
roads need not be completed before the bridge construction is finished.

11-4
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then the paving (three months) with an interval of six months without any work on the
approaches. This was done in order to allow the roadway fill on the eastern approaches,
whichwill be placed in swamping grounds, to stabilize itself priortothe paving operation. it
will be desirable that, duringthe six months interval, the fill onthe eastern approachbe con-
structed higher than the requiredf{inished elevation in orderto help faster consolidation of its
foundation and then that it be adjusted tofinal grade just priortothe beginning of the paving work.

4.  Construction of the New Bridge and Existing Bridge Repairs

The total time required for the construction of the bridge is 15 months. Of this
time, pile driving and installation of pile caps need 12 months and the erection of
bridge beams, bridge deck and lighting need nine months. The bridge superstructure
construction will overlap by six months with the pile driving and pile caps construction.

The bridge abutments can be constructed during a six month period beginning in
January of 1976, in parallel with pile driving and pile cap construction.

The overall bridge construction is scheduled to begin in October 1975 and be
completed by January 1, 1977.

As soon as the new bridge with its approaches is completed and opened to traffic,
the work on the existing bridge can begin. The entire lagoon crossing traffic will be
shifted to Saint Michel bridge so that the repair work may proceed without interference.
The existing bridge repairs are estimated to require 14 months with completion
scheduled for March of 1978. This completion date would be delayed to October of 1978
if rock mat is constructed instead of the dam.

The construction schedule network for a parallel bridge alternative with or with-
out the dam, is shown in Figure 11-2. The construction time for all items of work is
basically the same, although the parallel bridge is less wide than that at Saint Michel,
due to extremely congested traffic conditions which will exist in the immediate vicinity
of the construction site. This will considerably slow down the movement of construc-
tion equipment and will make the delivery of construction materials and prestressed
elements particularly difficult. Due to cramped conditions, the construction yard will
be located a few kilometers away and this will cause delays in hauling and other com-
plications.
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SECTION XII

ECONOMIC FEASIBILITY STUDY

A.  NATIONAL ECONOMIC SITUATION

1. Population Growth

The population of Dahomey in 1970 is estimated at nearly 2.7 million based
upon projections from the last governmental counts in 1964 at an average growth rate
of 2. 8% per vear, as shown in Table XII-1. The three coastal prefectures are the
most densely populiated and ave growing more rapidly than the national average.  The
two prefectures nearest Cotonou, Oueme and Atlantique, with the city of Cotonou at
their coastal boundary, contain about 10% of the national population and a much greater
proportion of the urban population.

TABLE XII-I

DAHOMEY POPULATION DATA
(Thousands of Persons)

Oucme Atlantique
Dahomey Prefecture Prefecture

Years Total Urban Total Urban Total Urban
1961 2106 200 464 G4 309 95
1964 2291 340 516 93 366 146
1970 (est) 2682 417 603 114 146 1844

Source: Ministry of the Interior headcounts in 1961 and 1964 as adjusted by the Institut
National de la Statistique et des Etudes Economiques (INSEEF) study are shown, projected
to 1970 at 2. 87 per year for the total population. The urban population is from the
INSEE study for 1961 and, therealter includes towns of morve than 10, 000 people.

Dahomey is stll largely an agricultural socicty, as only slightly more than 159
of the estimated population live in towns of over 10,000 people. The two prefectures
nearesti Cotonou contain over 70 of the urban population, with the two largest cities,
Cotonou and Porto-Novo, having about 507 of the urban total.!  Of these two cities,

I Annuaire Statistique, Ministere du Plan et de la Prospective, 1967
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Colonou is congiderably Lirger with an estimatled 150,000 people living in the city and
its suburbs in 1970, Although the available information on the larger cities in Dahomey
is nol sufficiently precise to caleulate accurate growth rates, these two cilies appear
to be growing much more rapidly than the national average,

Although starting from a small base, Dahomey, like many other Afrvican coun-
tries, is hecoming more urbanized, This trend is expected to continue, with the rate of
urban growth dependent upon the employment opportunities available in caell city or town,
The relatively high rates of population erowth and migration will probahly continue in the
neavr future, as the government has made no concentrated effort to discourage large fam-
ilies or migration to the ursan areas.

2. Agriculture

Agriculture is the most important cconomic activity, accounting for about 0/
ol the gross domestic product in recent vears, Crop production and animmal hushandry
occupy a great majority of the people's time with most farm families dependent upon sub-
sistance production from such crops as maize, cassava, sorghum, millet, and yvams.
Subsistence agriculture is characterized by the sale or barter of any small excess family
needs in the villages and towns,

Agericultural products constitute nearvly all the exports from Dahomey and palm
products. cotton, ground nuts, shea nuts and coffee are the important export crops, The
hulk of these exports are marketed in the countries of the Luropean cconomice communidy,
and most are subsidized in price.s Once processzced locally, export crops are shipped
through the Port ol Cotonou, The latest official data on the volume and value of the major

export crops is shown in Table X1II-2,

Animal production has remained relatively constant in recent vears, There are
approximately two million domestic animals in Dahomey, and per capita consumption of
animal protein is low, [owever, the annual slaughter rate is relatively Tow,

Although nearly 10% of the country is in classified and protected forests, the
annual harvest is insufficient for local needs, and Tumber is imported from neighioring

countrices.

2 Aspects Fconomiques 1968, Ministere de L'Economie et des Finances,
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TABLE XII-2

DAHOMEY MAJOR EXPORT CROPS
(Volume in Thousands ol 'Tons/Value in Millions of Fr. CFA)

1965 1966 1967

Volume Value Volume  Value Volume  Value

Palm products 62,7 2455, 7 39.1 1369.5 Sl 1 1528, 0
Cotton 1.3 431.1 2.3 271.9 2.6 331.7
Shelled ground nuts 2.3 95.8 3.3 113.3 5.5 223.1
Shea nuts 5.0 100, 5 2.8 44,5 6.1 170.7
Coffec 0.9 108.9 1.2 107.5 1.1 139.4

Source: Annuaire Statistique 1967, Dircction de la Statistique: Bulletin Statistique-
Supplement Commerce Extericur, No, 15, August 1968,

Production increases for most export crops are being supported by the govern-
ment, other locil agencies, external assistance, and by price subsidies: so prospects fov
future increases in volume are bright. As noted in Table NXII-2, palm products are the
most important export crop and additional plantings are being made according to sched-
ule. However, cotton production has expanded most rapidly in recent yvears, rising from
about 6,500 tons of sced cotlon in 1966 to 23, 000 tons in 1969, as a result of increased
acreage and the introduction ol improved varicties. Ground nut, shea nut, and collee pro-
duction have also riscen, and other new export crops are heing introduced.

Although the price of most agricultural exports will probubly decline somewhat,
ongoing programs (or the expansion ol production should increase the volume sufficiently
to raise the value of agricultural exports by 5% to 7% annually for scveral yvears in the
future.

3. Fishing

Up Lo 30, 000 people living along the lakes, rivers, and ocean depend upon [ishing
for a livelihood and the catch is a primary source of animal protein for human consump-
tion,

Lake lishing has been the most important, supporting some 60, 000 people, Duir-
ing the lasi twelve veuars, however, viclds have fallen sharply from an annual catch of
about 16,000 metric tons in 1959 to about 4,500 metric tons in 1971, This is duce to the
problems in Lake Nokoue caused by the permanent opening of the estuary at Cotonou Lo
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the ocean. These problems will be covered in detail in Subsection C.

Maritime fishing has been of lesser importance, with peak annual production
of less than 5, 000 tons: bul improved facilities are being constructed at Cotonou to
store and markel greater quantitics. ‘The introduction of jarger, refrigeriated ships for
offshore fishing should extend the range and depth of the caleh arcas,

4., Minerals

Mineral resources are not currently exploited to any significant extent, al-
though several known deposils are under investigation,

The government is interested in developing a large limestone deposit at Onighlo,
located 1S kilometers north of the railway terminus al Pobe. This limestone deposit
would supply the newlv-completed elinker plant at Cotonou, and a much larger integrated
cement plant which is proposed to have sufficient capacity to supply local needs and ex-
ports to neighboring countries. Farlier studies have determined that over 15 million tons
of limestone, suitable for cement production, are available al Onighlo and studies on the
costs of extraction and on construction of a cement plant arve continuing, However, other
recently discovered deposits near Allada, Dahomey, and al Lome, Togo may prove
cheaper to exploit, Togo and Dahomey have agreed to share wanatever site proves the
most feasible. I developed, the cement and clinker from Onighlo would probably e
transported through Cotonou for distribution locally and for export,

A large deposit of quality marble is known to exist about 60 kilometers novth of
Kokoro, but the government has heen unsucceessftul in finding foreign firms to undertake
development of the deposils. Large deposits of iron ore occeur near Malanville, but the
low orce content, (atout 40-157) and the distance from a scaport renders development un-
cconomical at the present time, Few other known mineral resources exist and the only
current exploitation is a small amount of gold mined near Perma,

5. Petroleum

xploration in waters offshore from Porto-Novo, done over the past several
vears by the Union 0il Company, has developed some promising wells: however, further
drilling will he required to determine the extent of the field. Although the magnitude of
the discovery is not definitely known, results to date are promising. I the veserves prove
to be significant, Cotonou will certainly become a storage and trans-shipment center for
crude oil and could become the site for a relinery.

6. Industry

Manufacturing and processing probably contribute only about 6% Lo 87 of the cur-
rent gross domeslic product, although the amount of local industry is increasing, and
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much of the existing industry involves the processing of agricultural products. *

IFive plants for processing palm products are operating in the major producing
arcas and three more arve planned over the next few vears, Six cotion granneries are in
operation in the producing arcas and more are planned, with IBRD and FAC financing,
to handle the rapid expansion of output. [n addition, a textile factory was being started
in Cotonou in 1970 to help supply the domestic demand for picce goods from the local
crop,. A kenaf processing mill was completed in 1969 at Bohicon, but has had difficulty
in sccuring cnough raw material from nearby farms. Other agricultural processing
plants are under consideration, including a groundnut crushing plant.

Ixeept for the agricultural industries noted in the preceding paragraph, nearly
all manufacturing activity is coneentriated in Cotonou. These industries will be des-
cribed in more detail in subsection B, 3.

7. Electric Power

A reduction in costs of electrie power at Cotonou and other cities should follow
completion of a transmission line from Ghana to Togo and Dahomey. Power in Cotonou
and Porto Novo is presently gencerated at Cotonou by diesel engine and the cost is high
(14 to 20 I'r. CEFA perkilowatthour). The new line should increase the demand, which
has been growing at 107 annually, by reducing costs. It will also have sufficient capa-
city for anticipated demand until 1980,

8. Gross Domestic Product

Modest growth has apparently occurred in the gross domestic product over the
past few vears, although the increasce in real terms in probably not significantly greater
than the estimated 2,87 annual population growth, The latest official data’ shows an
average GDP growth over the vears 1959-1966 of about 4. 8% per vear in current market
prices. More recent information is not available, but the rates of increase do not appear
o have riscn in subsequent vears and may have slipped slightly from the earlier levels.
Althouzh a comprehensive index of price changes is not maintained, wholesile prices
are reported to have risen about 27 per vear from 1964 to 1966°, and similar rates of
increase arc assumed to have oceurred in later vears, Thus, real per capita GDP has

3 Comptes Nationaux 1961-1965-1966, Ministere de L'Economic et du Plan, June 1970,
page IX.

4 Comptes Nutionaux 1964-1965-1966, ibid, page 96.

5 As reported by officials of the Direction de la Statistique, from an unpublished index of
selected goods, The index itself was not provided.
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probably remained stable since the early 1960's. The average per capita GDP in 1966
was estimated at 19,670 Fr. CFA or approximately U.S, $70.¢

9. Employment

The latest official data indicates that salaried employment has also been rising
at modest levels, averaging 3. 9% annually between 1959 and 1966.” However, in 1966
the number of salaried employees was quite low at 33, 000 people from an economically
active population of nearly 1.1 million.

As in most countries at similar stages of development, considerable unem-
ployment appears to exist in the urban areas and even larger reservoirs of underemploy-
ment probably exist in the rural villages.

10. Public Sector Financing

The government has experienced continuing difficulty in financing public sector
operations, largely due to the number and cost of public employees. Although some re-
ductions have been achieved in recent years, the deficit in 1968 still represented over
15% of total public revenues. Most of the operating deficits have been covered by assist-
ance from the French Government. As a result, the balance of payments shows that
large negative halances on current account and a high proportion of domestic investment
has been financed from external sources. With the volume of external financing that has
been available, continuing public sector operating deficits have not had a significant im-
pact upon prices, but have increased the foreign debt level until debt service has become
a heavy burden.

France has contributed the majority of foreign assistance, consisting of techni-
cal, budget, and project aid. Founds Europeans de Development (FED) has also been a
major contributor of project assistance and lending by the International Bank for Recon-
struction and Development (IBRD) has expanded in the last three years.

The CTFA franc was devalued by over 117 in November 1969 to a new official

rate of CFAF 277.71 to the U.S, dollar, at the time similar action was taken in France.
Thus, the CFA franc still is on a 50:1 ratio with the French franc.,

B. FUTURE DEVELOPMENT OF COTONCU
1. Government Operations

Although Purio-Novo was the seat of government and still is officially recog-
nized as the national capital, most governmental offices are located in Cotonou. Thesc

6 & 7 Comptes Nationaux 1964-1965-1966, page 96,
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include the President's residence, the legislative assembly and most of the ministerial
and other administrative offices. A token number of ministries and offices remain in
Porto-Novo, such as the Ministry of Agriculture and the National Archives. The govern-
ment has no plans to move these offices, at least within the near future, or to designate
Cotonou as the official capital — even though it is the administrative seat of government.

Due to budgetary restrictions, governmental operations and employment are
not likely to grow rapidly, at lcast for some years. The public sector budget has been
expanding at an average rate of about 6 per year over the past few years, with about
two~thirds of the budget currently devoted to salaries and other civil service costs.
Employment has also increased about 5% per year, reaching a total of about 19, 000
people, 75% of whom are employed by the central government., Revenues have also ex-
panded but at a higher rate. Largely due to the size and inerease in the civil service,
expenditure has remained well above revenue, resulting in substantial operating deficits
each year. Thus, future governmental operations will probably not expand more rapidly
than in the past few vears, if as fast, Nonctheless, the central government will un-
doubtedly remain, by far, the most important source of employment in Cotonou, The
number of public scctor employvees in the city is estimated at about 15, 000 persons,

2. Port Operations

Cotonou has the only seaport in Dahomey. Prior to construction of a new break-
water, dock, and shore facilities in 1960, ships anchored well offshore and cargo was
transferred by lighters to and from an old steel-frame pier, cast of the present harbor.

The new harbor has an enclosed surface area of 40 heetares and is capable of
taking ships with 10-meter draft. Four parallel berths totaling 655 meters in length have
been installed and additional berthing space can be developed as needed. The present
port facilitics have a rated capacity of approximately 700, 000 tons per year.

Cargo traffic has been growing rapidly, averaging about 127 per vear from 1965
to 1969, as shown in Table XII-3. However, a substantial part of the cargo traffic has
heen transhipped to or from Niger and northwestern Nigeria, estimated at 135,000 tons
of imports and exports in 1969,

Palm products and groundnuts represented about the same volume of export
cargo in 1969% and together accounted for nearly 5675 of the total, with other agricultural
exports making up the bulk of the balance. Cement and food stuffs cach represented over
30% of imports by volume in 1969, Other important imports include construction materials,
textiles, insccticides and vehicles, Passenger traffic through the port has been declining
and is not an important factor.

8 Transhipments for Niger and Nigeria arc included in the data on imports and exports,
and groundnuts arc a major transhipment item,
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TABLE XII-3

PORT OF COTONOU CARGO TRAFTFIC: 1965-1969%*
(Thousands of NMetric Tons)

1965 1966 1967 1968 1969
Exports 104 104 157 162 171
Merchandise Imports 174 178 189 188 260
Petroleum Imports 73 87 101 96 115
Total Traffic 3561 369 447 146 546

* Includes i*ems transhipped to other countries, particularly Niger.
Source: Port Autonome de Cotonou,

After the central government, the port is one of the most important emplovers
in the city, hiring about 1,500 persons, cven though employment was veduced following
the separation of railway and port administrations.Y Future operations will follow the
trends of export and import cavgo tralfic. As noted previously, Dahomean exports are
cevpected o increase in volume about 7' annually for the next few vears!™ and imports
should follow the trend of the growth of gross domestic product. Thus, the volume of
argo traffic for Dahomey is expected to increase between |1 and 577 per vear tor the next
several vears, Shifts in the transport routing of castern Niger and Nigerian traffic, how-
cever, [ollcwing the return of Nigeria to normal conditions, could cause a temporary de-
cline in the port traffic.

3. Industrial Growth

Cotonou has a small but growing industrial estahlishment and a commercial sec-
tor which supplies Cotonou and, on a wholesale basis, the smaller cities and towns of
Dahomey.

Existing industries will be desceribed in summary form and further industrial
prospects in somewhat more detail since light industry is likely to become a more im-
portant source of employment in the future,

Y The port now operates as an independent ageney.

19 Assuming . 27 overall annual decrease in agricultural export prices, a 5% rate of in-

crease in vafue of agricultural exports would represent an increase in volume of 79 per
vear,
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Most of the existing industry is located on the castern side of the estuary
bhetween the ocean and Route 11, but several older lirms were established on the western
side, along the coast hetween the estuary and the new port, before new zoning regulations
were enacled. The major service establishment and commercial houses are concentritted
around Gouverncur Clozel Avenue on the west bank, with others scattered throughout the
city.

The government's latest directory of industry!!  lists about 50 [irms under con-
struction or operating in Dahomey. Total employvment by these firms exceeds 3, 500
persons, with some 10 firms and over 2,100 emplovees located in Cotonou.,  Only the
agricultural processing plants previously deseribed and a small hakery and soap plant
are located in other parts of the country, The more important manufacturing and proces-
sing industries in Cotonou include: bakeries, a brewery, wood and metal furniture
manufacture, printing, coconut and palm oil processing, soap making, carpentrey and
construction, metal working, radio asscmbly, auto assembly, motorevele assembly,
bicvele assembly, eolectricity generation, air reduction, tanning, shoe manuficture, ce-
ment clinker erushiv and tire recapping.

Many ol the existing industries have been estabbished since independence in 1960,
and ncarly all are financed by private capital. as the public scctor has little capital to
help finanee private investment projects. The Dahomean Investment Code, however, en-
courages new local industry with tax incentives and embavgoes or preferential duty rates
on competling imports. The latest list of industrial proposals include 23 new projects
which arce licensed under the Tnvestiment Code, with a planned investment of over 2.5
billion Fr. CFA. All but onc are to he located in Cotonou and total employvment is forecast
at nearly 1,900 persons, Private capital has been assured for cach of these projects, most
of which involve the use of Toeal raw materials or represent import substitution, The pro-
posed projecets include: offshore trawlers and fish-freezing facilities, specialized print-
ing, [ruil and vegetable processing, shrimp freezing, paint manufacture, sponge and napkin
manufacture, plastics manulacture, match manufacture, milling, and ¢lothing manufacture,
Not all of these projecets will be implemented, but sceveral should be initiated in the next
few vears, Other new projects arce aso under consideration by the private scector, All of
the projects proposced for Cotonou would be lociated in the industrial zone cast ol the exist-
ing bridge. In addition, construction of a large textile factory wis starled in 1970 at
Cotonou, The textile project will employ about 650 workers and involves an investment of
nearly 1. Shillion IFr. CI1FA, with the capital to be suppliced by the government and the private
scclor, Other public sector industrial projects are planned but would be located in other
parts of the country,

Further industrial expansion also faces several problems, Local markets arve
Iimited and neighboring countries have not granted preferential tarvilf rades for Dahomean
manufacturced goods. Furopean Fconomie Community regulations also require hidding to
supply agricultural imports and restriet tarvill protections fHr process agricultural goods,

' Industries Existantes. Ministere du Plan ¢f de la Prospeetive: 1968,
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Even though private capital is available within Dahomey for investment projects, local
entrepreneurs are not experienced and salaried managers are both expensive and scarce.

Thus some further expansion of industrial activity in Cotonou will undoubtedly
occur, but is expected to be largely devoted to products that substitute for imported goods.

4. Employment Prospects

The rate of further migration to Cotonou is expected to turn largely on future
employment opportunities in the city. Even without additional migration, the urban popu-
lation would expand, but at rates closer to the national averages. Cotonou has been
growing about 10, per year while the average urhan growth has been only 6% annually.

In the past, migration to the city from rural arcas (and probably from other towns) un-
doubtedly contributed to the bulk of the higher population growth,

A large number of underemployed persons probably still exists in the rural arcas
surrounding Cotonou and these people would move to the city if jobs were available. For
example, public notices of job openings in the government have caused thousands of appli-
cants to rush to the city, only to return to their homes when the available jobs were filled.

Official data on employment in Cotonou are not available. Therefore, recent
estimates by a labor advisor to the government are presented in Table XII-4 to give a
rough idea of the employment situation in the city. Large numbers of uncmployed also
undoubtedly exist among the urban population.

TABLE XII-4

COTONOU ESTIMATED EMPLOYMENT AND FEARNING LEVELS: 1970
(Thousands of Persons/Thousands of Fr. CFA)

Number Monthly Average
Employer Employed Salary

Public scctor 12 15 30
Modern Firms 8 25
Artisans and Small Commerce 13

Male 12 7t08

Female 15 Jtobh
Unemployed 10

12 Includes independent public agencies.

13 Includes estimated 15,000 people who are employed less than 100 days per year,
Source: Estimates by an advisor in the labor ficld.
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Nearly 50% of the city's population is estimated to be less than 15 years old,
and up to 3,000 persons arc probably added to the employable ranks each year through
maturation of young people. Up to 1966, the public sector and private firms absorbed
up to 2,000 additional people each year. However, budget deficits have sharply cur-
tailed additional public scctor hiring and the rate of new job openings may have deelined
to around 500-1, 000 openings per year., Near term employment prospects are not ex-
pected to rise significantly above this level so long as the government continues to re-
strict civil service expansion,

5.  Urban Population Growth

With these constraints, the earlier rapid growth of population in Cotonou would
certainly appear destined to slow considerably, barring unforescen circumstances.
Modest growth of the industrial and other sectors will probably not absorb the antici-
pated volume of urban vouths secking employment. As substantial increases in per cap-
ita income are not forescen, the demand for services is not expected to inerease much
more rapidly than the rate of population growth. Thus, present levels of unemployment
and underemployment will undoubtedly continue and may increase for some vears. Un-
der these circumstances, the rate of population growth is not expected to exceed 4. 5%
annually.

C. FISHING ON LAKE NOKQUE
1. Past Conditions

Up to 1960, Lake Nokoue and Porto-Novo Lagoon supported about 50, 000 people,
who were dependent upon an annual fish catch of about 15,000 metric tons. Most of the
catch was of two species, which congregate in areas sheltered by branches. Although
the open parts of the lakes were {ished with nets and traps, vields were covered with
branches and enclosed by stakes or poles. Several forms of "akadja™ were used, depend-
ing upon the locale, and some extended over several heetaves of shallow water., The
annual vield per heetare varied with the type of akadja and the frequency of fishing hut
was generally much higher than open water. Although only about 257 of the total cateh
on the lakes was from akadja, they served as a shelter for the predominant species and
probably contributed to increased catches in nearhy open waters,

Prior to construction of the new harbor, the sand har across the mouth of the
Cotonou lagoon was broken open to the sea only by the pressure of the higher water level
of Lake Nokoue during the most severe floods. On the average, the estuary was open once
every three to five yvears but the littoral currents in the ocean drifted sufficient sand to
close the opening within a few months after the flood waters subsided. Thus, Lake Nokoue
and the smaller Porto-Novo lagoon remained relatively protected from tevredo (marine
horer) invasion, except during the shorter periods when the estuary was open.

U
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2. Present Trend

After construction of the seawall for the new harbor, the sand-carrying ocean
currents were shilted scaward, and the estuary channel remained open at all times. The
constant intrusion ol seawater and the consequentiial increase in the terredo infestation
of Lake Nokoue hias reduced the annual cateh to an estimated 9, 000 tons in 1967 and
about 5,600 metric tons in 1970,

The most important elfect of the multiplication in the lake waters of marine
borers was that they attacked the wood used in akadja construction. Presently, the
akadjas last about once-hall the former time, as do canoes and other wooden objects im-
mevrsed in water. The opening of the estuary also permits rapid outflow of mineral and
sediment carrvied by flood waters, reducing the deposit of nutrients on the lake hottom.
More importantly, tidal surges keep the water turbulent, scour the lake bottom, and re-
duce nutrient and mineral deposits.

The costs of akadja maintenance increased, at the same time that [ish produc-
tion was declining. Due to overcutting of nearby forests, the cost of branches and poles
for akadja construction has doubled from 1960 levels. Consequently, several hundred
hectares of the various forms of akadja in Lake Nokoue have not been replaced in the last
few vears. Thus, the total arca of akadjas that have disappeared has increased as cost of
replacement rose above the value of the fish produced.

3. Prospects for the Future

Dr. Thompson made the most recent survey of lake fishing!® and concludes that
fish production can be restored to former levels in about five years alter the installation
of the dam. During this period ol time, Lake Nokoue would reach a stable condition with
respeet to salinity level and the silt and detritus deposition. Dr. Thompson found no other
ivreversible cceological changes and believes the reduction of salinity levels should ef-
[cetively eliminate the mavine borers or at least reduce their density sufficiently to elimi-
nate the problem of akadja replacement,

Hydraulic calculations indicale that with the installation of the proposed rock
dam, as desceribed in Scction IX, Dr, Thompson's criteria relative to salinity could be
met, il not exceceded. In effect, the proposed dam could probably estal.lish hydraulic and
ccological conditions very similar to those that existed in the lake prior to 1960,

Under these circumstances, fishing would again become profitable through the
increased use of akadjas after the initial restoration period. Although this form of fish
culture represented only about 257 of the catch before the channel was opened, the use

L Report of the Fishing Reconnaissance of Luake Nokoue, Dahomey, by Richard B.
Thompson and Economic Evaluation of Fxpected Fishery Benelits by George Ko Tanonaka,
National Marine Fisheries Service, Seattle, Washington, (July 1971). A complete copy of
Dr. Thompson's report is included as Appendix B.
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of akadjas is believed to add significantly to the total catch by sheltering the predomi-
nant species of fish. Costs of using akadjas are certainly higher than net casting, while
production is also higher,

However, shrimp fishing in the lagoon would probably be lost with the construe-
tion of the dam, as the larvae are carried into the channel by tidal flows and the adults
return to the deep continental shelf to breed. Production of shrimp has been averaging
about 100 tons per year and prices are about 150 Fr. CFA per kilogram.

D.  TRANSPORT IN DAHOMEY AND COTONOU

1.  Regional and Internationol Traffic

The bulk of the traffic across the lagoon in late 1970 was gencrated within the
city, with about 69/ of passenger vehicle and 49% of truck and bus trips occurring inside
the city limits. As noted in Scction IV international traffic was a small proportion of the
total [or all vehicle categories, averaging about 1. 57 of all vehicle trips, but reaching
8. 8% of bus traffic.

As would be expected, Cotonou is the focus of regional traffic because it is the
largest city, the scat of government, the only scaport, and contains the only concentra-
tion of industry. Less than 20 of passenger vehicles and 97 of trucks and busses pass
through the city on trips between points outside the eity limits.

Duce largely to the short distances bhetween the centers of population and agri-
cultural production in the coastal arca, ncarly all cargo and passenger traffic moves by
highway. The largest traffic volume occurs between the city and the population centers
of Oucme prefecture, Iving east and northeast of Cotonou, particularly Porto-Novo - the
second largest cily in the country. Large volumes also move between the city and south-
western population centers around Ouidah, as well as to centers as far north as Das,,a-
Zoume in south-central Dahomey. Traffic further north decereases significantly, particu -
larly among the route parallel to the OCDN railway line north to Parakou. Traffic volumes
in 1967 and projections to 1975 on the major feeder roads to Cotonou arce shown in Table
XII-5,

2. Railway Operations

The Dahomean railway network consists of an east-west and a north-south line.
One railway line extends cast from Cotonou to Porto-Novo and then north to Pobe. An-
other line extends west from Cotonou to Seghoroue, west of Ouidith, At Pahou, 25 kilo-
meters west of Cotonou, the west line branches, and hecomes the north line which con-
tinues to Bohicon, Save and Parakou, in north-central Dahomey.

The great majority of railway traffic currently is carried between Cotonou and
Parakou on the north line. About onc-half of this traffic represents export or import

ol
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transfer cargo for Niger and northwestlern Nigerials  Cargo is carrvied by trucks, also
operated under contract by the OCDN between Parakou and the northern border of Dahomey.
Prior to the Nigerian hostilities, cargo from eastern Niger and northwestern Nigeria
moved via Lagos and Port Havcoul, With the disruption of Nigervian transport facilities
following the outhreak of hostilities, a part of the cargo was shifted to the OCDN roule.
Now that Nigerian transport [acilities are returning to normal, a sood possibility exists
that cargo to and rom castern Niger and northwestern Nigeria will revert to the Niger-
ian vouting when the contracts signed under emergencey conditions terminate, In addition,
improvenments of navigation facilities on the Niger River are under consideration, which
would permit extended and more efficient barge sevrvice into Nigeria from western Niger,
If most of the transfer traffic is diverted from the OCDN railroad the Lea Report sug-
vests that rail operations on the northern line will incur financial losses and may have to
be closed, with truck transport carvrying the balance of the domestic and foreign cargo,

The castern and western OCDN lines from Colonou carry such small volumes of
‘argo and passcengers that the Lea Report recommends immediate closure of operations,
To date, the government has taken no definite steps to stop operations on cither line., How-
cver, if the recommended action is folowed, rail movements on the existing hridge over
the Lake Nokoue estuary, now averaging about cight per day with sonie oceurring at peak
traffic hours, would terminate and the railway lines could be lifted to provide a smoother
bridee surfucce for vehicular traffic,

TABLE XII-5

DAHOMEY TRAFTFIC ON MAJOR IFEEDER ROADS INTO COTONOU: 1967-1975
(Daily Two-Way Volumes)

Actud) Traffic Projected Traffic Annual Growth

1967 197510 Rales
Cotonou cast toward Porto-Novo 2019 3133 5+ O
Cotonou westto Godomey 1465 2228 5 %
Godomey west toward Quidah 803 L170 5-%
Godomey north toward Allada 737 1379 8 %

15 Dahomeyv Land Transport, N.D. Lea Associates and Lamarre Valois International
Limitee, Julv 1969,

16 pata is taken from the "do nothing condition” in the source. Projected traffic does not
change signidcantly under other hypotheses, excepl for the last feeder voad on which the
growth rate would be veduced to 6°7 if the recommended improvements are carried out,
Source: Dahomey Land Transport, N.D. Lei Associates and Lamarrve Valois Interna-

tional Limitee, July 1069,
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3. Air Transportation

The airport on the western edge of Cotonou is the only international airport in
the country and is used by international air carriers for scheduled flights several times
per week. The balance of the airports in the country are small, many having earth sur-
faces, and are served only by light-twin aircraft of the local airlines.

The government is considering an extension of the present runway, which would
require the relocation of Route 11 in the western part of Cotonou, or complete relocation
of the airport at a spot ncar Abomey-Calavi. According to the airport manager the pre-
sent runway is capable of continued handling of present traffic, including four-engine jets,
without improvement. Three-engine "jumbo' jets could also be accommodated by strength-
ening the surface of the runway in the touch-down zones. Thus, the runway extension
would only be required for four-cngine "jumbo'’ and supersonic jets. Due to the financial
constraints facing the government and the remote possibility of "7:17'" tvpe or supersonic
jets calling at Cotonou in the near future, an extension of the runway does not appear
likely or necessary for some time.

E. FUTURE TRAFFIC GROWTH IN COTONQU
1. Past Troffic Growth in Cotonou

The best information on traffic across the lagoon in previous years is provided by
a series of traffic counts at the existing bridge by the Department of Public Works. Thesc
counts have heen performed once or twice each year since 1960, with each count lasting a
week and traffic divided into five vehicle categories. Although considerable variations in
volume occur between counts!?  the overall trend is upward for all types of vehicles, Time
serics plotting of the counts is shown in Figures 12-1 through 12-4 and the resulting growth
trends arc summarized in Table XII-6,

Other possible sources of information on past traffic growth were investigated
but the data are not maintained in such a way as to give usable indications about traffic
volumes and trends in Cotonou,

Sales of gasoline and light diesel fuel in the city would indicate the amount and
trends of vehicle usage in the arca, IHowever, only two of the six major distributors pro-
vided information on annual sales over the past scveral years, The others were cither
unwilling to divulge the information or personncel authorized to release it were unavail-
able at the time of field investigations for this report, Although changes in the share of
the local market among distributors would affect the sales of anv distributor, both of the
firms which provided information indicated that gasoline sales in the city rose since 1967

17" A cross check is available on the accuracy of cach count since considerable variations
occur among the counts without apparent cause. Irrors undoubtedly exist in some of the
counts

12-15

21



SAND[RS &CJION/\S Ixc.

about 6-10') per year, while light diesel fuel sales were up 5-9% annually., Between 1965
and 1969, national sales of gasoline and light diesel fuel rose nearly 7' annually and are
projected, by the association of fuel importers, to rise about 6') per year from 1969 to
1972,

TARBLE XII-6

COTONOU GROWTH OF TRAFFIC CROSSING THE EXISTING BRIDGE: 1960-1970

Increase Per Year

Passenger Cars G %
Light Trucks (less than two tons capacity) 6+
Medium Trucks (between two and ten tons eapacity) 6+ %
Heavy Trucks (over 10 tons capacity) 7- %
Motor Bikes 19 %

All vehicles (very conservative estimate, see also
; 4,5 %
Figure 12-4.)

Source: Department of Public Works, semi-annual traffic from 1960-1970.

The growth rate of the national vehicle fleet has declined steadily to about 3, 277,
per year in 1968 and appears to have decreased even further in subscquent vears, accord-
ing to data on vehicle registrations. Vehicle registration data are published currently by
the Ministry of Finance. Vehicles are registered onlv when new and retired vehicles are
not removed from the list. The Dahomey Land Transport study estimates that the average
age ol the vehicle fleet is about four vears. Deducting all vehiceles older than twice that
age, the annual fleet growth in 1967 and 1968 was estimated at 3. 27 per vear (sce pages
ap, L and 15). The same method of caleulation shows that annual growth rates have de-
clined further in subsequent years with the total fleet containing just over 11, 000 vehicles
ol all types at the end of 1969, The system of vehicle registration is scheduled to he
changed to annual registration in the near future. The only breakdown of registration data
indicating the location of the vehicle is the domicile of the owner. According to the latest
registration repovts, 55 of all owners reside in Cotonou, hut this may vreatlly exaggerate
the proportion of vehicles actually in use in and around the city.

2. Troffic Growth Assumptions and Rate
Based upon the various economic and employment prospects outlined previously
in subscctions A and B, and the probable urban population growth described in Seetion 111,

expected annual growth rates fov four types of traffic within the city were deve loped. These
rates assume the urban population increases about |1, 57 per year and that new employment
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opportunities will be sufficient to boost urban employment proportionately with popula-
tion increascs. However, significant increases in average per capita income for the
urban population are not assumed. The expected traffic growth rates are shown in Table
XII-7 and are hclow the rates indicated by available evidence for prior years, in all
cases (Sce Figurcs 12-1 through 12-4 and Table XII-6).

TABLE XII-7

COTONOU FORECAST TRAFFIC GROWTH RATES: 1971-1997

Vehicle Category Annual Growth
Passenger Vehicles 6.0 %
Trucks and Busses 5.0%
Motorcycles and Bicycles 8.0%
Pedestrians 4.5%

The growth rate has been reduced to 3/4 of the initial rate from 1987 on, in
order to reflect the growing congestion which will begin to spread towards the end of the
study period throughout Cotonou. Additionally, for sensitivity testing, the base 1970 av-
erage daily traffic is reduced 107 and then the future is calculated by using growth rates
reduced by 209 . The projected volumes by categories of traffic for each year from 1970
to 1996 ave shown in Appendix A, pages A-29 through A-31.

3. Zonal Traffic Projections

Using growth rates shown in Table XII-7, traffic growth was estimated for each
O/D zone, using 1970 volumes, as a basis from which the expected relative volume of
total traffic bv vehicle category at the end of the study period was calculated.'®  The ex-
pected future character of each zone has been described in Section 11T and their relative
importance in future traffic generation is described below. Some zones, which are ex-
peeted to be important in the future, have practically no traffic at present. Therefore,
present traffic was arvhitrarily raised to a minimal proportion (0.1%), in order to provide
a basc for the projection of future traffic. Thus, all zones which had very low traffic

volumes in 1970 would grow rapidly to reach expected levels at the end of the study period.

18 Due to the manner of caleulating traffic growth hy zone, the overall growth rates do
not mateh the target exactly, The resulting overall growth rates are: passenger vehicles,
5.82% trucks and busses, 5.05'; motoreyeles and bicycles, 7.71%: and pedestrians,
4,54%. This method of projecting traffic assumes linear growth for each zone, which may
not be the case for those outlying zones some distance from the center of the city, In fact,
those zones within the city limits may increase before the outlying ones.

12-17


http:calculated.18

SANDERS &9HOMAS Inc.

NOMBRE DE VEHICULES “JOUR (EN MILLIERS)
NUMBER OF VEHICLES/DAY (THOUSANDS)

FIG. 121

——— S
|
!

!

TAUX DE CROISSANCE
GROWTH RATE

.

i
1

©_ VEHICULES DE MOINS DE 2 TONNES
VEHICLES LESS THAN 2 TONS

| | )
o | | ._»
) - | O TRAVAUX PUBLICS .

/5 SANDERS & THOMAS, INC. . -

.........

.....

.........

......

P

....

.........

,,,,,

.....

+ r\;‘ v
N N4
! Do . . .
: . . . [
o - T T " o
T i
....................... '
i e
R S T T T I T S S
D O . :
B - - - - ]
OO X . T e e
P T e
f
[ ) o
’ 2 S e e e P
' . . e S e T
i ol . .
; . '
i . . .
...... : ‘ . : ;
S SRS NN e e —_ ——— S S e S
. : i . .
Y. i
‘.

12-18



SANDERS &%oms Inc.

NOMBRE DE VEHICULES."JOUR (EN CENTAINES)

NUMBER OF VEHICLES/DAY (HUNDREDS)

: I ! 1
oy ~-t-—— TAUX DE CROISSANCE - - - ---
e GROWTHRATE __. i
VELOMOTEURS R -
MOTORCYCLES 77~ -
I b !

- o . O TRAYAUX PUBLICS R
ag SETRINEE ! /A SANDERS & THOMAS, INC. -
20 | ; S N D O

B Lo

.....

.....

........
.....

.....

.......

.....

......

.........

.....

1
i
'
B ¥ P

.......

S

......

.....

.....

.....

......

......

.....

.....

..........

12-19

FIG. 12-2



SAND[RS &%OMAS [nc.

5

NOMBRE DE VEHICULES/JOUR (EN MILLIERS)
NUMBER OF VEHICLES/DAY (THOUSANDS)

FIG. 123

|

[~~~ TAUX DE CROISSANCE -~

[P U

" 40

130

| © TRAVAU

b e e GROWTH RATE = - o memmmd o —mm
VELOMOTEURS R ;
MOTORCYCLES
: ] |
b i ;
|

X PUBLICS

A SANDERS & THOMAS, INC.

.....

|

.....

12-20

v
A\



SANDERS &%oms [NC.

NOMBRE DE VEHICULES/JOUR (EN MILLIERS)

NUMBER OF VEHICLES'DAY (THOUSANDS)

TAUX DE CROISSANCE

GROWTH RATE

- TOUS VEHICULES (SAUF VELOMOTEURS) - s oo
.. ALL VEHICLES (EXCEPT MOTORCYCLES)

.20

.....

! H :
| i i
o | ¥
AT 2 L S
O TRAVAUX PUBLICS
- " A SANDERS & THOMAS, INC. N

.....

AP

...............
...........
..........
..... |
D .
R L
. D e T e T
vvvvv .
1 . [ :
. . | | .
R . .
e U S pne — - e
R B [ v 4
| S S . e IR
D S R | i ,
L e et
oy O
1

12-21

FIG. 12-4



SANDERS &%omf\s Inc.

The proportion of present traffic, the expected growth rates and the prob-
able diversion of traffic to the Saint Michel bridge for each O/D zonal pair are shown
in Table XII-8 for passenger vehicles, in Table XII-9, for trucks and busses, in T'able

NII-10 for motorcyveles and hieycles and in Table XII-11, for pedestrains.

The esti-

mated proportion of traffic diverted to the Saint Michel Bridge is judgimentally deter-
mined by relative distance and convenience and represents an avevage proportion over
the 20-yvear study period after the bridge is opened.

TABLE XII-S
COTONOU BRIDGE PASSENGER VEHICLE TRATFIC

v . 19
Percentage of Traffic Between Zones in 1970

Projccted Annual Growth Rates: 1971--1997-"

.
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1
0.10
0.06
0.12
0. 14
0.09

8
0.08
0. 04
0.01
0. 06
0.09

Proportion of Traffic Diverted to Saint Michel-!

O/D Zone_ 5
t 7.7
2 5.2
3 0.1
4 3.8
10 1.0
Total 37.8
0O/D Zone 5
1 0,06
2 0,03
3 0,03
4 0,04
10 0,06
0/D Zone 5
A B
1 0.00 0.40
2 0,10 0,60
3 0.30 1,00
4 0.50 1,00
10 0.50 1,00

19 Average daily traffic in 1970 was 10,400 cavrs.
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50,6
11.4
24,4

9.7
3.9
100,0

9
0.08
0.06
0. 06
0.07
0,05

9
A B3
0.20 0,60
0.70 1,00
1.00 1.00
1.00 1,00
1.00 1.00

The O/D zones showing no traffic
have been clevated to 0. 19, of total traffic lor purposes of traffic projection,
Source: Origin-Destination Traffic Survey, by Sanders and Thomas, Inc. November 1970.

20 The weighted average growth for all zones is 5. 82% per year.

21 piverted traflic would represent 39, 27 of total car traffic in 1977 (A) when the
53. 8% in 1997 (B).

hridge opens, rising to
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TABLE XII-9
COTONOU BRIDGE TRUCK & BUS TRAFFIC

Percentage of Traffic Between Zones in 1970 22

O/D Zones 5 6 7 8 9 Total
1 17.5 0.7 0.0 25.2 15.8 59,2
2 3.5 0.0 0.1 2.1 1.7 7.4
3 2.6 0.3 0.0 3.3 5.9 12.1
4 1.2 0.0 0.0 0.9 0.1 2,2
10 2.7 0.1 0.3 7.2 8.8 19.1
Total 27.5 1.1 0.4 39.7 32,3 100.0
Projected Annual Growth Rates: 1971-19972}
0/D Zones 5 6 7 8 9
1 0.03 0.03 0.14 0.05 0.05
2 0.03 0.03 0.07 0.03 0.04
3 0.03 0.05 0.19 0.05 0.07
4 0.04 0.05 0.19 0.05 0.08
10 0.03 0.03 0.07 0.06 0.04

Proportion of Tralfic Diverted to Saint Michel >

O/D Zone 5 6 7 8 9
A B A B A B A B A B

1 0.05 0.40  0.30 0.70  0.70 1.00 0,20 0.80 0.30 0.70

2 0.10 0.60 0.70 1,00 1.00 1.00 0,50 0.90 0.70 1,00

3 0.30 1.00 0.90 1.00 1,00 1.00 0,70 1.00 0.80 1.00

4 0.80 1.00 1,00 L.00 1,00 1,00 1,00 L.00O 1,00 1.00

10 0.03 1.00 0.90 1.00 1.00 .00  0.90 1.00 1,00 1.00

22 Average daily traffic in 1970 was 2, 290 vehicles, composed of 1,650 trucks and 640
husses. The O/D zones showing no traffic have been elevated to 0. 19 of total traffic
for purposes of traflic projections.

Source: Origin-Destination Traffic Survey, by Sanders and Thomas, Inc, Novembet 1970,

2 . g . .
* The weighted average growth for all zones is 5. 05% per year,

*t Diverted traffic would represent 41, 4% of total car traffic in (977 (A) when the
af/

bridge opens, rising to 62, 3% in 1997 (B).
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TABLE XII-10
COTONOU BRIDGE MOTORCYCLE & BICYCLE TRATFIC

Percentage of Traffic Between Zones in 1970°°

O/D Zones 5 6 7 8 9 Total
1 18,9 8.0 4,2 11.0 1.2 43,3

2 3.2 2.0 0.8 1.2 0.2 7.4

J 16,0 n.¢ 1.6 10.7 0.9 30,1

4 6.9 1.5 0.2 4,6 0.2 13,4

10 0.3 0.2 0.0 0.3 0.0 0.8
Total 45.3 17.6 6.8 27.8 2.5 100.0

Projected Annual Growth Rates: 1971-1997 20

0O/D Zones 5 6 7 8 9
1 0.06 0.006 0.12 0.09 0.16
2 0.05 0.05 0.10 0.07 0,08
3 0.06 0.04 0.12 0.08 0.16
4 0. 06 0.06 0,25 0,14 0.20
10 0.12 0,05 0,16 0,20 0,16
Proportion of Traffic Diverted to Saint Michel '
O/D Zone 5 6 7 8 9
A B A B A B A B A B
1 0.00 0.10 (0.10 0,60 0.50 0,60 0.10 0,20 0.10 0.20
2 0.00 0,20 0.30 1,00 1.00 1,00 0.20 0,060 0.20 0,80
3 0.30 0.80 0.80 1.00 1.00 1,00 0.80 1,00 0,90 1,00
4 0.50 1.00 .00 1.00 1.00 [.00 1.00 1.00 1,00 1,00
10 0.50 1.00 0.70 1.00 1.00 1,00 1.00 1,00 1,00 1,00

=5 Average daily traffic in 1970 was 17, 200 bikes, composed of 8, 200 motorbikes, and
9,000 pedal bicyeles.  The O/D zones showing no traffic have been elevated to 0,17 of
total traffic for purposcs of traffic projection,

Source: Origin-Destination Traffic Survey, By Sanders and Thomas, Inc. November 1970,

20

The weighted average growth for all zones is 7. 71 per year,
g g

27 Diverted tralfic would represent 38,37 of total bicyele traffic in 1977 (A), when the

bridge opens, rising to 63,5% in 1997 (B).
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TABLE XII-11
COTONOU BRIDGE PEDESTRIAN TRAFTIC

Percentage of Traffic Between Zones in 19708

O/D Zones 5 6 7 8 9 Total
1 22,0 18.8 6.6 5.1 0.6 53.1

2 3.2 1.5 0.8 1.6 0.1 7.2

3 14.4 10.5 2.9 3.5 0.9 32,2

4 2.7 0.9 0.6 1.7 0.0 5.9

10 1.1 0.2 0.2 0.0 0.1 1.6
Total 43.4 31.9 1.1 11.9 L7 100.0

Projected Annual Growth Rates: 1971-1997 >

0/D Zones 5 6 7 8 9
1 0.04 0.02 0,07 0.09 0.14
2 0.03 0.03 0.10 0.07 0.09
3 0.02 0.02 0.10 0.08 0.14
4 0.05 0.05 0.15 0.11 0.25
10 0.03 0.01 0.09 0.10 0.05
Proportion of Traffic Diverted to Saint Michel*"
O/D Zones 5 6 7 8 9
1 0.00 0.10 0.30 0.00 0.00
2 0.00 0.40 0.70 0.20 0.30
3 0.30 0.80 1. 00 0.70 0.80
4 0.50 1. 00 1. 00 1. 00 1.00
10 0. 10 0.80 1. 00 1. 00 1. 00

8 Average daily volumes of pedestrians over the existing bridge was 11,400 in 1970,

In addition, hoats carried an estimated 5, 500 people across the estuary to the market
area at Saint Michel. The O/D zones showing no traffic have been elevated to 0, 19 of
totlal traffic for purposes of traffic projcctions.

Source: Origin-Destination Traffic Survey, By Sanders and Thomas, Inc. November 1970,

29 The weighled average growth for all zones is 4. 5% per year, excluding existing
hoat traffic.

" pedestrians diverting to Saint Michel wouid represent 30, 6%, of the total crossing

the existing bridge in 1977, rising to 47,27 in 1997. Boat passcngers would all use
the new bridge and would prohably increcase at similar rates.,
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4. Future Traffic Patterns

Most of the present traffic across the estuary occurs between a few of the
zones. Tor passenger vehicles, Zones No. 1, 5, 3 and 8 arc the most important,
TFor trucks and busses, Zones No. 1, 8, 9 and 5 are the most important. Tor other
traffic, Zones No. 1, 5, 3, 6 and 8 are the major gencerators of traffic across the
estuary. Thus, Zones No. 1, 5 and 8 arce important for all traffic categories.

The relative importance of all zones should change as time progresses and
the city and suburban arcas grow, Population expansion will probably be the most
important factor in changing present traffic patterns. The proportion of the estimated
population in each zone in 1970 and 1995 and the expected population growth rate for
cach zone is shown in Table XII-12,

Using a growth rate of 4.5% per yvear, the population of the city and suburban
areas would increase threefold (150,000 to 450, 000) from 1970 to 1995, Most of this
increasc should occur in the northern zones on cach side of the estuary nearest Lake
Nokoue (Zones No. 4 and 7) and in the two arecas to the east and west of the present
city boundaries (Zones No. 9 and 10), assuming that the character of housing and resi-
dential development within the city does not change markedly from present patterns,

Nearly one-half of the 1995 population would live outside the present eity
limits in the larger part of Zone No. 7 and in Zones No. 9 and 10, TFor traffic pro-
jections, each of these three zones has been assumed to contain one~third of the pre-
sent suburban population and to absorb one-third of the population growth expected to
occur outside the present city limits., If each zone now contains about 11, 700 people,
cach of these three zones would grow over 7Y% per yvear and would contain over 70, 000

people by 1995,

The population zones within the city are also expected to grow but at varying
and much lower rates, as shown in Table XII-12. Zones No. 4, 8 and 3 are expected
to absorb nearly 70% of the growth and contain about 65% of the 1995 population within
the present city limits,

The relative importance of cach residential zone in traffic generation should
hear approximately a dirvect relationship to the number of inhabitants, unless other
facilities exist within the zone which cause additional traffic. Zones No. 4, 6, 7, 9
and 10 are expected to remain largely residential in character, while Zones No, 2, 3,
5 and 8 will probably continue to be mixed with residential and commercial, govern-
mental or industrial sections within the zone. Zone No. | is expected to continue to
be largely devoted to industrial and commerceial purposcs.

Average income levels of the population in residential zones will also alfect
the tvpe of traffic generated.  Lower income arcas, such as Zones No, b and 7, will
undoubtedly generate more pedestrian, bhicyele and motoreyele traffic than higher
income areas such as Zone No., 2. [However, this pattern could change somewhat over
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time, particularly in the newly-settled arcas. Zones 4, 7, 8, 9 and 10 arc presently
being developed and the normal pattern for new families appears to be to construct
teraporary shelter and, as family income rises, to construct permanent shelter and
then to adopt more costly forms of transport.

TABLE XII-12

COTONOU AND SUBURBS
PRESENT AND FORECAST POPULATION BY O/D ZONES: 1970-1997

Pereentage of Percentage of

0/D Zones IEstimates Total Population Forecast Total Population Annual
Within City Limits 1970 1970 1970 1995 Growth
1 20, 500 14 22,500 5 0.5%

2 11,000 7 27,000 6 3.7%

3 36,000 24 55,500 12 1. 8%

4 25, 250 17 61,000 14 3. 7%

5 7,500 4 14,000 3 2.5%

6 G, 750 4 11, 300 2 2. 2%

731 4,000 3 10, 300 2 3. 8%

83! 5,000 3 37,400 8 8. 3%

Outside City Limits 32

74 11,600 8 70, 300 16 T %

9 11, 700 8 70, 300 16 7 %

10 11,700 8 70,400 16 T %

Totals 150, 000 100 450,000 100

Average Annual Growth rate about 4. 5%

The relative importance of Zone No. 8 for traffic genceration is expected to re-
main about the same over the study period, largely because of industrial expansion, but

also hceause this zone is expected to increase more rapidly in population than any other

within the eity limits., Zonce No. 5 also contains industrial establishments but the space

$10/D Zones No. 7 and § include areas within and outside the present eity limits,

%2 The total estimated population outside the city has been arbitrarvily divided cqually
into cach zone, as the existing population is not known. This also provides a reason-
able foreeast of relative growth in cach zone. Source: Scction 11, City of Cotonou-
Planning Analvsis, Tables 111-2 and 11-5,
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available for additional industry is limited and the bulk of futurce expansion is likely to
occur in Zone No. 8. Thus, Zone No. 5 is expected to decline in relative importance.
In time, a shortage of space in Zone No. 8 may occur and additional industrial zones
in outlying arcas may be required. However, the amount of space available in Zone
No. 8 is probably sufficicnt for several years and the location of additional zones has
not been planned.  In addition, some light and scrvice industries are presently scat-
tered throughout the city and this practice will probably continue as the city grows.

Zonc No. 1 includes the port, the central business district, some older indus-
trics and scveral government offices.  For these reasons, it is the most important
zone for traffic genceration at the present time.  Although this zone will remain rela-
tively important, the proportion of total traffic traveling to and from this zonce is ex-
pected to decline over the study period.  In part, the decline will probably oceur as
other business districts arve developed in outlving aveas.  As high density housing is
not anticipated to develop in any arvea of the city, population growth will produce a
nearly proportionate increase in distances to the central part of the city. Under these
circumstances, it scems reasonable to predict that shopping centers will develop in
other parts of the city within a few vears. The opening of the Saint Michel bridge and
the improvement of the approach roads should hasten this trend, particularly lor fur-
ther development of the small businesses along Saint Michel Boulevard into a second
shopping district.

The importance of the open market at the end of Boulevard Saint Michel would
be heightened by the increased case of aceess following hridge construction. Thus,
traffic across the estuary to Zones No. 3 and < should increase more than the popula-
tion increase in cach would indicate - since the Saint Michel open market is located in
both zones.  Zone No. 4 should also become the most populous arca within the present
city Timits, containing about 147 of the projected population in 1995, and zonce No. 3
should beeome the second largest, containing nearly 127 of the urban population. As
morce of the open market is located in Zone No. 3, traffic to that zonc should be cven
greater than to Zone No. 4.

Although the number is much higher on market days, which occur cvery fourth
day, an average of some 5,500 people travel daily to this open market by boat. A
sizcable volume of produce is also transported to the market by boat from Lake Nokouce
and various points along the estuary. Most of the boat passenger traffic and much of
the produce traffie will shift to vehicular conveyance or become pedestrians across the
new bridee,

As the city grows, the need for more open markets will also grow as greater
numbers of people scettle in distant arcas, particularly Zones No. 9 and 10.  Thus,
smaller versions of the Saint Michel Market are very likely to develop in these out-

lying arcas to scrve the lower-income inhabitants.

As traffic on the International Route No. 11 traverses Zones No. 9 and 10, all
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traffic to or from points beyond these zones is regarded as attributable to the respece-
tive zonc. Thus, the proportion of projected traffic attributed to cach zone will be
substantially greater than the population of cach of these residential zones would justify.

Three residential zones contain no special facilities which would occeasion addi-
tional traffic. Thus, Zoncs No. 2, 6 and 7 are expeeted to generate traffie in approxi-
mate proportion to their projected population.  Traffic from Zones No. 2 and 6 should
decline substantially as a proportion ol the projected total, but that from Zone No. 7
would risc sharply from present levels.

The relative importance of traffic between each zonal pair should shift over the
20-ycar study period beeause of these expected changes in the structure of the city.
The proportion of total traffic by vehicle category between each zone in 1977, 1987 and
1996 is shown in Table XiI-13.

For the passenger cars and taxis the zonal pairs 1-5, 1-9 and 3-5 will continue
to generate the largest traffic volumes although only zonal pair 1-9 shows the largest
and an increasing proportion of the total tralfic.

FFor the trucks and busses zonal pairs 1-5, 1-8 and 1-9 have the largest vol-
umes bhut all have declining proportions of the total traffic. Zonal pairs 3-9 and 10-8.
have lesser but still substantial volumes, and show an increasing proportion of the total
tralfic. This would indicate that in the future years truck and bus traffie originating
in or going to arcas outside Colonou city limits will assume an increasing importance.

For the pedal and motor hicycele traffic, the zonal 1-5, 1-8, 3-5 and 3-8, have
the largest volumes but all show a deelining proportion of the total traffic. On the other
hand, zonal pairs 4-7 and 4-8, show the largest growth in the proportion of the total
traffic thus refleeting the expected great inerease in the population of Zones 4, 7 and 8.

FFor the pedestrian traffie, the zonal pairs 1-5, 1-6, 3-5 and 3-6 contain the
largest volumes but all show approximately 50 pereent deeline in theiv proportion of
the total traffic in the future years. Zonal pairs 1-7, 1-8, 3-7 and 3-8 have lesser
volumes but show an increasing proportion of the total pedestrian traffic, This again
reflects the expeeted lavrge inerease in population in Zones 7 and 8 and shows also that
Zones 1 and 3 will continue to be important sources of pedestrian traffic.

5.  The Effect of Bridge Location upon Traffic Flow

The location of the existing bridge has had no apparent significant effeets upon
the development of the city up to the present time.  Unimproved roads and poor access
routes to the northern part of the city may have held back the settlement of these arveas
in relation to other parts of the city. However, the cffects of congestion at the existing
site, and the fack of a crossing at Boulevard saint AMichel, will have a much more im-
portant cffeet upon future development.  Drivers are already beginning lo complain
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TABLE XII-13

PROPORTION OF TOTAL TRAFFIC BY TRAFFIC CATEGORY BETWEEN CITY ZONES (1977-1996)
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about delays at the bridge and the absence of improved roads, and a northern crossing
will throw more and more traffic into the already crowded central business district.

The discussion of levels of service with alternate bridge locations ave given in
Scction IV, In the same Scetion, it was shown that much less congestion will exist with
a bridge at Boulevard Saint Michel, although additional traffic will be foreed to divert
from the existing bridge in the vears from 1981 on. In Scetion 1V, it was also pointed
out that a total of six lanes of traffic across the lagoon will he needed to serve the traf-
fic adequately, through 1996. Duc to lack of physical room in the central business dis-
trict, just west ol the existing bridge, it is not possible to provide a six~lane approach
at that spot. Thus a two lane parallel bridge would not junction adequately after 1988,
and a four-lanc bridge would not help, since the approaches are too narrow and subjeet
to cross traflic and train crossings, and would also become overcongested in 1988.

It scems, thervefore, desirable to provide a new crossing at Doulevard Saint
Michel.  As soon as the new bridge is open to tralfie, a certain amount of drivers will
immediately use this bridge.'*  As the conditions at the existing bridge begin to be
excessively congested, in 1984, more traffic will divert to the Saint Michel bridge. Ini-
tially, only thosc vchicles for whom the trip is not much longer (hy distance) will divert
and will cross the lagoon via the Saint Michel bridge.  As the traffic volumes grow and
the congestion increases again at the existing bridge, more cars will divert to the
Saint Michel bridge even if the travelled distance becomes substantially longer for them.

Eventually, the distribution of traffic will be such that approximately 607 of the
total lagoon crossing traffic will use the Saint AMichel bridge. This is logical, since it
will he a centrally located bridge which is, in essence, convenient to almost all traffic,
except that which travels between Zones 1 and 5.

In 1996, both the existing and the Saint Michel bridge will hecome congested, and
thercfore, a third bridge across the lagoon, possibly at Aghato, will become necessary.

F. EXPECTED BENEFITS FROM PROPQOSED CONSTRUCTION

1. Types of Benefits

The most important benefit resulting from construction of an additional bridge
would be a reduction in anticipated congestion for future traflic across the estuary.
Thus, vchicle operating costs and the time required to make a trip across the estuary
should be substantially less with two bridges.  In addition, the traveling distance be-
tween the novthern zones of the city would be reduced significantly by construction of
the new bridge at the Boulevard Saint Michel site.

Construction of the proposed dam should increase the fish cateh markedly on

3% Sce the diversion factors shown in Tables XII-8 through XII-11.
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Lake Nokoue and the smaller Porto-Novo Lagoon. In addition, the need to construct a
rock mat to protect the foundation of the new bridge against crosion is eliminated and
thercfore the total cost of the new bridge construction is reduced.

2. Estimation of Vehicle Operating Costs in Cotonou

Although some rescarch has been done on operating costs for rural conditions in
other African countrics, 3 no information is available on operating costs [or urban con-
ditions in Africa, particularly for congested urban conditions. Thevelore, research
data from other continents has been applied to the best available information on rural
opcrating costs in Dahomey, to develop cost approximations at lower urban speeds and
for congested traffic conditions.

In the N.D. Lea and Lamarre Valois study, basic costs and usage [actors for
vehicles operating in Dahomey, have been determined through ficld investigations.
Methods of calculating operating costs on various types ol roads at a range of speeds are
also outlined.’® The methodology is bascd upon that presented in an cavlicr report
and is designed for free running conditions, at the average speeds normally achiceved in
rural arcas. These factors and methodology have been used to ealceulate operating costs,
by major component, lor the two surface types prevalent in Cotonou, at an average
speed of 32 kilometers per hour, The results are shown in Table V-1 on page A-20 in
Appendix A,

Although designed for rural conditions, these bench mark costs have been as-
sumed to approximate operating costs in relatively Iree running conditions at the same
average speed in Cotonou.  Any crrors introduced by this assumption would probably
underestimate costs in urban arcas. In the absence of better information on costs at
lower speeds, estimated relationships in the U.S, A, have been applied to the Lea bench-
mark costs,

In his "Economic Analysis for highways", Robley Winfrey presents cost relation-
ships and cocfficients [or a wide range of speeds and for congested conditions. *” The
ratio for cach cost component at lower speeds to the 20 mph. henehmark speed in

31 yehiele Operating Costs on Bituminous, Gravel and Earth Roads in Ilast and Central
Africa, R.S.P. Bonney and N. F, Stevens, Her Majesty's Stationery Office, Road Re-
scarch Technical Paper No. 76, London 1967.

5 Dahomey Land Transport, ibid., Chapter 6 and Appendix IS,

16 Quantification of Road Usecr Savings, Jan de Weille, International Bank for Recon-
struction & Nevelopment, 1966.

7 Economic Analysis for Highways, Robley Winfrey, International Textbook Company,
1969, Appendix A.
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Winfrey has been multiplied by the estimated/cost for the same component at 32 mph.
in Dahomey, to derive relative costs at 4 k. p. h. intervals down to a speed of 8 k. p.h.
The results are presented in Table V-2 through V-7 in Appendix A.

As thesce estimates represent approximations of running costs at uniform speceds,
the costs of repeated stops and of vehiele standing time under congested traffic condi-
tions would be additional. Vehicle standing time increases over the study period and
hecomes a major part of total operating costs of the existing bridge in later years.
Therefore, carveful attention has been given to cach component of standing costs in
Tahle V-8 in Appendix A which is based upon the usage and basic cost factors pre-
sented in the Lea report.

The additional stopping costs, due to congestion, are calculated in a similar man-
ner to running costs at lower speeds, by applying ratios from the Winfrey data to bench
mark costs derived from the Lea report. The resulting costs of stopping and a further
explanation on methods are shown in Table V-9 in Appendix A,

The absence of reliable information on vehicle operating costs under congested
urban conditions in Cotonou nceessitates usce of this method of approximation. As traf-
fic conditions in Cotenou do not appear significantly different from those in a U.S. city
of similar size, the cost relationships presented by Winfrey should be reasonably closc
to thosc cncountered in Cotonou. The resulting costs ol vehicle operation at all selee-
ted speeds and the standing and stopping costs are shown in Table XII-14, for two
categovices of vehicles on two roadway surfacces.

The three vehiele types used in the tables V-1 through V-7 are delined the same
as classes 2, 4 and 5 of the Lea report® . Obscrvation during the traffic counts con-
firmed that these classes are also representative of the traffic crossing the estuary. A
typical or representative car would be a medium sedan of European manufacture, such
as a Pcugeot 404, DMost of the busses are especially designed "mammy wagons', con-
structed similar to a 1-ton panel van, with four tires and a capacity of ten passengers.
The truck class covers all cargo vehicles from light trucks to heavy semi-trailer units.
Most arc general purpose vehicles, with dual tires on a single rear axle and a capacity
of about 5 tons.

Truck and bus costs arc combined on Tahle XII-14 although not in the tables V-1
through V-7 in Appendix A, because future traffic in cach calegory is expected to grow
at the same rate. Thus, the combined operating costs are weighted in proportion to
the volume of present traffic in cach category (287 busses and 727 trucks). This may
somewhat underestimate future costs as larger bhusses, with truck operating character-
istics, should supplant some of the "mammy wagons' currently in use, as distances
and the number of bus passengers iucrease with the growth of the city.

38 pahomey Land Transport, ibid., pages 5p 12 to 14.

12-33



SANDERS &Cjuoms Inc.

TABLE XII-14

COTONOU BRIDGE
VEHICLE OPERATING COSTS AT SLECTED SPEEDS
(per kilometer)

Car Costs Combined Truck and Bus Costs

Speeds-kph Paved Farth Paved Ibarth
8 37. 646 44, 544 82.157 98. 802

12 27. 836 34.035 60.063 7G. 426

16 22.825 28.819 48. 742 65.353

20 19.772 25.713 41. 970 59.330

24 17.650 23.504 37.438 55.711

28 16. 166 22,166 34.231 53.372

32 15.002 21.082 31.893 52.289

COST OF STOP CYCLLES
(per cycle)

Speeds
8 .164 .164 . 800 . 800
12 . 256 . 256 1.378 1.378

COST OF VEHICLE STANDING TIMI[
(per minute)

5.017 5.017 10.2 10.2

No attempt has been made to estimate the relative costs of operating motor-
cycles, motorized bieyeles or pedal bicyeles at different speeds and under conditions
of congestion, as no cost information cxists for this type of transport. Presumably,
the cost differentials per vehicle would be small for this low cost lorm of transport
even though the current and projected volume of traffic is high.

The terrain in Cotonou is flat and the two road types shown in Table XII-14 and
in Tables V-1 through V-7 in Appendix A are typical of present street conditions,
Paved roads arc two-lance hituminous surfaced roadways and the balance of the strects
arc carthen roads, usually containing two usable lanes with a natural sand surlace,
cven though the roadway is much wider. A few carthen roads have scleet material
surfaces but many others are in poor condit.on.  For vehiele operating cost caleula-
tions, these two types are regarded as cquivalent to Classes 2 and 5 of the Lea report.

¥ pahomey Land Transport, ibid., Chapter 6 and Appendix E.
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3. Alternative Improvement Assumptions

In order to compare the benefits of constructing a new bridge at the Saint Michel
site with those of a parallel bridge, vchicle operating costs were cestimated for three
different cases. Casc onc assumes that no improvements arc made and that all traffic
across the cstuary continucs to use the existing bridge. Case two presumes that a new
bridge, as described in Scetion VIII, is completed at Boulevard Saint Michel by the
bheginning of 1977, and that vchicles, thereafter, can use cither the new or the existing
bridge at the driver's option.  Case three presumes that a new bridge, parallel to the
existing structure, is completed by early 1977, with vehicular traffic using both struc-
turcs in accordance with the best means of traffic regulation and flow. It is also
assumed, under both cascs two and three, that the approach roads to the respecetive
sites are improved, as described in Section VIII and that all roads are adequately main-
tained during the study period (including the roads for casc one).

4.  Calculation of Vehicle Operating Savings

The amount of congestion which will confront drivers in future years will ob-
viously be diffcrent under cach of the three cases and will also differ for the two alter-
native routes under case two. Method of calculation of vehicle delays, standing time
and congested distances has been described in Section IV, The results are shown in
Tables XII-15 through XII-17. In the calculation of delay costs the following assump-
tions were made:

a. After the year in which delavs begin to exceed 60 minutes, the drivers will
begin to avoid making the trip across the estuary. Eventually, the extreme congestion
will deter additional traffic growth. HHowever, the value of the loss in business, trade
and production duc to the refusal of drivers to make the trip, is assumed equal to the
actual numbcer of cars wanting to cross the estuary, times the costs of a delay which
remains constant and cqual to 60 minutes. Thus the delay costs will continue to rise
cach ycar in proportion to the increased number of vehicles. In licu of attempting to
estimate production and dislocation losses in future years, traffic has been assumed
to continue to grow after 1986 at the rate of 75% of the former rates for the benefit/
cost computations.

bh.  As the congestion becomes excessive at the existing bridge, drivers will
shift to Saint Michel bridge. The proportion of drivers shifting to Saint Michel bridge
Is assumecd to vary lincarly and to be determined by proportion from factors given in
Tables X11-8 through XII-11.

c.  The normal growth of traffic in the downtown business avea, but not ncces-
sarily crossing the bridge, will increase the congestion for all vehicles in the area.
This factor is taken into account by limiting the approach road capacity in relation to
overall daily traffic volume. 10

W See Scection 1V, Effeet of Traffic Composition and Number of Lanes on Levels of

Scrvice,
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Included in the delay calculations are those estimated distances where traffic
moves bumper-to-bumper, with frequent stops and waiting periods. Thesce conditions
are expected to prevail on the bridge and particularly in the approach arcas where
traffic from scveral streets meld together to gain access to the bridge. The delay
time shown in Tables XII-15 through XII-17 arc averages to be applied to all traffic,
as some vcehicles erossing the bridge at peak hours will encounter much greater con-
gestion, while vehicles crossing at other times should encounter Iess delay, or per-
haps, nonc at all, if traveling during night hours. In calculating trip costs, the con-
gested distances are subtracted from total trip distances to determine the distance
traveled at the speeds shown on Table XH-18. 1 Total trip costs avce the sum of the
congested and ' free running' costs between each origin-destination (O/D) zonal pair.

As the city grows and traffic volumes increase, the amount of congestion under
cach casc should increase and the average speeds in non-congested arcas are expected
to decline duc to greater interlerence from other vehicles and pedestrians and to more
traffic regulatory measures. llowever, the average speeds in non-congested condi-
tions, shown on Table XII-18 will also vary between O/D zones depending upon the
route used to cross the estuary, As the arcas along the route to the San Michel cros-
sing arc likely to remain less developed than the central business district, through
which all traffic must pass to tl - present bridge site, average speeds betwe »n zones
arc expected to be higher on the San Michel route. Thus, operating costs and travel
time would be less via this route for the non-congested distances, without considering
the effecet of full congestion at the present crossing.

Congestion under case onc (no improvement case), where all traffic continues
to use the existing bridge is expected to be far worse than in the other two cases.  All
traffic will funnel through the central business district and waiting times to gain access
to the bridge increasce rapidly over time. ' Thus, most of the business district should
be filled with bumper-to-bumper, stop-and-go traflic for several hours a day by 1983.
Before that time, drivers will begin to avoid crossing during hours of heavy traflic
heeause of the inconvenience and delay. At some point, traffic growth might stop cn~
tircly. As most of the vehicular traffic across the estuary travels for business purposcs,
such as shopping, cmployment, cargo and passenger transfer, gencral cconomic activ-
ity is bound to suffcr. Instead of attempting to estimate the losses and dislocations to
trade, production and business or the crossing costs by other modes of transport, traf-
fic had been assumed to continue growing at 757 of previous rates to the end of the
study period. This assumes the high operating costs for the additional traffic would
approximate the losses in general cconomic activity or the travel costs by other modes.
The 257 reduction in traffie growth is applied also to the other two cases, although de~
lays arc substantially less and occur only in later years.

i1 As the approach roads are paved, the congested diswances are subtracted first from
the paved surface and then from the carth distances between cach set of zones.

42 gee Table XII-15
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CALCULATED DELAYS AND CONGESTED DISTANCES
No Improvement Alternative

TABLE XII-15

Applicable to Total ADT**
EVU EVU Number

delayed delayed of hours Average Average
Year EVU more less bridge EVU congestion

than 60 than 60 capacity waiting distance

minutes minutes exceeded time (min) (meters)
1971 20419 0 0 0 0.0 0.0
1972 21665 0 1841 0 0.0 0.0
1973 23002 0 5672 0 0.1 ** 0.0
1974 24437 0 6027 0 0.2 ** 0.0
1975 25979 0 12104 0 0.5 ** 0.0
1976 27639 0 22225 0 0.9 ** 0.0
1977 20427 0 23659 0 1.4 0.0
1978 31356 337 25205 3 3.0 727.6
1979 33439 1114 26874 5 6.7 1918.4
1980 35692 2765 30554 10 18.3 3720.8
1981 38132 5372 32639 11 54.7 12028.0
1982 40779 8221 34900 11 101.5 * 24438.2
1983 43656 11454 38934 12 149.6 * 35661.2
1984 46789 15069 43243 12 195,2 * 50097.2
1985 50206 19012 46394 12 238.5 * 65844. 9
1986 53942 23366 49837 13 279.5 * 76670. 9
1987 56977 27076 54102 14 308.9 * 83178.4
1988 60231 31213 57192 14 337.1 * 96029. 8
1989 63725 35658 61340 15 364.1 * 102516.7
1990 (7484 40637 65488 15 393.3 * 117335.8
1991 71534 46032 (69418 16 421.2 * 124971.9
1992 75903 52020 73659 16 448.0 * 141128.7
1993 80626 58493 79282 16 473.7 * 158597.5
1994 85740 655603 84312 16 498.4 * 177519.3
1995 91289 73317 89769 17 522.0 * 186404.2
1996 97322 81814 95702 17 544.6 * 207421.6

* 60 minutes average delay assumed for cost computation
**¥ Delay not included in vehicle operating cost computations

12-37

A



SAN DERS &9“0[‘11‘\8 INC.

CALCULATED DELAYS AND CONGESTED DISTANCES
Parallel Bridge Alternative

TABLE XII-16

Applicable to Total ADT **
EVU EVU Number

delayed delayed of hours Average Average
Year EVU more less bhridge LVU congestion

than 60 than 60 capacity waiting distance

minutes minutes exceeded time (min) (meters)
1977 29427 0 0 0 0.0 0.0
1978 313566 0 0 0 0.0 0.0
1979 33439 0 0 0 0.0 0.0
1980 30692 0 0 0 0.0 0.0
1981 38132 0 0 0 0.0 0.0
1982 40779 0 0 0 0.0 0.0
1983 43656 0 0 0 0.0 0.0
1984 46789 0 0 0 0.0 0.0
1985 H0206 0 0 0 0.0 0.0
1986 53942 0 0 0 0.0 0.0
1987 D677 0 96387 0 0.0 0.0
1988 (023 0 19578 0 0.2 0.0
1989 63725 0 34186 0 0.5 0.0
1990 67484 1164 H4147 3 2.5 1112.1
1991 71534 3965 H7390 6 10.5 3628.0
1992 75903 10124 (4880 11 48.9 10929.2
1993 80626 17647 68909 11 115.0 * 279775, 1
1994 85740 26391 73271 12 183.3 * 43369.6
1995 01289 35918 84227 12 248.8 * G2799.06
1996 07322 46758 92420 14 311.4 * 71933.4

* 0 minutes average delay assumed for cost computation

Under case two, new four-lane bridge at Boulevard Saint Michel, the distances
hetween the northern zones of the city will be substantially shorter via the Saint Michel
crossing, and most traffic between these zones is expected to divert to a new bridge.
The distances between all zones, as shown on Table XII-19, is calceulated by using an
estimated center of traffic generation within cach zone, and the roadway surfiace dis-
tances assume that improvements recommended in cach case are made,

Beeause of the factors previously desceribed,? scrious congestion is not

43 Scce Scetion 1V.
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TABLE XII-17

CALCULATED DELAYS AND CONGESTED DISTANCES
AT EXISTING BRIDGE **
Saint Michel Bridge Alternative

Applicable to Total ADT **
EVU EVU Number

delayed delayed ol hours Average Average
Year VU more less bridge Evu congcstibn

than 60 than 60 capacity waiting distance

minutes minutes exceeded time (min) (meters)
1977 17836 0 0 0 0.0 0.0
1978 18421 0 0 0 0.0 0.0
1979 19024 0 0 0 0.0 0.0
1980 19646 0 0 0 0.0 0.0
1981 20287 0 0 0 0.0 0.0
1982 20948 0 0 0 0.0 0.0
1983 21629 0 3646 0 0.0 0.0
1984 22331 0 3770 0 0.0 0.0
1985 23053 0 3898 0 0.1 0.0
1986 23797 0 7695 0 0.2 0.0
1987 25019 0 8095 0 0.3 0.0
1988 26312 0 12294 0 0.6 0.0
1989 27683 0 20394 0 0.9 0.0
1990 29135 0 23331 0 1.3 0.0
1991 30676 250 24561 2 2.4 697.2
1992 32311 722 25867 4 4.0 1036.0
1993 34047 1531 29079 6 8.7 2351.8
1994 35891 2910 30651 10 19.3 3997.3
1995 37850 4948 32321 11 49.1 10649.9
1996 39935 7185 34008 11 84.9 * 19907.4

* 60 minutes average delay assumed for cost computation

expected to occur at the Saint Michel bridge before the end of the study period. As
noted, however, average speceds on this route should decline over time due to further
development in the approach arcas and the general growth of traffic throughout the city.
The balance ol traffic which continues to use the existing bridge would, however, en-
counter growing congestion in the approach arcas. As congestion increasces, additional
traffic will divert to the Saint Michel route to avoid these congestion delays and incon-
venience.

12-39

1Y



S/\NDEPS &9”0?‘1;\8 INC.

TABLE XII-18

COTONOU BRIDGE
FREE RUNNING SPEED ASSUMPTIONS: ALTERNATE CASES ™
(Kilometers Per Hour)

ALL CASES: TRAFFIC USING EXISTING BRIDGE

Years 1970 to 1976

O/D Zoncs 5 6 T 8 9

1 24 22 17 32 40

2 27 24 22 34 42

3 26 24 21 32 37

4 24 22 21 29 34

10 37 32 27 39 45
Years 1977 to 1981

O/D Zones 5 6 7 8 9

1 16 16 12 24 28

2 20 20 16 24 32

3 20 16 12 20 28

4 16 16 12 20 24

10 24 20 16 28 32

Years 1982 on

O/D Zones 5 8 7 8 3

1 8 8 12 20 24

2 16 16 16 20 28

3 16 16 12 20 28

4 16 16 12 20 24

10 24 20 16 28 32

TRAFIFIC USING SAIN'T MICIIEL BRIDGIE

Years 1977 to 1981

0/D Zones 5 6 7 8 9

1 24 24 24 28 28

2 28 28 28 28 28

3 28 28 28 28 28

4 24 24 24 28 28

10 32 32 28 32 32

i See Origin/Destination Map, Page A-1 in Appendix A, for the location ol cach zone.
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TABLE XII-18 (Continued)

CASE II: TRAFFIC USING SAINT MICHEL BRIDGE (Continued)

Years 1982 on

0/D Zoncs 5 6 7 8 9

] 20 20 20 24 24

2 24 24 24 24 24

3 24 24 24 24 24

4 24 24 24 28 28

10 28 28 28 32 32

TABLE XII-19
COTONOU BRIDGE
DISTANCES BY SURFACE TYPE: ALTERNATE ASUMPTIONS '
(Kilometers on Paved (P) and Earth (E) Roads)
PRESENT BRIDGE AND PARALLEL BRIDGE
Origin-Destination Zones
5 6 7 9
Zones P E P E P E P E P E
1 1.7 0.3 1.1 1.3 1.1 2.2 3.3 0.3 6.9 0.3
2 4.9 0.0 4.3 1.1 4.3 1.9 6.5 0.0 10.1 0.0
3 3.3 0.2 2.7 1.3 2.7 2.1 4.9 0.2 8.4 0.2
4 3.9 0.1 3.4 1.2 3.4 2.0 5.0 0.1 9.1 0.1
10 8.4 0.0 7.9 1.1 7.9 1.9 10.1 0.0 13.6 0.0
PROPOSED BRIDGIE AT SAINT MICHEL
Origin-Destination Zones
5 £ 9

Zones P E P E P E P E P E
1 5.1 0.2 2.8 0.6 3.5 0.5 5.5 0.2 0.0 0.2
2 6.9 0.0 4.8 0.5 5.4 0.3 7.4 0.0 10.8 0.0
3 4.0 0.2 1.9 0.7 2.5 0.5 4.5 0.2 8.0 0.2
4 4.3 0.1 2.3 0.6 2.8 0.4 4.8 0.1 8.3 0.1
10 8.1 0.0 6.0 0.5 6.6 0.3 8.6 0.0 12.1 0.0

15 See Origin-Destination Map in the Appendix for the location of cach zone.
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Total operating costs lor all traffic under case two, is the sum of the costs for
that portion of the tralfic crossing at Saint Michel, and for the balance of the traffic
crossing the existing bridge. These annual costs for cach year of the study period ave
subtracted from the total annual costs under case one, with the remainder represent-
ing the estimated vehiele operating savings due to construction of a new bridge at Saint
Michel.

Under case three, (parallel two-lane bridge next to the existing once), the con-
struction of an additional bridge and improved approach roads would reduce congestion
considerably at the crossing site in the carly years. However, all tralfic would still
have to move through the central business district and congestion in the business area
during the later vears of the study period would become exeessive.  Again, the total
annual operating costs under this case ave subtracted from mmmual costs under the no
improvement case to calceulate vehicle operating savings resulting [rom construction
of a parallcel bridge and improvement of the approaches.

5.  Time Savings

It is obvious, from the foregoing, that travel time for vehicle passengers would
he reduced in future vears by the construetion of an additional bridge at cither location.
The delay time shown in Tables XIH-15 through XII-17 would apply to passengers in all
types of vehicles and to motoreyveles and bicvele riders.  Although the same delay is
unlikely to be encountered by pedestrians, a new bridge at Boulevard Saint Michel would
save both distance and time for pedestrians.

However, the probable extent ol partial and complete unemployment in Cotonou
and in the surrounding villages and rural arcas tends to reduce the economie value of
time and, thercefore, of time savings toward zevo.  As additional personnel are avail-
able, cconomic activities are not likely to suffer because of a labor shortage due to
the time lost in ¢rossing the estuary. ‘Thercfore, no value has been attributed to the
time savings of vehicle passengers, motor and bicyele riders ov of pedestrians.  How-
cver, time savings would be high alter 1984 and should be seriously considered in the
final decision on construction of an additional bridge.

In contrast, the extra time required for vehieles to cross the estuary with the
expeceted future congestion levels does have economice value.  The cost of extra trans-
port vchicles to carry an equivalent volume ol goods and the additional inventory of
goods and material necessitated by incereasing delays in crossing the estuary, could
he ealeulated in ovder to dervive an additional savings.  Although quantification of this
item might prove difficult, as cargo vehicles could be scheduled to eross the existing
bhridge at night or during periods of low traffie, the caleulation of these savings has
not been necessary, because the reduction in vehicle operating costs alone provides
high rates of return on the construction of an additional bridge.
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6. Effects Upon Urban Development

The absence of an additional bridge will lead to much greater congestion over-
time which will deter novmal traffic growth and undoubtedly will affect the pattern of
urban growth on both sides of the estuary. Attempts will be made by people, institu-
tions and firms to locate or move to arcas which minimize the necessity of crossing
the estuary.  The end result will probably be to emphasize development in the western
halfl of Cotonou, while growth in the arcas cast of the estuary would sulfer.

Although dislocations would certainly result, it is difficult to predict, with any
degree of accuracy, to what extent the absence of an additional bridge and the resulting
congestion would inhibit urban development (including further industrialization and ex-
pansion of the commerceial seetory.  As all new industrial projects ave planned to he
located in Cotonou (which will undoubtedly remain the commercial center of Dahomey),
the construction of an additional bridge is not expeeted to constitute immediately a
significant attraction for further industrialization.  However, in the later years, mn
additional bridec will be essential for a continued cconomic growth.  Thus, it could,
indircetly, help to increase governmental tax revenues in a long run. On the other
hand, reductions in vehicle operating costs, some components of which are taxed fairly
heavily, mav reduce tax revenue in carlier years,

Assuming that a new bridge is construeted, the Saint Michel location appears to
be the preferable location for a varviety of reasons, aside from high returns on the in-
vestment.  As deseribed in Scetion 11, the northern arcas on both sides of the estuavy
arc being scttled at the present time, and are capable of absorbing substantial increascs
in population.  As these ave nearest to the center of the eity, urther northwared ex-
pansion is hoth natural and desirvable, and will probably occur belore outlying arcas are
occupicd by Large numbers of people.

By diverting local traffie away from the central business district and opening ¢
new and shorter cast-west route through the northern part of the city, a bridge at
Saint Michel will probably hasten the development of a second commercial district in
the arca near the open market on hetl: sides of the estuary.  This expansion would

probably not represent a net developmental benelit attributable to the new bridge, as
business would larecly be attracted away from the central business distriet.

Some additional traffie would be attvacted to this arca as commercial activity
develops.  However, neither location for an additional bridge is likely to generate much
new traffic, as the traffic attracted to the Saint Michel area, for commercial purposes,
would otherwise have traveled to the central business district.

7. Benefits of Dam Construction

The construction of the proposed dam has been included in the benefit/cost and
IRR calculations for both new bridge alternatives considering only the heneflits towards
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erosion protection in the lagoon. Erosion benefits occur because of reductions in
foundation requirements for both the new and existing bridge and in hank protection

near the abutments.

A major result expeeted to foHow construetion of the proposed dam is the re-
storation of fishing viclds in Lake Nokoue. A benelit/cost and IRR caleulation has,
therefore, also been made considering only the cost of the dam and lishing benefits.
The expeceted production impacet upon fishing is desceribed in Dr. Thompson's report. W
The ealeulations of the net henefits atteibutable to the dam in the Thompson veport,
Appendix Table 3, have been usced in comparing henelits and costs. However, the
increases in fish vields hevond the Tevels prevailing in 1960 have not been assumed ',
and the vear in which the benefits are first obtained has been changed to 1977. A
summary of the benefit estimates is reproduced in Table NII-20.

TABLLE XH-20
DAM CONSTRUCTION
BENEFI'TS DERIVING FROM ADDITIONAL FISHT PRODUCTION 9

(Thousands Fr. CFA, cxcept where noted)

Incremental

Fish

Tolal Production Gross Matcrial Net
Year Production (metric tons) Value Cosls Benefits
1976 2,200 - - - -
1977 3,600 1,400 127,750 28,119 99, 631
1978 8,000 H, 800 432, 950 112,203 320, 747
1979 13, 800 11,600 539, 750 128,310 111, 440
1980 on 16,700 14,500 643, 750 212,667 431,083

0 Further increases in fishing yields would only result from better and more inten-

sive fishing practices,

VIt is anticipated that the dam would be completed in 1976 and therefore, the first
elfects of reduction in salinity would not be felt until 1977,

M Report of the Fishery Reconnaissancee fo Lake Nokoue, Dahomey, Richard Thomp-
son, and Feonomic Evaluation of Expected Fishery Benefits, George Tanonaka, Nation-
al Marine Fisheries Service, Biological Laboratory, Scattle, Washington, July 1971,

0y . N . .
“COANL data are the same as shown in Appendix Table 3 of the source, exeept that

amounts arc shown in CFAF and production increases are not assumed after 1980,
Source: Report of the Fishery Reconnaissimee to 1 ake Nokoue, Dabomey.
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The net benefits in Table XII-20 must be reduced each yert by the value of the

shrimp harvest which will be lost in the lagoon and the lake after the dam has been
constructed. Shrimp fishing in these two areas is estimated at about 400 tons per
year. At an average value of 150 Fr. CFA per kilogram of shrimp, the yearly loss

would amount to 60 million Fr. CFA. The calculation of net benefits to fishing reduced

by the losses of the shrimp cateh are shown in Appendix C.

G. SUMMARY OF CONSTRUCTION AND MAINTENANCE COSTS

1. No Improvement Alternative

In this alternative, cxisting bridge repairs must be made and the roadway
approaches must he maintained in order to insurc that they will continue to be us~
able until the end of the study period.  The repairs of the existing bridge will be ex-
tremely difficult and eostly, sinece the traffic flow through the bridge must be main-

tained and theve will be no other bridges to serve as a bypass during the repair work.

It is assumed, therefore, that the cost of repairs would be 30% higher than in the
other alternatives,  This is a conservative assumption, siree the actual costs would
he much higher due to the fact that the bridge deck replacement work could only be
donce at night and high carly strength (quick setting) concrete would need to be used.

COST
(Millions Fr. CFA)

1 American Foreign
em Procurcment Procurement

Existing Bridge Repairs - Construction 129.3 126.9
Design and Construction Supervision 19.4 15.7
Total 148.7 142,2

Approach Roads - Maintenance (1977 to 1996) 251.0 251.0

(Discounted to 1975 at 10%)
Total 399.7 393.2
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2. Parallel Bridge Alternative
a. Without Dam:

COST
(Millions Fr. CFA)

American Foreign
Item
— Procurement Procurement

Parallel Bridge - Construction 621.8 503.6
Alternate Erosion Protection - Construction 130.5 128.1
Design and Construction Supervision 112.9 75.8
Total 865. 2 707.5

Approach Roads - Construction 33.5 37.4
Design and Construction Supervision 5.1 4,5
Total 38.5 41.9

Existing Bridge Repairs - Construction 129.3 126.9
Design and Construction Supervision 19.4 15.3
Total 148.7 142.2

Approach Roads - Maintenance (1977 to 1996) 251.0 2561.0

(Discounted to 1975 at 10%)
h. With Dam:

Parallel Bridge - Construction 621.8 503.6
Design and Construction Supervision 93.3 60.4
Total 715.1 564.0

Dam - Construction 430.0 454.3
Design and Construction - Supervision 96.0 54.5
Total 576.0 508.8

Costs for Existing Bridge Repairs, Approach Roads Construction and Maintenance are
same as in 2. a.
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3.  Saint Miche! Bridge Alternative COST
(Millions Fr. CFA)

a, Without Dam:

American Foreign
ltem Procurcment  Procurcment

Saint Michel Bridge - Construction 869. 7 758. 1

Alternate Erosion Protection - Construction 130.5 128.1

Design and Construction Supervision 150.1 106. 4

Total 1150.3 992.9

Approach Roads - Construction 50 150.4 181.3

Design and Construction Supervision 22.6 21.8

Sub Total 173.0 203.1

Approaches funded hy F. L. D, 180.0 180.0
Approach Roads - Maintenance (1977 to 1996) 5!

(Discounted to 1975 at 10%) 353.0 383.1

Existing Bridge Repairs - Same as in Parallel Bridge Alternative.
b,  With Dam:

Saint Michel Bridge ~ Construction 869.7 758.4
Design and Construction Supervision 130.5 91.0
Total 1000, 2 849. 4

Costs for Approach Roads Construction and Maintenance are same as in 3. a. above,
Costs for Dam and Existing Bridge Repairs are same as in 2,b. and 2. a.
respectively, in the parallel hridge alternative.

4. Dam

As explained in Section IX, the costs for the proposcd dam include the initial
construction and subsequent adjustments needed to restore the weir to elevation +1. 1
meters.  Although some of the costs for the dam will be incurred in the years 1978
and possibly 1980, all costs arc assumed in the bencefit/cost ealeutations to be
incurred in 1975, the year in which the construction of the projeet will commence.
The costs for the dam are as shown above for the bridge alternatives.

%0 This cost includes only the immediate necessary approaches for the Saint Michel
Bridge. The remainder of approaches connecting to the International Route will cost
180 millions Fr. CTA and will be funded by FED (sce also page 8-2 in Section VII,

5! "The maintenance costs include the portion of approach roads to he constructed
under FED financing.
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H. SUMMARY OF BENEFITS

The benefits consist of the difference in the vehicle operating and construction
costs between the no-improvement and the new bridge alternative. The net benefit is

computed as follows:
1. Parallel Bridge Alternative (Millions Fr. CFA)

a. Without Dam: American Foreign
Procurcment Procurement

No improvement Alternate -

Vchicle Operating Costs 52 + 36, 897.0 + 36, 897.0
Existing Bridge Repairs + 148.7 + 142, 2
Maintenancce of Approach Roads + 251.0 + 251.0

Parallel Bridge Alternative -

Vchicle Operating Costs 53 - 16,413.0 -16,413.0
Existing Bridge Repairs - 148.7 - 142, 2
New Bridge Construction and Approaches - 753.7 - 605.9
Alternate Frosion Protection - 150.1 - 143. 4
Maintenance of Approach Roads - 2561.0 - 251.0
Net Benefit +19,580.2 +19,734.7
b.  With Dam:

Net Benefit from 1. a. +19,580.2 +19,734.7
Dam - 576.0 - 508.8
Alternate Erosion Protection + 150. 1 + 143. 4
Net Benefit + 19,154, 3 +19,369.3

2. Saint Miche! Bridge Alternative

a. Without Dam:

-3

No Improvement Alternate (All costs) + 37, 296, +37,290.2

Saint Michel Bridge Alternate:

Vchicle Operating Costg 5 - 9,869.0 - 9,869.0
Existing Dridge Repairs - 148.7 - 142, 2
New Bridge Construction and Approaches * - 1,353.2 - 1,232.5
Alternate Erosion Protection - 150.1 - 143.4
Maintcenance of Approach Roads - 297.0 - 297.0

Net Benefit + 20,478, 7 + 25,0606, 1

* Includes 180 millions Fr. CFA funded by F.E.D.
5253, 54 Discounted at 10 percent rate to 1975.
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b. With Dam: (Millions Fr. CFA)

American Foreign
Procurcment Procurement

Net Benefit from 2. a. + 25,478.7 + 25,6006, 1
Dam - 576.0 - 508.8
Alternate Erosion Protection + 150.1 + 143.4

Net Benefit. + 25,052.8 + 25,240.7

3. Value of Increased Fish Production Due to Construction of the Dam

The fish benefits as described in Dr. Thompson's report and as modified in
this study, over the period of 1975 to 1996 and discounted to 1975 at 10% rate amount
to 2310 Millions Fr. CFA. This sum assumes that without any improvements the
annual fish catch in Lake Nokoue would not deteriorate below 2200 tons/year through
1996.

In the sensitivity analysis it is assumed that the fish benefits would be reduced
to 50 percent of those expected in each year. In this case the total 20 vear benefits,
again discounted at 10% rate to 1975, would amount to 943 Millions Fr. CFA,

In both cases the lost revenue from shrimp harvest in the lagoon and the lake
are deducted from the net benefits.

4.  Other Benefits

There are other substantial benefits to be obtained from the construction of
both the new bridge as well as the dam. Some of the additional benefits could have
been quantified and included in the benefit/cost computations. This was not done
since sufficicntly high B/C ratios arc obtained without them. Among these is the
substantial reduction in the costs of construction for the proposced West Bank Boule-
vard which would result from reduced requirements for crosion protection of the
lagoon bhanks after the dam is constructed.”®  Other benefits will undoubtedly accrue
from the value of drivers' time which would be saved with reduced congestion.

Among the non-quantifiable benefits are the improvement of conditions for a
better urban development of Cotonou. These are discussed in detail in Scetion II.

I BENEFIT/COST ANALYSIS AND INTERNAL RATES OF RETURN
1. Comparison of Various Alternatives

The net costs and benefits as well as internal rates of return are sum-
marized in Tables XII-21 and XII-22,

55 See also Section X.
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2. Sensitivity to Changes in Traffic Growth Rates and Value of Benefits

The following changes have been included in order to minimize the benefits
and maximize the costs for the purpose of sensitivity analysis:

Description Decreased By
]0(;2!

1970 Average Daily Traffic

Traffic Growth Rates 20%
Vchicle Operating Savings 159
Diverted Traffic to Saint Michel Bridge 15%

50%

Fish Benefits

All the changes are applied simultaneously, and the results are shown in

Tables XIT-23 and XI1I1-24,
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TABLE XJII-21

BENEFIT/COST ANALYSIS AND INTERNAL RATES OF RETURN
AMERICAN PROCUREMENT

Alternative Millions Fr. CFA B/C at 10% Internal Rate
Benefits Costs * Interest Rate of Return

No Improvement - 400 - -

Parallel Bridge without Dam 19,580 1,304 15. 05 44%
Parallel Bridge with Dam ** 19, 154 1,730 11.09 38%
Saint Michel Bridge without Dam 25,479 1,947 13. 10 38%
Saint Michel Bridge with Dam ** 25,052 2,373 10.57 34%
Dam *** 2,310 576 4.00 29%
Saint Michel Alternative Compared 6,078 2.373 5 57 _

to the Parallel Bridge Alternative

* Includes both the construction and maintenance costs.

** Not including the fish benefits.
*** Only fish benefits and shrimp losses considered.

All are discounted to 1975.
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TABLE XII-22

BENEFIT/COST ANALYSIS AND INTERNAL RATES OF RETURN
FOREIGN PROCUREMENT

'DNI SVNO%’? Sdfl(]NVS

Millions Fr. CFA B/C at 10% Internal Rate
Alternative Benefits Costs * Interest Rate of Return
a. No Improvement - 393 - -
b. Parallel Bridge without Dam 19,735 1, 143 17.31 48%
- c. Parallel Bridge with Dam ** 19, 369 1,508 12. 86 41%
i‘ d. Saint Michel Bridge without Dam 25,606 1,813 14. 14 39%
e. Saint Michel Bridge with Dam ** 25,241 2,178 11,8690 35%
f. Dam **x* 2,310 509 4,50 30%
> 3 ltI;tel\;f:;llQltgﬁdzt;vjlfeorﬁ;frid 6,051 2 178 2.78 -

* Includes both the construction and maintenance costs. All are discounted to 1975.
** Not including the fish benefits.
*** Only fish benefits and shrimp losses considered.



TABLE XI1-23

SENSITIVITY ANALYSIS <x%*
BENEFIT/COST AND INTERNAL RATES OF RETURN
AMERICAN PROCUREMENT

AMillions Fr. CTFA B/C at 10¢ Internal Rate
Benefits Costs = Interest Rate of Return

Alternative

a. No Improvement

ho Parallel Dridee without Dam 15, 76y 1,264 10,35 307

e ¢. Parallel Dridee with Dam o RS R 1,605 7. 8T 26

A

} o . i

=} i

- d. >uint Aichol Brideo without Dam 14, o0 1,12 T.30 267,
vooonaant Aicnel Priage with Damy = ' .10 PN D.TY 2
f. Dan - 4.4 ST 1.60 16/

ToIncehwlos hoth the construction and maintenance costs. Al are discounted to 1975.

' g the Fish benetits,

mid fish benerits and shrimyp tosses considered,

Ters Inelades the oilowing: Reduced: 1970 ADT by 107 , Truftic Growth Rawes by 207, Vehicle
Opcrating Savings by 157, Diverted Traffic io Saint Michel

Bridoe by 15 | Fishing Benefits by 07,

WL
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TABLE XJI-24

SENSITIVITY ANALYSIS ****
BENEFIT/COST AND INTERNAL RATES OF RETURN
FOREIGN PROCUREMENT

. Millions Fr. CFA B/C at 10% Internal Rate
Alternative - .
Benefits Costs * Interest Rate of Return

a. No Improvement - 358 - -

b. Parallel Bridge without Dam 13,921 1, 108 12.57 32%
= c. Parallel Bridge with Dam ** 13,558 1,473 9.20 28%
I
P |
= d. Saint Michel Bridge without Dam 14, 163 1,778 7.92 27%

e. Saint Michel Bridge with Dam *+ 13,798 2, 113 6.40 249,

f. Dam ¥x* 913 509 1. 85 17%

* Includes both the construction and maintenance costs. All are discounted to 1975.

** Not including the fish benefits.

e kK

Only fish benefits and shrimp losses considered.
*x*% Includes the following: Reduced: 1970 ADT by 10%, Traffic Growth Rates by 20%, Vehicle

Operating Savings by 157, Diverted Traffic to Saint Michel
Bridge by 157, Fishing Benefits by 50%.
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SECTION XIII

RECOMMENDATIONS

A.  PROPOSED NEW CONSTRUCTION
1. Bridge

It is recommended that a new bridge be constructed at the site near Boulevard
Saint Michel. The bridge should have four roadway lanes 3.5 meters wide with two
2.5 meters wide sidewalks. The overall bridge width will, therefore, be 19.0 meters.

The approaches to the bridge should have the following widths and lengths:

On the west side: 0.4 kilometers (4 lanes)
On the east side: 1.3 kilometers (4 lanes) and
0. 8 kilometers (2 lanes)

These lengths are considered essential to make the bridge usable without the
addittonal approaches to be financed with FED funds.

A detailed description of the bridge and approaches is given in Section VIII and
plans with details of proposed construction are shown in the Appendix, pages A-2, A-3,
A—, and A-5.

2. Dam

It is recommended that a rock and sandfill dam be constructed at the mouth of
the lagoon. If the henefits to the fishing in Lake Nokoue are disregarded, the returns
on the investment for the project (bridge with dam), are still high (based on vehicle
operating savings and crosion benefits only). The cost of the dam is amply justified
even when its entire cost is compared to fish henefits only. The details and description
of the proposed dam construction are included in Seetion IX.

B. ADDITIONAL REPAIRS OF THE EXISTING BRIDGE
1. Substructure
The repairs of the existing bridge substructure were started in 1970 with FAC

financing, and ave still in progress. [t ic oxpected that the remaining needed repairs,
as listed helow, will be completed prior to the hepinning of the new bridge project.

13-1
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Bridge Piers: Repalred in 1970
Rock mat for erosion protection: Expected to be completed in 1972
Repair of Abutments and adjacent

lagoon banks: Expected to be completed in 1974

2. Superstiucture

It is recommended that the existing bridge concrete deck be removed and en-
tirely reconstructed in this project with wider sidewalks, It is also recommended
that the existing bridge steel girders be cleaned and painted and that the lighting
system be repaired. The details of the deck with widened sidewalks is shown in
Section VII, Figurc 7-2.

C. CONSTRUCTION SCHEDULING

1. Procurement and Timing of Contract Award

It is recommended that maximum possible latitude be afforded the prospective
bidders with respect to subcontracts. Too many restrictive conditions will discourage

bidding and will also tend to result in higher project costs.

One of the following schedules should be adopted hy the funding Agency:

o Schedule
Activity Normal Accelerated
a. Select final design consultant | by January 1973 by July 1972

b. Complete final design, adver-
tisement and prequalification | by July 1974 by July 1973
of prospective bidders

c. Award construction contract by December 1974 by December 1973

2.  Construction Sequence

The most cfficient and expeditious construction schedule will require that the dam
be constructed before any of the bridge construction is started. Completion of the first
phase of the dam prior to the flood season (October to December) will therefore be
essential. The establishment of a construction yard for the dam and procurement of
rock materials will be the most critical items in the carly stages of construction.

13-2
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APPENDIX A

City of Cotonou - General Plan

Parallel Bridge and Approaches

Saint Michel Bridge

Saint Michel Bridge Approaches - Sta. 200 to Sta. 4000
Saint Michel Bridge Approaches - Sta. 4000 to Sta. 8000

Cost Estimate (American Procurement)
Existing Bridge Repairs
Parallel Bridge
Parallel Bridge Approaches
Saint Michel Bridge
Saint Michel Bridge Approaches
Foundation Protection
Duam

Cost Estimate (Foreign Procurcinent)
Existing Bridge Repairs
Parallel Bridge
Parallel Bridge Approaches
Saint Michel Bridge
Saint Michel Bridge Approaches
Foundation Prolection
Dam

Table V-1, Vchicle Operating Costs at 32 kph
Table V-2, Vehicle Operating Costs at 28 kph
Table V-3, Vchicle Operating Costs at 24 kph
Table V-4, Vehiele Operating Costs at 20 kph
Table V-5, Vehiele Operating Costs at 16 kph
Table V-6, Vehicle Operating Costs at 12 kph
Table V-7, Vehicle Operating Costs at 8 kph
Table V-8, Cost of Vehiele Standing Time
Table V-9, Additional Cost of Speed Change Cycles
Projected Average Daily Traffic Volumes
No Bridge Improvement Hypothesis
Projected Average Daily ‘Traffic Volumes
Saint Michel Bridge Alternative
Traffic at New Bridge
Projected Average Daily Traffie Volumes
Saint Michel Bridge Alternative
Traffic at Fxisting Bridge
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ITEMS

REMOVE EXISTING CONCRETE DECK
MAINTAIN RAILROAD TRAFFIC
REINFORCED CONCRETE (NEw DECK®)
BRIDGE LIGHTING & MISCELLANEOQUS
CLEAN & PAINT STEEL GIRDERS
OVERHEAD

CONSTRUCTION YARD

SUBTOTAL (1)

CONTINGENCIES (20 PERCENT)

SUBTOTAL (21

DESIGN & CONSTRUCTION SUPERVISION

EXISTING BRIDGE REPAI

RS

AMERICAN PROCUREMENT

(COSTS IN FRa CFA)

QUANTS UNITS UNIT
PR]ICE
LUMP SuM LeSe 550009000
LUMP SuM LeSe 5,000,000
745 M3 509000
LUMP 5UM LeSe 44100+000
ILUMP  50UM LeSe 2+0004+000
TOTAL

#(INCLUDES EXTENDING STEEL BRACKETS TO SUPPORT WIDER SIDEWALKS)

FOREIGN
CURRENCY

4724500

899174650
9324750
2404000

295439520

6+867+505

4192054025

89241+006

4994469031

1395784062

6390245093

TAXES

3+1779500
35009000
3246534350
502+250
969,000
6454032

2+2819586

13+6689+518

297374+903

1694279421

1634279421

LOCAL
CURRENCY
1¢350+000
l1eoUUILLU
2204719y 000
21505 »000
IS RAVIVIS]
392630448

Ssalle309

5248671857

1245734571

63s44] 002

Seul9s170

6992609598

TOTAL

540004000
5+000+9000
67+0509000
«9 1309000
29000 900U
592519300

1743609400

10797624400

219552 +45C

12Ge314088C

1993979232

laBs7120112
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ITEMS QUANTS.,

SHIPPING =« 7,000
PILES = DELIVERED TO JOB 1+036
DRIVING PILES 24100
PLACING &5 CUTTING PILES 264
STEUCTURAL ZXCAVATION 75
REINFORCED CONCRETE
-D1ER (aPg 233
=ABUTMENTS 70
=-BRIDGE DFLK 663
=BRIDGE BEAMS 1,010
BEARING PADS 368
BRIDGE LIGHTING & MISCELLANEOUS LUMP SyMm

OVERMEAD

CONSTRUCTICN YARD #ns

SUBTOTAL (1)

CONTINGENCIES (20 PERCENT)

SUBTOTAL (2)

DESIGN & CONSTRUCTION SUPERVISION

** (TONNAGE INCLUDIS CONSTRUZTION ECUIPMENTS PRESTRESSED PLANTS
TC LONGER HAJL

#aa ([NCLUDES ALLCWANCE FOR INCREASED COSTS Doz
CONGESTI2N NZAT Tmi CONSTRULCTION 5172

AMERICAN

PARALLEL 37103
PROUCURLMENT

(COSTL [N Fre CrA)

UNITS

TONS

M3

EA

M3

M3

M3

M3

M3

)

LeSe

UNIT

PRICE
10900
94300
25,000
354000

19000

80,000
602000
65.0C0
126,400
52000

5,000,000

TOT AL

FOREIGN
CURRENCY

83+683s604
800854000
le25S 164

£4250

3961745600
6229700
498260540
20+470,080
4504800
191379500
16914884635

5546494140

27602450695

5546494140

333+8941835

6592859400

399491809235

AND PILES)
AND TRAFFIC

TAXES

154+600,020
i3el4T927s
219315,03¢C

S9U209316

5449758

59502400
198754300
2L ruT74960
2a951a,724
1014200
6§12+500
Lok lasQ22

14498974346

Tar4869732

1498974306

8593844078

894923844078

LOCAL

CURRENCY
5495009000
2593359400
239 1udsiul
3+71isEws

125,000

59520+00C
197224500
139790400
65431754250
19286+3C0
392209000

AT 1 AR Y-S

339319134

1994864807

27193790458

22694660255

TOTAL

7320004000
5097643000
529500 0CC
1090329800

T5930C

1390409000
4920U9000
©390%59C00Q
12742000000
1+£40+000
59300000
239704 9400

13296279620
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ITEMS

SHIPPING #«

EMBANKMENT

EXCAVATION #

SU3BASE

8as

m

81TUMINCOUS SURFACE COURSE

SHOUJULDERS

JQVERSEAD

CONSTRUITION YARD ##=x

SUBTOTAL (1)

CONTINGENCIES

SUSTOTAL (2)

DESIGN & CONSTRUCTION SUPERVISION

#{ INCLUDES PLACING

(10 PERCENT)

IN EMBANKMENT )

CUANTS

300
69000
100
800
49200
4000

800

Pa~pLlzt or

AT T
AMERICANS

{COSsTS

UNITS

TONS
M3
M3
M2
M2
M2

M2

TO

## { TONNAGE INCLUDES ROADWAY CONSTRUCTION EQUIPMENT)

#ue (INCLUCES ALLOWANCE
CONGESTION

130 APPROACHZS
O TLEIMINT

IN F-e (ra)

URIT FOXEIGN

PRICE CURRENCY
10,000

1+500 675+000

500 69750

300 18,000

1+500 472+500

500 270 U0

&£50 27,000

579000

149544126

997704626

9774064

107474690

395224345

TAL 1492704035

INTREASED CCSTS DUE TO LONGER HAUL AND TRAFFIC
CONSTRUCTION SITE)

66J+CU0
6907545000
60e750
162,200
492529500
26309 0uU
2632000
1174540

3354697

1+9834+487

19g,308

2+1814.83¢

291819835

LOCAL
CURRENCY
2923405000
c 2250000
22520
6Ls0ul
195754200
JOU0suLl
Yol O0
1s1lCabo0C

3074800177

1497624387

1,3704423%

2096160625

19509577

2241264202

TOTAL

39000000
F9200UCOC
9L COC
feeUlC
693200 JUC
3r000 0000
3509000
198379237

593999300

239698 05CC

340499550

2395469158

590219922

2e57L 9072



ITEMS

SHIPPING ==

PILES = DELIVERZD TO JOB
DRIVING PILES

PLACING & CUTTING PILES
STRJUCTURAL EXCAVATION

REINFORC

m

D CUNCREETE
-PIER CAPS
=~ABUTMENTS
~BRIDGE DECK
-BRIDGE BEAMS
BEARING PADS
BRIDGE LIGHTING & MISCELLANEOUS
OVERHEAD

CONSTRUCTION YARD

SUBTOTAL (1)

CONTINGENCIES (20 PERCENT)

SUSTOTAL (2]

DESIGN & CONSTRUCTION SUPERVISION

QUANTS.

7,000
1,730
34350

4ls

150

389
240
938
14687
6leé

LUMP SuMm

*## (TONNAGE INCLUDES CONSTRUCTION EQUIPMENT,

SAINT
AV ]
(COs

UNITS

TONS

M3

EA

M3

M3

M3

M3

M3

EA

LeSe

MIChzL BRIDCE
Ch W SCUREVENT
TS IN FRe Z¥A)

UnNIT FORETON

PRICE CURRENCY
10,000

499000 1494959672

25,000 12+8974+50C

354000 290379294

19000 10500

505,000 599124800

60,000 2906610600

659000 698239640

126,000 Ll 921241856

590006 7549600

T+000+000 19539293500

2493359551

4592209847

37743594818

T504T71+964

45248314762

9143184402

TOTaAL 54449150,184

PRESTRESSED PLANTs AND PILES)

TAXES

194630003
2149955443y
3493029520

TrET3986€

199500

S96674200
6042949600
3456309960
579316486«

169940C

35795C0C
T92649 7354

1697114022

11297049529

22+556+905

12593419434

13593414434

LocaL
CURRENCY

54 460U 0UC

1995604+C0C
59904 90U0

1995109400

o

1'195322924C
292569000
4955CHILC
1591119428

209530163¢

CzbLsb6CLb8]

L6 99239975

231952295857

2991364058

3201+662931°

TOTAL

70+0004+000
G4977U2000
E3975Q900C

1267220002

21912209000
1694009000
60137000C
212+56290C0C
3+08L0C0
T+02C900C0
592324720

9495329508

TlerTauFe22E

16499499845

H6995UP9( 72

12094204 4EEC

1900091534933



AL
%

01~V

ITEMS

SAIPPING %«

CLEARING & DEMOLITION
EMBANKMENT

EXCAVATION

SuUBBASE

BAS

[ %]
m

BiTUMINOUS SURFACE COQURSE
SHQULDERS

CRAINAGE PIPE (iNCLe EXCAV,!
OVERSEAD

CONSTRUCTICON YARD

SUSTOTAL (1)

CONTINGENCIES (10 PERCENT)

SUBTOTAL (2)

CESIGN & CONSTRUCTION SUPERVISION

*(INCLUDES FLACING [N EMBANKMENT)

QUANTS.

500

LUMe sym
32,000
89000
20700
31+700
30,800
7,800

800

SAINT “[Cr: L 820D APHRJACHES
AvERidaNy »RATJUREMENT
{ICSTS Fre CHFAD

UNITS Nl FOREIGN
PRICE CURRENCY

TONS 13000
LeSe 293004000 219,000
M3 14000 254309000
M3 6090 360,00V
M2 23¢C 310500
M2 14000 293774500
M2 600 1933649000
M2 320 17549500
M 12,000 72099000
294299200
6939194132
3747134330
307714330
G1s4B44664
15+7884215
TOT AL 57+272+980

## {TONNAGE [NCLUDES ROADWAY CONSTRUCTION EQUIPMENT)

TAXES

110049300

193504000

21+60C 9000
392409000

£v794 4500

2143974500
12947645000
1957949500

624804000

6354160

192569299

9986Ce8B59

9854+08%

109sBL6r944

1098464944

LOCAL
CURRENCY
39500000

fyu LR
59200 CO0
LezoCsoo
1vC359000
Tesdoil0
496239000

5859000
216004200
SeT4000640

114624435

8991209331

8931243533

9840324354

627664379

10679897463

TOTAL

59000000

2+0uU»000

229000,000

49500 00C

“1 1500000

319 70CH000

IHe&BUCOU

293409000

9+6001+0C0

BeAQL 950D

1798299720

13696949520

13466590452

150930329972

2295544595

172+918+567



jr*

T1-V

[TEMS

ROCK MAT (20 TO 80 KG!)
ROCK EMBANKMENT PROTECTICN
EMBANKMENT

EXCAVATION

JVERHEAD

CONSTRUCTICON YARD

CONTINGEINCIES (20 PERCENT)

SURTOTAL (2}

DESIGN & CONSTRUCTION SUPERVISION

GUANTS.

8+500
1800
9000

1+000

FOUNDAT LN &

At ]CAN

(CONTL |

UNITS u*

M3

M3

TO

89500

49700

300

500

T AL

FCRIIGN
UIRENCY

N

322519250
330,700
232500

379500

190324520

2+7874+8035%

loe 7264225

3e3459360

2045720191

1397024166

3397744357

TAXES

S58+1619220
€+310+320
198224530

3374520
3094758

83&e36]

S901Bs067

190024609

640214656

610214656

LOCAL
CURRENCY
lu9d374+500
19120%9 200
575220
125+00G0
593704524

1995009816

B79o5C20056

17946000097

lLess020585

594724358

11092754343

TOTAL

72925049000

29460000

50000
G717 9507

l89l249282

10¢e 7w 9220

2lv7699472

13096969822

1945749524

12000719356



S

o1~V

11Sms

CORE MATERIAL
ROCK (PHASE 1) (20
ROCX (PHASE 1) (20
PLACING IN DAM
EXCAVATION
DRENGING
EMBANKMENT (5AND)
ROCK [ PHASEZ 2) (20
OVER=EAD

CONSTRUCTION YARD

SUBTCoTAL (1)

KG TO 200 KG)

KG TO 200 XG)

KG TG 200 KG)

CONTINGENCIES (25 PERCENT)

SUBTOTAL 171

DESIGN & CONSTRUCTION SUPERVISION

QUANTS

26000
Lb 9625

Gt y625

1,000
3,000
15+000

800

AMERICAN

DAM

PROCUREMENT

(COSTS IN FRe CFA)

UNITS

M3

M3

M3

M3

UNIT

PRICE
24500
2+000

2+700

500
1,000
300

3,700

TOTAL

FOREIGN

CURRENCY
292759000
46859625

603250593

174500
105,000
1574500
155,420

47U 556

897819637

5246914+018

1301729755

65+863,773

6741969052

133,059,825

TAXES

56+2254,000
7117649875

SEI0BBYTB2

«324500
2959545000
398520500
293504600
lanabr594

390734642

lrselys554

496109453

2390524317

2390524317

LOCAL
CURRENCY
69500000
1303274500

1890734 1¢5

5Cs0U0
300,000
4509000
4469000
27149324559

5¢01409751

31295440568

7ds2llelel

371905545710

2397989308

41998049013

TOTAL

65+000+000
£992509C00

12C»4279500

SUC»000
34060000
2500000
2+520+000

3692439700

53999692460

38399779440

9S9994 9360

“T9957192C0

95 919YL 350

575+96691l00



E1-v

ITEMS

REMOVE EXISTING CONCRETE DECK

MAINTAIN RAILRIA, TRAFFIC

REINFOSIET CONCRETE (INDIW DECK®)
BRIDGE LIGrTING 6 MISCELLANEQUS

CLEAN & PAINT STEZE_ GIRDERS
OVERHEAD

CONSTRUCTION YARD

CONTINGENTIES (20 PERCENT)

SUBTOTAL (2]

DESIGN + CONSTRUZTION SUPERVISION

QUANTS .

LUMP

LUMP

LUMP

LuUMP

SuUM
SUM
745
SUM

SuM

EXISTING BRIDGE REPAIRS
FORZ IS PROTURIMINT
(TOSTS IN FRe CFAY

UNITS UNIT FOREIGH
PRICE=# CURRENCY
LeSe 5+000400C 4724500

LeSe 540006000

M3 GU»0008 899174550
LeSe 49100200 932,750
LeSe 29000000 2435000
149079640
597404329
GJybi 0969
84088355
4895309354
1096614293
TOT AL 59419114557

#LINCLUDES EXTENDING STEEL BRACKETS TO SUPPORT WIDSER SIDEWALK)
TRANSPORTING CONSTRUCTION EQUIPMENT

*#x (UNIT ORICES INCLUDE THE COST ¢F

TQ THE CONSTRUCTICN SITE)

TAXES

32177,500
3950040060
3246535350
5029250
FouUsLIO
6334774

292339334

1296355004

295379201

1h9123920¢

1601234209

LOCAL
CURRENCY
1e3504000
195000000
2996759y
246659300
EACICR ALY
2rbbTrbd6

2662y 37

51938893522

1295779704

0292559537

415394126

65482549712

TOTAL

590004,000
5920004000
67930509002
Gy lULL00
29000 s UL
L9959 9000

1790279300

125978059200

1 =" % i)
Qlel=He282



yi-v

ITEMS

PILES
DRIVING PILES
PLACING & CUTTING PILES
STRUCTURAL EXCAVATION
REINFORCED CONCRETE
-PlER CAPS
=-ABUTMENTS
-8RIDGE DECK
=-8RIDGE BEAMS
BEARING PADS
BRIDGE LIGHTING & MISCELLANEOUS
OVERMZAD

CONSTRUCTION YARD #ws

SC3ToTAL (1)

CONTINGENCIES (20 PERCENT)

SUBTOTAL (2)

DESIGN & CONSTRUCTION SUPERVISION

*##(UNIT PRICES INCLUDE THE CCST 0OF
TO T-E CONSTRUCTION SITE)

®ee [ INCLUDES ALLOWANCE FCR INCREASETD

QUANTS.

1+036
29100
264

75

2338
70
663
1:010
368

LUMP SUM

PARA_LEL
FOREIGN

B$RIDGE
PRITLAZENT

(COSTS IN FRe CFA)

UNITS

M3

EA

M3

M3
M3
M3
M3
EA

LeSe

UNIT

PRIl
61+000
259000
384000

1000

74000
60+000
65+000
115+000
5,000

59000+C0C

TOTAL

FOREZIGN
CURRENCY
li}e 8064516
3+085+00C
192994104

59250

393669280
602,700
“182690640
2437894440
450,30C
11374500
992200714

4007244219

20396244093

40972448165

244493484912

43,511,100

287,860,012

TRANSPORTING CONSTRUCTION EQUIPMENT

CONGESTION NEAR Twz CONSTRUCTION SITE:

COsTS Dokt

TO LCNGER HAUL AND TRAFFIC

TAXES

1643674754
219315+0C3
59021015

544750

596594+72C
198754300
24367745960
324161649960
1ule200
6124500
393204956

1436674556

7343374782

lavb66T955¢

8E8s0054933C

88,005,333

LOCAL

CURRENCY
3600210725
2291CCy UG
RS URY-XN

159000

898U6sCULC
197229000
1397909400
6149734600
192389200
392200000
Ce60629130

283195414075

14297054375

28954140372

17192468450

16039224980

18841679434

TOTAL

634196000
29500000
10e03290CC

759200

1796124000
4920090270
459095435072
119918B0,0C0
193429200
5+000+CO0
1590020800

8399339450

“wlGyo679250

8399339452

2034520700

6096329250

5649032734



PARALLIL 3~10 i APPICAIAES
FOREION 2% lURz o NT

LCUSTS IV Fre CFA)

ITEvS

QUANTS,

UNITS UNIT FOREIGN TAXES LOCAL TOTAL
PRICEww CURRENCY CURRENCY

EMBANKMENT 6+000 M3 1+950 83774+500 7498974500 2932542000 1197309200

EXCAVATION 100 M3 19200 92300 81y000 30sC00 120000

SURBASE 800 M2 450 274000 26424002 FIe LV 360000

SasE 49200 M2 14950 6149250 £45239,250 2vcaTe500 SelsCrund

BITUMINOUS SURFACE COURSE 43000 M2 14200 3604000 3+240,40C0 14200000 49300022

SHOULDERS 800 M2 600 3659000 326449000 1229200 LEQN0CC

OVERMEAD 3849750 1159425 1+9038s825 15325000

CONSTRUCTION YARD ##a 146994314 5094793 495889143 €2 797950

o SUBTOTAL (1) 8049614564 295481968 2299409714 33998619250
1

E; CONTINGENCIES (10 PERCENT) 8494658 22419896 29294407 3935k 625

SUBTOTAL (2} Fe3460222 298034864 2592344789 3793844375

DESIGN & CONSTRUCTION SUPERVISION 342300053 142569132 [T XY

TOT AL 1245764275 2+803+864 26049019922 1987290690

*(INCLUDES PLACING IN EMBANKMENT)

##(UNIT BRICES INCLUDE THE COST 0OF TRANSPORTING CONSTRUCTION EQUIPMENT

TO THE CONSTRUCTION SITE)

*##(INCLUDES ALLOWANCE FGR INCREASED CCSTs DUE TO LONGER ™AUL AND TRAFFIC

CONGESTION NEAR THI CONSTRUCTION

SIiTE)



)O)il

91-v

ITEMS

PILES

DRIVING PILES

PLACING & CUTTING PILES

STRUCTURAL EXCAVATION

REINFORCID CONCRETE
-21£] CAPS

~ABUTMENTS

BEARING PADS
BRIDGE LIGHTING & MISCELLANEOUS
DVERHEAD

CONSTRUCTION YARD

SUBTOTAL (1)

CONTINGENCIES (20 PERCENT)

SUBTOTAL (2)

DESIGN & CONSTRUCTION SUPERVISION

QUANTS.

1,730
34350
4le

150

240
938
1+687
616

LUMP SUM

UNITS

M3

EA

M3

M3

M3

M3

M3

EA

LeSe

g e

“iCHEL BRIDGE
GN 2RUCTUREMENT
TS5 !N FRe CHA)

UNIT

PRICE=»
6] 4,000
254000
33+000

1,000

74000
60,000
652000
115+000
54000

750004000

TOTAL

F2RZIGN
CURRENCY
1840454630
128979500
29237+294

104500

524699340
2+066+400
6598281640
GlealBe72y
7544600
115524500
1541724841

4092089026

308926114527

6196524306

36999134833

65952695493

435944045382

## (UNIT PRICES INCLUDE THE COST OF TRANSPORTING CONSTRUCTION EQUIPMENT

TO THE CONSTRUCTION SITE)

TAXES

279332,272
34900249500
T+8734E66

109,500

81992349660
616294600
3496304960
D61916549952
16991400
8574+52C
S46E9487

lasb 8649192

111+060+¢811

Z2s2120v162

13392724973

13392724973

LOCAL
CURRENCY
6091529100
€935000U0
518209540

229000

14+9392,300
£199064+000
1995109400
lu3ebl164320
£+1565000
495509000
10r4089512

2797419558

21246854278

95374055

25592224333

22946824547

230970649550

TOTAL

105953045000
83¢75C»000C
15973290060

150»000

29976619000
1444009000
6C»970 000
19990064000
39080+,000
7+000900C
31+107984C

82963549776

€3290071516

12690014523

75896099139

193U sC%0

HLG9e4inez35



L1V

1TE€~5 QUANTS .
CLEARING & DEMOLITION LUMP SuM
EM3angMENT 32,000
EXCAVATION = 8,000
SU3BASE 204700
8asg 31+700
BITUMINOUS SURFACE COURSE 304890
SHMCULDERS 7+800
DRAINAGE PIRPE (INCLe EXCAV,) 800

OVERSEAD

CCONSTRUCTION YARD

SUBTOTAL (1)

CONTINGEINCIES (10 PERCENT)

SU3TOTAL (2)

DESIGN & COASTRUCTION SUPERVISION

*(INCLUDES PLACING IN EMBANKMENT)

UNITS

LeSe

M3

M3

M2

M2

M2

M2

2100t APPRJIACHES

PROCURENMEN
IN fRe CFA)

UNIT

PRICLw»

2+000,000

19300

800

400

124500

TOTAL

FORE I GN
CURRENCY
2104000
391294000
450,000
465,750
390904750
1+8484,000C
2349000
750,500
2903912700

594054226

4194334506

491430991

451583+897

1546614110

6192454007

#={UNIT BRICES INCLUDE THE COST OF TRANSPORTING CONSTRUCTION EQUIPMENT

TO THE CO