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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 

(lam) is still high. The cost of the dam is also amply justified when its cost is 
compared to fishing benefits 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. I. D. on this project and we look 
forward to have again an opportunity to be of service. 
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SANDERS & THOC. 

Abraham Percra, P. E. 

Assistant Vice PresidentAP/dke 

'.%ewhr; is r: POT'TSTOWN. VI NNSsI.VANIA
 

1IIII AI)II.IIIIA, PA. . PITTSIil IGII. PA. * \\ASIIIN(,I N. I). (.. . MIAMI. I:IA
 

BAI.TIMIlo i. N I.)LON(, IIIACII, (AlII. I.AN \1.\. I I)I PANAMA
D['. 



SANDEPS --'IOMAS INC. 

ACKNOWLEDGEMENTS
 

The success of this study would not have been possible without tile cooperation
 
and the expertise of many persons.
 

The project team of Sanders & Thomas, Inc. wishes to express, herein, their 
appreciation to officials and staff of the various public and government agencies in 
Cotonou for their assistance:
 

Ambassador Matthew Looram and Staff - U. S. A. Embassy, Cotonou 

Mr. V. Gbaguidi - Director, Department of Public Works 
Mr. F. Achade - Chief of Services, lighways and Bridges 
Mr. E. Paraiso - Director of Hydraulic Services 
Mr. L. Akpovi - Ministry of Plan 
Mr. R. Agnamey - Director of Topographic Service 
Mr. F. I\onteiro - Urbanism and Habitat Service 
Mr. 13. Bidlouzo - Ministry of Economic Affairs 
Mr. E. Azandegbe - Director, Department of Fisheries 

Mr. R. L. Welcome - United Nations, Aide to Department of Fisheries 
Mr. C. Couratin - Chief of Delegation, 13. C. FoO.M. 
Mr. R. Lacroix - Director of Autonomous Port of Cotonou 
Mr. 3. P. Aste - Chief of Laboratory, L. N, 13. T Po 
l'r. P. Fourn - President of the Cotonou Cha mber of Commerce 

The enthusiasm and the efforts of the staff of Service Topographique and Service 
de l'l-ydraulique, who worked in the field with the Sanders & Thomas team, as well as the 
excellent work of some 40 local personnel, who helped with the traffic counts, is also 
gratefully acknowledged. 

The team of Sanders and Thomas, Inc. consisted of the following: 

Mr. A. Perera - Project Engineer
 
Mr. G. 13eierling - Traffic Engineer
 
Mr. M. Bessalel - Hydraulic Engineer
 
Mr. N. Gerber - Urban Planner
 
Mr. J. Toth - Bridge Engineer
 

Mr. Robert Busenburg was a special consultant to Sanders and Thomas, Inc. for 
Transportation Economics. 

Last but not least, appreciation is expressed to the Dahomean people, whose 
freindliness and warmth helped to make the visit and work in Dahomey a pleasurable and a 
happy experience for the Sanders & Thomas team. 



SANDERS &SIO,MAS INC. 

TABLE OF CONTENTS 

Page No. 
LETTER OF TRANSMITTAL 

ACKNOWLEDGEMENTS 

SECTION I SUMMARY OF FINDINGS AND RECOMMENDATIONS 1-1
 

A. Technical Feasibility Studies 	 1-1
 

1. Cotonou City Planning 	 1-1
 
2. Traffic 	 1-1
 
3. Subsoil Exploration 	 1-3
 
4. Hydraulic Studies 	 1-4
 
5. Existing Bridge 	 1-4
 
6. Proposed New Bridge and Approach Roads 	 1-4
 
7. Proposed Dam 	 1-5
 
8. Other Erosion Control Alternatives 	 1-5
 
9. Project Scheduling 	 1-5
 

10. Summary of Costs 	 1-5
 

B. Economic Feasibility Studies 	 1-6
 

1. Economic Alternatives and Expected Benefits 	 1-6
 
2. Benefit/Cost Analysis and Internal Rates of Return 1-8
 
3. 	 Sensitivity to Changes in Traffic Data, Expected Savings
 

and Costs 1-8
 

4. Expected Financial Impact of Proposed Construction 1-9
 

C. Recommendations 	 1-9
 

1. Proposed New Construction 	 1-9
 
2. Additional Improvements of the Existing Bridge 	 1-10
 
3. Construction Scheduling 	 1-10
 

SECTION II GENERAL 	 2-1
 

A. Summary of the Problem and Previous Studies 	 2-1
 

1. Brief Description of the Problem 	 2-1
 
2. Studies by BCEOM (1963 and 1968) 	 2-1
 
3. Holzman Proposal (1969) 	 2-2
 
4. Reconnaissance Report by Sanders & Thomas, Inc. (1970) 2-2
 

TC-1 



SANDERS l\lO lAS INC. 

Page 	No.
SECTION II GENERAL (Continued) 

B. 	 Objectives of In-Depth Feasibility Study 2-3
 

1. 	 Statement of Work 2-3
 

2. 	 Engineering Alternatives and Costs 2-4
 

3. 	 Economic Alternatives 2-4
 

C. 	 Field Work in Dahomey by Sanders & Thomas, Inc. 2-5
 

2-5
1. 	 Traffic Surveys 

2-5
2. 	 Hydrograph ic Surveys 


3. 	 Existing Bridge Survey 
 2-7
 

4. 	 Other Surveys 2-7
 

D. Field Work by Subcontractors and other Consultants 	 2-7
 

1. 	 Subsoil Surveys and Testing by SASIF and LNBTP 2-7
 

2. 


SECTION III CITY OF COTONOU - PLANNING ANALYSIS 3-1
 

Fishery Survey by NMFS Biological Laboratory 2-8
 

A. Regional and Urban Characteristics 	 3-1
 

1. 	 Geographic Location and Economic Importance 3-1
 

2. 	 Distribution and Composition of Population 3-2
 

3. Influence of Regional Development on City Growth 	 3-3
 

B. Summary and Review of Cotonou Master Planning 	 3-5
 

1. General Summary of Cotonou Master Plan (1961 and 1962) 	 3-5
 

2. Summary of Bridgcbnad Study (1961) 	 3-6
 

3. Review of Master Plan Recommendations 	 3-7
 

C. 	 Major Land Use Elements 3-7
 

3-7
1. 	 Road Transportation 

2. Commercial and Industrial Development 	 3-9
 

3. 	 Residential Density and Living Arrangements 3-10
 

D. Analysis of Intracity Zones 	 3-12
 

1. 	 Description and Characteristics of Zonal Limits 3-12
 

2. 	 Prospects for Future Zonal Growth 3-17
 

TC-2 



SANDEIS &\:IIOMASINC. 

SECTION III CITY OF COTONOU - PLANNING ANALYSIS (Continued) Page No. 

E. Urban Growth Potential from a New Lagoon Crossing 	 3-23
 

1. Planning 	Objectives for Selection of Bridge Site 3-23
 
2. Residential, Cultural and Recreational Aspects 	 3-23
 
3. Governmental Facilities and Services 	 3-24
 
4. Economic Growth and Prospects for Employment 3-24
 

SECTION IV TRAFFIC STUDIES 

A. Objectives 4-1 

1. Required Data for Economic Studies 4-1 
2. Traffic Composition and Volume Counts 4-1 
3. Origin-Destination Survey 4-1 
4. Speed and Delay Studies 4-2 
5. Bridge Capacity Requirements 4-2 

B. Data Available from Previous Traffic Surveys 4-2 

1. Traffic Counts by the Ministry of Public Works 
 - Cotonou 	 4-2 
2. Dahomey 	 Land Transport Study 4-3 
3. Traffic Survey by Sanders & Thomas, Inc. 4-3 

4-1 

C. Vehicular Traffic Across Existing Bridge (November 1970) 4-3
 

1. Traffic Composition and Volume Counts 	 4-3
 
2. Effect of 	Market Day and Seasonal Variations 4-6
 
3. Origin-Destination Survey 	 4-14
 
4. International Traffic 	 4-17
 

D. Boat Traffic Across Cotonou Lagoon 	 4-18
 

1. Description of Boat Traffic 	 4-18
 
2. Boat Passenger Counts and Origin-Destination Survey 4-18
 
3. Effect of 	Alternate Bridge Sites on Future Boat Traffic 4-21
 

E. Speed and Delay Studies 	 4-22
 

1. Speed Studies 	 4-22
 
2. Determination of Delay Time and Congestion Distance 4-23
 

T C-3 



SANDIPS &L\IOMAS INC. 

Page No.
TRAFFIC STUDIES (Continued)SECTION IV 


F. Capacity Requirements for the New Bridge 	 4-31
 

1. Expected Future Traffic at Alternate Bridge Sites 	 4-31
 

2. 	 Effect of Traffic Composition and Number of Lanes on
 

Levels of Service 4-32
 

3. Determination of Required Bridge Width 4-36
 

SECTION V SUBSOIL EXPLORATION 5-1
 

A. Objectives 	 5-1
 

1. Foundation Considerations for the Proposed Dam 	 5-1
 

2. Foundation Considerations for the Proposed Bridge 5-1
 

B. Field Investigations 	 5-1
 

1. Core Boring Work by SASIF Near the Site of the Dam 5-1
 

2. 	 Penetration Tests by LNBTP at the Bridge Site Near
 

Boulevard Saint Michel 5-3
 

C. Laboratory Testing 	 5-12
 

1. Subsoil Samples Obtained Near the Site of the Dam 	 5-12
 

5-24D. Subsurface Conditions 

1. At 	the Site of the Proposed Dam 5-24
 

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

Michel 5-24 

E. 	 Preliminary Recommendations for Foundation Design and
 

Construction 
 5-25 

1. 	 Proposed Dam 5-25
 

2. Proposed Bridge 


SECTION VI HYDRAULIC STUDIES 6-1
 

5-25
 

A. Objectives 	 6-1
 

1. Prevention of Erosion in the Cotonou Lagoon 	 6-1
 

2. Reduction of Salinity in Lake Nokoue 	 6-1
 

3. 	 Maximum Allowable Flood Levels and Silting in the
 

Cotonou Lagoon 6-1
 

TC-4
 



SANDEPS c _ flOMAS INC. 

SECTION VI HYDRAULIC STUDIES (Continued) 	 Page No. 

B. Previous Available Studies and Statistical Data 	 6-2
 

1. Monography of the Oueme River Delta 	 6-2
 
2. Hydrographic Surveys by BCEOM 	 6-2
 
3. Tidal Records 	 6-3
 
4. Salinity Records 	 6-3
 
5. Mathematical Model Studies by SOGREAH 	 6-3
 

C. Hydrographic Survey by Sanders & Thomas, Inc. 	 6-4
 

1. Objectives 	 6-4
 
2. Channel Soundings at the Existing Bridge 	 6-4
 
3. Channel Soundings Near the Lagoon Mouth 	 6-4
 
4. Channel Soundings at the Boulevard Saint Michel Site 6-9
 
5. Flow Velocity Measurements 	 6-9
 

D. Estuarial Characteristics of Cotonou Lagoon 	 6-13
 

1. Physical and Hydraulic Characteristics 	 6-13
 

2. The Tidal Effects n the Lagoon 	 6-13
 
3. Density Currents 	 6-15
 
4. 	 Effect of Proposed Dam on Tidal Inflow and Density
 

Currents 6-16
 

E. Hydraulic Regime of Lake Nokoue 	 6-16
 

1. Maximum Lake Levels During Flood Season 	 6-16
 
2. 	 Effect of Closure of the Cotonou Lagoon on Lake Nokoue
 

and Porto-Novo Lagoon 6-17
 
3. Flow Relationship Between the Cotonou and Porto-Novo 

Lagoons 	 6-17
 
4. Effect of Cotonou Lagoon on Outflow Currents in Lake 

Nokoue 	 6-19
 
5. Effect of the Proposed Dam on the Salinity in Lake 

Nokoue 	 6-28
 

6. 	 Effect of the Proposed Dam on the Outflow Currents in
 
Lake Nokoue 6-33
 

F. Controls and Design Requirements for the Proposed Dam 6-33
 

1. Maximum Expected Flood 	 6-33
 
2. Requirements for Weir Design 	 6-33
 
3. 	 Effect of Future Expansion of Port of Cotonou on
 

Littoral Drift and Tidal Forces on the Dam 6-40
 

T C-5
 



SAND[RS &SOMAS INC. 

Page No.
HYDRAYLIC STUDIES (Continued)SECTION VI 

G. Benefits and Disadvantages from Dam Construction 	 6-40 

6-401. Reduction of Erosion in the Cotonou Lagoon 
6-422. Reduction of Salinity in Lake Nokoue 
6-423. Silt Deposits 
6-434. Loss of Shrimp in the Lagoon 
6-435. Sanitary Effluent 

7-1SECTION VII EXISTING BRIDGE 

7-1A. Causes of Bridge Deterioration 

7-11. Channel Erosion 
7-12. Traffic 
7-13. Lack of Periodic Maintenance 

7-3B. Condition of Bridge in 1970 

7-31. Superstructure 
7-32. Substructure 

7-3C. Bridge Rehabilitation 

7-31. Recent Repairs 

2. Proposed Immediate Additional Repairs 	 7-3 

3. Required Additional Future Repairs 	 7-4 

4. 	 Feasibility of Maintenance of Traffic During Rehabilitation 7-4 

7-65. Cost of Additional Bridge Repairs 

7-6D. Expected Remaining Bridge Life 

1. Expected Life Without Additional Rehabilitation Work 	 7-6 

2. 	 Expected Life with Additional Repairs and Adequate 
7-7Maintenance 

SECTION VIII PROPOSED NEW BRIDGE AND ROADWAY APPROACHES 8-1 

A. Parallel Bridge Near the Existing Bridge Site 	 8-1 

1. 	 Preliminary Layout, Design, and Construction 8-1 
8-12. Requirements for Approaches 

TC-6 



SANDFPS &( XOMAS INC. 

SECTION VIII 	 PROPOSED NEW BRIDGE AND ROADWAY APPROACHES Page No. 

(Continued) 

B. Bridge at 	Boulevard Saint Michel 8-2 

1. Preliminary Layout, Design and Construction Aspects 8-2 
2. Requirements for Approaches 	 8-2 

C. Construction Costs 	 8-3 

1. Effect of the Proposed Dam on Bridge Costs 	 8-3 
2. Determination of Unit Prices 	 8-3 
3. American Procurement 	 8-4 

4. Foreign Procurement 	 8-4 

D. Maintenance Cost, 	 8-5 

1. Bridge Maintenance 	 8-5 
2. Roadway 	Maintenance 8-5 

SECTION IX PROPOSED DAM 	 9-1 

A. Preliminary Design 	 9-1 

1. Choice of 	Site 9-1 
2. Foundation Conditions 	 9-1 
3. Magnitude of Expected Flood and Tidal Forces on Dam 9-1 
4. Required 	Construction Materials 9-1 
5. Expected 	Future Maintenance 9-2 

B. Construction Requirements and Costs 	 9-4 

1. Material 	Sources and Transportation to Cotonou 9-4 

2. Probable 	Construction Methods 9-4 
3. Dredging 	of Dam Foundation and Protection of Banks 9-5 
4. Expected 	Maximum Settlement of Dam 9-5 
5. Construction Quantities and Cost 	 9-6 

SECTION X OTHER EROSION CONTROL ALTERNATIVES 	 10-1 

10-1A. Lagoon Banks Protection 

1. Proposed 	Future West Side Boulevard 10-1 
2. Estimated Costs of Required Rock Embankment 	 10-1 

TC-7 



SANDERS &SIOMAS INC. 

SECTION X OTHER EROSION CONTROL ALTERNATIVES (Continued) Pge No 

B. Protection of Bridge Foundation 	 10-3
 

1. Foundation Rock Mat 	 10-3
 

2. Expected Life 	 10-3
 
3. Estimated Cost 	 10-3
 

SECTION XI CONSTRUCTION SCHEDULING 	 11-1
 

A. Estimated Costs and Time Required for Final Design 	 11-1
 

1. Field Surveys, Core Borings and Testing 	 11-1
 

2. Hydraulic Model Studies 	 11-1
 

3. Final Designi and Contract Letting 	 11-2
 

B. Estimated Required Time for Construction 	 11-2
 

1. Procurement of Materials and Construction Equipment 11-2
 

2. Effect of Flood Season on Construction Progress 	 11-4
 

3. Construction of Bridge Approaches 	 11-4
 
4. 	 Construction of the New Bridge and Existing Bridge
 

Repairs 11-6
 

SECTION XII ECONOMIC FEASIBILITY STUDY 	 12-1
 

A. National Economic Situation 	 12-1
 

1. Population Growth 	 12-1
 

2. Agriculture 	 12-2
 

3. Fishing 	 12-3
 

4. Minerals 	 12-4
 
5. Petroleum 	 12-4
 

6. Inlustry 	 12-4
 

7. Electric Power 	 12-5
 

8. Gm-,ss Domestic Product 	 12-5
 

9. Employment 	 12-6
 

10. Public Sector Financing 	 12-6
 

B. Future Development of Cotonou 	 12-6
 

I. "overnnient Operations 	 12-6
 

2. Port Operati, ns 	 12-7
 

3. Industrial Growth 	 12-8
 

4. Emplloyment Irospects 	 12-10
 

5. Urban Population Growth 	 12-11
 

TC-8 



SAND[PS &\( XOMAS INC. 

SECTION XII ECONOMIC FEASIBILITY STUDY (Continued) 	 Page No. 

C. Fishing on Lake Nokoue 	 12-11 

1. Past Conditions 	 12-11 

2. Present Trend 	 12-12 
3. Prospects for the Future 	 12-12 

D. Transport in Dahomey and Cotonou 	 12-13 

1. Regional and International Traffic 	 12-13 
2. Railway Operations 	 12-13 
3. Air Transportation 	 12-15 

E. Future Traffic Growth in Cotonou 	 12-15 

1. Past Traffic Growth in Cotonou 	 12-15 

2. Traffic Growth Assumptions and Rate 	 12-16 
3. Zonal Traffic Projections 	 12-17 
4. Future Traffic Patterns 	 12-26 

5. The Effect of Bridge Location Upon Traffic Flow 	 12-29 

F. Expected Benefits from Proposed Construction 	 12-31 

1. Types of Benefits 	 12-31 

2. Estimation of Vehicle Operating Costs in Cotonou 12-32 
3. Alternative Improvement Assumptions 	 12-35 
4. Calculation of Vehicle Operating Savings 	 12-35 
5. Time Savings 
6. Effects Upon Urban Development 

7. Benefits of Dam Construction 

G. Summary of Construction and Maintenance 

1. No Improvement Alternative 

2. Parallel Bridge Alternative 
3. Saint Michel Bridge Alternative 
4. Dam 

H. Summary of Benefits 

1. Parallel Bridge Alternative 

2. Saint Michel Bridge Alternative 

12-42 
12-43 

12-43 

Costs 	 12-45 

12-45 

12-46 
12-47 
12-47 

12-48 

12-48 

12-48 

3. 	 Value of Increased Fish Production Due to Construction 
of the Dam 12-49 

4. Other Benefits 	 12-49 

TC-9 



SAND[PS \C-oMAS INC. 

Page No. 
ECONOMIC FEASIBILITY STUDY (Continued)

SECTION XII 

12-49I. Benefit/Cost Analysis and Internal Rates of Return 

12-491. Comparison of Various Alternatives 

2. Sensitivity to Changes in Traffic Growth Rates and 
12-50Value of Benefits 

13-1SECTION XIII RECOMMENDATIONS 

13-1A. 	 Proposed New Construction 

13-11. Bridge 
13-12. Dam 

13-1B. Additional Repairs of the Existing Bridge 

13-1
1. Substructure 
13-22. Superstructure 

13-2C. Construction Scheduling 

13-21. Procurement and Timing of Contract Award 
13-2
2. Construction Sequence 

A-iAPPENDIX A 

B-iAPPENDIX B 

C-iAPPENDIX C 

TC-10
 



SANDERS &DUOIAS INC. 

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, there 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 Michel. 

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 net cis 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 base 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 avd 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 
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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) 
O-D A B O-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 C 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 53,776 95,845 
Pedestrians (incl. boatpass.) 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 
is anticipated for the bridge. 
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The data obtained from a single core boring near the site of the proposed dam 

A settlement of 30 to 50 centimeters isreveal a deep compressible clay stratum. 
This problem will be overcome through appropriate constructionanticipated for the dam. 

procedures explained in Section V. 

4. Hydraulic Studies 

Inc., based on previousTheoretical hydraulic studies by Sanders & Thomas, 

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 is 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 bridge 

Included in the repair work is the reconstruction of theand dam construction contract. 

concrete deck, new wider sidewalks, new lighting system, and the painting of the bridge
 

girders.
 

6. Proposed New Bridge and Approach Roads 

across the Cotonou Lagoon.Two alternatives were considered for a new bridge 
or a bridge nearThey consisted of either a parallel bridge next to the existing one, 

Boulevard Saint Michel. 

while the Saint MichelThe parallel bridge was planned to be only two lanes wide, 

reason for this choice was the fact that the approachesbridge required four lanes. The 

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. 
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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 con 3truction of the bridge is in­
creased by 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 will 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 be 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 
CFA).contingencies, design and construction supervision 	(1. 00 US Dollar = 270.00 Fr. 

Costs Millions) 

Description of American Procurement Foreign Procurement 

Construction Fr. CFA U.S. Dollars Fr. CFA U.S. Dollars 

0.55 142.2 0.53Repairs of Existing Bridge 148.7 
2.64 546.0 2.02Parallel Bridge 715.0 

Parallel Bridge Approaches 38.6 0.14 41.9 0.16 

Saint Michel Bridge 1,000.2 3.70 849.4 3.15 

0.64 203.0 0.75Saint 	Michel Bridge Approaches* 172.9 
0.56 143.4 0.53Erosion Protection (Rock Mat) 150.1 

Dam 576.0 2.13 508.8 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 analysis.
 

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 consdered for the economic justification of 3 Droject are tabu­

lated below: 

EXPECTED BENEFITSALTERNATIVES 	 COST 

(A) (a) Repairs of Existing None
 

No Improvements Bridge Deck
 
(b) 	 Repairs of Existing 

Bridge Abutments 
(c) 	 Maintenance 

Bridge Foundation 
(d) 	 Maintenance - Existing 

Bridge Approaches 
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ALTERNATIVES COSTS 	 EXPECTED BENEFITS 

(B) 	 Same as (a), (b), (c), and 1. Reduction in congestion 

New Parallel (d) above delays at the two 

Bridge (e) New Parallel Bridge bridges. 

(Without Dam) (f) Parallel Bridge
 
Approaches
 

(g) 	 Parallel Bridge 

Foundation Protec­

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 (d) above delays at the existing 

Saint Michel (k) New Bridge at Saint bridge. 

Boulevard Michel Boulevard 2. No congestion or delays 

(Without Dam) (1) Saint Michel Bridge at Saint Michel 

Approaches Bridge. 

(m) 	Saint Michel Bridge 

Foundation Protection 

(n) 	 Maintenance - Saint 
Michel Bridge 

Approaches
 

(E) Same as (a), (b), (d), (i), (k), 1. Reduction in congestion 

New Bridge at (1), and (m) above delays at the existing 

Saint Michel 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 (j) Loss of Shrimp Harvest Cotonou Lagoon 

fishing benefits 2. Improved fishing in Lake 

only) 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 Foreign Procurement 

Fr. CFA U.S. Dollars Fr. CFA U.S. Dollars 

Parallel Bridge Without Dam * 19,580 72.5 19,735 73.1 
Parallel BridgeWith 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 44% 17.31 48%
 
Parallel Bridge With Dam * 11.09 38% 12.86 41%
 
Saint Michel Bridge Without Dam* 13.10 38% 14.14 39%
 
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: 
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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: 

American Procurement Foreign Procurement 
Alternative B/C IRR B/C IRR 

Parallel 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 27%
 
Saint Michel Bridge With Dam * 5.79 23% 6.40 24%
 
Dam (Only fishing benefits
 
considered) 1.60 16% 1.85 17%
 

* Not including fishing benefits 

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 
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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. 
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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. 

the Cotonou Lagoon was blocked at its mouth near the ocean, byIn the past, 
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 ocean currents. After the construction of the Port of Cotonou, the 

deflected out to sea, and the littoral drift transporting the sand ocean currents were 
The lagoon, therefore, remained permanently openwas pushed further to the east. 


to the ocean. As a consequence, the lagoon began to be eroded, and Lake Nokoue be­

came infested by 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 

At the same time, the rapid growth of the City of Coto­existing International Bridge. 

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 

and the Cotonou Lagoon. Several engineer­of correcting the problems in Lake Nokouc 
made by French, German, and U.S.A. agencies anding and economic studies were 

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) 

Bureau Central d'Etudes pour lesIn 1963 the French governmental agency, 
undertook the study of the general feasibility of

Equipments d'Outre-Mer (BCEOM), 
(dani) and a bridge in the lagoon. Six differentconstructing a water control structure 

At the same time, BCEOMalternatives were considered, and costs were evaluated. 
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had commissioned the hydraulic laboratory SOGREAI of Grenoble, France, to make 

mathematical model studies of the Oueme River delta (consisting of Lake Nokoue and 

Cotonou and Porto-Novo Lagoons) for the purpose of determining the essential hy­

draulic parameters and design criteria for the proposed dam. 

In 196;8, after the fishing situation in Lake Nokoue and the erosion in the 

Cotonou Lagoon become critical, BCEOM made extensive 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 future date. 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. 

at this time to evaluateAdditional model studies were made by SOGREAHI 

the magnitude of the forces expected to be generated upstream and down stream of 

the proposed dam spillway. 

The BCEOM studies, field surveys, and hydrographic measurements 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 by electric motors rather than 350 small wooden 

planks operated manually, as proposed by BCEOM. 

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

In 1970, the Agency for International Development, Washington, D. C., en­

gaged Sanders & Thomas, Inc. to review the previous proposals for a dam-bridge 
sameand to re-examine the problem in the Cotonou Lagoon. At the time, Agency 

for International Development requested that a brief traffic survey be performed at 

the existing bridge to evaluate 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 
needed. Thetheir reconnaissance study was that both a dam and a bridge were 

traffic at the existing bridge was quite heavy and nearing its full capacity. The 

existing bridge had deteriorated and was in need of r'epairs. At the same time the 

erosion in the lagoon continued to be a problem, although its rate had slowed down. 
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The reconnaissance study also concluded that significant cost savings could be achieved 
if the bridge and the darn were not combined, but were located at separate sites. An 
in-depth engineering and economic feasibility study was recommended to evaluate more 
precisely the construction costs and the economic benefits to be derived from each of 
the various feasible engineering alternatives. 

B. OBJECTIVES OF 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 formulated after 
detailed discussion with the staff of the Agency for International Development 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 economic analysis to evaluate the 
potential benefits to be derived therefrom. 

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

a. Field Work in Dahomey: 

(1) 	 Traffic volume and origin-destination surveys. 
(2) 	 Channel soundings and test borings. 
(3) 	 Existing bridge survey. 
(4) 	 Gathering of necessatry 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 studies to determine the desirable characteristics of the 

proposed 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 field 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 benefits 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 benefits. 

(9) 	 Report describing the work done and containing the engineering data, 

preliminary design, cost estimates, and the economic justification 

of the recommended capital improvement. 

2. Engineering Alternatives and Costs 

The engineering 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 (b) a 

bridge located further up the lagoon in line with Boulevard Saint Michel. 

The engineering alternatives for the erosion prevention and restoration of 

former ecological conditions for the fishing in Lake Nokoue, were essentially confined 

to a dam with a fixed weir, located at the mouth of the lagoon, downstream from the 

existing bridge. 

In the Feasibility Study, however, it was deemed desirable to include con­

sideration of alternate erosion prevention measures (such as rock mat for the pro­

tection of bridge foundation) which would not, at the same time, benefit the fishing. 

Thus the dam would be considered, alternately, as a structure either helping only to 

eliminate the erosion problem in the lagoon or also helping to improve the fishing in 

LaJe 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 erosion protection measures prove to be less expensive 

than the dam, evaluate whether the cost of the dam could be justified by considering 

only 	the benefits expected from improved fishing in Lake Nokouc. 

3. 	 Economic Alternatives 

In order to determine the total value of benefits to be obtained from the pro­

posed construction, it is necessary to first calculate the costs for the case in which 

no improvements are 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 ([977 to [997). 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 tile 

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 improveent" Case and Va rious "wle\bi'Ige" altern:ti\,s. constitutes 
the vehical operating savings (benefits). Other benefits are de rived from the construe­
tion of the dam in terms of elimination of erosion problems in tile lagoon and iml)rove­

ment of the fishing in Lake Nokoue. 

Vehicle operating costs and benefits are discussed illdetail in Section XII of 

this report. 

The construction and maintenance costs, tile years in Which they are incurred, 

and the expected benefits for each economic alternative considered, are summarized 

in Table I-1. 

In tile economic analysis, al costs are discounted to the year 1975 using a 

minimum discount rate of 02' for tile determination of benefit/cost ratio. The reliabil­
(20'; ),ity of results (sensitivity) is then tested by reducing the Traffic Growth Rate 

Vehicle Operating Savings (15(), 1970 Traffic Volumes (10"j), Volume of l)iveCrtd 
Tra-ffic to Saint \1i ehel Bridge (15",), and Fishing Benefits (50Q. 

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

1. Traffic Surveys 

Traffic SurveysC'ere conducted in Cotonou during a period of four weeks in 
November of 1970. The surveys were accomplished with the help olf44 local personnel 
and police provided to the Consultant )y tile Ministry of lPublic Works, Cotonou. 

The survey included volume counts and origin -destination counts at the existing 
bridge, volume and origin-(lestinltion counts of the Ihoat traffic near the landing at 
the Saint Michel eontral market, indturning movement counts at sel .te intersections. 

Speed studies were also ma(Ic along present and p)roposed access routts, in order to 

dcete rmine average running speeds on Iavl and latcrite roi Is. 

2. Hydrographic Surveys 

lly-drogralhic(.-nrv's. con((uted b',' the Sanders & Thomas, Inc. team illthe 
Cotonou Iagoon, were aceomplished with the hel) of the following: 

a. Service de I'llywranli que - which lproi(hled a motor boat e(lUilpped with sonar 

Ippiatus and c r'ew. 
b. Service Tol)ogr:qhi(lpu - which iprovidtle :agmounI crew to monitor and 

locate the wat(e it)oI'l(\work. 

c. otonotm off'i'c ( ( M) dtfh1!a I ec lrl) Sei emitiique (vt lhn idue ()utrc-
Mer (()IS'I'()M) - whi ch also iprovihod a o:oat C(lUjppd with ()TT I meter 

(flow velocity mct'lec). 
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TABLE 2-1 

Years In Which 
A Itc rnat i vis Coists Costs Arie Incurred Expected Bene fits 

(A) No) itpiovtinlts (li) IRpairs 1 :xiting 	 None 
It l'idgi Ick I 178 

0ii It.tiairs tf Existing 
itridgv .\huti Imnls 1975 

(c) 	Milltvil:pic' - lExisting 
Ih 'I.'0lliM l:ltJ(ln I 99f; 

tMail t' - :,istillg tl-h Yl; l p 

tIpilht *\pprc'lichPs (1977 to 1991) 

(1t New l'aralliI San, a; (a, Iht, (I, and Sant0 ais (al, ()), 1. Reduction in congestion 

Bridge ((I ahIe (c), and (i) ablove delays at the two bridges 

(Wit houtIDan)t 
(C) Nr\% t:l allhl iirpdgp 1175 

(ft It:':l'l I iidcg, 
.\l~~.aulhc:; 1975 

( ) L a ':ht I tdgc' 

nlllil:itipi lt'Cptpctiion 19)75 

(hI .taint,.n:e'iic (t Pa palli 

Ihridge Found:at ion 

PIrotctimi 199 

(() New Parall S:11. is (i:I, It), (I), i , Sliti as (a), (t)), 1. ]iduclion ill congistion 

Bridge algd fi ative (c), (e), and dihl'vs at tll, two bridges 

(With Da tln (ft above 2. :limination of erosion aiid 

(1t ]l:im 1175 salinity ii)rohli 
(J) 	 Diaim +Mailltvinmce 199)5 :. hImpro ved fishing in 

I e Noiotit 

tip 	loss EI Shrimp iach . vav 

1larv,'- (1!)7(; to 1997) 

(D) Ne\w Brlidg at Sain, as (at, (), (c'), and Sa ie as (a), (h)i, 1 . Iteduition in conigestioti 

Saint Michl (E, i )',ov (c), and (dh above delavs at the existing 

ioilhvalrd brilge 

(Without 1an1) (1i N(,E :iit Saint 2. No (ongestion oi- dilays 

Mi lhpl tull)lvaid 1975 at Saint Michel bridge 

(rtSaiNnt Mihl"I ttiidgc 
Appl)m'Awhts 1975 

(op Saint Michiul lh'itik( 

I',inTlu lio ltrit ion 1975 
(0i Maintnia)iuc. - Saint 

MichllI H id.t' eich , alr 

Alti(,:(a (cs (1977 to 199)) 

(p) MAWt ltipvn Saint( ­
.lit h,'A Ill d(1p
 

I , illdhtioln Prto't'tionl I !i(;
 

(1-:) Ne'w kr)idl:,c .At .'ail.,:1s (:i), (b), d), (ill, Saile its 00), 0)), 1. Reduction in congestion dv-

Sain 	 .M ihl, j), (k), (1), (im), and (d), (it, (j), (k), lays tit the existing Iriplge 
H Ic 	 ';lil'fl hi) ahbovt (1), (1111) aind (0) 2. Nol 'onlgestiOnl Ol. delays at 

(With Iiam lhovi Saint Miphi hid(' 

. ithtlitioi in trav ld dis­
tanct . (SAint ',Iliel I hidpe' 

I.liliniation of i i sio and 
sli ilitv plrobli us 

5. Iniprovid fishing in 

(F") Di) ill (i) laill 	 1975.1 I -t.:l ni tion o)f 4)'rosionl and 

ttPl.tilati.it (j) I)il i Mailtinlh'liPan 1995 sI illitv piprtlih lns 

aglilist fish- , l.iilii'nmcI fishing in 

lg tlpifits iki ui o' Shrhniiht c I.aNoa I.vi' koiii
 

only Hrilvest (1974; to 1997)
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In the course of the hydrographic work, channel cross section measurements 
were made at the sites of the proposed bridge and of the dam. Flow velocity and flow 
volume were also measured near the site for the proposed bridge at Boulevard Saint 
Michel. 

3. Existing Bridge Survey 

A survey was made of the existing bridge superstructure and substructure. 
Measurements were made of the upstream and downstream elevations of the channel 
bottom, near the bridge piles, to evaluate the progress of the erosion and consequent 
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 

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

During these city surveys, data were gathered on the characteristics of the 
various city zones from which their future growth potential could be evaluated. From 
the meetings 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 evaluated, 
and further surveys were made to improve, where feasible, the reliability of the 
data collected. 

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 
proposed bridge and dam foundation construction costs, two subcontractors were en­
gaged to perform core boring, penetrometer, and laboratory testing. The subcontrac­
tor for the core boring wyork (at the site of the proposed] clam) was Societe Africaine de 
Sondages, Injections Forages de Cote dl'Ivoire of Abidjan, Ivory Coast. The subcon­
tractor for the penetrometer and laboratory tests was Laboratoire National cle Bati­
ments et 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 

Agency for International Development has engaged the services of the National Marine 

Fisheries Service Biological Laboratory of Seattle, Washington to survey and evaluate 

the present conditions of the fishing in Lake Nokoue and to determine the requirements 

for an inprovement of the present deteriorating situation. The field survey of fisher­

ies in Lake Nokoue was made by Dr. Richard B. Thompson of the NMFS Biological 

Laboratory. His findings and recommendations are 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 evaluation of expected fishery benefits by 

George K. Tanonaka. The benefits 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 east 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 supplies and merchandise through its deep-sea 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 
one common crossing for pedestrian, vehicular, and railroad traffic. To date, the 
city growth has developed primarily along an east-west axis along the ocean shore. 
The portion of the city wvest of the lagoon, however, has a limited amount of land 
available for further development. This -rea, which is limited from further expan­
sion by the International Airport to the west, Lake Nokoue to the north, the lagoon 
to the east and the ocean to the south, is estimated to be 60% urbanized at present. 
Though the city has spread only to limited extent, it is on the eastern 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 areas, the port, the Presidential Palace, the various governmental 
buildings, and the foreign embassies, all located along the ocean shore. The main 
native residential area 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 eastern portion of Cotonou contains the industrial zone, situated mainly 
along the route 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 near 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 district, the airport on the western side, 
and the industrial zone on the eastern 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 wvell as the European community of Cotonou comes daily to shop 
for food, fuel, and small handicrafts. It is here, also, that the fishing villagers living 
around the shores of Lake NokouC bring their catch to be sold. Every fourth day being 
market (lay, large crowds come not only from Cotonou itself, but also from the Da­
homean countryside and even 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 always the leading population and commercial center in Da­
homey. Rather, it existed as a small, quiet community for many years, and was not 
nearly as important as Porto-Novo or Ouidah. Not until the post World War II period 
did Cotonou begin 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 (e.g. , Akpakpa, Agblangandan, and Agbato on the eastern side of the lagoon, and 
Zogbo and Kounounou on the western side). Until the official results of a comprehensive 
population census (which is scheduled to he 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. 

Because 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 purposes 
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 se, 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 households with a population of 61, 900 
consisting of the following: 

Population Origin 

60,560 African 
1,190 European 

150 Eurafrican and Assimilated 
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These figures were underestimated due to crude methods employed in making 
the census. Estimates were probably 10% 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 Nokoue.
 

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

TABLE III-i 

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 .1 
POBE 159 140 299 .5 
ABOMEY-CALAVI 1,064 948 2,012 3.6 

28,155 27,054 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 best, 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 future regional developments which 
undoubtedly will have their effect 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 prospects for 

Dahomey and Cotonou is given in Section 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 useful 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 effect on increased economic activity in Cotonou. Similarly, in 

the near future, several large regional developments, when completed, and if suc­
cessful, will certainly have a strong effect on Cotonou. Among these are the recently 

discovered limestone deposits at Onigblo near Pobe and the exploration and drilling 

for petroleum offshore near Porto-Novo. The raw limestone will be processed into 

cement at Onigblo, 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 be stored on the eastern 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 de:velop­

ments cannot help but stimulate increased employment and economic 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 services 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 search of gainful employment. At present, the influx into Cotonou seems to 

continue in spite of lack of opportunity for employment. H-owever, in the future, it is 

likely to reduce considerably if the employment opportunities in the city do not keep 

pace with the demand. A plan for an orderly development of the social and economic 

future of the city is provided by the Cotonou Master Plan (Ville de Cotonou, Project, 

directeur de principe, 1962). 
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B. 	 SUMMARY AND REVIEW OF COTONOU 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. 13. Reynard of Societe d'l.tudes potur l Developlment EconomiCue et 

Social (SEIDES), was essentially a survey of existing social an( economic conditions 
of the city and its sulburbs. The SeCOn(l report was more propevly concerned with the 

detailed planning of the city and the refore constitutes the true master plan. It was 

prepared by Mlessrs. A. Arsac and K. Mestoudjian, architect-1 and urblan pll'anners of 

Paris, France, under the sponsorship of Societe Centr-ale pourlIAEquipnent du Terri­
toire (SCET). 

The 1961 Report was limited, in its recommendations, to the i meldiatC 

needs of Cotonou through 1965. They included: 

a. 	 Improvement of housing for 17, 000 city households and 500 in the 

fishing villages. 

b. 	 Increase in the number of clementary school facilities and creation 
of new secondary education centers. 

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

d. 	 Construction of' a better Town lall. 

c. 	 Reserving sufficient land f1or future sports activities. 

f. 	 Sanitary nd storm sewer system for Cotonou and suburbs. 

g. 	 Improvement and paving of city streets. 

h. 	 Improving and organizing city water and electric distribution. 

i. 	 Planning the future organization of I)u)lic trannsports. 

The 1962 report containe(d a dletailed ana vysis of vinol3 urban problems and 

proposed the course of action in term.'is of futu rel)rOSl)e(ts for CotOnou. 

Four 	basic criteria were set as a basis for all 1planniing: 

a. 	 Subordination of the new master plan to the r(quirements of the 

new port and related indlustri(es. 
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b. 	 Subordination of the new master plan to the location and plans
 

for Independence Square and administrative buildings :i round it.
 

C. 	 Extcnsion of Cotonou beyond the present city boundaries. 

d. 	 Inprovement, by stages, of traffic flow and separation of residential 

and industrial traffic. 

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

a. 	 Location of Industries in the areas which offer most direct access 

to the port and to other modes of transportation. 

b. 	 Location of all government adiministrative offices around Independence 

Square.
 

c. 	 Location of housing in areas adjacent to sources of emlployment and 

recreation. Whrc space is limited, such as in the central business 

district, high-rise buildings should be permitted. Public transporta­

tion should be extended to reach the areas beyond present city boundlaries. 

The pro)osals o r the trans)ortation i ml)roVCments in Cotonou were co(nlinud to 

considerations of rail traffic only, WulI no discussion was offCrd relativC to Car or truck 

transportation, probably because the prol)lems of streets and highways transpolrtation 

were 	treated in a separate rel)ort entitled "lPrinciples of' ridlehv Studly". 

2. 	 Summary of Bridgehead Study (1961) 

This study was also prepared by Messrs. Arsac and MastouIjian. It l)rece(led 
an integratedthe extensive and detailed 1962 report and was intended mainly to develop 

solution to the following: 

a. 	 Location of a new bridge. 

b. 	 Improvements for the Lagoon Market (Saint Michel Market). 

c. 	 Location of the new Town Ilall. 

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 tLhat a central mar­

ket, the new )ri(Ige, and an improved [own IIHall be located in the geographical center 

of the city. A western boulevard along the lagoon would then J)rovide :anort1h-sOuth ac­

cess artery which would connect at the narket with an east-west. artery (Saint Michel 

Boulevard). 

3-6; 



SANDERS --IO AS INC.
 

The report concluded by stating that if all of its recommendations were im­

plemented, the economic interests of the city would be well served through increased 

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 

bank boulevard. 

3. Review of Master Plan Recommendations 

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

fn terms of transportation aspects 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 l1,ll adjacent 
to a big central market, oth located at the crossing of two perpendicular arteries 
(Saint Michel Bo0ulevard and the proposed west bank boulevard) is quite attractive. It 
serves the tril)lC u)LIose of p)romoting commercial investments, centralizing city ad­
ministration, nld d(velop)ing faster access. A second lagoon crossing. by ealns of 
a new bridge, would provide a closer tic between the eastern and western portions of 
Cotonou, and, at 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 eastern 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 use for 
passing through Cotonou, and thus avoid the delays inherent to downtown traffic. 

C. MAJOR LAND-USE ELEMENTS 

1. Road Transportation 

International Route No. 11 is the most important east-west route in Dahomey. 
It includes the existing bridge across the Cotonou Lagoon. Because this coastal thor­
oughfare connects Accra (Ghana), Liome (Togo), Cotonou, Porto-Novo, and Lagos 

(Nigeria), its significance to the l)ahomean economy cannot be overstated. As eco­
nomic conditions imlprove in West Africa and inter-regional commerce grows, inter­
national vehicular travel through Cotonou is bound to assume increasing iml)ortance. 

While the Into rnational Route is the most important road serving Cotonou 
and its environs, there are several other roads in Cotonou which are also heavily 
traveled at present an( which may take on addled significance in the future. The im­
portance of these streets is perhaps best indicated by the number of gasoline service 
stations already located the re. lresently in Cotonou there are some 10 gasoline 
stations supplic( by seven foreign companies. Tihe bulk of these establishments are 
located along 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 because of commercial develo)ment 'along their length. Among these a re 
Avenue Delorme :uid Avenue Steinmetz. 

The existing bridge across the lagoon is undoubtedly tile most important 

road transportation link in the entire city of Cotonou. Because it is the only lagoon 

crossing through which one can have access between the eastern and western parts 

of Cotonou, it is also a vital link for intracity as well as inter-regionial traffic [low. 

It is, however, rapidly becoming unal)le to serve adequately the large trafl'fi using 
it. The fact that the ()CDN railroad :t1so uses the bridge, makes the situation even 

worse. 

The existing bridge is a scene of frequent traffic congestion, especially 

when a train crosses the bridge. Therefore, atnew crossing With gO(lI al)l)roaChes 

is sorely needed. 

In teri'ms of economic importance, one must view the need for an improved
crossing as an absolute necessity if a faster and] safer movement of' people and goods 

is to be obtained. A new lagoon crossing could greatly improve the Cotonou road sys­

tem in the following ways: 

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

b. 	 It would make Cotonou more accessible to its eastern an(d westerl 
halves. 

c. 	 ItwoUld p)romote better economic develol)ment. 

d. 	 Itwould reduce the probability of aceidents.
 

It should be pointed out that as Cotonou() grw's, additional roa1d ilprovements 
will become necessary. Among these are (in ord(r(1f their inml)ortltlCe): 

a. 	 A\ Iouhevarld along the west bank o[ the lagoon. This iml)roveent will be 

neerle(! to jIl'rmlit fast north-s i tlU ratvel anIasdL I )to nne I lhe ('CNistiliig1h 

bridge to other future I)riIgo s ac r'iss the lagoon. A we!! plalne boulle,1a r 

along 	the lagoon could o ler ((olsidlera:lile econ(omic and rcclealiollal hendl'its 
ilterms of i)arklike as well as attractive commercial developmelnt. A coil--

Sidirable amount of engi nece ring study(1 r t his project has al-( a v been com­

pleted 	by IICE()M through Funds adva iiceI by IAC (Ilrotecti l des IlI ,rges le 
Lalangune de Cotonou, tICEOM, 1!)(i(;). 
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b. 	 A |)a-Vd(I a:laOllg the line of the existing laterite road oin the eastern 

side of the lagoon, pasSing near the Catholic and MOslem1 Coeme'teries an1(l 

the YaCht Club. Tis I)roject, if'carried to Aghato, woul(I ]( ) aecele rate 

the (ICvLloilmnlent of the h'aids in the lO rtleaste rn part (if Cot1011)u. 

C. 	 A laterite roa(I at. ).K. :11 near the UotoilOIu raolii stat ion. lea(liIg south 

to the ocean shore,. This project wOuld hllp to (levelo) valuable,lainds in 
the SOUtheaSt I'l part of Cotonou. 

2. Commercial and Industrial Development 

There 	are two Major shi)l 111ng ar1'eis in CL)toiou. 

The first is a lurop('an-ly!Il' mnrlet area, located along the Internaliona l 

R.oute No. 11 on th wcs tW-'n side if t(ll( la"oon,near the existing bridge. The' retail 

,and service stores in this comelll'rlcial area lt hou0LIsed ill pei'iran('ll-tvpe 1'ttures. 
Amiong the vai'its businesses aic modern self s(,rej'c Foodl shops :as well as clotling, 

shoes, and Other nucel'andis t,,toics. 'llhr arc also restanrants, plalliacics. ra ­

ve] agencies, anda moivie theuter. Thro)ughthi, ar-ea, th( Internalioiial 1)toute No. 1 1 

is heavily traveled, and the flow of traffic is ('oista-ntlv iIl(,rrul)t(-l by ('ars seekingto 

park near the shops or' n1akiI ttII'11S ) (to iO1'(1 5i((' ,Sir('('ts. 

The secondI mlaJor Inarket in ('otiioi is i)rin a ril\ a na tive Alri('all-tyl)(' mar­

ket, also located on the westrin side OFf th', lagoon near tIl interectin f .\(,VnI d' 

]n Rlpubliquo anl BoulevaIrd S-aint Mil'h(,l. 'Ibis facility is officially know\n as the la­

goon Iarket, but is also known as the Saint Mic(he! l:irket. It has :a(list intivlv la­

tive fl'lvor and( is used by shoppers andul )nU'v'y(o's " ()fgooIs from 'log, d Nigeria, as 

well as fron all paIrts of Il)nho(mc\ . Pr(',( otlIv all Ihunsiness is conuIcted either ('oI)­

pletoly ill the opln or in opensi((l stalls (.v(,i'(l( bv till or that(ch('( j)Os. 

Several (th less inll)o'tan local markets (in h)01lh sides of the l:gooln c'atei' 

to the small (i ily ne 'ds of' the local niglil whood. .\A 'gelfish miarket located al ng 

the eastern sid' O1' lh, ltort is a scn"' (a tbusy a('t\'il\ evel ill/ori'ing. \la'il tn' ocean­

going fishing boaits bring their ('atc'h to bw sold. Tlhisn imark( \ill "ssil(' Jle(ilsil" 

iMl)ortaloWC in tll( t I'(' Sillcc a I' 'ii' 'i'H ant 1'ra ing l~ ndl a fishi ill, lw ir 1 i( v 

being Colnstruc te,'I inarll . 

In t(ermsI of futuLri(' ,1r)wtII poiential , the Sainl ,lichel Ma rket i,.tl\' Far. ihe 

most important. The' (,ot.onou Alsl 'r Plan C:,lls I'or Iiily (,t(hlensiv' iil)ir'v(1fl(niits 

at the Saint A, ichel lark(,t whic'h \ ill onv(' ,rt it into a :Ita ll--weatlh r f:acility wh1're tle 

I 1) . K. 's arc poi tnts a long tlo' ( )(')N i: 1ir0i0d I MI:S'k, (lU 1ino th, liedi tlnce in k ilIm ',t, rs 

from the (MCI)N raildr(I stition in ('Mntmo. Thus, ) . 1K.,5 (h(nots, ;a point live kilo­

meters east of' the station. 
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local arts, crafts, al(I 1)'odtuets 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 "pirogues. "' Thus, the fishermen from lLake 
Nokouc could easily bring their catch for sale at the Saint Michel Ma rket. The Mas­

ter Plan also calls for the construction Of new mltic il)l buildi(ingS lnea this M,,,rkCt, 

including a new City IHall. It is also at this location that the Master Plan recommends 
the construction of a new bridge ac ross the lagoon. 

The great majority of industrial deve lolpment in Cotonou is locatcd in two sec­

tions of the city. The largest of these is on the eastern side of the lagoon along the 

International Route antI contains the most recent and lal-gest in(lustriCs. The Oldcr 
industries arc located on the western side of the lagoon in the triangulax-shaped a rca 

between the railroad line lea(ling to the Old wharf, the lagoon, and the Atlantic ()ccan. 

There are also other nmallcr indlustrial establishments bevonl theC (onlines Of 
these areas, most of them on sites located nCar the International Ro0)ute as it traverses 

Cotonou. 

The Cotonou Master Plan calls ror'the greatest amount of future industrial 

development to take place around the port, including the utilization of hind now being 
created by the action of littoral drift, Which is del)ositing sand wVest of and lgainlst the 

new port jetty and the shoreline. 

The area sutrrtounding the port is a logical and dCesi rable location lot, future
 

industry. It is also l)rolbable that industrial expalsion vi continue fiirther cast along
I 

the international Route antd that there will he intensification of inolustri al develolmcnt 

in the area near the old wharf. 

In the ftiUrC, When the northeastern areas of Cotonou begin to be (lCvClol)e(, 
it may prove adIvatg'Cous to locate new industry there. By thusiLrOviding ne'w Ctvl)loy­
ment oppor'tunitics for the future, residents of this arCa and a rCadv labl)(or source for 

the prospecti c industr , 1ore people 1:tY Ihuet racted t(o the a aneId, therefore, its*reU 

development \would l)t accele rate(. 

3. Residential Density and Living Arrangements 

rgeP~opulation densi ty in ('otonou is relaItivtlv low coiltare d to other Ila West 
African cities. city land 1p)t)'oxi : !.t('VBased ol a l(',l of 39.S(ltlre kilo1mete(rs 
and a )Opulation of some 115,00() the pre(sent. gross density of (i0) ptrsons per sqitare 

ki lometer, or Gi p.rsotts per hctare,. C('LII'S(, so of mi c(n1­()[ I)(eeauS(' iltlCI ('o(l (1 

sists of un(dCveloped tat'shland and non-t(.sid(nti:al tr'as contatting platitlOti.s. gov­

ernmental buildinl s, inllutstry, niarket pla 'es, aInd p rt Iiciliti, , the disttilmlion oi' 

the population iresents sotne wlt difl'rentIp '. th( lu lv ljeda tl:'ctiIll nta rl v ldev 

residential section Of the city boundd( )n !bIe ta( th I ,Av dle 1:, ,lettl li(l,. on t h nti,, i 
east by tlhe tagoon, on th( south by the r:iilroad, and on tht, west IY : linae exlendiilt 
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north from the Place de 1'idependence, 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 cityVide figure is about 13 house­
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 one corner of a lot with an open courtyard on two 
sides. There is also a fair camount of one- andi two-story mnltiph.l-fa mily structures 
containing, in Most instances, separate apartmients (somietimies onely Oil( roton) accom­
modating an individual househiold. There are few apartment buildings in Cot onouinmore 

than three stories in height, a fact easily substantiatetd by a skyline view of' the city. 

In most cases, there are between four and ten lots perIh)1lek. eaeh ItA tcon­
taining between 500 and 750 square meters of lani. lately, hoveve, Mentre has eell 
some evidence of further construction activity within the lots. a situation whiceh, if 
allowed to continue unabated, could prove troublesome. The tole ra(tI Ol greater 
residential densities in the already )uilt-up sections of the city will lead to over­
crowding of land, result in loss of open space, light, and air, anI bring a(dditional 
pressures on community facilities, services and tlransp)ortation sy stein. Hiigher 
residential densities should be pe rm itt-, on ly through caren1fu al tig, SO that all 
environmental factors may be given proper attention. 

Based on past and present trends, it vould appear that (otonou has set out 
on a relatively low-density residential course -a life style quite different front that 
of other large West African cities: Abidjan, l)akar, and lo:gos, for cx: iple, lere 

high density multifamily residenitial quarters are m1ore n1Ume rous. In ot111 Ol 
the other hand, net residential densities are relatively low, an1d the pOpulat i ) is )lot 
yet concentrated. 

It is this density aspect of Cotonou that is so iportant insofar as transpor­
tation considerations a re concerned. The low-densitvy, spre,:td-city patt(rn of deveItlp­
nient meas that 1iore people will have to travel greater (listances o r the j!unInex' -t1)­
work trip, the shopping trip, the social trip, the educattional tIrip, ard the rcreatitmal 
trip. The interplay among the a reas oi the eastei'i !;J(l( of the lagooll and those on the 
western side ro1ust nCecessarily illcrease as spr'ead-eit.V p:Ltte'tll tes its ni;t1ti'' Fort1. 

The future growth of ('otonou will requir' changes in the existi tg ride'ni Itttial 
densities. These changes will vary inacorlane, with the physia:l antd g('iigi'ahlhieal 

characteristics of each area of ('otonou. An attempt to eiet the change s to b)e ex­

pected and the potential growth of the various atreas of ('otonm is na hdin suIseeti on 
D which follows. 
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D. ANALYSIS OF INTRACITY ZONES 

1. Description and Characteristics of Zonal Limits 

Cotonou, within the j)resent city linits, en-co mjIa sses )l)roxiIlaItcly :19. 

square kilonet ers or 3, 98)) hutecar1us of land. For the l)urlIomses or a 111a €redeta il ed 

divi into ti onsh, which are k.'scri ed bclow. ''allisanalysis, the c ity has l (lild 

111-2 an II-8 give the etinntud 1970 re,,sidential ecnsitV, and lpolulation and land use, 

lis trihution lata for tat'h o tihes(, z011,s. Iho l)oundl(ri, of theelioN11,ight ,on ,, arth 

in the Cotonou City 11:11), l):(e A-] in the Apn lix. ''his map shows ld h the lresnt 
:111d future pol)otd cit\ se etls. ligur, :"-I shows :ag'neral plan of the citv of 

Cotonou and its t'nv i 10115 andlgvt- also, a good, ind~ic'ation of1thle ii'estnt ly [)l)[)aled 

antd 1,c10(CUj)it(l areas inl :11i :onLIII ('otonou. 

ZO.)NE' N(). I is ssentilly a tri nlgular ar e:a bounded Iv hlilt ([lil)ahiiiev on the, 

norlh, the ('otonou la.:goon on the ea.t, th' AtlantiC ('Ocan onl the south, and the rail­

ro'adi leading to the polrt on the west. It contains 2. 2 square kilometers of lan, and 

is ,stinaitel to have a total 197) Iopiulation of 20, 500. 

This ar,,a lea e considerel the entral liusines district (o('otonoi.al­

though Lhe iWtensi>\ of phdysical ('vlolemnt anl hunman :t'vit\ is further inurteat)! 

by \'irtue of tht' fact that the port, valrious ovtrlnnilnlital offices, hotels and a il 'o(l 

Station, indust lry, :1nl residential (jUa'tt'r',, Ire also loeated here,. Tlh residtnlial 

juarters of this /., otu''l[y alIpoliNmat'l 8h'yof th e total /.olt :i lea, ut it has the 

highest i'rt si(hntial d lnsitv-[Wr hctamt,. I existing blridge across the, lagoon, which 

is at'luall the ext(nsion of' the Intrnilational houte, connects this ,.one, \ilh the, east 

ha Ak ofI the ('i .. 

rectang.,luh )oun(e( north and east 

I, the ('IC)N railroad tira , on the south by. the ocean, and onilthe west by the ('olonou 

Interina tional \ irport. This :irt,: contains 7. s(uare Ihlometers of land (exclusive ( f 

the sa:11d being, delsitetd :tainlst the shore jetty), :in(l is estimlated' to hav( a total I)o )-

Z()NI. N(). 2 i irigula ily-ShaA a area oil tihet 

ul:ntion of 1 . 000){. 

I2 areitche residentiala 

nftil-t'i' inlthe tik . the m:jolr loreign 'lnihassics . the lr'esidential Palace. and other 
.,\ mlo ( in l Majo)rIeaIuIIres ii) Z ne)II . no st nl1od rimle 

gov(rnmn(ntal installations, such as the hsplital and the nilmry' .. '['he' 'htoutio 
run-International Aiipowl, including, the t'rminal, service buildingzs, hiagn~rs. anl thc 

2
N%av . ('cull\ aILog aea (2.)) ki , the 'It of thszone. \\hile thereat ci'stl'l are 

lonlg mawnge falls h)P let this frei lit \ to a new\ site' we-st of 1.1wc , is iglcit it h ii­

flrob:lh, that this \\ill ,eurin the nxi decade or two. Thu l',SidPlti:Il areas of this 

'() ] nalII Irtetezone Ii '[ ) 1'' ai'a I l' i tll:Ite lv 20',' f' tlt e Ii :o i a'.a a. 'i'll( itel'1:1I i No. 

limits..\ i-,,enitial11 trav rIs, Ithi s /olic Iro ll its northeIlI to itS i-aste I'll mltivc hl 

area knowii Il ('alelloIl is :150 illdell(her iil Z one No. 2. 

'ZONEI No). :; is ai Il' i ary-sae rct alg Il Iar 1 -a: hound ll~l1 the no)))rth h. Cl( 

o(n as w('ll :S unMLilI(' lIol'tl)S of Avenue 6e Ilalh'pulblifue , on the('cast tIe' lag'oonl.,i 


oil tlt' souLhi by Rue dlu I)alhoie' nld ()(IC railroad tra''ks and on Ihe west by the, 
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TABLE 111-2 

ESTIMATED PRESENT RESIDENTIAL DENSITY AND POPULATION 

(WITHIN CITY LIMITS ONLY) 

OF COTONOU (1970) 

Zone 
No. 

Gross Area 
(Hectares) 

Net Residential Density 
Households Persons 

Per Hectare Per lectare 

Estimated Net 
Residential Area 

(Hectares) 

Estimated 
Household 
Population 

Estimated 
Total 

Population* 0 

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 

110 10 50 80 4,000 4,000 

S 640 10 50 100 5,000 5,000 

Total 3.980 13 66 1,510 100,000 115.000 

It is assumed that an additional 15%, or 15,000 )ersons, live in Cotonou but do not have 
permanent places of residence. Their allocation by zone is as follows: Zone No. I - 30(, 
or 4.500 persons; Zone No. 2 - 207, or 3. 000 persons: Zone No. 3 - 30,%, or 4, 500 persons: 
Zone No. 4 - 5(-. or 750 persons: Zone No. 5 - 10c, or 1,500 persons: Zone No. 6 - 5%, 
or 750 persons: Zones No. 7 and No. 8 - none. 
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TABLE 111-3
 

LAND USE DISTRIBUTION IN COTONOU (1970)
 

Areas In Square Kilometers 

Developed Areas Percent 
Total Within Outside -Irnderdeveloped Areas Underdeveloped 

Zone Zone City Limits City Limits * Within Outside Within Outside 
No. Area Residential Other Residential Other City Lim. City Lim. City Lim. City Lir. 

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 4.6 2.7 0.2 - - 6.7 - 70 ­

5 3.0 1.0 1.4 - - 0.6 - 20 ­

6 0. S 0.6 0.1 - 0.1 - 12 

7 15.0 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 4.6 0.8 72 58 

Total 54.9 12.2 9.1 0.7 0.1 18.5 14.3 47 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 zone also contains part of the 

Saint Michel Market complex on the west bank of the lagoon and many small business 
1 and Boulevardestablishments along the north-south streets between Zone No. 


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 east by the lagoon, on the south by Avenue de la Republique, and on the west by 

This is the largest zone of the eight, having 9. C square kilometersthe city boundary. 

of land. The 1970 population is estimated to be 25, 250.
 

Residential development is the major land use feature in the southeastern 

part of this zone, while vacant land predominates in the northern and western parts 

where there are large expanses of marshy lowlands. However, even these areas 

are beginning to be used for residential development. There are already new set­

tlements springing up here, three of which are known as Sikecondji, Awansouri-

The Saint Michel Market is located in the extreme southeasternToeta, and Djidje. 

corner of Zone No. 4, where it adjoins the market in Zone No. 3.
 

ZONE NO. 5 is an irregularly-shaped rectangular area on the eastern side of the 

lagoon, bounded on the north by an unnamed, wide laterite road located along the 
ceme­northern limits of the sports stadium known as Stade Pleven and the Moslem 

tery, on the east by the north-south line passing through P. K. 3. 2 near the Cotonou 

and on the west by the lagoon. This area,radio station, on the south by the ocean, 


generally known as Akpakpa-Dodome, encompasses 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 sec­

tion north of the International Route. Stade Pleven, which is the major soccer sta­

dium in Dahomey, attracts large crowds at each game. The existing bridge and the 
the Catholic and Moslem cemeteries,International Route east of the lagoon, as well as 

also are located in this zone. 

the eastern side of the lagoon. It isZONE NO. 6 is a triangular area located 	on 

bounded on the north by an unnamed laterite road which passes near the Catholic 

Mission and, in accordance with the Cotoiuou 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 near 

Zone No. 6 has 0. 8 squarethe sports stadium and on the west, by the 	lagoon. 
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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 subject to flooding.) 

ZONE NO. 7 is a rectangular area bounded on the north by Lake Nokoue, on the 
cast by a north-south line passing through a point near 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 area in this zone, only 1.1 square kilometers are within the city 
-limits. About 6%,{of the total area is occupied by dwellings. Thus, Zone No. 7 has 

the least population of all the zones, and, at the same time, it has the largest area 
of vacant l.nd. 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 rectang iar area bounded on the north by the unnamed 
laterite road near the Catholic Mission, on the cast by the north-south line passing 
through P. K. 6, on the south by the ocean and on the west by the north-south line 
passing through P. K. 3. This zone contains 7.6 square kilometers of which only 
6.4 square kilometers are within city limits. Zone No. 8 has an estimated popula­
tion of 5, 000 and is largely underdeveloped at present. It contains the Cotonou radio 
station (Service Radio) and some industrial establishments. Included in this zone are 
the villages of Zinjanaho and Agbalangandan. There are also scattered residential 
areas near the ocean 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 111-4 shows how this growth 
would be apportioned between the city and the suburbs by 5-year intervals. It should 
be noted that a large portion of the expected population growth will come from immi­
gration, as well as from natural increase (births minus deaths). In the period 1952­
1959, for example, a total of 22, 000 persons-mostly between 1 8 and 35 years of age­
moved to Cotonou and vicinity primarily from rural areas elsewhere in )ahomey. 

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 50%,11 will be used for 

commerce, industry, public streets, institutions, and other urlban 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 section of the city near Lake 
Nokoue will be used for residential purposes. At a net density of 78 persons or 16 
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TABLE 111-4 

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

1970-1995 

1970 1975 1980 1985 1990 1995 

Cotonou 115,000 143,000 178,000 222,000 239,000 239,000 

Suburbs 35,000 44,000 55,000 69,000 122,000 211,000 

!Total 150,000 187,000 233,000 290,000 361,000 450,000 

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. 
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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 figure 
represents the city's maximum holding capacity, exclusive of the unallocated popu­
lation; 239, 000 if such persons are included. It is obvious, therefore, that any pop­
ulation projection substantially beyond this figure 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 area-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 yatds 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 household units), and 3) new, presently underdevel­
oped areas in the city would have to be developed with multifamily residences. 

If one or more of these developments do not occur to any significant extent, 
Cotonou itself 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 regional area 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 east, Abomey-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 each of the eight city zones. The estimated increase in residential den­
sities and population growth in various zones are shown in Tables 111-4 and 111-5. 

ZONE NO. I is expected to continue to be the commercial hub of activity in the future, 
and will probably grow in stature as the port expands and new commercial and indus­
trial establishments replace some of the areas presently being used for residential 
purposes. 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 111-5
 

ESTIMATED FUTURE RESIDENTIAL DENSITY AND POPULATION OF COTONOU (1995)
 

(WITHIN CITY LIMITS ONLY)
 

Zone 
No. 

Net Residential Density 
Households Persons 

Per Hectare Per Hectare 

1 33 165 

2 14 70 

3 15 75 

t 4 16 80 

5 14 70 

6 29 131 

7 18 88 

8 20 60 

Total 16 78 

Estimated 
Household 
Population 

16,500 


21,000 


48,000 


48,000 


12,500 

9,800 

8,800 

34,400 


209,000 

Estimated Net 
Residential Area 

(Hectares) 

100 


300 


640 


725 


180 

75 

100 

575 


2,695 

Estimated Additional 25-year 
Total Population Percent Growth 

Population* Since 1970 Increase Factor 

22,500 +2,000 10 0.5 •n 

27,000 +16,000 146 3.7
 

55,500 +19,500 54 1.8
 

61,000 +35,750 142 3.7
 

14,000 +6,500 87 2.5
 

11,300 +4,550 68 2.2
 

10,300 +6,300 158 3.8
 

37,400 +32,400 648 8.3
 

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. Their future allocation by zone is as follows: 
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 ­
5%, or 1,500 persons; Zone No. 7 - 5%, or 1,500 persons and Zone No. 8 - 10%, or 3,000 persons. 

0 
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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 already 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. Moreover, the entire ec­

onomic value of this "new" land will add a great deal to the wealth of the city. Use 

of the Crespin Concession lands (located along the ocean to the southeast of tile air­

port) for industrial development is also a distinct possibility. Although the areas 

available for residential development in this zone are limited, the residential polu­

lation of this zone will increase substantially in number, due to the fact that locating 

near the ocean is highly desirable. The main area likely to develop residentially is 

located between the airport road and the ocean. 

ZONE NO. 3 will require considerable effort to reclaim the large area of marshy 

lowlands to the weat. It is expected, however, that residential development of these 

presently open tracts will continue. Perhaps the major change in the eastern portion 

of this zone will be increased commercialization of the north-south streets abutting 

Zone No. 1 (e.g. , Avenue Steinmetz, Avenue Delorme, ete.), and Boulevard Saint 

Michel, which lead into the site of the proposed new bridge and market place in the 

northeastern corner of this area. 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 expected 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. II. Its southeastern portion, primarily 

along the ocean shore, could become a prime area for residential or possibly hotel 

development. 

ZONE NO. 6 will remain primarily a residential area. It is likely to develop mostly 

along the lagoon, provided that low areas, subject to flooding, are filled in and made 

more suitable for additional residential use. Possibly some recreational use similar 

to the Yacht Club, already located there, could also be developed along the lagoon 

shore. If the International Route No. II is relocated, and a bridge is constructed at 

the Saint Michel site, some commeremi dcvelupmcnt .'ill Undublehdly 1e established 

in this zone along the eastern approach road to the new bridge. 
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ZONE NO. 7 will probably experience larger growth than any other area in Cotonou. 

It is interesting to observe that Zone No. 7 has a theoretical holding capacity 
for a population of 135,000, assuming that it would achieve a residential density of 18 
households 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, near Lake Nokeue, is marshy and may 

take a long time to be developed. NeveL'thelCss, the potential for devlopment of Zone 
No. 7 is great. Considering even the most conservative estimates of population growth 
in Cotonou and taking into account Cie relatively limited amount of available space in 
most of the other zones, it is inevitable that Zone No. 7 be fully iopulated 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 need for a new bridge at the Boulevard Saint 
Michel location as well as a west bank 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. I 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 
increase in residential population within the city limits, with most of the initial 
growth occuring in the southern area where cooler temperatures, clue to the prox­
imity of the ocean, are likely to attract early 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 economic benefits to be derived in torms 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, closer 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 easier 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 expected population growth. As the city begins to 
expand, it will become necessary to build additional streets, water, sewer, telephone 
and electric service lines in the newly-populated areas. In addition, new school 
facilities, parks, and recreational improvements will also be required. Above all, 
a good access road will be necessary to initially provide quick and easy travel to 
existing facilities in southern and eastern portions of the city; this will be needed 
only until new facilities are built in the developing areas. This road should be planned 
and located so that it ultimately can become a major transportation link in the city 
road system. In order to promote the development of the northern areas 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 week, 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 serves as an educational 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 

and at the same time satisfies his basic desire to become more "civilized" bywares 

exposing himself to an urbanized environment.
 

It makes good sense, therefore, to locate a "central" market near the future 

geographical center of the city. A new bridge and approach roads located near Boule­

vard Saint Michel admirably serve 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 

oceanMost of the governmental buildings in Cotonou arc located near the 

shore, within an area extending from the airport to the lagoon. The state government 

buildings include the Presidential Palace at the Independence Square, the military 

camp, Service Ilydraulique, Travaux Publics, Ministry du Plan and others. The mu­

nicipal buildings and services include the lospital, the Chamber of Commerce, the 

It is obvious that the municipal government andPost Office and the Town Hall. 

centralized location. Again, the
services should be located in the future in a more 

Cotonou Master Plan proposes that the town hall be relocated nea'rer to the future 
The advantagesgeographic center of the city - namely, near the Lagoon Market. 

As the city expands in a northern direction, Jhe administration of theare obvious. 
municipal functions and services will become increasingly difficult as compared to 

Hall is entirely too small and inadequate to housethe present. The existing Town 

the number of municipal employees and officials which will be needed to successfully 

manage city affairs. A new Town lall, built in a more centralized location, can be 
for future ex­planned, initially, as a more modest building, but with plenty of room 

more oppor­pansion. Indirectly, the expansion and the growth of the city will create 

as well as public sectors. The advisabilitytunities for employment in the private 
in terms of better municipal govern­of providing better access to all parts of the city, 


ment and services, once again reinforces the choice of the site at Saint Michel l3oule­

yard for a new bridge across the lagoon.
 

4. Economic Growth and Prospects for Employment 

in terms of opportunities for employment,The successful growth of Cotonou, 
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will require an expansion in both the private as well as governmental operations. 
Although it is doubtful that in the near future the influx of new commercial and in­
dustrial establishments will keep pace with the demand for employment, the city 
population will continue to vrow due to both the birth rate, as well as immigration 
from the rural areas. 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 services which an expanded city will need. It 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, bakeries, building trarles, etc. These small establishments, 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 use of tax revenues. 

Whether the economic growth, employme)nt, 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 best satisfy such a goal. 
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SECTION IV 

TRAFFIC STUDIES 

A. 	 OBJECTIVES 

1. Requircd Data for Economic Studies 

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

The largest propor-tion of the benefits of the various proposed alternatives
 
derive from savings in the vehicle operating costs. These are composed 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 are obtained from three main areas of study. These
 
are: 1) volume counts, 2) origin-destination surveys and 3) speed and delay studies.
 

2. Traffic Composition and Volume Counts 

The counting of the traffic volume for each vehicle type crossing the Cotonou
 
Lagoon on the existing 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. 

c. 	 To provide a basis for the evaluation of probable future traffic growth, 
togethue with the previously available counts. 

d. 	 To determine the maxinum 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 needed 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 mininum sample of 10,(1, of the total traffic for each vehicle type was 

deemed necessary to obtain valid origin-destination data for economic studies. 

4. Speed and Delay Studies 

The Spee( studies Were necessary in order to determinc the average speeds 

vith which the various vehicles operate on laterite (earthen) 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 anl bridge crossing studies were used as the 

basis for evaluating the traffic capacities of the existing and proposed bridges and the 

congestion delays to he expected as a result of traffic growth. 

5. Bridge Capacity Requirements 

The bridge capacity-width requiL'Cments for the new bridge can be determined 

from the data on traffic growth and distribution at each bridge site. Included in the 

bridge capacity considerations are the pedestrian traffic and the effect of vehicular 

traffic composition on speeds and safe operation on theIbridge. 

B. 	 DATA AVAILABLE FROM PREVIOUS TRAFFIC SURVEYS 

1. Traffic Counts by the Ministry of Public Works-Cotonou 

The Ministry of Public Works ('ravaux lublics) has kept a record of the 

traffic crossing on the existing lagoon bridge (lu(ring the years 196( through 1970. 

were made manually, twice a year (generally in March and Septeml)er), eachCounts 
one continuing for an (,ntire week. The counts were obtained for each class of ve­

hicle: namely, motor bicycles, passenger cars, small trucks (0. 8 to 2. 0 tons), 

mCdi urn trucks (2.( to 10.0 tons), and large trucks (ov01r 1().0 tonS). 

The collected data show many (isc relpancies, but nevertheless aIc quite
 

The incon sistencies we ip robably causedCl by the ileXplriCnce( o1 thC )Cr­useful. 
sonnel performing tlhe traf'fic survey as well as the difficul ty in classifying the vehi­

dles. In Cotonou it is not unusual to see passenger vehicles used for ca igo-haul ill 

purposes or smlll ti'uckLs loaded much beyond their normal Capacity. 1lige ti.'ucks, 

on the otl(,r h:11d, ,are often used for transpoiting people instea(d of carego this fune­

tioning :Is IbUS. 
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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 apparent growth 
rate for each vehicle class. (See Figures 12-1, 12-2, 12-3, and 12-4 in Section XII). 

2. Dahomey 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. Lea and Associates, a 
Canadian engineering consultant, using automatic traffic counters. 

Compared to manual counts taken in the same year by Ministry of Public 
Works personnel, it appears that tle automatic counters recorded volumes from 9% 
to 54% higher. The average excess is about 26,'. If the counts recorded by the auto­
matic counters are reduced by approximately 26;/, one obtains results quite close to 
those obtained by Sanders & Thomas, Inc. a year later. 

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

3. Traffic Survey by Sanders & Thomas, Inc. 

In January of 1970, Sanders & Thomas, Inc. performed an 13-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 matched the 
results obtained by N. I). Lea and Associates in terms of relative variation of hourly 
traffic during a (lay. 

Additional counts were performed on the International Route at the entrance 

and exit 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 observation of auto license tags that approximately V'(1,was of inter­
national origin. 

C. VEHICULAR TRAFFIC ACROSS EXISTING BRIDGE (NOVEMBER 1970) 

1. Traffic Composition and Volume Counts 

The volume counts at the existing bridge were done manually by six teams of 

counters working six hours each. A team was stationed at each end of the bridge and 
was instructed to count the traffic coming from one direction. Each team consisted 
of one time keeper and three counters, with each counter recording the volume of cate­
gories of traffic assigned to him every 15 minutes. 
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The six categories 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 bicycles. 

C. 	 Pedal bicycles. 

f. 	 Pedestrians. 

The counting was conducted on a market day, a non-ma rket weekday, and on 
a holiday. Additional counts were performed on the same davs as the origin-(lestimnition 
survey in order to have a direct comparison between them. 

The following Table IV-] shows the total daily traffic volumes for each of t he 
traffic categories and tvpes of days on which they were counted. 

TABLE IV-1 

NOVE M 1KI{ 1 ) TWO-WAY T IR\ FI(? - COTONOU 3RIDG;, 

Traffic Category Wcek Day Market Day Ilolidav 

Passenger ('ars, Taxis 

St'tion \Vaomtis and Light 

\Veight 'lrucks (under 2 tons) 

11,024 10,125 8,272 

Busses (98 678 .131 

''rtucks (ov(er 2 tons) I , 7837 2,257 57.1 

Motor Bicycles 8,252 8, 770 6, 9 

Pedail Pbic'wles 9,075 9!81 7, 2.15 

Icdstrians 10,167 1 1,912 1),95, 
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The average daily traffic was computed by using the following proportions: 
25% of market day traffic I, 20% of Sunday and holida\y traffic 2, and 55", of the weCk­
day traffic. Since the actual count was conducted over an 18-hour period, it was 
necessary to increase the 18-hour totals by approximately 2C/ to account for 01C traf­
fic between 11:00 PNM and 5:00 AM. There was no need to make adjustments for 
seasonal variation of traffic since, in Cotonou, unlike the rural areas of Dahomey, 
there is no significant change in traffic (luring the dry or rainy seasons. Thius, the 
following resulits were obtained for the average daily traffic: 

TABLE IV-2 

TWO-WAY AVERAGE ANNUAL DAILY TIAFFIC COTONOU 13RI)Gl 
(NOVEMBEI 'R 1970) 

Traffic Category Average Annual Daily Traffic 

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

Busses 640
 

Trucks (over 2 tons) 1,650 

Motor Bicycles 8,200 

Pedal Bicycles 9,000 

Pedest rians 11,"100 

During the 12-hour period from 7:00 AM to 7:00 PM comprising 85r, of the 
total traffic the heavier directional volume inclu(Cs 51% of the total two-way volume. 
During this same period, the heavier direction 15-minute count contains 54% of the 
total 15-minute two-way traffic volme. 

The directional analysis of the car, bus, and truck volumes indicateg that 
westhound volumes are slightly larger in the morning hours and that eastbound 

Market day occurs every fourth (lay. 

Hlolidays occur approximately 20 times a year. Sunday traffic was found to be 

similar to holiday traffic. 
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traffic is slightly larger in the afternoon. The motor l)icycle volumes do not vary 

for either direction, while tle peddle bicycle volumes are distributed approximately 

55r;' westbound in the morning and eastbound in the early evening. Pedestrian traffic 
-was 9' westhound in the morning and eastbound in tile evening. 

The ho)urly\ variations ot two-way' traffi volumes for each type of traffic 

category are shown in Figu res 4-1 through .l-G. For each category three graphs are 

shown: one for a ml'arket day, one' for a nonmarcket day (vcekday), and one for a 

holiday or Sunlay. The grztihs include thc indication of the time when tile bridge was 

closed to veh icular tralic (le to the passage of the train. The train crossed the 

bridge on the average of eight times per lay. 

1'coron the graphs in Figures 4-1 through 4-6, it can he seen that all traffic 

has l)eaks in the morning ond in the evening with a pronounced decline around 2:00 

o'clock in the afte rnoon. The highest hourly two-way volumes for each traffic cate­

gory arce shown in Table IV-3. 

Tab1)le IV - shows the one-way peak traffic (uring a 15-minute period within 

the peak hours l isteI in Tabl, IV-8. 

()thori' 15-minute one-way peak traffic pCriods not occurring within the peak 

hour periods are shown in Tale [V-5. Some of these occurred right after the passage 

of the train. 

2. Effect of Market Day and Seasonal Variations 

As indicat(e(I 1) the traffic volume counts, the effect of market day is relt in 

a different way for each type of vehicle. It appears that on a market day the volume 

of passeng"er ears, taxis, light trucks, and Lbusses dcl ines, while that of heavier 

trucks, b)oth motor and puddle bIicyclI s, and pedestrians increases. In all cases the 

inc eanse or (IvI) ( a se is iot hirge it varie s only htwveen 6 and 10 )er 'cent. In thle 

case (f twueks wighiog over 2 tons, however, te iiia rket (ha tIraflfic inc rcases fly 

This prol :l can 1iwh:10 P. y e el aimed the fact that trucks carry heavy loads of 

Imlrchandise nd plrl(tiLCC for sale Oil the Market. 

'hcre vere no signi ficant dil't renets in the origin-destmat iou characetci sics 

of the trafl'ic Ihtween a w'kda'v amlI aln ark(t day. AIt1hough anforigin-(hlst ination sur­

vey nas iot ('ol(mtu('tl on a holiday, it is possible that a drop in the ratio of short to 

long tri1s wou(1 have been noted and that the pCrcentage of interintional trips wou1d 

have also declined. 

'he soa on:al variations of traffic in (otonou are beulievedI toIn, insignificatnt. 

Al though all of tih(e ,itv st'reets (with the uxcuu)tio of a few ma in arl(,rices such as the 

Inte rnation:l itoute No. II, Boulevard Saint Michel, and Avenue Steinmietz) are not 

paved, the i'(,ason not affect their sC Vi(',ahility to an (greaat Xt(itt.rainy (locs 
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TABLE IV-3 

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

Traffic Morning Afternoon 
Catc gory Volume Hour Volume Ilour 

Cars 1,029 11:00-12:00 1,015 5:15 - 6:15 
Busses 104 11:15-12:15 93 1:30 - 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 1,4187 7:00- 8:00 1,237 5:30 - 6:30 
Pedestrians 1,898 7:00- 8:00 2,201 6:30 - 7:30 

TABLE IV-4 

PEAK 15-MINUTE ONE-WAY TIb\FFIC - COTONOU BRIDGE 
(NOVEMBEIR 1970) 

Traffic Morning l'venin 
Category Volume Direction Time Volume Direction Ti me 

Cars 188 W1 3 11:45-12:00 170 W3 5:15 - 5:30 
Busses 20 WB 11 :5-12:00 19 W 1I 4:45 - 5:30 

TrucKs 32 WB 9:0")- 9:15 (8 W1 5:30 - 5:45 
Motor Bikes 171 EB 7:45- 8:00 4,10 WB 6:35 - 6:45 

Pedal Bikes 226 El 7:45- 8:00 185 W 13 5:45 - 6:00 

Pledestrians 413 IB 7:00- 7:15 418 11:3 7:15 - 7:30 

TABIE IV-5
 

MAXIMUM 15-MINUTI: ONE-WAY TRAFFIC PI'tECIEIEDING
 
TIlE PEAKS IN TABIE IV-,I - COTONOU 13RIDGI-,
 

(NOVE M1 F, { 1 970)
 

Traffic 
Ca tego ry Vol time I)i re ction Ti mc (PI I) 

Cars 201 XVBI 6:45 - 7:00 
Busses 24 XVI ,1:45 - 5:00 

Pedal Bikes 228 WBI 6:0) - 6:15 
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3. Origin-Destination Survey 

This survey Was conducted during a 12-hour period at the castern and the 
western ends of the ('otonou )cidge. At each end, a team of four interviewers aided 

by a policeman would sto) a passenger car', a truck or bus, a motor or peddle hi­

cycle or a pd(tstrian an( would record tie origin and destination (If .ach. The en­

tire 0opecition was SU)(rvi sed Iby the engineers of Sanders ,&Thomas, Inc. in order 

to insure that a random uniformlV chosen sml)le Of the traffic was (lbtained. The 

Suri'vey IrOceed with many initial (lifficulties. (Ime of the prollems was the lack 

of sufficient room 1o 1ull tile vehicleS out or the stram ol' trlffic dUrling thl inter­

vi\'w ar1d a11ow the rest Or the traffiC to proced(iundistrb ed(I. Another prori)l!ii was 

to illSui(' a J'Ci ise anSWO relative to the lace (If origin or destination. Additionally, 

a very serlou ls )()l ehe.l)sP'l(CCt' N 1)olieeman i)rt.'iSe tima(e theprbS ( a at the at 

leginning of the survuv work (r the unwilingness Of so11e OiF tile )11(iclimn to stay 

during the entire six-hon r period. It was necuSsa(,, the'lre. l'( (' .t1( the surtVy 

work several timf('s in order to oltain usable data. In siite (if tht (lifficultits. 1how­

(ve r, tle surveV t'ami S tvelntua IIyV Stlee(l e(l ill oItain ing a sufficient nu l It'r or re.-

SlOllSMS wi tlSAlle infMOr:itloil. Tie Sht'\1(w\' wot'k was coilicted in tv,(o 6-hour 

shifts on a market daV aild a \vct'ck(lay. 

Thu final csuilts consisted o[ 1, 7(; usable responses for the )asseilger 

cars, taxis, ut(. , 767 for busses and trucks, 1, 230 for motor andi ledaI hieve leds 

and 1, 280 For pedestrians. 

Eash :nns wu)r ohtaimed (Wring the interviews at the bridge nas later marked 

with a nuni) ( (.(1rr l(,;ing zone the origin orpon to the of the city wVheVr (lestination 

\Vas 0c ate(l. 

were same those described in Section Two additional 

zones w'r' uSt(I in the origin -destinaltion SllrVv denoting areas outsi(l( ('otonou. 

Zone No. 9 dlenoted aNT ra west o1 ('otonou (Al)oMIy ('alavi, for in stance) and 

Zone No. 10 (h'n(ltt'd a ny ar't east If ('otonou (o1 rto-Nov(o, ctc. ). Thus, Zone(s 

No. 9 and 1) denoted in (xte'rnal trip, while all the others dt'noted an illtracity trip 

(See Map, Ipa' A-I il th ;\Jl)ildi A). 

The W'/ the as ill. 

From(11 tl'e (l'igill-dceShilal l Ill -ti'Vt'V, the peret'tago(' o t rills ll(,tet'il any 

two zones was d(eterminedl anl tanldUlattI hy (a('h vehicle tv\)I(' and a!lso for edlestr'ilan 

trips. The results arc shown hi 'lallus IV-ii through IV-9. 

lhe( results ohtained 1or a mark't day anlan.1 we'ekday werc quite similar. 

indicating that thy could ie ombined rathtr than Shown steparately. Ill gei('ral. 

for' a lew t'il)s where there was a signifi(ant inctease in I raflfic on :t nmirket day. 

the combin('d result was a(ljuste(l to i\lfleet that matlket day occurs (1Nl\ 'v\ rv l'1)urlh 

(lay. 
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'I'A 13 LE IV-6
 

PASSENGI:IR VEHICLES, 'FAXIS, STATI()N \VAGONS AND ,IGIT TUCKS
 

Zone 5 

1 17.7 

2 5.2 

3 10.1 

4 3.8 

10 1.0 


Total 37.8 

* Results based on 

Zone 5 

1 17.5 

2 3.5 

3 2.G 

4 1.2 

10 2.7 

Total 27.5 

I esuIts IaSe(l on 

(UNI)E{ 2 TONS) 
(Percentage Of r'Irips Between Zolles) 

6 7 8 9 Total 

'4.6 0.8 10.4 17.1 50.(G 

1.2 0. 1 2.6 2.3 11.1 

3.5 1 .0 5.1 4.7 2.1.-1 

1.41 0.4t 2.7 1.,1 9.7 

3).f)
0.5 0.0 0.5 1.9 


11.2 2.3 21.3 27. 1 100. 0 

1763 responses representing 17',; of average daily traffic 

'I'AB LE IV-7 

TRUCKS (OVEIRI 2 TONS) AND BIUSSES 

(Percentage Of Trips Between Zones)* 

6 7 8 9 Total 

0.7 0.0 25.2 15.8 59.2 

0. 0 0.1 2.1 1.7 7.,1 

0.3 0.0 3.3 5. 9 12.1
 

0.0 0.0 0. 9 0. 1 2.2
 

0.1 0.3 7.2 8.8 19.1
 

1.1 0.1 ,8.7 2. :, 100.0
 

7;5 responses rt'ptrecscnitifig :"" of avelage daily traffic.
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TABLE TV-8 

MOTOR BICYCLES AND PEDAL BICYCLES 

(Percentage Of Trips Between Zones)* 

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 responses representing 7,% of average daily traffic. 

TABLE IV-9 

PEDESTRIANS 

(Percentage Of Trips Between Zones)* 

Zone 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 11.1 11.9 1.7 100.0 

* Based on 1280 responses representing 11% of average daily traffic. 
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Half of the passenger cars and taxis had either an origin or a de"tination in 

Zone No. 1, 1. 51 of all traffic was of international origin. 

Fifty-nine percent of all the trucks and busses originated in or was destined 

for Zone No. 1. The most frequent trip was between Zones 1 and No. 8. International 

truck traffic was 5. G", and international bus traffic was 8. 8;. 

Forty-five percent of all peddle and motor bicycles had origin or (lestination 

in Zone No. 5: 4,1 W in Zone No. I. ihe most frC(uent trip was between Zones No. I 

and No. 5 (1!'") nd Zones No. 3 and No. 5 (1W'). Only one motor bicycle \vs re­

corded as having an international destination (lagos). 

Using t he ('oml)uted average (laily traffic and the pereentages shown in Ta­

les IV-2 through PV-f;, it is )ossible to obtain the traffic volume for every zonal
 

o rigin-destination pair. Thus, the fluml)er of vehicles that could Ihe expected to divert 

to a new bridge at the lHoulev a rd Saint MIichel si e can Ie computed. 

The nu m,er of i)assenlgeis was also ct'Inted and recorded during the origin­

destination survey. The av(-rage, numb'r of pa , senge rs observed ill the )'ivalte Cars 

was 2. 23, while that in the taxis was I. 811. These numhers include the driver of the 

vehicle. 

The average num)et. of passengers observed in the trucks was :l. :;6. The 

numl)er of passengers in the buses was 15. 9 including the driver. 

The responses from the origin-destination survey were analyzed to (detCrmine 

the center of gravity of (,each zone. These arc shown in the map of the City of (otonou, 

page A-I in the Appendix. 

The centers " gravity of each zone were used to determrine the average 

length of the trip between zones for the )urposc of calculation of vehicle opernting 

costs for each trip. 

The determination of centers of gravity was further verified by turning move­

ment counts at selected intersections. 

4. International Traffic 

From the origin-destination survey percentages and the average daily traffie 

figures, we can calculate the following results for the international traffic: 
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TABLE IV-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. .or 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 flat bottom wooden boat powered by an outboard motor. 
The ferry boats carried at times as many as G0 passengers together with their bun­
dles of produce and other misecllaneous cargo. The other boat traffic consisted of 
dugout canoes known locally as "pirogues". The pirogues usually carried less than 
ten passengers and were navigated ty means of oars or wooden poles which were 
pushed against the lagoon bottom. 

The pirogues were by fau the most numerous type of boat. Most of them 
usually came from the fishing villages around l,ake Nokouc, but many also came from 
the east shore of the lagoon. The ferry boats served mainly the cross lagoon traffic 
by providing passenger transportation from the eastern 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 horder. 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 simultaneously. One team consisting of three interviewers was 
placed at each of the major landings at the Saint Michel Market on the west bank of 
the lagoon. The two landings were located appiroximately 0. 2 kilometers north of 
the site for the proposed new bridge. The survey was conducted (luring a 12-hour 
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period from 7:00 AIM to 7:00 PM on a market lay, weekday and holiday. The 

counts were kept for each individual 15-minute period. The results of the sur­

vey are shown in Table IV-11. 

TABLE IV-11 

1970 BOAT PASSENGER TRAFFIC - COTONOU LAGOON 

(Average For Weekday And A Market Day) 

Number of 

Description Passengers Ti me 

Peak flour-Morning 'Tvo-\\ay Traffic 1,115 7:00- 8:00 AM 

Peal tlour-Afternoon Two-Way Traffic 923 6:00- 7:00 PM 

Peak 15-Minute One-\Vay Traffic West Bound 430 7:30- 7:15 AM 

Peak 15-Minute One-WVy Traffic Eastbound 294 (;:45- 7:00 IPM 

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': westlound in the morning on a market lay. There was an 

equal eastbound traffic in the afternoon. The hourly variation of l)oat passenger vol­

umes is shown in ligure 1-7. 

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 thel oat traffic are shown in Table IV-12. The zonal destinations 

shown are for the boat. Some passengers may have had destinations bevondl that of 

the boat; however, the questioning of passengers revealed that such cases were few. 

There wvere 1 2 passengers coming by boat from Nigeria during the market day survey. 
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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 

A 0.0 36.4 4.1 0.0 0.2 40.7 

10 0.0 0.0 0.0 0.0 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 people 

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 fishing villages and 

usually went to the Saint Michel Market. The pirogue traffic, therefore, 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 ( want to cross the lagoon each (lay indicates that a new bridge is very 

much needed in the vicinity of lBoulevard Saint Michel. At present, most of the people 

crossing the lagoon by boats are the least affluent citizens of Cotonou. Therefore, 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, 100 people (in 1977) to cross comfortably. At some future date, with 

economic 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 selected areas 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 observed speeds are listed in Table IV-13: 

TABLE IV-13 

AVERAGE SPEED OF VEHICULAR TRAFFIC IN COTONOU 

Average
SeedLocationName of Road Type of Road 

International Route Paved Western Part Zone 55 KM/HR 
No. 11 No. 2
 

International Route Eastern Part Zone
 
Internatil Route Paved 
 40 KM/HR
No. 11 No. 2
 

International Route Paved Western Part Zone 2 KM/HR
No. 11 No. 1 

International Route Paved Eastern Part Zone 80 KM/HRNo. 11 No.1
 

International Route PvdEastern Part Zone 8 MH 

No. 11 No. 8
 

Avenue Steinmetz Paved Zone No. 1 32 KM/HR 

Avenue de la Republique Laterite Eastern Part 20 KM/HRZones No. 3 & 4
 

Road Near Catholic and Laterite Zone No. 6 10 KM/HR 
Moslem Cemeteries 

On laterite roads, the speed basically tended to be slower as the conditions of 
the road became worse, due to ruts. Paved roads, on the other hand, were generally 
in fair condition, and the speed depended mainly on the amount of traffic using the 
roads. 
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The average speeds on the existing h:'idge varied depending on the degree of 

congestion. When the volume of traffic crossing the bridge was relatively low the 

average speed of bridge traffic was as high as .10 kilometers per-hour. During times 
of c ongestion, usuaMly right after the passage of the train, the average speed on the 

bridge would fall to 10 kilometers per hour'. By field observation of traffic volumelt1s 

and corresponding slee(ls of traffic, a relationship between speed and traffic volume 

was derived. This is shown in gra)hical lform in Figure .1-8. 

12igure ,1-8 shows that the maximum one-way volume of traffic that can cross 

the existing )ridge is approximately 12(6 0 equivalemt vehicle units per hour 3 per 

lane and that the average running speed at that volume is approximately 10 kilometers 

per houLr. Figure -4-9 shows how speed varies with traffic density. 

Normally, the plotting of traffic speed versus traffic density results in ap­
proximltely a straight line. However, the plotting of field data obtained from ob­

servation of Cotonou ridIge traffic does not result in a straight line. This is due 
to the (effect of vehicles unable i remintain speeds above 25 kilometers per hour, such 

as bicyces ani motorcycles. In low density traffic these slower Vehicles have little 

,ffet on the overall traffic flow, sine! the faster vehicles are a l )1e to cross into the 

O)p)osing lane and pass them. In densities exceeding IS vehiclts per kilomet.r, how­

ever, the eff(ct of slower vehicles begins to have its effect. As the Op))o rtunities for 

passing a slower vehicle dec rease, the overall traffic begins to conform to a speed 

equal to that of the slowest veh ice. 

The speced of tr:ffic on the bridge approaches during the congestion time was 
even less than that of the traffic on the bridge. The congestion time occurred 

uSLally right after the t.'a in had passed and cleared the bridge. For 10 to 20 minutes 

thereafter, traffic on the bridge was at capicity and was traveling at a; proximnately 

10 ki lointers e r hour. At the same time,, the sped of the traffic on the ap)roaches 

was only 8 to 10 kilomete's pe.r hour. On the western approach road the speed 
tended to he awnvys slower than that on the eastern approach road due to interference 

ca used 1)y' tf Ific co1ming from the side streets. 

2. Determination of Delay Time and Congestion Distance 

In o l(I(.I, to evalliuate the potential conge sti ( ), delay tilie. an( vehicle standing 
timlle at the ('tonou l)ridge in the future years, it was first n('essary to (letermine 

the maximum )ossible volume of traffic that can cross the bridge in a period of time,. 

Due to th(! fact that the tr:ffic in Cotonou is comp;osed of a nii xture of many categories 

of ve.hicl-s, it is best to define the bridge capacity in terms of "equiva lent vehicle 
units''. For this tAWu)ose each eategory of vehicles is weight(d accorling to its ('fleet 

on the tra ffic' flow. 

See Niso th, discussion in Subsection IV, 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 each; 

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 each category (luring 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 already 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. ). Thus, 4 

one-hour periods during the clay are at or near peak capacity. 

TABLE IV- 14 

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

Passenger Trucks and Pedal and ) EVU 
Hour :agCars Busses Motor Bicycles 2X(3) 1/4X4 (1)+(5)+(6) 

(1) (2) (3) (4) (5) (6) (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 

1.1-12 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 22:3 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 recorded in a 15-minute period from 12:00 to 12:15 PM, on November 

19, 1970. During this period, 313 passenger cars, (8 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 minutUs, the hourly vol mC would halveaVU been 2, 58.4 IVUs. Of 

course, this vol1(l r'jUiire tit the allI) ron ches to the bridgcW at 'uil congestion, so 

that peak drffir' Mten sity can he rainta ined during the entir(, hour. Under much con­

gestion, lb' na xitinnim nilr of VITS that COUld e toss tie oonubidgevsiii' (01111. 

in one b(-ir v01 I h1' :NVO'id trlv 2500). Talb, IV-1 1, how0'r, Sibows that on the 

n x."iItII ctieril c:ninrit\ exc c, I, SI))) 1KV 1 s. 

this houry \'loluiw, short del ayan d ('(i ,Stioll hlave,1,1,, ll t'irv'd :ittit, tiridge 
ipp~roaclwh(,. Thus , \V,(' C:Il :issing, thatt, whwn two -\V 1y trafliC Nt the (Coton1ou 1111(1g.U 

ave''r:ta', Ih !1o inr hoti i'l\ (limes not l \Vith 

<I.Vt'S, :loi' ;X\ill IWgJl it on1''t,'-lt,(l the trn'ftici'(,:i'a .s1,51) t1.w1 I:eh;e JWA It', inl 

Will st:art to cN×itrii ,nn( t':iy';. 

)ei:i, ti n (S: iiilingI, tini ) occurs \ithiin the total time requive(l for a vehicle 

to reach Hit b ri ,Ii',nt m poilit wlnr' it firs (,1scounters congs',tion. From this 

( :it cxti'('inluypoint, the \'(t'li( h , t ' il sl' t \"il'd, li' i'i(i',- slow speeds and is 
-force(I to a , Illil COoS A5 1 , it -a its. Il):V til), iS the SLIM1 o all short 

standling Iinn',.-. tlmt ott e l wilhiii theCli('1)021- EAti >1 am a'. 

IM-1:i tila ' vill i('('ve' V i m ein thlVt: tin lioti ly vollllme of velhies 's approach­

,, xr'I'> Ifd:: IAKVt:.. or1h1r to Ie st.i llatct lh. :allolallft 

ltlay iilm V l'it tolt Ii liii' ulm i.-; h hI cw ci l n<v'iIm"I'Ihr (p ractieal 'nilpac ity) and 

IVU/hr.(liaxi nilll 'a!aeil), ii w.as iit.('. l"i to - ti distrillutiol of traffic 

voltl nce in l1Wa )ti'sl. It w s fooln.i Ithat thn (Ii:;irilunt ion (o th fu i' -it ititeilu, teiio(d5 

ing the l 1i'ri 1, )oo1 In a l, to of 

2' P)' itl'tW. 

olvious tIlat., at iNno n m i l (lis i ' lot i tlo ring each 1.-in ililtl' periOd 
averagd(:1111i',noiia 'lv , , , :1ld Of th( total ititiL' vo Itis 

(,'.N tt011Liti, bW Ceqo11i Itl l wV;i Ii \vio A'(iri'the I*-iiii talt, volunt' itis ' of' the 

1 in' I-lax's.hourly volllin( , vwi 

Tlwhe icttilil-Ivi' ol tr:tl'fi(' ini tOiI22l'5( 'd('oiditions fi ; i difficult to llrelict. 
As the til i v(ow ni ,' im,,vom -,. > , , i :1iid lH( i't of' conlg'ttioli ,-ipr(,ad(s longIl2 

the bi'idl [, iil i'olI ;111(1 in) It - thw innoiot'l" o' fcf ltot's "v ih influe 'ncI'(h 1110 : >t inL' , 
' the traffi i-Iioir i ni 'asl's , aindI lt (tii',e sittiatioiin ( ,(me (lul te c.Ollilex. 

Ill ord(r t( lh,I:I thi. 'ly ilt ., :1 iltt:it~ lita:lla I illodri was, ('sht dishud, in which 

ain atte tillt liiN</(1al ii 1 Hw ol ctcriniiingg Itlltraffic\Valt- . 1k- 'o'lioiif flc't (lois 

oil(lr tiotn in i i ll (-()II itiol,;. W ith higih fi':ia fit vokillic's :1( 1 dl highly cll c('s ,'(I 

ion alplplyingcon(litions, tlh'nitlbh'it atiraIi li l i or Ii it - thn i(u il sito tom 

co l strv:il .i\ t, 1', l..i-, \,hIith di'u)cit ,qliVal'Ii1o I't'sul. .It 'n, 

For liit1('S (Id"' 'lav tilul' ii lait ion, it was asstimtd that, tl'wil' will ie a 

ik.lax' .,' i )j K I I S:-ill 

12ltiiN'' h(ut'lv IKM.i1-. i ' \'(ltliilt' Iw.in ')Sqii VVI' /in1', however, the 
one-nml i lt lot , I.l o'. (,r I-V; 'ir. Tlii s (I' lay will aflet the 

( i litl' 't'l'll 25 

excess of tr:ffih' :ibll','l, tin' fi st 2,(00 IVj\v!j will have to wait a lull (0 minullUtes before 

it is a)h,' to (,ro ;lth 'iilge. 

'lb jwhllowlo\ in" Uxanplr dshows :aS.umet'd iIi!;tribLution 0f booui'l IA'V1 traffic vol­

tnes ctw('it 50fu AMAl and 10:00l IK1 ,or Nong'strai I tly, and till' 'llthod ol delay 

time calculation. 
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EVUs Delayed Less Delay in EVUs Delayed Delay in 
Hour EVUs/hc Than 60 Minutes Minutes 60 Minutes Minutes 

5- 6 AM 85 --­

6- 7 G95 - -

7- 8 2669 2669 3.5 169 60.0 
8- 9 2576 2576 3.5 245 60.(0 
9-10 2441 2,144 3.2 189 60.0 

10-11 2:337 2337 2.7 26 60.0 
11-12 2141 2441 3.2 - -

12- 1 PM 1005 .... 

1- 2 1880 1880 0.4 - -

2- 3 2,125 2425 3.1 - -

3- It 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- 7 1G80 1680 - - -

7- 8 1127 -

8- 9 398 
9-10 G3 

Total l)elaycd 'VI "s 26179 1495 
Average [)elay (minutes) 2.8 60.0 
Total EV'Is /day 29988! 

In the (,xample, it is shown that from 7:0) to 8-0(0 AM there were 2(;(;9 EVUs. 
Thus all are (hlaYe,d .2 5 minmutes, and the (_'xess over 2500 becomes delaved 60 min­
utes. F'rom Io:o) to 11 :10 AM th re were 2:327 iVUs. All get delayed (2337 - 1800)! 

IM,(- 2. 7 minttes and thl'e re at' no cars that arc delaycd GO minutes. IFrorn :000 to 
4:)0 P)I thel an. 25.12 LVI 's. All itre, dclayed 3.5 minutes and 32 hNU's become ad­
ditionliv delay('d GO) minuts. Thei nt hoir (1:01) to 5:00 1I7l) there are .)75 EVUs. 
To these we must adid :2 e waiting from ourj'.IVi'[s whiCh l'( the previous Thus 3075 
EVUs arc delayed 2.5 minutUs allI (3o75 ;- 22 - 2500) --- G07 IVITs ar( (d(,layed 60 
Ill inutes. 

The avrag, d-klay time for each of the ICVUs that Cxleriencend delay would be: 

(2(,17!) x 2.8 1,,195 x 0. ())/ (2G, 179) - G.2 minutes 

However, in order to adjust this delay to one applicable to the entire daily 
traffic, we must prorate the IEVUs experiencing (lelay to the total number of EVUs 
in the (lay. Thus xe get: 

(26, 1"9/29, 988) x G. 2 = 5. 4 minutes 
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For a four-lane bridge, or roadway approach, the delay time was calculated 

in a similar manner, assuming 5600 EVUs/hr as practical capacity and 7200 EVUs/hr 

as laxilllll (al)aCeity. 

To calculate the congested distance, it was assumed that, in congested con­

ditions, one EVU occupies a length of 4 meters. Thus, a passenger car of European 

manufacture (such as a Citroen or a Peugot) would occupy a length of .l 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 EVI~s per hour 

experiencing delays would be: 26, 179/10 = 2, 61 8, and the congested distance would 

be (2, 618 x 4)x (26, 179/29988)= 9, 142 meters. 

The actual (listance of congestion is not, however, spread in a single line. 

As traffic approaches the bridge from various origins and reaches the point of con­

gestion, the waiting vehicles will be spread in several directions away from the 

brid(ge. For this reason, ". was assumed that all traffic from a zone originates at 

the zone's :center of gravity. In calculating the costs of operating vehicles through a 

congested area, the conpUted congestion distance was compareI to the actual (is­

tance betwel cent(rs of gravity of each zonal origin-destination pair. If it was 

smaller, the calculalted congestion distance was used. If it was larger, the actual 

distance between the centers of gravity was used. 

The calculated (Ielay times and congested distances for each year of the 

study period are shown in Tables XII-1 5 through \ll-I 7 in Section XII. 

For the purpose of calculating th, delay costs, the maximum delay used was 

60 minutes even if the calculated1 time exceeded 60 minutes, because, most likely, 

the pattdyn of hourlv traffic (IiStribution in a typical day would change.' As the delay 

timlC ilClcases and I gins to be ,tycessi ye the drivers would pt)11)alrlv tend to avoid 

the trip across the bridge. ()the r modes of trans)ortation may come into use, such 

as fecrry boats carrying passengers and cargo across the lagoon. (Gra(luallv,the 

growth of the vehicle fLet in Cotonou may (le rease or stop altogether'. 

The Iffe ct of' a train crossing the existing bridge during an hour of full 

congestion will he a reduction of time available )i' the \l hiellla i traffic to us(e 

the bridge. Since the train presently climinates the use of the bridige or about 

10 minutes, tor all tKaffic (xcept l)iyClhs anod pellstriMIs, it is il (,lfect 'dltuiva­

lent to 10/;0 1f the peak I1V U voluie. Actually, as the traffic conge(stion in­

creases, the delays lukw to the tLrain will also increast, siee it will take more time 

to clear the way for the train through the vehicular traffic. lh' blilg (apacity due to 

I See also the disclssion of level of service voluimes and the t'clatioli W,total d'i ly 

VOIlme, on level of service capacitie,s iinsul)s(tion V. 

9The '(Oll)lfl ic ('il 5;'O tlei}(c s or high dleg r('eof congestion are dIisctss'I in Section 
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 sooner than calculated.
 

F. CAPACITY REQUIREMENTS FOR THE NEW BRIDGE 

1. Expected Future Traffic at Alternate Bridge Sites 

The projected future traffic distribution at each alternate bridge site by traf­
fic categories and vehicular traffic expressed in equivalent vehicle units (EVUs) is 

shown in Tables IV-1 7 through lV-19. 

TABLE IV-15
 

FUTURE TRAFFIC AT EXISTING BRIDGE SITE
 

PARALLEL BIRIDGE ALTERNATIVE
 

Trucks and Pedal & 
Year Cars Tuks MooPecal Pedestrians EVUsHutsses Motor Bicycles 

1977 15, 91 3, 161 29, 783 15, 845 29,463 

1982 21,35. 4,012 '5,802 20,835 ,10,829 
1987 28,934 5,078 71,816 28,152 57,0,15 
1992 37,079 G, 175 106, 258 37,081 75, 994 
1996 45, 4G1 7,285 149, 621 47,710 97,438 

It should he! noted that there wtere 5,486 (ADT) passengers per day in 1 970 
crossing the lagoon by hoat. It is expected that at least 95"; of these willI)come ad­
ditional bridge pedestrian traffic. The expeeted total )edestrian traffic no the new 
bridge at Boulevard Saint Michel is shown in Table IV-18. 

'IA11I,1" IV-l(; 

FUTLJI: TRIAFFIC AT EXISTING BIRIDGE SITE
 
SAINT MICIIE1, PBRI): AI.TEItNATIVE
 

Trucks and Pedal & 
Year Cars 11ss(es Motor Ilivcc s Pedestrians EV Us 

1977 9,551 1,829 17, 7,41 10, 7,19 17, 6,14 

1982 1",04 2. 270 25, 64o 13, 529 23, 996 
1987 7, 690 2, 79(; 37,013 17, 17!) 32, 537 
1992 22,6G25 3, 30, 50,1 8t 21,101 11,778 
1996 27, 637 3,780 64,728 25, 176 51, 381 
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TABLE IV-17 

FUTURE TRAFFIC AT BOULEVARD SAINT MICIIEL SITE
 
SAINT MICHEL BRIDGE ALTERNATIVE
 

Trucks and P-dal & 
Year Cars Butisses Motor Biey.cls Pedestrians EVUs 

1977 6,143 1,332 12,042 5,095 11,818 

1982 8,308 1,741 20,102 7,310 1(;, 832 
1987 11,244 2,281 34,803 10,973 24,508 

1992 14,454 2,871 56G, 0 74 15, 979 34,215 

1996 17,824 3,504 84,893 22,533 46,057 

TABLE IV-18 

FUTURE PEDESTRIAN TRAFFIC
 
AT SAINT MICHEL. BRIDGE
 

Pedestrians
 
Year 
 Total 

Fron Table IV-19 'roin Boat Traffic 

1977 5,095 7,230 12,325 
1982 7,310 10,373 17,683 

1987 10, 973 15,571 26, 544 
1992 15,979 22,675 38, G;54 

1996 22,533 31,975 54,508 

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

In or(ler to (Ite kiitie the traffic capac;itv require ifents for the new bridge, the 

expected composition of traffic must 1W, cOnsi(lCrd. The com)osition of traffic will 

not be the samec at I..h alternatc locations. At the existing site, a parallel 1)ridge 

Will not carry as IIch pledstr ian triaffic as will a new I)ridge at the lIouI evard Saint 

Michel site. At each location, also, the Irclative pt.,rC(ntage of e!ach category of 

vchicls will difl',r. Tables WV-19 and IV-2() show how th,.!projecte( nuinle r and per­

centage of cach catcgory of %,hiclles varies at each alternate bridge site during the 

study pviod. In each case, th pedal and motor bicycles constitute the largest pro­

portion of the total vehicilar traffic. 

6 See Section XII for the discussion of vehicle growth rate. 
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TABLE IV-19
 

COMPOSITION OF TRAFFIC AT EXISTING BRIDGE SITE
 
PARALLEL BRIDGE ALTERNATIVE
 

1977 1987 1996 

Vehicle Type 
ADT ADT W 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 2,626 3.4 

Motor/Bikes 17,327 59.8 30,320 66.1 53,776 69.2 

Total 28,993 100.0 45,831 100.0 77,687 100.0 

TABLE IV-21 

COMPOSITION OIF TRAFFIC AT BOULEVARD SAINT MICHEL SITE 

SAINT MICHEI. BRIDGE AILTE INATIVE 

1977 1987 1996 

Vehicle Type 
ADT A I)T , A I)T 

Cars 5,887 30.0 15,379 25.6 21, 176 19.4 

Trucks/Busses 1,293 6.6 1,130 5.2 4,(;9(; 3.8 

Motor/Bikes 12,456 (3. 41 11, 19(; 69. 2 95, 8,15 76.8 

Total 19,636 100.0 (0,005 100.0 121,717 100.0 
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To obtain the greatest possible capacity there must be opportunity for the 
faster vehicles to pass the slower ones. If two lanes are provided in each direction 
instead of one, there will be an opportunity for passing, and the avezage speed of 

traffic will be faster. The bicycles 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 [aster vehicles will 

also increase. Thus the effect of bicycles on the traffic flow will be felt at lower 

densities of traffic due to the faster average speeds. The same method mpy be used, 

for both the two- and the four-lane traffic, in determining equivalent vehicle units. 

At this point it is useful to introduce 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 service concept can still be used. 

Level of Service A is obtained at low traffic densities and no problems occur. 

Level of service B is defined as stable flow with drivers having reasonable 

freedom to select their speed and lane 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 select a lane, or pass a vehicle is restricted. 

Level of service D exists when stable traffic flow is interrupted for short 

periods of time and congestion begins. The freedom to select 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 E or F exist when traffic flow is interrupted with increas­

ing frequency and stoppages occur With longer times of deiay. 

The capacity of a multi-lane facility (such as a four-lane bridge) generally 

increases by a factor larger than the number of lanes. 

For a vehicle composition which is typical in the United States the following 

maximum capacities are usually accepted for uninterrul)ted flow of traffic. 

TAB I,, 'R-22 

TWO AND FOUl ILANE ROADWAY CA PACITiES (U.S.A.) 

Number of Lailes Ilourly_ Capacity (EVU) Speed 

Type of lacility in Each lirection Per I lane Total K I I 

502-lae roadway one lane 1, {)00 2, 0)0 

54-lane roadway two lanes 2,000 8,00() 
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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.
 

TABLE IV-23
 

ROADWAY CAPACITIES AND LEVELS OF SERVICE
 
TWO AND FOUR LANE ROADWAYS (COTONOU-DA HOMEY)
 

Number of Lanes Ihourly Capacity (EVU) Levels of Speed
Type of Facility in Each Direction Each Lane Total Sevice KPH 

Two-lane" 	 Less than 150 Less than 300 A 50 
roadway one lane 	 150 - 400 300 - 800 13 32 

400 - 650 800 -1300 C 20 
650 - 900 1300 -1800 D 
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 - 60o 800 - 2400 B 32 

600 - 1000 2400 - 4000 C 20 
1000 - 1400 4000 - 5600 D 12 

1,100 - 1800 5600 - 7200 E 8 
Over 1800 Ove r 7200 F 

The level of service volumes for the two lane roadway, shown in Table IV-23, 
are based on actual field observations of the traffic at the Cotonou bridge. lrimarly, 
they reflect the limitations with respect to traffic capacity of the bridge itself, which 
is only two lanes wide. The approaches to the existing bridge, with some improve­
ments, could function as a four-lane roadway, if a wider bridge were availa)le. 

The level of secrvice volumes for a four-lane roadway (o.' bridge) was deter­
mined using judgm-jent and talking into account the Comi)osition of traffic. observed be­
havior of the tr:iffic, and the restrictions which exist at the bridge approaches. In the 
case of the b rif(gec approaches for the, bridge nea' IHouIevar Saint Michel, there will be 
less interference from the cross tr'affi c in the iinmediate vicinity of the bridge and there 
will be no interruptions due to train tratffic. Also at high traffic volunes the congestion 
will spread into the side streets and this condition vill begin to reduce the level of ser­
vice in areas beyond the immediate bridge approaches. 

Inorder to take this into account, the level of service volumes were further ad­
justed. For the purpose of calculating the delay times and congested distances, the 
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maximum hourly volumes for each 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) 

With four-lane bridge -,10, 000 EVUs/day (approaches govern) 

At the Boulevard Saint Michel site: 

With two-lane bridge - 30,000 EVUs/day (bridge govC cns) 

With four-lane bridge - 50,000 EVUs/day (apprcoach's govern) 

As an example, in 1985, the projected daily volume for the parallel bridge 

alternative is 50, 20(; EVUs/day. For a four-lane bridge, at level of service C, the 

maximum volume would be: (1 - 0. 1021) x -1, 000 3,3 592 E2VUs. 

3. Detrmination of Required Bridge Width 

r the newConsideration of levels of service is useful in determining wthtl. 

bridge Cuder be two- or a four-lane bridge. Ihurly traf­either alteR.ative ought to a 
arefic volum-es for each alternative at two-yealr intervals, during the study period, 

shown in the Appcndix. From these, it is possible to deterlinle the numb)er of hours 

of each level of service that Will exist in the futurt years, at the existing and the 

proposed bridgCs under either -altCrnatiVe. Tables IV-24 through IV-27 show the levels 

of service with either a two- or a four-lane new b 'idge at Iloulevard Saint Michel. With 

the parallel b'idge alternative, only a two-lane new b ri(dge is considec(, so that, in 

TA 114 [V-2,t 

1,EVELS (1F SEI VICE (1977 TO 1996) PAA. 1,1,E1 IZ IDG E A LTI.: INATIVE 

('.o-l ane Existing BIridge with a 'I'wo-l,Iane NewV ri (Ige) 

lou r)ty) 
Year 

A 1) C 1 I F 

lIeveIs of SerLvice ([I rs 

1977 10 12 2 0 0 

19 79 9 9 G 0 0 0 

1981 9 1 11 0 0 0 

1 9,'1 8 5 11 0 0 0 

19 85 8 ,I 6 6 ( 0 

1987 7 ,t 2 9 2 0 

1989 7 3 2 3 9 0 

1991 7 2 3 1 5 Ii 

1993 G 2 2 2 1 11 

1996 5 2 1 1 1 1, 
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combination with the existing two-hiLc bridge, a four-lane crossing is provided. It 
was explained arliei that the approaches at the existing bridge site could not function 
as more than four lanes. It would, therefore, he of no benefit to provide more than a 
total of four lanes on the two bridges under the parallel brid(ge alternative. 

It can Ibe secen from 'lTableIV-2-1 thlA't in 1),9) there will Ie moIve than nIine hours 
of level of1 Ser-viceCE. This indicates that in 1989 the iaral ItIbridge ltLIernative will 
become inadequate to SCL've the traffic across the lagoon. 

In Tables IV-25 and IV-2(;, levels of Se 'iC 1e sho1n for the new bridgeare at 
1Boulovacd Saint MiClel1. 't'd)l IV-25 shows that with a two- lane bridge there wouldI 
be ro)'C than nine hori's of l(vel of se rviee lE in 1985. 

TABLELIV-25 

L!-cV:ILS OF SiI-AVICl. (1977 TO 199) SAINT MICIIE I. BRID;E A L.TINATIVE. 
('1'vo-Itlae I'idge at 1oulvard Saint Michel) 

IleveIs of S( iiCee (Ilours I)Ce i I)ay)
Year" \1 " )]:1 

Yca I. I 

1977 9 9G;I 0 ( 
1979 9 G 0 0 () 
1981 8 5 10 1 0 0 
I )8) 8 1 ,1 7 1 0 
198'35 7 P) 2 1 1t 0 
1987 7 :3 2 1 8 9 

.19 7 1 2 10,9 2 
199 1 7 2 2 1 2 10 
1.99:1 5 2 1 1 1 1. 
199 Gl 2 1 1 1 15 

TABLE IV-2(; 

il'' l.S o1' SElVICI,; (1977 TO) 19;) SAINT MICIIIil RI iUl);, A TI,;NATIVI, 
(l'ou'- lane BrIidg( at Boulevard Saint Michel) 

Ieve' l, " Se rvice (Ilours Per l)av 
Ycar I -T------ I; ______( I ) VICI._ F__ 

1977 17 7 () 
1 9 I: I I 00i 

I !I)71 12 12 0 ( 0 ) 
I9> 12 12 0 0 I) 0 

19 8:-5 
I 9,)s7 

1)
9) 

11 
I I 

( 
, 

( 
0 

0 
0 

0 
0) 

l )'8!) !) 5 1) ( ( (1 

1 !)]
199:;, 

8 
8g , 

4 11 
I I I 

0 
0) 

) 
0 

199); 8 I 2 I1) (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 lV-27. 

TABLE 1V-27 

LEVELS OF SERVICE 	 (1977 TO I 99(i) SAINT MICIIE L BIIDGE ALTERNATIVE 

EXISTING BRIDGE (Tvo Lanes) 

IYear 
Levels of Service (Hours Per Day) 

A 13 C 1) E F 

1977 8 41 7 5 0 0 
1979 8 4 4 8 0 0 
1981 8 , 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 

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-lane bridge has just 
reached the condition of excessive hours of Level l'. 

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

the two bridges. 

Table IV-28 shows that in 199(; 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 economic analysis on 
the assunption that the benefits obtained would be equal to ",dditional cost due to 
longer travel. 
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TABLE IV-28 

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

LIevels of Service (Hours Per Day) 
Year 

A 13 C 1) E F 

Existing 7 3 2 3 9 0 
Bridge 

Saint Michel G 2 2 5 8 0 
B ridge 

In view of restricted 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 l)eComne inadequate in 1988. With a four-lane bridge at Boulevard 

Saint Michel and the existing two-lane b ridgc a six-lane crossing is feasible and 
appears adequate up to 199(;. Acceptable .vels of service will be obtained only if 
sufficient diversion takes place. The use of' Saint Michel bridge by traffic that 
normally would i)refer to use the existing tridge should be greatly facilitated when 
the proposed West Bank Boulevard is completed. 
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SECTION V 

SUBSOIL. EXPLORATION 

A. OBJECTIVES 

1. Foundation Considerations for the Proposed Dam 

The Oh jectiv' 4 tltipr'4'i1n1111'n sisoil exploratiol lrogram at the site of the 

proposed (1l1n \v:as h (Ic'tcrlir,. tilt type 811(1n:0tLt'' of' tie subsoils and theit' effect, on 

' t. 	 'o1 ('O11preVthe dlesign :I11(ioi1istl'l tiol l t e t' ( e(t rll'el-CM SSIlb soils 

would reL'sult ill(''11Alet ,ia , stIt'ionp' s'8181 Ilt' (I ('ost f'or the (hill, it was nlieces­

satr to jill l]llt i ll( ' iw,II111:ll; SIi ihl\''st ,'ttion, :t least lnt' test horing, lab­-

oratory te1: !ga ,I,n ,i ,t ly, ;l:i ,.:lisi.;.
 

2. Foundntiloi Cons:ictrliitn for t!!e Proposed Bridge 

The wr'li 1 : i,,! l" iri,'it I;_. 14)11pirogii I atlite -;it.of the IwpO lOSed: t'llti 

bridge \\'fs un rtrLL:i to, li ill tttI; Itla.sij itv of i)ile-s as :1 Sill)L;ti 'l tlU'e. Addi­

lI'itl:litIl ,t llI ,, il' lItl :,lld 'XI)UleSiVt- StttI- l Ilnt wo ldtiona~l costs- illthl' lI II 

, ' ill', the , ll S. IIt' ils W\ve ou nloduto lbe loose. Illu.S
' IretSu" it tiilt: Sillt 

' Of subs ttil tu rehI t I ofl"ih li,'iw t-' (Wi a1 

would hie ir(,li ,'. t.Ii litf.li ' : ,.t;ln! ill ''tigttiOil incIlde(d field testing anld 
tills caSe:, ' ;tl' i t li t1( ':idh)1 tinrig 

g ,', 	 I)HSliolllgill, lineu:lll-W: ll :11 t i.,'S (181i8. 

B. FIELD INVESTIGATIONS 

1. Core Boring Work by SASIF Near the Site of the Dam 

I. 1cn,' :1 I 

Iv 1 w ' A (le Solldag llt'tions(ilt' t, 5: ', I hd Stll, Ait'ric' ille s lorlg t of 

. .Iilt t] ilui n( )I ilt- p pl'oli;i'd dahl (S ' ['i il 5-1).Abi ldjai, Ivft1',. ('I i 	 IS \ SI ' th 

ii l'tl yilt e 4Oi ti (l8ll woulI hav it' yli uttilv' liw ('ol, 'liile(ioil.oeatinll ti1 tt'11- ;11 t(':it t 
of' aIpi]ltf lil iill ! ' ,i li ! th i',-)w -u'Sl,41 tt,,! O t- to tidght l' i(n :11)(I \v"itc lr 

ve lo c'it',, llii .,, li]ll l ' lw ( 1I i t (1tllft-1u ll:1i1(l t"-q w !w:l t ,. 

toi111:1.4. , 

;11its<eo nI-
Tl th' .lw ,, 	 11gi,:ti(i, :idlrill r-i"t-qul ipiw d'( tl lfi h l( itit-I wiinr-	 v,[ill 

trti' lo t(- ;t '!1,it~ 'l i!,< into lliw ,f ilT4it -hloI;it 1l,'lfh oI tlh' Ioril, 

l)il '!h, \\(l'I. wnphllt(-d t(tl 7,o 1,11]lhelioli, Wil , ."F-, l;. I:w 1, f 'vtll ;'ind]:hv w as,co 


1971. It inchouh,.d c.ntwwi~t l:-:S ii ili (dti"Alul'lhed [vl) , sgi;, i [lc trnitioi ,
,standn/l 	 t(,s 


and(1 two unldis,,Illh 	 :'(iitii 
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b. Standard Penetration Tests 

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

soil by means of a ham mer and recording the number of blows required to advamce 

the sampler one foot (30 cm). The sampler is first advanced 6 inches (15 cm), and 
then the numhb r of Ihlows, N, counted dur'ing the a(h'alCe It'llt of the next I 2 inehcs 

(30 eCa) is reco(l'l. The ha-iitru we'ighs 140 pounds (63.5 kg and falls 80 inches 

(7G.0 em). The sampler has an exterior diameter of 1-7/S itfhies(52.2 imni). Its iiiteriot 

diamc ter is 1-:2.5 inuhes(17. 5 inh) which is also the diameter of the soil saMpIC ohtained. 

Six standard penetration tCsts N\VVe i ad( as follows: 

SPT No. I ['romni 5.0) ni to 5.t5 in N = 2 

SPT No. 2 From 8.0) m to 8.45 i N = G7 

SPT No. 8 From 11.00 m to 11.45 ni N 41 

SPT No. 4 lrom -t1.00 to 14.,45 M N 25 

SPT No. 5 From 17.00 to 17.45 in N = 8 

SPT No. (; From 19.00 to 19..15 m N 2 

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

te'sts have the 

Batiment PI ;Lks Travaux lulblics of Cotonout, ])aho ine, (I.NI1J'P) nea' the location of 

the proposel new' Iridge at I[]ouhlevard Saint AliCh( . (ne additional d(ynamic lp,('tv'o­

meter test was niarlk near Lhe point of the SASI F core hoving. 'hi' location, de)th, d 

results of or t; nietcr tosts.. shown in Fi.g res 5-2 through 5-9. 

Five dviiai ie ienetroineCr bcn made 1w). I.aoratoirc Nationai du 

c(fUi l)1 I It u s(I was a heavy dyna ii c R()l 

into the oilIoil square 
The', )('net 'on t Vrof the I ( typIe. The 

test consistel of pushinhg s a cylidric shaft having an area of I0 

centiicte is and laving a conicl point aL the botton with ui area of 15. 2 square ceunti­

meters. The conical Point was al)andoned at the h)ottolin of the test hole when the shaft 

was retractedI. Thc'shaft was advanced ly incans o a lhammer weighing 70 kg and 

falling 50 cmn. The resistance tolp. octration was calculated as follows: 

Rp 1211 

Ae (M+P) 

where:
 

2)
I~p = resistance to penctration, expressed inbars (kg/em 

M = weight of the hammer inkg 

IT = height of drop in CI1I 

P- wei!ht )fthe ;haft inklg 

A - area of the shiift in 'mI2 

e = unit ienetration of the shaft (per blow of the hamm)er) in em 
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The tests show refusal when the penetration resistance exceeds 300 kg/cm2 . In 
general, the penetrometer 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 wvere data from previous test borings and field pressure meter 
tests made by Bureau 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. For 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 Test 

The results are shown in Figures 5-10 through 5-20. 
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D. SUBSURFACE CONDITIONS 

I. 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 16 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 390 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 140, with a cohesion of 0.3% 
to 0.4 g/cm3 . 

Consolidation tests show that Stratum C has a compressibility index which 
varies from 63% with a preconsolidation pressure of 1. 6 kg/cm 2 to 107% with a pre­
consolidation pressure of 2. 2 kg/cm 2 . 

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 

0 to 3 Water 

A 3 to 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/m 2) 	 330 

B 0.63 (g/cm3 ) 4.70 (t/m 2) 	 140 

E. 	 PRELIMINARY RECOMMENDATIONS FOR FOUNDATION DESIGN AND
 
CONSTRUCTION
 

The foundation conditions were analyzed based on both the previous and new 
laboratory 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 30% to 50 centimeters may be expected over a relatively long period of years. 
Half of the maximum settlement will probably occur within the first four years. In 
order to accelerate the time in which the consolidation of the compressible strata occurs, 
th2 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 

IContained in l3CEOM reports entitled Etude du Debouche Lagunaire de Cotonou (1963) 
and Ouvrnge de Regularisation et de Franchissenent du Debouche Lagunaire de 
Cotonou (1968). 
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piles (with soil cohesion assumed equal to zero): 

Quit= IrR 2 (8DNq + 0.68RN8 ) + 2 7rRh8(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 
Nq, N8 are the bearing capacity factors (both assumed = 30) 
h is the depth of penetration 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 settlement. The calculations 2 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 penetrometer tests. 

2 Based on soil exploration 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 considerable damage 
has resulted to the lagoon banks and to the pile foundation of the existing bridge. Al­
though the rate of erosion seems to have slowed down in somc 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 collapse 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 effective erosion 
protection by reducing the velocity 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 became 
permanently open to the sea in 1959. It was noted that the salinity cycles changed and 
that certain parts of Lake Nokoue 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 consequent 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 darn 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 
proposed dam towards salinity reduction could properly be assessed. The propos(.d 
dam achieves the reduction of salinity by eliminating a substantial amount of the tidal 
sea water inflow into the lagoon. The maximum amount of the tidal inflow that the dam 
can block, however, is limited by other important rcquirements. 

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 Nokoue would rise during the flood peaks of the Oueme [liver and the City 
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of Cotonou would become flooded. Since the dam will permnently 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 require­

meat for the weir of the dam is that the levels of the flood backwater must remain suf­

ficientlv low so that the City of Cotonou does not become flooded. Both of these goals 

could easilyIe achieved by constructing a low weir. This, however, would have been 

in direct opposition to the goal of maximum reduction of salinity, whiCh reqtires that 

the weir be constructed at a level high enough to block the inflow of most if not all of 

the tidal waters. Thus, the problem was to determine the highest possible level for 

the weir which, at the same time, satisfies the flood and backwater requirements. 

Another aspect that needs consideration is the potential problem of silting in 

the Cotonou Lagoon. The proposed dam will effectively prevent erosion in the lagoon 

by reducing the flow velocities. Reduced velocities, however, may cause the silting 

of the lagoon channel. 

B. PREVIOUS AVAILABLE STUDIES AND STATISTICAL DATA 

River Delta I1. Monography of the Oueme 

This publication contains a collection of hydrologic and hydrographic data rela­

tive to the Oueie River delta. The data were collected and organized by the Office de 

la Recherche Scientifique et Technique Outre-Mer (ORSTOM). 

From this source, data were obtained on the following: 

a. 1Maximum recorded flood levels in the Porto-Novo Lagoon and Lake Nokoue. 

b. Comparative levels of Lake Nokoue, the Atlantic Ocean and Porto-Novo 

Lagoon during the periods of opening or closing of the Cotonou Lagoon during the years 

1952 to 1953. 

c. Other useful information relative to the flood records in the ()ueme delta. 

2. Hydrographic Surveys by BCEOM 

These surveys were performed by Bureau Central d'Etudes pour ICs Equipments 

d'Outre-Mer (BCEOM) and the results were included in thei r reports of 19632 and 1966 

The hydrographic surveys provided information relative to channel cross sections, 

OISTOM, Alonograhl)ie du D~elta de 1'Oueme , Edition 1' rovisoire, I .;. 

2 BCEOM, Etude du l)ebouche lagunaire le Cotonou, 1963. 

BCEOM, Ouvrage de Itegularisation deI F'anchisenient du l)ebouche Lagunaire de 

Cotonou, 1968. 
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topography, flow velocities and tidal records for the Cotonou Lagoon as well as salinity 
records for Lazkc Nokouc. 

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 adlld 
Aghato. From these records, it was possible to determine the average variation of tilt 
levels of mean tide as well as the variation of the tidal amplitudes at each location. This 
information was useful in the determination of the probable reduction of the tidal inflow 
after the construction of the proposed dam. 

4. Salinity Records 

The salinity records were also obtained from the BCEOM reports. The recordls 
provided salinity measurements at the selected stations in Lake Nokouc and Porto-Novo 
Lagoon. T'w records include the periods of January, 1957 to I)ecember, 1959 and Jan­
uary, 1964 to July, 1!)(;(. The records for the years 1957 to 1959 were particularly 
valuable because they made possible the comparison of the salinity with the volume of 
flow of the ()ueme River (luring the time when the Cotonou Lagoon changed from being 
open to being closed. 

5. Mathematical Model Studies by SOGREAH 

The hydraulic laboratory SOGIREAII of Gcrenoble has performed very detailed 
mathematical model studies of the system consisting of LAe Nokouc and the Cotonon 
Porto-Novo lagoons. The mathematical mode' was established 1) using basic hydraulie 

princil)les and by deriving certain coefficients in the mathematical formnulas by con­
formance to known field measurements in the actual conditions. Thus, the adjusted 
mathematical fortmulas of the model allowed the investigation of many dive rse conditions 

of channel flow, tidal amplitudes, etc. , and the calculation of the expected consequences 
from the proposed construction of a dam in the lagoon. 

The r('sults of the SO(IUEAI I studies have been very hell)ful in the hydraulic 
studies of Sanders & Thomas, Inc. Although the dai pr'posed )y Sande's & Thomnas, 
Inc. diffe' red eons ide'rah v from the one proposed by BC IC)OM, it was neve rtheless possi­
ble to use the SOGIRl-AII results. By appropriate substitution of the calculated flow 

cha racteristics for the type of dam proposed hy Sanders & Thomas, Inc. , one 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 therefore limited to investigating a few key items to determine the latest 
and most up-to-date conditions in the Cotonou Lagoon. The items that were dleeme(l 
important to check included channel cross sections at the proposed bridge locations, 
channel soundings to determine the best location for the dam near the mouth of the la­
goon, and current velocity measurements at selected points in the lagoon. The cross 
section data were useful to establish more precise dimensions fo' the calculation 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 erosion of the lagoon 
channel. The flow velocity measurements helped to provide -mother indication of the 
future erosion risk. The location of the channel cross sections that were surveyed by 
Sanders and Thomas, Inc. is shown1 in FigurU (-1. 

2. Channel Soundings at the Existing Bridge 

Channel 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 BCEO-'\I 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 ,) 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, (See Figures (;-2 
and 7-1). 

3. Channel Soundings Near the Lagoon Mouth 

In order to determine the most advantageous location for the proposel dam, two 
cross sections were taken near the mouth of the lagoon. The sections were obtained 
using a boat equipped with sonar. The apparatus was EIAC-1l-ectroaccoustic GBH of 
West German nanufacture. It was powVered by four 0-volt batteries. The boat, the 
crew, and the sonar CquipmCnt was provided by the Service de Illydraulique of Cotonou. 

While the sonar work was in progress, two survey teams of the Service Topo­
graphiquC, Cotonou, were triangulating the boat position. The plotted cross sections 
arc shown in Figures 6-3 and 6-4. 
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4. Channel Soundings at the Boulevard Saint Michel Site 

At this site, the soundings were made by using the graduated rope. lere 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 equipment. 

The cross section of the channel at the Boulevard Saint Michel site was com­
pared to the cross sections obtained at the same location by BCEOM in 1.93 and 1966 
(See Figure 6-5). At this location, it is evident that the erosion 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 near 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 OIUSTOM. I
 

At the Boulevard Saint M1Iichel 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 cross section of the chamel as well as the flow v(lo.itics 
and the volume of flow. The calculated volume of flow was 800 cubic meters per secon(d. 
The velocity readings were averaged over the depth in which they were measured. 
Higher average velocities were found in the more shallow depths. The highest average 
velocity was 0. 76 meters per second (See Figure 6-6). 

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 maxi­
mum velocity of 1. 25 meters pet' second was recorded at the surface. At the bottom
 
the velocity reduced to 0.45 meters per second (See Figure 6-7). This is conlpalable
 
to the average flow velocities found at the Boulevard Saint Michel site. All of these
 
velocity measurements indicate that the erosion of the lagoon channel is continuing.
 

The velocity measurements at both sites were made approximately one hour
 
l)efore or after the low tide. The velocities therefore were close to the maximum ones
 
that exist at low tide. However, it is probable that during a peak flood the flow velo­
cities in the lagoon would be even greater.
 

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 one 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 channels 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 erosion 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 
evidence 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, 

5 SOGREAII. Grenoble, Etude Theorique Preliminaire dii Regime llydraulique de Chenal de 
Cotonou et du Lac Nokoue. (1963) 
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the lagoon mouth l)ecame 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 inereased. 

The increased tidal inflow has brought with it increased periods of sal inity'' in
 
ILake NokouC. The tidal inflow has also had a profounid effect on the channel etosion).
 
This is evidenced by considerably increased depths of the channel near the lagoon mouth.
 

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

3. Density Currents 

Dlensity ' rrents are causCd when watrt's with differing densities begin to mix. 
This occurs in estuaries where sea water and fresh water mix dII'ring high and low ti(s. 
At high tide the sea penetrates into the estuary dlue to a Idifference in both the stati( 1111 
velocity pqessures. As the sea water progresses into the estuary,', tile differenc(' in 
presslre :al(] dcensity eauses eirculatorty motion illthe verti cal sense. The Seil water haMs 
higher den sit,' and tends to drop to the bottom of ihe chailI . TIus, a sali nity v(ige, is 
for'med. As the seal\\iter contilLues to mIove into the fI'e sh w'att"r region, the (Iifft',r ,e , 

in pit'ss res and density diminishes gradually. Eventually a )oinlt of equiliblriui is 
reached. This point is defined as the "null' point. During the low tide the reverse proet 'ss 
takes place, and the salinity wedge retreats towards the sea. 

The distance of sea water penetration depends on many factors. The most im­
porttant ones aire (a) tile average difference between the fresh water level and that of the 
high tide, and (b) tihe \vidth and depth of the mouth of the estuary. 

In the Cotonou Lagoon, two situations exist presently, each developing diffe rent 

density currents and having different nul points: 

a. Low Tide - (sea wvater level is lower than the lagoon level): 

In this case the main floV is towards the sea. The fresh water is on top and little 
conflict exists in areas of tidal mixinlg. Therefore, circulatory fIoV is slight. The salt 
water edge is retreating towards the sea xwith the hel) of loxw tide and the pressure I'rOll 
the increasing flow of fresh water towards the sea. 

b, Iligh Tlide - (sea water level is higher than the lagoon level): 

In this case the sea water initially is at the top, but due to its greater density 
slowly moves towards the bottom. ''hus, a salt xvater wedge begins to Form andl pro­
gresses towairds I,ak, Nokoue. The greatest amount of circulatory motion occurs at the 
mouth of the lagoon x'here the largest diffe rence in p'essures exists. It is here, the re­
fore, that most of the eI'osion is produced. 

6,13CF'J)\I. llapport (1!J;(;) - ( )uv rage d lRegularisation et de Fratchissem'it dl 
Debonc(he ,Iaguna i-(, e ('otolinu, An nexe I, duI)ebIou1'he (11MIr Lever l1\,drographiqlue 
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Prior to 19,59, the nul point of the density current wvaS p)robla)ly sot,'hwlreinea'r 

the middle of Lake Nokoue. It was only during the dry season when the' flow (A th' utnw 

and So rivers was i'ather low, that the salinity wedge i)rohal)ly peet rated as ftar as the 

Po rto-Novo lI'goon. Today, howeveri', the tilal inflow is much larger. 'ileln( Ipint 

therelore must Ite much 'arther in the Ile. The salinity levels also tend to Ihe highe'r 

in most areas of, the lake and ei'main high for longer IpeioIds o1' time,. 

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

The )ro)ose da n should g.reatly reduce the tidal flow in the lagoon. TheIl o) of 

the clam weir will be at an ele ,ation slightly above that of the normial lagon0 val.0s.Thu's. 

large outfl,)w to the sea viii occur only during the flood season whe the l;:g( on levul 

will exC'(ed that of the we ilr. The tidal inflohwwill OCCUr only during the high tides and 

then only during the time that the e levation of tide exeedLs that of the we ir. 

a1 

I)uo' to the vaiiation o' tidil anpl)itudes during the yVar, 0he to al amo1unt Of sUa 

Wate' j)u'nCt'ait lung the la11goon will va ry and will depend on thL length of time, that the 

high tide r(maoils :abve, the to) of th( we ir. l'he volume of tidal inflow' after the ('on­

StrtitU'iI (f' the dlai is (lisCusse.l in 110reU (detail in subsction I. 

Since the dam1 will cut ofT a 

exl)ect that the, salinity we(lge wiii 
heyon(l Aghato. 

gruat )roportion of the tidal inflow, 

.'e main in the lagoon and that it will 
it is logieal to 

never peluet rate 

Thu irculatory mnvenment on the upstream sile of the dam (n)rth side )will b( 

slight and n() (-1 l(sion is exl)eted to rustlt there,. ()n the (loxnsti't:I nSih , h(wl vr 

during the flood season, sizable energies are xl)ected to he' gent rat,'I at low ti(](-.I I. 

this reason it is rCcoInlMended that )rotctive ineasures be taken to dissiplte the enell'gY 
of the water flow ng over the weir in order to prevent the unde rmining of tie (da1n1. 

E. HYDRAULIC REGIME OF LAKE NOKOUE 

1. Maximum Lake Levels During Flood Season 

11elore the i)urm ane nt ol)e2ning of the Cotonou Lagoon, the highest level in Iake 

Nokou, (te d e(Id'ui'ing the flood of (cetober, 1 952) xwas 2.2D miters (Ill(vIranuIic ' 

l)atuin) ..\lt(('he o) ning, the' highest level (recordud during the looi of' , ,inlm , 

19(;8) was 1. 9:1 ilete'rs. BiIoLes the elevation of' the lak e during the floods, ilwould 

have ])een ve'y usIu to know the collile lotal volune of flow of' the 1ive'Is ()the,1, :11d 

So, which flo through the, 1:l. Ilowevcr, (In to the fact that thesu' riversov ilow 

their cihannIls in tl flood stag( and t'orin a huge lood delta, itxas i mnpssib li to nal e 

any kind of fi(,(l lnasu'( ents of' flOw (inring a1flood. The best :lv:lilahle r'e-'oirds n11a16 

Ilydr:auliC Z01-'0o I):ltuln is (l'fine'd as the lowest elevati on attained by 

ev(er lebite.i'(,dI y the sea gaut' lo(ca t(( at the mld whlr of (otonou. 

the lowest lidt' 

(i-I ; 
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at various measuring stations along the (Gueme and the So indicate that the total combined 
flow should not exceed 1500 cubic muterUs per second. 

One fact that has been well (letermined, 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 yea us lWtior to 1959, the lake level would rise very high and all the flow 
wvould be fored through tHit' lot'to-Novo l-agoon. When the Cotonou l agoon lecallle 
iermanntly openled(, tlhflow was shared ly both lagoons and consequently tile lake level 

was lower. 

With the )ropjosed dall, the level of kI.ake Nokoue during the flood season will be 
somewhat higher than under J)resent conlditions. The we ir-of the proposed dam, there­
fore, will need to he designed in such atway as not to create an excessively high lake 
level and, as a result, flood the City of ('otonou. 

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

The (Gueme and So rivets (1is(ehar. e their waters into Lake NokouC (luring tilt 
flood season, and the lake belhavs as a 'usetrvoit \\'hi Ch continues to fill alld rise ill 
level until the flow into the lake bug ins to In' exceeded )yte flow out tough the lag')(ms 

of Porto-Novo and ('otonouI. \Vhen tile (otonou lIagoon was closed, the level of the lake 
would rise much higher than when it was o)el. With both lagoons OpenI, the flow into the 
lake w\'as HLddi )v the because were lagOOnS availableexce ln sooner flow Olut there twLo 

for the flood to (,scat)e to the oceaIln. 

OIIS'I'().l haMs neasured the sea and lake levels during 1952 and has related them 
by means of a gra)h. The (lZS'I( )M gIralh, replottud on the llVdraul ic Zero Datum, is 
shown in F'igure (;-9. The glah shows the following: 

a. With Cotonou Lagoon closed (()tober 25, 1952): The highest level is at the 
C'otonou bridgie. The level at the lorto-Novo Lagoon is lower, but quite high. 

h. With Cotoiioi lagoon open (October :30, 1952 - only five days later): The 
levels of both the ('otonou and l orto-Novo Lagoons is almost the same, but both are 
lower than in (a). 

In ci"se (a)the level of Lake Nokoue 'as prohably slightly lover than that at the 
Cotonou bridge. Illcase (b) tile level of the lak.:e was probably slightly higher than that 
in both lagoons. 

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

'['he nianne r in whiclh th two lagoons share the total flow of the ()ueme and So hive rs has 
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)een dCeterni ined 1\,'friuId nieasu remIents and the i' .'e 1Mlationship has hlel, ealeuiated( :111d sh 1 

in a graphical form by SOGREAI in their report. 8 This graph has been modified in this
 
report by the addition of the flow conditions that Will exist when the lam proposed b*V
 
Sanders and Thomas, Inc. is constructed (See Figure G-10). Curves have heen caleu­
lated for different elevations of' the clam weir to determine the I111lXill ,backxva.te'
m levels
 
in the Cotonou I.agoon and also the resulting maximum levels of [Ake Nokoue. Thus, for
 
example, from Figure G;-10 it is seen that for a maximum expected discharge of 1500
 
cubic meters per second approximately 575 mol/s will flow through the Cotonou lagoon,
 
925 m3/s will flow through the Potrto-Novo lagoon and the elevation of Lake Nokoue will
 
be -1. 97 meters.
 

It is genCeally considered that the level of -12. 00 meters is the highest aec'ptalhle 
level before the city of Cotonou begins lo he flooded. Most of the presently settled a'reas 
of the city are above that level. Ilowever, in the northern sections near I-1k., NokouC 
there are many areas whose elevation is below the 42. 00 meters level. 'T'hese areas will 
continue to be flooded as the back w\at,_r level appCoaches 12.00 meters. 

In general , the 1'2. 00 meter level W\ill be reuached on in extrenme flnods.Th 

maximum total volume of flood waters \will rarely 'reach 1500 cnbic meters p,r second: 
therefore, the lake level should never exceed an elevation of approxinlately iI . 9( meters 
(assuming a total volume of 1100 1m3/s). 

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

The records of salinity in Lake NokouC, prior to the permanent opening of the 
Cotonou ILagoon in 1959, show's that high salinity existed in certain areas of the la1ke 
(ur'ing the fhood season while the lagoon was closed. With the lagoon closed, it. would 
be logical to expect that the flood waters of the OuemeIRiver would dilute and xvash away 
any salinity that may have penetrated the lakle while the Cotonon Lagoon w\\as o),'n. Shis 

seemingly (ontrad iCtory situation needed an explanation. It was th('refore essential to 
compare and analyze all available data on salinity, floods, openllings. and closures of the 
lagoon in order to arrive, if possible, at a logical conclusion relative to what was hap­
pening in L.ake N )k.(lte. The answer' was provided by cons ide ration of the outflow C'r­
rents of the two rivers, the ()ueme and the SO through the lake. 

The' ava ilable sal inity records for tile years 1957 and 1 958 (see ligure (- Il) 
have provided a ,ood cominparison between salinity trends in Lake Nokoue and the Cotono)u 
I.,agoon (luring the ierio(l of change from an open to a closed lagoon by action of' the lit­
toral drift. This is sh\n in Figu res G-1 2 through G-1 G. In each, the approximate. ('(1­
torrs of s: illit havu I cen plotted as i di'iated bY the available rceords for six locations: 
one in tie ('otonou Lagoon, one in the lPorto-Novo ILagoon and four in various piarts of' 
Lake. Nokoue. 

uSOGIIEAI. Grenoble - Etudie Theorique Irel iminaire du l{egime lvdi'auli(lUe dIi ('h.nil 
de Cotonou (Atdu Lac Nokoue. (1963) 
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In Figure -12 the Cotonou Lagoon is open. Sa]iflity contours show that the 
salinity decreases progressively from Aghato to Porto-Novo. The period of the year 
is generally the dry season, cliirilg which the 1'iVeVs Oue me and So have inmi mu flow.in 
Thus, we can see that most of the flow from h)oth rivers would go towarIsI)orto-Novo 
with Iossihly only a portion of the LivUer So flowing towards the Cotonou Lag)ol. (This 
is also shown by the graphs in Figure ;-I. ) Thus, the diluti ng elfect of the Flow from 
the rivers made itself felt in the easturlY direction only. 

In Figuere G-11, the( Cotonou Iagoon is open but the period is during the flood 
season. This time th, recorded sali lites in tile entire I.ake Nokoue wer'e close to ze'ro. 
The flow of the two I-iveL's is large. Approximately 551" of the total flow goes to wardls 
Cotonou .ago)n ndi .15,' towar(s PoL'to-Novo; thus, the sal inity is COIlI)letel5' diluted 
by the fresh water flow. 

In I.'i 'e, (;-1 1, the Cotonou L.agoon is closed. The l)triod is mostly (dry season. 
The salini ties in I ak, Nokoue are again high. They have been irought into the lade by 
Lhe tidal ill f]hm firo,'m 1)eceiber, 1957 to FebLruary, 1958, during the i0(1 when the 
Iag(o Was Still o)(1 I)ut Iugan to sloVly closeucll-el the actioi of, the litt )ral drift. 
After iMarch, 1958, tle ,l0goon waUs totally' closed. The flow of the So an1d the ( )uCme ar' 
again very low, a1d arcdii'ectUd entir'ely towards lToheto-Novo. Tlhe iCgi(n o' highest 

salinity is in tLhe western i)oi'tion of the lake whe re there was little or no chane for (lilu­
tion by the f'lHow of the IRivcr So (See F"igure G-15.5 

In Figur. (;-] ;, the Cotonou ILagoon is also closed but the period is from the 
beginning of the, fl ood season in ()ctobuer of 1958 through the middle of tile (1rV sCaso(n in 
April, 1959. l.igur. G-IlI shows that (Iuring the flood months of' October and November, 
1958, hardly any flow was measured in the (otonou Iagoon (only 82 m/s). This was 
due to the ract that the I dC level was I'isi rg, the lagoon was closedl, and the wvater f'rom 
the lake xva s just filling up the lagoon. The (,ntiie lake was acting as a reservoir until 
the flow tow arlds IPort)o-Novo began to I)'Cvail. Thus, once more the main direction of 
the fHoodl waters w:is casterly while the WOste rn )ar't of the l ake and the (otonou [,goon 
were almost stagilnt. 

The conce)t of lake Nokoue outflow ciurrents is important in order to arrive at 
tile f'actors which influenc the amoutnt of saliiiity. These factors are 

(a) The size of the opening and the length of time that the Cotonou Lagoon re­
ill i iS Open. 

() 'l'he volnume )1'flow from the ()uene uid So Rive rs. 

(c) The lir(c'tioii of flow of the t-wo i-iy,'s. 

If' therc is mod('rate tidal inflow when the flow of the ()ueine and tile So is low 
(dry season), there willIbe little dilution; theretlore the salinity wvill remain high. ()n the 
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other hand, when the tidal inflow is large anti the volune of flow of the two civers is also 
large, but is directed mainly towards lorto-Novo, the salinity again will be high. There­
fore, the key item is the ratio of fresh water to salt water. In order to rieduCe salinity 
it is iml)ortant to reduce drastically the tidal inflow so that at all times the ratio of fresh 
water to salt water is ve rv high. The p)ro)posed dam dots exactly that. As exl)l;ia ed ill 
the next sulbsection, the tidal inflow will hI,celuced by 901' . Thus, at all times (exe)t 
in a very excel)tional dcy season), the sal inity in lAfl Nokoue should reain ai low. 

5, Effect of the Proposed Dam on the Salinity in Lake Nokoue 

The )ro)osed (am reduces the tidal inflo\' by taRing advantage of the following: 

(a) l-limination of all tidal inflow during low tides. 

(b) :limination of all tidal infilow during high tides whose peak is lower than
 
elevation !-1. 10 meters.
 

(C) I{eduction in the length of time douring which the high tides With I)etls higher
 

than elevation I I . 10 meters flow into the lagoon of (otonou.
 

In ocdec to evaluate the amount of reduction in the tidal inflow by the irot)osed 
dam, a month to month record or tides, as measured in the l'ort of Cot o)u, Wxas useI. 
Although the tides vary from year to year, usually on a I 9-year cycle, itwas deemed 

sufficiently accurate to 1-0garcd the tidlI records of 1970 as being ty)i cal. In this year, 
the highest peal of the tide did not exceed elevation , I. 71) meters. 

In I"giurC ;-1 7 a table is given showing the number ol' times that a certain eleva­

tion is exceeded by the high tile in each month. This table also shows that the l)eaks o' 
the high tide in ('otonou vary considecably and that some of the very high peakls o(ccur 
only a few times each month. The highest tides occur generally hetween August and 
November: this isalso the i)criod of the floods. 

It'one'takes a look at the tyl)ical tidal cu cv diagram (shown in Figure (-1 7), one 
can see how the It'nigth of' time lu ring wohiclh the tidal inflow enters the lagoon over the 

\\'eir of the p'rolosed (am varies with the tidal anilli!ule. For exampnle, iftwo high tides
 

have the same i)al c(hvation but diffreut amj itude, the tide with alhigger ani)1itudt'
 

will Ilene trate the lagoon lor a shorter time than the tide with a smallt'cr am1)11w ,ig­lituc. 

ure (-1 8 shows the relationship between' the tidal aml)litutl(t', the pc'ak (l'vation of the 

tide, and thce numbLer ' hours that the tide will c'nter over the weir into Ihe lagoon. 

Next, Figures (-19 and (i-2N show that there are two hasic c'on(ditions of the tidal 

inflow ov'r the weir of, the t1am. ne, condition (ligure (-1 9), (gent'rallydoring the drv 

season, show's that all o' the portion or the high tide above the weitr will enter the lagoon. 

The second condition is in the flood Season when the levels of Ib)th the lago(on and Ialt' 

Noko)uc, rise ab ove the level of, the weir. (;enerally, the peak levels o' most fIlooIs are 
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highe,r than the lUvUl of the high tide. Thereforc, the penetration of the tide is further
 
r'erdlCe (h ring the flood season beeause the tide will enter the lagoon only during the
 
tim, whun the flood level is be low its peak.
 

Isilg thesCCrlat ionships, the total inuflow into the la0goon haS )een COMl)utd 
for eac'h ma0th ol theyear. 1 1 sUd on vo(l umett'ic considerations, the sal inity level for 
e~lch mont h waUs Ci)L!pt(l next. \olt met ic apl)l)roah to salinity detertmli nati(on is a(l­
mittedl.IV )l)r()xhi at(, )ut it should girt, a goo(l ildication of the exl)eCtc-d results. Fig­
ure 6-21 sh()aws the (al (-ult(I voltmUs of t i(laI IOf l(w and salinit v in I~alke Nokolue uner(l 
I)Iresel t cOllditions al] :rter the )roposed (dam111 is Constructed. From it, one cli see 
that ru iing the d rV Se0son thU total %rolumeof the tidal inlflox\ has Iheen reduced almost 
90', ui(l tHit the salinity is estinmteol at less than 10 grams i)er liter. 

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

Al a tteml)t has been mlde to indicate the pl'obal)le trend of salinity and outflow 
currents in Lake Nokoue aftcr the construction of the dam. 3ased uil)ol average monthly 
flow volumes of the rivers ( )ueme and So, anod the volumes of redluced tidll inflow over 
the )POl)OSed river flow ari.'ows have Ibeen "owmn in Filg­laM,'ontot's of salinity and i 

u -es They show that (a) nul point of the salt \'edge \\.ill not Iro­6-22 through (;-2(;. the 
gress much ey(ld AgIlto, and 0)) that the riyer outflow currents \vill be mostly di','t(,I 
towad'(s lPorto -No\() ill ,ll months of the dry season and (c) that durig this I)criod the 

OxfSssadimi tj's in ( of I 0 grams per liter will exist on]y in the Cotonou ILagoomo and( in 
the imnmnediate vicinity of' Abato . l)uring the four months of the Iood s,ason (August 
through Novener), the Otatllow currents Will be dircctUd toxVards both CotonOI and 
lPorto-Novo and ('otonou will hae salinities less than 5 grains periliter. As mnentioned 
hufore, in dxtionally (say xvhen the combined flow of )oth rivers isa dry season 
ti(le'r 201) (ubi ( meters per'secon(l) it is i)ossible that higher salinities than 10 grams i)Cr 

Wiita'llxIxist in the northern and eastern portions of the lake. This, however, will be 
al rre OCC.rI'1CC. 

F CONTROLS AND DESIGN REQUIREMENTS FOR THE PROPOSED DAM 

1 Maximum Expected Flood 

The a11,Ixi from comlbined flow of the two OtuemC and So.miln design flood rivers, 
is assumed to be 1500 cubic meters pIut second. Based on the known relationship of 
ho' tLhe lagoons of Cotonou andI IPor'to-Novo share the flow, the max1imum exp)ected flood 
flOw, throtU.Lh th(' CotonotiI Lagoon is less thMn 600 c-ubic meters pet" second. 

2. Requirements and Dimensions for Weir Design 

The xvir dimensions :at' conttol led by the following requi rements (Levels based 
Ul)Oni IIy Ilatli Ze'I-O )atum): 
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(a) 	 ,maximum allowable backwater elevation of -*-2. O) meters. 

0)) 	 \Veir elevation at -1. 10 meteis. 

(c) 	 TO) of the d'1m adjacent to the we ir, of 1-2. 80 meters. 

(d) 	 Capacity to discharge(lo) cubie meters per second. 

able 	to\\'ith the In:Lxi mum hackwatei h e l of' 42.0t0 meters n(I in orde r to he 

allow a flow of' (;()0 (.ulit meters iWr' scond the t(qlired width of the weir is 520 imecterls. 

iiI'lood Of CU)i (e ir seconi over 

the we irwi i' 1 mttCrs 'e' sCO)lld. 
Thu Sd ug the 1lxXilmum ()) ters pL' the velOCity o1' fHOw 

andThe width of thi we.ir shoul1d ie suffiCie'nt to ier'mit ease of constructintm 1 to 

allow acTss for ('01st'uCtion '(tuiln't (nluring low' ti(ie. A width of 3 me te's would it' 

sufficient fo' this putlrl)Ose. 

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

Forces on the Dam
 

TIe futuret expansion of the Port of Cotonou will catse th littoral drift to Ie 

tr ill front of the CotollOndeflecteu furi'thwr to the cast. This may cause the P resunt sand I 

L.agoon to be (,io(l(d away. The disal)l)a1',llt' o1 the sand lar imiayv have a result in a 

slight incease intell(' amplitude Tlis i.ho(w(ver, will hitv' atidal at the dam. 
tidal a HI) litl(d('S ten(lnl'l igib)l e[efect oin the salin ity levels due to the 'act that lighe I 


to (e( i''as' the 1L'ngti of time dui ng wli'iCh salt water IWne'trates the lagoon.
 

G. 	 BENEFITS AND DISADVANTAGES FROM DAM CONSTRUCTION 

Reduction of Erosion in the Cotonou Lagoon 

Will gIeatlV 

goon. Dui ring the (Irv season the flow velocities will he minimal. l)u ring the, flood sea­

at te weit'i. FlIsoe-

The Ir'os)5t'd( dam v reOduce tile velocities of floW in thi ('otonou I,la­

son thx'P Will I , fastt ' hut will iot exc(,(d I . :8 Iett''s lwti7 5eiOil 

v'hle t in the Ilago)n the v'e loci t o' flow Will Ib much sIoxv'VP. ligu e;-27 shows tle, 

Of flow aS a funet ion of (quatitv Of fHoxw tlmouiglhcXpt,(.t('d lat1imum1 aid av'rlge v(,locities 
'ied td
the ('otonou l:oon. Tlh(' r'es('it (hlanli' has al 'radx'been erold s niu'hl 

large fl(ow th:11 Iw('e ('t('d nilulll of (Of)))(GuOO ,biet-tS it'ip seCO)nl. ThIS lthCOil­

billatillio fof's x'ouit' fHoxw oulpled witl slowe'r velocities Should dlelinitlx] pl ('v'lil 

of this will r fh'lect it'self in tlie rdu('dany fui'th', (,rosioin ill th lagooll. The' lne filt 
costlltltoti() ,sts 'ol' the li'Ol)os('d tuttt' \Vst Boank boulevald( whir'it will ]iot r'(jti(I 

e lOsioll
an' 1o'k I1ot()' tiol of its et'll aill]lll'l 	 alolg the Iagooli. Tl , s('( iousuie'SS of the 

in St,(tio)n VII. Th'1 danm will (linliiat' also lieUlmei' thef (.,isting bii1(ieis dis( usse(d 
-ni(,t'(1 to t)i'ov'ide' sI)( LiI liot('ctioni for (lilt' toull(itioll ol' the ex' bridg(. 'lis should i 

suilt ll ldditionall sVillgS in the (onstt'('tion costs. 

(-'10 
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2. Reduction of Salinity in Lake Nokoue 

The reduction of salinity in Lake Nokoue should help eliminate the problem of the 

terrecdos and the consequent loss of "akadja" fish traps and reduction in the fish harvest. 

This problem is discussed in detail in the report prepared by Dr. R. Thompson of the 

NMFS Laboratory. 9 The probable monetary benefits from the elimination of the terredo 

problem as evaluated by Dr. Thompson has been included in the benefit/cost analysis in 

this report. 

The backwater levels in Lakc Nokouc and Cotonou Lagoon will reach elevation 

+2.0 meters during the maximum flood conditions. When this happens many of the 
near Lake Nokoue,presently vacant low lying areas, in the northern portions of Cotonou 

will be subject to flooding. These areas, however, at some future date will need to be 
At 	pre­filled in to provide additional usable room for expansion of the City of Cotonou. 

sent there are some settlements that have been established in areas w\,hose elevation is 

Some damage may result there during the peak floods. The+1.5 meters or lower. 
ladji,peak floods will particularly affect portions of areas known as Awansouri Ague, 

Djidje and Ilinde Village. However, the peak floods do not occur frequently. Little 

damage should result, therefore, during the "normal" flood season. 

3. 	 Silt Deposits 

The problem of silting in the Cotonou Lagoon is difficult to evaluate. In the past, 
no serious silting occurred.when Cotonou Lagoon was closed for several years at a time, 

The dam at the mouth of the lagoon will constitute a permanent barrier and silting may 
The rate of silting, however, should bebecome a problem over a long period of years. 

The flow of the riverextremely slow. The silt is brought in mostly by Oueme River. 

in its northern reaches is relatively fast and thus it is able to carry the silt downstream 
As however,towards Lake Nokouc and Porto-Novo Lagoon. soon as it reaches the lake, 

the speed of flow is drastically reduced. Thus any silt kept in suspension in the river 
. If there is any siltwater will be deposited In the northern portions of Lake Nokouc 10 

it will be in negligibleleft in suspension when the flow reaches the Cotonou Lagoon, 

a problem except perhaps
quantities. Thus, it is not expected that silting will become 


after a long period of time, say 20 or more years.
 

9 Richard B. Thompson - Report of the Fishery Reconnaissance to Lake Nokoue, Da­

homey, and George K. 'ranonaka - Economic Evaluation of Expected Fishery Blenefits. 

National Marine Fisheries Service, Biological Laboratot r , Seattle, Washington, July 1971. 

A copy of )r. lhomipson's ieport Is Included In Appendix 13. 

,, tile fishing In Lake Nokoue may result from the slit depositing In I ake10 	 Some benefit 
Nokouc since the silt is also rich In organic nutrients which 1re beneficial to the Fish 

growth. 

0'-12 
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4 Loss of Shrimp in the Lagoon 

The construction of the dam may totally eliminate the shrimp fishing in the 
Cotonou Lagoon and Lale Nokoue. The monetary loss, however, will not he large 
since to date the shrimp havvest in the lake has never exceeded 400 metric tons per 
year. 

5. Sanitary Effluent 

Presently all sanitary effluent in Cotonou is discharged into the ground where it 
mixes with the rainstorm effluent and eventually seeps into the lagoon and the lake. 
Fears have been exp)ressed that the l)rol)osed dai will create stagnant con(ditions in the 
lagoon and therefore aggravate the pollution from the sanitary effluent. In effect, the 
dam will be a verv pervious dam. Therefore, even in the dr'y' seasn, threC will alWay'vs 
be some movement of wate r towards the sea dlu ring low tides. In flood seasfon, the en­
tire lagoon will continue to be HAUIshd clean not only of any sanlitay, effluent ICUmu:1­
tions, but alSO of salinity caused by the intern ittent )enetration (luring high tides. 
Therefore, no ldverse conlitions are anticipated from the construction of the )ropoSld 
darn with respect to the accumulation of sanitary eff!uent in the lagoon. This however, 
should not t)reclulde the fact that there will be a pressing need to construct a sLnittry 
sewer system in Cotonou as the city continues to grow in size as well as in population. 
I3CEOM has already made a study in 1963 for a sanitary sewer collection system in 
Cotonou, which would suffice until 1990, at a total cost (in 19(;3), of 2,13 million Fr. 
C FA. 
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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 7% 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 1%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 has been rapid and paralleled the growth of the city. rThe 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 
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corrosion ond spalling of adlncent concrete. The sidewalks have failed copilletely in 
Several locations forcing pedestrians to steji into the jIath of veh icular traffic to avoid 
these areas. The h rid-e lighting has b)een inoperative for several years making the 
use of sid(lcw:tlk, ia rtiVul.a rIv haza r(Iots at night. 

B. CONDITION OF BRIDGE IN 1970 

1. Superstructure 

The sulierstructuIri' Of the 1)ridgve shows manly signs of an incipient loss of 

Struetur'al in tegritV. A1tho1u,1h there is no imimeliate (langer to the )ri(Ige, C(ontinued 
lack of rc.'la i is will aggravaht and aec Ielrate th(, ehfteriorntion of the hri(ge (leek. 
Since tlhe list iilsjeeection of Ilh( )rid(ge by Sande'rs & Thomnas, In(. , in ,lauary, 1970, 
0(1 relmairs wev I dae to th, hI'i(Id(I sIlpe rstret lore. The sidevalk deck points and 
Ilighting s.ste'nm o'(ontiont to ieud repairS and tlhe Steel gir(l('rs ileV(1 cleaming and 

painting. 

2. Substructure 

The ieVrs of the 1)ridge were repaired during the first half of 1970 and are 

irsentl v in excellnt V( )Idition. Th only wenkness remains in the pi les which have 
lost a lar,,e po-rtion ()ftheir embeeIient. 

'llhe' oil t-s, however, have ruec ivud no rep airs and continue to bemtn 


threatened bY (rwsiil nd loss of stone facing. 

C. BRIDGE REHABILITATION 

1. Recent Repairs 

Mn i)r reiii. w(,rk of the bridge iiers and iiles was COm)leted during 1970 
at a cost of"5t )Ill in FIr. CI, (FAirioxiimately The financing of the re­$182,000). 
pairs was rOvid(l Iv lo(nIs (d'Aide of de Cooperntion (I,'AC). The work consisted 
of reconlstrutiii tle dhlerior:itel c(mcrete in pe1nllicationpiers and piles and of al 

(poxy coating to) )rt(ect ngainst salt damage. 

2. Proposed Irmediate Additional Repairs 

In -d(lr to pir'(ect Ile piles Of the nginst further erosion an1d loss ofhridle 


embedml ent, I(I.:()\I leas pjre.aireel ian s 1()I c)\id(e : rock 11:i noderl he Iridge. The 

rock mat will ('consist (d :a(). 7 11et00' thick l:aye(r Of iledilill size. rock fr:gments 
(weighing I0 - 60l kg eih). The project will be financed Iy FAC? and is estinlted 
to ('ost ,5 111,l1ioli Vr. ('lA (ill 1971). 
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3. Required Additional Future Repairs 

An additional program of repairs is being studied by 13CEOM in Looperation 

with Ministry of Public Works. Included in this program are repairs to the abut­

ments, complete replacement of the bridge duck (including repair of the metal joints 

and sidewalk) and rehabilitation of the lighting system. Estimated year of completion 

for various repairs is shown in Table V11-1 . It 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 orde r to be adequate for future large pedes­

trian traffic. Sidewalks having a width of at least 2.0 meters each should be pro­

vided at that time. (See Figure 7-2). 

TABLE VII-1 

SUMMARY OF COSTS 

FOR REHABILITATION OF TIlE EXISTING COTONOU BRIDGE 

Cost Millions
 
Year Completed l)es(ciption (i" \Vock Fr. CFA
 

1972 Place rock mat for erosion protection 45 

{epair abutments, place embl)ankment and 

1974 rock protection on lagoon banks adjacent 15 

to abutments 

Repair dek, repair, sidewalks, restore 
1978 lighting, clean an(lpaint steel girders 150 

199G ,eplace rock mat for erosion protection 80 

4. Feasibility of Maintenance of Traffic During Rehabilitation 

Presently the Cotonou bridge carr.ies heavy traffic during all but a few daylight 

hours. The traflic using the bridge is almost entirely of local origin. Any interrup­

tion of the bridg(. traffic, therefore, woull have grave(, conomic consequences for the 

City of Cotonou. All rehabilitation wor'k, WheI) unddtaklen, will have to be accomp­

lished during hW night hours, m1ostly b(!tween llidnight and 5:00 A111. '[his would re­

present too short a working pelriod to accomplish reasonably productive r'esults. 

It would certainly be inpossible to do any kind of repairs on the bridge (ueck in 

a way to allow full use of it during the (lay. 'l'huxwidth of the bridge is too narrow to 

allow the shutting down of one hle of traffic. If this were done, almost complete dis­

ruption of traffic wouldI result. 
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The pirOl)OSed construction of a rock mat undeir the bridge will also need to Ie 
done mostly at night. During this time rock material is proposed to be brought to the 
bridge site by rail :nd then transferred to a harge. The rock will then Ibe pl aced under 
the bridge )y (lumlin- and by Iantial pice b pice l)la(,nt'mnt in betLe'en th'e piletS. 

The repair 0l' bridge :ibtt nolits, once the stone iiiate,-ial is )rought to the site,
 
will not (c'ivate t:)o inuch diSrtuptioni to the tl'affiC. The L'()pair 01 siidew'alks an(l light­
ing \will licCCSSitalte that the )e(lCstrian trafic 1)1( to One siide only While the
eConfined 

work is in pl'ogi%4s- on the other side. )ue to the taet that the sidewalks are very
 
narrow, intCrfe rence to vt hiCUlat t raffiC will inevital)ly ('(,suit.
 

hi view of the fact that the iresent (1970) traflic is t cc aldy quite congested,
 
any repair work \will be T ry (lit iCUlt at best and thUreloi.'e quite costly. The traffic
 
congestion, at the same tinle, will I)eco)inl seJriously aggravated causing(ons i(le ablC
 
losses to the economic life of the city.
 

All of these prb)l CeIns coUl(d be' avoided, howe'ver, if a new bridge is constrlc­
ted 'i rst. In tis ease the traflic. I1ow could ibe trans'e rrd to the new I)ridg'e while r'e­
pairs are lI.in- nia:i C to the e.xisting one. The only traffic which will need to be nain­
tainC(l Vill be. the ()('l)N railroad traffic. This should not prove difficult.
 

5. Cost of Additional Bridge Repairs 

The requi'ed rIlhahilitation xvO rk Yor the existing bridge is listed in Table VII-I 
in chronological od(l,'r of priority. The year shown for each item of xork is the latest 
(late by which the listed vork shlould hIe completed. The cost shown for the wo'k after 
1977 assumis that a s(,1(nd I)ri (lg xvil I be available f'o r traffic maintenance. rhe re,­
pairs without the help of' a second i( xWill be ,xtrCml(y difficult. The costs for the( ldge 

work prior to 1977 rnflects this. It is assunel that all xvork listed to be completed
 
prior to 1975 viii be financed by either FAC Or FE). A detailed cost estimate for re­
placenmnt of' bridge (deck (including wider sidewalks), repair of lighiting and painting of 
steel girders is shoxvn in Appendix A, l);g(,s A-6 and A-18. 

D. EXPECTED REMAINING BRIDGE LIFE 

1. Expected Life Without Additional Rehabilitation Work 

Without any rehab ilitation xw'ork, it is estimated that the remaining useful life 
of the existing bri(lge xill not exceed(. tn y(ars. The existing bridge was constructed 
in 392,. Sin(, then it has had inimal Imaintenance, and only recently havxe its piers 
an( piles Iheen reliairt.d aftt ,r unde rgoing SCH'iOUS (ICt rioration. Ill ge(n'ral, bri(lg s 
xvith adequate il'laiitclammCC, have a istful life, ot ,t0 years. Iy 1970, the (,otonou I)ig(e 
has become .12 years old. With the invirasa(l vehicular traftic one of the controlling 
factors in the remaining bridge life xillIbe its comcrLLete dck. The d(!ck aIready shows 
signs of scr ious ytej(rl'Jat ion. the five years the [aiJLnreL of the deck xxwIln ie(xt ill Imegiii 
to accelerate,, an(i eventually the dek xvill beomeu uiusal)h,. Although the piers and 
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the piles have becn 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, erosion 
is the second most influential factor which limits the remaining useful 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 need a complete replacement in about 25 
years. 

If a dam is constructed, however, the erosive 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 each. 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 minimuml 
the need for the pedestrians to cross the vehicular traffic. The bridge would have 
multiple simple-span precast prestressed concrete superstructure which is supported on 
pile bents. The bents consist of precast concrete 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 elevation of the 
proposed bridge and typical sections of the bridge and roadway a)proaches 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 
hell) consolidate the bearing san(d strata. The completed pile groups would be used as 
anchorage for the barges. After all pile driving is completed, the piles would be cut to 
required elevation and capped. The placement of prestressed beams would then proceed 
using a barge mounted crane. Finally the deck concrete would be placed by trucks travel­

s p a n sing on complete d . 

The storing of construction equipment, materials and prestressed beams, how­
ever, would he 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 he removed at least 2 kilometers from the construction 
site. This would tend to increase equipment and material hauling costs. Furthermore, 
due to the congested traffic conditions near the existing bridge the access and delivery 
of materials to the C)nstruction site would t)e subject to many delays.] 

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 boulevard would afford, at best, difficult channeling of the traffic at the western 

In 1975 at least 5 hours of each lay will have traffic conditions at level of service E. 
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end of the bridge. Even if the existing bridge were used for two-lane one-way (east­

bound only) traffic and the new two-lane parallel bridge were used for the westbound 

traffic only the traffic flow at either end of the bridge would be subject to heavy cross 

movements. '['his situation, plus the train crossings on the existing bridge, would 

reduce the effectiveness of the new bridge in handlinfg increased traffic loads in the 

future. The western approaches to the parallel brid;-e are particularly limited since 

they pass through a crowded business section. The available space for the roadway 

is limited and in part occupie( by the tracks of the OCDN railroad. The western ap­

proaches, therefore, would he restricted, to iunction at best as a four-lane roadway, 

even if wid(ened and improved. For this reason it would not make sense to build a 

parallel bridge of 111Ore than two lanes width. 

B. BRIDGE AT BOULEVARD SAINT MICHEL 

1. Preliminary Layout, Design and Construction Aspects 

The proposed new bridge, at the Bo1ulevard Saint Michel site would have the same 

layout nd design as the parallel hridge d(escrihed previously. The total length of the 

bridge would consist of 22 Splns of 15. 25 meters each for a total length of 335. 50 

meters. The total width of the I)t'ilge (Ie-ek woulld be 19. 00 meters and would provide 

for four traffic lanes and two sidewalks, each 2. 50 meters wide. 

The pl an :an1d ecvation of Ih(' ipropose(l 1ri(lge a/nd typical sections of the bridge 

and app roaches are shown on iage A-3 in Appendix A. 

The construct ion of the bridg(' would also be similar to the parallel bridge. One 

big advantage of the site near Saint Michel Boulevard, however, is unlimited room at 

the east bank of the lagoon where a large construction yard could easily and conven­

iently be located. The construction operations, therefore, would not suffer any inter­

ference from existing traffic. This will greatly facilitate construction operations and 

hence reduce construction time -nd costs. 

2. Requirements for Approaches 

The approaches necessary to connect the new bridge at the Boulevard Saint Michel 

site to the existing International Route are quite long. The western approach has a 

length of 4 kilometers. Of this, ap)proximately 1. 5 kilometers are in swampy terrain, 

2. 2 kilomete S are along Avenue de la lelpublique and 0. 3 kilometers are along the eastern 

end of Boulevard Saint Michel. The eastern approach is 1.5 kilometers long. It joins 

,ie existing Inte rnational IRoute just east of the sports stadium known as Stade lleven. 

The entire length of the approach roads is prol)ose(] to be constructed as a two-lane 

roadway except in the vicinity of the bridge where four lanes would be maintained for a 

length of 0. .1 kilometers on the western side and 1. 3 kilometers on the eastern side. 

Only the four-lane portion of the west 1Iproach is recoin mene(lC( to ) con structeCd Under 

the bridge project. 'The remainder of the west app roach (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 ]so million Fr. CIA by 1975. The entire east 
ap) ronach (four andI two-Ilnne )ortions) are reco inmended to he constructed with the 
brid c ijroje ,. 

A S)e('i:l re(tI ir('enint exists near the western end of the 1)rilge where the Iwo­
ISe(I IfitUrC( ilnl)r()\Veilnents to the Lagoon (or Saint Michel) Market are to he makde. An 
access roal p ssing uLnder theIhridge is neeled in order to separate the narket traffic 
from the bridge traffic. One extra sian hns been pro'i(e(I in the Saint Mic'hel bridge 
for this Iml-pi'j)(se. 

The fl an, Irt(file an1d typical section of tile ap )ronch roads are shown oil pages 
A-2, A-3, A--t and A-5 in Appendix A. 

C. CONSTRUCTION COSTS 

1. Effect of the Proposed Dom on Bridge Costs 

If a (lain is constructed in the Cotonou Lagoon the velocity of flow will be ceduced
 
drastically and the possibility of erosions almost entirely eliminated. It will not be
 
neccssarv, there for(e, LO Iprovide any irotcction for the I)ridge foundation. In addition
 
to this, a o(finit t(lvantag will exist Wring the construction of the new bridge.
 

With the dam coml tc,d or almost c)mnplCted it will not be nUes 58 ry to interrupt 
bridge Con stru't ion during the flood Season. This Will result in a shorter construction 
schedule for the('eti re project. 

Without the dam, it will be necessary to interrupt the pile (riving operations dur­
ing the flod season. It will be hazardous and d OifficuIt to opeCrate a rge cal'rrying con­
st ruction (.(ui l)mnent near the imrt illI ('(1jlletewI bridge since tile drag of the flood for'ce 
might hurl the, barge against the alrea(Iv driven piles and destromy thuem. FIurthe rmore,, 
a rock mat under the )ridge woul he ne cessary to protect the l ridg(_' i)iles aga inst ero-
Sion and loss of (,li edllent. Thus a longer constrmctio) sche(lule woul(i result and this 
would relflt itselfI in hi ghe' costs. 

A d' i, thercfort, would ce(ILce the Ibridge coilstr'uction costs but tile additional 
cost of the (lain wo uld gruatly cXcc(l any savings in the bridge coss. llowever, the 
construction of the (laim would result in fishing benefits an(I re(luction; il overall con-
St ructioil ti11e S(Clidl(,I. The me I ttive ilerits Of the COnstcuction of a (I".111 laVht been 
includtud in the(''(1o ic 0Nalysis od are (iScusse( in Section XII. 

2. Determination of Unit Prices 

Unit Pries oior ti l.'ieasilbil it' Study el'e olte( I' ined by usingIti Sanes o.orCUs 
and revisiting the same local contcraetors and agenci(s in Cotonou ano ill the I niteI 
States as was done tor thw I,'onntaissanC, Study. 'Il'he previously obtained data on unit 
prices werv thus Ulm)(lated and iml)roveL. 'he sources for thte Iocal mate rials in )a­
homcy wem', r('('h'(Il ked an1d where tile son r'1c (nilened, new mate rial and traollSlortn:t n 
costs wer (, ((,t ri ine(d. 
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To tie new unit cost data (See Table VIII-l) conservative inflation factors were 

applied to predict the probable costs in 1975, the year in which the bids for the pro­

posed construction ae eX)ected to be received. Every effort was made to predict and 

ascertain all prohable items of cost and influences on the prices in order to insure that 

til estimatemll otal costs are sufficijntly wlvcUVI'ate. 

It should he noted that the unit prices in this report show a considerable increase 
with respect 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 particularly felt 
in the Ame rican i)rOU rc ment anl, to a lesser degree, is also reflected in the Foreign 

])rOcu'e nlen tcosts. 

3. American Procurement 

Costs on tile basis of Ame rican procurenmnt are nrovided in this report and are 

included in the economic analysis. It must be pointed out, however, that it is unlikely 

that more than a few bids will he received f'om American contractors. Recent ex­

pe rience for i b ridge project in Nianey, Niger indicates that it was not possible to im­

)ie en t AliC i1icI )rul'eO(ll lnt evUI on a partial ba sis. The reccnt large escalation 

of construction costs in United States, Inainl ' ca sed by high labor costs will tend to 

mkel, Amelriria 1iddl'rs less conititivt e with Foreigni bidders since most skilled 

AIlleri(all I1)!)h)' IC)l'oicle ald C(luil)lnelt OI)et'ato rs would have to )( paid highler wages 

that prevail in 1t Ulnited States. For this reason it is strongly recoinimended that the 
financing a-encv alow mIaxiInnui f'eCdom for suhcontracts and local proctU'renlt if a 

sufficient numliber of ('onlJ)ctitive bids are to he received from American bidders. The 

I)reakdowli of bridge construction costs for Ametrican lr)ocurement are shown on pages 

A-7 through A-10 ill Appendix A. 

4. Foreign Procurement 

Iven if foPUeigI l)rOCuremtnt were not restricted only to contractors from under­

developed coLntries, most likely, the low bidders will he local contractors with offices 

in DaIhomeny or other nea'by West African CO'nti'itc. They are in general quite com­

petent and arVe equIlpptd to I)crfocm thW ('Ce.ssary worl.. 'he qual itv of thei'i workman­
ship is excellent. This is evid(enced by thet, eOIIIt(ed-ctntlv epairs of the picrs of 
the existing (tonou I) idge. Ill order to ('neoll'ag(' th, sLo)Mi Si n of a large 11uml Ile r of 

bids fromilore ign contractors, it may bw wise for 'w design consultant to first srilicit 

interest for the projec, t among the dualifiCl h!i(ldh rs in ,, igih)le countries. ()ncc a list of 
inte.'stu(Iltlfied biddLs is (dev(eloed)(, the irospe(ct ,'e hidders should be consulted in 

orler to help (,'VeIoI) a de-sign which would includ tLhe, tP'L)'S and mllethods of construct ion 

with which the prospective biddeir's ai' familiiar. 'lIs itwill be possibl( to recCiv' bids 

on the saie i)asis from all the hiders. This sliould help gne rate tight comipetitive 

prices and the i'e lor.' lowest total cost. In this reIport the costs of fol'Cigl I)l'Od'ti 'e.V)Iniit 

have buen dev loped following Fr(c1II Tld ( el'man construction mnethodsIs, shown ill 

the 13CI'OM and Ilolzinan tel)orts but adapted to confor'm to tle, type of' bridge proposO-ed 
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in this report. The breakdown of the estimated bridge construction costs with foreign 
procurement is shown on pages A-14 through A-] 7 in Appendix A. 

D. MAINTENANCE COSTS 

1. Bridge Maintenance 

No data were available to evaluate the maintenance costs for bridge structures 
in Dahomey. Bridges in general do not need yearly maintenance. In the case of the 
existing bridge, once the recoinmended rehabilitation wvork is completed, only the 
steel girders will need repainting approximately every five years. In the case of the 
new bridge , which will be an all conerete bridge, practically no maintenance wvill be 
necessary for at least ten Years. At that time, the (luek of the briige ma1,11Y need some 
maintenance with reLspect to pCssible wear of the deck concrete surface. The lighting 
systein for both b ridges is the only item that might require ye aly maintenance, but 
the cost of it would be of in inor importance. Since the total length of the bridge is 
relatively short (0.35 ki) it Was deemed sufficiently accurate to assume that the yearly 
maintenance costs used for roadvay maintenance would l)e adequate (when accumulated 
for five years) to pay for bridge inaintenance costs. 

2. Roadway Maintenance 

The SOulre of' data for the roadway maintenance costs were the two reports pre­
pard by N. 1). L.ea Associates an(d Lamarre Valois International Limitee for the Inter­
national Bank for Reconstruction and Development (1968 and 1969). Based on these 
reports, the ,naintenance costs are composed of two portions. One is a fixed cost for 
the deterioration of the road aurface due to weather conditions. The other is a function 
of the volume of traffic using tilt road (see Table VIII-2). No data were available for 
four-lane roads. in this case, twce the cost for two-lane paved roads has been as­
sumed. 

Normal maintenance is defined as that which will allow the vehicles to operate 
most of the time under the best conditions 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 parallelc )ridges and for the bridge at Saint Michel lBoulevard, the 
new approach road along A'venue de la ltepuihlique and Boulevard Saint Michel on the 
western side and the new r'oad to PK. 2 an(I the International Route No. 11 on the 
eastern side of the lagoon. All of these roads are or will be )ave(I roa(ls. 

For th( remaining roads an( streets in (otonou, it was assumed the mainte­
nance costs xvuld b,, the saie 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 2r' per 
year was used for the costs shown in Table VIII-1. The total maintenance costs, for 
the 20 year study period discounted to 1975 for each 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 
pri,'es :,re for completed construction and include normal overhead, taxes and profit. 
Additional overhead clue 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 be 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 be 
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 be imported. In the case of American procurement the 
shipping costs are generally computed separately, whereas, for Foreigm procurement 
they are included in the respective 

CONSTRUCTION ITEM 

Shipping - USA to Cotonou 
including loading and unloading 

IPrecast Concrete Piles (2) (3) 

Precast Concrete Piles 
delivered to Cotonou 

Driving Piles 

Placing and Cutting Piles 

A= American Procurement 

F = Foreign Procurement 

Remarks: (1) average cost 

Unit prices. 

COST 
UNIT Fr. CFA 

Ton 10,000 (1) 

/13 49,000 (1) 

M3 
61,000 

M 25,000 

each 38,000 

SOURCE 

Various shipping 
agencies in USA A 

Various U.S. p)ile 
precasting yards A 

Entreprises du 
Benin - Cotonou F 

Entreprises du 
Benin - Cotonou 

A 
F 

Travaux Publics A 
Cotonou F 

(2) includes forms and reinforcing steel 
(3) precast in Cotonou - precasting forms brought from USA. 
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TABLE VIII - 1 (Continued) 

UNIT PRICES 

COST 
CONSTRUCTION IT EM UNIT Fr CFA SOUR CE 

Structural Excavation and Backfill Societe Colas A 
(Bridge Abutments M 1,000 Cotonou F 

Reinforced Concrete Eastern Prestress 
Precast Pile Caps (2) (3) 80,000 (5) Co. - Hatfield, Pa. A 

Reinforced Concrete (2) M3 Entreprises du 
Precast Pile Caps 74,000 Ben in F 

Reinforced Concrete (2) Eastern Prestress Co. A 
M3Abutments - cast in place 	 60,000 BCEOM F 

Reinforced Concrete (2) 3 Eastern Prestress Co. A 
Bridge deck - cast in place M 65,000 BCEOM F 

Prestressed Concrete
 
M3
Bridge Beams (2) (3) 126,000 (5) Eastern Prestress Co. A 

Prestressed Concrete BCEOM 
M3Bridge Beams (1) 	 118,000 Holzman, A. G. F 

Eastern Prestress Co. A 
Neoprene Bearing Pads (1) each 5,000 BCEOMA F 

Eastern Prestress Co. A 
M3Removal of Existing Bridge Deck 8,500 Entreprises du Benin F 

Structural Steel A 
Exisling Bridge Brackets (4) kg 400 BCEOM F 

A American Procurement 
F Foreig-n Procurement 

Remarks: (1) average cost 
(2) includes forms and reinforcing 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 UNIT Fr. CFACFA SOURCE
 

Societe Colas 

Emba kment M3 1,300 Cotonou 

Excavation, including placement Societe Colas
 
in embanknment M 500 Cotonou F
 

Sub-base Societe Colas
 
(silty sand, 15 cm depth) M 300 Cotonou F
 

Base Societe Colas 
M2(Laterite material, 15 cm depth) 1,300 Cotonou F 

Bituminous Surface Course Societe Colas
 
(Sheet Asphalt, 3 em depth) M2 800 Cotonou F
 

Shoulders (15 em depth) A2 400 Societe Colas F
Cotonou 

Drainage Pipe, incl. excavation Societe Colas 
and backfill M 12,500 Cotonou F 

Various U. S.
lmba~n nnt TM3 1, 000 (6) Contractors A 

Excavation, including placement Variot,sU.S. A
 
inembankcmnt plaem t(6) Contractors
 

Subl-base 2 Various U.S. 
(silty sand, 15 em depth) M 200 (6) Contractors A 

A - Americn Pt1octuwenent 
FI Foreign Proeu renment 

iRemarks: (2) includes forms and reinforcing steel 
(3) l)leeast in Cotonou - precasting forms brought from USA. 
(6) Cost includes labor, materials and equipment depreciation only. 

The expenses (ofs hi j)in g I'oAd Const ruetlon qu ipment from USA 
to lahlonly and back to USA (after cornlpl( ton of pr oject) is ill­
eluded in the shiplij g tonnagC in the Cost estimates for roadway 
approaches. 
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TABLE VIII - I (Continued) 

UNIT PRICES 

CONSTRUCTION ITEM UNIT 
COST 

Fr. CFA SOURCE 

Base 

(laterite material, 15 em depth) 
9 

M l,)0 (() 
Various ). S. 

Contractors A 

IHituminoos Su rfaee Course 

(Sheet Asphalt, 3 cm depth) M2 (00 (6) 

Various U.S. 

Contractors 

Shoulders (15 cin depth) 300 (6) 
VaIious I. S. 

C ont'ractors A 

Drainage Pipe 
includi n g excavation and bacfill M 12,000 (6) 

Various U. S. 
Contractors A 

Rock - (20 to 80 kg) 
furnishing and loading on train 

'I'ravaux PultliCs and 
BC'iO)I, Cotonon 

A 
F 

Rock - (20 to 200 kg) ( Phase I & 2 

furnishing and loading on train T 800 

T'Iravaux l'ul~lics and 

3CF()M, Cotonou 

A 

F 

T ransj)0rt ation to0(otonou 
of darn ()v ra i8a) 

to site OCDN Railrod A800A 
F 

Traisort 
Station 

to Cot(oou ()CDN 
T 760 OCI)N Railroad 

A 
F. 

Unload Rock at site of (lam T0Tra\'X PLlics and 
'3CEOM, Cotonou 

A 
IF 

A 
F 

American Procurement 
Foreign Procurement 

Remarks: (2) 
(6) 

includes forms and reinforcing steel 
Cost include s labor, materials and equilmentCdepreciation only. 
The expenses of shipping road construction equ ilIMent from USA 
to Dahomey an( hack to USA (after completion of i)roject) !s in­
eluded in the shipping tonnage In the cost estimates for roadway 
a)p)roaches. 
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TABLE VIII - 1 (Continued)
 

UNIT PRICES 

COST
 
CONSTRUCTION ITEM UNIT SOURCE


Fr. 	 CFA 

Unload rock froni train (OCDN 
station), load on truck, trans- Travaux Publics and A 
port by trIuck and unload '1,240 I3CEOAI, Cotonou F 
truck. (9) 

7Travaux Publics andPlace iRoek between piles (7) T 5,900 CE ,CoootF A 
B3CEOM, 'ot01oou F 

Travaux Publics and A
Piiblics APlace 	Rock in Darn (Phase 1) (7) T 2,700 on 

JBCIOM\I Cotonou F 

A 3Sand for core material in dam (8) 2,500 Travaux Pub)lics and A
 
IICEIOM, Cotonou F
 

Tiravaux Publics and A900 T CICOM, CtonouPlace Rock in DIam (Phase 21 (10) T 
FtCEI, CotonouL 

I) edging l 1,000 B CEOM 	 A 
F 

F'nih iknment (sand) (11) A13 300 BCECM 	 A 

Rock Protection for Lagoon Travaux Publics A 
Ban ks (12) T,, 700 Cotonou F 

Travaux Pul)l icsA 

Ni 500 Cotonou F
l'Ixcvttion (at Lagoon banks) (12) 

A American lOClOrenlIent 
F Foreign Procurement 

Remarks: (3) precast in Cotonou - precasting forms brought from USA. 
(7) 	 includes loading on barge 
(8) 	 includes excavation, placing in canvas bags, loading on barge and 

placement in (lai. 
(9) 	 transport by truck to bridge site or to stockpiling site (Rock, Phase 2). 

(10) 	 loading of rock at stockpiling site, transport by truck and unloading 
in clam (see discussion in Section IX). 

(11) 	 sand inaterial ol)tained Iy dredging and placed in enmlank ment in the 
lagoon banks neair the dani. 

(12) 	 requ ired for erosion )tr(,vention (alternative without the damn) 
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TABLE VIII-2
 

YEARLY ROADWAY MAINTENANCE COSTS (1000 Fr. CFA)
 
ASSUMING NORMAL MAINTENANCE
 

Base Year 1970
 

Fixed Portion Variable Portion 
Type of Road (with no traffic) (based on traffic volume) 

2 lanes paved 239/1KM 46/IXI/1000 vehicles/day 
4 lanes paved 478/KM 92/KM/lO00 vehicles/day 
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SECTION IX 

PROPOSEDI DAMl 

A. PRELIMINARY DESIGN 

1. Choice of Site 

ThclI~o ()"l~dsik 101 85:Ih(-11 ll ill 4tilY% 19701 tlu Re­fo 1I ( 1,ti11 l'l tll ilc of il 

,.'ollljiss58lime I 'c 'Ce) *l s 'H IIs. JI)Ollk- iot Itt W ilaU
Stlid I &. 85l'i, 1tW 18 IC e' 

t-8)ti ~ I h i t. 111,,li ;11'A ; iill % Iwli ill' I '' i tit l t ' IV I 01'C~ li ~ :iIt I '('I~t l( 

so l.11i ll). S ii l Hal l . tH' .w IK i l Iel'? el,1 iwIi .'' c deI'of 1 o 'the 

Thi(\\'wl'Il it'1,tv(llit''' moI-4(k Ililtdt l VLC~ 

2. FOundciun Coneditions: 

liw h eiih'ii"d ct ah i itln oe'Hati le l 'I hwni li n'-porti meall Ilhe',ite of, thu 
1 i V) t Iavs hplomoS((d± H~i a 1" 'il(i ef ' 'iii tt;1) ckw18 a exists
 

app)Iox i tIII t''-I% 'f III \ t - II) l , i ('alit 't
iS.- Ill k m 1 ic Ih I t'Ii. THi1 IA 'alws' i Ii SCw e­

11Il' rIlI l't I Ille' ''(:1Ill'e fV''i '- iii, -'( )d I)1 i'il l~ I co 11i til ie eel,: i v Ic's i ' ' 

dicli 5s(A :16el1 i, '1l l"I l' l fm I". 

3. Mogeeitiedc0 rf Expeccteel Flw'd 'ci Tidal Force; on Dnrnl 

115 (11( l,- I ' le'(I w: K((:i k i i ' 1ft1k. -m t'ill (I p)111118 I' iv 11*v t'o vet toeitics 
eli ii , AS. not 1,114 vi tics preC­of Flow ov(.I. tit, dllili I'l' ' ot ' 'te Hi ', ill IC.X(etd the' 


sucntIv~ ''xishint i 'e'': %vIIe ii w.ill beatenw '11w
ill !1:., i~te' !Ihe I lea- I-' eli( 1wi . 
.> 'ill I IewI'mv !"or this, 'iaI , ice '"'.wi i',,e h,f 1itllel daetrIijiit' tille. 

IC111 Oi I el'Ic L i t i' 'iwI rw ', Ill' I ScI Ow toe;if)--Hi ie wl ' i6 'te ecuo ,e;,lle el ie (ie 

sorb~ane I eli:-a;p~h t11it . w Il 11)ce %1iV, lf ove til~e e ;ii. Ilie Iidlt'IHi (d 11'''I e-p itt, p imIl­
pact oen e t:1t 1i i'll' ve Ic : eed lw i v n1g I 
so cii Ic thaci lip, ' oe I i ll.- I lwe 11 (telI'''lee II H(iol.; 

the (1:i1 Ic'Ii cii ( efi eli 'v Ill i wi ollS1Idc ralY 

d. Required Contreection Materiails 

It, is H1:11' c. e e e fIltiowe I' I~ iele \'.illt lt e' ti'~ of, l i ok'e l noiedCx(vc'eI 2 
so'l'oi'i. il ';lii 20 iegrlllal ;it'(,lllwtmer p'r 'IH '!onc, '('elK of 20l to I,'ll e' rei-Scd'( 

to ll(LISCe1*ci' the ';se's: d thu( topi oI 1he (a:11i1. Ill the( aple '1, Ili'ler ck Irafgluients of 



-i 

AXE DU BARRAGE 
----I CENTERLINE OF DAM 

- - :,. 

--

- .. COURBES DE NIVEAU AVANT 
CONTOURS BEFORE 1966 
COURBES DE NIVEAU 1970 

.CONTOURS NOV. 1970 

1.. -DEVERSOIR
I.SPILL WAY 

1966, 

PORTO 
NOVO 7 

- 0 

S. 
2 / 

S--~- 2 

-

C) C->/-
C'4 C 

-.-- " / ... 

Io. 

-/--o 

ECHELLE: 

SCALE: 1 
10o 

-< 

200EELE 

~ 
-

4 ,­
o 

1 4-/ 

-
METRES 

METERS 

200.. 

< 

-

z 

o 

00 

,, ,', 

" 

,,--

~~~~3"1---------lO-------- '- a-2 -. 

.L -

'60 t- -- - - -- - ­ .u\ 
"~c 

------ .­
-------.. 

<r.,,, 

E/ 
00 , 

C_____--- - -------
4-' 7 

------- -------- ------­ 2 X 

;o 2 

-; ' 

\,\',.! ,:L 5 

"/ / /VILLAGE 
#POPO 

PLAN DU BARRAGE 
PLAN OF PROPOSED DAM 



3.0.. 

(60-200KG) ENROCHEMENTS 
ROCK FILL 

| .|0 
0.00-- - -. 2o TAPIS DE PROTECTIONSPILLWAY APRON -­

t -. 20.0. 

VARIABLE .. - :" ' " i " -
_ , . - • ~ ~SABLE "' ", 

J ,; " .. .... . SAND - "" "-. 

COUPE DE BARRAGE 
L FOND DE LAGUNE CROSS SECTION OF DAM 

BOTTOm OF LAGOON 

COTONOU 2.-b AKPAKPA 
-" - 2.50 DEVE RSOIR +2.50 

0.00 ____ --
(HYDROGRAPHIOUE) 

FOND ACTUHYDROGRAPHIC ZERO DATUM 
EXISTING BOTTO "­

• . . . . . /'f TAPIS DE PR OT ECTION__" 

APRON 

PROFIL LONGITUDINAL DU BARRAGE 
LONGITUDINAL SECTION OF THE DAM 

FIG. 9-2 

9-3 



SANDERS & IHOAS INC. 

the same size have also been selected. It is suggested that a sand fill be used for the 

dam core. 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 eleva­

tion -0. 2 meters in order to prevent loss of core by flushing through rock embankment 

during low tide. The clam will therefore remain pervious above elevation -0.2 meters. 

a certain amount of leakage through the dam but this is con-At low tide there will be 
sidered beneficial with respect to the elimination of stagnant conditions in the Lagoon. 

the clam will probably be limit-Additionally, any silt that may tend to accumulate near 

ed to an elevation below that of the lowest tide (elevation zero) due 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 clam to be impervious with respect to salinity betveen elevations 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 will last at least 40 years without requiring any work. At worst, there may be 

as the clam settles through the first four orsome rearrangement of rock fragments 
six years after its construction. This problem is discussed in subsection B. After 

minorthe dam has settled, no further problems are expected and at the most, some 

repairs and additions of rock may be required after the clam has been subject to floods 

for a long number of years. 

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-
This quarry has been recentlyZoume approximately 155 kilometers north of Cotonou. 

reactivated since the quarry of Dan, which was used for the construction of the Port 

of Cotonou, became exhausted. A railroad track is available near Dassa-Zoume. A 

railroad spur leading to the quarry also exists and can be easily 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. Here it can 

be graded to coarser size and placed in bags. A barge can easily transport it to the 

construction sitL' ior placement in the dam. 

2. Probable Construction Methods 

One possible method of construction would be to clump the materials from the la­

goon banks and gradually proceed to close the gap in the lagoon. This method, how­

ever, could create problems. As the gap Ietween the two embankments begins to 
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narrow, high velocities through the p)artially completed dlam would require heavy rock 
material and would ialke the iplacenent extremely difficult. 

For this reason, a (ifTe rent constrution method is recommilended. The iethod 
would consist of const.rueting tl (lai in al)proxiinately CC.5 meter lifts iplaced evenly 

ae ross tht, full length of the dam. This woul(1 insure that the velocities of flow over" 
the partially (0p11 1)leted (lai remain r-elativeiv lo\V. Inorder to implement this )1'oce­
(I11i' at last two gooO(-sized I)arges w ill neeUd to be e mployed, one transporting rock 
and the other transo)rtino" [hie san(1i bags for the coLe. With two Ihat'ges an efficient 
cycle of operation; mould be obtained so that one barge is placing the materials in the 
dam while thv' other isbeing loaded. 

3. Dredging of the Dam Foundation and Protection of Banks 

A Cer'tain amount of (Iredging v 'equired to the loose bottom ma-Xill be remove 
terials an( to -xov'atU a trench in which the Iottoni oftlhe d(am can be anchored. 

In oi(' t'Cprotect against a )<ossible danlage.' of the lagoon banks in the i mmedi­
ate vicinity ()1' it is i'Ol)osodI that the ,nt Ie, constructeol and pro­the (Inni, e mlianlk 
tectei vith rovk H'i -r I) for approxi matelyv50 ino''rs on the ocean side, anl 1 80 
mete 's th(, upsi trCi ( sid 'sof the00 Side I oth lagoon (See FigurC 9-1). 

T e, iroek jety should Ie, renoved in or'der to avoid constricting the flowLxisting 
in the innl(,ldi,1tt vicinity of the dama. 

4. Expected Maximum Settlement of Dam 

I)ue to eo01pre ss=ibl sulbst 'ata, approximately 20 melers belov the lagoon bot­
tom a I)ro)able inaxini 01 st'ttl' int of 50 centimeters is anticipated. This will re­
qu ire tilt following li(edure for th(c phasing of' the construction of the dan: 

Initially, the (:0m should be .o'onstuct(ed to elevation of -1 .10 mete rs. As the 

(lain constti(njltoelio'.'t'1, se!ttlemelnt will take l)lace, and, with the top of theruc 
dam btrouLght to !I . 1C n eti's in height, the total settmicnt froin the beginning of 

constlruction nx: ilu'adv anount ti 5 e'ninet'rs. This stage ofI (onstructi('ion Should 
' 
.. ir flood 

Ss oili (I pta'.:imte'lv ( ttoler 1975,. 'l' (da 1 will continue to stlet until h' (,oinl­

pletiiii of th ,isting bridg, i'eI ir.• in January of 197M. By this Lie, itwill have 

s(tI'd allIJpriate lv :n additiinal I" eeitilmete(ls, Iringing the to) of thI' dalm below 

the r [uiq ild- h'valtl o f I . IH iua'tis. At this tilira, Lie tol) of lhe (dam1 ( bne ib ­

stod to k,;iow , I. 

Ie (Oildttcd in 11)! i:tt'lv six onthS, and just Ibforc the Iegiiining ( IthiL, 

e 1I5nlle,'" inorder to provide a slight excss to ofiset future 

additional set th-iur nt . 'lh( final aol juStlutolnts inth lop ol'the(Iain should Ibe (do11 

a:i)'roxi nately in 1982, hut tho( ie,;isllrllients of thc elevatiols illthe fo) of the dain 

should In,taken yen'ir, Co (hiart the progress of the' settlement. 

9-5 
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It must be noted that a much more precise program amd construction procedure 

can be developed in final designi after detailed core borings are 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 sufficieit rock be acquired at l)assa-Zoume as part of this project. The excess 
rock should Ibe stockpiled, )ossibly in an a rca within the yard o1" Travaux Publics on 
the castern1 side of C(iotonou. It is pI)oosed that laitr adjustment work for the Qtm be 
financed by the )DahomeanGoveCImCnt. The cost shouldI not be IIreCat, since the rock 
will )e already available in ('otonou almI coul casily he tLrucked to the dam and placed. 
In fact, duLingi dry seasons, the heavy trucks will be al)l, to (rive across the dam and 
clump the rock '8W cost of this wo'k shoUl(1 not exCe(I l millions Fr. CFA in 1982. 

5. Construction Quantities and Costs 

The construction quantities and costs have been estimated to include the neces­

sary work as exl)lained in the foregoing subsectioins. The detailed brea]doown for 
Americai and Fore ign eProcurement 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 conSC(uClCe of the general erosion in the Cotonou Lagoon, the lagoon banks 
have suffe red extensive damage. In 1966, 13CEOM has made a detailed study, financed 
by FAC, for the improvCment of the lagoon )anks. 

The rcoin nwndll \work, consisted of two phases. In the first phase, (IProject A) 
it was (lecided to reI)lir an(d place teml(orary protecion on both the east and vest 
banks. In the second phase (I'rojeet 13) a i)rmanCt tylc)of Cnil anlkinnt With Irock 
protection was pro)osed. The project included the construction of t0 West lHank 
Boulevard as recoinmended in the Cotonou Master lla. Figure 10-1 shows the thy)i­

cal section for each project. 

lP rojeet A was estimatedl to require seven months of construction ti ce. It re­
(juired 23,00) tons of rock, 4,000 cubic eters of sandstone and 25,000 cubic mcters 
of embankment niatcrials. The total cost, in 1{9)6, was estimatedat 75 inillions Fr. 
C FA. 

Project Ii was expected to reqCuire 10 months to complete and involved approxi­
mately twice the amount of the materials as project A. The total cost in ]()(;(; of 
Project 13 was estimated at. 125 millions of' Fr. CTA. 

To (late, none of this construction has I)een undertaken , i)ro!abl' duC to the fact 

that other Inlmning for a dain and] a I)ridge in the Cotonou Lagoon may requitVr exten­
,siVe rv is ions to the propos(d improvements for the lagoon banks. 

2. Estimated Cost of Required Rock Embankment 

"'he following weri' the rock quantities and costs, estimated for Projects A and 
13 by 1,CE()M in I!9(;(;: 

Project A 23,000 Tons 3G. 7 Millions Fr. CFA 
Project 13 43,000 Tons 64.5 Millions FLr. CFVA 

Total 100. 2 Millions Fr. CFA 

These costs, if escalated at 57' )e r year to 1 975, vould increase! to Il1;.(0 Mill ions 
FL. CFA. 

Protection des 13erges (IC ]a l agune de Cotonou, Project No. 188, November 1!1(;. 
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It is safe to say that at least 50' of this cost or 73.0 Millions Fr. (F'A. (could
 
be a saving attributed to the construction of the dam. Iowever, this saving has not
 
been inlcluId in the enefit/Cost analysis for the dam.
 

B. PROTECTION OF BRIDGE FOUNDATION 

1. Foundation Rock Mat 

A da at the lafgoon mouth is an effective but costly erosion prevention struCtu re. 
A sulstanti:lly less exlpnsivC construction which would I)e equally effect ivc against the 
erosion damage un(hr the new bridge is a rock mat. It consists of rock fraigments of 
sufficient size and weight to be able to resist the erosive forces, placed at the lagoon 
bottom under the bridge. 

A rock iat has alreCady been planned ly I3CI(I)M to be placed )etween the i11ings 
Under the existing bridge by 1972. The project has been linanced hy .'\ C (nd is ex­
pcctud to cost .15 illion Fr. CFA. It is a tedious uhndeetvaking due to the necessity of 
confining the deliv'ry of rock by train during off traffic hours (mostly dtlrinng the night). 
Alter the transfer of the rock from the train to a balge, it will be necessar. to If',ace 
the rock partly h' Inmping an(d ia rtly )y hand betwC(n the iIiig. (Ste, Vi ,r I l)-2). 

In th( ease of the ni(,w Iridge, it will Ib I1l(cch easie r to pl ace tle, rock ma)"it. 'h(' 
rock could I), (hil peId v)etet'li tIhe piles as soon as they hvve been dr eiveland ielre the 
pile cap and bridgel i'(l am CO0 utiion1stis start(l'(. 

lhe rotk Mat sho0uld gene rally consist of rock fragnients of Go kg or less in size, 
fori'minrg a hlainket of rock extending in width at least a few meters I)Uyond the piling 
and ha\'ig a total thi ckness of 0. 75 meter.'s. 

2. Expected Life 

Since the: bridge piling in essence represents a constriction in the nornal ('hainI 
flow, te is a ,r'at deal of tLrbulenc an1d high flow velocities a1round the iilirigs. 
Over a loll Iw' 0(I )f tile, sonle of the rock may begin to be Seou l it. Thus, it is 
to be (,lexp(cted that a rock mat protection may need a total replacenleni atter iapp roxi­
nIately 21 yeam's. 

3. Estimated Cost 

The estimated quantities of r'ock and the construction cost for the rock mat are 
shown in detail in Appendix A, pages A-]l and A-I S. 

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 detaill(I tot)pugral)hic and hVdl-ogra)hic surveys will be required for the 
final design of th Iige atI tihe (lain.tidt, Included in the SuLrveys will be the establishing 
of control oI ('( tlI'C-tion ant MarkS. Inl order to hel ) deter­I)its l'ot' (ievatiOn 1)en(h 
nline the l)oteII i-al ('0Instrut'tion lr'ol)lCins, tip('tted Flow velocit measurements shoul(1 
)e m'de d thc season and the (Ii' season of 1973. It is estimated thathi'inglbothflood 

the rCqlulil''d field work would take. fou months. 

i of' cot(.I b rilgs ant )('netration tests shol(I( loped 

to olbtain suLffi eCi il'uIdation data forl' final design. the rugirmin for sub-
A\ og a i'll standard IW (!e 

uIt Included in 
soil t.xloi'ation should It (inle bol'ing', l)enetrating 15 meters into the clay stratum, 
at ec'h al)iinent an1I i(L' r the riidgt'C and at least siX )o0rings for the am. In a(I­

ditio), t hlt, bridge bo rings and th ree dam borings should have sufficient length to 
reach the bottom 0' theW .lay stratum, if it is within reasonable (lepth. 

A lalto ratorY pigrw1ai should include a sufficient nu m1ber 01 tests on tuldi sturbed 
sampls to dete rmine the consolidation characte ristics of the clay stratum. 

It wOuld 1WI xtI',t'InlyIuse'ful to perform at least one load test on a pile driven 
into the sand St':tti i at th' locattion of' the proposed Saint Mlichel bridge. In lieu of 
this, at the, vt ,v minlii)imum , static punetrometer tests should be male. The total cost 

of the core borin g anti testing i'gralnl for final designl is estiniatedi at 24 million Fr. 

CFA. lihis (ost is inl('lutied in the t ridlge cost estimates une(lr the contingencies item. 
The core 11 tsting woNrk CUld h1e intoritll, ' 'oniplcte(l iplroximutely eight months. 

2. Hydraulic Model Studies 

lydraulie inodt'I stutlies would I)e very dlesirable in order to obtain more precise 
data on sal inity rcduction al(l backwater levels during flood with the proposed clam. 
Useful inlforalatioin toultd also he obtained on velocities of flow (luring various stages of 
construction Of the itl n. t'he overall cost of a hydraulic mo(lel, although substantial, 
would not i.n uii rtson:hle in relation to the overall magnitude of investment. The de­
sign data ha1mIt Iu!t(.e dIriv('d from a hydrau lic model study would more than justify 
theC eXlWIdit[rc thl'O lgh possible, savings in the cost of the dam through more 

11-1 
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economlical design. The total cost or a hydraulic model is estimated not to exceed I6 
million Fr. CFA. The necessary studies could be made and completed concutrrently 

with the CoVe I)oring and testing work. 

3. Final Design and Contract Letting 

The final dies ign an(d pel)aration of contract bid documents should be started 
after the C01pletion1 of the field survey*vs. It is estimated that this phase would require 

12 months. ''he advertisemient [or bids, preqUalification of' prospective )idders, ire­

ci)t of hi(Is 1nd the (oostcruction cotVact award will trequirC a ni ilnlLn o SiX months. 

The total time froni the beginning-of final design to the hegi miing of' Con struetion 

is estimated to require 2-1 months. A scheduling network for this portioln of the project 

is inl udeCd in I'i g re 1-1. 

B. ESTIMATED REQUIRED TIME FOR CONSTRUCTION 

1. Procurement of Materials and Construction Equipment 

In orlek I to 1maintain alaefficient and reasonably fast progress, it will be neces­

sary to initially ex)udite the following: 

a. l.::tabhlish a construction yard anod an area for stockpiling work materials 

near the site of the dam. 

b. Bring the necessary construction and materials handling equilment to 
Cotonou. 

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

d. Initiate fabrication of precast elements and make arrngements for ship­
ment to Cotonou, or 

e. Acquire materials and equtipment for establishing a prestr.essed concrete 

casting yard and arrange for their shipment to Cotonou. 

f. Procut'e tAVo consLtuction barges either locally in Cotonou, or arringe 
for their shipment f'rom abroad to l)athomey. 

With tile :a)ove listed priority items colmpleted, tile work can begin simultan­
eously on the grading and paving of bridge approach roads, quarry work aid trans­

pom'tation of rock to ('otonou, and )r('parattion of' sandbags for placement in the clam. 

1-1-2 
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2. Effect of Flood Season on Construction Progress 

The dam must be -instructed in time before the flood season of 1975 in order 
to facilitate the waterborne construction operation during the flood season. As men­
tioned earlier in this report, the construction of the dam will greatly reduce the flow 
velocities in the lagoon, e'en during the flood. 

During the six months necessary to complete the first phase of the construction 
of the dam, the brid re beams and the piles can either be brought to Cotonou from 
abroad or precast ir Cotonou. Therefore, as 3oon as the dam, Phase 1, has been 
completed, the pile Iriving operations can begin. 

Without the construction 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 
Saint Michel Bridge to STA 8000 

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. 
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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, 
which will be placed in swamping grounds, to stabilize itself prior to the paving operation. it 
will be desirable that, during the six months interval, the fill on the eastern approachbe con­
structed higher than the required finished elevation in order to help faster consolidation of its 
foundation and then that it be adjusted to final grade just prior to the 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' Dahomev in 1970 is estimated at nearly 2.7 million based 
upon projections from the last governmental counts in 1961 at an average growth rate 
of 2. 81,' per eair, as shown in Table XI-1. The thice coastal prel'Ctu es ar1'e te 
most densely )opulated and are growing more rapidlv than the national averia,-e. The 
two prefectu res nearest Cotonou, Oueme and Atlantique, with the city of Cotonou at 
their coastal f)ounda'y, contain about -10'. , of the national ipopulation and a muitch greater 
proportion of tie urbhan pOpulation. 

TABLE XII-1 

DAHOMEY POPULATION DATA 
(Thousands of Persons) 

Ouem e Atlanticjue 
Dahom ey Prefecture Prefecture 

Years Total Urban Total Urban Total Urban 

1961 2106 200 464 64 309 95 

19641 2291 340 516 93 366 146 

1970 (est) 2682 417 603 114 446 184 

Source: Ministry of tile Interior headeounts in 1961 and 196.1 as adjusted b~y tile Institut 
National de ]a Statistique et des Etudes Economicues (INSEE') study are shown, )rojected 
to 1970 at 2. s%( per year for tile total )opulation. The urhan po)ulation is from the 
INSEE stuly for 1961 and, thereafter includes towns of more than 10, 0()0 people. 

Dahomey is still la rgely an agricultural societv, as only smoightly inre than 15'; 
of the estimated population live in towns of over 10, 000 people. 'The t\V() irefectures 
nearest Cotonou contain over, 70,1 of the urban polpulation, with the two largest cities, 
Cotonou and Potrto-Novo, having about 50',' of the urban total. I Of these two cities, 

Annuaire Statistifue, Ministere (u Plan et de la Prospective, 1967 
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Cotonou is consid tarly] larger wit' an estimated 1501 0)1) bople living in tit, city :n(I 
its sublrbs ill 1970. AltIough the atvailable information on the larger cities in l)ahomley 
is not sufficiently precise to calculate accurate a'rowth rates, these two cities appear 
to he growing much more ra)id]y than the national average. 

Although starting From : si:ill base, l):,lioley, like many oilier African coim­

tries, is Ieeoni ng m :lliZe(I. i is eXjWc te(i to ('011 unliC, \\ith the rate ofnoe ui 'i'l is ll(I 
tirhan lOwl1 dellendcnt Up()n the ei, ovl().etit o()ph) rtiinities aVailable in cW(h (ity Or town1. 

The relatively high rates (4 ij)ulatiol growth ani inigration will protlyad\x colitinue iii tile 

near future, as the go'e ini nen t has illale no concent rated effort to discoulae ar'ge fa'lll­

ilies or migr:itiou to thir an areas. 

2. Agriculture 

Agriculture is tie (most inlportant economic activity, accomilltin- Igoir :ioiti -It)' 

of tile gt'oss donestie product in recent years. Cro) pr()ltion andlanilaI hsI1111dry 
occu)y a great Iiioritv of the peolle's time with most farm families (ht.Iei lit )(MSulb­d jl 

sistallce prodtcrtiol frm1 such c'ops ' asiaize, ,assl\aa, s(oi'glmin, ilill,, aiml \alls. 

Suhsisten(clW Pg1i('-litLre is characterizi, Iy tile sale or baiter ()f mii siai1 ,.cess Iamilv 
needs in the vilhages ani towns. 

A gri(Ul]tural Irducts (olistilutu nar, all tile exlp)rts from l)himo\ and palm 

produ(cts. c(tom, grri nuts, sheal nuts ani coffee are tile imlr)tant exlOI ('0()m. The 

bulk of thes exts)M-l. are imarketed in the cotintries of tile i':uiropmea 1 e(onomic' (oimitiilyti , 

and most are, S1l)Si(liZ('l ill price.- ()nec( processd l(cally, export crops aire shill)e 

through tihe ur1 of ('O)tonoti. The latest offie ial data (il the volume and Value of the major 
export ecrops is shown in Talde NII-2. 

Allinaa] I r111LIntion has rend tiaed relatively coistant in recent. years. There are 
aplproximately Lwo million (loll)e: tic aninlals ill ])ahoniey, andI er capli ta (msul)ltilon Wf 
animal p rote in is low. I[owever, the annual slaughter rate is relatively low. 

Al\ti i goil ntcarlv 1*i0'; ol tile( oltr.\ is in clas siie(I anI i rotecte(I lniests , tihe 
an Ilual harvest is insu'ifient for local needs, and 0u11m er is impiorted from neighiloring, 

CoIntries. 

2 Aspects Eonomiques 1.968, Ministere do L'Econonlie et des Finances. 
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TABLE XII-2 

DAHtOMEY MAJOR EXPORT CROPS 
(Volume in Thousands of Tons/Value illMillions of Fr. CFA) 

19(G5 1966 1967 
Volume Value Volune Value Volune Value 

Pah products 62.7 2455.7 39. 1 1319.5 51. 1 1528.0 

Cotton 1.3 431. 1 2.3 271.9 2.0 :331.7 

Shelled ground nuts 2.3 95.8 3.3 113.3 5.5 22:3. 1 

Shea nuts 5.0 100.5 2.8 44.5 6.4 170.7 

Coffee 0.9 108.9 1.2 107.5 1. 1 139.4 

SoIrce: Annuaire Statistique 1967, Direction de la Statistique: Bulletin Statistijue-
Supplement Commerce Extericur, No. 15, August 1968. 

Production inc rcasCs for most export crops are being supported by the govern­
ment, other local agencies, external assistance, and by price subsidies: so prospects for 

future inc reases in volume arcIbright. As noted in Taz)le X1I-2, palm products are the 
most important export crop and additional plantings are heingllmade according to sched­
1ile. Ioweve r, cotton pVOdtiction has expanded most rapidly in recent years, iising from 
about G,500 tons (o'seed cotton in 196(; to 2:), 000 tons in 19(;9, as a result of increased 
acreage and the introduction of im)roved varieties. Ground nut, shea nut, and coffee pro­
duction have also risen, and other new export crops are I)eing introtuced. 

Although the price of most agricultural exports will probably decline somewhat, 
ongoing programs for the explansion of production should increase the volume sufficientv 
to raise the value of agricultural exports by 5 1, to 7/'X annuallY for several y-ears in the 
future. 

3. Fishing 

Up to 80, 000 [)eople living along the lakes, rivers, and ocean depend upon fishin. 
for a livelihood and the catch is a primarY source of animal protein for human consump­
tion. 

Lake fishing has been the most important, supporting some o(, )0(0 people. I)ur­
ing tile last twelve .ars, however, yields have fallen sharply from an annuiail catch of 

about 1G, 000 metric tons in 1959 to al)out .1,50) metric tons in 1971. This is (due,to the 

problems in Lake Nokoue caused by the permanent opening of the estuary at Cotonou to 

A,'
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the ocean. These problems will be covered in detail in Subsection C. 

Maritime fishing has blen of lesser importance, with peak annual production 

of less than 5, ()o tons: but improved facilities are being constructed at Cotonou to 

store and market greater quantities. The introduction or i'Iger, refrigerated ships for 

offshore fishing should extend the range and depth of the catch areas. 

4. Minerals 

M\ineCal resources are not currently exploited to any significant extent, al­

though several known deposits are under investigation. 

'Fihe g(overnment is interested in developing a large limestone (lel)osit at Onigblo, 
located I i kilometers no rth or the railway terminus tIt Pobc. This limestone deposit 
would Slpil.v the newly-corll eted elin ker plant at Cotonou, and aimuch Larger intcg rated 

cement plant which is propose(I to have sufficient capacity to supldy local nceds and ex­

ports to nieighjil'in g countries. Ear]ier studies have determinedtIhat Over I; milli(on tons 

of limestone, suill()]c Ifmr c'llClot -to(ILic tiol, aie availal] ni (anil(,h1 :int stulies oil te 

costs of exti'ac ti(n allt 0 ('05 tFuction of a. c m ent plant are ((li itiiln. Ilowete I', other" 

recently disco(inverr( Iel)osits neari" AIlad;a, I)ahomey, and at I, one, 'logo mni\provc 

cheaper to ex l]lit. '1'o() and lahom ey have agre(I to share X\6atever site proves the 

most feasilide. If dtevelopled, the cerent and clinWke from ()nigli o would iprolatly :w 

transported through C()tonou lo r d istriIlit ion locally and Fo r export. 

A large (lC)osit of quality inlrhle is known to exist about G(I kilomete's north of 

Koko ro, hut the o(vermmlent has !wen unsuc.essful in finding loreign Firms to underltake 

developlment of the deposits. Large deposits of itron ore OCC'. near lalinville, but the 

low ore content, (alout ,ll-t57) and the distance from a seaport renders developm ent, un­

econoin ical at the inncprosent time. Few other known le'al re(SOUces exist and the only 

current exploitation is a small am ount of gold mined near Perma. 

5. Petroleum 

Exploration in waters offshore From Porto-Novo, done over the past several 

years I, the Jonion ()i1 Coin lan', has develop ed some ipromising wells: however, further 

drilling will lie requiredi to (leterinhne the extent of tle field. l\though the in alnittiole of 

the discovery is not d(finitely known, results to(date are promising. If the reserves prove 

to Ihe significatnt, C itonou wv ill certail ieoine a s.tolrage and trans-shipin ent center for 

Crude oil and could I)ocome the site for a refinery. 

6. Industry 

ManufaCtu ring and processing inlroably contribute only about W(i to 8', Of the cur­

rent gross domestic prodtict, although the amount of local industry is increasing, and 
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much of the existing industry involves the processing of agricultural products. 

Five plants for processing palm products are operating ifl the major prodLICing 

areas and thr,_ inore are plan ned over the next few years. Six cotton granneries are in 
operation in the pIri(lueino areas and more are planned, with TBiRD and FAC financing, 
to handle the ralpi( exp ansihm Of output. In addition, a textile factory v as being started 
in CotOM inil 1970 to he) SUpply the (hOnestic deimand for piece goods from the local 
crop. A kenaf pr(w'essing mill was (ompleted in lI)9;i) at Bohicon, )ut has had difficulty 
in securing enw)wh raw iaterial Iron) nearh)V farns. Othe r agriCultural processing 
plants are ullrer uns ideratiOii, ill(']tL(lin" a g'ouln(nut crushing plant. 

Exept l r the agrictultUral industries noted in the preceding paragraph, nearly 
all manufacturing a(tivity is concentrated in Cotonou. These indus tries will be des­
crihed in iwore (etail in sulhsectiun B. . 

7. Electric Power 

A r(dul('tio in costs of electric power at Cotonou and other cities should follow 
completion Of a trani m ission line from Ghana to Togo and Dlahom ey. Power in Cotonou 
and Porto Nov() is presently generated at Cotonou by diesel engine and the cost is high 
(1.4 to 20 F,'r. c(IA jwiklowatt hour). The new line should increase the demand, which 
has been growing at I , annuall\, bY reducing costs. It will also have sufficient capa­
city for anticiipate(d (emand until 1980. 

8. Gross Domestic Product 

Modest groxvth has apparentlv occurred in the gross domestic product over the 
past few years, although the increase in real terms in probably not significantly greater 
than the esti mnated 2. 8)7 annual population growth. The latest official data1 shows an 
ave rage GI) 1)growth over the years 195.9-19(;G of a bout . . 8'' pe r yea r in current market 

prices. M(,re recent inf)rmation is not available, hut tile rates of increase do not appear 
to have risen in suhsequoent %ears an(d may have slipped slightly from the earlier levels. 
Althou-,h a conprehensive index OF price changes is not maintained, wholesale prices 
are relported to haye risen about 2',7 ix'r Year from 19(;4 to 1966 5, and similar rates of 
increase are assumned to have occurred in later Years. Thus, real per capita GDP has 

- Comptes Nationaux t96.1-1965-1966, Ministere de L'Economie et du Plan, June 1970, 
page IN. 

' Comptes Nationaux 1964-1965-1966, ibid, page 96. 

s As reported by fficials of the Direction do ]a 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 L9, 670 Fr. CFA or approximately U.S. $70." 

9. Employment 

The latest official data indicates that salaried emnployment has also been rising 

at modest levels, averaging 3. 9,1 annually between 1959 and 1966. 7 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 

15'7, of total public revenues. Most of the operating deficits have been covered 1)y assist­

ance from the French Government. As a result, the balance of payments shows that 

large negative balances 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 CFA franc was devalued by over 11% 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 COTONOU 

1. Government Operations 

Although Porto-Novo was the seat of government and still is officially recog­

nized as the national capital, most governmental offices are located in Cotonou. These 

6 & 7 Comptes Nationaux 1.96,t-1965-1966, page 96. 
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include the President's residence, the legislative assembly and most of the ministerial 
and other achinistrative 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 least for some years. The pul)lic sector budget has been 
expanding at an average rate of about 6"(, per year over the past few years, with about 
hvo-thirds of the budget currently devoted to salaries and other civil service costs. 
Employment has also increased about 55,' 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 higier rate. Largely due to the size and increase in the civil service, 
expenditure has remained well above revenue, resulting in sul)stantial operating deficits 
each year. Thus, futuIre governmental operations will probably not expand more rapidly 
than in the past few 'years, if as fast. Nonetheless, the central government will uin­
doubtedly remain, by far, the most important source of employment in Cotonou. The 
ntumber of public sector employees in the city is estimated at about 15, (100 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, east of the present harbor. 

The new harbor has an enclosed surface area of ,t0 hectares and is capable of 
taling ships with 10-meter draft. Four parallel berths totaling G55 meters in length have 
been installed and additional berthing space can be developed as needed. The present 
port facilities have a rated capacity of approximately 700, 000 tons per year. 

Cargo traffic has been growing rapidly, averaging about 121", per year from 1965 
to 1969, as shown in Table XII-3. However, a substantial part of the cargo traffic has 
been transhipped to or fron Niger and northwestern Nigeria, estimated at 1:35, 000 tons 
of imports and exports in 1969. 

Palm products and groundnuts rcpresented about the same voltlle of export 
cargo in 19698 and together accounted for nearly 56'7, of the total, vithi other agriculal 
exports making up the hulk of the balance. Cement and food stuffs each represented over 
:30%/0 of imports by volume in 1969. Other important imports include construction materials, 
textiles, insecticides and vehicles. Passenger traffic through the port has been declining 
and is not an important factor. 

u Transhipments for Niger and Nigeria are included in the data on imports and exports, 
and groundnuts are a major transhipment item. 
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TABLE XII-3 

PORT OF COTONOU CARGO TRAFFIC: 1965-1969* 
(Thousands of Metric Tons) 

1965 196 1967 1968 1969 

Exports 104 1.04 157 162 171 

Merchandise Imports 174 178 189 188 260 

Petroleum Imports 73 87 101 96 1.15 

Total Traffic :351 3 69 447 446 546 

* Includes i' cis transhipped to other countrics, particularly Niger.
 

Source: Port Aultononmo (e Cotonou.
 

Aftcr the cuntral -,-ovcrnnlllit, the !)OLt is one of the most important em ployers 
in tile citv, hi rim, ,tout 1, 50(0 _l'sons, (ven though e'mpi oVmCnt was 'C(luced 1'l lowing 
the sepairation Of rtlil%,ax and )o0rt a(lminis trations Futu re operations vill follow ilhe 
tri'ends of ex)()'rt a11(1 iinport car o traffic. As noted previously, I)ahollOnall c.xports arc 

Syipcctd Lo inorteZase in volumL C hlott 71 annually' for the lie>:t few eal's t ald im po rts 
Sliould '01]M h of the Orowth of' "TOSS doinestic product; th1e n efollW I TIhus, vOil of 
caLgo trat''i( for I)aholn cv is expected to incrtease l)ctween 4 anll( - "' pei ,ear for the next 
several vcais. Shi fts in the trasii rt, routillg of castern Niger and NigeI'ian trafl'ic, how-­
ever, fol]( vin thC rUturn of Niheria to normal conditions, could cause a temporarv de­
dline in tllu port traffic. 

3. Industrial Growth 

Cotonou has a small but growing industrial establishment and a commercial sec­
tor which supplies Cotonou and, oil a wholesale basis, the smaller cities and towns of 
Dahom ey. 

Existing industries will he desc.ribed in summary form and furthcr industrial 
prospects in sonmewhat more detail since light industry is likely to become a mnore im­
portant sotc(! of (iii)ploynMnt in the futu re. 

' Theip)rt nowk operates s ain indel)cndcnt agency. 

1l Assune ill '_.2'' overall annual decrease in agricultural export prices, a 5, rate of in-­

crease in val-l of agi'cultlura exports wouldorepresent all increase in volune of 7.', pir 

y ea2r. 
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Most of the existing' ildu{sti' is located on the caste rn side Of the estunary 

between the ocean ard loute I I, but seve'al Older tirmh s were established on the western 
side, along the uoast Ihetween the estuar ' and the new port, hetf'Or, new zoning regulations 
were enacted. The m jor se t'ice es tabs]is~lhenLt and con mc'cial] houses :aie concentr:atel 
al'ound Gouve rneu C O Ml Avenue on the west, hank, \'i th othei's scatte red th 'oughout t the 
Ci I'. 

The gove t'nmnen t's Oatst rv oif'vetoinldusbt'V II lists W.il}(ut. 50 tinder eon ­ol IiS'm 
struction or Ol)C atting in ilhorney. Tot.al emplovnent iw these l'iri's exceeds :8, 500 
I)CPSOiS, with some It) fii'ms and over 2,100 employces located in Cotonou. ()nlv the 
agricultli'al prlcus.5-ng pilants l (lescri'ile(I antd snal] InI ke i' and sopill plantol'L\'vi0u815 a 
are locatedl in othetr li'ts of the country. Thie more{ iinprtant i:110 ii tUhilti'inig aind Ii'Oces ­
sing indus tries in ('otOtu incuIde: hake ries, a Im'ewc 1W, mo(I aol I in etal urli tu1c 

lillarilraCtuVe, til0tilrig, cootllillt {anI p:al Oil proc'essin g, soap! iarp, enleo try a.d 
consti}ucti. liletal worlill,", r:dio aSSmlal,, aIuto :sse1hl', l sseibly, 
bicycle asseihlI V, electr'iicit"y generatlion, a it' reL c iol, tnning, shoe lalnfalCtLul'{C, Ce­
menit clinler. crushi, . and tire i'ecap)ing. 

Mnily of the existing inusti'ies have Ibeeri es tabbi sed since inidependence in 19;0, 
and nearlv all are fiairinced Ihy pri'ate capital. as the pull ic sector has little capital to 
help fiiaice p'ivate ivi\'estmeit pr(ojects. The Mlhoincan Iivestment ColI, howevyei', en­
cotirages niew lbc] iitbustLrv with tax inceiti vcs :n(d eclgit').lc, or prelei'eletia] ltlv i'i tes 
o comlwetirg ileal(il'ts. The latest list of inhtistrial l1'Ol},.Sals ilClulc, 2: l \\ p'oiec'ts 
which a i' ceriseI uie(Ii' the [lovestill1nt CoeIc, with a planneI ilives ti ont o1 lfVe i' 2. 5 
billion Fr. CIVA. All Ihllt Oie ac'e to Ihe located in C.otorloti :and l(t:ioel enil oVm ot, is l'orecast 
at neam'lv 1, 9)0 lwrmsl, lrivate capital has Iieii assui'l,{ for eath I these Il'olects, nlvos 
of which involve the use of local ra'w nat rials 01' i'epi'{sent iWlI)o it suliItittiion. Ile i'­

posed piolcts iiclulde: oflfshl'e traVlers :ind fish-freezinlg faCilities, SpcializCd i'int­
ing, fruit and VIege'tat lIe shi'iinp paint inmanuifacurti'e , s ponge iikiinproltessing, freez'. ing, aiil I ]a 
inaniufactoei'e, Itlasties Mni ufiactuire, lla:itch Minanufactoei'e,, inilling, and ClIotliirg inaniIlifaclii i',. 
Not all of' these projects will lhe implen}] lte(I, ht seveai'al shoul l e initiatedl in the oext 
few yet'rs. ( ithe •i'new pi'ojcts are also Uindei coosider'ation I Ihe li'iv:ite Seectoi'. All (If 

tile lprojiects prlllos{(! I'o" ('otonou would heIlocatePd in the iulsltri'al zone e:st ofI the exi;t­

ing bridge, In :t(llit ion, (1105 t'ctionI of a l:airge textil( faI(torv was sta rtl in 197) at 
Cotonou. Th' textile I'('t will cilloy :tlll itl6L501 w('rkers ald involves :ill iivest'llinl of 
nea'lvl .SIhilion F.'. 'FA, with thealit:il to he sulplied iV the gover'lltill :l(I thOe pi'ivile 
seoi'. O}ther lilslies tol' inlust'ial prol'jec'ts are planned hIllt woulld he loc-ate-d ini Other 
parts Of the CStlriti'\. 

u i'thei' indhist Nn]x hlllisiot]5o laces S.ve i':i l I ll'I( s. ll{il inna i'k Ls i 't, 
linitell and iglori 'iig (otlitrm'ies have not gin':iiitel !i'e'i'e rntiai t:ifiif r:ate, hs' I):illieall 

mauiltlui redli'(,fl Eu il'conoilCil v e reqiliie lid(linlglod(ls. opai'oo {("linill i'(tlatillls a1so II) 
slplly oigi'i(Illtlll0 l iill l} i'ts :n(d i'('ti'ic(t tai'ifT s f I"si' i:' a igi'iulti gOods,.ji'ote('ti ri. 's, i'al'i 

II In(listries Existant ,. ,liniistere (lti Plan i ( ' I:.1idl rospl('liv : 19(8. 
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Even though private capital is available within Dahomey for investment projects, local 
entrepreneurs are not exl)erienced 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 inigration, the urban .)op)u­
lation would expand, but at rates closer to the national averages. Cotonou has been 
growing about 10', per year while the average urban growth has been only 6, annually. 

In the past, imnigration to the city from rural areas (and probably from other toms) un­

doubtedly contributed to the bulk of the higher population growth. 

A large numbner of un(lerenployed persons probably still exists in the rural areas 

surrounding Cotonou gand 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 a)ppli­

cants to rush to the city, only to return to their homes when the available jol)s were filled. 

Official data on employment in Cotonou are not available. Therefore, recent 

estimates by a labior advisor to the government are presented in Table XII-1 to give a 

rough idea of the employment situation in the city. Large numbers of unemlployed also 
undoubtedly exist among the urban population. 

TABLE XII-4 

COTONOU ESTIMATED EMPLOYMENT AND EARNING LEVELS: 1970 
(Thousands of Persons/Thousands of Fr. CFA) 

Number Monthly Average 

E1niploye r Employed Salary 

Public sector 12  15 30 

Modern Firms 8 25 

Artisans and Small Commerce 13 

Male 12 7 to 8 
Female 15 3 to 5 

Unemployed 10 

12 Includes independent public agencies. 

13 Includes estimated 15, 000 people who are employed less than 100 (lays per year. 

Source: Estiniates by an advisor in the labor field. 
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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 are probably added to tile employable ranks each year through 
maturation of young people. Up to 196;(;, the public sector and private firms absorhed 
up to 2,000 additional people each 'ear. However, budget deficits have sharply cur­
tailed additional public sector hiring and tile rate of new job openings may have declined 
to around 500-1, 000 openings per year. Near term employmnient prospects are not ex­
pected to rise significantlv 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 unforeseen circum stances. 
Modest growth of tile industrial and other sectors will probably not absorb the antici­
pated volume of urban youths seeking employment. As substantial increases in per cap­
ita income are not foreseen, the demand for services is not expected to increase much 
more rapidly than the rate of population growth. Thus, present levels of unemployment 
and underemploym ent will undoubltcdly continue and may increase for some years. Un­
der these circumstances, the rate of population growth is not expected to exceed 4. 5';;1 
annually. 

C. FISHING ON LAKE NOKOUE 

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 fished with nets and traps, yields were covered with 
branches and enclosed by stakes or poles. Several forms of "akadja" were used, depend­
ing Uplon the locale, and some extended over several hectares of shallow water. The 
annual yield per hectare varied with the type of akadja and the frequency of fishing but 
was generally much higher than open water. Although only about 25'", of the total catch 
on the lakes was from akadja, they served as a shelter for the predominant species and 
prol)ably contri)0utcd to increased catches in nearby open waters. 

Prior to construction of tihe new harbor, the sand bar across the mouth of the
Cotonon laoon was broken open to the sea only by the pressure of the higher water level 

of Lake NokI)ie (Iuring the most severe floods. On the average, the estuary was open once 
every three to five years hUt the littoral currents in the ocean drifted suf[icienit sand to 
close the opening within a few months after the flood waters subsided. Thus, Lake NokouC 
and the smaller Porto-Novo lagoon remained relatively protected from terredo (marine 
borer) invasion, except during the shorter periods when the estuary was open. 
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2. Present Trend 

After construction of the seawall for the new harbor, the sand-carrii-g ocean 
currents were shifted seaward, and the estuary channel remained ol)en at all times. The 
constant intrusion of seawater and the consequential increase in the terredo infestation 
of Lake Nokoue has reduced the annual catch to an estimated 9, 000 toils in 1967 and 
about 5,(;0()0 metric tons in 1970. 

The most im portant effect of the Inultiplication in the lake waters of marine 
borers was that they attacked the wood used in akadja construction. Presently, the 
akadljas last about one-hall tile former time, as do canoes and other wooden objects im­
mersed in water. The opening of the estuary also )ermits rapid outflow of mineral and 
sediment carried by flood waters, reducing the deposit of nutrients on the lake bottom. 
More iml)ortantly, tidal surges keep tile water turbulent, scour the lake bottom, and re­
dUcC nutr'lent an(I mineral deposits. 

The costs of akadja maintenance increased, at the same time that fish )roduc­
tion was decliningr. Due to overcutting of nearby forests, the cost of branches and poles 
f()r akad a construction has doubled from 1960 levels. Consecquently, several hundred 
hectares of tie var'ious forms of akadja in Lake Nokoue have not been replaced in the last 
few years. Thus, the total area of akadjas that have disappeared has increased as cost of 
replacement rose above the value of the fish produced. 

3. Prospects for the Future 

I)r. "'Th'oml)son made the most recent survey of lake fishing 11 and concludes that 
fish production can be restored to former levels in about five years after the installation 
of the dam. 1)uring this period of time, Lake Nokoue would reach a stable condition with 
res pect. to salinitv level and the silt and detritus der)osition. Dr. Thompson found no other 
irreversiIlle ecologi'cal changes and helieves the reduction of salinity levels should ef­
fectively eliminate the marine borers or at least reduce their density sufficiently to elimi­

nate the prol)lem of akadja rel)lacement. 

1 *iydraulliCcalculations indicate that with the installation of the proposed rock 
dam, as described in Section D<, l)r. Thompson's criteria relative to salinity could )e 
met, if n')t exce(eded. In effect, the prolosed dam could probably esta!l ish hydraulic and 
ecological conditions verv similar to those that existed in the lake )rior to 1960. 

Under these circumstances, fishing would again become prolfitalble lbrough the 
inc reased use of akadjas after the initial restoration p1eriod. Although this for'm of fish 
culture relncsented only a out 255X of the catch be fore the channel was olmened, the use 

Ril/eport of the Vishig lecomnaissance of lake Nokoulc, 1)ahomey, )y iChai'd B. 
Thol)son and lconionmic Ei1' lua|tim of l-Fxl)eetedl,'isheiry 1eefits by George K. 'lanninka, 
National Marine Fisheries Service, Seattle, Washington. (,July 1971). A c(oml)lete copy of 
)r. Tho ll)soi Is rc)ort is ineluded as AI pendix 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. ProcLuction 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 International Traffic 

The bulk of the traffic across the lagoon in late 1970 was generated within the 
city, with about (;9','. of truck and bus trips occurring insideof passenger vehicle and 419% 
the city limits. As noted in Section IV international traffic was a small proportion of the 
total for all vehicle categories, averaging about 1. 5'(, of all vehicle trips, but reaching 
8. S',' of bus traffic. 

As wVoLI1( he eX)ected, Cotonou is the focus of regional traffic because it is the 
largest city, the seat of government, the only seaport, and contains the only concentra­
tion of industry. Less than 2'" of passenger vehicles and 9;,of trucks and busses l)ass 
through the city on trips between points outsi(le the city limits. 

Due largely to the short distances Ietween the centers of population and "ri-

Cultural produc tion in the coastal area, nearly all cargo and passenger traffic moves I)' 

highway. The hargest traffic volume occurs Ietween the city and the population centers 
of Oueme prefecture, lying east and northeast of Cotonou, particularly Porto-Novo - the 
second largest city in the country. Large volumes also move between the citv and south­
western l0J)opulation ('centers around ()uidah, as well as to centers as far north as l)as.,a-
Zoume in south-entral Dahomey. Traffic further north decreases significantly, i)aVtiCe.­

larly among the route parallel to the OCI)N railway line north to Iarakou. Traffic volunes 
in 19G7 and projections to 1975 on the major feeder roads to Cotonou are 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 east from Cotonou to Porto-Novo and then north to iPole. An­
other line extends west from Cotonou to Segho roue, west of Ouidlah. At Plahou, 25 kilo­
meters west of Cotono)u, the west line branches, and becomes the north line which con ­
tinues to [3ohicon, Save an(d Parakou, in north-central Dlahomey. 

The great majority of railway traffic c u rrently is carried I)etween Cotonou and 
Parakou on the no rth line. About one-half of this traffic represents export or import 
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transfer cargo for Niger and northwestern Nigeria.' 5 Cargo is carried bv trucks, also 

operated under contract by the OCDN hetween Parakou and the northern border of lDahomey. 
Prior to the Nigerian hostilities, cargo from eastern Niger and northwestern Nigeria 
moved via Lagos and P)orCt 1fa.'couLt. With the disrupnl)tion of NigenLian transporit Facilities 

following the outlhreak of hostilities, a part of the carg-o was shifted to the ()CI)N r(oute. 

Now tiat Nie rian transport fac ilities are ret rn ilng to normal, a good )ossihilitv exists 
that .'argo tc)and from caste rn Niger and northwestern Nigeria will revert to tlhe Niger­

he'n signed tinder ell(lian routing the contracts ni.'gnoev conditions teri lal(. In addition, 

inlwei ennts of llavigation tacilities oil the Niger River are unIer onsI,idUlation, which 
woIldlit'llit extended anI more efficient barg(e service into Nigoeria frnm weste rn INiger. 

Irmost ofr the transfecr traffic is diverted from the OCDN railroad the Lea Rdo0 it stug­

gaests that rail oe)rations Oin the noi.'thern line will incIr fiiinane ial losses and iay have to 

Ie close(l, with trueck transplort car rving the balance of the domestic anld foreigil cargo. 

The (,astern anll western ()CDN lines from Cotonou carry souC'b snial] vol timeS of 

cargo al(] passengoers that the Lea. Report recoinllenls iilil ediatt' elosiilt of 0d ratiolls. 

'o date, the governm(ent has taken no definite steps to sLop ope rations Ml etith I lin(. low­

ever. if the recomen action rail on liddenoded is followed, im ovements the existimo, ii(Ie over 

the Lake NokouL (25 Wari, now ave raging about eight per (lay with sone ocen rring at peak 

traffic hotI.'S, WoUld term iiate and the railway lines could lie lifted to provide a smoother 

bridge sur'face for vehicular traffic. 

TABLE XII-5 

DAHOMEY TRAFFIC ON MAJOR FIEI)ER ROADS ITO COTONOU: 1967-1975 

(Daily Two-Way Volumes) 

ActuL1 Traffic Projected Traffic Annual Growth 
1967 1975i( Rates 

Cotonou east toward Porto-Novo 2019 :31.33 5+ 

Cotonot west to Godoney 1,165 2228 5 , 

Godom eY wes t towa rd On idah 803 170 5- , 0 

Godouicy north toward Allada 737 1379 8 % 

15 DahomcY Land Transport, N. D. Lea Associates and Lamarre Valois International 

Limitec. ,Juy19)9. 

1D)Data is taken I'roi the "(10 notling condlition'" in the source. Projected traffic does not 

chal1v, ni n(le 'll )othses, ex(Cl)t for the last fceder road oil which theinii(itn t ,theundey othe 

giowth rate w ill1 IW 'dt(liedC to (;','if the rtoin ill elided iniprovemen ts ai' (ari'i(I out. 

Soulrce: l)ahi llv I an(IdTransport, N. 1). Lea Associates an( Lamar i.' Valois In teina­

tiolial lilnii(' , ,nlY 19W). 

12-1,1 



SANDIPS &S6MAS INC. 

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 woul 
require the relocation of Route II in the western part of Cotonou, or complete relocation 
of the airport at a spot near Ahomey-Calavi. According to the airport manager the pre­
sent runway is capable of continued handling of present traffic, inC(ling fou c-enginelJets, 
without improvelent. Three-engine "jumblo" jets could also I)e accommodated by strength­
ening the surface of the runway in the touch-doxw'n zones. Thus, the runwvay extension 
would only he required for four-engine "jiurn ho" and supe rsonic jets. DIue to the financial 
constraints facing the government and the remote possibility of "7,17" type 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 INCOTONOU 

1. Past Traffic Growth in Cotonou 

The best information on traffic across the lagoon in previous years is provided hy 
a series of traffic counts at the existing bridge by the Department of Public Works. These 
counts have been 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 counts17 the overall trend is upward for all types of vehicles. Time 
series plotting of the counts is shown in Figures 12-1 through 12-4 and the resulting growth 
trends are summarized in Table XII-G. 

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 area. However, only two of the six major distrihutors pl'o­
vided information on annual sales over the past several years. The others were either 
unwilling to divulge the information or personnel 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 any (listil)iutor, both of the 
firms which provided information indicated that gasoline sales in the city rose since 19G7 

17 A cross check is available on the accuracy of each count since considerable variations 

occur among the counts without apparent cause. Errors un(loulhtedly exist in some of the 
counts 
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about 6-10% per year, while light diesel fuel sales were up 5-9% annually. Between 19(;5 
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 6i per year from 1969 to 
1972. 

TABLE XII-6 

COTONOU GROWTH OF TRAFFIC CROSSING THE EXISTING BRIDGE: 1960-1970 

Increase Per Year
 

(; I,,Passenger Cars 

Light Trucks (less than two tons calacity) 6+ % 

Medium Trucks (between two and ten tons capacity) 6+ % 

Heavy Trucks (over 10 tons capacity) 7- % 

Motor Bikes 19 0 

All vehicles (very conservative estimate, 
Figure 12-4.) 

see also 

Source: Departm ent of Public Works, sem i-annual traffic from 1960-1970. 

The growth rate of the national vehicle fleet has declined steadily to about :.2, 

per year in 1962s and alppears to have decreased even further in subsequent years, accord­
ing to data on vehicle registrations. Vchicle registration data are published currently )y'
 
the Ministry of Finance. Vehicles are registered only when new and retired vehicles are 
not removed from the list. The I)ahomey Land Transport stiUy estimates that the average 
age of the vehicle fleet is albout Io 'years. l)educting all vehicles older than twice that 
age, the annual fleet gt'owth in 196 7 and 1968 was estimated at :. 2" per year (seet pages 
5p, 1-and 15). The samie method of caleulation shows that annual growth rates have de­
dlined further in sublsequent y\ears vith the total fleet containing just over 11, 000 vehicles 
of all types at the end of 1969. The s ystem of vehicle registration is scheduled to Ie 
changed to annual regi stration in the near future. The only t'reakdown of registration data 
indicating the location of the vehicle is the domicile of the ownier. Accordini to the latest 
registration reports, 5:8',' of'all owners resi de in Cotonou, Ibut this may greatly eXag(erate 
the I)roportion of Vehicles actually in use in and around the city. 

2. Traffic Growth Assumptions and Rate 

BaseI uo)n the various ecnomit' and empf)loyment p~roslects outlined previously 
in sub~seeti ons A and I , and the pol a)lle t ialn p{oplulation growth described in eeti on III, 
expecte(I annual growth rates for ftour types of traffic within the citv were dev( loped. 'These 
rates assume the urban polpulation increases alb)out .1.5',f per year and that new emlloyiment 
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opportunities will be sufficient to boost urban employment proportionately with popula­
tion increases. 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 below the rates indicated by available evidence for prior years, in all 
cases (See Figures 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 1 987 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 10% and then the future is calculated by using growth rates 
reduce( 1by 20( . The projected volumes by categories of traffic for each year from 1970 
to 1 996 are shown in Appendix A, pages A-29 through A-31. 

3. Zonal Traffic Projections 

[Jsing 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 ibk vehicle category at the end of the study period was calculated.18  The ex­
pecLed future character of eich zone has been described in Section III and their relative 
importance in future traffic generation is described below. Some zones, which are ex­

pe-ted to be important in the i'uture, have practically no traffic at present. Therefore, 
present traffic was arbitrarilV raise(] to a minimal proportion (0. 1%), in order to provide 
a base for the projection of future traffic. Thus, all zones which had very low traffic 
volumes in 197) wotid grow rapidly to reach expected levels at the end of the study period. 

18 Due to the manner of calculating traffic growth by zone, the overall growth rates do 

not match the target exactly. The resulting overall growth rates are: passenger vehicles, 
5.82"; trucks an I)usses, 5. 05',,; motorcycles and bicycles, 7. 71%: and pedestrians, 
4. 54'l,. This method of )rojecting 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. 
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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-S for passenger vehicles, in Table XII-9, for trucks and I)uSSes, in Tlal)le 

XII-10 for motorcycles and I)icycles and in Table XII-1I , for pedestrains. The esti­

mated proportion of traffic diverted to the Saint Michel Bridge is j udgncntally deter­

mined by relative distance and convenience and represents an average proportion over 

the 20-year study period after the bridge is opened. 

TA13LE XII-S 

COTONOU RIDGE PASSENGER VEHICLE TRAFFIC 
in 1970 i)Between ZonesPercentage of Traffic 

O/D Zone 5 7 8 9 Total 

t 17.7 ,4.6 0.8 10.4 17. l 50.6 

2 5.2 1.2 0. 1 2.6 2.3 11.,4 

3 10.1 3.5 1.0 5. 1 .7 24.4 

4 3.8 1.4 0.4 2.7 1.-1 9.7 

10 1.0 0.5 0.0 0.5 1.9 8.9 
Total 37.8 L1. 2 2.3 21.3 27.4 100.0 

Projected Annual Growth Rates: 1971--19972" 

O/D Zone 5 6 7 8 9 

1 0.06 0.03 0.10 0.08 0.08 

2 0.03 0.03 0.06 0.04 0.06 

3 0.03 0.04 0.12 0.01 0.06 

4 0.04 0.04 0. 14 0.06 0.07 

10 0.06 0.05 0.09 0.09 0.05 

Proportion of Traffic Diverted to Saint Michel 2 ' 

O/D Zone 5 6 7 8 9 

A B A B A B A B A B 

1 0.00 0.10 0.25 0.60 0.70 1.00 0.15 0.50 0.20 0.60 

2 0.10 0.60 0.70 1.00 1.00 1.00 0.50 0.90 0.70 1.00 

3 0.30 t.00 0.90 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

4 0.50 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

10 0.80 1.00 0.75 1.00 l.00 1.00 1.00 1.00 1.00 1.00 

19 Average daily traffic in 1970 was 10,100 cars. The O/D zones sh,)wing no traffic 

have been elevated to 0. 1 of total traffic for purposes of traffic projection. 

Source: Origin-Destination Traffic Survey, by Sanders and Thomas, Inc. November 1970. 

2() The weighted average growth for all zones is 5. 82 : per year. 

21 Diverted traffic would represent 39. 2' of total car traffic in 1977 (A) when the 

bridge opens, rising to 53." 1, in 1997 (B). 
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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 [5.8 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: 1971-199723 

O/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 0.0,4 

Proportion of Traffic Diverted to Saint Michel 21 

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 0o30 0.70 
2 0.10 0.60 0.70 1.00 [.00 1.00 0.50 0.90 0.70 1.00 
3 0.30 1.00 0.90 [.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 t.00 1.00 1.00 

10 0.03 1.00 0.90 t.00 1.00 1.00 0.90 1.00 1.00 1.00 

22 Average daily traffic in [970 was 2,290 vehicles, composed of 1, 650 trucks and 640
 

busses. The O/D zones showing no traffic have been elevated to 0. 1% of total traffic
 
for purposes of traffic projections.
 
Source: Origin-I)estination Traffic Survey, by Sanders and Thomas, Inc. November 1970.
 

25 The weighted average growth for all zones is 5. 05',[' per year. 

Diverted traffic would represent 41.4% of total car traffic in 1977 (A) when the 

bridge opens, rising to 62.'/ in [997 (B). 
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TABLE XII-10 

COTONOU BRIDGE MOTORCYCLE & BICYCLE TRAFFIC 

Percentage of Traffic Between Zones in t970 2 

O/D Zones 5 6 7 8 9 Total 

1 18.9 8.0 4.2 [1.0 1.2 ,13.3 
2 3.2 2.0 0.8 1.2 0.2 7.1 

3 16.0 5.9 t. 6 10.7 0.9 35.1 
It 6.9 [.5 0.2 1.6 0.2 1:.4 

10 0.3 0.2 0.0 0.3 0.0 0.8 

Total '15.3 17.6 6.8 27.8 2.5 100.0 

Rates: [971-1997 20Projected Annual Growth 

O/D Zones 5 6 7 8 9 

1 0.06 0.06 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. 1,1 0.20 

10 0.12 0.05 0. 16 0.20 0. G16 

Proportion of Traffic Diverted to Saint Miche12 7 

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 0.60 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 1.00 1.00 1.00 1.00 1.00 I-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 

25 Average daily traffic in 1970 was 17, 200 bikes, composed of 8, 200 motorbikes, and
 

9, 000 pedal bicycles. The O/D zones showing no traffic have been elevated to 0. 1', o '
 
total traffic for u)Urposes of traffic projection.
 

Source: Origin-le)estination Traffic Sur\ev, ly Sanders and Thomas, Inc. November 1970.
 

20 The weighted average growth for all zones is 7. 7[,',, per year. 

,DivertedI traffic would rpresen 3.3',")of total bicycle traffic in 1977 (A), when the 

bridge opens, rising to 63.5% in 1997 (13). 
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TABLE XII-11 

COTONOU BRIDGE PEDESTRIAN TRAFFIC 

Percentage of Traffic Between Zones in 197028 

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 11.1 11.9 1.7 100.0 

Projected Annual Growth Rates: 1971-1997 29 

O/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' 1 

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 
28 Average daily volumes of pedestrians over the existing bridge was 11,400 in 1970. 

In addition, boats carried an estimated 5,500 people across the estuary to tile market
 
area at Saint Michel. The O/D zones showing no traffic have been elevated to 0. 1%of
 
total traffic for purposes of traffic projections.
 
Source: Ori gin -IDestin ation Traffic Survey, By Sanders and Thomas, Inc. November 1970.
 

2') The weighted average growth for all zones is 4. 5' per year, eXClIing existing
 

boat traffic.
 

'" Pedestrians diverting to Saint Michel would represent 30. 6, of the total crossing
 
the existing bridge in 1977, rising to dt7. 2%", in 1997. Boat passengers would all use
 
the new )ridge and would probably increase 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. For passenger vehicles, Zones No. 1, 5, 3 and 8 are tile most important. 
For trucks and busses, Zones No. 1, 8, 9 and 5 are the most important. For other 
traffic, Zones No. 1, 5, 3, 6 and 8 are the major generators of traffic across the 
estuary. Thus, Zones No. 1, 5 and 8 are important for all traffic categories. 

The relative importance of all zones should change as time progresses and 
the city and suburban areas grow. POpulation expansion will probably he tile most 
important factor in changing present traffic patterns. The proporti on of the estimate(] 
population in each zone in 1970 and 1995 and the expected p)Opilation growth rate for 
each zone is shown in Table XII-12. 

Using a growth rate of 4. 5(7 per year, the population of the city' and suburban 
areas would increase threefold (150, 000 to 150, 000) from 1970 to 1995. Most of this 

increase should occur in the northern zones on each side of the estuaryt nearest Lake 
Nokoue (Zones No. 4 and 7) and in the two areas to the east and west of the present 
city boundaries (Zones No. 9 and 10), assurnming that the character of housing and resi­
dential developm ent within the city does not change markedly trom present patterns. 

Nea rlv one-half of the 995 population would live outsid(e the present city 
limits in the larger part of Zone No. 7 and in Zones No. 9 and 10. For traffic pro­
jections, each of these three zones has been assume(d to contain one-third of the pre­
sent sLburban population and to absor) one-third of tile population growth expected to 
occur outside the present city limits. If each zone now contains about It, 700 people, 
each of these three zones would grow over 71,7 per year and would conltin over 70, 000 
people by 1995, 

The I)opulation zones within the city are also expected to grow hut at varying 
and much lower rates, as shown in Table XII-12. Zones No. 4, 8 and :3are expected 
to absorb nearly 701)7' of the growth and contain about 6(5% of tile 1995 population within 
the present city limits. 

The relative importance of each residential zone in traffic generation should 
bear approximately a direct relationship to the number of inhabitants, unless other 
facilities exist within the zone which cause additional traffic. Zones No. I, (, 7, 9 
and L0 are expected to remain largely residential in character, While Zones No. 2, 8, 
5 and 8 will proltI)lN' continue to be inixed with residential and conmere ial, govern­
mental or industrial sections within the zone. Zone No. I is expe(,ted to C!ontinue to 
be largely devoted to in(Lustrial and conmlere ial purposes. 

Average inctome levels of the population in residential zones will also affec t 
the type of traffic generated. ILower income areas, such as Zones No. I and 7, will 
undoubhtedly generate more pedestrian, bicycle and moe reycle traffic than higher 
income areas such as Zone No. 2. lowever, this pattern could change somewhat OVet1 
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time, particularly in the newly-settled areas. Zones 4, 7, 8, 9 and 10 are presently
 
being developed and the normal pattern [or new families appears to be to construct
 
temporary 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 

lercentage of Percentage of 

0/I) Zones Estimates Total Iopulation Forecast Total Population Annual 
Within City Limits 1970 1970 1970 1995 Growth 

1 20,500 1,4 22,500 5 0.5r( 
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 6,750 4 11,300 2 2.2(1, 

7 i1 4,000 3 10,300 2 3.8, 
8fl 5,000 3 37,400 8 8.3(l 

Outside City Limits Q2 

7 11,600 8 70,300 16 7 % 
9 11,700 8 70,300 16 7 ( 

10 11,700 8 70,400 16 7 e
 

Totals 150,000 100 450,000 100 

Average Annual Growth rate about 4. 5, 

The relative importance of Zone No. 8 for traffic generation is expected to re­
main about the same oVer the study period, largely because of industrial expansion, but 
also because this zone is expected to increase more rapidly in I)oI)ulation than any other 
within the city limits. Zone No. 5 also contains industrial estalblishmCnts but the space 

'1 0/I) Zones No. 7 and 8 include a reas within and outside the pre scnt cit , limits. 

Q The total estimated population outsid(e the City has been arl)itralIy divided equally 
into each zone, as the existing population is not known. This also p roVi(IC s a reason­
able Forecast of relative growth in each zonte. Sou rce: Section III, Cit \ of Cotooti-
Planing Analysis, Tables 111-2 and 111-5. 
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available for additional industry is limited and the bulk of future 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 areas may be required. However, the amount of space available in Zone 
No. 8 is probably sufficient for several years and the location of additional zones has 
not been planned. In addition, some light and service industries are presently scat­
tered throughout the city and this practice will probably continue as the city grows. 

Zone No. I includes the port, the central )usiness district, some older indus­
tries and several government offices. For these reasons, it is the most iml)ortant 
zone for traffic gene ration at the present time. Although this zone will remain rela­
tively iml)ortant, the ptro)ortion of total traffic traveling to and from this zone is ex­
pected to decline over tile study peiod. In part, the (lecline will probabiv occur as 
other business dist'icts are develo)ed in outlying areas. As high dlensity housing is 
not anticipated to develop in any aren of the city, population growth willIt)rOdluCe a 
nearly proportionate increase in distances to the central )art of tile city. Under these 
circumstances, it seems reasonable to predict that shopping centers will develop in 
other l)arts of the city within a few\ years. l'he opening of the Saint M\lichel Ibridge and 
the improvement of the approach roads should hasten this trend, paI'ticularly for fur­
ther development of the s1mll 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 ease of access followinglbridge construction. Thus, 
traffic across the cstuary to Zones No. 3 and ,tshould increase more than the popula­
tion increase in each would indicate - since the Saint Michel open market is located in 
both zones. Zone No. 4 should also b)ecome the most plopulous area within the present 
city limits, containing about 14'; of the projected population in 1,995, and zone No. :3 
should )ecome the second largest, containing nearly 1 7 of the urban )opulation. As 
more of the open market is located in Zone No. 3, traffic to that zone should be even 
(greater than to Zone No. 4. 

Although the number is much higher oil market (lays, which occur evercy fourth 
(lay, an average of some 5,500 people travel daily to this open market by boat. A 
sizeable volume of' i)rOduce is also transported to the market by boat from Lake Nokoue 
and various points along the estuary. Most of the boat passenger traffic and much of 
the produce traffic will shift to vehicular conveyance or become pedestrians across the 
new bridge. 

As the city grows, the need for more open markets will also grow as gteatet 
numbers of people settle in distant areas, particularly Zones No. 9 and 10. Thus, 
smaller versions of the Saint Michel Market are very likely to develop in these out­
lying areas to serve the lower-income inhabitants. 

As traffic on tle 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 respec­
tive zone. Thus, the proportion of projected traffic attributed to each zone will be 
substantially greater than the population of each of these residential zones would justify. 

Three residential zones contain no special facilities which would occasion addi­
tional traffic. Thus, Zones No. 2, 6 and 7 are expected to generate traffic in approxi­
mate proportion to their projected )opulation. Traffic from Zones No. 2 and G should 
decline sul)stantially as a proportion of the projected total, but that from Zone No. 7 
would rise sharply from present levels. 

The relative importance of traffic between each zonal pair should shift over the 
20-year study period because of these expected changes in the structure of the city. 
The proportion of total traffic )y vehicle category between each zone in 1977, 1987 and 
1996 is shown in Table XIl-I 3. 

For the passenger cars and taxis the zonal Iairs 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 pr'oportion of the total traffic.
 

For the trucks and busses zonal pa irs 1-5, 1-8 and 1-9 have the largest vol­
utmes but all have declining )roportions of the total traffic. Zonal pairs 3-9 and 10-8. 
have lesser but still suLI)stantial volumes, and show an increasing proportion of the total 
traffic. This would indicate that in the future years truck an1d bus traffic originating 
in or goino to ai'eas outside Cotonou city limits will assume an1 increasing importance. 

For the pedal and( motor bicycle traffic, the zonal 1-5, 1-8, 3-5 and 3-8, hav, 
the largest volumes but a-ll show a declining prol)ortion of the total traffic. On the other 
hand, zonal pairs 1-7 and '1-8, show the largest growth in the proportion of the total 
traffic thus reflecting the expected great increase in the )opulation of Zones ,4, 7 and 8. 

For thel)e(!destrian traffic, the zonal pairs 1-5, 1-6, 3-5 and 3-(; contain the 
largest volumes but all show approximately 50 percent decline in their 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 expected large increase in population in Zones 7 and 8 and shows also that 
Zones I and 3 1ill 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 appa rent significant effects upon 
the develolment oF the city u ) to the present time. Uni mproved roads and poor access 
routes to the northern part of the city may have held Iack the settlement of the'se a ie:,s 
in relation to other pa rts of the city. Ilowever, the effects of' congestion at the ex isting 
site, and thet lack of a crossing at Boulevard Saint ,MichelI, will have a much more im­
portant effect upon fture development. l)rivers are already beginning to comal)lain 
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PROPORTION OF TOTAL TRAFFIC BY TRAFFIC CATEGORY BETWEEN CITY ZONES (1977-1996) 

Zonal Cars Trucks/Buses Motor/Bikes Pedestrians co 

0 - D 1977 19S7 1996 1977 1987 1996 1977 1987 1996 1977 1987 1996 

1 -5 17.7 17.2 16.4 15.6 13.0 11.1 16.4 12.2 8.8 20.7 17.2 12.3 0 
1-6 3.7 2.7 2.1 0.6 0.5 0.4 7.0 5.2 3.7 15.5 10.6 7.1 
1-7 1.0 1.5 1.9 0.1 0.4 0.S 5.6 7.5 8.1 7.7 8.6 8.1 
1 -S 12.0 14.2 15.5 25.3 25.7 25.1 11.9 11.8 10.4 6.8 9.3 10.1 
1 - 9 19.S 23.4 25.6 16.2 16.4 16.0 2.1 4.1 5.9 1.1 2.5 3.8 
2- 5 4.2 3.0 2.4 3.1 2.6 2.2 2.6 1.7 1.1 2.8 2.1 1.5 
2- 6 0.9 0.7 0.5 0.0 0.0 0.0 1.6 1.1 0.7 1.3 1.0 0.7 
2- 7 0.1 0.0 0.0 0.1 0.1 0.1 0.9 1.0 0.9 1.1 1.7 2.0 
2- 8 2.2 1.8 1.5 1.8 1.5 1.3 1.1 0.9 0.7 1.8 2.0 1.9 
2 - 9 2.3 2.2 2.1 1.6 1.4 1.3 0.2 0.1 0.1 0.1 0.1 0.1 
3- 5 8.2 6.0 4.6 2.3 1.9 1.6 14.0 10.4 7.5 11.9 8.1 5.5 
3 -6 3.0 2.4 2.0 0.3 0.3 0.3 4.5 2.7 1.7 8.6 5.9 4.0 
3-7 1.5 2.6 3.8 0.2 1.0 2.7 2.1 2.8 3.0 4.2 6.2 7.2 
3- 8 4.4 3.5 2.9 3.3 3.4 3.3 10.8 9.7 5.0 4.4 5.4 5.4 
3- 9 4.7 4.6 4.4 6.9 8.5 9.6 1.5 3.1 4.4 1.7 3.8 5.7 
4- 5 3.3 2.6 2.2 1.1 1.0 0.9 6.0 4.5 3.2 2.7 2.5 2.0 
4-6 1.2 0.9 0.8 0.1 0.1 0.1 1.3 0.9 0.7 0.9 0.8 0.6 
4- 7 0.7 1.5 2.4 0.2 1.0 2.7 0.6 3.1 8.1 1.2 2.9 4.8 
4- S 2.7 2.6 2.5 0.9 0.9 0.9 7.0 11.4 14.1 2.6 4.3 5.3 
4 - 9 1.5 1.6 1.6 0.1 0.1 0.2 0.4 1.3 2.5 0.4 2.6 8.5 

10 - 5 1.0 0.9 0.9 2.4 2.0 1.7 0.4 0.5 0.5 0.9 0.7 0.5 
10 -6 0.4 0.4 0.3 0.0 0.0 0.0 0.1 0.1 0.0 0.1 0.0 0.0 
10 - 7 0.1 0.1 0.1 0.3 0.4 0.4 0.1 0.3 0.4 0.2 0.3 0.3 
10 - S 0.6 0.S 0.9 7.9 5.8 ) .2 0.7 2.0 3.7 0.1 0.2 0.2 
10 - 9 1.7 1.5 1.4 8.4 7.7 7.0 0.1 0.3 0.4 0.1 0.0 0.0 

Total 1100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
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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 are given in 
Section IV. In the same Section, it was shown that much less congestion will exist with 
a bridge at Boulevard Saint Mlichel, although additional traffic ibe forcdwvill to divert 
from the existing bridge in the years from 198.1 on. In Section IV, it was also pointed 
out that a total of six laaes of traffic across the lagoon will be neceded to serve the traf­
fic adequatelV, through 199G. Duc to lack of physical toom in the central husiness dis­
trict, just vest of the existingl bridge, it is not possible to provide a six-lane approach 
at that spot. Thus a two lane parallel bridge would not junction adlecluately after 1988, 
and a four-lane lridge would not help, since the approaches are too narrow and subject 
to cross traffic and train crossings, and1 would also becomC ove rcongested in 1988. 

It seems, therefore, desirable to provide a new crossing at Boulevard Saint 
Michel. As soon as the new bridge is open to traffic, a certain amount of drivers will 
immediately use this bridge. As the conditions at the existing hridge begin to he 
excessively congested, in 1984, more tra ffic will divert to the Saint Michel bridge. Ini­
tially, only those vehicles for whom the trip is not much longer (1ydistance) will divert 

and will cross the lagoon via the Saint Michel Ibridge. As the traffic volutimes grow and 
the congestion increases again at the existin- bridge, more cars will divert to the 
Saint MichelI bridge even if Ihe travelled distance )ecomes substantially longer for them. 

l-'ventually, the distribution of traffic will I)e such that approximately G(60,of the 
total lagoon crossing traffic will use the Saint Michel bridge. This is logical, since it 
will be a centrally located bridge which is, in essence, convenient to almost all traffic, 
except that which travels between Zones I and 5. 

In 1996i, both the existing and the Saint Michel bridge will become congested, and 
therefore, a third bridge across the lagoon, possibly at Agbato, will become necessary. 

F. EXPECTED BENEFITS FROM PROPOSED CONSTRUCTION 

1. Types of Benefits 

The most iml)ortant benefit resulting from construction of an additional bridge 
would be a reduction in anticipated congestion for future traffic across the estuary. 
Thus, vehicle operating costs and the time required to make a trip across the estuary 
should be sub1stantiall* less with two bridges. In addition, the traveling distance be­
tween the northern zones of the city would be re(luedl significantly by construction of 
the new bridge at the Boulevard Saint Michel site. 

Construction of the proposed dam should increase the fish catch markedly on 

3 See the diversion factors shown in Tables XII-8 through XI-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 erosion is eliminated and 
therefore the total cost of the new bridge construction is reduced. 

2. Estimation of Vehicle Operating Costs in Cotonou 

Although some research has been (one on operating costs for rural conditions in 
other African countries, 0noinformation is available on operating costs for urban con­
ditions in Africa, particularly for congested urban conditions. Therefore, research 

data from other continents has been applied to the best available information on rural 
operating costs in Dahomey, to develop cost approximations at lower urban speeds and 

for congested traffic conditions. 

In the N. 1). lea and Lanmarre Valois study, basic costs and Usage factors for 

vehicles Operating in Dahome y, have been determined through field investigations. 
Methods of calculating operating costs on various types of roads at a range of speeds are 

,
also outlined.' The methodology is based upon that presented in an earlier report 
and is designed l'oc frc running conditions, at the average spee(ls normally achieved in 
rural areas. These factors and methodology have been used to calculate operating costs, 
by major complonent, for the two surface types prevalent in Cotonou, at an average 
speed of 22 kilomcters per hour. The r'sults 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 ap)roximate operating costs in relatively free running conditions at the same 
average speed in Cotonou. Any errors introduced by this assumption would probably 
underestimate costs in urban areas. In the absence of )etter 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 coUfficients for a Wide range of speeds and for congested conditions. 7 The 

ratio for each cost component at lover speeds to the 20 mph. benchmark speed in 

34 Vehicle Operating Costs on Bituminous, Gravel and E1arth Roads in East and Central 

Africa, It. S. 1P. 3onney and N. F. Stevens, 1er Majesty's Stationery Office, Road Re­

search Technica.l Paper No. 76, London 1 967. 

15 Dahomey Land Transport, ibid. , Chapter 6; and Appendix E. 

3"' Quantification of Road User Savings, Jan de Weille, International Bank for Recon­

struction & Development, 1966. 

7 Economic Ana lysis for Ilighways, 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 these estimates represent approximations of running costs at uniform speeds, 
the costs of repeated stops and of vehicle standing time under congested traffic condi­
tions would be additional. Vehicle standing time increases over the study period and 
becomes a major part of total operating costs of the existing bridge in later years. 

Therefore, careful attention has been given to each component of standing costs in 
Table V-8 in Appendix A which is based upon the usageand 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 necessitates use of this method of approximation. As traf­
fic conditions in Cotonou do not appear significantly different from those in a U.S. city 

of similar size, the cost relationships presented by Winfrey should be reasonably close 
to those encountered in Cotonou. The resulting costs of vehicle operation at all selec­
ted speeds and the standing and stopping costs are shown in Table XII-14, for two 

categories of vehicles on two roadway surfaces. 

The three vehicle types used in the tables V-1 through V-7 are defined the same 
as classes 2, 4 and 5 of the Lea report 8 . Observation 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 Peugeot 404. Most of the busses are especially designed '1nammy wagons", con­
structcd similar to a I -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 are general purpose vehicles, with dual tires on a single rear axle and a capacity 

of about 5 tons. 

Truck and bus costs are combined on Table XII-I4 although not in the tables V-I 
through V-7 in Appendix A, because future traffic in each category is expected to grow 
at the same rate. Thus, the combined operating costs are weighted in proportion to 
the volume of present traffic in each category (281,( busses and 72 , trucks). This may 
somewhat underestimate future costs as larger busses, with truck operating character­
istics, should supplant some of the "mammy wagons" currently in use, as distances 

and the number of bus passengers increase with the growth of the city. 

,sDahomey Land Transport, ibid., pages 5p 12 to 14. 
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TABLE XII-14 

COTONOU BRIDGE 
VEHICLE OPERATING COSTS AT SLECTED SPEEDS 

(per kilometer) 

Car Costs Combined Truck and Bus Costs 

Speeds-kph Paved Ea rth Paved Earth 

8 37. 646 44.5,14 82.157 98. 802 

12 27. 36 34.035 60. 063 76.426 

16 22. 825 28.819 48.742 (;5. 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 CYCLES 
(per cycle) 

Speeds
 

8 .164 .164 .800 .800 

12 .256 .256 1.378 1.378
 

COST OF VEHICLE STANDING TIME 
(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 bicycles or pedal bicycles at different speeds and under conditions 
of congestion, as no cost information exists for this type of transport. lresumaIbly, 
the cost differentials per vehicle would )e small for this low cost form of transport 
even though the current and projected volume of traffic is high. 

The terrain in Cotonou is flat and the two road types shOln illTalf IIfl-I/ and 
in Tables V-1 tirough V-7 in Appendix A are typical of present street conditions. 
Paved roads are two-lane bituminous surf"aed roadiways and the balance of the streets 
are earthen roads, usually containing two usaible lanes with a natural sand surface, 
even though the roadway is much wider. A few earthen roads have select material 
surfaces but many others are in poor condit.,n. For vehicle operating cost calcula­
tions, these two types are regarded as equivalent to Classes 2 and 5 of the Lea report." ' 

Dahomey 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, vehicle operating costs were estimated for three 
different cases. Case one assumes that no improvements are made and that all traffic 
across the estuary continues to use the existing bridge. Case two presumes that a new 
bridge, as described in Section VIII, is completed at Boulevard Saint T\ichel by the 
beginning of 1977, and that vehicles, thereafter, can use either 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
tures in accordance with the best means of traffic regulation and flow. It is also 
assumed, under both cases two and three, that the approach roads to the respective 
sites are improved, as described in Section VIII and that all roads are adequately main­
tained during the study period (including the roads for case one). 

4. Calculation of Vehicle Operating Savings 

The amount of congestion which will confront drivers in future years will ob­
viously be different under each 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 XLI-17. In the calculation of delay costs the following assump­
tions were made: 

a. After the year in which delays 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. However, the value of the loss in business, trade 
and production due to the refusal of drivers to male the trip, is assumed equal to the 
actual number of cars wanting to cross the estuary, times the costs of a delay which 
remains constant and equal to 60 minutes. Thus the delay costs will continue to rise 
each year in proportion to the increased number of vehicles. In lieu 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. 

b. 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 assumed to vary linearly and to be determined by proportion from factors given in 
Tables XII-8 through XII-1 I. 

c. The normal growth of traffic in the downtown business area, but not neces­
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. R) 

1) See Section IV, Effect of Traffic Composition and Number of Lanes on Levels of 
Service. 
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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. These conditions 
are expected to prevail on the bridge and particularly in the approach areas where 
traffic from several streets meld together to gain access to the bridge. The delay 
time shown in Tables XIl-15 through XII-17 are averages to be applied to all traffic, 

as some vehicles crossing the bridge at peak hours will encounter much glreater con­
gestion, while vehicles crossing at other times should encounter less delay, or per­

haps, none at all, if traveling during night hours. In calculating trip costs, the con­
gested distances are subtracted from total tri) distances to determine the distance 
traveled at the speeds shown on Table XI-18. i Total trip costs are the sum of the 
congested and "free running"' costs between each origin-destination (0/I)) zonal pair. 

As the city grows and traffic volumes increase, the amount of congestion under 

each case should increase an(I the average speeds in non-congeste(l areas are expected 
to decline due to greater interference from other vehicles and pedestrians and to more 

traffic regulatory measures. However, the average speeds in non-congested condi­

tions, shown on Table XI-18 will also vary between 0/D zones depending upon the 
route used to cross the estuary. As the areas along the route to the San Michel cros­

sing are likely to remain less developed than the central business district, through 

which all traffic must pass o tl-: present bridge site, average speeds I)etwe'n zones 
are expljected 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 effect of full congestion at the present crossing. 

Congestion under case one (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 increase rapidly over time. 12 Thus, most of the business district should 
be filled with bumper-to-bumper, stop-and-go traffic for several hours a day by 1983. 

Before that time, drivers will begin to avoid crossing during hours of heavy traffic 

because of the inconvenience and delav. At some point, traffic growth might stop en­
tirely. As most of the vehicular traffic across the estuary travels for business purposes, 

such as shopping, enployment, cargo and passenger transfer, general economic activ­

ity is bound to suffer. Instead of attempting to estimate the losses and dislocations to 

trade, production and business or the crossing costs by other modes o1' transport, traf­
fic had been assumed to continue growing at 75; 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 economic activity or the travel costs by other modes. 

The 25": reduCtion ill i'a ffic growth is applied also to the other two cases, although de­

lays are sulbstantially less and occur only in later years. 

•Ii As the approach roads are paved, the congested distances are subtracted first from 

the paved surface and then from the earth distances between each set of zones. 

See Table XII-15 
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TABLE XII-15 

CALCULATED DELAYS AND CONGESTED DISTANCES 
No Improvement Alternative 

EVU EVU Number 
Applicable to Total ADT** 

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 
1.973 23002 0 5672 0 0.1 ** 0.0 
1974 2,14:37 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 29427 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 10779 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 539,2 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 (;3725 35658 61840 15 364.1 * 102516.7 
1990 87481 40637 65488 15 393.3 * 117335.8 

1991 71534I 16032 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 857,10 65503 8,1312 16 498.4 * 177519.3 
1995 91289 73317 897(;) 17 522.0 * 18640,.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 
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TABLE XII-16 

CALCULATED DELAYS AND CONGESTED DISTANCES 
Parallel Bridge Alternative 

EVU EVU NumbCr Applicable to Total AI)T * 

Year EVU 
delayed 

more 
delayed 

less 
of hours 
bridge 

Average Average
0VUcongestion 

than 60 than (;0 capacity waiting distance 

minutes minutes exceeded time (min) (mete rs) 

1977 29427 0 0 0 0.0 0.0 

1978 31356 0 0 0 0.0 0.0 

1979 .23439 0 0 0 0.0 0.0 

1980 356;92 0 0 0 0.0 0.0 

1981 381 :32 0 0 0 0.0 0.0 

1982 40779 0 0 0 0.0 .0 

1983 ,1)656 0 0 0 0.0 0.0 

1984 4 789 0 0 0 0.0 0.0 

1985 5020(; 0 0 0 0.0 0.0 

1986 53942 0 0 0 0.0 0.0 

1987 56977 0 9687 0 0.0 .0 

1988 (;0231 0 19578 0 0.2 0.0 

19 89 63725 0 34 86 0 0.5 0.0 

1990 6748,t 11(;4 54147 3 2.5 1112.1 

1991 71534 3965 57390 6 10.5 3628. 0 

1992 75903 10124 (,1880 11 48.9 10929.2 

1993 80626 176,17 68909 11 115.0 * 27775.4 

1994 857,t0 2(391 73271 12 183.3 43369.64 

1995 91289 35918 8,1227 12 248.8 * 02799.(; 
1996 97322 46758 92420 14 311.4 * 7193:3.,t 

• 60 minutes average delay assumed for cost computation 

Undet ease two, new four-lane bridge at Boulevard Saint Michel, the distances 

between the northertn zones of the city will be su)stantially shorter via the Saint Michel 

crossing, and most traffic between these zones is ex-)ected to divet to a new bridge. 

The distances between all zones, as shown on Table Xi-19, is ca)le atedtby using an 

estimated center of traffic generation within each zone, and the roadway surfIce dis­

tances assume that imlprovements recomlen(l(led in each case are made. 

Because of the factors )reviously descri)Cd," serious congestion is not 

4_3 See Section IV. 
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TABLE XII- 17 

CALCULATED DELAYS AND CONGESTED DISTANCES
 
AT EXISTING 131RIDGE **
 

Saint Michel Bridge Alternative
 

EVU EV U 
Applicable

Numberr_____ 
to Total ADT * 

Year EVU 
delayed 

more 
delayed 

less 
of hours 
bridge 

Average Average
congestion 

than 60 than 60 capacity waiting distance 
minutes minutes exceeded time (mil) (meters) 

1977 17836 0 0 0 0.0 0.0 
1978 18,121 0 0 0 0.0 0.0 
1979 19024 0 0 0 0.0 0.0 
1980 19(;4(; 0 0 0 0.0 0.0 
1981 20287 0 0 0 0.0 0.0 
1982 209,18 0 0 0 0.0 0.0 
1983 21629 0 3646 0 0.0 0.0 
198,1 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 263 12 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 34098 11 84.9 * 1 9907.4 

• 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 speeds on this route should decline over time due to further 
development in the approach areas and the general growth of traffic throughout the city. 
The balance of traffic which continues to use the existing bridge would, however, en­
counter growing congestion in the approach areas. As congestion increnses, additional 
traffic will divert to the Saint Michel route to avoid these congestion delays and incon­
venience. 
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TABLE XII-18 

COTONOU RIDGE 
lFREE RUNNING SPEED ASSUMPTIONS: ALTERNATI' CASES 

(Kilometers Per Hour) 

ALL CASES: TRAFFIC USING EXISTING Bi.IDGE 

Years 1970 to 1!)7( 

O/D Zones 5 6 7 8 9 

1 24 22 17 32 40 

2 27 24 22 34 '12 
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 1 (; 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 6 7 8 9 

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 

CASE II: TRAFFIC USING SAINT MICIIEL BRIDGE 

Years 1977 to 1981 

0/1) Zones 5 G 7 8 9 

1 24 24 2,1 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 

See Origin/Destination Map, Pagc A--I in Appendlix A, for the location of each zonc. 
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TABLE XII-18 (Continued) 

CASE II: TRAFFIC USING SAINT MICHEL BRIDGE (Continued) 

Years 1982 on 

O/D Zones 5 6 7 8 9 

1 
2 
3 
4 
10 

20 
24 
24 
24 
28 

20 
24 
24 
24 
28 

20 
24 
24 
24 
28 

24 
24 
24 
28 
32 

24 
24 
24 
28 
32 

TABLE XII-19 

COTONOU BRIDGE 
DISTANCES BY SURFACE TYPE: ALTERNATE 

(Kilometers on Paved (P) and Earth (E) 

ASUMPTIONS ' f5 

Roads) 

PRESE'NT BIRIDGE AND PAI\IA L, BRIIDGE; 

Origin-Destination Zones 

Zones 
1 
2 
3 
t 

10 

P 
1.7 
4.9 
3.3 
3.9 
8.4 

5 
E 

0.3 
0.0 
0.2 
0.1 
0.0 

P 
1.1 
1.3 
2.7 
3.,1 
7.9 

G 
E 

1.3 
1.1 
1.3 
1.2 
1.1 

) 
1.1 
4.3 
2.7 
3.4 
7.9 

7 
E 

2.2 
1.9 
2.1 
2.0 
1.9 

P 
3.3 
6.5 
4.9 
5.5 

10.1 

8 
E 

0.3 
0.0 
0.2 
0.1 
0.0 

P 
6.9 

10.1 
8.t 
9.1 

13.6 

9 
E 

0.3 
0.0 
0.2 
0.1 
0.0 

PROIPOSEI) BRIDGE AT SAINT MICIIEL 

Origin-I)estination Zones 

Zones 
1 
2 
3 
4 

10 

P 
5.1 
6.9 
4.0 
4.3 
8.1 

5 
E 

0.2 
0.0 
0.2 
0.1 
0.0 

P 
2.8 
4.8 
1.9 
2.3 
6.0 

6 
E 

0.6 
0.5 
0.7 
0.6 
0.5 

1) 

3.5 
5.4 
2.5 
2.8 
6. 6 

7 
T 

0.5 
0.3 
0.5 
0.4 
0.3 

P 
5.5 
7.4 
'1.5 
4.8 
8.6 

8 
E 

0.2 
0.0 
0.2 
0.1 
0.0 

P 
9.0 

10.8 
8.0 
8.3 

12.1 

9 
E 

0.2 
0.0 
0.2 
0.1 
0.0 

15 See Origin-Destination Map in the Appendix for the location of each zone. 
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Total operating costs for all traffic under case two, is the sum of the costs for 
that portion of the traffic crossing at Saint Michel, and for the balance of the traffic 
crossing the existing bridgc. These annual costs for each year of the study period are 
subtracted from the total annual costs under case one, with the remainder represent­
ing the estimated vehicle operating savings due to construction of a new ridge at Saint 
Michel. 

Under case three, ()arallel two-lane )ridge next to the existing one), the con­
str'uction of an additionaI blrtidge and iil)roved approach roads would reduce congestion 
conside rablv at the crossing site in the early years. However, all traffic would still 
have to move through the central Iusiness district and congestion in the business area 
during the later 'years of the stu(ly pNiod would l)ecome excessive. Again, the total 
annual opu'rating costs unul 'r this Case arC sulI)tracted froll annual costs under the no 
improve ment Case to calculate vehicle ope rating savings resulting from construction 
of a l)arallcl bridge and imp rovement of the approaches. 

5. Time Savings 

It is obvious, from the foregoing, that travel time for vehicle passengers would 
be reduced in future ye r's by the construction of an additional bridge at either location. 
The dela v ti ni shown in TablIts Xll-15 through X11-17 would al))ly to pa ssenge 's in all 
types of vehicles and to motoryeveles and bicycle riders. Although the same delay is 
unlikely to be encountered bY ped(estrians, a neNV bridge at Boulevard Saint Michel would 
save both (listan'e and time for pedestrians. 

llow vyer, the pirobal Ic extent or partial and COmlCte tinempyoVInnt in Cotonon 
and in th(' su 'rounIilrig villagCs an11d rur'al areas tends to Ieduce the economic va lIte of 
time and, therefore, of time, savings towa'd zero. As additional pe rsonnel a'e a vail­
able, economic activities are not likely to Slffer because of a la)or shortage due to 
the time lost in c'rossing the estuary. Therefore, no value has been attributed to the 
time savings of vehi('Ile l)assCnge rs, motor and bicycle i'ide 'sor of pedestrians. lio\'­
ever, time sayings won1(1 be high after 1981,1 an( should be s(riously considered in the 
final decision MIonsttruction of an additional hridge. 

In contrast, the extra timei'equired for vehicles to cross the estuary with the 
expected futire(ongu stion levels (lots have economic value. The cost of extra trans­
port vehicles to carry an equivalent voluime of goodls and the additional inventory of 
goods an(d rnat('ial nee'ssi tated by incruasing dela ys in crossing the estuary, could 
be calculated in oit'l r to derive an additional savings. Although quantification of' this 
itern Inight p rove difficult, as ca'go vehicles could (e schedlulCd to cross the, existing 
bridge at ni(ght or. during l)eriods of low traffic, the calculation of' these savings has 
not bcell nlicessariy, 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 normal traffic growth and undoubtedly will affect the pattern of 

urbal growth on both sides of the estuary. Attempts will be made by people, institu­

tions and firms to locate or move to areas which minimize the necessity of crossing 

the estuary. The end result will probably be to emphasize developlment in the western 

half of Cotonou, while growth in the areas eaist of the estuary would suffer. 

Although (islocations would certainly result, it is difficult to predict, with any 

degrce of accuracy, to what extent the al)sunce of an additional Iridge and the resulting 

conge sti on would inhibit uri'ban deve lopme nt (including further industrialization and ex­
pansion of the corn mercial sector). As all new industrial p'ojeCcts arC planned to he 
located in ('otonou (which will undoubtedly remain the commercial center of' l)ahomey). 
the con sttmetion of a1 additional bridge is not expected to constitute im n(la tely a 

significannt attra tion for further industriallization. I owever, in the later years, an 

additionaI ri(ge will he essential for a continued economic growth. Thus, it could, 

indirectly, help to increase governmentt1l tatx revenues in a long run. (On the othec 

hand, reductions in vehicle operating costs, some components of which are taxed fairly 
heaviV, lM' redluce tax L'Ve.nu ill Crlier years. 

Assumi ng that a new brid(ge is constructed, the Saint lichel location appears to 

be the ) re f',rabIC hCation for a variety of reasons, aside from high returns on the in­

vestment. As (lescrihul in Section Ill, the northern areas on Ith sides of the estuary 

are being settled at the present time, and are capable off absorbing substantial intcre-,as's 

in populaition. As these are nearest to the center of the city, further northwacd ex­

pansion is I)oth natura iand desirable, and will probably occur berfore outlying areas are 
occupied by" larg,e n111ubers of ;'(,)ple. 

By (liverti ng local traffic away from the central business district and opening a 

new and shorter east-west route t hrough the northern part of the city, a bridge at 

Saint Michelf will probably hastre tV development of a second commercial district in 

the area nel' the open market on I)ott sides of the estuary. This expansion xvoul1 

probalbly not rep r'sent a net (lexelol)nental benefit attcriblutable to the nexv bridge, as 

busi ness would Iamgely be attracted away from the central business district. 

Sonic additional traffic xvou(1 Ih atttraeted to this area as corme rcial activity 

develops. Ilow'ver, nuither location for an additional b ridge is Iil1ely to generate much 

new traffic, ais the traffic attraeted to the Saint \lichel arCa, for comme rcial l)u'l)oses, 

would otherwise have traveled to the central business district. 

7. Benefits of Dam Construction 

The construction of the proposed (lam has l)een included in the benefit/cost and 

IRI calculations for both new bridge alternatives considering only the henefits towards 
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(rosion protection ill the lagoon. E'osion I)enefits occur I)ecauSC of redUctionIs ill 

foundation requirel ments for both the new and existing bridge and ill bank protection 

nll thel(2 allutillent s. 

A. IIit' o'rresult (uNI)CtUd to fol(o1 (o)nsttettion of thi, pro~osUd dam is theC re­

storation 	o1 lishiig vi L s ii l.ak, Nokouc. A bnCelit/ Cost an1d 11. culNCul ation has, 
) cost o1 til(lam a(1 id islhii g lll hn itS.tIerefoi'C, 	 iASS I) l 11(11 d( (,M)S i(l Ii1 onlY the 

Tihe cxpecttI )rO(lIt ioll im!)act III)0M Iislhiig is (l(scril)(,( il )r. 'Tholl)son's rel)ort. 8 

The c.alcula Ii(n1 of the n t bI 'itS att'iblutablU to thU (1:1111 ill the ThoIt)son i-1port, 
A)ppendix Tl:l)lO ',, have1I)(,CI 1151(1 ill ('1111)litil IWun fits :nd COstS. 1lhwVeI', the 

ilncresIs s in 1i1 \'isYl(ds b Ijd tilL hvtls ri('evtilil ill I 9!) hav n1ot hey ISStIIlld(2 ( 

anIl the \V:11- ill whiCh tll I1Rn fitS are fi'st Ob)lta il( hal IS1( CIehangei l to 977. 7 A 

stnInIarv of ihe wneit estiintts is repIro)dlued( in Table NII-20. 

'IAIRIE NII-20 

1)AI (]INSTItUCI(N 

BlI:NIE,ITS 	 )'RI VING1 FRIO(M,. AD1))1 TI()NAIL FISHI PIRODUCTION .) 

(Thotusan(IS F.'. CFA, eXcep)t XVICe notdCc) 

[1c Ir ll81litll 
l, i sh 

Total Production G ross Material Net 

Year ) rocluct ion (metric tons) Value Costs Benefits 

--1976 2, 20( . 

1977 3, (;()0 1,,400 127,750 28, 119 99, 31 

1978 8,000 5,800 432,950 112,203 320,747 

1979 13,800 11, ;00 539, 750 128,310 '111,440 

1980 oil 16, 700 14,500 643, 750 212, 6;7 431,083 

Further inrCIa sCs in fishing yields would only result fLOm better and more inten­

sive fishing practices. 

i" It is a utiCil) letdl that ie (1am would1(l2 coMpheted in 1976( and therefore, the first 

effects Orf r(luction in salinity would not be felt until 1977. 

1 lel t f1 i I.'i lii'r\' , (1ii 5 n(', to I a l. )kot'koe,, l)alonley, R ehar d Thomp-

SOl, and lollo i(i' I.v: 1l 11t ol)1 " l) p(t(i lish('\ ,Helm'its.(;eorge Tanonaka, Nation­

:11 Ia ri' l,'ihwri(' S, rvi(, iological Lnaborator'y, Seattle, Washington, July 1971. 

All (lta arc th' S mle as shown ill A)pl'ndix Table 3 (If the soUTrc,, CXc)t that 

am-ounllts a .(i sl1vii ill ('FAI' andl pro(I(t oni illi a ses arT not a.SSUtmu I :l tCr 1980. 

Source: {port of th( ,ishery Rec-nnissliuc(, to I alk, No()on. ])al'om. 
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The net benefits in Table )QI-20 must be reduced each ye-r 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 ;O million Fr. CFA. The calculation of net benefits to fishing rcduced 
by the losses of the shrimp catch are shown in Appendix C. 

G. SUMMARY OF CONSTRUCTION AND MAINTENANCE COSTS 

1. No Improvement Alternative 

In this alternative, existing bridge repairs must be made and the roadway
approaches must be maintained in order to insure 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 costly, since the traffic flow through the bridge must be main­
tained and there will be no otler bridges to serve as a bypass during the repairwork. 
It is assum (,d, fte , fo c, thaIt th- cost of repairs would be :0%, higher than in the 
oth0r alirnativ es. Tliis is a cons(ervativ e assunption, since the actual costs would 
be iluch higher due to thW fact that the bridge deck replac ement work could only be 
done at night and high early strength (quick setting) concrete would need to be used. 

COST 
(Millions Fr. CFA) 

American Foreign
Procurement Procurement 

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) 251.0 251.0 
(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) 

Item American Foreign
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) 251.0 251.0 
(Discounted to 1975 at 10%) 

b. 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. 

12-46 



SANDERS c\DOMAS INC.
 

3. Saint Michel Bridge Altei native COS' 
(Millions Fr. CFA) 

a. Without Dam: 

Item 
American 

Procurement 
Foreign

Procurement 

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 by F. E. D. 180.0 180.0 

Approach Roads - Maintenance (1977 to 1996) 51 

(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 8,19.4 

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 bridge alternative. 

4. Dam 

As explained in Section IX, the costs for the proposed 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 1.978 
and possibly 1980, all costs are assumed in the benefit/cost calculations to be 
incurred in 1975, the year in which the construction of the project will commence. 
The costs for the dam are as shown above for the bridge alternatives. 

50 This cost includes only the immediate necessary apl)roaches for the Saint Michel 
Bridge. The remainder of approaches connecting to the International Route will cost, 
180 millions Fr. CFA and will be funded by FED (see also page 8-2 in Section VIII). 

51 The maintenance costs include the portion of approach roads to be 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 
Procurement Procurement 

No 	improvement Alternate -
Vehicle Operating Costs 52 + 36,897.0 + 36,897.0 

Existing Bridge Repairs + 148.7 + 142.2 
Maintenance of Approach Roads + 251.0 + 251.0 

Parallel Bridge Alternative -

Vehicle Operating Costs s - 16,413.0 - 16,413. 0
 
Existing Bridge Repairs - 148.7 - 142.2
 
New Bridge Construction and Approaches - 753.7 - 605. 9
 
Alternate Erosion Protection - 150.1 - 1,13.4
 

Maintenance of Approach Roads - 251.0 - 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 Michel Bridge Alternative 

a. Without )am: 

No 	Improvement Alternate (All costs) + 37,296.7 + 37,290.2 
Saint Michel Bridge Alternate: 

Vehicle Operating Costs 5t - 9,869.0 - 9,869.0 

Existing Bridge Repairs - 148.7 - 142.2
 

New Bridge Construction and Approaches* - 1,353. 2 - 1,232.5
 

Alternate Erosion Protection - 150.1 - 1,13. 4
 
Maintenance of Approach Roads - 297.0 - 297.0
 

Net Benefit + 25,478.7 + 25,606. 	1 

*Includes 180 millions Fr. CFA funlded by F. 	E. D. 

52, 	 53, 54 I)iscounted at 10 percent rate to 1975. 
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b. With Dam: (Millions Fr. CFA) 

American Foreign 
Procurement Procurement 

Net Benefit from 2. a. + 25,478.7 + 25,606.1 
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 10C 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 ex)ected in each year. In this case the total 20 year benefits, 
again discounted at 10% rate to 1975, would amount to 943 Millionis 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 sufficiently high B/C ratios are obtained without them. Among thse is the 
substantial reduction in the costs of construction for the proposed West Rank Boule­
yard which would result from reduced requirements for erosion protection of the 
lagoon banks after the dam is constructed. Other benefits will undoubtedly accrue 
from the Value of drivers' time which would be saved with reducedlcongestion. 

Among the non-quantifiable benefits are the imp)rovement of conditions for a 
better urban development of Cotonou. These are discussed in detail in Section IlI. 

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 1y 

1970 Average Daily Traffic 101"(,I
 
Traffic Growth Rates 20%
 
Vehicle Operating Savings 15%
 
Diverted Traffic to Saint Michel Bridge 15'/'u
 
Fish Benefits 50%
 

All the changes are applied simultaneously, and the results are shown In 
Talbles XII-23 and XII-24. 
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TABLE XII-21
 

BENEFIT/COST ANALYSIS AND INTERNAL RATES OF RETURN
 
AMERICAN PROCUREMENT
 

AlternativeMillions 

a. No Improvement 

b. Parallel Bridge without Dam 

c. Parallel Bridge with Dam ** 

d. Saint Michel Bridge without Dam 

e. Saint Michel Bridge with Dam ** 

f. Dam * 

g. Saint Michel Alternative Compared 
to the Parallel Bridge Alternative 

Benefits 

-400 

Fr. CFA 
Costs * 

B/C at 10% 
Interest Rate 

-

Internal Rate 
of Return 

19,580 1,304 15.05 44% 

19,154 1,730 11.09 38%C 

25,479 1,947 13.10 38% 

25,052 2,373 10.57 34,, 

2,310 576 4.00 29%' 

_ 

6,078 2,373 
_ 

2.57 
_ 

• 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 XII-22 

BENEFIT/COST ANALYSIS AND INTERNAL RATES OF RETURN 
FOREIGN PROCUREMENTK 

Alternative Millions Fr. CFA
Benefits Costs * 

B/C at 10% 
Interest Rate 

Internal Rate 
of Return 

a. No Improvement 393 -

b. 

c. 

Parallel 

Parallel 

Bridge without Dam 

Bridge with Dam ** 

19,735 

19,369 

1,143 

1,508 

17.31 

12.86 

48% 

41% 

d. 

e. 

Saint Michel 

Saint Michel 

Bridge without Dam 

Bridge with Dam ** 

25,606 

25,241 

1,813 

2,178 

14.14 

11. I' G 

39% 

35% 

f. Dam *** 2,310 509 4.50 30% 

g. Saint Michel Alternative Compared 
to the Parallel Bridge Alternative 6,051 2,178 2.78 

* Includes both the construction and maintenance costs. 

** Not including the fish benefits. 
*** Only fish benefits and shrimp losses considered. 

All are discounted to 1975. 



TA BLE XII-23 

SENSITIVITY ANALYSIS P. 
BENEFIT/COST AND INTI-:INAL RATES OF RETURN 

AMEI\CAN PI .OCUR 'NT 

Alternative Millions F1. CF.A B/C at iOT Internal Rate 
8icnefits Costs Interest Rate" 	 of Return 

a. No Improvement 	
-; -I I 

b. Pa1r:1!l -! Iid wvithout 	 1 .' 1 V, Dam 1" 1 .	 30 

e. 	 TP i .rI 1 l;,i .,, with 1):iin 12.:; 1 
t .. .. 7,)7 26 ' 

4 D 

! :. :,:;' 	 v.71 2) 

..	 6-0:
f f.~~~1 	 -t;, ][ -,7 1. f2) 1IC: 

Int., ._ ti t toncstruc:Uon and maintctnance costs. A-\! art discounted to 19 75. 

. ic -i- . iov.n-: 1luucd: lt7i .\I)T y 1lK "TYff G ro,.th T at 1.S hv 2(Y Vehicle 

OI r:lttin " <.a\in,, L% 15 I) i v-'t> d Tiraffic iO Saint Michel 
1,'idau b.1-5 F i.Shin. ',n its ly .0 . 

0 



TA BLE )Q1-24
 

SENSITI ITY ANALYSIS ** 
BENEFIT/COST AND INTERNAL ALTES OF RETURN 

FOREIGN PR1OCUREMENT 

Alternative Millions Fr. CFA B/C at 10% Internal Rate
 
Benefits Costs Interest ate of Return C)
 

a. No Improvement 	 "358 ­

b. Parallel Bridge without Dam 13, 92-1 1, 108 12.57 	 3271 

c. Parallel Bridge with Dam ** 13, 55S 1,478 9.20 	 28% 

d. Saint Michel Bridge without Dam 14, 163 1,778 7.92 	 27% 

e. Saint Michel Bridge with Dam * 13, 798 2, 1-13 6.40 	 24% 

f. Dan, *:* 	 943 509 1.85 17% 

Includes both the construction and maintenance costs. All are discounted to 1975. 
* Not including the fish benefits. 
* Only fish benefits and shrimp losses 	considered. 

• ** 	Includes the following: Reduced: 1970 ADT by 10'r, Traffic Growth Rates by 20(7, Vehicle 
Operating Savings by 15T, Diverted Traffic to Saint Michel 
Bridge ), 15",', 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 Boulevardat the site near 

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
 
additional 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-4, and A-5. 

2. Dam 

It is recommended that a rock and sandfill dam be constructed at the mouth of 
the lagoon. If the benefits to the fishing in Lake Nokoue are disregarded, the returns 
on the investment for the project (bridge with dlam), are still high (based on vehicle 
operating savings and erosion benefits only). The cost of the dam Is amply justified 
even when its entire cost is compared to fish benefits only. The details and description 
of the proposed dani construction) are included in Section IX. 

B. ADDITIONAL REPAIRS OF THE EXISTING BRIDGE 

1. Substructure 

The repairs of the existing brige substructure were started in 1970 with FAC 
financing, and are still in progress. It !0, oxpected that the remaining needed repairs, 
as listed below, will be completed prior to the beginning of the new bridge project. 
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Bridge Piers: 	 Repaired 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. Superstructure 

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, Figure 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 by the funding Agency: 

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 19741 by December 1973 

2. Construction Sequence 

The most efficient an( expeditious construction schedule will require that the clam 
be constructe(1 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 (]am and procurement of 
rock materials will be the most critical items in the early stages of construction. 
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APPENDIX A 

City of Cotonou - General Plan A-1 

Parallel Bridge and Approaches A-2 
Saint Michel Bridge A-3 
Saint Michel Bridge Approaches - Sta. 200 to Sta. 4000 A-4 
Saint Michel Bridge Approaches - Sta. 4000 to Sta. 8000 A-5 

Cost Estimate (American Procurement) 
Existing Bridge Repairs A-6 
Parallel Bridge A-7 
Parallel Bridge Approaches A-8 
Saint Michel Bridge A-9 

Saint Michel Bridge Approaches A-10 
Foundation Protection A-11 
Dam A-12 

Cost Estimate (Foreign P~rocurement) 
Existing Bridge Repairs A-13 
Parallel 1ridge A-14 
Parallel 11ridge Approaches A-15 
Saint Michel l3ri(ge A-16 
Saint Michel Bridge Approaches A-17 

Foundation l rotection A-I8 
Dam A-19 

Table V-I, Vehicle Operating Costs at 32 kph A-20 
Table V-2, Vehicle Operating Costs at 28 kph A-21 
Table V-3, Vehicle Operating Costs at 24 kph A-22 
TaJ)le V-4, VehiclC )peCrating Costs at 20 kph A-23 

Tahle V-5, Vchicle ()pe rating Costs at 1 ;kph A-24 
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... ....//U,oo,,, / ,;.-,;,LAGUNELIMITES DU PROJET 

LAGOON
 
/PROJECT LIMITE 

'I, 

/" ' ;EXISTING BRIDGE PLA 

REMBLAIS 
EMBANKMENT". 

I 

HYDROGRAPHIC ZERO DATUM 

TERRAIN NATURELP 
EXISTING GROUND 

EXSTNGGRUN 

/... , 

1. 30 

ZERO 

' " 

YDGACTRAPPR 

....._ 

i I 

L. 

TRI 

, , , /.#,-

FOND NATURA 
EXISTING BOTTOM 

0... 1 0 

0.53 

DE VISITE 

i 4 * I 

NTRFINSPECTION DNATR 

EXSTN-BTOMELEATO 

,-, 

1 . 10-

TROTTOIR 

SIDEWALK 

4,_ 

ELEVATIO' 

TABLI 

Y R HCH 

RC 

I 4 

05.MA X. 
0.65 MIN . J 

0.00.35 

li-TI ITY ONDUTABLU 

B 4 

I 

TUYAUX DE SERVICE 
B41 

COUPE
COUPE B-B 

SECTIONSECTION B-B 
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LAGUNE 
LAGOON
 

A <7,7 

PLAN I- / -q i 

VEES DE 15.25 - 350.75 
REMBLAISS OF 15.25 350.75 

EMBANKMENT
 

It ,TERRAIN NA 
G1LEVATION EXISTING 

TABLIER DU PONT ET TROTTOIR COULES SUR PLACE 
CAST IN PLACE BRIDGE DECK AND SIDEWALK ACCOTEMENT CHAU 

SHOULDER K- 5ROAC3.50 3.50 0.6 

CHAUSSEE ECLAIR AGE 15 CM 
ROADWAY LIGHTING 0 0.02 

GARDE CORPS .. .. . . . ..... ..... 
IHANDRAIL 2

IMPREGNATION (1.5 KG/M) 

POUTRES EN BETON PRECONTRAINT LB 
__ _ '-' CONCRETE" ' __ - -PRESTRESSED BEAMS 

SUB 
PILE CAP *(TOUT VENANT LAT 

(LATERITIC SOIL CE 

CHAPEAU DE PIEUX 

PILES **(SABLE SILTEUX) 
(SILTY SAND MATER 

:OUPE A-A COUPE TY 
ECTION A-A TYPICAL SECTIO: 

PONT PARALLELE ET ACCES
 
PARALLEL BRIDGE AND APPROACHES
 



CIMETIERE CATHOLIQUE
 
CATHOLIC CEMETERY
 

PROJECT LIMITS 

!T PORTO NOVO 

AKPAKPA 

L Al S 

KM ENT 

0.00 __ 

TERRAIN NATUREL 
EXISTING GROUND 

CENTRE D'ACCES POUTIER 
jCENTERLINE OF APPROACH ROADWAY 

CHAU$SEE ACCOTEMENT 
ROADWAY SHOULDER 

-15 CM 
-15 cM REMBLAfS 

! i I ./EMBANKMENT
 
-"0.0 2 0.02UO 0.06 1 0, T r 

TERRAIN ATURELROUND 
_ _. . EXISTING 

///TAPS BTUMNEUX (3--CM) ­
//BITUMINOUS SURFACE COURSE (3 CM) 

COUCHE DE BASE (15 CMY*-COURSE '/ BASE (15 CM)* 

COUCHE DE FONDATION (15 CM)** 
SUB-BASE (15 Cm)** 

IT VENANT LATERITIQUE - 3%CIMENT) 
'ERITIC SOIL CEMENT - 3%CEMENT CONTENT) 

LE SILTEUX) 
rY SAND MATERIAL) 

COUPE TYPIQUE - ACCES ROUTIER 
PICAL SECTION - ROADWAY APPROACHES 



MARCHE LAGUNE 
LAGOON MARKET , 

COTONOU 

AXE DU FUTUR BLVD. 
CENTERLINE OF FUTURE 

BERGE QUEST.---,. 
WEST BANK BLVD. " 

! L 

" 
REMBLAIS 

.... .''vl.............. .. 

ZERO HYDROGRAPHIQUE 

HYDROGRAPHIC ZERO DATUM 

TERRAIN NATUREL_,X 
EXISTING GROUND 

SSABLE 
~SAND 

", 

-.-

ILI 

L M N E 

SILT AND 

-.... 

R I 

CLAY 

X -

.... 

FON 

EXIST 

1.30 

...... 
I 

HYDROGRAPHIZER DATUMC 
L 

0.I0 

5 . 

~--2.50-

TROTTOSDEWAL 

0.5MAX. 
0.65 MIN. 

0.20___~0.35 

UTILITY CONDUIT 

COUPE 
SECTION 

B-B 
EALXI 



LAGUNE
LAGOON 

NOUVEAU PONT LUle 
NEW BRIDGE a A 

PONT ACTUEL 
EXISTING BRIDGE 

I-. A 
ul1 

S 
"NT 

22 TRAVES 

22 SPANS 

DE 

OF 

15.25 . 335.50 

15.25 = 335.50 

t I t ,k I 1 I / 

XITN OTMLIMON 

ELEVATION 
ET ARGILE 

SILT AND CLAY 

-20 KG/C 

200 KG/( 

TABLIER DU PONT ET TROTTOIR COULES SOR PLACE 
CAST IN PLACE BRIDGE DECK AND SIDEWALK 

19.00"-

TRAPPE DE VISIrE 

...... CHAUSSEE 

ROADWAY 

TROTTOIR 

SIDEWALK 

0 

ECLAIRAGE 
LIGHTING 

GARDE CORPS 

lJU T J 

COUPE 
SECTION 

A-A 
A.A 

"_ll__'""__ 

B 

L _ I '__. . 

POUTRES EN B 

oPRESTRESSE: 
CHAPEAU DE P 

PILE CAP 

PIEUX 

PILES 

PONT SAINT MICHEL ET ACCES 
SAINT MICHEL BRIDGE AND APPROACHES 



- PORTO NOVO 

- )) "'l....... f...... I ...
 

/ 

TII .t / REMBLAIS
 

EMBANKMENT
 

SABLE TERRAIN NATUREL - SAND EXISTING GROUND 

/CM 2 RESISTANCE AU PENETROMETRE DYNAMIQUE
 
; ,CM 2 RESISTANCE TO DYNAMIC 
 PENETROMETER 

CENTRE D ACCES ROUTIER 
CENTERLINE OF APPROACH ROADWAY 

1.50 3.50 3.50 1 2 VOIES - 2 LANESA MC TN.5 7 -00 7 0 0 - - 1 50 4 VO LE S - 4 L AN ES 
ROAD AY ,REMBLAIS 

1 mEMBANKMENT 

S -15 CM TERRAIN N.ATU 

S .,. 006 EXISTING GROUND 

IMPREGNATION 0.5 KG/M2 --. o 

BETON PRECONTRAINT TACK 2)COAT (1.5 KG/M 
;ED CONCRETE BEAMS TAPIS BITUMINEUX (3 CM) 

PIEUX PEXCOUCHE DE FONDATION (15 CM)** BITUMINOUS SURFACE COURSE (3 CM)SUB.BASE (15 CM)**
kP SU-AE 5M* OUC HE DE BASE (15 CM)*€ 

BASE COURSE (15 CM)* 
* (SABLE SILTEUX) * (TOUT VENANT LATERITIQUE 3% CIMENT)

(SILTY SAND MATERIAL) (LATERITIC SOIL CEMENT - 3% CEMENT CONTENT) 

COUPE TYPIQUE - ACCES ROUTIER 
TYPICAL SECTION - ROADWAY APPROACHES 

A-3 



TOGO .. + 

ROUTE INTERNATIONALE (2 VOlES)"NOUVELLE
05 • " 


(KM 0,0 A KM 4.9-FINANCEMENT F.E.D.)1.' 1.5 

' ,"NEW INTERNATIONAL ROUTE (2 LANES) 
S". " .",.,./.(KM 0.0TO KM 4.9FINANCING BY FED) 

0 

A 1 

C, 3AVENUE DE LA REPUBLI.U 0. 

PLAN 
0 ECHELLE 1: 12500 " ." \-SCALE " - " ­

- : COTONOU --. - ..- "
. °;" 


ECHELLES: HAUTEUR 1 :500 LONGUEUR 1: 12500 
SCALE VERTICAL HORIZONTAL 

12 _
,I

1 -o.02 -0.02 0 02 

4 '0 .0030 - 0.0030 .o.0025 -0.0017 

!Ii ' 
200.0 200.0 200.0 200.0 2 0 0 200.0 

- , -, 0, ,.. -, 

0 

PENTE 

500 1000 1500 2000 2500 3000 

PROFIL EN 
3500 

LONG 
4000 

+0.0030 - SLOPE 

LONGUEUR DE COURBE PARABOLIQUE
A "LENGTH OF VERTICAL CURVE 

ACCES EST - PLAN ET PROFIL 
(FINANCEMENT F.E.D.) 

PROFILE 

B 
COTES DU PROJET 
PROFILE GRADE ELEVATIONS EAST APPROACHES - PLAN AND PROFILE 

(FINANCING BY F.E.D.) 
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LIMITES DU PROJET 

/ PROJECT LIMITS 

rr-/ ~NO ' • UVELLE.. .. ROUTE INTERNATIONALE 

trnl V- NEW INTERNATIONAL ROUTE
 

{ NOUVEAU PONT MISSION
 
NEW BRIDGE6 0" CATNOLIQUE" / U RDEMENT FUTURAC E AGUNE DE LA 

-

MARCHE~3iIT LAUN.070 U TERNATIONALE (2 VOlES)
LAGOON MARKET "6.5 A P.K. 7 OFTH 

UUCONNECTION 

4.0 INTERN AT ONAL ROUTE (2 LASES) 

LAA , 0,S 
...AVENUE OE- R..UOLIQUE 

LIMITPROJEC 
.r . " ' 

, ,LIMITES DU PRO JET 4. /. - ' 1, - E-
•" 

AVENUE DLVE AKPAKPAU 

EC0EL
LONGUEUR AECHELLES: HAUTEUR SCALE 12505 ' t 

19S,
SCALE VERTICAL 1,50.SO0 OROT 

0015D0 8 . 0 0 

OT O N O U 

0~,0 ~ 0 1,*4 -o 0 2 S T D ------..0 2 

vjRX LUO UT 

E XIST ING 

PTERRAN NATUREL 

0. 

2( 2000o 200.0 
to 2000 000 2".0 200.--. A 2007 o o20o 

75007000650 0600050 0 1 0000 550045004 000 

PROFIL ENLONGPENTO 
+ 0.0023 - SLOPE EPROFILELONGUEUR DE COURBE PARAOLIUE

OF E CURVE 


COTES DU PROGJET
 

A VLENGTHRTICAL H____ 

0 - PROILE GRADE ELEVATIONS 

ACCES EST ET OUEST - PLAN ET PROFIL 
(INCLUS DANS PROJET PONT SAINT MICHEL) 

EAST AND WEST APPROACHES - PLAN AND PROFILE 
(INCLUDED IN SAINT MICHEL BRIDGE PROJECT) 

A-5 



EXISTING BRIDGE REPAIRS 
AMERICAN PROCUREMENT 
(COSTS IN FR. CFAI 

ITEMS QUANTS. UNITS UNIT FONEIGN TAXES LOCAL TOTAL 
PRICE CURRENCY CURRENCY 

REMOVE EXISTING CONCRETE DECK LUMP SUM L.S. 5,000,000 472,500 3,177,500 1,350,000 5.000,000 

MAINTAIN RAILROAD TRAFFIC LUMP SUM LeS. 5.000900C 3500,o ij)U,UU 5.0uOOO00 

REINFORCED CONCRETE (NEw DECK*) 745 M3 90,000 8,917,650 32,b53,350 2:,9TvJu 67*05,000 

BR:DGE IGHTIG & MISCELLANEOUS LUMP SUM L.S. 4,100,000 932,750 502,250 e90),)Uu w9i&Jso0 

CLEAN & PAiNT STEEL GIRDERS LUMP SUM LeS. 2,uOis000 2U#O0UO 96J,000 nuujuO 2,OUJ,0U 

OVERHEAD 2,543,520 645.032 3.263,446 b,540O 

CONSTRUCTION YARD 69867,505 2.281,586 5,01103-9 17,bUv400 

SUBTOTAL (1) 419205,025 139689,518 5,8t7,t57 107.762.4D0 

CONTINGENCIES (20 PERCENT) 8,241,006 2,737,903 10,573, 71 21,52 .4b 

SUBTOTAL (2) 49,44b,031 16,427,421 63,44j,4Zd 129,314,88c 

DESIGN & CONSTRUCTION SUPERVISION 139578.062 5,. 9,17i 19,y'7o232 

T 0 T A L 63,0249093 16,427,421 6V.260,595 148,712,112 

*(INCLUDES EXTENDING STEEL BRACKETS TO SUPPORT WIDER SIDEWALKS) 



PARALL'-

( CST 7 ' ; R. C, A ) 

ITEMS QUANTS. UNITS U,.IT FOREIGN TAXES LOCAL TOTAL 
PRICL CURRENCY CURRENCY 

SHIPPING.. 7,000 TONS 1JJ00 l',OOGO4 o 54v,60uCOU 70,O00,oUo 

0:LES - -ELIvERED TO JOB 1P036 M3 49.00 8,680,644 i3,147, ?b 2 ,45,4j 50,764,Uo0 
9R:VlG PILES 29100 M 2),u00 8,085,0U 2 1,15,0L 3,,16 52,5OUOGC 
z:ACN0 & CUTTING PILES 264 EA 36,000 1,29S,144 53 2.,71h 3,7e,5' -,,t3Z, 0 

STruCTuPAL EXCANATION 75 M3 1,000 5 2D0 54*750 u00 7bi-

RE: N=RCED CED0CCETE 

-:ER CAD5 238 M3 80,000 3,617,600 5.')U2,4w 'y95209000 19,040,oc0 
-ABTME NTS 70 M3 609003 602,70U 1,87t 3J 1,722.,jU 4,20. #00, 

-BRID3E DFCK 663 M3 65,300 .,825,640 24,­
7 7 

,96D i9, 7 
V0,au 43,095,003 

> -BRIDGE BEAMS 1,010 V2.Q03 2o,470,080 ,t14.,72] 6,175,200 1.'7,z0,O0o 
BEARING PA,)S 368 EA 4,0450.800 101,20 1,2db,rC lO40,000 
BR:DGE LIGhTING & MISCELLANEOUS LUMP SUM LoS. 5,000,300 1,137,5JO 612.500 3,2509000 5,000uoc 
OVERHEAD 

16,4538,635 4.414,02c1 30,7u ,+0 
CONSTRUCTION YARD *t 55,649,140 14,897,346 33,81,303.627,b20 !d 

SUBTOTAL (1; 

CO.NTNGENCIES (20 PERCENT) 
278,245,695 

55,649,140 

7.486,732 

14,897,34t 

Ib5,405,63 

33,01,134 

51b.,13-.,Ioc 

13,627,622 

SUBTOTAL (2) 
333,894,835 899334,078 1959,.6s8,C7 621,765,720 

DESIGN & CONSTRUCTION SUPERVISION 65,285,4CC 27,979,4,E q3,269,56t 

T J T A L 399,180,235 89,354,078 226.466,265 715,030,57E 

**(TONNAGE INCLUDES CONSTRUCTION EGUIP-ENT, PRESTRESSED PLANT, A%.) PILES)
***(ICLUDES ALLCoANCE FOR :',CREASED COSTS D i TO LONGER HAJL A%D TRAFFIC 

CONGEST7N " T E CO ST:,CTIO., T 

C 



PA-ALL--L i, PjClS 

AV%.I TC : % - A 

ITEMS CUANTSe UNITS ur,IT FOk<EIGN TAXES LOCAL TOTAL 
PRICE CURRENCY CURRENCY 

SHIPPING ** 300 TONS 10.000 66JCuO 2,,40,000 3.00tO00 

EMBANKMENT 69000 M3 1.500 675,000 ,75,000 .256,CUu 9,ODuquuG 

EXCAVATION * 100 M3 900 69750 60,75 22,520 912,coc 

SBBASE 800 M2 300 lil,0o 1b2,COL 6j,jUO ;>- ,uuc 

BASE 4,200 M2 1,500 472,500 4,252,500 1,575,JUL, b,3 ,9OU 

BITUMINOUS SURFACE COURSE 4,000 M2 900 270,UUU 2,431,UJC 90O.,U12 3,o0 joU0 

SHOJLDERS 800 M2 450 27,0 2- 00 y #, O, 3uO000 

OVER"EA 
D 

579,000 117,540 1,11O-b6O 1,J7,2:)C 

CONSTRUCTION YARD *** 1,954,126 396,697 39748,477 6,V93,3o 

SUBTOTAL (i) 9,770,626 1.983,487 IS,742,357 3C,4tc,5CC 

CONTINGENCIES (10 PERCENT) 977,064 19,348 1v74,236 3,04'9,65 

SUBTOTAL (2) 10,747,690 2,181,835 20,51t,62s 33,546,150 

DESIGN & CONSTRUCTION SUPERVISION 3,522,345 1.509,577 5,0,922 

T 0 T A L 14,270,035 2.181,835 22.126.202 38,57tOT7 

*f INCLUDES PLACING IN EMBANKYENT) 
**(TONNAGE INCLUDES ROADWAY CONISTRUCTI0N EQUIPMENT) 
**{(INCLUDES ALLOWANCE FOR :N:REASED COSTS DUE TO LONGER HAUL AND TRAFFIC 

CONGESTION 4EA1 THE CONSTRuCTIO% SITE) 



SAINT V!C"-L URIDGE 

A% ICA'. 6CU-L'EvNT 
(COSTS lN FR. C A) 

ITEMS QUANTS. UN IT5 u'.IT 
PRICL 

FOiEI G 
CURRENCY 

TAAES LOCAL 
CURkENCY 

TOTAL 

SHIPPING -* 

PILES - DELIVE9EO TO JOB 

DPIvING PILES 

PLACING & CUTTING PILES 

STRJCTUmAL EXCAVATION 

REINFORCED CL4CFETE 

-PIER CAPS 

-ABUTMENTS 

-BRIDGE DECK 

-BRIDGE BEAMS 

BEARING PADS 

BR7DGE LIGHTING & MISCELLANEOUS 

OVERHEAD 

CONSTRUCTION YARD 

7,OOO 

19730 

3s350 

414 

150 

389 

240 

938 

1,687 

616 

LUMP SUM 

TONS 

IA3 

M 

EA 

M3 

M3 

M3 

M3 

M3 

EA 

L*S. 

10,000 

49,000 

25.000 

3b#000 

1,000 

60,000 

60,00 

65,000 

126,000 

5,000 

7,000,000 

14,495,570 

12,897,5C 

2,037,294 

10#500 

5,912,800 

2,066,4L0 

6,828,640 

44,212,b96 

754,6u0 

1,5,2, 00 

24,305,591 

49,220,e47 

1i.430,020 

2 
1,955,431 

34,002.500 

7,d73*, 6 

]J9,5jO 

9,647,200 

6,429,600 

3
4 
,b30,960 

57,16,86, 

16Y,4UC 

z57,5C.0 

7,264,7, 

14,711,02-

54.60uOU0 

36,=5;,.U 

D, 2C,6O 

3:,O0O 

1,560OO.c 

5,gu4,uO0 

),510,400 

11i;, 32,24C 

,S,ouu 

,550,0CC 

it,1i1,425 

3J,5O0,635 

70.000000 

8#,77U,000 

63,750,UC 

1 ,736,0OC 

15,02C 

31.120,00U 

14,400, 

609970,COU 

212,562,00C 

3,08L,0C0 

7,O ,000 

5b,532,720 

94,532,506 

SUBTOTAL !I) 

CONTINGENCIES (20 PERCENT) 

377,3599818 

75,471,964 

112,7o4,52i 

22.556,905 

24,6C4.,d 

46,92j,97t 

7 
,9749,22t 

1'.g,94',v#4' 

SUBTOTAL t2) 

DESIGN & CONSTRUCTION SUPERVISION 

452.831,762 

91,318,402 

135,341,434 261,525,857 

39,136,46 

869,6Y99,73 

1£,94 ,40,6c 

T 0 T A L 544,150,184 135,341,434 320,662,31s 1900091t9933 

**(TONNAGE INCLUDES CONSTRUCTION EQUIPMENT, PRESTRESSED PLANT, AND PILES)
 



SAI7, "iC-: -­", D£ A 3DACHES 
A ICc,'. JCjREY NT 
CCCST! 1% -. ' :CA) 

ITEMS QUANTS. UNITS U.IT FOREIGN TAXES LOCAL OTAL 
PRICE CURRENCY CURRENCY 

SMIPPING ** 500 TONS 10,000 3,,LL.,9JO3,siU.00 t,0OoqOO0 

CLEAPING & DEMOLITION LUM
P 

SUM L.S. 2.30u.000 21 ).Uu io.90.Oo0 l-,OUc 2,OU0.uOO 

EYBANKmENT 32,000 M3 1,300 2,'.,O0G 21.60 ,0C :.ZOC.20e 32,00000 

EXCAVATOO N 8,O00 -M3 600 3b0,0OU 3z 
4 J9,OOC 1.20-,-L; .bO-JOOC 

SJBBASE 20,700 M2 2J0 310,500 i,794,50U 1,03 ,0U 

BASE 31,700 M2 io00 2,377.503 21.347s500 7,Joc j.7ce002 

BIU'AINOJS SURFACE COURSE 30,800 M2 60 1,386,000 12,474,000 4,620,oCQ :I,480.,,C00 

S-COLOERS 7,800 M2 300 175.503 19579,500 t85,000 2,340,000 

DPANAGE PIPE (INCL. EXCAV.I 800 M 12.000 720,000 6,480.000 2,400,00 9,600,00 

OVER-EAD 2,429,200 635,160 5,740.440 8,FUI,600 

CONSTRUCTION YARD 4,919.13) i, 369199 11,624,391 17,829,720 

SU9TOTAL (1) 37,713.330 99660,859 89,12U.31 135,s96,520 

CONTINGENCIFS (10 PERCENT) 3o771.334 986,085 8,912,033 13,b69,452 

SUBTOTAL (21 41.484,664 10,846,944 98,032,364 150,3b3,972 

DESIGN & CONSTRUCTION SUPERVISION 15,788,21 6,756,379 229554.595 

T 0 T A L 57,272,880 109846,944 104.798,743 172,918,567 

*(INCLUDES PLACING IN EMBANKMENT) 
**(TONNAGE INCLUDES ROADWAY CONSTRUCTION EQUIPMENT) 



F ',.%DArT . - T:tT I i 

ITEMS CUANTS. UNITS uNIT 

PRICE 

CPE:, 

CORR.CY 

TAXES LOCAL 

CURRENCY 

TOTAL 

ROCK MAT 420 TO 80 KG) 

ROCK EM5ANKMENT PROTECTION 

89500 

1,800 

T 

T 

8,503 

4,700 

3.251.250 

38u.70070.30C 

58,1611',"o 

6 

Iutd37,500 

i,2o',.00 

72920,OO0 

e60OO00 

EMBANKMENT 

EXCAVATION 

OvERHEAD 

CGSTRUCTICN YARD 

9.000 

1,000 

M3 

M3 

300 

500 

202.500 

37,500 

19032,520 

2*787,835 

i.622.530 

337,5 3 

339,75 

o3b,:341 

b75C0 

i2-.GCC 

7 

-14,o5L.414 

2,-0,0 

18,12",5b-

S'jTOTAL (1) 

CONINGENCIES (20 PERCENT) 

16,726.t25 

3,34'5360 

5.01.o',7 

1,003.609 

o7,J;2°a55 

17,'00,97 

l0c,7-7,3t 

197'-9,472 

SuTOTAL (2) 

DESIGN & CONSTRUCTION SUPERVISION 

20s072,191 

13,702,16b 

6.021.656 iA.,'02,ob5 

5,d72,358 

130,49,5832 

19,574,524 

T O T A L 33,7749,357 6,021,656 110,275,343 150,071,356 



DA 
M 

AMERICA% PR0CUREMENT 
(COSTS IN FR. CFA) 

11 EMS QUANTS. UNITS UNIT 

PRICE 

FOREIGN 

CURRENCY 

TAXES LOCAL 

CURRENCY 

TOTAL 

CORE MATERIAL 

ROCK (PHASE 1) 

ROCK (PHASE 1) 

(20 KG TO 200 KG) 

(20 KG TO 200 KG) 

26.000 

44,625 

44,625 

M3 

T 

T 

29500 

2,000 

2,700 

2,275,000 

4,6b5,t25 

b,325,593 

5b,225,000 

71,116,875 

6,0d,7b2 

6,500,uou 

1i,3,7,500 

itU73,1-5 

650UUUouo 

C9,bC000 

l2C,4z7,500 

PLACING IN DAM 

EXCAVATION 

DREDGING 

EMBANKvENT iSAND) 

ROCK (PHASE 2) (20 KG TO 

OVER-EAD 

CONSTRUCTION YARD 

200 KG) 

1,000 

3,000 

15,000 

800 

M3 

M3 

M3 

T 

500 

1,000 

300 

3,700 

175,O 

1uD,000 

157,500 

155,400 

, 
7 
04,55b 

8,781,837 

432,Ou 

2.595,000 

3,692.500 

2.36J,600 

1, 46,594 

3,073,642 

OC,0uu 

30o,000 

450,OLO 

444,0O0 

27,932,550 

52,140,761 

0j0,0 

.3GU,0U0 

4,500,O0 

2,990,000 

349,23,700 

63,v96,24O 

SUBTOTAL (1) 

CONTINGENCIES (25 PERCENT) 

52,691,018 

13.1729755 

i8,4 i,854 

4,610,463 

312,54,568 

78,211,142 

3d3,977,440 

95,QV9,360 

SUBTOTAL 

DESIGN & 

f?( 

CONSTRUCTION SUPERVISION 

65,863,773 

67,196,052 

23,052,317 351,055,71U 

28, 
7 

98,306 

479,V1l,00 

95,V4,3t0 

T 0 T A L 1339059,825 239052,317 419,Pd4,01 )75,9b6,1to 



EXISTIF-, 6ID6E REPAIRS 
FCR£-13". ZRCu;EvE: T 
(COSTS I% FR. CFA) 

ITEMS QUANTS* UNITS UNIT FOREIGN4 TAXES LOCAL TOTAL 
PRICE** CURRENCY CURRENCY 

REMOE EXISTING CONCRETE DECK LUMP SUM L.S. 5,000.O00 472,500 3,177,530 i,30,U00 59000,00UO 

vAiNTAIN RAILROA. TRAFFIC LUMP SUM LoS. 59000#U00 3,50PO0 i,500.juo 5,0009000 

REiNFO CEC COCRETE (NE DEC<') 745 M3 9,OO 8,917,550 32,b53,350 25,4 
7
9,.u S O3 

BR0GE L!'-TING & vISCELLANEOuS LUMP SUM L.S. 1-luOO00 932,750 5j2,250 2,665.O0, 

CLEAN & DAINT STEE_ GIRDERS LUMP SUM L.S. 2.0LP00 240,00U 9b 0JO0 CUouU L,0U6,o 

OvERHEAD 1#907P640 633,774 2,447,5e6 4,9b,000 

CONSTRUCTION YARD 6.740,329 2,239,33 4,8 ,137 17, 27,50 

SU8TOTAL(l) 
4J,4,59 13,&36.005 51,88,S23 7 

CONTINGENCIES (20 PERCENT) 889395 2,567,C201 1, ,177,7t4 21sin3.3t 

SU2TOTAL (2) 1-S,530,354 l,123t20E 2,2t- ,5l7 122,920,!% 
DESIGN CCNSTRUCTION SUPERVISION 10,661,293 .,5z9,126 lDsZ-"J 

T 0 T A L 59,191.557 1t,123,209 66535,713 142,1'z0,573 

-(iNCLUDES EXTENODN3 STEEL BRACKETS TO SUPPORT WIDER SIDEWALK)
**(U'%IT DRICES ICLUDE THE COST Cc TRANSPORTINO CONSTRUCTION EQUIPMENT 

TO THE CONSTRUCTICN SITE) 



PARA_. E. :iRD:, 
FOREI'. P;CLR .LNET 
(COSTS IN 4R. CFA) 

ITEMS QUANTS. UNITS UNIT 
PRICe** 

FOREIGN 
CURRENCY 

TAXES LOCAL 
CURRENCY 

TOTAL 

PILES 

DRIVING PILES 

PLAC:NG & CUTTING PILES 

STRUCTURAL EXCAVATION 

REINFORCED CONCRETE 

19036 

2,100 

264 

75 

M3 

M 

EA 

M3 

619000 

25.000 

38.000 

1.000 

11),86,516 

5.085,t00 

1,299,144 

5o250 

16,367,764 

21.315.003 

5,021,015 

549750 

369J21.7Z 

2C,lc0,. 

,J711,t40 

15o000 

t391b469000 

52,500.0o0 

i0,32.000 

7 ,0UU 

-PIER CAPS 

-ABUTMENTS 

-SRIDOE DECK 

-BRIDGE BEAMS 

BEARING DADS 

BRIDGE LIG"TING & MISCELLANEOUS 

OVERHaAD 

CONSTRUCTION YARD 

238 

70 

663 

;o10 

368 

LUMP SUM 

M3 

M3 

M3 

M3 

EA 

L.S. 

74,000 

60,000 

65.000 

11H,000 

5,000 

5.000.000 

3,3469280 

602,700 

4982bob40 

24,789.440 

450,80C 

1-1379500 

9,220,714 

40*724,219 

59459,720 

1,875,300 

24,477,960 

32,416,960 

1ji.200 

612,500 

3,320,956 

149667,5t6 

8.5j6.ouc 

1.722,UU 

13,790.400 

bl,973,600 

1,2d8,.O0 

3,250.00C 

t$462,130 

26,541,075 

1t612.D339 

4,20003 

4.)9095.3Zo 

11g,1HUOO0 

1.840,000 

5.o.000 

19,302,.GO 

83,933,4t0 

50TCTAL (1 

CONTINGENCIES (20 PERCENT) 

203,624.093 

40,724,819 

73,337,782 

1'%667,556 

142,705,375 

25,54. 37 

414,b67,2"0 

03,933,45 

SUBTOTAL (2) 

DESIGN & CONSTRUCTION SUPERVISION 

244,348.912 

439511,100 

88.005,33C 171924-6,450 

lh,920.99d4 

503,5.),,7jD 

60,432,904 

T 0 T A L 287.860,012 88.05,33 1H891679434 564,032,764 

**(UNIT PRICES INCLUDE THE COST Or TRANSPORTING CONSTRUCTION EQUIPMENT
 
TO T E CONSTRUCTION SITE)
 

***(INCLUDES ALLOANCE FCR iNCREASED COSTS DE TO LCNGER -iAUL A'.D TkAFF:C
 
CONGESTION NEAR THE CONsTRUCTION S:TE:
 



ITEms 
 QUANTS. UNITS 
 U%;T FOREIGN TAXES 
 LOCAL 
 TOTA
 

CURRENCY 
 CURRENCY
 

E"BANKMENT 

6,000 
 M3 1.950 977,500 7897,500 
 2-925,0OO 11,70u0,OOJ


EXCAVATION * 100 M3 
 1.200 9,00 
 81,C00U 
 30,uo 12U.000
 
SU9BASE 


800 
 450
M2 27,000 243,000 
 , 360,000 
RASE 


4,200 M2 
 19950 
 614,250 5952-3,250 
 2,2 700o,
 
RITUMiNOuS SURFACE COURSE 
 4,000 M2 
 1.200 360,000 3,240,000 1 ,000 4,60 .00
 
SHOULDERS 


800 M2 
 600 369000 324,000 
 120,200 
 4 C,02O
 
OVERHEAD 


384,750 115,-425 1,03e,b25 1,539.000
 
CONSTPUCTION YARD 
 *1699,314 


509,793 .t689143
 

SOTAL 

8,496,564 2954',968 22,94 ,71H 


SUBTOTAL (1)(10 

339986,250
 

CONTING5NCIES 
(10 PERCENT) 

849,658 
 254,896 2,294,071 3s3,s625
 

SUBTOTAL (2) SUTTL(19,346,222 

2,803,8 4 25,234,789 37,384,075
 

DESIGN & CONSTRUCTION SUPERVISION 3230053 1,256,132 i4to5
 

T U T A L 12,576,275 
 2,803,864 2b,490,92! 
 -1,871,060
 

*(INrLUDE5 PLACING 
IN EMB:,NKMENTI

**(UNIT DRICFS INCLUDE T"E CONT nF 
TRANSPORTING CONSTRUCTION EQUIPMENT
 

TO THE CONSTRUCTION SITE)

***(INCLUDES ALLO*ANCE FOR INCREASED COSTS 
DUE TO LONGER HAUL AND 
TRAFFIC


CONGESTION NEAR THE CONSTRuCTIO,. SITE)
 



SAINT "'ICHEL BRIDGE 
FOSE:GN DRIGUREMENT 

1C;T'. F' . Cf A) 

ITEMS QUANTS. UNITS UNIT F0RSIGN TAXES LOCAL TOTAL 
PRICE** CURRENCY CURRENCY 

PILES 1,730 M3 6oU00 16,0 5.630 27,332,27^ 60,12,100 105530,000 

DRIVING PILES 3s350 M 25,000 12.897,500 34,002,500 3,50,uuC 83,75C,000 

PLAC:NG & CUTTING PILES 414 EA 38,000 2,037,294 7,673,866 562J,Q0 15,732,00 

STRUCTURAL EXCAVATION 150 M3 1.000 10,500 109,500 32,000 

RE:N ORCED CONCRETE 

-D!ER CAPS 389 M3 74.000 5,469,340 8%923,660 14,393,000 28,786#000 

-ABUTYENTS 240 M3 609000 29066,900 6,429,600 5,904,000 1L,&O0,000 

-BRI06 DECK 938 M3 65,000 6,828,640 314,530,960 19,513,400 6C,97, 000 

-BRIDGi BEA-AS 1,687 M3 116,000 41,415,72b 54,145,952 IJ3,514,320 199,006,000 

BEARING PADS 616 EA 5.000 754,600 f,9,400 2,156,000 3.080.O00 

BR:DGE LIGmTING & MILCELLANEOUS LUMP SUM LS. 7,000,000 19592,500 857,5C '.,550,U00 7,000,000 

OVERHEAD 15,172,841 5,466,457 10,408,512 31,107,840 

CONSTRUCTION YARD 40,208,026 14,4b,192 27,741,556 b2,43,776 

SUBTOTAL (1) 308,261,527 111.060,811 212,68,27d 632,007,6lb 

CONTINGENCIES (20 PERCENT) 61,652,306 22,212,162 42,537.055 1269,01,5?3 

SUBTOTAL (2) 36999139833 133,272,973 255,222,333 7 8,04&,,139 

DESICN & CONSTRUCTION SUPERVISION 65,526,549 2.,482.547 91,0u9,c 6 

T 0 T A L 435,440,352 133,272,973 20,704,bbO b49, oir,235 

**(UNIT PRICES INCLUDE THE CO5T OF TRANSPORTING CONSTRUCTION EQUIPMENT 
TO THE CONSTRUCTION SITE) 



SINT "'-CE,. IOO APPkJACHES 

iC aT~ : % . C -AJ 

ITE,3 QUANTSo UNITS uLIT FOREIGN TAXES LOCAL TOTAL 
PRICE** CURRENCY CURRENCY 

CLEARING & DEMOLITION LUMP SUM LeS. 2,0009000 2130000 1.09,000 100,00C 2,000.000 

EmaANKMENT 32.000 M3 1.330 3,i2j,000 2:.dO,00 Il4J,jJC 41,tcLO0 

EXAA'N*89000 M3 Boo 4,0,ooGj '..32U,03Z0 1.5j.. ui 

SUdSASE 20s700 M2 300 4b5,750 49191%750 , t, ,; 

BASE 31,700 12 1.330 3,090,750 27,olh,756 l~i,*:2,5j0 1,21uU00 

IT'UJi\0US SURFACE COURSE 30,800 M2 800 108O8.0uO. i,632,UJU 6,1t, ,OuU 4,,o40,O03 

SOcUL0ERS 7,800 M2 400 234 ,300 2,16,0uu 7b,,.,UG ,1200 

DRA.NA3E PIPE (INCL. EXCAV.) 800 M 129500 750,30 5,L5),OUL 2,5UUO 10 ,JUU00 

CvERhEAD 2,039,700 011,910 P,9,,, elLtdUa 

CO%SIRUCTION YARD 5,405,236 19,21.561 !4,4b,53 21,403,02 

S'JTOTAL (1) 41.439,906 12,431,971 i,9 .i.,543 1o7,T78,42J 
CONTINGENCIES (10 PERCENT) 4,13,991 1,243,197 11,091,2D4 ib,t ,4 -2 

SuBTOTAL (2) 45,583,897 139675,166 122,90C,797 iH,t, 8 6? 

DESIGN & CONSTRUCTION SUPERVISION 159661,110 6,O 0,43 21.751,543 

T 0 T A L 61,245,007 139675,16e 12199'9230 203,01,405 

*(INCLUDES PLACING IN EMBANKMENT)
**.LINIT PRICES INCLUDE THE COST OF TRANSPORTING CONSTRUCTION EUUIPMENT 

TO THE CONSTRUCTION SITE) 



FJJ ., ATI'% - OTCT ION 
FOtE,3' P2CJRL;L.'%NT 

(COSTS IN Fk. Ct-A) 

ITEMS QUANTS. UNITS 	 UNIT FORtIGcN TAXES LOCAL TOTAL
 
PRICE- CURREN¢CY CURRENCY
 

ROCK VAT 
(20 TO 80 KG; 	 89500 T 6,500 3#25192t0 56161,050 1. ,d37,5JO 72o25000
 

ROCK EvBAN<MENT PROTECTIQN 
 1.800 T 4.700 350.7J0 6.d1O,3o i,25,3J0 e,-1sOOO 

Pm9AN(ME4T 9.000 M3 300 202.500 i,122t00 675,300 2,T7ut30 

EXCAVAT:r1 
 1,000 M3 500 37,500 337.50C 125,00,
 

OvE?"EAD 
 774,390 232.317 4,027. 93 5s 3 ,6_
 

CONSTRUCTION YARD 
 2,736,179 d20,853 l4tZ31*688 17,76o,92:
 

SUBTOTAL (l) 
 16.4179069 4,925,120 bt:391.331 106.733 ,5
 

CONTINGENCIES (20 PERCENT) 
 32!3,414 9859.24 17,078,2b6 21*34,704
 

05STOTAL (Z) 

1 ,9700943 5,910,144 12,469,597 126,05,o24
 

DESIGN & CONSTRUCTION SUPERVISION 
 11,066.130 	 4,3D3,490 1593b,621, 

T 0 T A L 30,7669613 5,910,144 iUb,773,093 143,4"9,953 

**(UNIT PRICE, INCLUDE THE COST OF TRANSPORTING CONSTRUCTION EQUIPMENT
 
TO THE CONSTRUCTION SITE)
 



DA 
FOREIGN PROCUREMENT 
(COSTS IN FR. CFA) 

ITEMS QUANTS. UNITS uNIT FOREIGN TAXES LUCAL TOTAL 
PRICE** CURRENCY CURRENCY 

CORE MATERIAL 26,000 M3 2.5u 2,275,000 56t22tOO0 b,5uuUu0 65.OU000 

ROCK (P-ASE 1) (20 KG TO 200 KG) 44,625 T 2.000 3.123,750 779201.250 699250000 89,2DO,0OO 

ROCK (PHASE 1) (20 KG TO 200 KG) 44,625 T 29700 6,325,593 96088,782 18,073,12t 120,487,500 

PLACING IN DAY 

EXCAVAT ION 1.000 M3 500 17,500 432,500 50,Cui 500,Coo 

OEOGi 1. 3,000 M3 1,000 105,000 29595,000 300,000 3,0 -, ,u 0 

EmBANKYENT iSAND) 15,000 f3 300 157.500 3,8929500 450,0O 4,53t,000 

ROCK (0-ASE 2) (20 KG TO 200 KG) 800 T 3,700 155 t".0 2,350600 444,000 2,560v00D 

OVERHEAO 2s0d4,529 749,55' 14,327,737 7,141,50 

CONSTRUCTION YARD 7,365,332 2,)77,865 5,o624,673 6-,567,870 

SUBTOTAL (1) 4 
4,191,966 15,4b7,192 3c3,74s,044 363,407,220 

CONTINGENCIES (25 PERCENT) 11,047,997 3,.b6,798 75,)37,010 9098519805 

SUBTOTAL (2) 55o239,983 199333,990 379,665,052 454,259,025 

O SIG% & CONSTRUCTION SUPERVISION 39,247,979 15,263,104 54,51I.C63 

T 0 T A L 94,487,962 19,333,990 394,948.156 5Q8,77u.1u5 

**(UNIT PRICES INCLUDE THE COST OF TRANSPORTING CONSTRUCTION EUUIPMENT 
TO THE CONSTRUCTION SITE) 



TAB,E V-I 

COTONOU BR[IDGE 
VEHICLE OPERATING COSTS AT 32 k.p. 1.h 

UNIFORM SPEEDS ON LEVEL TANGENT ROADS IN GOOD CONDITION 
(Fr. CFA per kilometer) 

Paved Road Car Bus Truck 

Fuel 1.080 1.9,13 :3.254 

Tires 0.297 0.539 2.326 

Deprciation 6. 534 5.189 9.0,2 
Interest 

Oil 0.154 0.231 1.078 

Crew 2.790 5.580 4.960 

Spares 0.462 0.734 4.125 

Main Labor 0.300 0.375 1.100 

Fixed Costs 3.385 4.625 10. 938 

Total 15. 002 19. 216 36. 823 

Earth Road 

Fuel 1.490 2.565 4.555 

Tires 1.782 3.232 13.953 

Depreciation 9.423 7.405 12. 656 
Interest 

Oil 0.231 .347 1.617 

Crew 2.790 5.580 4.960 

Spares 1.201 1.909 10.725 

Labor 0.780 0.975 2.860 

Fixed Costs 3.385 4.625 10.938 

Total 21. 082 26. 638 62. 264 

Based upon cost data collected by N, D. Lea Assoc. in Dahomey during 1967. 

See Ilahnw L) l'rarnnsport, ibid. F'ree running is assumed, as typical of 
operations in rural areas. Cosis have not been increased for the estimated 2% 
annual inflation factor Io 1970. 

A-20 



TABLE V-2 

COTONOU BRIDGE
 
VE-IICAL OPERATING COSTS AT 28 k. p. 11.
 

UNIFORM SPEEDS ON LEVEL TANGENT ROAI)S IN GOOD CONDITION
 
(Fr. CFA per kilometer)
 

Paved Road Ca r Bus Truck
 

Fuel 1.129 2.026 3.369 

Tires 0.257 0.467 2.014
 

lDepreciation &
Ieret 6.816 5.414Interest 9.643 

Oil 0. 164 0.2,15 1. 125 

Crew 3.188 6. 377 5.668 

Spares 0.451 0.717 4.024 

Main Labor 0. 293 0. 366 1. 073 

Fixed Costs 3. 868 5.285 12.500 

Total 16. 166 20. 897 39.416 

E:,.- lb Road 

Fuel 1.558 2.675 4.716 

Tires 1.543 2.803 12.079 

Depreciation 9. 830 7. 256 13.498 
Interest 

Oil 0.246 0. 368 1.688 

Crew 3.188 6.377 5.668 

Spares 1.172 1.864 10.463 

Labor 0.761 0. 952 2. 790 

Fixed Costs 3.868 5.285 12.500 

Total 22. 166 27.580 68. 402 

1 Costs at 28 k. 1) h. are b)ased upon l)ahomey data from the -,ea report, as shown 

in Tab] e V-I. The ratio of increase by (ost comp)o1ent for the lower speed is 
from \Vilfrey (Ap)I . 11(lix A) excej'i for cro w ,d fixed costs, which are increased 
in proportion to speed reduction. 'l'1;us, thi. tnl)le (hows an approximation of 
operating costs at the selecte(I speed under free runniog, conditions in l)ahomey. 

A-2 1
 



TABLE V-3 

COTONOU BRIDGE 

VEHICLE OPERATING COSTS AT 24 k. p. h. 
UNIFORM SPEEDS ON LEVEL TANGENT ROADS IN GOOD CONDITION 

(Fr. CFA per kilometer) 

Paved Road Car Bus Truck 

Fuel 1.199 2.157 3.547 

Tires 0. 205 0.393 1.698 

Depreciation 7.122 5.656 10. 398 
Interest 

Oil 0.179 0.266 1.207 

Crew 3.711 7.421 6.597 

Spares 0.444 0. 705 3. 960 

Labor 0.288 0.360 1.056 

Fixed Costs 4.502 6.151 14.548 

Total 17.650 23. 109 43. 011 

Earth Road 

Fuel 1.654 2.847 4.965 

Tires 1.230 2.359 10.186 

Depreciation 10.271 8.071 14.554 
Interest 

Oil 0.268 0.399 1.811 

Crew 3.711 7.421 6.597 

Spares 1.153 1.833 10.296 

Labor 0. 749 0. 936 2. 746 

Fixed Costs 4.468 6.151 14.548 

Total 23. 504 30. 017 65. 703 

Costs at 24 k. ). h. are based upon Dahomey data from the Lea report, as shown 

in Table V-1. The ratio of increase by cost component for the lower speed is 
from W infrey (Appendix A) except for crew and fixed costs, which are increased 
in proportion to speed reduction. Thus, this table shows an approximation of 
operating costs at the selected speed under free running conditiom , in Dahomey. 
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TABLE V-4 

COTONOU BRIDGE 
VEHICLE OPERATING COSTS AT 20 k.p.h.I 

UNIFORM SPEEDS ON LEVEL TANGENT ROADS IN GOOD CONDITION 
(Fr. CFA per kilometer) 

Paved Road Car Bus Truck
 

Fuel 1.312 2.352 3.797
 

Tires 0. 177 0.324 1.389
 

Depreciation & 7.487 5.947 11. 188 
Interest 

Oil 0.200 0. 196 1.321 

Crew 4.464 8.928 7.936 

Spares 0.434 0.690 3.897
 

Main Labor 0. 282 0.353 1. 039 

Fixed Costs 5.416 7.400 17.501 

Total 19.772 26.290 48.068 

Earth Road 

Fuel 1.810 3.105 5.316 

Tires 1.065 1.946 9.333
 

Depreciation & 10. 797 8.487 15.659 
Interest 

Oil 0.300 0.445 1.981 

Crew 4.464 8.928 7.936 

Spares 1.128 1.795 10. 123
 

Labor 0.733 0.917 2.702 

Fixed Costs 5.416 7.400 17.501 

Total 25.713 33. 023 69. 561 

Costs at 20 k. p. h. are based upon Dahomcy data from the Lea report, as shown 

in Table V-1. The ratio of increase by cost components for the lower speed is 

from Winfrey (Appendix A) except for crew and fixed costs, Whic h arc increased 
in proportion to speed reduction. Thus, this table shows an ap)!)roxi mat ion of 
operating costs at the selected speed under free running conditions in I)" homey. 
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TABLE V-5 

COTONOU BRIDGE 

VEHICLE OPERATING COSTS AT 16 k. p. h. 1 

UNIFORM SPEEDS ON LEVEL TANGENT ROADS IN GOOD CONDITION 
(Fr. CFA per kilometer) 

Paved Road Car Bus Truck 

Fuel 1.490 2.662 4.198 

Tires 0. 137 0. 253 1. 070 

Depreciation 7.906 6.279 12.207 

Interest 

Oil 0.233 0.344 1.466 

Crew 5.580 11.160 9.920 

Spares 0.430 0.683 3.878 

Main Labor 0.279 0.349 1.034 

Fixed Costs 6.770 9.250 21. 876 

Total 22.825 30.980 55.649 

Earth Road 

Fuel 2.056 3.514 5.876 

Tires 0.320 1.519 6.418 

Depreciation & 11.402 8.960 17. 086 

Interest 

Oil 0.349 0.517 2.199 

Crew 5.580 11.160 9.920 

Spares 1.117 1.775 10.082 

Labor 0.725 0.907 2.688 

Fixed Costs 6.770 9.250 21. 876 

Total 28.819 37.250 76.145 

Costs at 16 k. p. h. are based upon Dahomey data from the Lea report, as shown 

in Table V-1. The ratio of increase by cost component for the lower speed is 
from Wbnfrey (Appendix A) except for crew and fixed costs, which are increased 
in proportion to speed reduction. Thus, this table shows an approximation of 
operating costs at the selected speed under free running conditions in Dahomey. 
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TABLE V-6 

COTONOU BRIDGE 
VEHICAL OPERATING COSTS AT 12 k. p. h. 

UNIFORM SPEEDS ON LEVEL TANGENT ROADS IN GOOD CONDITION 
(Fr. CFA per kilometer) 

Paved Road Car Bus Truck 

Fuel 1.790 3.202 4.877
 

Tires 0.101 0.187 0.797
 

Depreciation 8.498 6.750 13.544
 
Interest
 

Oil 0.282 0.414 1.799 

Crew 7.440 14.880 13.226 

Spares 0.423 0.672 3.891 

Main Labor 0. 275 0.343 1.038 

Fixed Costs 9.027 12.333 29. 167 

Total 27.836 38.781 68.339 

Earth Road 

Fuel 2.469 4.228 6.827 

Tires 0.608 1. 121 4.779 

Depreciation 12. 256 9.633 18.957 

Interest 

Oil 0.422 .622 2.698 

Crew 7.440 14. 880 13.226 

Spares 1.100 1.748 10.117
 

Labor 0.713 0.893 2.698 

Fixed Costs 9.027 12.333 29. 167 

Total 34.035 45.458 88.469 

Costs at 12 k. p. h. are based upon Dahomey data from the Lea report, as shown 
in Table V-1. The ratio of increase by cost component for the lower speed is 
from Winfrey (Appendix A) except for crew and fixed costs, which are increased 
in proportion to speed reduction. Thus, this table shows an approximation of 
operating costs at the selected speed under free running conditions in Dahomey. 
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TABLE V-7 

COTONOU BRIDGE 

VEHICLE OPERATING COSTS AT 8 k. p. h. 

UNIFORM SPEEDS ON LEVEL TANGENT ROADS IN GOOD CONDITION 
(Fr. CFA per kilometer) 

Paved Road Car Bus Truck 

Fuel 2.408 4.313 6.265 

Tires 0.065 0.119 0.512 

Depreciation & 9.409 7.472 15.371 

Interest 

Oil 0.371 0.547 2.242 

Crew 11.160 22.320 19.840 

Spares 0.420 0.668 3.960 

Main Labor 0.273 0.341 1.056 

Fixed Costs 13.540 18.500 43.752 

Total 37.646 54.280 92.998 

Earth Road 

Fuel 3.323 5.694 8.791
 

Tires 0.392 0.711 3.070
 

Depreciation 13.569 10.663 21.515
 

Interest 

Oil 0.557 0.822 3.363 

Crew 11.160 22.320 19.840 

Spares 1.093 1.737 10. 296 

Labor 0.710 0.887 2.746 

Fixed Costs 13.540 18.500 43.752 

Total 44.344 61.334 113.375 

Costs at 8 k. p. h. are based upon Dahomey data from the Lea report, as shown 

in Table V-1. The ratio of increase by cost component for the lower speed is 

from Winfrey (Appendix A) except for crew and fixed costs, which are increased 
in proportion to speed reduction. Thus, this table shows an approximation of 
operating costs at the selected speed under free running conditions in Dahomey. 
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TABLE V-8
 

COTONOU BRIDGE
 
COST OF VEHICLE STANDING TIME WITH ENGINE IDLING
 

(Fr. CFA Per Hour) 

Car Bus Truck 

Engine Idling 15 36 54 

Depreciation 2 67 53 82 

Interest 3 20 16 33 

Crew 1 90 180 160 

Fixed Cost 109 156 350 

Total 301 441 679 

Idling costs are taken directly from Winfrey, with the car cost reduced 50% to 
adjust for the smaller car used in Dahomey. 

2 Depreciation is calculated by dividing 1/3 of the new vehicle cost by the total 

hours of use during the vehicle's life, as shown in the Lea report. 

Interest is calculated by dividing annual interest costs by the average hours 
of use during the year as shown in the Lea report. 

4 Crew costs are taken from the Lea report. 

5 Annual fixed costs are divided by hours of use per year, as shown in the Lea 
report. 
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TABLE V-9 

COTONOU BRIDGE 

ADDITIONAL COST OF SPEED CHANGE CYCLES' 

(Fr. CFA Per 1000 Cycles/Excess Hours Per 1000 Cycles) 

Full Stop From Car Bus Truck 

Speed Shown Cost Hours Cost Hours Cost Hours 

8 k.p.h. 164 1.02 348 0.75 976 0.75 

16 k. p. h. 348 1.51 754 1.12 2424 1.47 

24 k. p. h. 625 2.00 1290 1.52 4242 2.20 

32 k. p.h. 945 2.49 1972 1.93 6431 2.93 

I Costs are calculated by using Winfrey's estimates of additional stopping costs 

in relation to his estimate of running costs at the selected speed for the same 

type of vehicle. The resulting ratio is multiplied by the running cost estimates 

from the preceding tables. Car costs are reduced 50% to adjust for the smaller 

average car used in Dahomey. 
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PROJECTED AVERAGE D)AILY TIAFFIC VOLUMIES
 
NO 1RIDGE I\I IOVEEAII'LT IIYPOTII ESIS
 

Trucks and Motor and 
Yea r Cars I I ses Pedal Bikes Pedest rian s 

1977 15, 6-1 16(, 29, 78:8 15,8415 

19 78 1G, G;75 8, ;8 1.1 :82, 65 1 G, (;87 

19 79 17,725 3,47, 35, 219 17,599 

1980 18,851 3,6-1, 88, 3/81 18.588 

1981 20,058 3,823 41, 893 19, 6,,8'" 

1982 2 1, 858 4,012 45, 802 20, 835 

198, 22, 7-12 1,212 50, 165 22,115 

1984 2-1, 281 1, .125 55, 0,45 28,518 

1985 25, 836 ..65) 60,521 25, 060 

198 27,558 -1.889 6(;, 682 26, 7(;0
 

1987 28,931 5,078 71,816 28, 152 

1988 80,,88 5,27(; 77,147 29,657 

1989 8 1, 92-1 5,18- 8:, (;:,,t :81. 287 

1990 )"),5.17 5,703 90, .,1.5 33), 056 

1991 35 ,26,1 5, 933 97,957 31, 981 

1992 87, 079 6,175 106,258 87, 081 

1998. 88, 999 ),1.() 115,450 89, 7(6;) 


1994t -11, 0832 6, ( 125, 6418 11, 89) 

1995 .1t, 188, 6,98,1 136, 987 1.1, (;(;0 

199(G -15,-t 1 7,285 149, 621 .17,710 
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PROJECTED AVERAGE DAILY TRAFFIC VOLUMES
 
SAINT MICII L,. BRIDG E ALTERNATIVE 

TRAFFIC AT NEW 13IIIDGE 

Year Cars Trucks aid Motor and Pedestrians 
Buses Pedal Bikes 

1977 5,887 1,293 12,456 5,095 

1978 6,550 1,430 14,090 5,451 

1979 7,275 1,579 15,936 5,844 

1980 8,068 1,739 18, 026 6,281 

1931 8,935 1,912 20,393 6,767 

1982 9,883 2,098 23,081 7,310 

1983 10,920 2,298 26, 138 7,918 

1984 12,05.4 2,515 29,620 8,601 

1985 13,29; 2,7419 33,597 9,371 

1986 14,655 3,001 38,148 10,243 

1987 15,379 3, 130 41,496 10,973 

1988 16, 145 3,266 45,211 11,779 

1989 16, 956 3,410 49,343 12,671 

1990 17, 815 3,562 53,947 13,658 

1991 IS,725 :3,72-1 59,085 14,756 

1992 19, 69) 3,895 64,834 15,979 

1993 20, 713 4, 076 71,277 17, 346 

1994 21,799 4,270 78,513 18,876 

1995 22,952 4, 476 86,658 20,596 

1996 2-4, 176 4, 696 95,845 22,533 
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PROJECTED AVERAGE D)AIIY TRAFFIC VOLUM ES
 
SAINT MICIEL. BIDGE ALTERNATIVE
 

TRAFFIC AT EXISTING BRIDGE
 

Yeari Car's 

1977 9,807 

1978 10, 12-1 

1979 10,.t50 

1980 10, 78: 

1981 11, 12:3 

1982 1 -19 

1983 11,822 

1981 12, 179 

1985 12,5-10 

1986 12, 903 

1987 13, )55 

1988 14,2-12 

198) 14, 9(;7 

1990 15, 731 

1991 16G,528 

1992 17,388 

199:3 18,285 

199-1 19, 232 

1995 20,231 

1996 21,285 

Yarcrks flfl:1d 
luscs 

1,859 

1,87.1 

1,888 

1,898 

1,906 

1,911 


1,913 

1,911 

1,905 

1,89-1 

1, 956 

2,021 

2,087 

2, 157 

2,228 


2,302 

2, 827 9 

2, 58 


2,5411 

2, 626 

Motor and 
Pedal Bikes Pedestrians 

17, :327 10, 749 

18,27. 11, 2.3( 

19, 282 11,754 

20,355 12, 306 

21,499 12,895 

22,721 13,524 

24, 026 1.1,197 

24,425 1-1,917 

26, 924 15, (89 

28,534 1(,517 

30, 320 17,179 

32,235 17,877 

34, 291 18, (;16 

36,498 19,397 

-8,871 20,224 

41,42,t 21,101 

44,173 22, 030 

4 1, 134 23, 01(; 

50,328 2,1, 06:1 

53,776 25,176 

A-31I
 



APPENDIX B
 



REPORT OF THE FISHERY RECONNAISSANCE TO LAKE NOKOUE, DdiO,'EY 

Richard B. Thompson
 

and
 

ECONOMIC EVALUATIONl OF EXPECTED FISHERY BENEFITS
 

by 

George K. Tanonaka 

National Marine Fisheries Service 
Biological Laborator 

2725 Montlake Boulevard East 
Seattle, Washington 98102 

July 1971 



REPORT OF THE FISHERY i ECOJNlAISSAllCE TO LAKE NOKOUE, DA1IO-1EY 

Richard B. Thompson
 

Int roduct ion 

A brief survey was made in January and February of 1971 of the status 
of the fisheries of Lake Nokoue in the Republic of Dahomey and the 
associated physical and biological conditions that have influenced the 
yields of fibh from the lake. This assignment was in response to a request
 
from the Agency for International Development of the Department of State
 
through the National Narine Fisheries Service Office of Technical Services.
 

The mission was a reconnaissance of the fishery aspects of the proposal to 
construct a bridge and dam across the Cotonou Channel for purposes of
 
transportation, erosion control and possible fishery benefits. The
 
results of the fishery survey would be included in the consideration of 
the feasibility of the over-all plan.
 

Arrival in Cotonou was on January 18, 1971. Valuable assistance and 
information were received from the American Embassy in Cotonou. Arrangements 
were made through Embassy staff to meet representatives of the Department of
 
Fisheries of the Eepublic of Dahomey and of the Cotonou delegation of
 
the United inations Developmental Program. A flight over the lake was 
made on January 25 when observations and photographs were made of the 
many fishery installations and operations. Three trips by boat on the 
channel and lake were made on January 22, 27, and 29. Observations were 
made of the general geography and limnology of the lake, the construction 
and maintenance of the acadjas, the harvesting of fish from both small 
and large acadjas, and of other types of fishing operations. Discussions 
(through three languages) with fishermen were made of the various aspects
 
of the fishery situation. 

The survey, while restricted to two weeks and therefore limited in scope, 
did provide knowledge of the physical relations of the lake, the sea and 
the Cotonou Channel; the physical and biological problems created by the
 
salinity intrusion; the methodology of the various types of fisheries; 
and the cultural and economic conditions of the fishermen. Descriptions of 
the local geography, the lake, and the various types of fishing operations 
have been adequately made elsewhere (Welcomme, 1969, 1970; CTFT, 1965, 1969; 
BCEOM, 1963, 1966, 1968 ; UIDP, 1970) and will only be summarized shortly here. 



Description of the Fishery 

Prior to 1959 the fishery of Lake Nokoue and the adjoining Porto-Novo 
lagoon was the most productive and important in Dahomey and provided income 
and subsistence for some 50,000 people. Before 1961, this area was 
producing about 15,000 metric tons of fish per year, but by 1967 the yea-iy 
production liad decreased to about 9,000 tons, and in 1)70 was es;iraed to 
be 5,600 tons (Fig. 1). This disastrous decrease in production has been a
 
result of the changes in the ecologj of the lake and the lagoon, due
 
directly to the permanent opening of the Cotonou Channel, which in turn, 
was caused by the construction of the deep-water Port of Cotonou. Prior to
 
the construction of the port, along-shore currents carried sand which was 
deposited at and closed the mouth of the Cotonou Channel. The Channel was 
opened frequently by flood waters, usually during the fall of the year 
(October-December), but was soon re-closed by sands deposited at the mouth. 
Thus, the channel remained open for inflow of tidewaters into the lake and 
lagoon for only a short time. Tle present situation, -rhere the sand-bearing 
coastal currents are diverted offshore by the breakwater of the Port, has 
prevented the re-formation of the sand bar since 1959. Tide waters from the 
Atlantic Ocean have had direct access to the lake whenever the marine tide 
level exceeded about +1.0 m. 

The main fish-Droduction in Lake Nokoue has been from the various types 
of "acadia" installations, which are artificial fish-culturing or fish-farming 
operations. The fishermen implant large numbers of branches of wood or brush 
close together in the shallow water. These are in a variety of forms--from 
small circles 5 to 7 meters in diameter (acadjavis) to very large rectangular 
shapes of up to seven hectares in area (avas and hanoumekadjas). These parks 
are attraction and refuge areas for fishes which occur in low densities in
 
the open water of the lake: the fish find the refuge of the acadjas and feed
 
on organisms growing on and amongst the branches. Food and cover have been
 
adequate in the past to support good fish growth, and the fish grow rapidly. 
Welcomme (1969) determined that the density of fish in the acadjas was 
approximately 100 times the density of the same species of fishes in the
 
open water of the lake. It must be established, then, that the brush acadjas 
are necessary for the high production of fish that existed prior to 1959. The 
food and cover provided are necessary to entice and retain the fish in them, 
for there is no fish-tight fence around the acadjas and fish are not planted 
into them by the fishermen. If the brush is destroyed and the refuge and 
food source no longer exist, then the fish move until they find another 
similar refuge. 

The acadjas are also contributing to the harvesting of the cast-netters. 
Many of the cast-netters observed on the lake were fishing in the immediate 
vicinity of large acadjas--fishing for fish which had temporarily wandered 
out of the acadja into the nearby open water. 
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The main species of' fish harvested from the acadjas are Tilapia heudelotii 
and Chrysichthys nigrodigitatus, which together comprise 90%of the yields 
by weight. These are basically freshwater forms which are especially 
tolerant to changes in salinity and are therefore found in estuarine and 
brackish waters. Tilapia is a rapidly-growing fish and attains sexual 
maturity in its first year. They are highly gregarious and live in dense 
aggregations where proper cover is available; in fact, they are seldom 
found outside of dense cover of branches or aquatic vegetation. The annual
 
yield of Tilapia from the acadjas has approached nine metric tons per hectare 
(about 4 English tons per acre). The yield has been highest in those acadjas 
with the densest implantation of brush and branches. 

Biological bases of productivity
 

Under the pre-1959 conditions, the mineral-rich silt delivered to the lake
 
by the tributaries settled onto the lake bottom, providing a basis for 
excellent biological production, both within the lake bottom and in the
 
waters of the lake. At the present situation the velocity of flood waters
 
flowing throu~gh the lake and channel to the sea (at low tides) and the
 
constant turbulence created by incoming and outgoing tides, have prevented 
the deposition of the silt and detritus on the lake bottom. There has 
thus been a considerable loss of basic biological productivity which has
 
been a factor in reducing fish growth and yield from the lake. 

The intrusion of tide water into the lake has, in addition to the physical
 
scouring by turbulence, affected the ecology of the lake in many biological 
ways. The most serious biological change has been the introduction of and
 
environmental enhancement for the marine borers, or shipworms, of Teredo and
 
Bankia genera. These have been abundant enough and the damage created by 
them serious enough to jeopardize the acadia fishing operations in the lake 
and lagoon. They have bored into the wooden material of the acadjas and 
caused the rapid disintegration of these installations. The total area of 
acadJa installations has been seriously reduced since 1959 (Fig. 2). In 
the less-saline areas of the lake, where the fishermen are still constructing
 
and operating acadjas, the rapid rate of loss and the increase in cost of 
the branches has more than doubled the cost of their construction and 
maintenance. Information from fishermen on the lake indicated that prior 
to 1959 the brush in the acadjas was good for 1 year or more; after 1960 
this durability began decreasing and the fishermen now report that the 
brush lasts only from 1 to 3 months. Because of this rapid destruction of 
the artificial environment required by the fish for optimum growth and 
reproduction, and to the need for more frequent addition of branches to the
 
acadjas and to rising costs of the wood, the fishermen have been reluctant 
or financially unable to invest in the construction of new acadjas (cf. Fig. 2).
 
The teredos are also damaging the houses constructed on stilts in the lake, 
and are attacking the small dugout canoes used by the fishermen and 
lake-dwellers. Houses which used to last for 12 to 14 years now collapse 
in 5 to 7 years; the pirogues previo sly had a life of 7 years and now last 
but two. Ilost lake residents have racks for raising the smaller canoes out 
of the water when they are not being used; the larger canoes cannot be lifted 
out of the water and are continuousl, at the mercy of the borers. 
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It is estimated that about one-half of the decrease in total fish production
 
from the lake has been due to the too-rapid outflow of the nutritious flood
 
waters. The other half of the decrease can be attributed to the effects of
 
changes in the amount and schedules of salinity intrusion which has brought 
in additional teredos or has provided a more suitable environment within the
 
lake for their development. 

Evaluation of the Effects of the Proposed Dam 

With the rock-fill weir type of dam with a crest of +1.1 meter as proposed 
by Sanders and Thomas, Inc., the initial benefit will be to reduce the rate 
of flow of water in both directions through the channel and in the outlet 
area of the lake. This reduction in velocity and total flow seaward during 
the flood season will permit the flood-borne silt and detritus to settle 
onto the lake bed. lieduction in current and turbulence in the outlet area 
of the lake (Agbato) will permit the silt to be deposited and to remain 
there. At nresent the current created by the in-rushing tides and the 
reverse outflows of tide water and lake water have scoured the lake bottom 
of all silt and detritus in the outlet area. 

If no dam is built in the Cotonou Channel, it is obvious that, at best, the 
fish production of the lake will remain the same. It is more likely that 
the production of fish will continue to decline. Unless something is done 
to reduce the damaging effects of the teredos, the fishermen will not install 
the acadjas because of the financial constraints. Primary production within 
the lake will continue to decrease because of the loss of the biologically 
productive silt and other flood-borne nutritive material. Unless the salinity 
intrusion is reduced, the effects of the borers will continue to reduce the 

installation and maintenance of the acadjas and the production of fish from 
that type of fish culture. The effects of the borers on the stilt-houses and
 
the dug-out canoes of the fishermen will continue to be a problem exclusive
 
of the effects on fishery installations and productivity. 

Any barrier to the flow of flood waters and tide waters in the channel can 
be expected to have beneficial effects on the fishery production of the lake. 
A barrier will reduce volune and rate of flows in both directions and reduce
 
erosion and scouring. During flood periods the flow reduction will permit
 
the settling of silt and detritus to the bottom of the lake and, to an unknown
 

degree, restore some of the basic biological productivity that has been lost. 
The effects of reducing the salinity intrusion will depend upon the degree 
of reduction of the inflow of saline tidewaters. According to calculations 
by Sanders and Thiomas, Inc. (Fig. 3), the +1.1 meter weir will reduce the 
amount of salt water flowing into the lake to approximately 11 of the Flesent 
amount. Although calculations to determine the resultant salinity in the 
lake have not been completed, it is estimated that this will reduce the 
salinity level to less than 6 grams/liter or parts per thousand. The tolerance 
of Teredos of related species to different levels of salinity is shown in 
Fig. h. '17he target for maximum salinity for the lake should be at 4 g/l. If 
this level could be attained for a period of 7 days every 3 months, the 
existence of Teredos should be almost completely controlled. Larvae have been 
found to be able to exist at 10 g/l, but not to be able to burrow into wood 
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at that level, hence they would soon die. The burrowing of ae.ult Teredos is 
reduced below 10 g/l, and has been found to cease below 4 g/1 (Kofoid, 1927). 
Salinities of 5 g/l and below have been found to be lethal to Teredos over 
a longer period of time. rhus, the primary target for maximum salinity of 
Lake Nokoue should be at 4 g/l for at least 7 days every 3 months. This 
level will, of course, eradicate the Bankia borers, which require salinities 
of greater than 12 g/l, and should also greatly reduce if not control the 
effects of the Teredo borers.
 

Accurate prediction and quantification of the effects of borer control
 
cannot be made at the present time; the data needed for this type of Pnalysis
 
are not available from the Department of Fisheries or elsewhere. The
 
financial constraints on the fishermen in maintaining the acadjas must also
 
be considered. This involves the supply and demand for wood and the profit
 
motives of the woodcutters. There will undoubtedly be better biological
 
growth and production of fish in the lake but the effects of teredos have
 
currently reduced the durability of the acadjas, forcing the fishermol to
 
harvest at poorer productive schedules--due to the expected life of Lhe
 
acadja and not related to the prime biological harvesting time of the fish
 
stock. The shorter life of the acadjas requires the fishermen to harvest 
more frequently, with resultant less production of fish on a per unit of 
time basis.
 

If the fishermen can be arsured that salinities will be reduced and 
the effects of the borers eliminated, it should encourage them to invest 
in the construction of more and larger acadjas. With the restoration of 
the basic biological productivity to the level that existed in the l;e 
prior to the permanent opening of the channel, there is no reason to believe 
that the fishery productivity of the lake would not be restored to its 1959 
level. There is nc, indication availaole that the environm.ental changes have 
had an effect on anything but the quantitative asnects of the existing fish 
populations. 11o species of fish seems to have increased in numbers in 
response to the ecological changes of the lake. Restoration of original, 
or better, conditions by the construction of a barrier in the channel should 
provide for restoration of fish-cultural operations and the restoration of 
productivity levels to what they were before 1959. With the added information 
about the basic biology of the fish populations and the techniques of improving 
acadJa installations and harvesting times and techniques (Welcomme, 1969 and 
1970), there appears to be ample justification to support an hypothesis that 
fish productivity can be increased up to and perhaps beyond the 15,000 metric 
tons per :ear that existed nrior to the permanent opening of the channel. 

There should be no significant harmful effects to fishery enterprises or 
fish prod,i'tion if the dam is constructed as proposed. The only exception 
to this is the production of shrimp. These organisms come into the lake with 
the inflowin, tides as pelagic larvae, grow in the lake for 1 to 3 years, and 
at the onset of sexual maturity migrate back out to sea for snawninq. It is 
during the seaward migration that the fishermen harvest the shrimp with traps. 
With the installation of the +1.1 m weir, it can be expected that the 
shrimp fishery will be reduced greatly. If the calculations of the
 
Sanders and Thomas engineers are accurate in
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predicting that the inflow of tidewater will be reduced to 1% of its current 
amou! t (Fig. 3), it seems reasonable to expect that the abundance of shrimp 
larvae entering the lake will be reduced in the same proportion. The effect
 
of reduced salinity on the survival and growth of these shrimp that do gain
 
access to the lake is not predictable at the present time.
 

The 	only recognizable environmental factor, other than shifts in the salinity
 
patterns, that is now or is likely in the future to affect the fishing yield 
for the principal fish varieties as well as for shrimp is the expected
 
restoration of biological productiviy to be derived from the added
 
desposition of flood-borne silts and detritus on the lake bottom by the
 
reduction in flows and turbulence. It is roug'hly estimated that one-half of
 
the 	decrease in fish yields from Lake Nokoue has been due to the loss of this
 
silt; it is therefore reasonable to expect that a minimum of this amount would
 
be restored by the construction of the dam and the subsequent reduction in
 
turbulence.
 

No other controllable environmental factor than the effects of turbulence
 
and the effects of salinity intrusion were evident. These are tlie two
 
prime causes of decrease in fish yields, as indicated in all previous reports
 
obtained and the situation as surveyed by this investigator.
 

Most evident factors controlling fishing yields, with the exception of the 
two mentioned above, are not environmental, but are associated with tne
 
material needs of the fishermen to engage in fis,ing, the harvesting of
 
-he fish crops and the marketing and distribution cf the product. The
 
,ost and the transportation of wood branches for the construction of the
 
acadjas are two important factors in the determination of future fishing

yie. 	1-,. The supply of branches to the fishermen by woodcutters may be a 
iir :' :ig factor in increpsing future productivity. The use of artificial 
mat. ills for aca..ja installations is a future possibility and is being 

c Lgated at the present time. Marketing and distribution systems for 
+ Ids of fish from the lake are quite primitive and should be a target 
f( _mprovement by the various fishery management and development agencies 
in Dahomey. These factors, however, are independent from the basic problem 
of evaluating the fishery benefits to be derived from the construction of 
a bridge and dam ;n the channel. 

The totality of these effects requires that something be done to block the 
channel. The >apid out-flow of nutrition-bearing flood waters must be 
stopped; the turbulence created by the incoming tides must be reduced; and 
the intrusion of salinity into the lake system must be controlled before 
any improvement in the yield of fish from the lake can be expected. 

Forecasting Considerations
 

As discussed above, it is not possible to forecast definitively the increase
 
in fish yields due to ecological conditions that will be changed by the
 
proposed dam. At present the following factors must be considered:
 

1. 	Reduce turbulence; allow deposition of silt, detritus and minerals
 
in the lake.
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2. 	 Limit salinity intrusion: reduce s:linities in the lake to below 

the minimum tolerated by Teredo petiti (less than h r/l.) and thus 

restore conditions that will ensure durability of the acadjas. 

With the assurance to the fishermen that the effects of the Teredos 

are indeed reduced, the construction of more and possibly lar;ger 
acadjas should follow, until the area provided for such fish-culture 

operations equals if not exceeds that which existed prior to 1)5). 

3. 	 There does not appear to be any evident biological restriction on 

the amount of fish production that can be achieved in Lake :iokoue-­

at least evident from available information. 'ihe major restriction 

on yields is the existence and durability of the acadjas; the more 

there are ondl the longer they last the greater the yield will be. 

Of course, there is an upper limit to yields, but on the basis of 

past cultivation efforts and productivity, it is estimated that 

this level is far above those aciieved in the past. 

h. 	 The increase in population of the area surrounding Lahe Nokoue in
 

the past 10 years now urovides a greater market for fish from the
 

lake which should provide further incentive for more intensive
 

fish-cultural operat ion_.
 

5. 	 To take advantage of t:his expected increase in yield, efforts 

should De initiated -,y the D)epartment of Fisheries to provide 

for better ipreservation, trtnsportation and marketing facilities. 

6. 	 After the season of the floods, freshwater conditionj were soon
 
flushed the salt
established in the lake. The local rainy season 

water from the lake, and it remained in essentially a freshwater 

condition throut[h the late summer and early fall util the high fall 

tides (the hifhesit of the year) flowed into the lakie and made it 

saline again. 71us, if the intrusion of salt water during the high 

fall tides can be reduced or controlled, the lake should start 

toward a freshwater condition. Available records on the time 

of the openin;g of the channel, the height and frequency of the tides 

and the resultant salinity chum ges in the lake are not adequate to 

predict accurately future schedules and salinity changes. However, 

it is estimated that within three, or at most five, years after 

of the dan the lake should reach its post-dam stableinstallation 
condition, relative to salinity levels and to silt and detritus 

deposition.
 

from the barrierThe monetary evaluation of fishery benefits to be derived 

dam is attached a; an Appendix. 

Other iecomnmendat ions 

Another elemrnt related to the fishery situation in the lake is the improvement 

of the primitive and laborious sybtem of harvesting fish from the acadjas. 
of acadjasEstimates have been made that i0 man-days of labor per hectare 

are required for the harvest (Welcomne, 1969). This is not in exact terms 

of "man-days" of work as usually defined in an industrial-technoloiical 

society since many people involved in harvests were engaged in highly 
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unsupervised activities. Many observed in January did not appear to be
 
working under supervision; participating observers and almost "picnickers"
 
would seem to be more accurate descriptions.
 

It is not known if reduction in labor needs would be a benefit in a nation
 
with the extremely high unemployment rate that Dahomey now has. However, if
 
this is a valid objective, various innovations may be considered.
 

The first is the development and use of an electro-fishing harvesting system. 
Wen the lake is not highly saline and thus not too high in conductivity to 
operate electrofishing gear, such harvesting should provirie for quicker and 
less expensive means of collecting fish. Pulsed direct current units could 
be used to great advantage during the harvest. This would permit the 
fishermen to have more time for the construction and maintenance of acadjas. 
The harvest could be selective for snecies and sizes of fish taken. Small 
fish could be returned unharmed to the acadjas and the sizes of fish harvested 
could be those at which productivity is maximized. The brush installations 
would not be disrunted by the need to move them during harvesting and this 
should provide 'm.< n.-ran,; pr ' ivL4v. A i';lrmn rat LVv: 
miiht be forred to provide a pronerl-equip.ped harvesting team, which could 
go from acadja to acadja at the proper schedule for maximum yields. Payment 
for this work could be in the form of a portion of the yield. 

Another development that might be considered, even if the teredos are controlled 
immediately, is the use of artificial branchcs made of plastic materials in 
the acadja:s. Prelirinary efforts to gather information on the feasibility 
and availability of use of these materials have been made and forwarded to 
the American Kbassy. Advantages in the use of this type of material might 
include:
 

1. 	 Durability--the materials would last much longer than the softwoods 
now used. Even with reduced damage from teredos, the life expectancy 
of softwood branches in the lake would be not much more than 1 year, 
due to insect, bacteria and fungus effects. 

2. 	 Unit size: If the same harvesting techniques are used, the plastic 
materials could be joined in large units, say 10 clumns of brush per 
anchor unit. This would be moved, during harvestinfg, as one large 
unit. The removal of the artificial brush materials in larger groups 
would be much faster than having to remove each branch individually 
from the lake bottom. 

3. 	 Improvements in the physical nature of the brush must be possible; 
such as nuber, diameter and shape of the branches, twigs and leaves. 
'Tie more cover for the fish and the more surface area there is 
available on which to grow algae and other fish-food organisms 
(attachment space is a limiting factor in productivity of sessile 
aquatic organisms), the greater the production and yield of fish 
should be. Plastic "trees" for ornaments and decoration are almost 
unlimited in types, sizes and shapes. 'These are im:iitations of 
natural p]ints and trees. If the demand was great enourh, there 
should not be any scrious problem in designing and producing such 
"trees" in sizes, soiapes and forms that would be oi)tiimum for this 
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particular purpose - that of providing cover for the fish of the lake 
and maximum living space for the growth and production of the
 
biological organisms on which these fish feed.
 

Con clus ions
 

1. The basic productivity of Lake Nokoue has been reduced in the past
 
10 years, partially due to the loss and lack of replacement of nutritive
 
silt and detritus on the lake bottom; caused by turbulent outflows of flood
 
waters and inflows of tidal waters.
 

2. The fishery productivity has been reduced because of (1) above and
 
because of the damaging effects of marine borers on the wooden fish-cultural
 
installations, collectively called "acadjas"'. The effects of marine borers
 
have increased in the past decade because of the intrusion of saline waters
 
and the changes in the salinity characteristics of the lake.
 

3. AMy reduction in turbulent flows out of or into the lake will help to
 
replace the productive bottom materials.
 

4. A significant reduction in the amount of salt water reaching the lake
 
will reduce the effects of the marine borers. The decrease in volume of
 
salt water intrusion calculated by Sanders and Thomas aooears to be sufficient
 
to restrict, if not eliminate, the effects of the marine borers.
 

5. Correction of the two major causes of reduced fishery productivity
 
should restore the lake's fisheries to or above their level of 1959.
 

6. The use of new plastic materials for acadja construction and the use of
 
electrofishing devices in harvesting are suggested as improvements in fishery
 
operations.
 

References
 

B.C. E. 0.M.
 
1968. 	Ouvrage de Regularisation et de Franchissement du Debouche
 

Lagunaire de Cotonou. Annexe I. Etudes sur le Terrain.
 

Blum, H. F. 
1922. On the effect of low salinity on Teredo navalis. Univ. California 

Publ. Zool. 22(4): 349-368. 

Centre Technique Forestier Tropical.
 
1965. Etude sur la Peche Lagunaire. Tome I, Tome II, and Rapport de
 

Synthese.
 

1969. Resultats des Observations Realisees sur l'Evolution de la Peche
 
Lagunaire, de 1966 a 1969.
 

Dahomey, Republic of
 
Improvement of the lagoon fishery of south Dahomey by the
 

construction of a barrage to control the ingress of saline waters.
 
Processed report, 3 pp.
 

13
 



Grah, R. 
1960. La Peche dans le Lac-Nokoue, la Lagune de Porto-Novo et les Zones 

Avoisanantes. Service des Eaux et Forets du Dahomey. Mimeo. report, 
45 pp. 

Iarrington, C. R. 
1921. A note on the physiology of the shipworm (Teredo norvegica). 

Biochemical Jour. (Cambridge) 15(6): 736-741. 

Kofoid, C. A.
 
1921. 'Demarine borers of the San Francisco Bay region. Report on
 

the San Francisco Bay Marine Piling Survey, 1: 23-61.
 

Kofoid, C. A. and R. C. Miller.
 
1927. Biological Section. [In] Marine borers and their relation to
 
marine construction on the Pacific coast, ed. by C. L. Hill and
 
C. A. Kofoid. San Francisco Bay Marine Piling Comm., San Francisco,
 
pp. 188-343.
 

Welcomme, Robin L. 
1969. The Akadja fisheries of Dahomey. Processed report, U.N. Developmental 

Program. 17 pp.
 

1970. Note on the current situation of fishing in Lake Nokoue and the 
lagoon of Porto Novo. Processed report, U.N. Developmental Program, 
(French) 4 pp. 

14
 



Appendix
 

Fishery Benefits
 
Lake Nokoue, Dahomey
 

As a result of changes in the ecological characteristics of Lake Nokoue, 
fish production from the lake has dropped to 5,600 tons in 1970 from
 
15,000 tons in 1959 (see Text Figure 1). The social and economic well­
being of approximately 50,000 people who depend directly on the fisheries
 
of Lake ilokoue as a source of income and food are being threatened as are
 
other sectors of the economy involved in fishery production and distribution.
 
Consumers are also being affected by this decline in fishery production, as
 
indicated by the doubling of fish prices at the harvesting level: Tilapia,
 
25 francs (CFA) per kg in 1959 and 50 francs per kg in 1971; mullet and 
shrimp, 70 francs per kg in 1959 and 150 francs per kg in 1971. Compounding 
these problems are the high unemployment in the fishery and region at this 
time and the need to import approximately 3,000 tons annually of fish
 
products in recent years to offset the drastic decline in domestic production.
 

General benefits from the proposed dam:
 

The project (dam) is expected to result in the following general fishery 
benefits over time: 

1. Increased production will contribute to food and higher nutritional 
needs of the region.
 

2. Increased employment and income in the harvesting and distribution
 
sectors of the fishery. 

3. Long-range stability that promotes maximum benefits from the fishery. 

4. Stable and lower prices for these fish products.
 

5. Reduction in per unit production cost of fishing operations; especially
 
material (irood) costs in the acadJa fishery.
 

6. Permit alternative uses of national (Dahomey) monies (nearly U.S. 
$1 million per year) currently expended on import of fish products. 
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Fishery benefits from the proposed dam: 

Economic benefits attributable to the fishery with the implementation of 
the project that will improve the fishery are reported here in terms of 
net economic benefits based on the following assumptions: 

1. The low economic condition and high unemployment in the fishery 
specifically and in the region generally, permit evaluating benefits 
based on the assumption that net benefit can be represented by gross 
benefits less material costs only, due to lack of alternative employment
 
for most resources currently employed in this fishery.
 

2. In the absence of adequate information on projected market prices at
 
levels of increased productivity, an approximated decreasing price trend
 
is used to value the increased fish production.
 

3. It will be assumed that the net value productivity of the fishery will
 
return only to the 1959 level. This is considered a very conservative
 
estimate as discussed elsewhere in this report.
 

Based on these assumptions, Appendix Table 1 summarizes the projected net 
economic benefits to the fishery from a dam constructed in 1972 or in 1975. 
In each case the planning perio, or benefit stream, covers only seven years
 
and is based on the production (or recovery) curves shown in Appendix 
Figure 1. 'hese benefits are, however, expected to continue far beyond the 
planning period. Detailed analyses, by acadia and open lake fisheries, are 
given in Appendix Tables 2 and 3.
 

The total net economic benefit to the fishery during 1973-79 with the dam 
completed in 1972 is approximately U.S. $10.7 million. With the dam
 
completed in 1975, the total net economic benefit during 1976-82 is U.S. 
$10.4 million. For informational purposes, discounted net benefits at
 
four alternative interest rates are given in Appendix Tables 2 and 3. They 
show,; that the above stated net benefits when discounted to appropriate 
present values range from U.S. $8.6 to $4.8 million for the 1972 dam and 
U.S. :8.3 to $14.7 million for the 1975 dam. 

Fishery benefits are expected beyond the planning period. As an example 
of net benefits that can be expected over a longer benefit stream, the 
total net economic benefit for a 20 year period (1973-92) discounted at 
the 20 percent rate would be U.S. $7.7 million with the dam completed in 
1972. 
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Appendix Table 1.--Projected increase in fishery production and net economic 
benefits from the proposed dam at Lake Nokoue, Dahomey. 

Fish production 
Annual Gross Fishinr NO 

Year Total increment Cumulative revenue cost Y '' 
-------- metric tons -U.S. $I,000---------­

(Dam completed in 1972) 

1972 3,700 ..... 
1973 5,100 1,400 1,100 564 150 410 
1974 9,300 4,200 5,600 1,574 1418 1,156 
1975 15,000 5,700 6,170 1,941 465 1. 76 
1976 18,200 3,200 9,370 2,383 787 1,50') 
1977 20,000 1.800 11,170 2,679 884 1,705 
1978 21,400 1,400 12,570 2,956 975 1,01
 
1979 23,300 1,900 14,470 3,394 1.120 2.274 

Total $10,692 

(Dam completed in 1975)
 

1975 2,200 ..... 
1976 3,6oo ,4oo 1,400 468 103 365 
I177 8,000 4,oo 5,800 1,586 411 1,175 

iv7 13,800 5,300 11,600 1,977 470 1,507 
1979 i6,700 2,900 14,500 2,359 77Q 1,580 
1,80 18,500 1,800 16,300 2,621 865 1,756 
1981 19,800 1,300 17,600 2,873 n4o 1,021 
1082 20,700 9oo 18,500 3,054 1,098 _,04__ 

Total 10,353
 

18
 

J 



Appendix Table 2.--Projected benefits with enhancement project (dam) completed in 1972, Lake Nokoue fishery, 
Dahomey (1973-1979). i/ 

Fish production/ _ Estimated Fshing et -TIet _U. 77eeft 

Annual C imulative price for' Gross benefta-i cost-' benefit- _ senned at-,:-(' 
Year Total increment Increase fish2' - CFA U.,S. (U.S.$) (ii.S.$) 4 7/8% % - 1% 20% 

- -------- (CFA thousands-------------------------­metric tons--------- Tg) .---------------------------
(AcadJa Fishery) 

1972 
 900 
1973 1,500 60O 600 50 30,000 110 0 110 105 lo OR 0p 
1974 3,300 1,800 2,40 35 84,000 308 0 308 .80 271 246 pill 
197r 
 6,700 3.400 5,800 25 1415,000 531 0 531 460 146 378 307 
1976 9,000 2,300 8,100 25 202,500 742 245 487 hi 394 316 21h0 
1977 10,000 1,000 9,100 25 227,500 838 275 558 4110 h17 317 2A4 
1978 10,500 500 9,600 25 240,oo0 879 290 589 14143 415 298 197 
1979 10,800 300 9,900 25 247,500 907 299 608 436 h04 275 170 

Total = $3,201 2.575 2,4514 1,928 l,UT 
(Open lake Fishery)

1972 2,800 - - - - - - - - -
1973 3,600 8oo 80 155 124,ooo 454 150 3o4 290 287 272 253 
1974 6,o00 2,4o 3,200 108 345,600 1,266 418 848 771 755 676 58o 
1975 
1976 

8,300 
9,200 

2,300 
900 

5,500 
6,400 

70 
70 

385.000 
448,000 

1,410 
1,641 

465 
542 

945 
1,099 

819 
908 

793 
870 

673 
6o8 

5)7 
530 

1977 10,000 800 7,200 70 504,000 1,846 609 1,237 75 924 701 4,97 
1978 10,900 900 8,100 70 567,000 2,077 685 1,392 1,0146 981 706 v-4 
1979 12,500 1,600 9,700 73 679,000 2,487 821 1,666 1,194 1,108 751 465 

Total 7-,491 6,003 5,71T W. --3 
(Total Fishery) 

1972 
1973 

3,700 
5,100 1,400 

-
1,400 

-
-

-
154,4oo 

-
564 150 

-
* 414 

-
395 

-
391 

-
370 

-
345 

1974 
1975 

9,300 
15,000 

4,200 
5,700 

5,600 
6,170 

-

-
429,600 
530,000 

1,574 
1,941 

418 
465 

1,156 
1,476 

1,051 
1,280 

1,029 
1,239 

922 
1,051 

803 
85)4 

1976 
1977 
1978 

18,203 
20,000 
21,400 

3,200 
1,8OO 
1,400 

9,370 
11,170 
12,570 

-
-

-

650,500 
731,500 
807,000 

2,383 
2,679 
2,956 

787 
884 
975 

1,596 
1,795 
1,981 

1,31Q 
1,415 
1,489 

1,264 
1,341 
1,396 

1,Olh 
1,o18 
1,o4 

770 
721 
663 

1979 23,300 1,900 14,470 - 926,500 3,394 1,120 2,274 1,630 1,512 1.020 635 
Total = Tfi'6"9- 8,578 8,172 6,4081 ,701 

1/ The planning period is 1973 through 1979 (7 years). The 1979 total net benefit of U.S. $2,274,000 may
 
be extrapolated or kept as a constant estimate for each year beyond the planning period of 1979.
 

2/ Represents the projected recovery in fish production following the completion of the dam In 1072. The 
1959 level of 15,000 tons Ls expected to be reached in 1975. The increased production (but at a declining 
rate of increase) thereafter is based on projected changes in fishery practices which will furth.er enhance 
production.
 

3/ Reports Indica'e t'c.e-ollowIng-ph--r eeV -by-TiSherTen: Acadia fishery: 1959 = P5 francs per kg. 
1960 = 35 francs per kg. 
1071 = 50 francs per kg. 

Open lake fisher': 1959 = no data 
1969 = no data 
1971 = 150 francs per kP. 

and ulpto 500 francs 
Per kg. for large frsh 

Tn the absence of supply and demand relations, it will be assumed that market price will decline with Increased 
production (supply) as approximated in the table. The use of a constant 25 francs for the Acadia fishery and 
70 francs for the open lake 4ishery is considered to be extremely conservative. 

4/ Gross benefit Is the cumulative increase in production times price. Monetary conversion is 27T francs 
TCFA) = U.S. *1. 

51 In determining net benefits associated costa are limited to material costs of the fishery based on the 
rationale that labor and capital costs are omitted in view of the high unemployment and lack of alternative 
employment opportunities in the fishery region. All material costs, except for the Acadja fishery during 
1973-75, are based on the 33 percent of gross revenues suggested in Welcomme (1968). The exception noted above 
is based on the fact that cost savings will be realized because less wood will need to be replaced with the 
reduction in the effects of marine borers on wood; i.e. the replacement rate of wood had Increased over the 
1959 normal by 75 to 100 percent by 1969 with an attending 100 percent increase also In wood prices. 

6/ Net benefit is gross benefit (revenue) less the fishing cost, and represents the benefIt to th e fishery frnm 
the enhancement project. 

7/ For informational purposes, net benefits are discounted at four alternalve Interest rates lisirq 1973 as 
year 1. 
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Appendix Table 3.--Projected benefits with enhancement project (dam) completed in 1975, Lake Nokoue fishery,
 
Dahomey (1976-1982). I/
 

Fish productionS- Estimated Fishing Net 6 Net benefit (U.S,
Annual Cumulative price or Gross benefita- cost5. benefit--/ discounted at:/ 

Year Total increment increase fish'/ CFA U.S.$ U.S.$ U.S.$ T-7.7 l2f 20 
- metric tons--------- (CFAkg) ---------------------------thousands-------------------------­

(Acadia Fishery) 
1975 750 - - - - - - - - ­
1976 1,600 850 850 50 42,500 156 0 156 1119 147 139 130 
1977 3,400 1,800 2,650 35 92,750 340 0 340 309 303 271 236 
1978 6,800 3,1400 6,050 25 151,250 554 0 554 48o 465 394 3P1 
1979 9,001 2,230 8,250 25 206,250 756 250 506 418 401 322 2hh
 
1980 10,200 1,20C 9,1450 25 236,250 865 285 580 457 433 329 233
 
1981 10,700 500 9,950 25 248,750 911 301 610 158 430 309 20h
 
1982 11,000 300 10,250 25 256,250 939 310 629 451 418 28h 175
 

Total $3,375 2,722 2,597 , 7154
 
(Open Lake Fishery)
 

1975 1,2150 - - - - - - - - - ­
1976 2,000 550 550 155 85,250 312 103 209 199 197 187 174 
1977 4,600 2,600 3,150 108 350,200 1,246 411 835 759 743 666 580 
1978 7,000 2,400 5,550 70 388,500 1,423 470 953 826 800 679 551 
1979 7,700 700 6,250 70 437,500 1,603 529 1,074 888 851 682 518 
1980 8,300 6oo 6,850 70 479,500 1,756 580 1.176 927 879 667 473 
1981 9,100 800 7,650 70 535,500 1,962 6148 1,314 998 926 666 44O 
1982 9,700 600 8,250 70 577,500 2,115 698 1,417 1,015 943 642 395 

Total = ,67-9 5,602 5,339 4,189 3,131Total Fishery) 

1975 2,200 - - - - - - - ­
1976 36o0 1,400 io - 127,750 468 103 365 348 344 326 304 
1977 8,O30 4,400 5,800 - 432,950 1,586 411 1,175 1,068 1,046 937 816 
1978 13,800 5,800 11,600 - 539,750 1,977 470 1,507 1,306 1,265 1,073 872 
1979 16,700 2,900 14,500 - 643,750 2,359 779 1,580 1,306 1,252 1,004 762 
1980 18,500 1,800 16,300 - 715,750 2,621 865 1,756 1,384 1,312 996 706 
1981 19,800 1,300 17,600 - 784,250 2,873 949 1,924 1,446 1,356 975 64h 
1982 20,700 900 18,500 - 833,750 3,051 1,008 2W46 11466 1,361 926 571 

Total = T10,353 8,324 7,936 6,237 4,-67 

i/ The planning period is1976 through 1982 (7 years). The 1982 total net benefit of U.S. $2,046,000 may
 
be extrapolated or kept as a constant estimate for each year beyond the planning period of 1982.
 

2/ Represents the projected recovery in fish production following the completion of the dam in 1975. The
 
1959 level of 15 000 tons is expected to be reached around 1979. The increased production (but at a declining
 
rate of increase5 thereafter is based on Drojected changes in fishery practices which will further enhance 
production.
 

3/ See sam footnote inAppendix Table 2. 

4/ See same footnote inAppendix Table 2.
 

5/ See same footnote in Appendix Table 2. 

6/ See same footnote inAppendix Table 2. 

7/ For informational purposes, net benefits are discounted at fsur alternative ;nterest rates using 1976
 
as year 1.
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1. Will a-dam at the mouth-of the Lagune de Cotonou, together with-continued 

sewage discharge, cause Lake Nokoue to become polluted to an extent that it would
 
affect fishing in the lake or constitute a potential health problem?
 

..........Q: -


A.: In general, the dam will be an artificial replacement of the naturally­

formed sand bar that closed the lagocn outlets prior to 1959; therefore pollution
 
from sewage, other conditions being equal, should be approximately the same as in
 
pre-1959 years. I have no information on sewage or pollution conditions in those
 

years. However, the bi-annual floods would probably flush out much of the accumu­
lated sewage materials in the lagoon area. It is unlikely that domestic sewage,
 
unless extremely heavy, -heavy enough to create de-oxygenated conditions in the
 
lagoon, but not in the lake, would create conditions that would be deleterious to
 

fish production, and these effects would probably he restricted to the lagoon
 
area. The element of this question pertaining to a potential health problem is
 
out of my area of knowledge and I cannot answer it.
 

2. Q.: What effects might the dam have on salinity, pollution, fishing, etc.
 
in the Porto Novo area? 

A.: The first two elements of this question are essentially sanitary engineer­

ing questions that I am unable to answer. If the Cotonou lagoon is blocked by the
 
dam, as it was blocked before 1959 by the sand bar, the river waters flowing into
 
the lake will have to exit the watershed through the Porto-Novo lagoon. These
 

flows of fresh water, as opposed to salt, should restore aquatic conditions in the
 
Porto Novo lagoon area to their pre-1959 levels. The incursion of salt water has
 
apparently been the single most effective deterrent to fish production. Control
 
of the inflow of saltwater, followed by reduction in abundance and effects of the
 
marine borers, should restore the durability of the existing acadjas and encourage
 
the fishermen to invest in the construction of additional ones. From these efforts,
 
fish production should increase to the 1959 level, if not exceed it.
 

3. Q.: Would incorporation of a culvert or a by-pass permit the ingress-egress of
 
the shrimp?
 

A.: At the time the larval shrimp move into coastal estuaries, they are being
 
passively transported by currents and are not large enough to swim volitionally.
 
Pink shrimp (Penaeus duorarum) life history investigations have shown that the
 
greater the volume flow the more larvae and post-larval shrimp are transported
 
into the coastal estuaries and lagoons. Thus, in the specific shrimp/tides/
 
lagoon situation at Cotonou, it can be assumed that, other biotic factors being
 
equal, the abundance of larval shrimp entering the lagoon-lake system is a lineal
 
function of the volume of water entering. If this volume is reduced by the dam -to
 
1% of the current amount, it follows that only 1% of the current amount of larval
 
shrimp will be transported. Since the main achievement to increase total fishery
 
production is to reduce the inflow of saltwater, a culvert or by-pass would not
 
significantly enhance shrimp abundance in the lake, and would perhaps jeopardize
 
rmuch potential fishery production because of the saltwater intrusion. Further
 

studies on timing and abundance of incoming larval shrimp, (as I suggested to
 
Fisheries Director Azandegbe during my visit to Dahomey) might better define
 
certain seasonal periods - e.g. certain nocturnal flood tides during spring
 
half-moons - when it would be worthwhile to allow a little saltwater - bearing a
 

significant density of larval shrimp - thru a culvert into the lagoon. If' a
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closeable culvert, or culverts, can be included in initial construction-without
 
additional costs, it may be worthwhile to include them. However, much additional
 
life history information on the pink shrimp needs gathering before it would be
 
advantageous to undertake additional costs to provide for their movement into the
 
lagoon. As stated elsewhere in the report, Dr. Azandegbe said that the shrimp
 
fishery would be expendable if the acadja fisheries in Lake Nokoue could be
 
restored.
 

It may be fruitful to consider installation of controllable-flow culverts in the
 
dam for permitting seaward flows during low tides to help alleviate sewage con­
centrations in the lagoon, if such occurs. Then, on the basis of knowledge on
 
the timing/density of larval shrimp movement with the tides, to permit a small
 
amount of saltwater to flow inward at high tide levels. It may be that the peak
 
abundance of larval shrimp coincides with the high tides that would flow over the
 
+1.1 m. weir. Adequate information on shrimp larvae availability and transport
 
by tidal flows is not available.
 

4. Q.: Alternate erosion control measures: effect on fisheries?
 

A.: No information at present on what, exactly, these control measures will
 
be. If the inflow of the saltwater tides through the lagoon into the lake is not 
reduced by at least 95%, the resulting saline conditions in the lake will permit 
survival of marine borers, which will reduce the durability of acadjas and rate 
of construction of acadjas - hence, fishery production will remain at its present 
low level or be reduced even further.. To enhance the ac Nokoue fishery produc­
tion, the incursion of saltwater must be greatly reduced. If alternate measures
 
do not include a weir or dam to halt tidal inflows, no improvement in fishery
 
production can be expected.
 

5. Q.: Reasons for price differential 

A.: In June, 1971, the Department of Fisheries of the Republic of Dahomey, 
through the American Embassy in Cotonou, gave the prices of fish received by the 
fishermen for Lake Nokoue fish as: Tilapia, 50 CFAF per kilo; mullet, 150 CFAF 
per kilo. Tilapia is the main species harvested from acadjas; mullet are not 
taken in great abundance in the acadja fisheries, but are taken mostly by the 
castnetters in open waters. A few large catfish, with a reported price to the
 

fishermen of 500 CFAF per kilo, are taken both in acadjas and open waters, but
 
estimates of numbers taken were very low and catfish production figures were not
 
included in the economic evaluation.
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New Bridge C-11 to C-12 
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O-D Trip Costs and Savings, Fish Benefits C-19 
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O-D Trip Costs and Savings, Fish Benefits C-22 

B/C Analysis, 10% Rate of Return C-23 to C-24 
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DAHOMEY INTERNATIONAL BRIDGE
 

FEASIBILITY STUDY
 

1970 ADT DATA - ORIGIN/DESTINATION SURVEY
 

O-D CARS TRUCKS/BUSES MOTOR/BIKES PEDESTRIANS
 
ADT PER CENT ADT PERCENT ADT PER CENT ADT PER CENT
 

1- 5 1830. 17.6 400. 17.5 3216. 18.7 2485. 21s8
 
1- 6 478. 4.6 16. 0.7 1376. 80 2143. 18.8
 
1- 7 83@ 0.8 2. 0.1 722. 4.2 752. 6.6
 
1- 8 1081. 10.4 565. 24.7 1892. 11.0 581. S.1
 
1- 9 1778. 1"741 361. 15.8 206. 1.2 68. 0.6
 
2- 5 540. 5.2 80. 3.5 550. 3.2 364. 3.2
 
2- 6 124. 1.2 2. 0.1 344. 2.0 171. 1.5
 
2- 7 10. 0.1 2. Ol 137. 0.8 91. 0.8
 
2- 8 270. 2.6 48. 2.1 206. 1.2 182. 1.6
 
2- 9 239. 2*3 38. 1.7 ?4. 0.2 11. 0.1
 
3- 5 1050. 10.1 59. 2.6 2752. 16.0 1641. 14.4
 
3- 6 364. 3.5 6. 0.3 1014. 5.9 11Q7. 10.5
 
3- 7 104. 1.0 2. 0.1 275. 1.6 330. 2.9
 
3- 8 530. 5.1 75. 3.3 1840. 10.7 399. 3.5
 
3- 9 468* 4.7 135. 5.9 134. 0.9 102. 0.9
 
4- 5 395. 3.8 27. 1.2 1186. 6.9 307. 2.7
 
4- 6 145. 1.4 2. 0.1 258. 1.5 102. 0.9
 
4- 7 41. 0.4 2. 0.1 34. 0.2 68. 0.6
 
4- 8 280. 2.7 20. 0.9 791. 4.6 193. 1*7
 
4- 9 145. 1.4 2. 0.1 34o 0.2 11. 0.1
 

10- 5 104. 1.0 61. 2.7 51. 0.3 125. 1.1
 
10- 6 52. 0.5 2. 0ol 34. 0.2 22. 0.2
 
10- 7 10. 0.1 6. 0.3 17. 0.1 22. 0.2
 
10- 8 52. 0.5 164. 7.2 51. 0.3 11. 0.1
 
10- 9 197. 109 201. 8. 17. 0.1 11. 0.1
 

103990 100.0 2289. 100.0 17199. 100.0 11399. 100.0
 

NO BRIDGE IMPROVEMENT HYPOTHESIS
 
AND PARALLEL BRIDGE ALT EPNATVE 

ADT PROJECTIONS FOR 1972
 

0-D CARS TRUCKS/BUSES PAOTOR/BIKES PEDESTRIANS
 
ADT PER CENT ADT PERCENT ADT PER CENT ADT PER CENT
 

1- 5 2063. 17.6 425. 16.9 3626. 18.1 2692. 21.6
 
1- 6 507. 4.3 17. 0.6 1551. 77 2230. 17.9
 
1- 7 101. 0.8 3. 0.1 918. 4.5 865. 6.9
 
1- 8 1269. 10.8 625. 24.9 2265. 11.3 696. 5.5
 
1- 9 2086. 17.8 399. 15.9 284. 1.4 90. 0.7
 
2- 5 574. 4.9 85s. 3.3 606. 3.0 387. 3.1
 
2- 6 132. 1.1 2. 0.0 380. 1.8 181. 1.4
 
2- 7 11. 0.1 2. 0.1 168. 0.8 111. 008
 
2- 8 292. 2.5 51. 2.0 237. 1.1 209. 1.6
 
2- 9 269. 2.3 42. 1.6 40. 0.2 13. 001
 
3- 5 1115. 9.5 63. 2.5 3102. 15.5 1708. 13.7
 
3- 6 394. 5.3 7. 0.3 1099. 5.4 1245. 1000
 
3- 7 132. 1.1 3. 0.1 349. 1.7 403. 3.2
 
3- 8 574. 4.9 83, 3.3 2159. 10.7 468. 3.7
 
3- 9 551. 4.7 155o 6.1 21!. 1.0 135. 1.0
 
4- 5 428. 3.6 29. 1.1 1338. 6.6 340. 2.7
 
4- 6 157. 1.3 2. 0.1 290. 1.4 113. 0.9
 
4- 7 55. 0.4 3. 0.1 560 0.2 92. 0.7
 
4- 6 316. 2.7 22. 009 1046. 5.2 241. 1.9
 
4- 9 167. 1.4 2. 0.1 51. 0.2 18. 0.1
 

10- 9 117. 1.0 65. 2.6 65. 0.3 133. 1.0 
10- 6 57. 0.4 2. 0.0 38. 0.1 23. 0.1 
10- 7 12. 0.1 7. 0.3 23. 0.1 27. 0.2 
10- 8 62. 0.5 185. 7.4 76. 0.3 13. 0.1 
10- 9 210. 1.8 218. 8.7 23. 0.1 12. 0.1 
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DAHOMEYINTERNATIONAL BRIDGE 
FEASIBILITY STJOY 

PARALLEL BRIDGE ALTERNATIVE
 

AD7 PROJECTIONS F0 1957
 

O-D CARS TRIUCKSIBUSES OTOR/RIB1ES PEDESTRIANS

ADT PER CENT AOT PERCENT ROT PER CENT ADT PER CENT
 

- 2785. 17.7 494. 15.6 4690. 3296,14.4 20.7 
1- %090. 1.7 19. 0.6 2094. 7.0 24A0. 105. 
I-7 167. 1.0 6. 0.1 1590. 5.6 1700. 7.7
1- 1893. 12.0 S02. 25.3 3502. 109.11.9 6.6

I- 9 110. 19.6 513. 1.2 61. 2.1 1'2. 1.1 
2- 6 667. 4.2 91. 3.1 761. 2.6 50. 2.8 
2- N 1$. 0.9 2. 0.0 46R. 1.6 210. 1.32- 1 1. 0.1 3. 3.1 0.9 1.1277. 160. 

2- R 307. 2.2 s9. 1.6 336. 
 1.1 297. 1.8

2- 6 364. 203 N1. 1,6 60. 0.2 21. 0.1
3- B 1290. 6.2 73. 2.3 4166. 14.0 les. 11.9
0- N 461. 3.0 9. 0.0 1042. 4.0 1376. 8.6 
3- 7 240. 1.0 8. 0.2 837. 615.2.1 4.2 
3- 6 701. 4. 107. 3.0 3221. 10.6 498.3- 9 743. 4.7 220. 8.9 474. 1.0 273. 4.81.74- 022. 0.0 34. 1.1 18. NO 438.A: 19, 1.2 0, 0.1 392. 1. 140 0.92,7 

- 7 110. 0.7 1. 0.2 I9T, 0:6 190. 1.2 
627. 17 29. 0.9 0106. 7.0 410, 2.8 

4 6 207. 1.6 4. .1 1':: 2.4 81. 0.4

1 106. 1.0 746 Z.4 l1. 104.
0.4 0.9
 

0- N 70. 0.4 2. 0.6 86. 0.1 24. 0.1

10- 19 0.1 11. 0.3 52. 0.1 42. 0.2

10- 6 97. 0N 2~50. 7.9 209. 0.7 02. 0.1
 
10- 9 i60 1.7 .66 6.4 02. 2.1 16. 0.1
 

15694. 100,0 3161. 100.0 29763. 100.0 10145. 100.0
 

PARALLEL SPIDGE ALTERNATIVE
 

A4T PRCECTIONS FOR 1961
 

O-D CARS TRL7S/ 'SES 4OTCR/BIKES PEDESTRIANS 
A8T PER AET? F 'E.T ADT PER CENT ADT PER CENT 

1- 30 . 17.6 557. 1;:0 8223. 14.6 360. 19.8 
1" N 48. 0*0 22 5 162. 4.3 2870. 10.0 
1- 7 249. 1.2 17. 1.2 2714. 4,4 lAO2. 6.21 N 26C7. 12.9 182. 25.b 591. 12.1 1088. 7.9 
1 N 4267. 21.3 827. 15.. 1199. 2.6 319. 1.92- . 72. 2.7 111. 2.9 903. 2.2 007. 2. 
2 6 .73. 1.6 3. 7.2 094, 1.4 
 207. 1.2 
2- I 2 7.1 4. 0.1 13. 0.9 273. 1.3
 
2- e 416. 2.0 09. 1.7 440. 390
1.0 2.0

2- S *62. 2.3 62 1. 2. 2.1 0. 0.1 

0" 011. .2 2. 2.1 0024. 12.7 2040. 10.4
0. 11.
56 2.0 2.3 1575. 3.7 1491. 7.5 
0- 7 069. 1.9 16. 2.8 100 99002.' .0
 
3. 0 627. 4.1 130. 08 9.87 10.0 940. 4.6 
I- 9 94. ,.7 291. 7.6 99. 2.1 976. 2.4
 
A 63. 3.0 42 1.1 2291. 1.4 03,. 2.7
 
A. 22. 1.1 3. 2.1 499. 11 177. 0.9 
4- -.94. 7. lB. 7.4 36. 1.2 304. 1.6
 

P 043. 27 3 
 .9 3692. 9.6 849. 3 
" 314, 1.0 0. 2.1 312. 1700.7 0.9
 

13- 201. I.C 8. 2.2 190. 174.
0.4 0.6 
10- . 70. 2.4 3. 0.0 09. 0.1 20. 0.1
 
I1- 7 27. 0.1 
 18. 0.0 99. 0.2 61, 0.0
 
10- 179. 1.0 019. 6.0 46. 1.1 04. 
 0.1
 
10- 9 342. 1.7 312. 6.1 91. 19.0.2 0.1
 

20058. 102.2 3023. 100.0 41690. 100.0 19463. 100.0
 

PARALLEL 0RIDGE ALTERNAT0VE 

9 
AOT 90.CsCTIONS FOR 1986 

O- CARS RU CS/BUS"S NOTOO/BIKES PEDESTRIANS 
AT PER CENr ADT ERCENT 407 PER CENT A T PER CENT 

1- 5 4760. 17:3 647. 1032 1400. 
 12.9 4713 17.6
 
1- 4 773. 2.0 20. 0.0 3190. 0.3 291. 11.0

1- 7 412. 1.4 21 0.4 4927. 7.3 200 6.
1- 6 3690. 14.1 1253. 25.7 7966. 11,9 2403. 9,1
 
1- 9 8098. 23.2 005, 16,4 2669. 4.0 642. 2.4
 
2- 0 673, 0.1 129, 2.6 1224. 1.6 009. 2,2
 
2- 6 201, 0.7 3. 0.0 740. 1,1 274. *1.

2- 7 27: 2.0 7. 0.1 A61. 1,0 401. 1.6
 
2- 6 012. .6 7 1.0 632, 0.9 099, 2.0
2- 9 024. 
 2.2 ,. 1.5 123. 01 461 0.1
 
0- 0 1697, 9,. 107 1 ,
,1 1.9 77. 2140. 164

3- N 697. 2,0 1s. 2.0 1924. 2,6 1446. .1.
 
3- 7 709. 2.9 47. 0.9 1177. 2,6 1407. 4.1
 
0- a 100. 9,4 16. 0.4 8419. 
 9.9 1400. 0.1 
0- 9 1276. 8. 14. 6. . 2002.I l 3.0 9-1,
4- 0 749. 2.7 02. 1.0 c9,,. 4.4 N0B. 2.0 
- 6 278, 1.0 0. 0.1 671. 1,0 226. 9.6
 

4- 7 090. 14 47. 0.9 1676. 2.1 753. 2.6
 
A- 8 733. 2,6 40. 09 7432. 11.1 1126 4.2
 
- 9 448. 1.8 a. 0.1 N"1. 1.2 622. 2,3


10- 5 271. 09 99. 2 . 301, . 0 202, 0.7
 
12- 6 115. 0.4 1. 0.0 76. 28.
01 0.0 
10- 43, 0.1 21. 0.4 122. .0 94. 0.1 
II- 6 219, 0.7 430. 3.6 121;. 1,6 RN. 0.2 
10- 439. 1.5 3062. 1. 222. 5,0 25. 0.0

27556. IC0.0 69. 100.0 66662. 100.0 26760. 100.0 
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DAHOMEY INTERNATIONAL BRIDGE
 
FEASIBILITY STUDY
 

PARALLEL BRIDGE ALTERNATIVE
 
AND NO IMPROVEMENT HYPOTHESIS 

ADT PROJECTIONS FOR 1991
 

O-D CARS TRUCKS/BUSES MOTOR/BIKES PEDESTRIANS
 
ADT PER CENT ADT PERCENT ADT PER CENT ADT PER CENT
 

1- 5 5986. 16.9 724o 12.2 10519. 10.7 5475. 15.6
 
1- 6 865o 2*4 28. 0.4 4500. 4.5 3161. 9.0
 
1- 7 599. 1.7 36. 0.6 7727. 7.8 2996. 85
 
1- 8 5251. 14o 1518. 25*5 111910 11.4 3439. 98
 
1- 9 8634. 24.4 9710 16.3 4164 4.9 1086. 3.1
 
2- 5 978o 2.7 144. 2.4 1477. 1.5 659o 1.6
 
2- 6 225. 0.6 4. 0.0 923. 0.9 309. 008
 
2- 7 34. 0.0 9. 0.1 991. 1.0 657. 1.0
 
2- 8 595. 1.6 86. 1.4 822. 0.8 726. 2.0
 
2- 9 782. 2*2 85. ..4 167. 0.1 67. 0.1
 
3- 5 1899. 5a3 107. 1.8 9000. 9.1 2436. 6.9
 
3- 6 802. 2*2 18. 0.3 2236. 2.2 1776. 5.0
 
3- 7 1112. 3.1 979 1.6 2943. 30 2382. 6.8
 
3- 8 1168. 3.3 202. 3,4 6935. 9.1 1937. 5.5
 
3- 9 1598 4.5 538 9.0 3648. 3s7 1629. 4.6
 
4- 5 870. 2.4 60. 1.0 3881. 3.9 626. 2.3
 
4- 6 320. 0.9 6. 0.1 143. 0.8 275. 0.7
 
4- 7 660. 1.8 97s 1.6 4796. 4.6 1323. 3.7
 
4- 8 9186 2.6 55, 0.9 12563. 12.6 1701. 4.6
 
4- 9 580. 1.6 lie 0.1 1786 l. 1589. 4.5
 

10- 5 340. 0.9 111. 1.6 551. 0.5 226. 0.6
 
10- 6 139. 0.3 4. 00 92. 00 27. 0.0
 
10- 7 61. 0.1 27. 0.4 405. 0.4 134. 0.3
 
10- 8 307. 0.8 539. 9.0 2679. 2.7 12. 0.2
 
10- 9 530. 1.5 444. 7.4 405. 0.4 30. 0.0
 

35264. 100.0 5933@ 100.0 97957. 100.0 34961. 100.0
 

PARALLEL BRIDGE ALTERNATIVE
 
AND NO IMPPOVEMENT HYPOTHESIS
 

ADT PROJECTIONS FOR 1996
 

O-D CARS TRUCKS/BUSES MOTOR/BIKES PEDESTRIANS
 
ADT PER CENT ADT PERCENT ADT PER CENT ADT PER CENT
 

1- 5 7497. 16.4 811. 11.1 13174. 8.8 6362. 13.3
 
1- 6 968. 2.1 32. 0.4 5636. 3.7 3429. 7.1
 
1- 7 872. 1.9 61. 0.8 12119. 8.1 3898 S.1
 
1- 8 7088. 15.5 1831. 2501 15683. 10.4 4819. 10.1
 
1- 9 11654. 25.6 1171. 16.0 8864. 5*9 1836. 3.8
 
2- 5 1094. 2.4 162. 2.2 1782. 1.1 738 1.5
 
2- 6 252. 0.5 4o 0.0 1113. 0.7 346. 0.7
 
2- 7 42. 0.0 11, 0.1 1442. 0.9 956. 2.0
 
2- B 592. 1.5 97. 1.3 1069. 0.7 945a 1.9
 
2- 9 979a 2*1 99. 1.3 225. 0.1 94. 0.1
 
3- 5 2125. 4.6 120. 1.6 11272. 7.5 2626. 5.5
 
3- 6 931. 2.0 22. 0.3 2597. 1.7 1915. 4.0
 
3- 7 1744. 3.8 199. 207 4616. 3.0 3466. 7.2
 
3- 8 1357. 2.9 244. 3.3 12061. 8.0 2614. 5.4
 
3- 9 2002. 4.4 700. 9.6 6648. 4.4 2754. 5.7
 
4- 5 1011. 2.2 70. 0.9 4861. 3.2 996. 2*0
 
4- 6 372. 0.8 7. 0.1 1056. 0.7 332. 0.6
 
4- 7 1116. 2.4 199. 2.7 12247. 81 2322. 4.8
 
4- 8 1150. 2.5 66. 0.9 21238 14.1 2570. 5.3
 
4- 9 754. 1.6 15. 0.2 3782. 2.5 4058 85
 

10- 5 425. 0.9 125. 1.7 865. 0*5 253. 0.5
 
10- 6 168 0.3 4. 0.0 111. 0.0 28. 0.0
 
10- 7 86 0.1 35. 0.4 738 0.4 189. 0.3
 
10- 8 431. 0.9 675. 9.2 5673. 3.7 1190 0.2
 
10- 9 639. 1.4 515. 7.0 736. 0.4 36. 000
 

45461. 100.0 7285. 100.0 149621. 100.0 47710. 100.0
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DAHOMEY INTERNTIT04AL BRIDGE
 

FEASIBILITY STUDY
 

SAINT MICHL 8RIDG ALTERNATIVE
 

TRAFFIC AT NEW BRIDGE
 

ACT PROJECTIONS FO 19?7
 

M-0 CARS T9UCOS/USf5 MOTORitEs PEDESTRIANS
 
AOT PER CENT ACT PERCENT ADT PER CENT ADT PER CENT
 

1- 0 0. 0.0 0. 0.0 0. 0.0 0. 0.0
 
t-0 0. 0.. . 0.0 l09. 1.6 246. 4.8
 

1- 7 117. 1.9 4. 0.3 036. 60.7 368. .2
 
I- a 284. 4.8 120. 9.0 353. 2.8 5. 0.0
 
1- 9 622. 10.5 102. 7.9 63. 0.5 0. 0.0
 
2- 5 66. S.1 9. 0.? 0. 0.8 0. 0.0
 
2- 6 10. 1.8 1. 0.1 244. 1.9 84. 1.0
 
?- I IS. 0.2 3. 0. 277. 0.2 128. 
 2.8
 
2- a IT. .0 29. 2.2 07. 0.S $9. 1.1
 
Z- 9 284. 4.. 30. 2.7 12. 0.0 6. 0.1
 
3- 0 318. 6.6 22. 1.7 1256. 10.0 66. 11.1
 
3- 6 03. 7.3 8. 0.6 1342. 10.7 1101. 21.6
 
3- 7 240. 4.0 A. 0.6 6T. 5.1 009. 13.0
 
3- a To.. 11.9 17. 8.2 2577% 20.6 431. 9.8
 
3- 9 74. 12.6 220. 17.0 420. 3.4 218. 4.2
 
4- 8 201. 4.4 10. 1.4 905. 7.2 211. 4.2 
4- 6 192. 3.2 0. 0.2 392. 3.1 248. 2.8 
4- 7 110. 1.0 1. 0.6 197. 1.8 195. 3.8 
4- 8 427. 7.2 29. 2.2 2108. 16.9 418. 8.2 
4A 8 237. 4.f 4. 0.3 13. 1.1 60. 1.2 
10- 5 47. 0.9 22. 1 so. 0.4 1s. 0.0 
10- 6 98. 0.9 2. 0.) 34. 0.2 I9. 8.5 
10- 7 19. 0.3 It. 0.0 $2. 0.4 42. 0.8 
5o- 1 97. 1.6 250. 19.4 209. 1.6 22. 0.4 
1o- 9 200. 4.7 26. 20.6 82. 0.4 16. 0.3 

Sol?. 1CO.: 1291. 128.c 12456. 10.0 9095. 10.0 

T 

SALIN ICHEL BRIDE ALTERNATIVE
 
TRAFFIC AT NEW BRIDGE
 

AD? PROJECTIONS FOR 1981 

O-D CARS TRUCKS/BUSES MOTOR/821|E PEDESTRIANS
 
ADT PER CENT AOT PERCENT ADT PER CENT AT PER CENT
 

1- 8 298. 3.3 44. 2.4 130. 0.0 A. 00
 
1 0 00. 0.9 3. 0.1 046. 2.6 267. 3.9
 
1- 7 190. 2.1 0. 0.4 1409. 8.9 487. 7.2
 
1- 8 583. 6.9 270. 16.1 i10. 3.0 0. O.O 
1- 9 	 1210. 13.6 1T. 9.1 143. 0.7 0. 0.0 
2- 3 154. 1. 22. 1.1 40. 0.1 8. 0.0
 
2- 6 132. 1.4 2. 0.1 340. 1.7 98. 1.4
 
2- - 20. 0.. 4. 0.2 413. 2.0 191. 2.0
 
2- 8 249. 2.7 It. 2.0 120. 0.4 78. 1.1
 
2- 3 353. 3.9 46. 2.4 27. 0.1 9. 0.3
 
3- 8 653. 7.3 37. 1.9 2157. 10.9 613. 9.8
 
3- 6 920. 5.8 10. 0.5 1578. 7.7 1193. 17.0
 
3- 7 389. 4.3 1s. 0.9 1030. 9.0 99$. 14.0
 
1- 8 820. 9.2 139. 7.2 3730. 10.3 673. 9.9
 
3- 9 940. 19,9 304. 18.9 820. 4.0 882. 9.6
 
4- 9 871. .1 23. 1.2 1309. 6.0 266. 3.0
 
4- 6 226. 2.9 3. 0.2 499. 2.4 177. 2.6
 
4" 7 194. 2.1 18. 0.9 i38. 2.6 350. 8.2
 
4. 9 543. 6.0 33. 1.0 360, 10.0 049. 9.0
 
4-0 , 51. 0.5 S. 0.2 310. 1.S 178. 0.0
 
18- ! 90. 1.0 30. 1.9 110. 0.8 17. 0.2
 
10- s 72, 0.8 2. 0.1 37. 0.1 20. 8.3
 
1*- 7 2?. 0.) 14. 0.7 99. 0.4 61. 8.9
 
10- 139. 1.8 323. 17.0 cis. 2.0 34. 8.8
t 
10 - 9 542. 1.0 112. 16.3 99. 0.4 19. 0.2 

8935, 100.0 1912. 100.0 1093. 100.0 0707. 10.0 

SAI9 .IC9FL BRIDGE ALTEONATIVE
 
TRAFFIC AT NEW $RIDGE
 

ADT PROJECTIONS FOP 1910 

o-D CARS TRUCKS/BUSES MOTOR/BIKES PEDESTt|ANS

AD? PEA CENT ADT PERCENT ADT PEN CENT AT PER CENT
 

1- 909. 0.1 122. 4.0 397. 1.0 8. 0.8 
I0- 219. 1.4 0. 0.2 1210. 3.1 298. 2.0
 
1- 7 347. 2.3 1. 0.6 2697. 7.0 691. 60.7
 
1- 1228. .3 846. 18.2 1176. 3.0 0. 0.0
 
1- 9 2491. 26.9 313. 10.4 39. 1.0 A. 0.0
 
2- 8 294. 2.0 43. 1.4 116. 0.3 0. 0.0
 
2- 0 169. 1.1 3, 0.1 64. 1.4 110. 10
 
2- 7 27. 0.1 7. 0.2 081. 1.7 116. 3.3
 
2- d 353. 2.4 39. 1.7 244. 8.0 111. 1.0
 
2- 9 526. 3. 62. 2.0 59. 0.1 14. 0.1
 
9- 8 1072. 7.3 0o, 2.0 os. 10.1 60. 0.
 
1- 6 3. 4.4 14. 0.4 2924. 9.0 1310. 12.0
 
3- 7 70f. 4.8 47. 1.8 1073. 4.9 1617. 19.9
 
3- 8 1009. 6. 191. 0.8 5922. 15. 1804. 9.8
 
- 9 1276. 0.7 433. 15.2 197, 4.9 71. 7.9
 
- 5 52. 3.7 30. 1.0 211. 8,9 842. 3.3
 
4- 270. 1.8 9. .1 73. 1.7 220. 2.2 

4- 390. 2.0 47. 1 .8 1:8. 4.9 753. 7.3 
A- .. 9.0 40. 1.3 29.4 1120. 10.97. 7432. 

-9 940. 3.3 . 8.2 843. 2.2 422. 8.8
 
5 172. 1.1 80, 1.9 289. 0.0 20. 101
 

10- 100. 0.0 2. 0.0 42. .1 2 1. 8.2 
30- 7 . 0.2 21. 0.7 222. 3.5 90. 09 
10- . 219. .4 481. 100 1203. 93 80. 8.5 
18- 9 	 439. 3.0 302. .2.7 222. 0.8 23. 0.2
 

14550. 200. 3001. 270.0 31148. 108.0 10243. 180.4
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-- ---------------- ----------------- -----------------

DAHOMEY INTERNATIONAL BRIDGE
 
FEASIBILITY STUDY
 

SAINT MICHFL BRIDGE ALTERNATIVE
 
TRAFFIC AT NEW BRIDGE
 

ADT PROJECTIONS FOR 1991
 

O-D CARS TRUCKS/BUSES MOTOR/BIKES PEDESTRIANS
 
ADT PER CENT ADT PERCENT ADT PER CENT ADT PER CENT
 

1- 5 1134. 6.0 137. 3e6 498. 0.8 0. 000
 
1- 6 245. 1.3 90 002 15150 205 315. 2.1
 
1- 7 504. 2.6 30. 0.8 4229. 7.1 099. 600
 
1- 8 1658. 808 659. 17.7 1649. 207 0. 0.0
 
1- 9 3362o 17.9 378. 10.1 716. 1.2 0O 0.0
 
2- 5 329s 1.' 48. 1.3 139. 0.2 0. 0.0
 
2- 6 1900 100 3. 0.0 680. 1.1 123. 0.8
 
2- 7 34o 0.1 9. 0.2 9910 106 460. 301
 
2- 8 410. 20. 59. 1.6 320. 0.5 145. 009
 
2- 9 658. 3.5 720 109 80. 0.1 20. 0.1
 
3- 5 1199. 6.4 68. 1.8 4832. 8.1 731. 409
 
3- 6 759o 4.0 17. 004 2236. 3.7 1421. 9.6
 
3- 7 1112. 509 97. 2.6 2943. 4.9 2382. 1601
 
3- 8 1168. 6.2 231. 6.2 7994o 13.5 1355. 901
 
3- 9 1598. 8.5 5890 15*8 3456. 5.8 1303. 8.8
 
4- 5 641. 3.4 36. 0.9 2860. 4.8 413. 2.7
 
4- 6 320. 1.7 60 0.1 843. 104 275. 1.8
 
4- 7 660. 3.5 97a 2.6 4796. e.1 1323. 809
 
4- 8 918. 4o9 55. 1.4 12563. 21o2 1701. 11.5
 
4- 9 5800 3.0 11. 0.2 1786. 300 15890 10.7
 
10- 5 214. 1.1 65. 1.7 406. 0.6 22. 001
 
10- 6 121. 0.6 3. 0.0 51. 000 22. 001
 
10- 7 61. 0.3 27. W.7 4050 0.6 1340 009
 
10- 8 307. 1.6 564. 15.1 2679. 4o5 82. 005
 
10- 9 530. 2.8 4440 1109 405. 0.6 30. 0.2
 

18725. 100.0 3724. 100.0 59085. 100.0 14756. 100.0
 

SAINT MICHEL BRIDGE ALTERNATIvE
 
TRAFFIC AT NEW BRIDGF
 

ADT PROJECTIONS FOR 1996
 

O-D CARS TRUCKS/BUSES MOTOR/BIKES PEDESTRIANS
 
ADT PER CENT ADT PERCENT ADT PER CENT ADT PER CENT
 

1- 5 1420. 5.8 153. 3o2 624. 0.6 0. 0.0
 
1- 6 275. 1.1 10. 0.2 1898. 109 342. 1.5
 
1- 7 734o 3.0 51. 1.1 6633. 6.9 1169. 5.1
 
1- 8 2238. 9.2 795o 16.9 2311. 2.4 0. 0.0
 
1- 9 4539o 18.7 456. 9.7 1306. 1.3 0. 00
 
2- 5 368. 1.5 54a 1,1 168. 0.1 0. 0.0
 
2- 6 212. 0.8 3s 0.0 820. 008 138. 0.6
 
2- 7 42. 0.1 11. 0.2 1442. 105 669. 2.9
 
2- 8 477a 1.9 67. 104 416. 0o4 189. 0.8
 
2- 9 825. 3.4 83. 1.7 109. 0.1 28. 0.1
 
3- 5 1342. 505 76. 1.6 6051. 6.3 787. 3.4
 
3- 6 882. 3.6 21, 0.4 2597. 2.7 1532. 6.7
 
3- 7 1744. 7.2 1990 '.2 4616. .8 3466. 15.3
 
3- 8 1357. 5.6 279. 5.9 10791. 11.2 1830. 8.1
 
3- 9 2002. 9.2 766. 16.3 5298. 6.5 2203. 9.7
 
4- 5 745. 3.0 41. 008 3581. 3.7 498o 2.2
 
4- 6 372. 1.5 7. 0.1 1056, 1.1 332. 1.4
 
4- 7 1116. 4.6 199. 4.2 12247. 12.0 2322. 1003
 
4- 8 1130. 4.7 66. 1.4 21238. 22.1 2570. 11.4
 
4- 9 754. 301 15. 0.3 3782. 3.9 4058. 18.0
 

10- 5 269. 1.1 73. 1.5 637. 0.6 25. 0.1
 
10- 6 146. 0.6 3. 000 62. 0.0 23. 001
 

7 8O6 0.3 35. 0.7 738. 0.7 189. 0.8
 
10- 8 431. 1.7 707. 15.0 5673. 5.9 119. 0.5
 
10- 9 639. 2.6 515. 10.9 738, 0.7 36. 0.1
 

24176. 1000 4696. 1OOoO 95845. 100.0 22533. 100.0
 

C-5
 



DAHOMEY INTERNATIONAL BRIDGE
 
FEASIBILITY STUDY
 

SAINT MICHEL BRIDGE ALTERNATIVE
 
TRAFFIC AT EXISTING BRIDGE
 

ADT PROJECTIONS FOR 1977
 

O-D CARS TRUCKS/BUSES MOTOr/8IKES PEDESTRIANS
 
ADT PER CENT ADT PERCENT ADT PER CENT ADT PER CENT
 

1- 5 2785. 28.4 494. 26.5 4895. 28.2 3288. 30.5
 
1- 6 590. 6.0 19. 1.0 1884. 13.8 2218. 20.6
 
1- 7 50. 0.5 1. 0.0 836. 4.8 859. 7.9
 
1- S 1609. 16.4 642. 34.5 3197. 18.4 1091. 10.1
 
1- 9 2490. 25.3 359. 19.3 569. 3.2 12. 1.6
 
2- 5 600. 6.1 88 4.7 781. 4.5 450. 4.1
 
2- 6 46. 0.4 o. 0.0 244. 1.4 126. 1.1
 
2- 7 0. 0.0 0. 0.0 0. 0.0 55. 0.5
 
2- 8 178. 1.8 29. 1.5 269. 1.5 238. 2.2
 
2- 9 109. 101 15. O. 48. 002 14. 0.1
 
3- 5 907. 9.2 51. 2.7 2931. 16.9 1321. 12.2
 
3- 6 48. 0*4 0. 0.0 0. 0.0 275. 2.5
 
3- 7 0. 0.0 0. 0.0 0. 0.0 O, 0.0
 
3- 8 0. 0.0 32. 1.7 644. 3.7 209. 1.9
 
3- 9 0. 0.0 44. 2.3 47, 0.2 54. 0.5
 
A- 5 261. 2*6 7. 0.3 903. 5.2 218. 2.0
 
4- 6 0. 0.0 0. 0.0 0. 0.0 0. 0,0
 
4- 7 0. 0.0 O 0.0 0. 00 0. 0.0
 
4- 0 Do 0.0 0. 0.0 O 0.0 0. 0.0
 
4- 9 0. 00 O 0.0 O 0.0 0. 0.0
 
It- 5 110. 1.1 45. 2.4 59. 0.3 139. 1.2
 
10- 6 18. 0.1 0. 0.0 14. 0.0 4. 0.0
 
10- 7 0. 0.0 O 0.0 0. 0.0 0. 00
 
10- a 0. 0.0 25. 1.3 O 0.0 0. 0*0
 
10- 9 0. 0.0 0 0.0 0. 0.0 0. 0.0
 

9807. 100.0 1859. 100.0 173279 100.0 10749. lq0,0
 

SAINT MICMEL BRIDGE ALTERNATIVE
 
TRAFFIC AT EXISTING BRIDGE
 

ADT PROJECTIONS FOR 1981
 

O-D CARS TRUCKS/BUSES MOTOR/BIKES PEDESTRIANS
 
ADT PER CENT ADT PERCENT ADT PER CENT ADT PER CENT
 

1- 5 3243. 29.1 510. 26.7 6092. 28.3 3858. 29.9
 
1- 6 511. 5.2 19. 0.9 2115. 9.8 2403. 18.6
 
1- 7 59. 0.5 2. 0.1 1295. 6.0 1137. s8
 
1- a 2024. 18.1 660. 34.6 4475, 20.8 1564. 12.1
 
1- 9 3068 27.5 386. 20*2 1054. 4.9 31q. 2.4
 
2- 5 597s 5.3 86. 4.6 913. 4.2 507. 3.9
 
2- 6 41. 0.3 O 0.0 235. 1.0 142. 1.1
 
2- 7 O 0.0 0. 0.0 0. 0.0 82. 0.6
 
2- 8 174. 1.5 27. 1.4 319. 1.4 315. 2.4
 
2- 9 109. 0.9 14. 0.7 55. 0.2 21. 0.1
 
3- 5 807a 7.2 45. 2.4 3166. 14.7 1431. 11.1
 
3- 6 44a 0.4 O 0.0 O 0.0 298. 2.3
 
3- 7 0. 0.0 0. 0.0 O 00 O. 0.0
 
3- A O 0.0 31. 1.6 700. 3.2 288. 2.2
 
3- 9 o 0.0 46. 2.4 71. 0.3 95. 0.7
 
4- 5 242. 2.1 6. 0.3 906. 4.2 266. 2.0
 
4- 6 0. 0.0 O 00 0. 0.0 0. 0.0
 
4- 7 0. 0.0 0. 0.0 0. 0.0 0. 0.0
 
4- 1 0. 0.0 O 0.0 Co 0.0 0, 0.0
 
4- 9 0. 0.0 0. 0.0 0. 0.0 O 0.0
 

10- 5 111. 0.9 40. 2.1 76. 0.3 156. 1.2
 
10- 6 17. 0.1 0. 0.0 21. 0.1 5. 0.0 
10- 7 0. 0.0 O 0.0 O 0.0 0. 0.0 
10- 8 0. 0.0 25o 1.3 0. 0.0 0. 0.0 
10- 9 0. 0.0 O 0.0 O 0.0 0. 0.0 

11123. 100.0 1906. 100.0 21499. 100.0 12895. 100O 
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OAH04EY INTERNATIONAL 5822GE
 
FEASIBILITY STUDY
 

SAINT MICHEL 38R16E ALTERN&TIVE
 

TRAFFIC AT EXISTING QID&E
 

ADT PRCJECTIONS FOR 198
 

0-) CARS TNUCKS/BUSES OTOR/BIKES EDESTRIANs 
ADT PER CENT ADT PERCENT AT P9 CENT A.T PER CENT 

1- 9 1874. 30.0 324. 27.? 8202. 21.0 4713. 28.5 
1- 4 83. 4.2 1. 0.9 23813. .3 2654. 1.: 
17 6S. 0S. 3. 0.1 2230. 7.6 1614. 9.7 
1- 2661. 20.4 649. 34.2 4908. 23.10 2458. 14.8 

19 3905. 30.0 411. 21.4 226. 7.9 640. 3.8 
2- 5 879. 4.4 05. 4.5 1108. 8.8 509. 3.5 
2- 6 11. 0.2 0. 0.0 201. n.? 163. 1.0 
2- 7 8. O. 0. O.C 0. 0.0 235. ).1
1- 1 159. ,.2 24. 1.2 386, 1.3 44?. 2.7 

9 9-8. O.T 1I. 0.4 61. 0.2 33. 0.2 
3- 625. 4. 33. 1.8 8328. 11.6 1332. 9.9 
3- 4 3. 0.2 0. 0.0 0. 0.0 329. 1.9 
1- 7 0. 8.0 0. 0.0 0. 0.0 0. 0.0 
3- 1 1. O.C 26. 1.4 696. 2.4 430. 2.6 
" 9 0. 0.0 43. 2.3 105. 0.3 192. 1.1 

4- 8 197. 1.3 3. 0.2 819. 2.8 342. 2.0 
4- 6 0. 0. 0. *.0 0. 0.0 0. 0.0 
4- 7 0. 0.0 0. 0.0 0. 0.0 0. 0.0 
. a V. 0.0 0. 0.0 0. 0.0 0. 0.0 

4- 0. 0.0 0. 0.0 0. 2.0 0. 0.0
 
18- 100. 0.7 31. 1.4 12. 0.3 192. 1.1
 
18- 4 1s. 0.1 0. 0.0 33. 0.1 S. 0.0
 
10- 7 0. 0.0 0. 0.8 0. 0.0 0. 0.0
 
28- 6 a. 0.8 22. 1.1 8. 0.0 0. 0.0
 
20- 9 0. 0.0 2. 0.0 0. 0.0 0. 0.0
 

1238. 10.0 1884. 100. 28534. 100.0 16817. 100.0
 

DAHOMEY INTERNAT1ONAL 0RIDGF
 
FEASIBILITY STUDY
 

SAINT NICHEL 119IGE ALTERNATIVE
 

TRAFFIC AT EXISTING BRIDGF
 

ADT PRPOJECTIONS FOR 1991
 

0-D CARS TMUCES/BUSES 6TOR/BIKLE PEtESTRIANS
 
LOT PER CENT AT PERCENT A)T PER CENT AOT PER CENT
 

1- 4052. 19.3 587. 26.3 50421. 25.7 3471. 27.0 
1- I 409. 0.7 19. 0.3 2984. 7.6 28463. 14.1
 
1- 4 0. 8.2 99 10.394. S. 3897. 2098. 

1- 15192. 21.7 713. 13.1 9842. 24.3 3439. 17.0
 
1- S271. 11.8 491. 22,2 4148. 10.6 1086. 8.3
 
2- 648. 3.9 96. 4.7 0737. 3.4 69. 3.2
 
2- 4 18. 0.2 8. 0.0 243. 0. 111. 0.9
 
1- 7 8. O.C 0. 0.0 0. 0.0 197. 0.9
 
2- 8 089. 1.1 27. 1.2 805. 1.2 781. 2.1
 

- 9 12. 0.7 13. 0.6 86. 0,2 47. 0.2
 
3- 6.9. 4.2 39. 1.7 4161. 10.7 1780. 8.4
 

6" 42. 0.2 3. O. 0. 8.0 333. 1.7
 
- 0 0.0 0. 0.0 0. 3.0 0. 0.0
 

1- 8 . 7.0 32. 1.4 140. 2.4 381. 2.0
 
- 0. 0.0 06. 0.5 192. 0.4 121. 1.6
 
4- 229.g 1.3 6. 0.. 1021. 2.6 411. 2.0
 
4- a . 0.0 0. 0.0 0. 0.0 0. 0.0
 
- 7 0. D.0 0. O.C 0. 0.0 0. 0.0
 
- 8 8. 0.0 8. 00 0. 0.8 0. 0.0
 
- 1 0. 0.0 0. 0.0 8. 2.0 0. 3.0
 

10- 120. 0.7 38. 1.9 145. 0.3 204. 1.0 
18- 1. 0.1 8. 0.8 40. 0.1 5. 7.0 
1t- 0. 0.0 8, 0.8 0. 0.8 0. 8.0
 
18- 1 0. 7.0 28. 1.2 0. 30, 0. 0.0 
0- 9 0. 0.0 3. 0.0 0. 0.8 0. 0.0 

16818. 100.0 2221, 100.0 31871. 100.0 20224. 100.0 

SAINT MICHEL DR05G ALTERNATIVr
 
TRAFFIC AT EXISTING t190(
 

ADT PROJECTIONS FOR 1996
 

0-0 CANS TRUCKS/BUSE6 MoTO/BIKES PEDESTRIANS 
ADT PER CENT LOT PERCENT ADT PER C0T ADT -ER CENT 

1- 6076. 29.8 637. 25.0 12550. 23.3 6362. 25.2 
- 693. 8.2 21. 0.8 3?3. 6.9 3026. 12.2
 
1- 7 137. 0.6 8. 0.) 3493. 10.2 7725. 10.9
 
I8 4849. 22.7 944. 75,9 13372. 24.8 4819. 11.0
 
18 7011. 33.4 088. Z2.7 755C. 14.0 1839. 7.2
 

2- 5 720. 3.4 107. 4.0 1613. 0.0 731. 2.
 
2- & 39, 0.1 0. 7.0 297. 5.0 207. 0.
 
2- 7 0. 0.0 2. C.0 0. 0.0 216. 1.1
 
2- 8 214. 1.0 30. 1.1 62. 1.2 756. 3.0
 
2- 9 184. 0.7 I. 0.5 III. 0.2 6A. 0.2
 
3- 8 783. 3.4 44. 1.6 8220. 9.7 103. '.3
 
1- 6 49. 0.2 1. 0.0 7. 0.0 91E. 1.5
 
9- 0. 0.0 0. 0.0 0. 0.0 0. 0.0
 
3- 1 8. 0.8 38. 1.4 1269. 2.3 T54. 3.1
 
1- 9 0. 0.0 71. 2.8 349. 0.6 080. 2.1
 
- 8 266. 1.2 7. 0.2 1279. 2.3 408. 1.9
 

4- 0. 0.0 0. 0.0 n. O.c 0. 0.0
 
4- 7 0. 0.8 0. 0.0 ). 0.0 0. 0.0
 
4- 0. 8.0 . 0.0 0. 0.0 0. 0.0
 
4 9 0. 0,0 0. 0.0 0. 0.0 0. 0.0 

10- 8 154. ).? 39. 1.9 227. 0.4 228. 0.9 
10- 4 22. 0.1 0. 0.0 49. 0.0 S. 0.0 
1- ? 0. 0.0 0. 0.0 7. 0.0 0. 0.0 
10- 1 0. 0.0 38. 1.3 0. 0,0 0. 0.0 
20- 9 0. . 0. 0.0 0. 0.0 0. 0.0 

21265. 100.0 2626. 100.0 53776. 100,0 25176. 100.0 
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T I M E 


MIDNIGHT TO 1 AM 

1 2 

2 3 

3 	 4 

4 	 5 

5 6 

6 7 

7 8 


8 9 

9 10 


10 11 

11 12 

12 1 PM 

1 2 

2 3 

3 4 

4 	 5 


6 

6 7 

7 a 

8 9 

9 10 


10 11 

11 12 


DAHOMEY INTERNATIONAL BRIDGE
 

TRAFFIC STUDIES
 

NO IMPROVEMENT HYPOTHESIS
 
AND PARALLEL BRIDGE ALTERNATIVE
 

YEAR 1971
 

CARS TRUCKS + BIKES + EQUIVALENT
 
BUSES MOTORBIKES VEHICLE UNITS
 

26s 3. 33. 41.
 
7. le 11. 12.
 
2. 0. 3. 4.
 
2. 0. 3. 4.
 

19. 6* 33. 41.
 
52. 18. 109. 115.
 

205. 50. 736. 491.
 
720o 114o 21030 1475.
 
812. 167s 1305. 1474.
 
773a 183s 1090. 1412.
 
745o 189. 940. 1358.
 
854. 216o 927. 1519.
 
737. 145. 1296. 1353.
 
368. 103. 665. 742.
 
673* 179. 1344o 1368.
 
757. 207. 1055. 1435.
 
851. 245. 1153. 1631.
 
855. 235. 1637. 1736a
 
880. 144. 1995. 1667.
 
688* 77o 888. 1066.
 
441. 46. 508. 662.
 
275, 28. 357. 420.
 
168. 17. 222* 260.
 
79a 8 102. 122.
 

11014. 2396. 18546. 20419.
 

C-8
 



DAHOMEY INTERNATIONAL BRIDGE
 

TRAFFIC STUDIES
 

NO IMPROVEMENT HYPOTHESIS
 

YEAR 197?
 

0 1 M E 


MIDNIGHT TO 1 AM 

1 2 

2 3 


3 N 

6 N 

3 A 

6 7 

7 B 

8 9 

9 10 

10 11 

11 12 

12 1 PM 

1 2 

2 3 


6 

6 3 


3 6 

6 7 

7 9 

* 9 

9 10 

10 11 

11 12 


T I A I 


MIDNIGHT I I AN 

1 2 

* 

3 N 


4 5 

3 6 

6 7 

7 a 

8 9 

9 10 

10 11 

11 12 

12 1 O9 

1 2 

2 3 

3 N 
4 5 

9 A 

A 7 

3 8 

a 9 

9 IC 

10 11 

11 11446. 


I M [ 

MIDNIGHT TO I AM 

1 2 

2 3 

3 6 

• 5 

5 6 

A 7 

7 8 

1 9 

9 to 
T it 

11 12 

12 1 om 


1 2 

2 3 

3 4 

4 5 

3 6 

4 7 

7 0 

8 9 


9 10 

10 I1 

it 12 


CARS 


37. 

10. 

3. 


3. 

28. 

73. 

293. 

1026. 

1138. 

1101. 

1062. 

1217. 

101. 

525. 

930. 
1079. 

1213. 


1219. 

1253. 

980, 

629. 

392. 

240. 

112. 


15694. 


TRUCKS * 
BUSES 


4. 

1. 

0. 


0. 

f. 

24. 

66. 

151. 

221. 

241. 

249. 

287, 

191. 

136. 

237. 

273. 

124. 


310. 

190. 

102. 

61. 


36. 

23. 

11. 


3161. 


BIKES * EQUIVALENT 
MDTO6IfS VEHICLE UNITS 

33. 59.
 
I'. is.
 
5. .
 

S. 6.
 
53. SR.
 

175. 165.
 
118?. 7?2.
 
3377. 2173.
 
2096. 2124.
 
I'5I. 2022.
 
1i90. 193!.
 
1489. 2161.
 
2081. 1955.
 
1069. 1066.
 
2159. 1973.
 
1699. 2049.
 
1852. 2325.
 

2629. 2498.
 
3204. 2435.
 
1426. 1543.
 
816. 956.
 
574. 610.
 
357. 3?6.
 
163. 177.
 

29703. 29.27.
 

NO IMPROVEMENT 9'P2THESIS
 

YEAR 1911
 

CARS TRUCKS - BIKES * EQUIVALENT 
BUSES -0TORRIKS VEKICLE UNITS 

40. 4. 75. 76.
 
14. 1. 25. 26.
 

4. I. 8. 8
 
•. 1. 8. 8.
 

36. 1o. 75. 75.
 
94. 29. 247. 216.
 

373. 80. 16,3. 932.
 
1311. 192. 9750. 2865.
 
1680. 267. 2969. 2732.
 
1609. 292. 2463. 2608.
 
1337. 301. 2126. 2692.
 
1956. 345. ?094. 2771.
 
1143. 232. 2928. 2540.
 
671. 163. 1503. 1379.
 
1225. 286. 3037. 255.
 
l3so 350. 2303. 2636.
 
1550. 392. 2603. 2986.
 
1353. 375. 3699. 3235.
 
1602. 230. 6507. 3169.
 
123. 126. 2Q01. 2003.
 
$64. 76. 11N. 1240. 
Sol. t•o08. 795. 
506. 26. 502. 489. 

14, 230, 230.
 
220038, 3123. 41893. 38132.
 

NO IMPROVEMENT -,TOTRESIS
 

CARS 


66. 

19. 

S. 

3. 
49. 


129, 

31. 


1802. 
2033. 

1934. 

1865. 

2136. 

1846. 

923. 

1653. 

1896. 

2130. 

2141. 

2201. 

1722. 

1105. 

688. 
621. 

19. 


27558. 


YEAR 1916
 

TRUCKS * 
BUSES 

6. 

2. 

1. 

1. 

19. 

37. 
103. 

233. 

3-1. 

373. 

555. 

461. 

296. 

211. 
366. 

422. 

501. 

4I0. 

294. 
151. 

95. 

57. 

36. 

lB. 


4889. 


BIKES . EQUIVALENT 
MOTCRBIKES VE'ICLE UNITS 

120. 108.
 
40. 36. 
13. 11. 
13. 11.
 
120. 106. 
393. 302. 

2667. 1313. 
'561. 160.
 
694. 3090.
 
3920. s610
 
3383. 3'82.
 
7334. 9556. 
4661. 3605.
 
2393. 1945.
 
4934. 3625.
 
3194. 3419.
 
4147. 4170.
 
5988. 4574.
 
'175. 4584,
 
3196. 2838.
 
lq27. 1752.
 
1286. 1121.
 
B00. 695.
 
366. 326.
 

66602. 33942. 
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I 9 [ 

4DAIGH9 TO I AM 

2 


2 

4 


4 9 

3 6 


7 
7 8 

I 9 


1, 

10 it 

11 12 

12 1 P4 

1 2 
2 3 

4 
6 3 

9 6 
6 7 
7 6 
6 9 

10 
10 11 


11 12 


T I M E 


-IDNIGMH TO 1 AM 
1 2 
2 3 
3 4 
4 4 
* 6
6 7

7 6 

9 

1C 


12 11 
11 12 
12 1 4 

1 2 
2 3 

4 
4 5 

6 
6 7 

6 
6 9 

10 


10 11 
11 12 

DAHOMY INTERNATIONAL 1R|DG[
 

TRAFFIC &TUDS
 

NO IMPROVEMENT 1PO TMESt5
 

YEAR 1991
 

CARS TRUCKS - I2S - EQUIVALENT 
BUStS -3TCORIKES VEHICLE UNITS 

It. 7. 17. 144.
 
24. 2. so. 45.
 
7. 1 15.
1. 19. 

7. 1. 19. 1.
 
63. 16. 176. 139.
 

165. 45. 577. 400.
 
659. 122. 3e9t. 1692.
 
2306. 263. 11106. 3650.
 
2602. 414. 6696. 6516.
 
2475. 453. 6739. 4.22.
 
237. 46. 4964. "63.
 
6736.136. 4697. s03.
 
2362. 740. 6647. 6794.
 
1161. 256. 3614. 2674.
 
2154. 44.4 7101. 4620.
 
2426. 512 3l3. 4144.
 
2726. 438. 6092. 3464.
 

2740. 943. 0649. 6066.
 

2617. 37. 10340. 617.
 
2204. 4692. 3762.
192. 


1414. 13. 2414. 2316.
 

@61. 69 1394. 1493.
 
339. 4. 1173. 922:
 

293. 21. 336. 432. 
35264. 6931. 97937. 71534. 

9 woR9V3ET 9YPOTHESIS 

'EAR 1996
 

CAPS TRUCKS * I1KES * EQUIVALENT 
BUSES MOTORD1,S VEHICLE UMITO 

109. 9. 269. 195. 
31. 3. 69. 61. 

9. 2. 29. 20. 
9. 2. 29, 20. 

61. 19. 269. 163. 
213. 66. 612. 349.
932. 193. 6939. 2642.

2973. 3:0. 16967. 7911. 

133609. 1533. 7006.
 
3191. 666. 6797. 6306.
 

3077. 976. 7969. 6123.
 
3527. 691. 7481. 6713.
 
043. 442. 10451. 6545
 

1322. 315. 5371. 3496.
 
?77. 546. 10647. 6362.
 
3127, 629. 6913. 6915.
 
3"14. 747. 9326. 7333
 
3332 716. 13211. 1267.
 
3632 436. 16099. a5364
 
2641. 236. 7166. S106.
 
1623. 142: 409. 3132.
 
1136, 63. 2667. 2026. 
695. 64. 199. 1263. 
327. 26. 622. 366. 

45461. 721. 149621. 97322. 
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DAHOMEY INTERNATIO4AL BRIDGE 

TRAFFIC STUDIES 

SAINT MICHEL BRIDGE SCHEME - NEW BRIDGE 

YEAR 1977 

T I M E CARS TRUCKS RIlES * EQUIVALENT 
BUSES MOTORBIKES VEHICLE UNITS 

MIDNIGHT TO 1 4 14. 1. 22. 23. 
1 2 4. 0. 7. 7. 
2 1 1. 0. 2. 2. 
3 4 1. 0. 2. 2. 

10. 1. 22. 23. 
O 4 27. 9. 73. 65. 
6 7 110, 27. 694. 268. 

a 365. 61. 1412. 861. 
0 9 434. 90. 676. $34. 
9 10 613. 96. 712. 793. 
10 it 
11 12 

39, 
4%6. 

102. 
116. 

631. 
622. 

760. 
646. 

12 1 P6 394. 71. 670. 769. 
i 2 
2 3 

197. 
39. 

95. 
96. 

647. 
901. 

420. 
719. 

3 4 401. 112. 706. 1s. 
4 1 435. 132. 774. 914. 
3 6 417. 127. 1099. 966. 
6 7 470. 77. 1360. 961. 

6 367. 42. 196. 601. 

6 9 236. 25. 361. 371. 
9 13 147, 13. 240. 237. 
10 11 
11 12 

90. 
42. 

9. 
4. 

169. 
66, 

166. 
69. 

5167. 1293. 12636. 11573. 

SAINT MICHEL &IGE SCHEME - NEW $RIDGE 

YEAR 1961
 

T I A L CARS TRUCKS - SIXES - EQUIVALENT

&USES MOTORBIKES VEHICLE UNITS
 

MIDNIGHT TO I AM 21. 2. 36. 315. 
1 2 6. 0. 12. 11. 
2 3 0.0. 6. 3. 
3 6 1. 0. 4. 3. 
4 3 16. 3. 36. 35. 
1 4 41. 14. 120. 11. 
6 7 167. 40. l09. 450.
 
7 a 364, 91. 23121 1346. 
a 9 659. 013. 1631. 1265. 
1 10 627. 146. 1199. 119. 
10 11 606. 150. 1033. 1163. 
i1 12 693. 172. 1019. 1294. 
12 1 Pm 598. 116. 1425. 1167. 

1 2 29. 62. 732. 647. 
2 3 54s. 141. 1476. 1202. 
1 4 614. I63. 1160. 1235. 
4 1 690. 196. 1266 1400. 
9 6 694, 1*7. 1100. 1620. 
6 7 713. 119. 0194. 1492. 
7 a 953. 62. 976. 926. 

1 9 358. ST. 551. 572.
 
f 10 221. 22. 393. 36.
 
Io 11 116. 14. 244. 226.
 
11 12 64. 7. 112. 106.
 

6935. 1912. 20391. 17136. 

SAINT MICKEL BRIDGE SCHEME " NE BRIOGE 

YEAR 1966
 

1 9R CARS TRUCKS * BIKES - EQUIVALENT 
BUSES MOTORBIKES VEHICLE UNITS 

MIDNIG? TO I AM 39. 3. 61. 66. 
1 2 10. 1. 22. I6. 
2 3 2. 0. 7. 6. 
1 4 2. 0. 7. 6. 
4 5 26. 3. 66. s9. 

6 6. 22. 225. 176. 
6 7 274. 43. 1914. 779. 
7 6 936. 143. 6326. 2326. 
6 9 1011. 209. 2685. 2172,
 

9 it 1026. 229. 224S. 2046. 
10 11 992. 236. 1914. 1949. 
11 12 1137, 271, 1907, 2156. 
12 1 PM 91. 112. 266, 2012. 

I 2 496. 129. 1369. 1093. 
2 3 699. 2250. 276. 2037. 
$ 4 10. 269, 2170. 2069, 
4 9 1172. 107. 2312. 2141. 
3 6 118. 299. 3168, 2570. 
6 7 1173. 10. 4104. 2951. 
7 6 903. 97. 187, 1367. 
a 9 567. $1. 1065. 966. 
1 10 366. I1. 736, 620. 
10 11 224. 22. 47. 3163. 
11 12 10. 11. 209, 160. 

14659. 1001. 38161 30131 
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T I M E 


MIDNIGHT TO 1 AM 

1 2 

2 3 

3 4 
4 5 

5 6 

6 7 

7 8 

a 9 

9 10 


10 11 

11 12 

12 1 PM 

1 2 

2 3 

3 4 

4 5 

5 6 

6 7 


7 8 

8 9 

9 10 


10 11 

11 12 


T I M E 


MIDNIGHT TO 1 AM 

1 2 
2 3 
3 4 

4 5 

5 6 

6 7 
7 8 
8 9 
9 10 

10 11 
1 12 
12 1 PM 
1 2 

2 3 

3 4 

4 5 

5 6 

6 7 
7 8 
a 9 
9 10 
10 11 

11 12 


DAHOMEY INTERNATIONAL BRIDGE
 

TRAFFIC STUDIES
 

SAINT MICHEL. BRIDGE SCHEME - NEW BRIDGE 

YEAR 1991
 

CARS TRUCKS + BIKES + EQUIVALENT
 
BUSES MOTORBIKES VEHICLE UNITS
 

44. 4. 106. $1.
 
13. 1. 35. 25.
 
3. I. 11. 8.
 
3. 1. 11. 8. 

33. 10. 106. 80.
 
88. 28. 348. 231.
 
350. 78. 2345. 1093.
 

1224. 178. 6700o 3255.
 
1381. 260. 4159. 2942.
 
1314o 284. 3474. 2752.
 
1267. 293. 2995. 2604.
 
1453. 336. 2954. 2865.
 
1254. 226o 4130. 2739.
 
627. 161. 2121. 1480.
 
1144. 279. 4283. 2773.
 
128l. 321. 3361. 2772.
 
1447. 382o 3675. 3130.
 
1455. 366. 5217. 3491.
 
1496. 224. 6357. 3533.
 
1110. 121. 2830. 2119.
 
750. 72* 1618. 1300.
 
468. 43. 1140. 840.
 
286. 27. 709. 519.
 
134. 13. 324. 243.
 

18725. 3724. 59085. 40896.
 

SAINT MICHEL BRIDGE SCHEME - NEW BRIDGE 

YEAR 1996
 

CARS TRUCKS + BIKES + EQUIVALENT
 
BUSFS MOTORBIKES VEHICLE UNITS
 

58. 6. 172. 113.
 
16. 	 2@ 57. 35. 
4, 1. 19. 12o 
4. 1. 19. 12. 

43. 12. 172. 112.
 
113. 35. 565. 326.
 
452. 9. 3805. 1601. 
15810 224. 10868. 4747s 
1764. 328. 6747s 4127. 
1697. 358. 5635. 3823. 
1636. 370. 4859. 3592. 
1876. 424. 4792. 39239 
1619. 285. 6699. 3864. 

809. 203. 3440. 2076. 
1477. 352. 6948. 39180 
1663. 405. 5453. 3838. 
1868. 481. 5961. 4323.
 
1875. 461. 8463. 4917. 
1931. 282. 10312. 5075. 
1511. 152. 4590. 2964. 
969. 910 2626. 1809.
 
604. 54. 1849. 1176.
 
369. 35. 1150. 727. 
174. 17. 527. 340.
 

24176. 4696. 95845. 57462.
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7 I 1 


MIDNIGHT TO 1 AR 

I 2 


3
31. 

' 


4 5 

5 6 

6 

7 6 

0 9 

I 1 


10 1 

1] 12 

12 1 PN 

1 2 

2 3 


4 5 

£. 


6 7 

7 8
* 9 

9 10 

16 I1 

11 12 


T I 6 5 


913R497T TO I AM 

1 2 

2 9 

3 6 


9
i6 

6 7 


T 8 

e 1 


16 II 

11 12 


121 PM 
1 2 


3 

3 4 


4 9
1013 

6 6 

M I D68. 

1 3 

8 9 


Oe 10 

11 12 


34 


?I N [ 

01901897 TO 1 40 
1 2 

S9. 


4 329. 


8 6
S 7 

7
8 


8 9 

10 16 

18 II 


11 13 

13 1 9N
l 


* 9 


9 4
4 8 


9 6
6 T 

7 6 

1 


10 I1 

11 12 


DAHOMEY INTERNATIONAL BRIDGE
 

TRAFFIC STUDIES
 

SAINT MICHEL BIDGE SCHEME - EXISTING BRIDGE 

CARS 

23. 

6. 


1
1. 

17. 

46. 
183. 

641. 

723. 

6. 

463. 
761. 

657. 


h26. 

S"4. 

6
614. 

798. 
762. 

783. 

612.
392. 
243. 

190. 

78. 


9197. 


YEAR 1977
 

TRUCKS * 
BUStS 

2. 

0. 

0. 

0. 

S. 

14. 

39. 
Is. 

129. 

142. 

146. 

166. 

112. 

so. 

139. 

160. 

190. 

182. 

111. 

60,
36. 
21. 

13. 

6. 


1i99. 


CA31 

26. 

7. 

2, 
1. 

92. 

206. 


127. 
IT 


793. 
Ji3. 


743.i 
372. 

9610. 

789. 


899.a73. 
864. 

699. 

23. 

83. 


11 223. 


. 
SAINTOICOEL 

CARS 

33.
9. 

60.
241. 


843. 

91. 

903. 

97i3. 


1801.
0344.

911 

i l ia): 


387.
997. 


1602.
1030. 


306. 

21. 
191. 
92. 

12903. 

1418T MICHI. 68190E SCMEI 


YEAR 1931
 

TtUCi * 
ROSES 


2. 

8. 

0. 

9. 


1 

60. 


91. 

I3 


140. 
172. 


119. 

62. 

1439. 

1I4. 


191.
10. 

187. 
114. 

61 

37. 

220 

0. 


1982. 


3.. 


SIKES -

MOTORBIKES 


31. 

10. 

S. 

3. 
31. 


102. 

687. 
1964. 

1219. 

Loll. 

678. 
666. 

1211. 

622. 

1206. 

933. 
1077. 

1:30. 


184. 
829. 

674. 


334. 
207. 

99, 


1'327. 


EXISTIO 661005
-

BRIDGE SC9EME -

YEAR 196
 

TOUCES * 
IVIES 


2.
9. 

0. 

9. 

14.
.1 

90lt. 

1N:. 

14. 

149. 


171.* 

119.

36. 

142. 


16!.

114. 


166.
114. 


61. 

2. 

14. 

1. 
1894. 

9* 

EQUIVALE4T
 
VEHICLE UNITS
 

26.
 
31.
 

3. 
3. 
!5.
 
99.
 

433.
 
1310.
 
1281.
 
1227.
 
1177. 
1313.
 
I11.
 
665.
 
1192.
 
1262.
 
1409.
 
1010.
 
1471
 
941.

364. 
312. 
229.
 
106.
 

1'836. 

RiSES * 
M2TOR9IE1S 


33. 
12. 

4. 

6. 


126. 

63. 


2638. 

22T4 


1090. 

1074. 

1402, 

171. 
192. 

2223. 


1137.
1267. 

189i. 
213. 

1029. 

389. 


124. 

110. 


2149. 


111. 


LOUIVALENT 
V1MICL[ UNITS
 

41. 
12.
 
4.
 
4.
 

l1Z.
 
.01. 

1319.
 
22::
 

3026.
 
146. 

1392.
 
732.
 

1189.
 
4.IL
 

1389.
268.
 
1713.
 
1i96.
 
1076.
 

446
667.
 

4l6
 
123.
 

2027.
 

14.0
 
[OISTING RRI2OE 

RIlS * 

MOTOSIIKES 


31.
17. 

1 9. 

1. 


168.
1132. 

219. 

li77. 

1446. 


1424. 

Il SiT
1994.
701. 


2063. 

1623.

1774 


2319. 
3370. 


136. 

10. 
342. 
194. 

2934. 

1"
 

EOUIVALENT 
VEHICLE UNITS
 

43.
1.
 
1 5
 

6.
 

131.
604. 
1333.
 
1719. 
1614. 
1934,
 

179.
?6S.
193.
74..
 

109. 

1621.

189.
 

2304. 
022.
 

271.
 

04.
 
311
 
16.
 
S3197. 
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DAHOMEY INTERNATIONAL BRIDGE 

TRAFFIC STUDIES 

SAINT MICHEL BRIDGE SCHEME - EXISTING BRIDGE 

YEAR 1991 

T I M E CARS TRUCKS + BIKES + EQUIVALENT 
BUSES MOTORBIKES VEHICLE UNITS 

MIDNIGHT TO 1 AM 39. 2. 69o 62* 
1 2 11, 1. 23o 19. 
2 3 3. O 7. 6a 
3 4 3. 0. 7. 6. 
4 5 29. 6. 69. 59. 
5 6 77. 16. 229. 168. 
6 7 309. 47. 1543. 789# 
7 8 1081. 106s 4408* 2396. 
8 9 1220. 155. 2736. 2216o 
9 10 11600 170. 2285. 2072. 

10 11 1119. 175o 1970. 1964. 
11 12 1283. 201. 1943. 2172. 
12 1 PM 1108. 135. 2717. 2057. 

1 2 554m 96. 1395. 1095. 
2 3 1010. 167. 2818. 2049. 
3 4 1137. 192. 2211. 2075. 
& 5 1278. 228o 2417. 2340o 
5 6 1285. 219. 3432. 2581. 
6 7 1321. 134o 4182. 2635. 
7 8 1033. 72. 1861. 1643. 
6 9 663. 43o 1065. 1016. 
9 10 413. 26. 750. 653. 

10 11 253. 16. 466. 403. 
11 12 1190 8 213. 189. 

16538. 2228. 38871. 30676. 

SAINT MICHEL BRIDGE SCHEME " EXISTING BRIDGE
 

YEAR 1996
 

T I M E CARS TRUCKS + BIKES + EQUIVALENT
 
BUSES MOTORBIKES VEHICLE UNITS
 

MIDNIGHT TO I AM 51. 3e 96. 82.
 
1 2 14. 1 32. 25. 
2 3 4v 0. 10. so 
3 4 4s 0. 10. of 
4 5 38. 7. 96. 76. 
5 6 100, 19. 317a 219. 
6 7 396. 556 2134. 1042. 
7 8 1392. 125. 6098. 3167. 
a 9 1570. 183. 3785. 2864. 
9 10 1494, 200. 3162. 2616 

10 11 1441. 207. 2726. 2537. 
11 12 1651. 237. 2688. 2798. 
12 1 PM 1426. 159. 3758. 2684. 
1 2 713. 113. 1930. 1423. 
2 3 1300. 196. 3898. 2669. 
3 4 1464. 226. 3059. 2663. 
4 5 1645. 269. 3344. 3020* 
5 6 1653. 258. 4748. 3357a
 
6 7 1700. 158. 5706 3463.
 
7 8 1930o 85. 2575. 2145.
 
1 9 853. 51. 1473. 1324.
 
9 10 532. 30. 1037. 953a
 

10 11 325. 19. 645. 526.
 

11 12 153. 9c 295. 246.
 
21285. 2626. 53776. 39935s
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DAHOMEY INTERNATIONAL ORIEGE

*[ASIBILITY STUDY
 

VEHICLE OPERATING COST IN CONGESTED AREA
 

PARALLEL BRIDGE$ ALTERNATIVE
 

NO. STAIDING CAR TRUCK/BUS STOP SPEED CONGESTED
 
OF TIRE STANDING STANDING CYCLES CONGESTED DISTANCE
 
YEARS 14INJTES) COSTS COSTS AREA
 

IFR.CFAI IFR.CFAI (IL/NRi IKE)
 

1977 0.0 0. 0. 0. 12. 0.0
 

19's 5.0 Q n. 0. 12. 0.0
 
1979 0.0 C. 0. 0. 12. 0.0
 
190 0.0 0. 0. 0. 12. 0.0
 
1981 0.E 0. 0. 0. 12. 0.0
 
1982 0.: C. 0. 5. 12. 0.0
 
1983 O.C 0. 0. 0. 1z. 0.0
 
199. 00 0. 0. 0. 12. 0.0
 

195 	0e 0 . 0. 12. .0O
 
iRR c. 0. .
0. 12. 


1993 0.0 0. 0. 5. 12. 0.0
 
1908 0.0 o. 0. 5. 12. 0.0

1909 1.0 5* II. 2. 12. O.0
 
1990 1,0 IT, 31, 6. 12. 1.1
 

1991 11.0 T, 11. 22. 12. 3:4
 
1992 49.0 25. 514. 99. 8. 50.9
 
1993 60.0 301. 630. 120. v.
27
 
1994 *.0 301. 635. 120: R* A3. 
1995 60.0 301. 630 120. ..
92.9
 
1996 6OC 301. 63. 12D. I. 71.9
 

VFIC.E OPERATINC COST IN CONGESTED AREA
 

SAINT C'-IOL ALTERNATIVE AT EXISTING RRIDGE 

7 OCYGEST1ON AT SAINT uICMEL ORIDG. 
0 

N'. SOANOING CAR TUCII~uS STO S ED CONGESTED 

OF TIE STAhI STANDING CYCLES CONGEST9D DISTANCE 
YEARS I'INES) COSTS ioSrS AREA 

IFR.CFAI IPR.CFA) IEM/MR) (KMI 

19'7 0.0 0. 0. 0. 12. 0.0
 
1R'9 0.0 0. a. 0. 12. O.O 
19,9 70 0 0 0. 12: 0.0
 
1990 2.0 0, 0. 0. 12, 0.0
 
1991 0.2 0. 0 o 12, 0.0
 
1992 0.0 0. 0. 0. IZ 0.0
 
1983 0.0 0. 0. 0. 12. 0.0
 
1994 01 0 . 0. 0. 12. 0.0 
1999 0.0 a. 0. 0: 12* 0.0
 
11e6 0.0 0. 0. 0: 12. 0 0
 
19a7 0.0 . 0. 0. 12. 0.0
 
1909 I .e 5. 10. 2. 12. 0.0
 
1999 1,0 T. 00. 2. 12. 0.0
 
1990 I.e 5. 10. 2. 12. 0.0
 
1991 2.0 10. 21. A. 12. 0.6 
1992 4.0 20. 42 8. 2* 1.0
 
1993 9.0 43. 94. II* 12. 2.3 
1994 59.C 90. 199. 3. 0. 3.9 
1995 49.0 265. 91'. 90. 8. 10.4 
1996 60.c 301. 630. 10. 9. 19.9 

VE ICLE OPERATING COST IN CONGESTED AREA
 

NO 9R100 IMPROVEMENT HYPOTHESIS
 

0 
NO. STADI5 CAR 'RUv1o/SS STOP S EED CONGESTED 
O T".E STATDI I CDLES CONGESTED DISTANCE
STANCIN; 

YEARS I.,N.TES) COST: COST5 AREA
 

IRF.CFA I3.CIA) RKM/MR) IK)
 

l97? . 9, 10. 2. 12, 0:0
 
19S 3,0 IT. 31. 6. 12. 0.7
 
1930 19.0 
 90. 19. 
 5 2.
 3.7
 
1991 95.0 OTT IT.9 610, 9. 12.0
 
1 952 50.0 3!1. 630. 10 9. 24
 
19 3 43.0 91. 60. 120, 0. 35.6 
199' 6.0 301. 630. 120. 0. 90.0 
19'5 60.0 301, 630. 120. . 65, 
1994 00.0 301. 650. 12'. I. 76.6
 
1997 0 301, 630. 120, 8. 85.1
 
1999 90.0 301. 630. 120. 8. 90':
 
1990 50,0 301. 630. 120. 8. 202.5
 
1991 60.0 301. 630. 120. 9. 114. 
1951 67.0 301. 430. 120. 0. 124.9 
1992 60.0 501, 630. 120. R. 14.1"
 
1199 60.0 301. 630. 120. 9. 11.5
 
1994 60.0 301. 630. 2 0. 173.3
 

195 0.0 501. 630. 120. 9. 196.1996 00.0 301. 630. 120. 9. 207,
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DAHOMEY INTERNATIONAL BRIDGE
 
FEASIBILITY STUDY
 

NO BRIDGE IMPROVEMENT HYPOTHESIS
 

(MILLIONS OF FR. CFA)
 

SUMMARY OF VEHICLE OPERATING COSTS
 

MOVING PORTION STOPPING + STANDING PORTION TOTAL 

1977 758.5 88.4 847.0 
1978 903.8 187o2 1091.1 
1979 11157 346*8 1462.6 
1980 1109.2 1050.2 2159s5 
1981 1330.5 3220*7 4551.3 
1982 1420.2 3786.1 5206*3 
1983 1511.2 4014.9 5526.1 
1984 1608.7 42597 5868.5 
1985 1713.4 4521.9 6235.3 
1986 1825.8 48029 6628.7 
1987 1915.5 5026&9 6942*4 
1988 2010.2 5263.0 7273s3 
1989 2110.2 551201 7622.4 
1990 2215.9 5775.0 7991.0 
1991 2327.6 6052o6 8380.2 
1992 2445.6 6345.9 8791.5 
1993 2570.5 6655.9 9226.4 
1994 2702.6 6983.7 9686.4 
1995 284205 7330*7 10173o2 
1996 2990.6 7698.1 10688.7 

3742991 88923.5 126352.7 

SAINT MICHEL ALTERNATIVE NEW BRIDGE SITE
 

IMILLIONS OF FR. CFA)
 

SUMMARY OF VEHICLE OPERATING COSTS
 

MOVING PORTION STOPPING + STANDING PORTION TOTAL
 

1977 314.3 000 314.3
 
1978 348.6 0.0 348.6
 
1979 385.9 000 385.9
 
1980 4267 0.0 42607
 
1981 471.2 000 471.2
 
1982 519.7 0.0 519.7
 
1983 572.7 0.0 572.7
 
1984 630.4 0.0 630.4 
1985 693.5 0.0 693.5 
1986 762*3 0.0 762.3 
1987 79807 0.0 798.7 
1980 837.1 0.0 837.1 
1919 935*7 0.0 935.7 
1990 981.4 0.0 981.4 
1991 1029.6 0.0 1029.6
 
1992 1080.5 0.0 1080.5
 
1993 1134.4 000 1134.4
 
1994 1191.3 0.0 1191.3
 
1995 1251.5 0.0 1251.5
 
1996 1315.2 000 1315.2
 

15681.6 000 15681.6
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SAINT MICHEL ALTERNATIVE AT EXISTING BRIDGE
 

(MILLIONS OF FR. CFAI
 

SUMMARY OF VEHICLE OPERATING COSTS
 

MOVINO PORTION STOPPING + STANDING PORTION 
 TOTAL
 

27.1 
 372.6
 
27.8 
 383.4
 
28.5 
 394.3
 
29*2 
 405.3
 
29.9 
 416o4
 
30*6 
 427.6
 
31.3 
 438.8
 
31.9 
 450.0
 
32.6 
 461.1
 
333 
 472.0
 
34.8 
 4955
 
36.4 520.2
 
38.1 
 592*3
 
79.9 
 662.1
 
125&5 
 830.1
 
219.2 
 1006.8
 
41303 
 1396.8
 
1008.8 
 1933.2
 
264203 
 3699.6
 
3378.0 
 4490.8
 
8279.2 
 19850.0
 

PARALLEL BRIDGE ALTERNATE
 

(MILLIONS OF FR. CFA)
 

SUMMARY OF VEHICLE OPERATING COSTS
 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1937 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

1995 

1996 


34595 

355.5 

365.8 

376.1 

356.5 

39790 

407.5 

418.0 

428.4 

438.7 

460.6 

483.7 

554.1 

582.2 

704.5 

787,6 

983.5 

924.4 

1057.3 

1112.8 


11570.8 


MOVING PORTION STOPPING + STANDING PORTION 
 TOTAL
 

1977 758.5 44.2 
 802*8
 
1978 805.5 46.8 
 852.3
 
1979 855.5 495 
 905.4
 
1980 909.8 
 52.4 962.3
1981 967.8 55.5 
 1023.4
 
1982 1030.1 
 51.9 
 108900
 
1983 1097.1 
 62.5 1159.6
 
1984 1305.8 
 66.3 1372.2
 
1985 1391.3 
 70.4 1461.7
 
1986 1483.4 
 74.8 1558.2
 
1987 1557.1 
 783 
 1635.4
 
1988 1635.1 
 82.0 1717.1
 
1989 1717.7 85.9 
 1803.6
 
1990 2039.6 270*0 
 2309.7
 
1991 258307 
 1037.8 
 3621.6
 
1992 2433.0 5097.5 
 7530.5
 
1993 2570.5 6655.9 
 9226.4
 
1994 2702.6 6983.7 
 9686.4
 
1995 2842.5 7330.7 
 10173.2
 
1996 2990.6 76981 
 10688.7
 

33678.3 
 35901.8 
 69500*2
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DAHO"EY IN\TF"'IATICl'AL RRIDGF 
FEAS3I9LITY STUDY
 

PAAI;TFr'JA\'CF CO'STS )F '" 19Gt RQ'P.'AY APPROACHES 

(VILLIOk'S OF FR9 CFA) 

YFA? N'.) RC7Ir)CF I"Pr)OVC"E'T SAlI T -ICHFL Pr I-ID F PAPALLFL ' 2.'. 
HYPOTHESIS ALTERNAT I Vi ALTER'AT I Vi: 

I )77 15. 19. 15. 
197q 17. 21. 17. 
1 )70 19. 24.1 19. 
l() 21. ?6. 21. 
'3I 23. 29. 23. 

25. "1. 25. 
. 

V) P4 16 17, 1. 
22. 34P 

1 34. 4i. 14 . 
I7.)9'. 37. 
17. S7.
(?Q 7'1.nt~ 65 1 o 44 a 

1l0 550 62oar) 

01(4. 719 $4s 
Q4 96 76a ,9. 

7 A11 /.7( 0I. 

4r,. 971a 15 

M4AINTENANCE COSTS OF FiRIDG- P2ADAY APPdACHC5 

(.'ILLI')S OF FR. CFA) 

DISCOU"ITFD AT 10 PERCENT TO 1975
 

YFAP NO BRIDGE IAPROVFAENT SAINT MiICHEL RRIDGE PARALLEL BrPI')C 
HYPOTHESIS ALTERNATIVE ALTERNATIVE 

1977 12. 16. 12.
 
197A 12o 16. 12
 
1979 12m 16o 12.
 
1990 13. 16. 139
 
1981 13. 16. 13.
 
1987 13s 16o 13o
 

19s3 13. 16. 13o
 
19R4 13. 16. 13.
 
1985 13. 15, 13.
 
1Q86 13. 15. 13.
 
1987 13. 15. 13.
 
1988 12. 14o 12.
 
1989 12. 14. 12o
 
1990 12s 140 12.
 
1991 12. 13. 12o
 
1992 11o 13. II.
 
1991 11. 12. 11.
 

1994 11, 12, ii*

1995 ll, 1 * 1l,
 
lgg , 10o 11 o 11) ,
 

2510 297. 25I
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OAHDMEY INTERNATIONAL BRIDGE
 

FEASIBILITY STUDY 

TOTAL 0O TRIP COSTS 
NOT DISCOUNTED 

IMILLIONS OF FR. CFAl 

YEAR NO BRIDGE SAINT MICHEL ALTERNATIVE PARALLEL 
IMPROVEMENT EAISTIN NEW BRIDGES 
HYPOTHESIS RI9D97 URIDE TOTAL ALTERNATIVE 

1917 847.0 372.6 314.3 686.9 802.8 
1978 1091.01 383.4 348.6 732.0 852.3 
1979 1462.6 394.3 383.9 780.2 905.4 
1980 2159.3 .05.3 426.1 032.0 962.3 
1931 4531.3 416.4 411.2 887.5 1023.4 
1982 S206.3 427.6 Si9.0 947.3 1089.u 
1983 3326.1 438.8 372.7 1011.3 1139.6 

1984 5b8.3 450.0 630.4 1080.4 1372.2 
1905 6235.3 461.1 693.5 1154.6 1461.7 
1996 
1987 

66208.7 
6942.4 

472.0 
495.5 

762,3 
798.7 

1234.3 
1294.2 

1558.2 
1635.4 

1989 7273.3 520.2 837,1 1351.3 1011.1 
1989 7622.4 592.3 935.7 1528.0 1803.6 
1990 7991.0 662.1 981.4 1643.5 2309.7 
1991 9380.2 832.1 1029.6 1059,6 3621.6 
1992 8791.5 1006.8 1080.3 2087.3 7M30.3 
1993 9226.4 1396,8 113464 2531.2 9226.4 
1994 9606.4 1933.2 1191.13 3124.5 9686,4 
1995 17173.2 3699.3 131.5 4951.1 10173.2 
1996 10688.7 4490.8 1315.2 S806.0 1068107 

TOTAL 0-0 TRIP SAVING
 

10 PERCENT RATE OF RETURN
 

IMILLIONS OF FR. CFAI
 

YEAR NO IMPROVEMENT NO IMPOVEMENT NO IMPROVEMENT NO IMPROVEMENT 
MINUS M INUS MINUS MINUS 

SAN MICHEL BRIDOL PARALLEL BRIDGES SAN MICHEL BRIDGE PARALLEL BRIDGES
 
DISCOUNTED DISCOUNTED 

1975 1913 

1977 160.1 44.2 132,3 36.5 
1978 359.1 238.7 269.7 179.4 
1979 682.4 5712 466.0 380.3 
1980 1327.5 1197.2 S24.2 7'.. 
1981 3663.7 3527.9 2068.0 1991.4 
1982 4259.0 4117.3 2185.5 2112.8 
1983 414.6 4366.5 2106.0 203?.0 
1984 488.1 4496,3 2030.6 1906.8 
1985 3300.7 4773.6 1955.8 1840.4 
1966 5394*4 5070.5 1690,7 171.1 
1987 5648.2 5307.0 1799.6 1690.9 
1908 3916.0 5556.2 1713.6 1609.4 
1989 6094.4 381867 1604.8 0332.2 
1990 6347.3 5611 1519.5 1360.0 
1991 6320.3 4750.6 1419.0 1035.6 
1992 6704.2 1261.0 1326.3 249.4 
1993 6693.1 0.0 1204.1 0.0 
1994 6361.8 0.0 1072.9 0.0 
1995 3222.1 0.0 776.2 0.0 
1996 408627 0.0 639.5 2 0.03 

210 8.4 040 ,4
 

TOTAL FISH BENEFITS
 
LESSSHRIMP LOSSES
 

0 PERCENT RATE OF RETURN
 

YEAR TOTAL ADDITIONAL GROSS REVENUE GROSS RLVEN E
 
FISH 9ISH FISH PRODUCTION FISH PRODUCTION
 

PRODUCTION PRODUCTION DUE TO DAM CONST. DUE TO DAM ONST.
 
$METRIC TONSI DUE TO DAM IMILLIONS FR, CFAI IMILLIONS FR, CFAI
 

IMETRIC TONS1 DISCOUNTED
 

1977 2200. 0, 0. U. 
1978 3600, 1400, 40. 30. 
1979 0000. 5000, 263. 119. 
1980 13800, 11600, 354. 220, 

1981 19000. 12800. 362, 204, 
1902 15000. 12500. 362. 186,
 
1993 13000. 12800, 362. 169. 
1994 13000. 12800. 362, 13.
 
1943 15000. 12600. 362. 139.
 
1996 59000. 12800. 362. 121,
 
197 ISO00, 12800, 362. 11.
 
1968 1000. 12800. 362. 0US.
 
1999 1000. 12800. 362. 95.
 
1990 13000. 11800. 362. o6. 
1991 1000. 2800o, 362, I8, 
1992 15000. 12900, 362, 71. 
1993 03000. 12800, 362. 65 
1994 0sooo 12800. 362. 39. 
1995 15000, 12800. 362. 3,
 
1996 15000. 12800. 362, 49. 

6460, 2191.
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DAHOMEY INTERNATIONAL BRIDGE
 
FEASIBILITY STUDY
 

CONSTRUCTION AND MAINTENANCE COSTS

(MILLIONS FR. CFAI
 

10 PER -CENT-RATE OF RETURN
 

NO BRIDGE IMPROVEMENT HYPOTHESIS
 

AMERICAN 

PROCUREMENT 


EXISTING BRIDGE REPAIRS 148.7 


APPROACH MAINT. (20 YRSI 8$5.0 


SAINT MICHEL ALTERNATIVE
 

AMERICAN 

PROCUREMENT 


EXISTING BRIDGE REPAIRS 148.1 


SAINT MICHEL BRIDGE CONST. 1000.2 


SAINT MICHEL APPROACH CONSTo 352.9 

INCLUDES 1eO MILLIONS FR. CFAo
 
IUNOED BY F.E.D.
 

EROSION PROTECTION CONST. 150.1 


APPROACH MAINTo 120 YRSI 959.0 


PARALLEL BRIDGES ALTERtIATIVE
 

AMERICAN 

PROCUREMENT 


EXISTING BRIDGE REPAIRS 148o7 


NEX BRIDGE PARALLEL CONSTo 753.6 

INCLUDING APPROACHES
 

EROSION PROTECTION CONST. 150.1 


APPROACH MAINT. (20 YRSI 835.0 


NET CONSTRUCTION COST5 FOR 


SAINT MICHEL HRIDGE 

MINUS 


NO ORIDGE IMPROVEMENT 

IDISCOUNTED) 


4

A' EPICAN FOREIGN 

POOCUREMEt PROCUREMENT 

1547.36 1419.96 


1,ENEFIT/COST RATIO AT 10 


SAINT MICHFL BRIDGE 

ALTERNATIVE 


AIVER ICAN FOREIGN 
PROCUREMENT PROCUREMENT 

13lO 14.14 


FOREIGN AMERICAN FOREIGN
 
PROCUREMENT PROCUREMENT PROCUREMENT
 

DISCOUNTED DISCOUNTED
 
1975 1975
 

142.2 148.7 142.2
 

835.0 248.1 248.1
 

3966 390.
 

FOREIGN AMERICAN FOREIGN
 
PROCUREMENT PROCUREMENT PROCUREMENT
 

DISCOUNTED DISCOUNTED
 
1975 1975
 

142.2 148.7 14?.2
 

849.4 lOOO 2 849.4
 

383.0 352.9 383.0
 

143.4 150.1 143.4
 

959.0 292.Z 292.2
 

FOREI1N AMERICAN FOREIGN
 
PROCUREMENT PROCUREMENT PROCUREMENT
 

OISCOU'NTEu U1|SCUUNTE0

1975 1975
 

142.2 148.7 142.2
 

605*9 753.6 605.9
 

143.4 150.1 143.4
 

835.0 248.1 248.1
 

1300. 1139.
 

BENEFIT/COST TABULATION
 

PARALLFL BRIDGE
 
MINUS
 

NO BRIDGE IMPROVEMENT
 
IDISCOUNTED)
 

AMERICAN FOREIGN
 
PROCUREMENT PROCUREMENT
 
903.70 749.29
 

PERCENT RATE OF RETURN
 

PARALLFL BRIDGE
 
ALTERNATIVE
 

AMERICAN FOREIGN
 
PROCUREMENT PROCUREMENT
 

15o05 17*31
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DAHOMEY INTERNATIONAL BRIDGE
 
FEASIBILITY STUDY
 

CONSTRUCTION ANDMAINTENANCE COSTS.
 
(MILLIONS FR. CFA)
 

10 PER CENT RATE OF RETURN
 

NO BRIDGE IMPROVEMENT HYPOTHESIS
 

EXISTING BRIDGE REPAIRS 

AMERICAN 
PROCUREMENT 

148.7 

FOREIGN 
PROCUREMENT 

142*2 

AMERICAN 
PROCUREMENT 

DISCOUNTED 
1975 

148.7 

FOREIGN 
PROCUREMENT 

DISCOUNTED 
1975 
142.2 

APPROACH MAINT, (20 YRS) 835.O 835.0 248.1 248.1 

SAINT MICHEL ALTERNATIVE 
396. 390o 

EXISTING BRIDGE REPAIRS 

AMERICAN 
PROCUREMENT 

148.7 

FOREIGN 
PROCUREMENT 

142.2 

AMERICAN 
PROCUREMENT 
DISCOUNTED 

1975 
148.7 

FOREIGN 
PROCUREMENT 
DISCOUNTED 

1975 
142.2 

SAINT MICHEL BRIDGE CONST. 1000.2 849.4 1000.2 849.4 

SAINT MICHEL APPROACH CONS
INCLUDES 180 MILLIONS FR. 
FUNDED BY FE.D. 

T. 352.9 
CFA. 

383.0 352.9 383.0 

DAY CONSTo 576.0 508.8 576.0 508.8 

APPROACH MAINT. t2O YRSI 959,0 959.0 292.2 292.2 

PARALLEL BRIDGES ALTERNATIVE 
2370. 2175. 

EXISTING BRIDGE REPAIRS 

AMERICAN 
PROCUREMENT 

148.7 

FOREIGN 
PROCUREMENT 

142.2 

AMERICAN 
PROCUREMENT 
DISCOUNTED 

1975 
148.7 

FOREIGN 
PROCUREMENT 
DISCOUNTED 

1975 
142.2 

NEW BRIDGE PARALLEL CONST. 
INCLUDING APPROACHES 

753.6 6C5.9 753.6 605.9 

DAM CONSTo 576.0 508.8 576.0 508.8 

APPROACH MAINT. 120 YRS) 835.0 835.0 248.1 248.1 

1726. 1505. 

NET CONSTRUCTION COST5 FOR BENEFIT/COST TABULATION
 

SAINT MICHEL BRIDGE PARALLEL BRIDGE
 
MINUS MINUS
 

NO BRIDGE IMPROVEMENT NO BRIDGE IMPROVEMENT
 
(DISCOuNTED) (DISCOUNTED)
 

AMERICAN FOREIGN AMERICAN FOREIGN
 
PROCUREMENT PROCUREMENT PROCUREMENT PROCUREMENT
 
1973.26 1785.36 1329.60 1114.69
 

BENEFITI/COST RATIO AT 10 PERCENT RATE OF RETURN
 

SAINT MICH.L BRIDGE PARALLEL BRIDGE
 
ALTERNATIVE ALTERNATIVE
 

AMERICAN FUREIGN AMERICAN FOREIGN
 
PROCUREMENT PROCURtMLNT PROCUREMLNT PROCUREMENT
 
10.57 11.60 134U9 12*86
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DAHOMEY INTERNATIONAL BRIDGE
 

FEASIBILITY STUDY
 

TOTAL O-D TRIP COSTS
 

NOT DISCOUNTED
 

4MILLIONS 0F FR. CPA)
 

YFAR NO BRIDGE SAINT MICHEL ALTERNATIVE PARALLEL
 
IRPROVF9ENT EBSTINS NE. BRIDGES
 
HYPOTHESIS BRDGE BRIDGE TOTAL ALTERNATIVL
 

147T 730.9 90.9 236*3 A3T*2 T73:9 
1915 811. 90.9 269.9 673 17*. 
1979 872.7 410.0 295.2 705.2 812.4 
180 1091.1 4118 322.3 74?1 8.2.3 
1991.49.71386.1 301.9 7S1.2 a94. 
1982 1928.8 439.1 3a.7 822., 939.0 
1983 1974.9 469.9 416.3 e66.2 996.2
 
19S 6965:. 460.1 42.4 912.5 1153.3
 
1985 9206.3 470.5 491.3 91.5 1211.4
 
1986 5460.4 48.9 532.6 1013.5 1272,9
 
1987 0660.2 49905 152.3 1061.8 1321.0 

1988 5868. 518.9 072.9 1091. 1372.2 
1989 6080.5 01.9 633.4 1214.9 1420.1 
1990 6311.4 6043 607.3 1261.6 1680.5 
1991 6047.8 661.1 b2.I 1369.' 1939.3 
1991 6793.9 693.6 70I.1 1601.0 1998.8 
1993 700.7 824. 730.1 15S9.5 162. 
1994 7319.7 1016.8 763.4 1790.1 1728.3197.1
2006.1
792.8
1211.4 

1996 7890.7 1616.2 023.6 2431.8 2197.3 
7598.9
1995 


TOTAL O-D TRIP SAVING
 

10 PERCENT RATE OF RETURN 

IMILLIONS OF FR. CPA)
 

YEAR Nu IMPROVEMENT NO IMRAOVEMNT 4O IMPROVEMENT NO IMPROVEMENT
 
INUS M INUS MINUSMINUS
 

SAN MICHEL BRIDGE PARALLEL BRIDGES SA% MICHEL BRIDGE PARAL,EL BRIDGES
 
DISCOUNTED OISCOVNTED
 

1975 197S 

1477 86,0 3.0 71.6 0.0 
1979 129.0 36.2 88.9 01.2 
1879 142.3 01.2 97.2 3$.0 
19A 296.6 202.9 184.1 126.0 
1981 511.3 417.0 289.7 303 
1981 940.4 841.3 482.0 431.7 
1988 1192.3 1690.3 836.1 7805 
1984 344.2 300.5 1461.1 1374.3 

191S 3608.0 3395.6 1391.0 1309.1
 
1986 3779.8 359:3 1326.8 1247.9 
1987 3917.3 3687.8 1248.1 10it0 
1988 6060.1 3821.8 1176.0 11Ol. 
1989 4140.0 3961.3 1093.1 1043.1 
1990 4292.6 4106.6 1027.6 982.0 
1991 4418.7 6238. 961.6 926.6 
1992 4583.0 6619.8 906.08 7,6 
1993 4667. 45080.3 839.4 823.8 
199 70470 169.1131.8 716.9
1990 4750. 6930.6 706.8 732.9 

1996 4633.2 4847B 626.0 605.1 
39984.9 14612.5
 

TOTAL FISH BENEFITS
 

10 PERCENT RATE OF RETUR4
 

T
 
YEAR TO AL ADDITIONAL GRSS REVENUE GR6 REVENUE
 

fISH FISH FISH PRODUCTION FISH PRODUCTION
 
PRODUCTION PRODUCTION DUE TO DAM CONSG. DUE TO DA CODST.
 

(RETRIC TONSI DUE 10 DA IMILLNNS FR. CFA) IIMILLIS FR. CFAI
 

IMETRIC TONS) DISCOUNTED
 

1977 2200: 0, 3. 0:
 
1978 1600. 1600, 0. 0.
 

1919 8000. 0800. 101. 69.
 
1980 13800 11600. 167. 91.
 
1981 19000. 12800. 1010 80.
 
1982 100, 129000 181 al.
 
1853 19000. 108O02 151. 70.
 
1986 16000. 1200. 161. 64.
 
1985 IS000. 12800. 151. 08. 
19A6 150000. 029. 191. 53.
 

1987 19000. 12800, 191. 48.
 
1988 15000. 128000 11. 43.
 
1999 1000. 12800g 191. 39.
 
1990 15000. 12a00. 101: 36.
 
1991 19000. 1210. 191, 32.
 
1992 15000. 12900, 101. 21.
 

3993 15000. l0,O. i? 2.
 
199 15000. 12900.:6. 1s1. 

199 1M000. 9 393ll2
 
1996 5000. 100,' 11. 10,
 

2670. 896.
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DAmOMEYINTERN.ATIOJNAL.789300 
FLAS,81LITY 5TUDY 

A%1)-AINLNACE COSTSCONSTRUCTION 


10 PER C E NY kArE .F RE TURN 

%.0788100? l1PROVE4VIT '72.6 

AlAE4ICAN FOR9630. AMERICAN8' FOREIGN 
PICCOH't NI P4Q3.Umt-EN, PlUCU4t.E9N OCUq.81"6T 

OJSC008.TL) DIS604%TE 
1415 IMI 

f.;SVINCj t%4l006 REPAIRS3 14.1 142.2 1Ad.? 142.2 

A-0ROC. '861%?. 121)7938 7. ,) 213..10?. 315.6
 

36'.. 3378.
 
SAIN.T41,mLC. AL6NTV.tl
 

AME 1CAN FOI0I N 1" FURLI07sAL8CAN 
P UCWR6'83NT PROCVREME8(4 X4c6'8.t,T P40UY1)86 

DI (.21.,,TLU 01SC0,'8714) 
1473I'll
"XISTl%. 0;,l1)CE REPAI1RS 14N.7 14.z 1..? 14.1.1 

SAINT? "30,.FL6 81100, CO'.ST. 1000.2 04'.. 100.0~ 449.4 

51)1'.? IC-,FL A8PICAC. f.2,4s3?. 23.9 383.'J 30* 301.0 

l'6u F5 1)0ILLION , F9. C.88 

vA03lc, "O8E7(0? 088 1)40. 153.. 143.4 150.1 143.4 

APPRIA8C. "&3%?. 20 YRS3 451.,j W8.0 2678.1 268.1 

7 192J. 1786. 
7'A ALL'.. FPl$C... ALTERNATIVE 

A"EI0A' F04ti..? 89693078. FORE6I0'.
 
4CURLE "T P84 Q'. ROCVL.,6P8% 9AO A(-ENTo t 

0l5LL,%t61 D15,C'J4'IED 
1973 1W5
 

f,767l'.0 784l0A "EP6l~s 14.d.? 1,1.2 148B., 141.2 

Ne. P89l00t PA-8ALLIL C0%ST. 753.6 601.9 733.6 605.9
 

7)0030'. P'! 76071% C0.0?. 15Ul.1 14).4 15U.1 143.4 

AP7PVI7C., 98J'.T, 12) Y)54 727.1) 737.0 215,8 11.8 

1368. 110?.
 

'.F!C'oS.T0i; CW41j It7.'.9 #309 AtLATTQ'.IC4 COS 

SAINT? lllt-f6 08.10)Gt 1)A4LLt'. 6911)0. 

10I300,J4T601 S13CJ2'STE0 

A"L"IC.N . 14', A9EPJCAN 91)E46, 

'I C'CU11 I NJ 10U4."6N? 8'40C0A6"6'.? PRA0067.%ET 
15 142911, 40.69 14?3.21
 

786,LFT#cosf PATIO At 11) Pt,.03. -Aft. OF AE(74' 

8L'. t 43 TWE4NATIVE6
 
A"64ICA% , 091LI3G% ,
A-4010' 060
 
P.0CUPE"6T PRUC.91)"9'T F10.989 UCV'q'ct'Nk6'. 

7.3:1 7,1 10.83 13.3? 

I14v119178,C4D 
 ' 1,8'.?3734 

748993 4 17 87 SAV98000 11LI? 20ED6406'.T 

f.Ivtq7LD TRAFFIC. To $All7 "C tL I43GLWAOUCILD A? 15 PERCENT6 
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DAHOMEY INTERNATIONAL BRIDGE
 
FEAGIRIIITTY 51TUY
 

CONSTRUCTION AND MAINTENANCE COSTS
 

I ILLION5 FR. CFA)
 
*0 PER CENT RATE oF RLIURN
 

NO BRIDGE IPRO ENT HYPOTHESIS
 

AMERICAN FOREIGN AMERICAN FOREIGN 
PROCUREMENT PROCUREMENI PROCUREMENT PROCUREMENT 

DISCOU tE) DISCOUTED 
1915 LAI 

EXISTING BRIDGE REPAIRS l.8.7 142. 14:.7 1 42.? 

APPROACH -AINT. (,) YRS) 707.0 707.0 215.8 IS.
 

364. 359. 
SAINT MICHEL ALTER'NATIVE
 

AMER.CAN FOREIGN AMERICAN FOREIGN
 
PR0Cu,ECNT PAOCURtENI p R0OCUR EiEft PHOCUREMLh
 

DISCOUNIEIl DISCOUNTED
 

1975 195
 
EXISTINN6 HRIDGE REPAIRS 140.7 14Z.2 148.1 142.? 

SAINT MICHEL IRIDGE CONST. 1000.2 849.4 1000.2 S49.4
 

SAINT .IC"EL APPRUAC4 CONS". 352.9 383.0 352.9 J83.0
 
INCLUrEG 10 TLIOS FR. CI-A.
 
F U, -)DBY Fet
 

DAM COST. 576.0 50B.8 576.0 109.8
 

APPROACH MAINT. £20 YR5 857.0 817.3 268.1 606.1
 

.'345. 241.
 
PARALLEL BRIDGES ALTERNATIvE
 

AMERICAN FOREIGN AwECICAft FqLIGN
 
PROCUREMENT PROCUREmENT PROCUREMENt PAOCU8EklCN
 

DIUSCOUNEI oIsCOUNTED
 
1475 1975
 

EXISTING BRIDGE REPAIRS 148.7 142.2 148.7 14e.2
 

NE. RIDGC PARALLEL CONSt. 753.6 605.9 753.6 605.9
 
INCLUOING APP0AChES
 

DA0 COSI 476.0 So.8 576.0 508.8 

APPROACHVAINT. 120 YRSI 707.0 707.0 215.8 214.8 

1696. £472.
 

NET CONSTRUCTION COSTS FOR BENEFITCOST TARULATION
 

SAINT MICHEL BRIDOGE PARALLEL BRIDGE
 
MINUS RINJ"S
 

NO BRIDGE IqRPOVEMENT NO BRIDGE IMPROVrM[NT
 
IDISCOuNTEDI IDISCOULNTED
 

AMERICAN FOREIGN AMERICAN FOREIGN 
POCUBEPENT P"OCUQREENT PROCUR ENO PROCURE ENT 
1991.46 1793.54 131.60 1114.69 

BENEFITCOST RATIO At 10 PERCFNT RATE OF RETURN
 

SAINT MIC9EL BRIDGE PARALLEL BRIOGE
 
ALTERNAIIVL ALTERNATIVf
 

AMERICAN FOREIGN AMERICAN FOAE1GN
 
PROCUREMENT PROCUqE4ENT PROCURE MLNT PROCUREENT
 

5.79 6.40 7.87 9.20 

SENSITIVITY ANALYIS 

1 B70 10AOEADT REOUCED 80 PENCENT 
TRA'FIC GRORTORATE RE uCED BY 0 PERCLNT 
VE".ICE OPERATING SAVINC6 REDUCED£Y IN PLRCLNT 

DIVERTLD TRAFFIC TO SAIT MICHEL RRIDOt RLDUCto HY0 15 FRCENI 

FISH BENEFITS REOUCED HT b PtRCENT 
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DAHOMEY INTERNATIONAL $RIDGE

DAM 8ENEFITICOST ANALYSIS 

DAM CONSTRUCT1IN COSTS AMERICAN FOREIGN
 
IMILLIONS OF Fk. CFAI PROCUREMENT PROCUREMENT
 

576. S08, 

FISH EiEFITS LESSSIRIMPLOSSES
 

IILLIONS OF FR. CFAI
 
VEAR MAR(ET MARKET
 

VALUE VALUE
 
DISCOUNTED
 
TO 1975
 

1975 0, U. 
1976 40. 33. 
1977 263. 194. 
1978 3'. 2317. 
1979 362. 219. 
1980 362. 199. 
1961 362. 110.
 
1982 362. 162.
 
1983 362. 147.
 
1984 362. 133.
 
1985 362. 120.
 
19a6 362. 109.
 
1987 362. 98.
 
1988 , 362. 89.
 
1909 362. 8.
 
1990 362. 73.
 
1991 362. 66.
 
1992 362. 59.
 
1993 362. 54.
 
1994 362, 49.
 

2310.
 

DISCOUNTRATE • 10 PERCENT 

8C * 4.0 AMERICAN PROCUREMENT 

8/C 4.5 FOREIGN PROCUREMENT 

SENSITIVITY ANALYSIS
 

FISH MARKET VALUE REDUCED BY SO PER CENT
 

DAM CONSTRUCTION COSTS AMERICAN FOREIGN
 
IMIILIONS OF FR. CFAI PROCUREMENT PROCUHEMENT
 

$76. so$.
 

FISH BENEFITS LESS SHRIMP LOSSES
 
IMILLIONS OF FR. CFAI
 

YEAR MAIET MARKET
 
VALUE VALUE 

DISCOUNTEU 
TO 19' 

1975 0. 0.
 
1976 0. 0.
 
1977 101. 75.
 
1976 147. 98.
 
1979 151. R1.
 
1980 II. 83.
 
1901 101. 75.
 
1992 151. 6R.
 
1983 151. 61.
 
1984 11. 55.
 
1985 151. 50.
 
1986 191. 45.
 
1987 151. 41.
 
198 151 37.
 
1989 IIIh 33.
 

1990 151. 0.
 
1991 151. 27.
 
1992 151. is.
 
1993 11. 22.
 
1994 II10 20.
 

94.
 
DISCOUNTRATE , 10 PERCENT
 

8/C 
 1.6 AMERICAN PROCURE-ENT
 

Bic 1,8 FOREIGN PROCUREMENT
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