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CHAPTER A

INTRODUCTION

Throughout a large portion of the Senegal River Basin, the lack of water
or its uneven distribution has been an obstacle to the establishment of a
desirable quality of life for the inhabitants. These factors have also
deterred economic growth and stability. This has been particularly noteworthy
in the portion of the River Basin located in Mali, Mauritania, and Senegal.
The demands of the population exceed the ability of the Basin's resources in
their present stage of development to support even the basic needs of the
people. This deficiency has been especially critical during recent periods of
adverse weather, when drought conditions prevailed over an extended period of
time and Basin inhabitants were subjected to an intolerable subsistence level.,
These adverse conditions have also hindered and prevented capital investment

in the Basin by the agricultural and industrial sectors of the economy.

To deal with these problems, the Govermments of Mali, Mauritania, and
Senegal formed the Organisation pour la Mise en Valeur du Fleuve Senegal
(0.M.V.S.) in 1972. They assigned to it the responsibility for planning,
coordinating, and implementing projects within the Senegal River Basin. The
projects are to be directed toward developing, controlling, and using the
resources of the Basin for the common good of the people. To accomplish these
development goals, the O.M.V.S. was charged specifically with responsibility

for implementing programs that will:

o] Provide and improve incomes
o Stabilize the balance between man and his environment
o Cause Member State economies to be less vulnerable to climate and

external factors

0 Accelerate economic development and interstate cooperation.



In rsuing "l :se .ojectives, the 0.M.V.S. has planned and is currently
engaged in implementing an integrated development scheme that provides for

co . 1 iction or adminis - 'ative and technical support for the following:

o Manantali and Diama Dams

o River Navigation System

0 Agricultural Perimeters

o} Industrial Installations 3
0 Urban Development

Following an initial evaluation of proposed programs, the Council of
Ministers, which is responsible for implementing projects in the 0.M.V.S.,
became aware of d. ‘rable and undesirable impacts that the 0.M.V.S.

Deve! npn~nt Program could have on the environment of the Basin and the
litestyle of its people. The severe impacts resulting from development of
similar projects on the African Continent confirm the need to weigh carefully
all pert’ .nt e1 ironment ' factors when making decisions on the

imp .2mer ation of water resources development programs. It was recognized

¢' . de-ailed - - ies should be performed to evaluate inter—environmental
trade-offs and the relationships of benefits to environmental costs in order
that the Council of Ministers would have sufficient data available to assist
them in developing projects. These environmental studies would also serve as
a ans for identifying programs that would enhance the beneficial effects of
O .. J«S. projects so as to insure that maximum benefits are realized by those

having the greatest need.

In July 1974 at the prospective donors meeting held by O.M.V.S. in
Nouakchott, Maur’ tania, the United States Agency for International Development
(USAID) proposed that a detailed evaluation be undertaken to determine the
potential effects of the integrated development plan on the environment of the

River Basin and its population. USAID felt that a balanced approach between



the considerations of economic development and the protection of the
environment must be considered by all potential donors to insure that maximum
long range benefits would be derived from the 0.M.V.S. development program.
The early identification of adverse impacts would permit the application of
corrective measures prior to the development of environmental damage.
Likewise, avoidance of irreversible damage to national, human and natural
resources would be a prime objective. USAID noted that such a study would
comply with Title 40 of the National Environmental Policy Act of 1969 of the
United States, permitting U.S. govermment participation in the 0.M.V.S.
development program. This proposal was supported by other prospective donors,
as well as 0.M.V,.S., who were anxious to avoid problems that have arisen in
similar water resource projects in tropical and sub-tropical areas of the

world.

A grant agreement for the proposed environmental assessment was signed

between USAID and 0.M.V.S. on February 25, 1976. The objectives of the study

were:

o} To evaluate the interrelated effects on the environment caused by
development in the Senegal River Basin;

0 To optimize the long—term benefits by insuring that environmental
and social factors have been identified and included in the cost-
benefit analysis of individual projects;

o) To provide the 0.M.V.S. riparian states with a plan of action for

formulating programs and projects that mitigate adverse

environmental effects and capitalize on those deemed beneficial.

Presented as a multi-volume report, the assessment was developed in
compliance with the con ~act signed on January 21, 1977 bc:ween the 0.M.V.S.
and Gannett Fleming Corddry and Carpenter, Inc. of Harrisburg, Pennsylvania,
U.S.A. in association with ORGATEC Societe Africaine d'Etudes Techniques of

Dakar, Senegal



The terms of reference for the study required that the consultant follow
basic approaches to environmental assessment as outlined in paragraph 1500.8
of the document, "Guidelines, Preparation of Environmental Impact Statements,”

Council on Environm .. .1 Qua .ity, Federal Register, Vol. 38, No. 147,

August 1, 1973 and "Environmental Assessment Guidelines Manual™, AID,

September 1974 and the update contained in Federal Register, Vol. 41, No. 127,
June 30, 1976.

A.l. Scope and A-r“vities Performed

Following receipt of the Notification to Commence Work from the 0.M.V.S.,
the Firm initiated project activities in the 0.M.V.S. Member States on
April 1, 1977. Operations for this thirty-six month study were based in
Dakar, Senegal to provide ready access to the 0.M.V.S. for consultation and
administrative purposes. Dakar, likewise, provided the best simultaneous
access to the River Basin for field operations and to areas outside the

0.M.V.S. Member States.

The accomplishment of project goals was achieved through the organization

of activities under nine study teams as follows:

o River and Estuary Regime

o} Groundwater

o Water Quality

o Agricultural Development

o Municipal and Industrial Development
o Socioeconomic Conditions

o} Public Health
o Aquatic Biota

o) Terrestrial Biota

The time allocations of over 400 man months of professional and technical
effort expended in these major study disciplines is presented graphically in

the following diagram:
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. AGRICULTURAL DEVELOPMENT

2. WATER QUALITY AND
GROUNDWATER

3. MUNICIPAL AND INDUSTRIAL
DEVELOPMENT

. AQUATIC BIOTA

. TERRESTRIAL BIOTA

. SOCIOECONOMICS

. PUBLIC HEALTH

. RIVER AND ESTUARY REGIME

® N o O b

/‘\N

RELATIVE DISTRIBUTION OF STUDY EFFORT

This relative distribution of effort was programmed at the beginning of

the project and only slight ad justments were made where desirable.

The study teams were composed of technical experts who were supported by
laboratory technicians, biological technicians, engineering technicians,
computer programmers, interpreters, and others as necessary to assure the
advancement of project activities. Likewise, both technical and
administrative assistance were provided to the project by the Firm's home

office in Harrisburg, Pennsylvania.



In order to achieve project goals, the Study was divided into several
stages. The first stage i ivolved a review of available literature and data in
order to develop a profile of existing conditions in the Basin and to
determine the leve. of . -_. wc: that would be r ired to complete or

supplement the existing information.

In the second stage, the study teams conducted field studies throughout
the Basin necessary to complete or supplement each of the study disciplines'
data base. Over 150 separate missions with durations of several days to
several months were conducted in both the wet and dry seasons in order to
provide comprehensive coverage. The experts were provided with full support
services, technical equipment and materials needed for completion of field
operations. Backup services in Dakar included water quality and medical

laboratories.

The final stage of the Study involved synthesis and analysis of data and
the formulation of the environmental assessment. This included identifying
impacts, providing mitigating and enhancement measures, and developing a plan

of action.

Data analyses, which varied depending upon the discipline, included the
use of statistical computer analyses and mathematical modeling of water
quality and flood characteristics. The existing SOGREAH model was utilized to
.eter ine future river flow characteristics at various stages of development
within the Basin. The interpretations obtained from those analyses were then
applied to various environmental assessment techniques involving the use of

overlays, check lists and narrative matrices.

The other models used dealt with the following areas of study:

o Estuary salinity gradient

o Pollution assimilation by the Senegal River



Each of these models was also installed and operated on computers located
at the Senegalese Ministry of Finance in Dakar. All models have been
furnished to the O0.M.V.S. in an operational status so that they can be used in
the future to compute river response to variations in Basin characteristics as
well as modifications to the 0.M.V.S. development plans. The models will
serve as a tool that can be used by the 0.M.V.S. in evaluating the effects of
future actions on hydrology and water quality within the Basin. The insights
obtained from these models will also provide a basis for monitoring
environmental factors that will be impacted by construction and operation of

the facilities included in the development program.
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A.3. Reporting Format

This volume of the Final Report presents a synthesis of the supporting
Partial Reports from each of the disciplines involved in the environmental
assessment. A companion Final Report volume, the Plan of Action, provides the
O.M.V.S. and its Member States with the basic tools to enhance and mitigate
the predictable environmental consequences of the 0.M.V.S. development

program.

The various reports produced during the course of this study are

organized as follows:

Final Reports: Syn_. :s8is

Plan of Action

Partial Reports: River and Estuary Regime plus Appendix
Groundwater
Water Quality
Agricultural Conditions plus Appendix
Section 1: Agricultural Development
Section 2: Atmospheric Conditions
Navigation
Municipal and Industrial Development
Socioeconomics
Public Health plus Appendix
Aquatic and Terrestrial Biota
Section 1: Fisheries
Section 2: Aquatic Vegetation
Section 3: Forestry
Section 4: Mammalogy and Herpetology
Section 5: Ornithology
The technical reader may wish to explore appropriate volumes of the
Partial Reports as a basis for in-depth study. For an overview of the

technical findings of the project, reading may be confined to this synthesis

-10-
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volume of the Final Report. The Plan of Action volume of the Final Report

will be of more interest to policy makers and program managers.

T



CHAPTER B

PROPOSED DEVELOPMENTS
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b) A year-round source of fresh surface water for irrigation and

municipal/industrial purposes in the Delta;

c) Availability of surface water for the annual recharge of Lac R'Kiz

and the Aftout es Sahel.

Tender documents for the construction of Diama Dam were received for
evaluation by 0.M.V.S. in early 1979. Accordingly, the construction of the
Diama dam is expected to be completed by the mid 1980's. The dam will produce
an impoundment with the characteristics listed in Table B.2-1. The dam has
been designed to provide additional water for irrigated agriculture by
increasing the reservoir storage capacity through elevation of the water level

to 2.5 meters IGN.
TABLE B.2-1

Diama Impoundment Characteristics

at Water Levels of 1.5 Meters and 2.5 Meters IGN

At 1.5 m IGN At 2.5 m IGN
Reservoir Length 360 km extending to 380 km extending to
Guede-Boghe area Boghe—Cascas area
Reservoir Width 0.3 to 5.0 km 0.3 to 5.0 km
Enclosed Surface Area 235 sq. km 440 sq. km
Water volume 0.25 billion - 0.58 billion
cu. meters cu. meters

SOGREAH (1977) predicted that a flood with a return frequency of once in
1,000 years will produce a maximum water level of 3.2 meters IGN in the
impoundment upstream of the dam. The elevation at the top of the dam is

designed to be 4.0 meters IGN.
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c) The production of 800 gigawatt-hours per year of electric power at

the Manantali dam.

To accomplish these goals, the impoundment at Manantali will have the
characteristics that are listed in Table B.3-1. The elevation of the spillway
at the reservoir will be 208.0 meters IGN, With this spillway elevation, the
reservoir will extend for approximately 125 km upstream from the dam. The dam
is designed to effectively control releases for a flood with a return
frequency of once in 10,000 years. During such a flood, the water in the
reservoir would rise to an elevation of 211l.1 meters IGN. The elevation of

the top of the dam is designed to be 212.0 meters IGN.
TABLE B.3-1
Manantali Impoundment Characteristics
At Spillway At Minimum Water Level

Elevation to be Allowed During

Reservoir Operation

Water Level 208.0 187.0
(meters IGN)

Corresponding
Surface Area of
Reservoir 477 275

(square kilometers)

Reservoir Water
Volume 11.3 billion 3.4 billion

(cubic meters)

Maximum Useful Water Volume = (11.3 ~ 3.4) billion cubic meters = 7.9 billion

cubic meters

-16-
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Rate of Development

Years Hectares Per Year
1977 through 1986 4800
1987 - 1996 4400
1997 - 2006 4800
2007 - 2016 5300
2017 - 2026 5800

Over the next 50 years Mali is programmed for a maximum of 8,200 hectares
under irrigation all of which are scheduled for development by 1987, Senegal
and Mauritania are not programed to attain maximum irrigation of 185,000 and

62,000 hectares, respectively, until 2028.

B.5. Proposed Development Related to Navigation

Year-round navigation between the Atlantic Ocean and Mali is considered
important to the development of the Basin as well as the interior of Mali.
Regulated flow releases from the proposed Manantali dam in combination with
alterations to the river channel will make possible navigation to Kayes, Mali.
Navigation-related development along the Senegal River will encompass the

following:

a) A navigation channel to Kayes, Mali with a minimum channel width of

55 meters and a minimum bend radius of 700 meters;
b) Sufficient flow to maintain a water depth of at least two meters;
c) Development and improvements to port facilities at Rosso, Richard
Toll, Dagana, Podor, Boghe, Kaedi, Matam, Bakel, Ambidedi and

Kayes;

d) An entry channel between the estuary and the ocean to be located

7 kilometers downstream of the Faidherbe Bridge at St.~Louis. 1In

_18_.
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Table B.5 - 1

Proposed Developments Assoclated with NavigatiomSenegal River Estuary

Development

Purpose

Location

Data

Of f-shore Approach
Channel in Atlantic
Ocean

Ocean Breakwaters

Entry Channel and
Channel to Proposed
Port Facilities

Estuary Port Facil-

ities

Modifications to
Faldherbe Bridge

To provide shipping
access from the ocean
to the proposed entry
channel

To protect off-shore
approach channel and
entry channel from
wave action and sand
deposition
northern breakwater:
primary sand trap

southern breakwater: prevent
channel filling by occasional
northerly drifts

To provide shipping access
from the off-shore approach
channel to the Senegal River

To transfer goods from ocean—

goling to river—-going vessels

To allow river—going vessels ac~
cess to areas further upstream

Extension of proposed
entry channel into the
ocean perpendicular to
shoreline

Ocean side of Langue de
Barbarie parallel to off-

shore approach channel

7 kilometers south
of Faidherbe Bridge

Senegal River at
Saint-Louis

Length: 1500 meters
Width: 150 meters
Depth: 8.5 meters

800 m length initially with exten—
sions as sand accumulates

250 m length initially with exten—
sions added when needed

Length: 2000 meters
Width: 150 meters
Depth: 10 meters

Length: 1500 meters

Width: 300 meters
Depth: 8.5 meters

Not available

Source of Information:

Groupement LDE (1978)



B.6. Proposed Municipal-Industrial Development

Munic'~ . ~d indu¢trial development in the River Bas n is i = r-related
with the co .. :=:.)n and operation of the ..or.. . .as ¢ Iogal ]
- 'imeters. Nat: al development pls - as approved by each Me -»r State are
for the most p: 't continge-* on the execution of 1e yes £ ¢ | - a and
Manantali ¢ ms . the agricultu. .l perimeter de : »>m¢ schemes. A nmmary

of the cu: ._r"ly proposed industri: . develc 32nt in ' 2 Basin is given in

Table ' : This summary indicates the impc' ¢ = of agr - i - .a' -nd
livestc.” 4¢_ ~'ent industries to + = futi 2 eco oo of the . 'n.
Ex)lo: - . " prospecting for veé > us - 23 -3 t ' pli -~ in the River

Basin., N @ - ial agencies such as MIFERSO -~ Sene -~ ., SCY* @M in M: . - 1d SNIM

1u Ma 2% ia ha-t 'ndertaken explo.. :ion and fee b' ity : tudies I . the

mining of n° .7 resources located 7 their ¢« "ri .. T 31 B.6-2 sl »ws the
lo. tion and s ° of mineral e )loreé“’'on in the " :negal River Basin. The
viabilii, of 1+ r - ! these schemes w: .1 d- 2.7 on . 2 ¢ ~~ilabil: :y ' © energy
and trans_~ - tion to be provices thrc ~h he re “j=at’ , I t°2 0.\ 7,8,
deelop .. = i

Por—'~ . 1s in the ‘'~-2gal River Bas:~ are ~~~_'e -~ in~rease

dr.. .«ic. Ly + v the 2xt 50 years . e to natu 21 growth * :es coup.ed . 1lth
"z . Tructur T growth recnired to support the O.M.V.S. . eve_or :nt pr. I "I
U.Yan pop' . zions in the Basin are expected to : ow from 24. ° | inhat :ants

in 1980 to 1l,4. ' 000 in 2028 con 'de: ng the c¢ "ned effect of .t ral and

program related growth . .t=. . The pi.mary spur to urkt. pop.la lon growth is
expected to be the C . V' * pro, . ms for navige " 2 : - a '« :r 1st " 's.

Municip: . ties on t.2 River w:".. " . t zed' ""ap...  ° ' an adea e
correst . .ng infras . .c. 2 for these po- 7t . . .eas such as hous: 2g,
wat- ', we :e disiosal, po. ce & ! fire p »>tec L .~ tanc *ranspo" i :ion
fari'it: ~, € -ient y, the planning .,/ . .v2a c¢%t. . ~ -0 nt : 1 the Basin is
a res ong”” "1ir- of ez ", Mer’ . State. 'L, :mnc ' v . cly »7: ing to

accommo¢ te the requirem .ts of growing urban ; lations .. recc -~ .©. 7 the

governme “c¢ of the Member States,
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Table B06 -1

Summary of Proposed Industrial Development in the

Senegal River Basin

Industry Proposed Projected Time

(listed alphabetically) Plant Location(s) Schedule

Bauxite Processing Manantali, Mali After 1990

Moussali, Mali After 1990

Kayes, Mali After 1990
Brewery Kayes, Mali NA
Brick Manufacturing Rosso, Maur. NA
Cotton Mill Kayes, Mali NA
Bogue, Maur. NA
Maghama, Maur. NA
Leggah, Maur. NA
Dairy Rosso, Maur. NA
Edible 0il Refinery Rosso, Maur. NA
Fertilizer Factory Kaedi, Maur. NA

Flour Production

Lime Processing

Peanut 0il Refining

Refrigerated Abattoir

Rice Processing

Shoe Factory

Sugar Cane Processing

Matam, Sen.

Diamou, Mali

Kita, Mali

Rosso, Maur.

Kayes, Mali
Matam, Sen.
Thilogne, Sen.
Aere Lao, Sen.
Podor, Sen.

Kayes, Mali
Same, Mali
Gorgol Valley, Maur.

Matam, Sen. or
Richard Toll, Sen.

-22-

Project Implementation
1985-1989

Commence construction in
1978-1979

Included in present 5-yr.
plan for Kayes Region

NA

Processing by 1985

NA

Commence construction
1984-~1985
Processing by 1983
NA



Table B.6 = 1 (Cont'd.)

Summary of Proposed Industrial Development in the
Senegal River Basin

Industry Proposed Projected Time
(listed alphabetically) Plant Location(s) Schedule
Tanning Trapoma, Mali First Production in 1979
Kayes, Mali NA
Kaedi, Maur. Enlargement of existing

tannery: first stage to
be in production by 1983

Textile Kayes, Mali NA
Rosso, Maur. NA
Saint-Louis, Sen. NA
Tomato Canning Rosso, Maur. Commence construction in
1979
Matam, Sen. First stage to be in

production by 1983

-23-
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Table B.6-2

Summary of Projected Mining Activities in the

Senegal River Basin

Est.

Mineral Country Location Quantity Comments

Copper Senegal Bakel Region Unknown In this same region, there
are indices of chrome.

Iron Senegal Farangalia 105 million tons These four areas are located
within the region of

Iron Senegal Goto 175 million tons Kedougou. In the same region
there are marble deposits

Iron Senegal Kouroudiako 22 million tons which are presently being
exploited and also small

Iron Senegal Koudekourou 75 million tons quantities of gold.

Iron Mali Bafing—-Bakoye 500-600 million tons Exploitation is envisioned

(Bale) for 1985-1990 if energy is

available and extraction is
found to be economically
feasible.

Magnetite Mali Djidian—-Kenieba 10 million tons Exploitation feasibility
studies are underway.

Iron Mali Diamou-Baufoulabe 150 million tons Both of these sites are con-
sidered to be of less im-

Iron Mali Nioro 10 million tons portance than Bale.

Bauxite Mali Balea 400 million tons Deposits do not appear to be

rich enough for extraction at
this time.



..gz._

Table B.6-2 (Cont'd.)

Summary of Projected Mining Activities in the

Senegal River Basin

Est.

Mineral Coun v Location Quantity Comments

Bauxite Mali Bamako-West 175 million tons EZ " 2st quuloty wit'. .
Alyp O3 content of 40-447.

Bauxite Mali Kenieba-South 165 million tons Denosi. * do not a:_ :ar to be
r: :h enough for ext ‘action at
this time.

Copper Mauritania Diaguili ——— 2 er o . ~ble stre . ave
been found as yet.

Copper Mauritania Massif de 1'Affole ——— No explo’ - "2 strata nave
been foun- as yet.

Phosphate Mauritania Cive 4 million tons High quality but exploitation
is not =as, )le at this time.

Phosphate Mauritania Aleg 30 million tons Other explorations began in

mid-1977. If results are
favorable, exploitation could
start in 1983.



CHAPTER C

SUMMARIES OF INDIVIDUAL REPORTS

This chapter presents summaries of all the detailed Partial Reports for
the assessment's individual study disciplines. Each summary describes
existing conditions, impacts of proposed developments, and mitigating and
enhancement measures as presented in the plans of actions of the detailed
volumes. Where appropriate, each summary is followed by a table presenting

the impacts and mitigating measures in condensed form.

c.1. River and Estuary Regime

C.1.1. Existing Conditions

The Senegal River is one of the largest rivers in West Africa, draining
an area of approximately 290,000 square kilometers. The Senegal River Basin
lies within different climatic zones, resulting in extreme fluctuations in

rainfall.

In the northern part of the Basin, the average annual rainfall of 300 mm
is limited to the months of July through September. In the southern portion
of the Basin, the average annual rainfall of 2000 mm occurs from May until
October. Annual variations in rainfall are also extreme, especially in lower
reaches of the River. At Rosso, for example, annual rainfalls as low as 110

mm and as high as 610 mm have been recorded between 1930 and 1965.

Due to these characteristics of rainfall in the Basin, nearly all of the
River's flow originates from the rainy southern portion of the Basin in the
Fouta Djalon mountains of Guinea. The three major tributaries of the Senegal
River are the Bakoye, Bafing and Faleme Rivers. The Bafing River provides
more than 50 percent of the Senegal River's streamflow, although it drains no
more than 13 percent of the total Senegal River watershed. Variations in
annual stream flow are great and reflect the variations in annual

precipitation. Maximum, minimum and average annual streamflows for selected

-26—-
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Table Col . l

Annual Flows for Selected Stations in the Senegal River Basin

Drainage Annual Flows Period
Station River Area (m3/s) of

(km?) Average Min. Max. Record
Soukoutali Bafing 27,800 380 227 584  1903-1975
Oualia Bakoye 84,700 168 29 302 1903-1975
Salongo Senegal 128,400 606 246 974  1903-1975
Kayes Senegal 157,400 612 210 982  1903-1975
Kidira Faleme 28,900 187 21 340  1903-1975
Bakel Senegal 218,000 757 266 1247 1903-1975
Matam Senegal 253,000 776 283 1394  1903-1965
Dagana Sénegal 268,000 691 292 969  1903-1965

-
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dam will be necessary to create 2500 cubic meters per second of flow at Bakel.
As a result of these flow releases, reservoir storage by September 15 will not
be sfanificantly greater than pre-flood season levels. Therefore, for the
remainder of the flood season most of the Bafing River flow . st be w’:hhL_I1
to £71. the reservoir. During small annual floods, consider: >le releases from
the Manan: .1li reservoir will be required to augment the natural flow in the
Bafing River to create artificial flood flows at Bakel. Almost all of the
artificial flood releases during years with a very low flood will stem from

water stored during previous floods.

During the final phase of Basin development and after the discontinuation
of a tificial flood releases, several changes in the Bafing River flood
hys '‘ogrs ™ are p .zdicted. During a very large flood year, the cl ~1ge between
rec "ated and unregulated flows will be noticeable only during the initial
phase of the flood. As the magnitude of the annual flood decreases,
discre ~ancies between regulated and unregulated flows will increase. During
an average flood y =, regulated flows downstream of Manantali will be only a
% =z uan of tle ni:ural flows prior to construction of the reservoir. The
res: ~roir will fill towards the end of the flood season and regulated flows
will apprc ~h natural flows. During very small floods, the reservoir will
nr~ 'l T water only to satisfy minimum demands for power—generation and
iri1’e .rion. During such years, flood flows from the Bafing River will

essen:iall, e eliminated.

Changes : * Flooding Patterns Downstream of Bakel — A mathemati..l model

developed by SOGREAH was used to evaluate future changes in the Senegal

Rive' 's flow, water level and floodplain inundation regimes between Bakel and
St.-Louis. Both existing and future regimes were simulated. Scenarios
depicting various stages of proposed OMVS development, were simulated as shown

in Table C.1-2.

Flows from the Bakoye and Faleme Rivers will not be regulated as a result
of the proposed development program. The Manantali reservoir will regulate
flows in the Bafing River downstream of Manantali and in the Senegal River.

Because © : Senegal River receives these unregulated flows from the Bakoye and
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Faleme Rivers, flows, areas inundated in the floodplain and water levels will

not be completely controlled by the Manantali reservoir and the proposed

irrigated perimeters.

TABLE C.l1-2

Scenarios Reflecting Proposed 0.M.V.S. Development

Scenario Year Diama Dam Manantali Dam Perimeter Develop-
ment (hectare)
1 Present - - 12,000
2 1986  In operation - 47,000
3 1987 1In operation Transitional* 47,000
4 2002 In operation Transitional* 117,000
5 2003 In operation Final*#* 117,000
6 2028 In operation Final#** 247,000

* transitional phase of operation; artificial flood releases.

*% final phase of operation; no artificial flood releases.

Flood Peaks — A summary of changes predicted for flood peaks is presented in

Table C.1-3. Changes in flood peaks are influenced by the magnitude of an

annual flood and the state of floodplain development.

downstream of Bakel will alterations of the flood peak occur from the changes

in the floodplain's physical configuration, irrigation water withdrawals, and

the loss of flood water during the initial period of

reservoir. By the year 2003, the first year in the final phase operation of

the Manantali reservoir, during higher than average flows, at Kaedi, Podor and

Dagana, flood peaks will be reduced by 4 percent, lé4

respectively. At Podor and Diama, the flood peaks are predicted to recover
slightly between 2003 and 2028. This increase will occur because of decreased

floodplain storage as a significant amount of the floodplain is converted to

irrigated perimeters.
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luring average flood years swbstantial reductions in peak flows are
p. licted The first major reduction will occur in 1987 when transitional
operatic * of the Manantali reservoir limits flood peaks at Bakel to 2500 cubic
meters per second as simulated by Scenario 3. During low . ood years,
artificial flood releases from the Manantali reservoir will augment natural
peak flood flows. If present and 1987 flood peaks are compared for the
smallest recorded flood, increases between 50 percent and 80 percent are
projected for the stations listed in Table C.1-3. After the discontinuation
of the artificial flood in 2002, there will be further decreases in flood
peaks t’ rougho.” the Senegal River Valley. By 2028, during the sma’.iest
recorded ood years, changes in flood peaks compared to smallest recorded
floods - .rhout the proposed developments are predicted to drop by 46 percent,
61 percent, 64 - :rcent and 69 percent at Bakel, Kaedi, Podor, ... =  a,

respecti _ly (Table C.1-3).

Int dation — Table C.1-4 presents a summary of modeling results concerning

fu 1re inunda "~ patterns in the Senegal River Valley below Bakel.,

Fo average and above average floods, the amount of area inundated in the
Senegal River downstream of Bakel is predicted to decrease significantly as
the flo .n the Senegal River is regulated and more and more irrigated
, - M .3 . .c py previously flooded land. For example, the largest flood
recorded for the Senegal River would inundate 840,000 hectares under present
col 'i:lons. With the development programmed for 2028, this same flood would
im ¢ only 560,000 hectares, a reduction of 33 percent. D 'i._ an average
flood year, total inundation is predicted to drop from 459,000 hectares with
present development conditions to 190,000 hectares by the year 2028, a

1 iction of 65 r .rcent.

With the beginning of the transitional operation of the Manantali
reservoir, flooding in the Senegal River Valley be:ween Dagana and Bakel will
be reduced drastically. For example, flooding in the River Valley betfr :en
Matam and Bakel will be cut in half during an average flood year. Between
Boghe and Matam, the discontinuation of artificial flood releases and the

construction of irrigated perimeters during an average flood year are expected
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Table C.1 - 3

Future and Present Peak Flows in the Senegal River Basin
SOGREAH Modeling Results

Peak Flow, in cu. m per sec.

Scenario Flood Bakel Kaedi Podor Diama
Largest recorded 5880 5220 4780 4100

5 year high 7160 5270 4430 3500

Present Average 4100 3260 2810 2400
5 year low 2060 1830 1700 1440

Smallest recorded 1380 1200 1100 1020

Largest recorded 5870 5200 4630 4070

5 year high 7150 5090 4180 3490

1986 Average 4020 3100 2680 2310
5 year low 2050 1830 1660 1510

Smallest recorded 1360 1220 1070 860

Largest recorded 5870 5200 4470 3850

5 year high 5470 3610 3080 2570

1987 Average 2500 2280 2010 1720
5 year low 2500 2270 1980 1770

Smallest recorded 2500 2160 1890 1540

Largest recorded 5870 4800 3900 3400

5 year high 5490 3300 2700 2280

2002 Average 2500 2000 1800 1600
5 year low 2500 2180 1730 1490

Smallest recorded 2500 2100 1700 1400

Largest recorded 5870 4800 3900 3400

5 year high 6070 3740 2960 2490

2003 Average 2300 1800 1600 1500
5 year low 1460 1220 1130 1070

Smallest recorded 750 560 530 330

Largest recorded 5870 4800 4100 3500

5 year high 6060 3790 3050 2500

2028 Average 2300 1800 1600 1400
5 year low 1460 1200 1100 980

Smallest recorded 750 470 400 320

Note: This table is available in the River & Estuary Regimes Report.
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Table C.1 - 4
Maximum Surface Areas Flooded by Reglon During Five Representative Floods

in the Senegal River Floodplain

Maximum Surface Area Flooded, in 1000 ha.

Flood Region* Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5 Scenarfo 6

present 1986 1987 2002 2003 2028

Largest HMV 141 139 140 130 133 99
recorded cMV 291 269 270 230 234 157
flood LMV 257 252 246 220 223 180
(1924) Delta 174 153 150 130 133 142
Total 838 797 777 680 690 560

Once-1in- HMV 139 138 119 110 125 99
5-year CMV 286 263 211 210 221 156
high flood LMV 240 236 185 160 178 143
(1964) Delta 168 143 130 110 117 120
Total 766 733 605 550 565 470

Average HMV 105 102 50 48 28 20
Flood CMV 212 187 119 114 66 50
(1969) LMV 160 160 91 79 51 41
Delta 143 124 110 98 91 92

Total 549 525 340 320 230 190




_gs_

Table C.1 -~ 4 (Cont'd.)

Maximum Surface Areas Flooded by Region During Five Representative Floods
in the Senegal River Floodplain

Maximum Surface Area Flooded, in 1000 ha.

Flood Region* Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5 Scenario 6

present 1986 1987 2002 2003 2028

Once~in~ HMV 25 25 50 48 10 9
5-Year CMV 66 61 113 108 22 19
low flood LMV 47 53 78 70 16 13
(1926) Delta 84 99 108 98 85 89
Total 215 232 328 300 130 130

Smallest HMV 10 10 50 47 9 8
recorded CMV 22 21 100 93 16 L4
flood LMV 15 18 65 57 12 11
(1972) Delta 60 84 103 91 77 81
Total 104 130 300 280 107 110

*HMV : High Middle Valley; Matam - Bakel

CMV: Central Middle Valley; Boghe ~ Matam

LMV: Low Middle Valley; Dagana ~ Boghe
Delta: Saint-Louis = Dagana

Notes: (1) Flooding includes inundation of the main channels of the Senegal River and Doue Marigot.

(2) Total flooding does not equal the sum of areas flooded in the four regions, because the
date of maximum flooding is different in each region.



to result in a loss of approximately 50,000 hectares of inundated floodplain
between 2003 and 2028. 1In the Delta, the loss of inundated areas will be less

prws Unoed due to the influence of the Diama reservoir.

During years with below average flooding, artificial flood releases will
boost : v "ation in all regions downstream of Bakel (compare Scenarios 2 and
3, Table C.. -4). For the smallest flood of record, for example, a five fold
increase in inundation from 10,000 hectares to 50,000 hectares is predicted
for the region between Matam and Bakel as a rest .. of artificial flood
releases. After the discontinuation of the artificial flood, flooding in the
valley “e. _en Bakel and Dagana will essentially disappear during

st _ler ' 1an—average floods.

" rer ] v« . - Present and future water levels | ‘edicted for the year 2028 are

compared in Table C.1-5. For smaller-than—average floods, the effect of

¢ ..ficial flood releases is reflected in elevated peak water levels
through~ : . =2 Basin. For average and moderately above average flood years,
the opposf 2 effect is predicted. During very large flood years, exemplified
by the largest flood recorded since 1903, mo -ling results show increased

w-  levels for all stations between Podor and Bakel (Table C.1-5) although
lower peak flood flows are predicted (Table C.1-3). This can be explained by
perim :r constructinn in the floodplain that will cause a decrease in area

a 1ilable for water storage and result in a redistribution of flows across the
f*. 00> 7 n, As substantial portions of the floodplain are occupied by
perime: 3, flow paths in the floodplain will be obstructed and in~re .zad
quantities of water will be diverted, causing elevated flows and water levels

1. -he main ¢ annel.

Di: 1a Reo..vo’ . — Monthly we .2r balance calculations based on SOGREAH data

provide some interesting insight into the operation of the Diama reservoir
ifore the construction of the Manantali reservoir. The storage function of

the Dia | reservoir will be so small that even during a low flood year there

will be a complete exchange of water during the flood season; most of the

wa '~ entering the reservoir will be passed downstream, as shown in Table

c.' This flushing effect will persist even after regulation of
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Table C.1 - 5

Peak Water Levels (PWL) Throughout the Senegal River Floodplain
for 2028 Proposed Development Conditions
SOGREAH Modeling Results

Largest Recorded Once~in-5-Year Average Flood Once-in-5-Year-Low Smallest Recorded
Flood High Flood Flood Flood

Change 1in Change in Change in Change in Change in

PWL, PWL: 1979 PWL, PWL: 1979 PWL, PWL: 1979 PWL, PWL: 1979 PWL, PWL: 1979

m.IGN to 2028 m. IGN to 2028 m, IGN to 2028 m. IGN to 2028 m. LGN to 2028

Scenario Scenario Scenario Scenario Scenario
BAKEL 23,5 +0.6 23,2 -0.1 18,0 -2.8 16.3 -1.4 14.9 -1.5
MATAM 18,0 +2.0 16.9 +0.9 13.3 -1.6 11.7 -1.1 10.0 -1.4
KAEDI 15,2 +2.4 13.9 +1,2 10.7 -1.1 9.1 -1.2 8.4 0.7
SALDE 13.3 +1.8 12.3 +1.0 8.8 -1.5 7.3 -1.3 5.3 =2.1.
BOGHE 10.6 +1.4 9.7 +0.7 7.1 -1.0 5.5 ~l.4 3.6 -2.0
PODOR 6.9 +0.4 6.3 +0.1 4.8 -0.7 3.6 -1.0 2.0 -1.3
DAGANA 4,1 -0.1 3.5 -0.5 2.4 -0.9 2,0 -0.4 1.6 +0.2
ROSSO 3.3 -U.4 2,9 -0.5 2.0 -0.8 1.7 -0.1 1.6 +0.4
DIAMA 1.8 -0.3 1.6 -0.3 1.5 0.0 1.5 +0.4 1.5 +0.6
SAINT-LOUIS 1.1 -0.1 1.0 -0,1 0.8 -0,2 0.8 0.0 0.8 . 0.0




Table C.1 - 6

Monthly Average Inflows and Outflows for the Diama Reservoir
Projected for the 1984/85

Demand Year

Average Flood Low Flood
Inflow Outflow Outflow Inflow Outflow Outflow
m3/s m3/s % of m3/s m3/s % of
inflow inflow
July 420 250 59.5 420 221 52.6
August 1250 950 76.0 840 550 65.5
September 2000 1665 83.3 1570 1260 80.3
October 2300 2075 90.2 1470 1370 93.2
November 1900 1895 99.7 455 385 84.6
December 440 370 84.1 210 138 65.7
January 180 139 77.2 120 62 51.7
February 106 58 54.7 67 2 3.0
March 59 11 18.6 35 0 0
April 30 0 0 15 0 0
May 14 0 0 5 0 0
June 10 0 0 9 0 0
Average 730 620 84.9 430 330 76.7

-38-



flows - the ¥ 1ante?. Reservoir thereby allowing sa :water that entered the
Basin - ..irg the dry season to continue to be pushed back toward the ocean

.« 'ing most ar 1 . floods.

C.l.2.2. Changes in Sedimentation and Erosion Regime

As a result of the . M V S, development program, the existing
sedimentation and erosion regime in the Senegal River Basin will change. To
quantitatively predict changes in the sedimentation and erosion regime of a
natural watercourse is an almost impossible task because of the extreme
complexity of . ... :nt. ~"on a °~ erosion processes taking place in a river

system such as the Senegal. Lack of sufficient data complicates this task.

Tt .1 fore, the follow* - assessment of the changes in the sedimentation and
erc .on regime cannot - . 2r more than qualitative descriptions and analyses.
L nnel Aggradation : = ' .ng River Upstream of Manantali Reservoir - The low

load in the Bafing River, and large annual water level variations at the

Bafing Riv .. itali . servoir interface, both before and after the

'

Me iant 1i din 25 a1 " ce, suggest that there will be no danger of sediment

i

deposition in the channe . in the Bafing river.

Sedii 2 tatio1 i. Mani 1 1i Re: :rvoir - Bed load transport into the Manantalil

re..2voir wil. . ¢ ., The annu: . suspended load to the reservoir is
estimated to be 530,000 metric tons per year. Most of the suspended material
is very fine; ~. :icles 32:ss than 0.002 millimeters in diameter account for
more than 50% of the incor .ng material. It is estimated that, under these
ser 1 1t inflow ¢ ditions, the dead storage of the Manantali reservoir will

R . st "0y 3 to fill.

Bafing River Downstream of anantali - The naturally low suspended load and

the absence of any s: n.iiic: 1t bed load material in the Bafing River indicate

th - oz s Ut at e L1 F Lm upstream, and not the sediment capacity of the
river d’<.. ~  gover 5 s. i, .nt transport in the Bafing River. Considering
also t.. t t7 2 {.ng iver is carved out of erosion resistant bedrock, it is

reasonable to expect that neither flow regulation nor sediment interruption by
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the Manantali reservoir will have an adverse effect on the stability of the

Bafing River channel.

Senegal River Between Bafoulabe and Bakel — Between Bafoulabe anu Bakel the

Senegal River receives significant suspended and bed load material from its
viributaries, mainly from the Ketiou-Ko, Kolimbine, Parpara, Bakoye and Faleme
Rivers. Since only a minor portion of the bed load transported in this river
stretch originates from the Bafing River watershed, bedload movement and
associated erosion and deposition processes will not be affected by the loss
of sedime .cs to the Manantali reservoir. The stability of the Senegal River
channel will, however, be affected greatly by the loss of the river's sediment
transport capacity due to flow regulation from the Manantali reservoir. Lower
flows during the rainy season will result in the accumulation of sediment
material in the channel., Channel instabilities will take place especially
near the points of confluence of Senegal River tributaries. These
tributaries, not influenced by flow regulation, will continue to carry their
natural sediment loads into the regulated Senegal River that will no longer
have the strength to move these sediment contributions downstream. Another
factor to be considered is that water levels in the Senegal River will drop,
causing a --eeper gradient in the lower reaches of unregulated tributaries,
which in turn will lead to increased channel and bank erosion until eventually

an equili’ rium situation is established.

Senegal Rivi . Between Bakel and Boghe - No major tributaries enter the Senegal

River between Bakel and Boghe. Therefore, the aforementioned problems will
not occur in this stretch of the River. During average and below average
flood years, flow regulation will result in a reduction of tractional forces
on the Senegal River channel leading to less bank erosion and cave-ins than
observed today. Instead, sediment deposition in the channel and sand bar
development will become more pronounced as the Senegal River will no longer be
at 2 to carry away the material supplied from upstream banks and from minor
tributaries. During above-average flood years, increased flows in the main
channel and elevated water levels will lead to increased erosion

activity removing sediment accumulated during lower flood years. During such

1

ye.irs the ' nks of the River will be attacked severely.
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‘< v een Bo 12e d Dia 1 — Beginning at Boghe, the impact of the

L J . t> fe :. Bef .e the construction of the Manantali dam, the
Yol - .. 2.0..27°2s n .Le T. :sna impoundment will re .. "t in sediment

T .lios, espe e oL g

s

-le ear 7§ Jes o a .. 2 During the second
he I of the lood *a :, some of the sediment deposited earlier will be flushed
i .as £f1 s ., s t. ough the reservuir almost unobstructed. The net
coutrwil Lo a e 1al 2T or o of the |7 ma reservoir with sediments. Only
~~*1 ctannel w: .1 be k >t open by the annual flusl.li.z of sediment by the
A\dv ~
~ir e, s.. ztion of the ! 1« to . reservoir, flows entering the Diama
re.- ¢ - w .1 be 1 - 2ited and more evenly distributed throughout the year.
) J v "1 .,2 f -)d- the annual flushing action be reduced.
L7 et ] ., _ - iom ss sediment will reach the Diama reservoir,
it is believed . . flow ..rulation by the Manantali reservoir will accelerate

‘'a se ‘'mante ' n in the Diama reservoir.

1 R~ . w=en Dii ua and St.-Louis - Little change is expected in

w

i: n vetween Diama and St.-Louis. Flow regulation by

et eme. . .ama .. .ot ‘.1: dams will reduce erosional and scouring
H . viow 1 : 5.oma © , since there will be no break in the supply of

a0 V0 re 2d ] o2~ wk the gates are opened during the flood season.
i _or =" . “rastruct .on of the entry channel throug.. the
L  : . Barlerie w. .. have two profound impacts on the sedimentation and
wse 3 .. Tey: .7 the ¢+ <y and the coast line on both sides of the entry

B - -2 ' L_3 are:

g "1¢ 7 .. Fm of a ermanent lagoon in the estuary south of the

L . L

ik - se- . ~n on the beachiine immediately north of the breakwater

T . Lo »3. | swuch of the entry channel.
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Cc..3tal . osion and s..imentation processes are too complex to be predicted

¢ _-Juatc.y by anmalytical techniques. Only hydra lic @ ~“z21ling can prov’ "2 a
re. .l stic assessment of what will -appen and will al. ow develo . :nt of
effecti. : mitigating meas' '2s. O 7.5. has rec-_-‘zed the le-" - [ su' icient

7. 7 .th ¢ :udy of the estuarine problem and, with the <--~rzration of the

Cs ¢'lan . gency for Ir . n.riomnal D. colopme ", is cor :: '_: 1g a new “udy of
) estual’. One of the major ta 's of this new st: ' w’.” - tc redesign the
en! . ' cha~~21 and arbor, and eva'-~te the new designs tl -~ 1 a hyd. alic

: . st r, Acc~ilingly, the forthcoming O.M.V.S./CAID study will p ~—ide a

del T Tt . analysis of env..onmental impac’ * and mi" * : :ive Sures.

As -~~~ as the entry channel through the Ls-z2ue de Barlh . 2 is
cr e .ac 7 e istiu~ rm> th of the Senegal . .ve: will _'~se and . -
e’y L el "1 entry channel will deve op into a lagoon wi .» greatly
."es” . we er ci: wulation. The loss of flushing will make :-he lagoon

¢ - '2mely vt .uere' le to pollution cre ed by the he ror at St.-Louis. At

p 22 . :sov  -most portion of the lagoon is ocr:~i~ by the L- jue de
T..7 e [ zio a1 T. .7, an impol w. estuarine and v :tla 1. 7 tat. % oil or
che :al spi .1s f: -1 boat traffic were to reach ._s area, t. . . .rivi | of

* ~and m :-2 life in the park would be serio .y ti '~ t- =»d. Another long
t 1 *moot el ‘e by the const iction of the err y cb 21 will be a gradual
fil ing 7 £ 2 1 .. “th sediment.

The '~~~ -~ -2rs required to _‘:otect the new na~-*_- fon ct~- :1 tl .o 2

"3 Lano - . 7 rie '~ 11 interfere ~7th sand ** ~'port -~v 1. - oral - " 't.
L ._ part_.il __ockage of the _ittoral drift w: L1 ce .. sand deposition on the

s v ¢ de of *» L.~ water - stem and create beach -~ --sion to 2 south

T o he t T ..rSe Some ' .Ali L.ary fimates of t'=2 re 2 of . it ' erosion

.2 ... *"t, duing the i1._.tial years, strong beac.. erosion will affect up to

five k: - et: - . of beach front south of the entry che~-~1 ¢ . ¢ . erosion rate
of 'O. c . s per meter of shoreline. Wi:'ii ' ¢~ to tweun:y years after
¢ e.'n of e 3 twater sys 2=m, the erosit -c¢oe is i "z:ed to expand
anc .rosicn wiLl be experienced as far . v as 20 kilo _~ers from the . Iry
che el. ' -ere is the danger that eventually the L¢ - 1e « - Bs  :arie may

ct 1 orely e ~ away allow’rg access of hig .y seli-2 -~ wi 2 %" 0 ( 2
lag~~n.

)



C.. .7.3. “«ast - .tion- 2lated Impacts

Construction of d¢ 's, ports and the navigation channel in the Senegal
River Bas: ' will « st .» the land and its natural cover, leading to soil
erosion and increased sediment pollution of watercourses. Fortunately these
impacts are generally r :ricted to the vicinity of construction sites and
usually end with the com "ation of the construction work. The following
construction projects envisioned for the Senegal River Basin have the
potential to create short term adverse environmental impacts:

a) Mane - 7" anc¢ :'ama | ims;

b) River n»._-vige:ion Channe'-

¢) Estua.y Harbor . .d Entry Channel.

Manantali and Diama Dams - Both Manantali dam and Diama dam construction

activities will inevitably impair water quality through the flow of eroded
sediments into the Bafii~ River and the Senegal River respectively. Because
of larger rainf'.ls an ster_ .t slopes, the erosion potential at Manantali is
g-rater tuan _...t at viama. The major sources of sediment pollution from both
constructiu i sites inc .1e river diversion, exposed surfaces at the
construction s :e, 1 -dways, quarry areas and stockpilings of excavated
materials. .2 degree of pollution will depend on the construction methods

| . ~

use -2 tay .2 7o . truction site and on the care taken to avoid

« usion.

liver Navigation Chanr 7 - To achieve a navigable depth of two meters in the

Senegal River between “-,es and St.-Louis, substantial quantities of sand and
rock must be vat ! and « .sposed. Environmental impacts created by the
dredging oper :ior in the River itself are judged to be minor, since the
bottom material is free from pe lutants or undesirable chemicals and consists
of fime to medium grain size particles that will settle out quickly after

suspensfon during the drec_ing operation.

Disposal of «. ' .| atcrial will cause more problems. Basically, two

economically feasible altern: :ives exist for the disposal of dredge spoil:
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T ° eg disposal and bank line disposal. Thalweg disposal, which involves the
deposition of spoils into deep pockets of the main channel may not be

poss: 1le everywhere and may lead to increased maintenance dredging. Bank line
disposal without costly slurry detention measures should be possible in most
parts of the Senegal River Valley. The key to minimizing environmental

impacts from land disposal is a careful selection of disposal sites.

Estuarine Harbor and Entry Channel - According to preliminary estuarine

development plans, approximately 3,700,000 cubic meters of sand and silt will
be dredged in the estuary. About 1,000,000 cubic meters of sand vill be
placed on the proposed harbor site to create more favorable foundation
conditions. The dredging operation itself should not create any major

env. conmente impacts. Harm to aquatic life will be confined to the dredging
site and will be an adverse impact, terminating shortly al:er cessation of
i.edging activities. The magnitude of environmental impacts from dredge spoil
disp: .al wi’.. depend on the mode of disposal. Careful disposal of the
excavated material in the ocean or in the southern part of the estuary will
res'.> . in only minor short term impacts on aquatic life. Proper backfilling
of the + :lc_ construction site will not create any major problems to the

e: 11 ¢ 'ine environment.

c L3, Pre-osed Mitigating Measures

C 1 3.1. Changes in Flow Regime

Flow regime changes are an integral part of the 0.M.V.S. development
program. A major concern is the projected rise in flood peak water levels in
the Middle Valley during large floods after substantial floodplain
development. Even though elevated water levels are not likely to occur in the
near future, they must be considered in the design of irrigated perimeters to
be located in the Senegal River floodplain. When perimeters are planned, care
should be taken not to disrupt flow paths through the Senegal River
floodplain. Conservation of the natural floodplain flow patterns must be one
of the major considerations in the design and placement of irrigated

perimeters.

-



It is recommended that 0.M.V.S. participate in the development of
irrigated perimeters in order to introduce hydraulic considerations into the
placement and design of perimeters. To accomplish this task, 0.M.V.S. is
urged to make efforts to help assure that natural floodplain marigots are not
haphazardly eliminated during the construction of agricultural perimeters.
0.M.V.S, is also urged to continue utilizing the SOGREAH model to check the
effect of planned irrigated perimeters on flood flows and water levels.
Simulation with this model will permit the identification of undesirable
effects of elevated water levels before construction and the evaluation of

alternative arrangements.

C.1.3.2. Changes in the Sedimentation and Erosion Regime

Since the predicted changes in the Senegal River's sedimentation and
erosion regime are not expected to do any harm to human settlements or
otherwise valuable land in the near future, no mitigating measures are
proposed at this time. Surveillance of erosional processes throughout the
River Valley, however, is strongly recommended. The identification and
reporting of major erosion damage after each annual flood can be performed
most effectively at no extra cost by the maintenance crews of the Direction de
la Voie Navigable, whose responsibilities include an annual check on the river
navigation channel. The crew's observations should be transmitted to 0.M.V.S.
in the form of an annual report. Based on these annual reports, 0.M.V.S. will
have the opportunity to identify erosional problems as they develop and take

appropriate measures if necessary.

Measures . :igating beach erosion on the Langue de Barbarie will depend
on the extent of the erosional problem identified by the proposed estuary and
harbor study. It is recommended that 0.M.V.S. proceed as soon as possible

with the proposed study.

C.1.3.3. Mitigating Measures kelated to Uousiruction

0.M.V.S. should be responsible for assuring that appropriate erosion
control measures are included in the construction work and are enforced

throughout the duration ol constrvction activities.

-ty 5—

-



Manantali and Diama Dams ~ This Report recommends that 0.M.V.S. take the

following t»~ = actions to minimize erosion f: | reservoir construction

acti ic’ s

a) Include in tender documents a provision for detailed erosion and

s .ment control measures as pa' : of the constr. 'tion vorks;

b) Make the compliance for specified erosion and sediment control

measures a criterion in the selection of the contractor;

c) Instruct supervising ~ngineers in order r~ insure that proprsed
co rol measures are carried out throughout the dur: :ion of

construction.

Estua- - ' _uc: e 1 Entry Channel - To date, no plan exists for the disposal of

veal »n "7 1fen cubic meters of sand and silt to be excavated in the estuary.
It is tl| :refore recommended that 0.M.V.S. commission a . '2dge spoil disposal
1 1 for the est-ary. The ' (ecution of this plan should be ded to the terms
of reference of ‘e proposed estuary and port study. During the dredging and
disposal aci.? 7t s it should ~~ 0.M.V.S.'s responsibili , to assure

+ 1pl: 2nce by '"e contractor to the terms of the dredge spoil ¢ sposal plan.

v divic rign The uel - Adverse environmental impacts of dredging in the
S..2gal T . .r can be minimized rough the use of mechanical dredges and the
adherence to good dredging practices. O0.M.V.S. has the responsibility to

1 v 2 o 21 .xcted contractor employ good ¢ .edging practices by taking

. .pro] riate steps in the *_.'ding procedure and by strict construction

s » .vision. The most important step will be the identific/* »n of

el rironmentally safe disposal sites for the material . :dged from the Senegal
“Jrers " M.V.S. and the dredging contractor should coll »orate in designating
st .tab.e disposal areas, based on field observations and g