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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
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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
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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:

-43-



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.
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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.
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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 general site

s-'2¢ lon gu-de.ines provided in the Rivers and Estuary Partial Report.
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Table C.1 - 7

Environmental Impacts and Proposed Mitigating leasures Associated with Proposed Developments in the Senegal River Basin

Rivers and Estuary Regime

Factors Creating
Impact

Impact Description

Magnitude of
Impact

Mitigating Measure

Construction of
Manantali Dam

Construction of
Diama Dam

Construction of Saint-Louis
tlarbor and entry channel
through Langue de Barbarie

- Dredging operations

- Dredge spoil disposal
in ocean or southern
estuary

- Maintenance dredging
Construction of river
navigation channel

~ Initial dredging and rock

excavation and maintenance

dredging

~ Dredge spoil disposal

Erosion and sediment
pollution in Bafing
River downstream of
dam.

Erosion and sediment
pollution in Senegal
River downstream of
dam.

Turbidity plume and bottom
destruction In vicinity of
dredging site.

Turbidity plume and bottom
destruction at disposal site.

Turbidity plume and bottom
destruction at disposal site.

Turbidity plume and bottom
destruction at dredging sites.

Coverinyg of river banks with
spolls, sediment pollution of
Senegal River and hottom de-
struction.

Light to scvere, adverse,
short-term, depending on
erosion and pollution
control measures taken

Same as above

Light, adverse, short-term

Moderate, adverse, short-
term

Light, adverse, short-—

term

Light, adverse, short—
term

Moderate, adverse, short-
term

Prepare and enforce erosion and
pollution control measure.

Same as above.

Employ "good dredging” practices;
prepare and enforce master plan for
dredge spoll disposal in estuary.

Same as above.

Employ "good dredging” practices

Selection of suitable disposal sites
and methods (Thalweg or bankline).
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Table C.1 = 7 (Cont'd.)

Environmental Impacts and Proposed Mitigating Measures Associated with Proposed Developments in the Senegal River Basin

Rivers and Estuary Regime

Factors Creating
Impact

Impact Description

Magnitude of
Impact

Mitigating Measure

Construction of river ports.

Operation of reservolrs and
floodplain development.

Operation of reservoir
and flow regime changes.

Presence of river
navigatlion channel
and low flow augmentation.

Erosion and sediment
pollution.

Land inundations: Manantali
and Diama Reservoirs, Lac de
Guiers, Aftout es Sahel, and
Lac R' Kiz.

Changes in flow and inunda-
tion regime.

Water level increases be-
tween Bakel and Podor caused
by perimeter construction.

Changes in sedimentation
and eroslon regime.

Channel gradation
during average and be-
low average floods.

General increase in
bank stability.

Channel instabilities

in vicinity of tributary

influences.
Stabilization of low flow

channel.

Increase in low flow.

Light, adverse, short—term

Severe, long—term, irreversible
and most significant during the
dry season.

Severe, long-term, varies with
magnitude of annual flood and
phase of Manantali Reservoir
operation

Potentially severe depending on
implementation of mitigating
measure, long-term, periodically

reoccurring during large flood
years

Moderate, adverse, long—term

Light, beneficial, long—term

Moderate, adverse, long—term

Moderate, beneficial, long-term

Exceptional for agricultural
development, beneficial and
long—term during dry seasons

Supervision of con-
struction activities.

None

None

Keep floodplain flow paths open
when planning perimeters.

Monitor changes in sedimentation
and erosion regime.

Maintenance and improvement of river

navigation channel.

None
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Table C.1-7 (Cont'd.)

Environmental Impacts and Proposed Mitigating Measures Associated with Proposed Developments in the Senegal River Basin

Rivers and Estuary Regime

Factors Creating
Impact

Impact Description

Magnitude of
Impact

Mitigating Measure

Presence of entry
channel through
Langue de Barbarie.

Creation of lagoon in southern
estuary.

- Decrease in water
circulation leading to
higher pollution
potential.

- Sedimentation of
lagoon.

Coastal erosion south of
entry channel.

Moderate to severe, adverse,
long-term extent of impact not
known, to be determined by
estuary modelling

Moderate, long—term, extent
of sedimentation not known,
to be determined by estuary
modelling

Potentially severe, adverse,
long-term extent of erosion
to be determined by estuary
modelling

Execution of proposed estuary and
harbor study.

Prevention of pollution from Saint-
Louls and harbor.

Execution of proposed estuary and
harbor study.

Execution of proposed estuary
and harbor study. Potential
mitigating measures and entry
channel design to be evaluated
by hydraulic modelling.

Note: Changes in river flow, floodplain inundation, and sedimentation characteristics can lead to various
beneficial and adverse impacts on the basin's people and natural resources.



C.2. Groundwater

C.2.1. Existing Groundwater Resources

There are nine water-bearing, geologic formations underlying various
portions of the Senegal River Basin. Of these nine formations, six contain
water only in fractures or pockets of sand and clay. A Cambrian sandstone
formation, one of the six geologic formations in the Basin containing
localized pockets of groundwater, surrounds the Manantali reservoir site. The
remaining three aquifers contain the largest amounts of groundwater available
for use in the Basin. As their major source of recharge is the Senegal River,
these three formations will be most affected by the proposed development.

Characteristics of these three aquifers are as follows:

TABLE C.2-1

Major Aquifers

Total Potential

Aquifer Name & Area Parallel Typical Well Yield,
Country Where to Earth Sur- Well Depth, cu, m of water
Located face, sq. km. Meters Per day
Senegal River Alluvium

Mauritania 1500 2 to 15 As high as

Senegal 4100 2 to 15 1100
Continental Terminal
(sand/sandstone)

Mauritania 54,000 no data As high as

Senegal 110,000 available 2200
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TABLE C.2-1 (cont'd.)

Major Aquifers

Total Potential
Aquifer Name & Area Parallel Typical Well Yield,
Country Where to Earth Sur- Well Depth, cu. m of water
Located face, sq. km., Meters Per day
Maestrichtien Sands
Senegal 150,000 50 to 500 As high as
6000

The extent of present or future use of groundwater resources within the
Basin is not known. Aquifers located downstream from Podor are possibly
affected to a certain, undefined degree by salt intrusion from the River. It
has been suggested, however, that much or all of the saline groundwater in
this region is due to the presence of salt-bearing deposits in that region.

No aquifer water quality information is available for areas upstream of Bakel.

A field survey of 40 wells conducted during 1977-1978 as part of this

environmental assessment leads to the following conclusions:

a) Water from certain wells had contaminant concentrations that exceed
WHO criteria for drinking water or surface water. Well
contamination is more frequent during the dry season and most

extreme in the delta;

b) Reasons for excessive contaminant levels cannot be determined

without more extensive study;

c) Constructi " and n ‘atenance practices at some of these wells

encourages contamination;
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d) Salinity concentrations at wells surveyed in the delta increased
een December 1977 and June 1978, possibly due to the movement of

the salt tongue up the river from the Atlantic Ocean.

C.2.2. lcojected Impacts of Proposed Developments

The proposed Diama dam will have two impacts on groundwater resources:
the increase in water levels and surface area inundated by the impoundment
during the dry season as a result of the dam will reo .. in larger amounts of

freshwater being conveyed to the groundwater in the vicinity of "2 Diama
impoun¢ .2nt, ¢ 1 the prevention : saltwater intrusion upstream of the Diama
d- - will eliminate any annual groundwater recharge upstream of the dam with
salt water that might enter the aquifer through its hydr 'lic connection with
i ! .. ver, As a result, well water quality in a three to f’'7e kilometer—-wide

band on both sides of the River may improve.

The proposed Manantali dam will alter the amounts of water ..  ..-vating
the soil in the area of the reservoir and in the floodplain dov “ream of

Bak¢ .. T 2 permanent inundation of several hundred square . 1lomc -~ .5 of land

behind the ." 1 ali dam will increase the quantities of groundwater available
in the '~-ervc’: vicinity.

Tt= “er bi lan.. of aq “fers whose recharge depends infiltr: zion of
we .o £100 .. 2. plain d ‘ing the annual flood will change * ' res ise to

the £ -re flow : . - adir"o>n regime of the Senegal River. In the future,
the floodplain imt ation period will decrease and only during

smal ‘21 : an—average flood years will artificial flood releases from the
Manantali reservoir cause moderate increases in floodplain inundation. The
net result of future development will be an overall reduction of infiltration
from the floodpli in a * subsequent recharge of rel.:ed aq ._e_. Given the
current level of aquifer utilization in the Senegal River Basin; it is
reasonable to assume that the reduction in aquifer recharge will not
measurably ajl ‘ect -.:sent use with the possible exception of a requirement to
deepen some shall 1 wells. Recharge to surface aquifers -~ I 1, however, limit
the potential of futu: . large-scale exploitation of ™ -se aquifers in the

Senegal River Basin.
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Adverse impacts on groundwater quality are projected to result from
agricultural development, the entry channel south of St.-Louis and
municipal-industrial development. The use of pesticides and fertilizers at
irrigated perimeters could lead to increases in pesticide and nutrient
concentrations in underlying groundwater supplies that are adjacent to
perimeters and within several meters of the irrigated surface. Irrigation in
perimeters placed in the Delta where the groundwater is saline and close to
the surface could result in soil surface salinization due to the rising of
salt to the surface from the groundwater due to capillary forces. The
proposed entry channel through the Langue de Barbarie south of St.-~Louis is
projected to increase dry-season salinity levels in the river downstream of
the Diama dam according to mathematical modeling results presented in this
study's Water Quality Partial Report. This increase may result in a rise of
salt concentratio in the groundwater as far as three to five kilometers away
from the river downstream of the Diama dame. Such an impact on the Basin's
groundwater resc :ces will be adverse but of minor importance because the
amount of groundwe :r affected and the expected changes in groundwater
salinity levels will not be significant. Municipal and industrial development
in areas where groundwater is - '2sent near the soil surface could result in
local areas of groundwater contamination where wastes are disposed. This
impact is also considered +".aor, because it is expected only in small areas,
although contamination could make the groundwater unacceptable for human

consumption in these areas.

C. .z 3. Proposed Mitigating Measures

. © most economical methods of combating detrimental impacts on
groundwater re. vrces are measures that prevent these impacts from occurring.
This includes plans that propose a water pollution control program involving
environmental monitoring, measures to help prevent unnecessary detrimental

it ac'  on groundwater resources in the future, and planning of alternative

actions shou.’ a detrimental impact become significant.

—-53-



The three primary issues of concern relating to future impacts that could

be detrimental to human use of groundwater supplies are:

a) groundwater levels;
b) groundwater contamination;

c) soil salinization.

It is recommended that a hydrogeological study of the Basin be conducted to
accurately define the effects of proposed developments on groundwater
recharge, and the possible use of groundwater in certain regions to supplement
surface water for irrigation and municipal/industrial uses. A long term
program of monitoring well characteristics, groundwater quality, and water
levels of 2. 3 and aquifers should also be established to provide information
on groundwater resources and the significance of changing groundwater

characteristics as future development takes place.

The following points should be considered in the planning of future

a- ifer use:

a) Ope - 1 1g and maintenance * ract’~2s at exis :ing wells that can

iy" it~ 11 contamination;

b) Consideration of the possibility of occasionally changing water
re - 1se ~ .cerns from the Manantali reservoir to increase floodplain
in. “ation and thus aquifer recharge. Such a measure should only be
seriously contemplated if, in the future, groundwater levels drop
wastically, causing impairment of groundwater withdrawal. In
adc. tion, the technical and economic feasibility of the measure
would need to be established before this measure could be

implemented;

c) Development of groundwater pollution control activities that would
specify criteria for determining if a well or aquifer is polluted.
Criteria for the safe disposal of potentially harmful wastes in

areas with important groundwater resources could also be developed.
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d)

e)

£)

g)

h)

Regular monitoring of groundwater quality is recommended to identify

the occurrence and the development of groundwater quality problems;

Placement, construction and maintenance of future wells that reduce

contamination possibilities;

Location, construction, operation and maintenance of sources of
contamination such as latrines, waste lagoons, agricultural areas
and land disposal of solid wastes that reduce possiblities of

groundwater contamination;

Consideration of the depth of the groundwater table as an important
criterion in the selection of agricultural perimeter locations. If

necessary, artificial subsurface drainage should be installed;
Placement of agricultural perimeters away from areas with saline
water tables close to the surface or installation of artificial

drainage;

Methods of storage, handling and use of pesticides and fertilizers

that minimize adverse impacts on groundwater quality.
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Table C.2 - 2

Environmental Impacts and Proposed Mitigating Measures Associated with Proposed Developments {n the Senegal River Basin

Groundwater
Factor Creating Impact
Component Impact Description Magni tude Mitigating Measure

Diama Dam

Manantali Dam

Manantali Dam &
Agricultural
Development

Agricultural
Development

Navigation

Municipal/
Industrial
Development

All
Components

Construction of Diama
Impoundment

Construction of Manantali
Impoundment

Flow regulation and
perimeter development

Use of pesticides and
fertilizers

Irrigation of areas
with high saline
groundwater table

Entry channel through
Langue de Barbarie

Land disposal of wastes

Development of dams, per~
imeters and municipal/
industrial areas.

Increase in quantities of

non—-saline water infiltrating

the soil.

Intrusion of salt water

upstream of dam will no longer

OoCCur.

Permanent inundation
behind dam, increasing
infiltration.

Changes 1in floodplain
infiltration and aquifer
recharge.

Contamination of
groundwater.

Rise in groundwater levels
resulting in water logging
and increase in soll
salinization through capil-
lary rise.

Increased sallne water
intrusion below Diama
Dam.

Contamination of pround-
water.

Changes {n both recharye
and utilizalion of ground-
water resoarses.

Light, beneficial,
long-term and
year-round

Light, beneficial
& long—-term

Moderate, beneficial,
long-term & year-
round

Moderate,
adverse,
long-term

Adverse, long-—

term, extent depending
on mitigating

measures

Adverse, long—term,
depending on mitigating
measures

Lipht, adverse,
long—term, during dry
season only

Adverse, long-
tern extent depending
on mitigating measures

Hederate, adverse,
loag~term and year-
round.

Monitoring of floodplain groundwater
levels.

Use of artificial floodplain ilnunda-
tion during large floods 1f
necessary to I{nhibit dramatic
groundwater level reductions.

Proper handling, storage and use of
pesticides and fertilizers.

Monitoring of groundwater quality.
Regarding artificlal subsurface
dralnage, consider proximity of
groundwater table in location of
perimeters. Monltoring of ground-
water quality.

Monitoring of groundwater quality.

Consider proximity of groundwater
table in locatlon of disposal files.

Monitoring of ground water
quallty.

Hydrogeologic study.



c.3. Atmospheric Conditions

C.3.1. Existing Conditions

Climate in the Senegal River Basin is primarily dictated by changing wind
patterns throughout the year. Between May and October, winds from the south
and southwest carry moisture into the Basin, while during other months, winds
from the arid regions northeast of the Basin predominate. Nevertheless, the
limited northward movement of the Intertropical Convergence Zone (I.T.C.Z.)
explains the rather abundant wet season rainfalls in the southern portion of
the River Basin compared to the northern area. As much as 1,500 to 2,000
millimeters of rain fall annually in the Guinea portion of the Basin from May
to October while 300 millimeters fall, oun the average, in the Podor—-Rosso

area. August is normally the month when the most precipitation occurs.

Analysis of 30 to 60 years of rainfall records throughout the basin

reveals the following characteristics:

a) The smaller the mean annual rainfall, the greater is this rainfall's

variation from average amounts;

b) There exists a greater chance of a year having less—than—average
rainfall than there is that a year will have greater—than-average

rainfall.

Hence, the number of drought years exceed the number of wetter—than-
average years, which is a major factor in the noticeable increase in the size
of arid areas in the Senegal River Basin. The process by which these arid

areas increase in size is called desertification.

Evaporation characteristics based on 14 years of measurements show that
average evaporation rates range from 1600 to 1800 millimeters per year. These
measurements show small monthly and annual variations when compared to the

wide fluctuations of rainfall. This is because solar radiation and
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temperatures are fairly constant throughout a 12-month period. Humidity
varies from day to day and from dry season to wet season due to wind and solar

radiation changes.

Local climatic changes can occur due to topography or a nearby water
body. Climate in the Upper Basin is locally affected by sharp changes in land
ele'atims not present in the Valley or Delta. These changes affect local
wi- cirec g lons. The Atlantic Ocean alters wind patterns in the Delta, but

it has little or no effect on precipitation levels.

C.3.2. T~—--ts _of Proposed Developments

+ ¢_»t 4 development activities related to land use variations are not
e: .cted to c¢ .se significant climatic changes in the Basin. Increases in the
amount of land inundated, irrigated as agricultural perimeters, or developed
as populat: ‘n centers are expected to account for less than two percent of the
land in the River . ;in by 2028. Additional amounts of evaporation will not

sig. Jficanf "y 11 :rease the amounts of water in the atmosphere.

Micro :limatical changes may occur from winds sweeping across the
inc 2ased surface area of the Manantali impoundment resulting in a local raise
in evapors 1o . 7 properly placed, tree farms around agricultural perimeters
wil . act as wind breaks, decreasing evaporation and minimizing aerial losses

of soil.

C.3.3. Proposed Mitigating Measures

No mitigating measures are warranted regarding atmospheric conditions.
Since it will not be possible to determine micro-climatic impacts effectively
until after the various development projects have been implemented, it is
recommended that the Basin's climate continue to be monitored to provide data
ne. 2d to further understand month-to—-month and year—to-year climatic
v riations. This monitoring should continue to be the responsibility of the

meteorological services within the 0.M.V.S. member countries. Climatological
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mon- :oring is included in the proposed monitoring program presented in the
P. in of Action. Additionally, the installation of lysimeters in selected
agricu’ ural areas to periodically monitor crop water consumption is

re ..mme. led.
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C.4. Water Quality

The water quality survey, conducted as part of this environmental
assessment, su norts previous water quality observations in the Basin - ~. adds
quantitative = 1f- '‘mation from various locations for the 1977-1978 dry season.
Mathematical s. T1w:ions of existing dry season salinity in the estuary and
dissolved oxygen concentrations in the River from Kayes to Richard Toll
support historical conclusions regarding existing water quality and >roject

future water quality conditions.

C.4.1. Existing Conditions

The el? “r :‘on of pollutants from surface waters in the Senegal River
Basin is | 2sen 'y controlled by naturally occurring phen .na. The effects
of human activities on water quality are hardly noticeable. As rivr . flows
change from season to season, water quality changes also take place. These
changes affect .~ -*%ic 1life and, at times, the use of surface waters by

terr stri: . L I including humans.

During t! » wet season, watersheds receive precipitation that flows into
the Bafing, Bakoye and Faleme Rivers and smaller tributaries of the Senegal
River, T : dic~ ge from these three rivers, located in tt . upper basin,
constift' "y t7T 2 maj.. “ty of the flow in the Seneg: * Rirer, Nutrients, organic
materi 71 g d 1r- 'ls are washed from these watersheds into the rivers where
they are carried downstream, primarily in a dissolved state. With increased
flows, river w: 'er is well-mixed and dissolved oxy«e'. rrnce' "r:ztiras are
fairly un: i« 'm, regarc_2>ss of depth. At this time, the me_:rity of
reoxygenation in the water column occurs from the atmosphere. By the end of
the wet season in November, flows in the Delta begin to recede as the last

stages of an anmual flood pass through the river.

After inundation of the floodplains, and when the main channel becomes
ponded, these nutrients, along with nutrients of terrestrial origin become
tied-up in the particulate state in the form of pls "ton and higher - -1tic
plants. With the receding flood waters and the dessicating condition of the
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action acts to keep this shallow body of water throughly mixed. If thermal
stratification occurs, it is diurnal in nature from the superficial heating of
the turbid waters. Sediments, nutrients and minerals in the lake originate
from local runoff, from the Upper Basin where river flows first arise and from
the land that is periodically inundated by the lake. Evaporation,
particularly during the dry season, concentrates dissolved nutrients, minerals
and salts within the lake waters. The negligible salinity concentrations

within Lac de Guiers are reduced by recharge from annual floods.

Lac R'Kiz receives surface er recharge from the River about once in
every ten years. It 1s presumed to have water quality characteristics similar
to those of Lac de Guiers because of similar recharge by rainfall and

floodwrters a ' similarity in soil and topographic charac =ristics.

c ' 2. Changes Due to Proposed Development

Due to the proposed development and the projected increases in population
within the Senegal River Basin, the quality of surface waters will undergo
some changes. These water quality changes cannot be classified as beneficial
or adverse until the changes are applied to agricu'* ire, acuatic life,
municipal-industrial development and other portions of the environment.

Hence, these changes are not impacts, but they are instead factors that
contribute to environmental impacts of the various resources proposed for

development.

Overall changes in water quality due to proposed developments are
predicted to be ligl : to moderate. The most significant change will result
from the Diama dam preventing salinity intrusion during the dry season to
areas upstream of the dam. This change will significantly alter water
chemistry and aquatic communities in the portion of the River between Diama

and the Doue marigot where water will remain fresh year round.

In the Lower Delta, the Diama dam and the proposed entry channel through
the Langue de Barbarie will have profound effects on water quality, especially
in modifying the natural salinity regime. Computer modeling during this study

indicates that augmentation of dry season flows in the Delta to 100 cubic
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meters per secor , at Diama, by regulated releases from the Manantali
reservoilr will not prevent salinity intrusion from extending to the Dagana

area if the Diama dam is not constructed.

As with most dams, the one at Diama will encourage the settling of some
sediments within its rese. .. Ir, particularly in the later stages of the annual
flood. Howeve: , these solid p: ticles and associated nutrients and minerals
will, for the most part, en* » the reservoir with annual flood flows and pass

' to the bottom of the reservoir.

~

through the w.z2a before se: !

Lac de Gu :rs will c¢¢ Llnue to be replenished with nutrients, organic
materials, minerals and sediments from flood flows. Flows into the lake will
become possible duri: _ pal : of the dry season once ..« Diama dam is in place.
Lac R'Kiz an« ¢ :es fons in ' o Aftout es Sahel will be recharged more
frequently than presen ../ occurs. Due to existing saline soil conditioms,
salinity levels in the Ai.out es Sahel depression will be high, particularly

during the first few years of i indation.

The Manantali reservoir will experience thermal stratification and little
mixing of the water column t* '~ighout much of each year. This will result in
reduced oxygen concentr¢ :: ; with depth. Under these stratified conditions,
the lower hypo. . nial w: ..:s may develop anoxic conditions resulting in
elevated levels of hydrogen s ..fide, and dissolution of nutrients into the
water column from both the om muds and, for a number of years, from the
decomp.. ltiv. . in Jated . 2.1 .. crial vegetation. Discharge below the
Manantali dam of hypolirr:al w:_.2rs could result in fish kills from hydrogen
sulfide up to 7 km dow s "~ eam of the reservoir. Increases of aquatic plants
or algae bioma ; cou! ™ 2cer  even further downstream from elevated nutrient
levels. A yea..y overturn of :l 2 reservoir is expected to occur from
atmospheric cooling of the su Iace waters during December or January. This

will ¢ ina o . Zem ng of the water column and redistribution of
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hr ‘ogen sulfide and nutrients to the surface waters where similar impacts are
expected. The redistribution of nutrients to the surface waters will be
be. "“icial by increasing primary production and, correspondingly, fish

r* “duction.

Che ges in water quality in ti _ Senegal Riv. . befr zen the Kayes, Mali
anc the Di.ma reservoir were predicted by the we  :r quality mc ":1. . :rformed
as part of this environmental assessment. During the ne - fifty years, with
increased we~:e discharges due to municipal and industrial development,
dissolv. 1 ox ren concentrations will not drop below 6 mil lgrams -=r liter,
even during . ' flow periods. Fertilizers and pesticides used F ~rrigated
perimeters and minerals leached from cultivated soils are not expected to
rez.n the River in la' ge quantities if drainage waters from perimete '~ : ‘e
not 47 sch "ge  directly to e River and if pesticide and fi c+: .izer use is

control _d.

Changes in water quality will result from development and use of the
Senegal River for navigation. In addition to the effects of the new entry
ch .1l on s: inity levels in the estuary, the introduction of oils, waste
“'scharg ~ f. n _: s and barges and the resuspension of sc : _ .veL ' ftrc |
se '“ments, _ :rients, minerals and - ‘3anic materials in the River as a result

of ¢ 'edgi 7 -ctivities will cause some water quality changes in the estuary.

St .© _>2rm water quality changes due to dam and perimeter const: .Iion
c- .7 .. ties wi'l : - :lude increases in the amounts of s: fr- ts : ching the
Bafi._  +  Ser :al Rivers via runoff during the wet season. This water
oowldity v w. .1 be felt more heavily in the Manantali ¢ .. ' .cre . 10ff

¢ _ains fewer sedirents than at the Diama dam site or in the floodplain.

FulL & ., .ter quall.y changes will depend, in pe' :, on measures °~ ken to
recuce . .,ative : acts of the ~_Jposed development discussed in other
sections of this study. No mitigating measures or plan of action are
presented because the predicted water quality changes are neither beneficial
nor detrimental until they are applied to an aspect of the environment

affected by such changes. A monitoring program designed to qu :ify

—-64—



environmental changes resulting from future developments is proposed in the
Plan of Action and includes monitoring of surface water quality as one method
of detecting water quality changes before they become moderately or severely

detrimental to the environment.
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Table C.4-1

Changes in Water Quality Due to Proposed Developments in the Senegal River Basin

Component

Factor Creating
Change

Description of
Changes

Magnitude

Overall Change
In
Water Quality

Diama Dam

Diama Dam and
Manantali Dam

Diama Dam
and
Navigation

Manantali
Dam

Creation of dam and
reservoir.

Construction activities

More frequent water re-—
leases to Lac de Guiers
and other depressions.

Creation of Diama dam

and ocean-to—estuary
entry channel.

Creation of Manantali
Impoundment.

Flow releases from
impoundment.

Construction activities

Prevention of salinity,
mineral and nutrient intru-
sion from the ocean to areas
upstream of Diama.

Settling of sediments and
associated minerals, nutrients
and organic materials to
reservoir bottom.

Increased runoff of sediments
and assoclated materials to
the Senegal River.

Dilution of sediments, minerals
and nutrients in the depressions.

Alteration of salinity gradients
and concentrations of minerals
and nutrients downstream of
Diama dam.

Creation of water body strati-
fied during portions of the
year. Settling of sediments and
assoclated materials to
reservoir bottom.

Inundation of terrestrial
vegetation.

Lower dissolved oxypen concentra-
tions and higher dissolved mineral
concentrations downstream within
at least 7 km. of dam,

Increased runoftf of sediments
and assoclated materials to the
Senegal River.

Prominent and long-
term during dry
season

Light, long-term
and year—round

Light to moderate
and short-term during
annual flood

Light and long—term
during dry season

Moderate and long-
term during dry season

Moderate and light
(respectively), long-
term and year~round

Light, short-term (2 to
5 years) and year—
round

Moderate and long-term2

Light to moderate,
short-term and
during annual flood!

Light

To

Moderate!

1Depends on extent of implementing mitigating measures discussed in other sections of this study.

2hceurs during periods of regulated downstream releases when the reservoir is thermilly stratified.
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Table C.4-1 {(Cont’d.)

Changes in Water Quality Due to Proposed Developments in the Senegal River Basin

Component

Factor Creating
Change

Description of
Changes

Magnitude

Overall Change
In
Water Quality

Manantali Dam
& Municipal
Industrial
Development

Manantali Dam
R and
Agricultural
Development

Agricultural
Development

Navigation

Flow relcases from Manantali im-—
poundment in conjunction

with waste discharges to

the Senegal River.

Flow releases from Manantali im-
poundment {n conjunction

with creation of agricultural
perimeters.

Use of fertilizers and
pesticides together with dis-
charge of agricultural
drainage to the Senegal River.

Discharges and accldental spills
of oils and wastes from ports,
boats and barges on the Senegal
River.

Disposal of dredged materials
onto land.

Changes in amounts of organic
materials, industrial wastes

& dissolved oxygen concentra-
tions in the river.

Changes in concentriations of
sediments and associated ma-
terials in the Senegal
River.

Increases in concentrations
of nutrients and pesticides
reaching the river together
with minerals leached from
cultivated solls.

Periodic, unpredictable in-
creases In concentrations of
oil and organic materials in
the river.

Resuspension of disturbed
minerals and nucrients from
river bottom.

Light, long-term &
year—round. Depends

on future use of sewers
to replace latrines

Light long-term and
during annual floods.

Light to moderate, long-
term and year-round if
drainage water reaches
the river

Light, long-term and
year—-round

Light, long~term and
year-round occurring
during and immedfately
following dreding
activities

Light
To

Moderate!

lDepends on extent of implementing mitigating measures discussed in other sections of this study.

20ccurs during perlods of regulated downstream releases when the reservoir is thermally stratified.



C.5, Agricultural Development

C.5.1. Existing Conditions

T - economies of Senegal, Mali and Mauritania depend heavily on
ag iculc .e. At p.‘:sent, agricultural production is subject to high risks
because [ the e1r ' tic rainfall and river flood patterns. For example, even
in yecrs when rainfall and flood levels are adequate, the Member States have
to import foodstuffs. In order to reduce the reliance on imported foodstuffs
to supplement rainfed and recession agriculture, the three 0.M.V.S.
gc :roments are making strenuous efforts to develop the irrigated crop

pc ential of their lands lying in the Senegal River Basin.

The River Basin represents a large underdeveloped area with great
potential for improved water use in a part of the world that has suffered in
recent ye: 's from devastating droughts. The majority of the 1,200,000 people
living in the Ser :gal River Basin are farmers whose livelihoods depend upon
the Sene ;al Riv » floods to provide water for recession crops (cereals and
veget:le ), or upon rainfall for water to grow millet, sorghum and
vegetable: . Few agricultural inputs, such as fertilizers, are used, as the
farmers e reluctant to make any additional investment because of the
uncertain rr+ Iall pattern of recent years. As a result, yields and overall

1 ~duct:~n are low - d most ag. culture is at a subsistence level.

Presently, farmers in the River Basin are shifting progressively from
dryland and flood recession cultivation to irrigated perimeters as the
perimet.:s . .o developed by the 0.M.V.S. governments, with the assistance of
bi' - ‘eral and international agencies. The total area under irrigation
througho  the Senegal River Basin at the present time is approximately 11,800
hectares, p -‘ominantly located in the Delta region. Rice and sugar cane are
t @ prit -y - 'cis grown at the perimeters. Implementation of the proposed
deve opments will make it possible for the three Member Ste' :s to increase the
pace of i ..gated agricuil.vial development and to improve “.ne quantity and

q Jity of "rod production.
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Si . ... groundwater and soil conditions in the Delta have hindered
devel~; mt of : rrigated agriculture in the region of the Basin. Research
carried out on the rice paddies at Richard Toll, the Kossak (deep drainage)

and the M'Pourie - es have failed to find a solution to this problem.

0.M.V.S., assisted by UNDP, has prepared long-range agricultural
development programs to achieve, over a period of the next 50 years, the
year-round irrigation of about 255,000 hectares along the Senegal River.
Approximately 185,000 hectares of this land are proposed to be in Senegal,
62,000 in Mauritania and 8000 in Mali.

The government of Senegal has appointed SAED as the national development
agency to construct and manage all of the Senegalese agricultural projects
associated with 0.M.V.S. The counterpart of SAED in Mali is OPI, while
SONADER assumes this role in Mauritania with responsibilities similar to those
of SAED with regards to the development of irrigated agriculture in their

respective countries.

Livestock i1e" 31 ~ is an .mportant activity in the Senegal River Basin,
although preser .y it is . a subsistence level. The proposed developments
will make it possible to employ applied research to improve and integrate

livestock activities in the River Basin.

The only college for veterinary medicine in francophone West Africa is at
Dakar. Schools are scattered throughout the three Member States to train
veterinary nurses and technical assistants. Organizations such as the
Direction de 1 F . vage et des Industries Animal (Bureau of Livestock and
Animal Inc¢ 1s_..2s8) ! 1 Senegal and similar governmental organizations in Mali
and Mauritania ' .e responsible for the health and husbandry of livestock.
Vaccinations are conducted at parks and corrals from October to July.

Vaccines ¢ @ ¢..ained from Dakar-Hann, the Central Veterinary Laboratory in

Bamako, 1'11i and at times from non-African sources.

It has been estimated that approximately 9% of the cattle presently abort

annual. ;. Surviving calves must compete with man for milk. Heifer calves,
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which are of greater economic importance than bull calves, have a higher
survival rate than bulls because the herders allot the heifer calves a larger
portion of milk., Parasitism in bull calves and abortion by pregnant livestock
are aggravated by undernourishment as are the animals' susceptibility to
attack by disease. In the upper portion of the River Basin, livestock

mortality from predation is also a problem.

One of the major hindrances to cattle exports from the Senegal River
Basin to other continents is foot and mouth disease (FMD). Although
eradicated { om most of West Africa in the late 1960's and still under control
in Mali 1 Senegal, it has returned to nearly precontrol levels in

Mauritania.

C.5.2, Environmental Impacts

C.5.2.1. Diama Dam

Bei,:ficial Imr:szcts — The construction of the Diama dam will result in several

extremely beneficial impacts on agriculture, which will be long—term and

year-round. These include:

a) E” ‘mination of saltwater intrusion upstream of the Diama dam site;

b) Storage of sufficient freshwater to allow for expansion of irrigated
agriculture in the Delta and low Middle Valley areas of the Senegal
River Basin. If the Diama impoundment 1s operated at a 1.5 meter
IGN level, 65,800 hectares of land in these areas could be
irrigated; at a 2.5 meter IGN level, it would be possible to
irrigate 98,000 hectares during a low annual flood predicted to

occur once in ten years.
c) Storage of sufficient freshwater to provide irrigation for a

double-cropping irrigated agricultural system in the area adjacent

to the Diama reservoir.
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d) Recharge of Lac de Guiers, the Aftout es Sahel and Lac R'Kiz
depressions allowing these waters to be used more extensively for

irrigation.

Adverse Impacts — The present and proposed agricultural development projects

located on the left and right sides of the Senegal River in the Delta area are

endangered by several conditionms:

a) The e _sti , groundwater table is shallow and highly

saline:

b) Soils in the Delta are saline/sodic:

¢) Natural drainage is difficult in many locations due

to the flatness of the terrain.

After completion of the Diama dam and and its impoundment, the annual
application of irrigation water could contribute to rises in groundwater
lev:1s, which cor.ld conceivi >ly cause waterlogged soil conditions. Also,
through capillary rise ..o 1 the saline groundwater, salts could accumulate in
the root zone. These factors would be detrimental to the rice and other crop

cultures and will adversely affect crop productivity.

C.5 7272 Manan+t ' D: 1

Beneficial Impacts - One of the main objectives for the creation of the

Manantali dam and reservoir is to provide sufficlent water year-round to
irrigate 255,000 hectares of land within Mali, Mauritania and Senegal. This
land is to be developed over a 50-year period, beginning in 1979.

Additiona. , short term beneficial impacts are associated with the
Manantz..l ¢ .n < rough the release of an "artificial flood", which will occur
on a seasonal basis, starting one year after the completion of the dam and

continuing for a 15-year period. The objective of the artifical flood is to
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provide water for 100,000 hectares of recession farming, and for the irrigated
perimeters in existence at that time. This will allow a more orderly

transition from traditional to intensive irrigated agriculture.

Adverse Impacts - A permanent, adverse impact will be created by low flow

augmentation of the Senegal River from the Manantali impoundment.
A7 roxima.:ly 5000 hectares of recession falo land along the river banks will

be permanently lost from inundation.

C.5.2.3. Agricultural Development

The .evelopment of the irrigated perimeter systems within the Senegal
River Bas’r 7ill have a profound and beneficial impact on the River Basin
environment, especially in the agricultural sector. The change from
traditional farming to an intensive, integrated, multicropping culture will

result in the following beneficial long~term, year—round effects:

a) Increased employment opportunities in agriculture and related

act sities as land development is accelerated;

Y  An improved agricultural economy, which in turn will stimulate and

cor’ - 5 Le to the overall national economies;

c) Im- ~ved incomes and living standards for the farmers of the Senegal

River Basin;

d) .1+ .:ase in national food supplies, with increased quantity and

n~ 2 lty of food.

The 255,000 hectares of River Basin land that are designated for
development into irrigated perimeters are being utilized at the present time

by the peasant cul ivators as follows:
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a) ¢ _000 hects :s are in recession agriculture during the months of

Novembe . to March in the walo;

b) 179,000 hectares are utilized as marginal grazing land;

c) 9000 hectares are used for charcoal production.

-n order to adequately assess benefits that will result from the
transformation in land use, a determination was made of projected crop yields
and land values as they would be without the proposed developments. For
compar. -ive purposes, a quantification was made of projected annual yields
and crop values for irrigated perimeters as they are to be developed over the

50-year period after implementation of the proposed developments.,

A comparison of the projected land use value without the implementation
of the proposed developments and the projected value with the proposed
developments indicates that, without a doubt, intensive irrigated agricultural
development in the River Basin will have a beneficial impact of exceptional

magni ude.

Adverse i p: :s will occur during the comstruction of irrigated
pelL .. »ters when there will be a temporary decrease in the income of the
peas: ** cultivators due to loss of walo land. There is the possibility that
this ne~ cive effect can be prevented or mitigated by increasing the amount of

-2ri land to be farmed and by locating other falo areas in order to maintain

a level of subsistence agriculture.

Use « ' for__iltur. L Ciericals = It 1s reasonable to assume that agriculture
che~*-als will ' . uc . .n in .easing amounts as irrigated agriculture expands

and bect °s more intensive in the Senegal River Basin.
As irriget .| agr .culture becomes more widespread in the River Basin,

there : ; a p 3s:» " -y th ° ( =1 age water cont ‘ning fertilizer, pesticide

and/« : herbicide residu- s may eventually percolate into the groundwater table
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or enter the River via drainage water runoff. If or when this occurs, the
magnitude of the effect will depend upon a number of factors, among which

are:

a) Percolation rate;

b)  Exchange capacity of soils;

¢) Rate of aquifer recharge;

d) Concentration of contaminants in the drainage water;
e) Type of contaminants;

£) Whether or not drainage waters are discharged to the River.

Such adverse effects of agricultural chemicals on the River Basin

en .romment w: .1 therefore vary as these factors vary in different areas.

The uz2 of fe_ :ilizers and pesticides, if they are properly chosen and
applied correctly, will be beneficial, as they will maximize the amount and
quality of crop yields and will minimize loss and damage to crops from

disease  :ts an’ p.edators.

Impacts Due to Pests — As irrigated agriculture becomes more intensive and as

new crop species are introduced into the cropping patterns, there may be an
increase ir pest populations that damage crops. The potentials vary from
continuing or i'creased crop damage from birds, nematodes and insects, to
popt” _lon ex] . sions of pests as was seen with rodent populations following
the recent drought. It is not possible, however, to predict the magnitude of

this pro. 'm in the future.

C.5.2.4, Impacts on Livestock

Associate with agricultural management, it is projected by 2028 that
28,250 hectares of the 255,000 hectares to be used for irrigated agriculture
will be placed into forage production. 572,750,000 forage units (UF) will be
produced which will greatly increase livestock production. Approximately
1022 forage units annually are required to maintain a mature cow in the

Basin. Other estimates place the number of available forage units from
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i1..,gation . _viculture at 260 to 311 million. Forage can be used for
fattening cattle in preparation for slaughter, primarily young males from the
range herds. This will leave m .. range space for females of reproductive
age, thereby increasing the e: ‘sctive number of breeding stock without
altering the range load. This change in sex ratios will increase the
frequency of infectious reproductive diseases and alter the age distribution,
increasing chronic diseases. Grouping of cattle from many herds in feedlots

for fattening will increase the transmittance of disease-related pathogens.

Increased irrigation and resulting elevated soil moistures will enhance
the survival of bacterial and parasitic disease agents and improve habitat for

other livestock disease vectors as well.

Increased pressure will be placed on herding activities by limiting
available dry season forage through the conversion of flood recession lands
into irrigated perimeters. This may force herds into marginal and managed
range lands enhancing desertification unless herding activities are programmed

into a Basin-wide land use management plan.

Improved nav »ition on t. e Senegal River will benefit livestock by
decreasing cost of supplies, _y opening up new markets including exportation
possibilit.. i ¢ w . decreasing weight loss during transportation to market,

which is <Z.en « 1te high by the conventional means of trekking.

C.5.3. Proposed Mitigat.._ Measures

Fu._her development of ._:igated agriculture in the Delta region will
requ .e the monitor. ; of groundwater level fluctuations as a preliminary step
to implementing . perly ¢ ;37_ned subsurface drainage systems. Subsurface
drainage systems are recommended for existing perimeters as well as future
perimeters to be developed in the Delta. The economic feasibility of the
drainage systems is conjldered § 'reat enough to even warrant unforeseen costs

if t 1eed to ¢ orb such costs arises.
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C.5.3.1. Agricultural Development

More extensive use of agricultural extension services is considered vital
to the success of irrigation agriculture in the Senegal River Basin.
Extension services must be strengthened to assist farmers in adopting
efficient agricultural practices and maintaining the perimeters. Of special
concern to the extension agent is assisting the farmer in the correct use of

chemicals and fertilizers, and in the control of crop pests.

Use of Agricultural Chemicals - If the development plan for intensive

irrigated agriculture is to be successfully implemented, the use of
fertilizers to maintain and improve crop production and the use of pesticides

to protect crops and prevent crop losses will be essential.

The adverse effects of agricultural chemicals on the environment can be

prevented or minimized by the following:

a) A monitoring program to maintain a continuing check on the quality

of water in the Senegal River in order to detect any changes;

b) Thorough training of farmers in the proper choice of chemicals, the
amounts in which they should be used, proper time and method of
application, and safe handling and disposal of these materials.

This should be a function of the agricultural extension services;

c) Research programs to determine the best fertilizers to use, the
rates at which they are to be employed and application methods

specific to the River Basin;

d) Close and continuing contact with research and other agencies
working to develop more efficient and safe plant protection

programs;
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e) Research programs to determine specific crop pests, disease and
predator problems in the River Basin so that the best possible plant

protection methods can be used.

Measures to Protect Crops from Pests - Past experience shows that unless crop

diseases and insect pests are controlled, productivity of major food crops
(e.g., sorghum, millet and maize) will remain submarginal. As more and more
land is converted from traditional agricultural methods to intensive irrigated
agriculture, the use of carefully selected chemicals for the control of plant
diseases, insects and other pests will be essential if agriculture is to

fulfill its potential in the Senegal River Basin.

Within the past few years, crop protection programs have been started in
some of the Sahelian countries, but there are no programs in the Senegal River
Basin at this time. The U.S. AID-sponsored Sahel Food Crop Protection Project
(SFCPP) is now in the process of implementing crop protection services in the
O0.M.V.S, Member States. As these services are expanded and strengthened, the
peasant cultivators will develop greater dependence upon crop protection. A
ma jor contribution toward the solution of crop pest problems and assisting the
farmers in the selection and use of the proper pesticides can be made by well

trained extension agents.

Nematodes — The control of nematodes requires specific information,
Diagnostic soil sample analyses must be made in a laboratory to determine the
specific nematode, whether it is beneficial or detrimental, and population
densities, before a decision can be made as to whether or not an area should

be treated.

Birds - Control of nri-ance birds is already difficult in the Senegal
River Basin. Protection of the fields from attacks by birds is now usually
the responsibility of children, however, the methods that children can utilize

are usually of little effectiveness.
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The most widely used methods for controlling Quelea quelea (one of the

common bird pests in the River Basin) are to destroy them with explosives or

to spray aerial insecticides on roosting and nesting sites.

With =2:gard to the grain pest, Passer luteus, which inhabits sugar cane

fields, there should be rigid surveillance and an in-depth study of the
problem, because grain production will be important in the irrigated

perimeters.,

P. .sent research is emphasizing the search for an effective bird
repe. lent so that control can be achieved without causing damage to the

nontarget bi 'd populations.

Ro< ..3 — Some rodent control measures can be carried out by the farmers.
The 2 include keeping dikes, irrigation canals and ditch banks cleared of
plant growth, and removing litter from the fields after harvests to reduce

rodent habitat.

Chem: :al co: .rol can also be carried out by the farmers. This control
methc 1in:- "~ 2s the use of poison bait treated with an anticoagulant agent,
which the farmers can place in or around their parcels. This type of rodent
¢~ :rol ' .ogram can be very effective if it is done correctly. It should be
an activirv of the extension service to advise the farmers on how to use this

control method, ¢ . on the proper handling of the chemical.

Cc :inu | Reset¢ 'ch ~ Continued research on the irrigated perimeters is needed

to resolve the saline/water logging conditions of the Delta, to classify soils
and dete¢ . .ne what crops and crop varieties will provide the greatest yields

unc .. tl . given conditionms.

C.. 2. L: restock

One of the main goals of livestock development in the Senegal River Basin
shou . .e to establish an effective extension service to educate the community
on the - - - skills needed and the problems to be faced under the changing

ag! 'cultural patterns and economic system. Under the new agricultural scheme,
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livestock should be allowed to graze during the rainy season while being fed
fodder in the dry season that has been produced from irrigated and natural
forage. Not only will this benefit livestock but it will also take pressure
off the rangelands during the dry season, thereby decreasing the encroachment
of desertification from overgrazing. Such a scheme will decrease the
susceptabilities of livestock to diseases and reduce the number of livestock
abortions. Other goals should be improvement of genetic stocks, increased
emphasis on production of drought resistant herds as well as development of
poultry, and fast breeding rabbits and cobays. Long—rénge plans should be to
reactivate the powdered milk plant at St.-Louis, to construct rendering,
tanning and meat canning facilities near major abattoirs and most importantly

to integrate livestock practices into a Basin-wide land use management plan.

Since increased risk of disease is very likely under the proposed
developments, animal health services must be expanded with emphasis placed on
prevention rather than control including initiation of programs such as
improved nutrition, feedlot and well design, and herdsmen education. Focus
should be on environmental and ecological means of eliminating pathogen

transmission.
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Table C.5 - 1

Environmental Impacts and Proposed Mitigating Measures Associated with Proposed Developments in the Senegal River Basin

Agricultural Development

Factor Creating Impact Mitigating or

Component Impact Description Magnitude Enhancement Measure
Niama Creation of Elimination of saltwater in-
Dam Diama Impoundment trusion; double-cropping

system assured.

Exceptional,

Recharge of Lac de Guiers, beneficial,

Aftout-es-Sahel & Lac R' Kiz long-term and

depressions. year—round

Irrigation of 65,800 ha at

1.5 meter pool level, 98,000

ha at 2.5 meter pool level

of Diama Impoundment.
Agricultural Expansion of Rise in groundwater level Minor to severe® Observation wells & plezometers

Deve lopment

irrigation in
the delta

Irrigation deve-
lopment within
Senegal River
Basin

Agricultural
chemicals

Insects, nematodes,
birds and rodents

perhaps leading to water—
logged soll conditions

Increase in soil salinity,
and reduction in agricultural
production in a one or two
kilometer zone adjacent

to the Diama Impoundment.

Increased employment and im—
proved agricultural economy
will stimulate national
economy, improve incomes &
living standards for farmers,
and increase national food
resources.

Fertilizers will increase
and maintain productivity.

Pesticldes will control crop
pests & maintain production.

Losses in crop production
due to pests.

adverse, long—term
and year-round

*
Minor to severe ,
adverse, long-term
and year-round

Exceptional,
beneficial,
long~term, and
year-round 1f
enhancement
measure is
implemented

Moderate,
beneficial*,
short-term, and
year-round

Moderate to
severe , adverse,
short-term, sea-
sonal

*Depends on extent that proposed mitigating or enhancement measure Is lmplemented.

established to study ground water
level fluctuations for drainage
design—-monitoring system of
ground-water. Installation of plastic
subsurface drainage system in
perimeter parcels.

Use of agricultural extension for all
types of needed technical assistance
assoclated with irrigation agricul-
ture.

Proper storage, handling and use of
pesticides and fertilizers under
guidance of extension agents to avoid
environmental pollution problems.

Control of crop pests & diseases.
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Table C.5 - 1 (Cont'd.)

Envirommental Impacts and Proposed Mitigating Measures Assoclated with Proposed Developments in the Senegal River Basin

Agricultural Development

Factor Creating Impact Mitigating or
Component Impact Description Magnitude* Enhancement Measure
Agricultural Transition period from Temporary loss of income for Hoderate, Provide other lands useable for
Development traditional to irrigated walo farmers adverse, agriculture during the transition
(cont'd.) agriculture. short-term, period.
seasonal
Irrigation Agriculture By 2028, 38,250 hectares of Beneficial Creation of an extension service to
agriculture perimeters placed insure proper management.
into forage production Integrate perimeters into basin-wide
land use plan.
Irrigation Agriculture Alteration of sex ratio Benef iclal/ Creation of extension and educational
favoring females on open Adverse programs.
range. Fattening young Increase nutrition of livestock
males in feed lots on grown thereby decreasing disease
forage will increase effective susceptibility. Creation of disease
number of breeding stock on prevention program. Use of environ-
open range. This impact mental and ecological means of
favors increases in reproduc- eliminating pathogen transmission.
tive and age-related diseases
on range.
Irrigation Agriculture Increased disease transmission Adverse Extension service including education,
in feedlots disease prevention and control.
Irrigation Agriculture Enhanced habitat for disecase Adverse Integration of herding activities into
organisms and vectors by in- basin-wide land use master plan.
creasing soil moisture on
irrigated perimeters
Irrigation Agriculture Increased conflicts with Adverse Integration of herding activities into

herding and irrigated
agriculture in competition
for grazing lands

*Depcnds on extent that proposed mitigating or enhancement measure is implemented.

basin-wide land use master plan.



Table C.5 - 1 (Cont'd.)
Environmental Impacts and Proposed Mitigating Measures Associated with Proposed Developments in the Senegal River Basin

Agricultural Development

Factor Creating Impact Mitigating or

Component Impact Description Magnitude* Enhancement Measure

Manantall Creation of Artificial flood releases to Exceptional,

Dam Manantali Impoundment allow recession agriculture beneficial, -

Agricultural during the transition period short-term,

Deve lopment seasonal
Permanent inundation of Light, adverse,
5,000 hectares of recesslon long-term and -
land along riverbanks year—round

Navigation Improved Transportation Decreased cost of livestock Beneficial Proper institutionalization and
supplies. Creation of new management of navigation to assure
markets including exportation optimum use.

possibilities. Decreased
weight loss of livestock

during traansportation to

markets.

*
Depends on extent that proposed mitigating or enhancement measure is implemented.



C.6. Navigation

C.6.1. Existing Conditions

At present, navigation does not exist to any significant degree in the
Senegal River. The improvement of navigation on the Senegal River between
St.-Louis and Kayes is among the objectives of the 0.M.V.S. development
program for the Senegal River Basin. The measures proposed include the
construction of an entry channel through the Langue de Barbarie south of
St.-Louis, the construction of a lock at the Diama dam, the creation of a
permanent navigation channel between Kayes and Podor and construction of port
facilities at St.-Louis, Dagana, Rosso, Richard Toll, Podor, Boghe, Kaedi,
Matam, Bakel, Ambidedi, and Kayes.

Ce6.2, Impacts of Proposed Developments

The construction and maintenance of ports, the entry channel, the river
navigation channel and low flow augmentation will lead to physical changes in
the Senegal River's flow, sedimentation and erosion regime. In addition,
future navigation schemes will introduce pollutant discharges from ships and

port facilities, some of which are listed below: .

a) 01l and petroleum products;

b) Sewage and waste water;

¢) Garbage and trash;

d) Smoke;

e) Noise;

£) Hazardous cargo, primarily agricultural chemicals such as pesticides

and fertilizers.

Of these pollutants, oil will constitute a major threat to the environment and

could enter the water from the following sources:

a) Discharge of ballast, bilge and tank wastewater:
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b)  Accidents or collisions resulting in ruptured tanks
containing oil:
¢) Spills during ship to port transfers:

d) Accidental discharges from oil storage facilities at the ports.

The environmental impact of pollutants other than oil will only be of
minor consequence, even if no mitigating measures are observed. For example,
it is estimated that, by the year 2028, wastewater and sewage generated from
vessels will exert a biological oxygen demand of no more than 40 kilograms per
day. Compared to the assimilative capacity of the Senegal River and waste
contributions from municipal and industrial sources, the waste load exerted by
navigation is projected to be negligible. Nevertheless, it is recommended
that a regulation be adopted requiring collection of sewage, wastewater,

garbage a~ . - ‘ash on board of ships for later disposal on land.

C.6.3. Proposed Mitigating Measures

The ex-ent of future pollution from navigation in the Senegal River Basin
will depend on the measures taken to avoid accidental or intentional spills of
0il. To minimize the discharges of oil products into the Semegal River, it
will be necessary to adopt and enforce a strict pollution control code. A
brief summary of the most important rules and regulations to be included in

the pollution control code are listed below:

a) Licensing and periodic inspection of all vessels allowed to operate
on the Senegal River to ensure that vessels are designed and
equipped so that accidental spills of o0il are minimized;

b) Training and licensing of crews and port workers in handling oil;

c) Strict regulations regarding oil transfer from ship to port;

d) Accident and collision prevention measures;

e) Spill containment and cleanup program;
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£)

g)

h)

Proper operation of oil storage facilities in ports;

Proper disposal of oily wastes;

A system of penalties to be imposed against violators of the

pollution control code.

Futher development of the proposed navigation code for the Senegal River

Basin is recommended. The code should include environmmental recommendations
from this study, the Inter-Govermmental Maritime Consultative Organization
regulations for transport of hazardous materials, and the 1972 UNDP/OERS
navigation code developed by N. H. Naguilb for the Senegal River and results
from the 1978 Lackner, Dorsch and Electrowatt navigation study. The outcome

of this code should be:

The promulgation and enforcement of a comprehensive pollution code
for riverine and estuarine areas regulating discharge of pollutants

from shipping;

Promulgation and enforcement of navigation safety codes including
ship construction, equipment standards, navigational systems and

regulations;

Enactment and enforcement of port transfer and storage codes
regulating equipment and procedures for the handling of hazardous

materials, primarily oil and toxic substances;

Preparation and operation of emergency abatement measures to contain

and clean up spillage based on prepared contingency plans.

According to the 1978 study by Lackner, Dorsch and Electrowatt,

enforcement of the pollution control regulations for navigation will become
the responsibility of the Directorate of Navigation to be established soon.
Compliance with pollution control regulations should be enforced by the

Directorate through port officers given police power over all navigation on

the Senegal River and Estuary.
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Efficient and environmentally safe navigation will be possible only with
skilled and experienced personnel. At present, such personnel are not
available in sufficient numbers within the three 0.M.V.S. Member States. The
need for a comprehensive training program for future captains, pilots, and

sailors, as well as key harbor personnel, is critical.
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Table C.6 - 1

Environmental Impacts and Proposed Mitigating !easures Associated with
Proposed Developments in the Senegal River Basin.

Navigation

Factor Creating
Impact

Impact

Magnitude of
Impact

Enhancement or
Mitigating tleasure

Emission of oil products
from boats, barges and
port facilities.

Emission of wastewater,
garbage and trash from
boats, barges and port
facilities.

Barge accidents and
collisions leading to
spills of oll or other
hazardous cargo.

0il pollution of river
and estuary.

Pollution of river and
estuary.

Pollution of river and
estuary.

Severe to light, adverse,
and long-term, depending on
implementation of control
measures.,

Light even without
mitigating measures,
adverse and long-term.

Potentially severe and
adverse, perlodically
occuring, and short-term.

Formulation and enforcement of oil pollution
control measures concerning equipment and
operation.

Formulation and enforcement of control measures
calling for land disposal of wastes.

Accident prevention measures:
= Good equipment and operational standards
-~ Well-trained personnel
- Well-maintained river navigation channel and
beaconing system
Spill containment and clean-up.



C.7. Municipal and Industrial Development

c.7.1. Existing Conditions

Most of the 1.4 million people presently living in the Senegal River
Basin reside adjacent to the Senegal River or one of its tributaries. The
River is the source of water for most of these people, both in the urban and
rural areas. Away from the River, rural villagers take their water from
re. ‘ed & floodfed pools or shallow wells., Most inhabitants of the Delta
have wells because of the intrusion of saltwater into the River during
low—flow periods. Also, some Delta villagers have their water brought in by

truck during the dry season as the wells become salty.

The water supply systems that presently exist in the urban c ..cers are
generally in poor condition. Of major importance is the insufficient capacity
of the we er treatment plants, as well as their inability to treat water
properly ' : certain times of the year. Also, the distribution systems in all
the cities, ~xcept St.-Louis, fail to serve all the inhabitants. Therefore,
many people in the urban areas still must rely on we. Ls or the River for

We e

In Rich: J Toll, many people obtain their water from the irriga.lon canal
of " 2 sugar company. As more and more perimeters are developed, t
uns: tary practice of utilizing irrigation canal water for domestic use is

expected to increase throughout the Basiln.

Adequ: .e excreta collection, treatment and disposal are essential for the
existence and maintenance of a good standard of health as well as a desirable
1" "2 style. '+ ] .esent, facilities for dealing with human excreta disposal
within the River Basin are quite limited. There are no community~type
facilities that are considered to be effectively dealing with a sigiificant

portion of the problem.
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Most + .ties in the Basin do not have sewers. For the people living in
non-sewered and rural areas, a variety of excreta disposal methods are
employed. These methods include night soil collection, open field defecation,

latrines and other methods of on-site disposal.

The presence of refuse materials that are improperly stored degrades the
quality of life and the general environment. Refuse serves as food and
harborage for vermin that are vectors for many diseases prevalent in the area.
Presently, the removal of refuse from populated areas to disposal sites is
done too infrequently. Disposal sites are too often located within or
adjacent to the living environments of the people. These practices adversely
affect the health of the people. Without mitigating measures, this problem is

exper d to 7 r.ease in the future with the expected rises in population.

] w in asc.les presently exist in the Senegal River Basin. These

iulus .ies are listed below.

Table C.7-1

Existing Industries

Enterprise Location
o culb 7 ocou Diamou, Mali
Abattoir Kayes, Mali
Gre sudnut decorticating plant Kayes, Mali

Sadiola, Mali
Tomato cannery Saviogne, Senegal

Dagana, Senegal

Ri e mill Richard Toll, Senegal
Ross Bethio, Senegal

Sugar refinery Richard Toll, Senegal

Quicklime pl: _ Richard Toll, Senegal

Plastics ! .nt Richard Toll, Senegal

Fish refrigeration plant St.~Louils, Senegal

Industrial abattoir St.-Louis, Senegal
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It should also be noted that small abattoirs serving villages and small
towns are scattered throughout the Basin. Those located along the river
dispose of their liquid wastes by channeling them into the River while solid

wastes are disposed on the land.

Ce7.2, Impacts of Proposed Development

Expanded agricultural production will lead to the development of
agro-industries to process and market agricultural products. As the economy
of the Senegal River Basin is strengthened, industries other tha. those

«.enciated with agriculture are likely to develop.

Municipal growth and industrial development that are anticip ted for the
Basin will cause a need for additional and expanded physical infr :ruc: res
for water supply and excreta, wastewater, and refuse disposal. @ @ ~hese basic

needs of the 20ple are not met, adverse environmental impacts w__l occur.

Presentl~. the flow in the Senegal River all but ceases each year near
the en” of the dry season. During this period, the water that remains in the
upper reaches of the River exists in pools. The qual’'ty of water in these
pools deteri: '#*=2s as the dry season progresses, because the pools z - : used

daily for washing and bathing.

Fc.l«¢ Ing construction of the Diama and Manantali dams, and subseq. .. :
. “ow . gmentation from Manants *, the water in the Senegal River  stream
of Diama . i1l be useable for human consumption throughout the year. This
.ovement will be a beneficial impact for the people living along the

River.

.tz ' rojected reduction in the annual flooding along the Senegal River
will decrease the ] ~~2ntial for c¢c :amination of wells located wi hin -e
Basin's f nodplain. Flooding will continue in the f-:ure as both a controlled
and uncor :olled eve :. However, it is expected that the reduction : 1
co - L& ion of shallow rural wells will be significant if contamination

resulting from larger numbers of people within the Basin can be contrc’.ied.
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™ - re 1ction in the annual flooding due to the operation of the
Mane cali 1. and the construction of diked perimeters will create adverse
pacts re.: :ed to the recharge of groundwater strata. The majority of rural
wells are sulject to local recharge. The extent of this recharge is directly

rele - to the le 1 of the period of flooding. The length of the flooding

pe: ..- 1s expected to be reduced as a result of the 0.M.V.S. projects. It is
-1 5, that so = of the wells located in the periphery area of the floodplain

will not receive sufficient recharge and will become dry. When this occurs,

it may be necess: , to have » wells deepened or new wells dug.

Each .. =~ .ag the flor the estuary is flushed out by the
flood we¢ .2rs. Wh. ¢. . ..:xurs, the gates at Dakar Bango are opened to allow
‘e’ . ter . Iow _ :0 -: -~ apsar and Djeuss marigots. As the flood waters
begin '~ rec~ :, .re -a-es are closed, storing freshwater for the City of
St ‘wouis. . " .fic ‘on I *i.o River regime in the Lower Delta, due to the

con..cuctlon of .2 Manantali and Diama dams, may adversely impact this water

1

sup ", There is the possi “. "ty that the estuary will not be completely

fLros o =+ . a rage floods after the Manantall dam is in
¢ 2..0°¢ - 12 uJter ! . the Il :r at Dakar Bango could remain saline,
v.eve.: 4, L.o . . . # . 2jeuss marigots from being filled with freshwater
from . 2 estu s uere , making the water supply of St.—-Louis unusable during
L ~t ~a - de

4. .y pop. .« :ons grow, both naturally and due to the 0O.M.V.S.
Ct <8, 1 : 7. .1 be essential that the water supply and treatment

f: 7 i es, as we .l as . e dist 'ibution systems, be expanded or significant

£ .2 . 7 the new p. 1lat:on _11 be without adequate water service.
L : a1 .. a1, the 1ality of water served to the population can only be
e - ‘ Tt . e Ir .. .. as additional demands for water are placed

on .2 syt

YA -

- s r.::sel.wx 1 in the Water Quality Partial Report indicate that the

LS o d e :s of muni /» 1 and ir.u.strial wastes into the
. .negal 7", _. ..l . = re.ler rthe water undesirable as a source of raw water
1, This - . ~ on the assumption that adequate water treatment

-9]-



facilities will be provided. The increase of pollutants into the River will,
however, impact upon the rural users of untreated river water. Consumption of
river water without treatment is considered unsanitary, but it is now the

normal .-actice of the people in the rural areas.

Signi ‘icant increases in population in the Senegal River Basin will cause
a proportional increase in the amount of fecal and solid wastes to be
generated in the Basin and likewise intensify the problems associated with the

proper disposal of these materials,

An- haer concern that must be dealt with and which has the potential of
adversely impacting Basin residents is the removal of solid and liquid waste
materials from the population centers. Resolution of this problem is
essential and should be given high priority. Unless a program is implemented
that will adequately deal with the total solid waste problem, many of the
o~ ~~ral benef’ s to the quality of life within the Basin resulting from the
~ . V.S. programs will be less significant. 1If solid wastes are allowed to
accumulate in neighborhoods, the environment may significantly degrade and
b - th pr ems could occur. Proper disposal of refuse is therefore very

im » :ant and should be dealt with accordingly.

There is the possibility that toxic substances could be introduced into
the , .ver from industrial activities in the Basin. Based on an analysis of
"2 g.7%  .zer characteristics from proposed industries, there is a clear
p . at: -1 for negative environmental impacts from toxic substances. Close
monitoring of industrial wastes will therefore be necessary for the safety and

well being of the people and the environment of the Basin.

The number of air pollution sources and the total quantity of air
po. a1 i .3 will increase within the Basin as existing industries grow and as
in’ stries are developed. Considering air pollution from existing,
~-jed and projected industries on a macro and mesoscale, no substantial
nezxz' .ve environmental impacts are anticipated over the next fifty years.
However, on a microscale, the results of a particulate dispersion analysis

conducted for a few sample industries indicate that negative impacts could
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oc ur. In a’iir’.a, although p cticulate emisslons were the focus of the
di ... ... " &, the. pi lutants that can cause negative environmental
imp ..s onma. .2. jce-- 1 ¢ .. fluorides, hydrocarbons, sulfur dioxides and

r“tro,zn - ¢'2s and other cc¢ ounds.

C.7e35 F. oo o7 I'ltie 7ing_l .usures

A ¢ caile 1 - gineering study should be performed to identify the most
cost effective r- 1t. r ., supplying St.-Louis with water. There are several
. .0 for rech _ ag the Li psar and Djeuss marigots with fresh water from
r_. 11a | reservc -, .. is essential that these studies be undertaken,
comp. “:d and - rec . ad facilities constructed prior to the Manantali dam

L -1 O ziracuaus
program should be undertaken for the purpose of improving the rural

water st i _ies 1 the '._.ver Basin. Present methods and materials used in

Ceus” .+ cion of . .ral wells a:e crude. No casings are provided in many wells,

“h! b perwats Sue 20 ik walls to disintegrate with time. No actions are being

w7 voavers g £oLrrm tf in the vicinity of the well from flowing into
the v = " 118 cor . _:ion causes serious contamination of the water in the
well. ¢ at .. _ _1e of the Basin who reside adjacent to the

. _e . Litia e . ¢ Jaking water directly from the River and the
a.jacent .....y... .1.-5 is not a satisfactory water supply for these people.

A ‘'¢_ am sh L. be instituted to develop new and lnnovative intermediate
technology rele¢ .. 3 tc rural water supplies. The present method of well water

>

re oval by oy u cc :ainers subjects the well to contamination. The use of

c - . . a w1p to transfer water to the surface would be desirable,
hov »» .. Me sho.":i,. of . 2qus _ equipment constrains the use of this type of
installation.

A s 1 ": to evaluate alternate energy sources such as wind
and :. .ar pov.. W..d , <r harnessed by wind mills has proven quite
ef:» - ve In .1 "5 w - in -~ny of the undeveloped areas of the world. The
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programs that are ongoing at the present time in relation to improved rural
water supply should be expanded. These programs should involve education,

technical assistance, and participation in self-help programs.

Detrailed planning should be undertaken immediately in connection with
water supply facilities for the resettlement areas where people displaced from
the Manantali :servoir will be relocated. Water supply systems must be
properly p. inned, designed, and constructed before actual relocation begins.
These facilities must be in place at the time of the relocation activities or
the people will migrate from the resettlement site to an area where adequate
water is available. This migration will place additional stress on the water
systems serving the area to where migration takes place. It is therefore very
important .l : the exact sites of resettlement be selected and construction at

the villages be started as the dams are being constructed.

Water treu:ment plants serving the cities of the River Basin have been
found to be inadequate. This inadequacy relates to insufficient capacity of
facilities to serve the needs of the population, ineffectiveness of treatment
processes in producing water of acceptable quality, and the lack of redundant
fac: .7 :es that are necessary to assure uninterrupted water supply. These
def: ciencies have been indentified, based upon present demands and conditions.
The seriousness of these deficiencies will be compounded because of increased
system demands relating to normal population growth in response to the
0.¥ J.S. development program. It is essential that detailed studies be
initiated for water supply systems from an engineering and economic
p¢ >ecrive to identify water system facilities that should be provided.
These studies should consider the development of short term programs that can

be implemented quickly.

The cities of the Basin should be studied for the purpose of developing a
master plan for collection and disposal of excreta and wastewater. The use of
public comfort stations that are located in strategic points throughout these
cities and the development of effective means for the removal of the collected
wastes from the area is of particular importance. If wastewater treatment
fac: "ities will be needed, lagoons will probably be the most appropriate

technology to utilize.
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Future growth and development of cities will have significant
environmental impacts on refuse collection and disposal. Studies leading
towards the development of refuse plans for all of the major cities of the
Basin are needed. The planning effort should deal with storage, collection,

conveyance, and disposal of solid wastes.

The technology needed to mitigate or prevent adverse environmental
impacts from industries is extremely variable and depends on many factors
including: the product to be produced, the process to be used in production,
and level of output. For the most part, the need for pollution control
technology and the type of facilities to be used in the control of pollution

must be decided on an industry by industry basis.

It is therefore recommended that Basin-wide regulatory provisions be

considered as follows:

a) To require industries to submit facility design and operation plans
for review together with their plans, if any, for handling and

disposing of wastes.

b) To require that the storage and disposal of hazardous solid wastes

be carried out in accordance with approved plans.

c) To require the use of diversion ditches and lagoons to handle

stormwater runoff from manure piles at feed-lot operationmns.
d) To require burial or covering of solid waste if it is determined
that such solid waste would provide harborage and breeding areas

for insects and rodents.

e) To require that solid waste storage and disposal areas be sited so

as not to pose a pollution threat to water supplies.

£) To regulate open burning such that burning activities would not

threaten public health or jeopardize crops and vegetation.
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g)

h)

i)

3

To prohibit the discharge of wastewater that could threaten public
water supplies or could cause fish contamination or fish kills;

and to set industrial wastewater discharge limits.

To define toxic and hazardous wastes and to prescribe treatment and

disposal standards and criteria for such wastes.

To require on-site or in-plant air pollution control facilities
where it is determined that industrial air emissions could threaten
public health or jeopardize crops and livestock; or, in lieu
thereof, require that industrial facilities with problematic
emissions be sited such that they are sufficiently buffered or

separated from people, animals, and crops.
To require the use of erosion and sedimentation control measures

where major earthmoving activities are involved including:

construction sites, agricultural lands, and mining/quarrying sites.
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Environmental Impacts and Proposed Mitigating Measures Associated with Proposed
Developments in the Senegal River Basin - Municipal and Industrial Development

Table C.7-2

Component

Factor Creating
Impact

Impact
Description

Magnitude

Mitigating Measure

Modification of
river regime

Basin-wide
development

Urban and industrial
development

Agricultural and
industrial develop-—
ment

Industrial develop-
ment

Saltwater may not be com-
pletely flushed from estuary
during low floods

Municipal growth and in-
dustrial development

Increases in fecal and solild
wastes and assoclated
disposal problems

Introduction of toxic wastes
to the environment

Increased air pollution

Lampsar and Djeuss marigots
used as water supply for
the City of Saint-Louls

may not be able to be
replenished with fresh
water.

Increased strains on com—
munity services such as water
supply and excreta, waste
water and refuse disposal.

Degradation of land and water
quality and possible in-
creases In health problems.

Possible degradation of land
and water quality and
possible new health problems.

Degradation of air quality
and possible health problems.

Light to
moderate,
adverse,
long-ternm

Moderate,
adverse,
long-term

Moderate,
adverse,
long-term

Light,
adverse,
long-term

Light,
adverse,
long-term

A detailed engineering study
should be performed to
fdentify the most cost
effective solution to
supplying Saint-Louis with
water.

The cities of the basin should
be studied for the purpose of
developing master plans to
help alleviate strains on
comnunity services.

Same as above.
A basin-wide regulatory agency
be developed for pollution

control.

Same as above.



c.8. Socioeconomics

Cc.8.1. Existing Conditions

C.8.1.1. Immigration into and Emigration out of the Senegal River Basin

During the Middle Ages, rainfall in the central Mauritanian Plateau was
twice its present average and settled agriculture was practiced. Pressures
from moving Berbers and increasing desertification forced these sedentary
agriculturists to migrate into the Senegal River Basin. While pressure from
Moor expansion by political-military means has been foreclosed since the
advent of French colonialism at the end of the 19th century, movement south
from the desiccating northern zones has continued and various tribal
communities have developed in the Basin. Tribal groups can be delineated
moving up River from the mouth and include the Wolof, Tukulor, Soninkie,
Khassonkie and Malinkie tribes. The Fulbe people are pastoralists whose

communities lie scattered about the Basin.

Additional factors, such as the peanut economy, fostered by the French in
Senegal, enticed the immigration of Moors into the Senegal River Valley to
accept cash employment transporting peanuts and establishing small businesses.
The people in the Moor communities have since developed into pastoralists,

sedentary cultivators and, in the Delta, fishermen.

Initially, French colonialism and a cash economy slowed emigration out of
the Basin. Some groups, such as Soninkie, were able to expand their area of
influence within the Basin. By the 1940's, continuing encroachment of the
sahelian zone and a failing economy hastened by a decline in French colonial
influence began forcing tribual groups out of the River Basin. By the early
1960's, one—quarter of the world's Tukulor population lived outside of the
Senegal River Basin, having migrated primarily to coastal urban centers, such
as Dakar, where they presently comprise one-eighth of the city's population
and make up the second largest ethnic group. Over 90 percent of the foreign
labor in France that originates from sahelian Africa originates from the

Senegal River Basin. Three-quarters of the sahelian Africans in France are
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Soninkie, and one-quarter are Tukulor and Moors. Immigration of Tukulors
south of Sine Saloum to cultivate peanuts continues to play an important role
in draining the Upper Valley of its work..~-aged males. Villages visited
during this Study were without close to one half of their able-bodied men who

had left seeking salaried employment outside the River Basin.

“th increasing dese) :ification has. ned by activities of man and his
herds, a livelihood in -..2 Senegal River Basin has become all the more
. 'ecarious increas: the rate of emigration from the area. Assuming that
each mi- rant ., rts 3.5 relatives, without the 0.M.V.S. project 100,000
mig. it v 117 > the R'sin yearly by 1980 and 850,000 will leave yearly by

2028. Most of these migrants will be young productive males.

C.8.1.2., le:d..g anc i1:s Related Interna' Migrational Patternms

Migration ' . 'hin the Senegal River Basin occurs amongst herders primarily
in the Mic "Le Vall:y an. Del :a. This internal migration is attributed to
herds of ca i - goat and sheep that are oved about in search of food. The
herders come primarily from the Fulbe and Moors groups. During the wet
seaso , these ¢ oups <2 : the floodplain and head south into the Ferlo Desert
of Senegal or no:.h into the Mauritanian interior. As the dry season
progresses, tl.. gras .5 are depleted and the watering holes shrink, forcing a
re. T L ion - - 2 River to profit from recession farming forage left

behind after ' " e harv.. :.ag of grain crops.
Up> .cal of Bakel in the Upper Valley of the Basin, abundant rainfall,
Cc..:’ . dise: 2 and att:... by = edators has limited pastoral farming and its

“isoc-—-.] migratory life style. Here, farming tends to be more sedentary.

> 1.3. Emp' yment and Liic e

The primary economic activity in the Senegal River Basin is based upon
subsistence food production. Only 20 percent of the population within the

Basin is urban, living in centers of over 5000 people. Of the rural
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population, over 70 percent are involved in farming, the remainder in fishing,
herding and artisanal crafts. Many urban residents, likewise, participate in

subsistence food production.

Half the wealth generated in the River Basin comes from agriculture. In
the Delta, settled agriculture has been possible since the 1960's with
intervention by SAED to resolve problems associated with salinity intrusion
into the soil from the saltwater aquifer. A two-season cropping system exists
in the Middle Valley. Rain-fed dieri farming takes place from July through
September. From October through April, recession farming is the main
agricultural activity. This involves farming the rich floodplains after the
flood waters have receded. Rain-fed dieri farming predominates in the Upper

Valley.

Pastoral herding of cattle, sheep and goats 1s a traditional agricultural
activity in the River Valley. Twenty percent of the wealth in the River
Valley comes from herding. In recent years, the number of cattle grazing in
the Senegal River Basin has fallen precipitously as a direct result of

environmental conditions.

Fishing in the Senegal River Basin is estimated to employ 10,000
full-time and 10,000 part-time fishermen. Fishing is an important seasonal
activity practiced at the time of flood recession when fish trapped in
depressions behind the high banks of the main channel can be easily harvested.
In recent years, reduced inundation of the floodplains has resulted in reduced

annual fish harvests.

Hunting is a traditional meauns of employment and source of protein
throughout the Valley. Animal husbandry is oriented toward conservation
rather than consumption of animals. Hunting is most important in the Upper

Valley, where bountiful game still exists.
Crafts provide useful employment in the off-season agricultural economy.

The most productive artisans are the smiths who, because of demand, often

abandon agriculture., Other crafts include jewelry, woodworking, leather
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8.8« .t Lo + £ cloth.s With its e... .ce into the worl-

~

ecc . ¢ . 7 The .& . _.1in the Basin inclLude t:1loring, masonry,
T...2..... .= ‘e..ry and 'al ing.

b enEd e no. i :xry is very developed in the Senegal River
E 52 - Eu. p» .7 ud . «. .. .1 chains almost completely abandoned their
actl  ties _. _.. ‘. -1 I ..:ly after independence. Each 0.M.V.S. Member
vLite, - 3ve. -~ nt: ns bra _ es of its national commercial house in towns
a ¢ 2 the Ri « "1e 2 Inde. of commercial activi les are individually
v wed " _in °~ ° d ... T“28 such as coffee, tea and sugar. A system of
-~ .8 120 t¢ . frc . .._"2ment to settlement has been established.
c L " e - e v cural Conditions

10Tl . p 7.. . Clan members tracing their lineage from a
common . _. _.me m co. ¢ > groups within each village., Each group
f- ~:*, s asa . : “: ~lic.ce and econ ~ic purposes. In larger villages,
creral ¢ o0 > I u 1 pcesent a ¢. n. Each lineage is headed by its
o’ lc et e .1¢” al fuacto s to dis*r’hute land. Within
<. .h lincwge . a . .. . . .2 exist several compounds. A compound 1s
con: - -~ 7 - w1 :lear families headed by the senior male of the
1: -_e. Etc .o _ ad :waii o> of sons and their families and, often,
b:~trers anc - ... f£f. (11 3. Each compoun works a common agricultural plot.,
These . _ 2 ... - ted in the mi; atory pastoral societies.

320 .. " .on - Bei ... common k: nship ties, there exists a caste
-, . -1 whose . ~_._ . - . zhy: Dbased upon control and access to cultivable
1w The ¢ ue= - .al :1s .thin the caste system in respective order of
> L T T v+ . Jians and ~:ptives. In the last two hundred
- Cave - b~ . has .. z._.ced with 'he freemen. As a result of the
Ci ... .mza, re' ..:ly st " groups cor ol a large portion of the most
produ i : re- - 1d .
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C.8.2. Impacts From Proposed Development

C.8.2.1., Impacts on Immigration into and Emigration out of the Senegal

River Basin

Immigration into the Basin from Proposed Activities — Construction of the

Man .ntali and Diama dams, as well as port and navigation ~ cilities, is
expected to attract people from outside the River Basin. A large percentage
of the skilled laborers and professionals will be expatriate non-Africans who
will depart from the region upon completion of their tasks. Over 90 percent
of the unskilled labor is expected to be drawn from the rural population
around the dam sites. The remainder will come from areas within the 0.M.V.S.
Member States but outside the Basin, or from Guinea. Since construction-
related activities of navigational facilities will take place in or around
urban centers, it is felt that the urban unemployed, who are expected to
immigrate in ever increasing numbers, can be drawn upon for unskilled labor,
decreasing the need for outsiders and leaving the rural population to

concentrate on agricultural activities.

Since construction activities are short term in nature, many of the
unskilled immigrants will return to their families upon completion of their
tasks. It 1is not possible to predict the percentage of immigrants that will
be absorbed into the soclety permanently residing within the Basin.

In the dist icts of Podor and Matam, Senegal and the fifth and sixth
regions of Mauritania, employment needs, particularly in municipalities, will
expand more rapidly than the local populations. Immigration will occur from

outside these districts and probably from outside the Senegal River Basin.

Emigration out of the Basin from Proposed Activities = Overall

development within the Senegal River Basin will decrease out-migration from

the area by providing increased employment. The net result of the 0.M.V.S.

plans of development will be to provide sufficient but disproportionate work
in the urban areas. Emigration out of the Basin will decrease with the

exception of the Ololdou district in Senegal, and the fourth and tenth
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districts of Maruitania, where underemployment or unemployment will force the
continued emigration of the Soninkie males to search for work elsewhere within

the Basin or, as is presently occurring, outside the Basin.

Changes in social patterns may increase emigration. Within the irrigated
perimeters a hectare of land will be alloted to each family. Large families
may pressure older children to emigrate in search of employment elsewhere. On
the irrigated perimeters the role of the women will change from that of a
primary cultivator to a marginal farmer. This role change will cause
disruption of the established family structure and result in emigration of

individuals whose marriages are affected by this occurrence.

In rural  :2as, by 2028, agricultural activities from the irrigated
b. - s will support 1,453,500 people out of a rural population of
4,814,900, Thus, there will be no need for immigration into the Basin for

agricultural activities associated with the planned development.

C.8.2.2. Internal Migration

Disruptio. .f Migrational Movements Related to Herding Activities -

Re_1lated flow and placement of land under irrigation will eliminate much dry
season recession agriculture and pasturage. However, diminished grazing land
“11 rc ult in a loss of only l.17% of the herds by 2028. A major impact of

this development will be to affect the traditional movements of the herders.
Irrigation perimeters, dikes and canals will be restricted from use by the
herds and will act as barriers limiting access by livestock to the River as a
source of water during the dry season. This will force livestock southeast to
Lac de Guiers where overgrazing of lands 1s already feared to be intensifying

desertification.

Migration of herds across the Senegal River will also become increasingly
diffi 1lt. The P rer will remain deeper year round, limiting the areas
suitable for crossing during the dry season. As development takes place,

increasing political and economic measures will force the herders and farmers
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to remain within their designated country of origin. Additionally, overall
development is expected to further change the life style of the herders as

increasing numbers elect to work the irrigated perimeters.

C.8.2.3, Internal Displacement of People

Inundation behind the Diama dam is expeéted to permanently displace 225
to 250 people around Rosso who reside in tents and thatched dwellings. An
additional 3500 people will be permanently displaced by inundation of the
well established villages of La Reau, Dieuk and Oualalan in Mauritania and

Rong, Rhor, Diawar and Thigor in Senegal.

Inundation behind the Manantali dam will result in the permanent
relocation of approximately 13,000 people, mostly Malinke, from 28 villages
and satellite hamlets. Resettlement will take place on 39,000 hectares east
of the impoundment and on 217,000 hectares northwest of the impoundment along
the Bafing river. Unless these resettlements are supplied with adequate food
and water, improved communication to the interior will result in out-migration

from the area.

C.8.2.4. Impacts on Employment and Income

The integrated development program for the Senegal River Basin will
change the existing subsistence economy to a cash economy. Long-term salaried
jobs will develop in navigation, industry, agriculture, government, various
trades and the professions. Employment in fishing, traditional herding,
recession farming and dieri farming will be slowly reduced as the result of
the development program. The net effect will be an overall increase in
employment causing an inflow of workers to the Senegal River Basin rather than

the present outflow.

Employment from Construction of the Diama Dam - Construction of the Diama

dam will provide short-term employment commencing in mid-1979 and terminating

in 5.5 years. After 1985, a small crew will be retained for maintenance and
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op2 i LI «. o+ Co struction will >q "re 6715 man years of unskilled
1. o- 3435 m . years of 1lc .. L skilled labor, ... 1685 man years of

ey v 28k -4 la -

. » average .1ski'1.d ..i.cer will be drawn from the rural sector of the

populace. As an . ‘u . le, the average rural Delta tenant family working SAED

pe. ters - .« - al its , :arly earnings in one month by sending one male to
we ... as an ¢ f 0 1e” . at the Diama d n c¢- ;s;tu :tion site. Because of
t! ls, working age es .0 . .. encouraged to abandon full time activities on

the p.._.n» 2:rs in favor of work as unskilled laborers.

S . ed. : -1al laror will be drawn from the urban sectors of the
¢ ¥ -v; oarning o . i 2. _: of 1,175,000 CFA per year. Greater emphasis will
be ;' .ed on t . inp. tance of the nuclear family which, unlike that of the
unski 1-- labo :r, . ..l accomf ., the skilled employee to the job site. As a
z¢- ', i : 1is estim: '2d that only 5 percent of the skilled laborer's salary
w: .1, ¢~ tl >- 2! fa 1y compared to 30 percent of the salary remitted
by . = average ru..l . ° 7z,
E | T " s _ion of the Manantali Dam - Construction of the
e w7 < 4 _ 'ov.de iu =2nsive short term employment from 1980 until
STy dhadtn To ¢ d DOloyees will be kept for operation and
1oav et a P . ar® ag :yolr. Construction efforts will require
1: 120 man yes - of v _. .. ed labor, 9680 man years of local skilled labor
and & 201 . yer - “ skill. 1 expatriate labor.
Mc~: unsk: .. d 1t o~ ... w: .1 come from the Kayes region and will be close
«. 5,2 <.2.r f¢ "lies . ass.re normal agricultural production by periodic
ti... to we.. .. upervise " 1e fields under cultivation. As necessary, they
wil. . able -  P'>rd : : 1erant replacements in their absence. This is
nmot.x -+, the et 4w _ - ' Soninkie of the Upper Valley. Local skilled
ars wil. . Tom oo 2 .an sectors of the Member State. Remittances of
30 ... .ent . 15 .ceu. 7 the annual salary, respectively, will be paid to
le el WLy T, w2l and skil.od lauoress.
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Effects of Irrigation Perimeters on Employment — Development of irrigated

agriculture will result in losses of traditional employment such as fishing,
herding, recession and dieri farming. However, the net effect of development
will be to provide increased jobs, higher levels of agricultural production
and, as a result, the development of a cash economy with ' the Senegal River
Basin. Most of the workers on the new irrigated perimeters will be drawn from
the local 1wval populations and will return to their extended families at the
end of each working day. This form of agriculture is expected to quadruple
the income of the average rural family who becomes involved in working these

perimeters.

Effects of Navigation and Industrv on Employment - Navigation and

industry will provide an increase in employment in the Senegal River Basin.

By 2028, work will exist directly and indirectly for approximately 72,000 wage
earners at a combined income of 34 billion CFA yearly. For every job from the
formal sector, there will be l.15 additional jobs created, primarily service
related. These will include merchants, masons, repairmen, barbers, butchers,
taxi drivers, etc. Industrial jobs will primarily involve processing
agricultural products derived from the agricultural perimeters. This will
include employment in mills, vegetable canneries, cotton gins, spinning and
weaving mills, sugar refineries, abbatoirs, tanneries, dairy plants and lime

and processing plants.

C.8.2.5. Changes in Social Structure

Changes in the Traditional Social Structure from Construction of the

Diama and Manantali Dams — The major changes in traditional social structure

from construction of the two dams will come about by separation of the
unskilled laborer from his traditional rural extended family. Salary levels
will not permit the rural worker to transport or maintain his family at the
job site, nor will he be at”2: to visit home frequently. Continual conflicts
may occur between the contruction company and the laborer who will require
periodic return visits to the extended family, especially during peak periods
of cultivation. Since the construction job will provide only short-term
employment, the unskilled laborer will look to his rural resources and the

extended family to maintain long-term economic security.
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© . ve.m an :ts from construction will involve the camp society that
.1 be. =2 . . .7 shed at the construction site. The typical inhabitant will
be a - - =2, aged 20 to 30 and coming from a rural uneduc: -ed background. There

* .1 be .o tradit: ue¢. social structure for material a.. = otional support.

An ¢ c:ase in crime can be expected in the construction camps. Likewise,
local . ._.dents may ..come the victims of such activities.

Ch . 2e . Sc:a @ uct. : from Relocation of Villages Inundated by Dam
Ccuw «i"o - "ilco.dior (7 the village communities will cause friction and

1

.. sag,_ _ements ove. -~omtr. . for s thority between various village heads as

ce - ‘'.dies e a7 ! ama- d in! : centralized living environments. Loss of
-~ ~v .18t & . as a ree . of inundation, especially in the Manantali area,
o1l 0T Lewsh v w 0o 7 " the village chiefs who, in the past, relied on
t..2se . .2 . 38 . a. ..s of supernatural reinforcement of their
lez ~ship. 1 :se sy1 " , . : events will ultimately reduce the elders'

oo Lo, ozl 0w et :d co « itles and cause disintegration of the
hi .. b "2 T & 2 . rtructure. In addition, exposure of the younger
pec = . . L. 21 . & .a .. new soclal ideas from improved communications

.0 fu 2 oar dis ot the villige authority system.

*wI 8. o0« _€ :ed o mount between present inhabitants in the
r .. 1. o & " rhe : wly resettled populations. Jealousy and/or a lack

ang .. 3 ...] . a- .se among the older villagers, many of whom will fail

Leooeu 1 4. e 1uwe. o 2nt in wiee ' o, 1les, schools,
ie e .les J .»wd  ven their new neighbors. Many of the people will be
e « aged .. . ~ on .he.. ol.er villages in favor of the more affluent

= { A < Se

P11 ad for I "mg will cause additional problems. Because

of -~ -2 of people, villagers may be required to commute five
I o "e. .+ -va i | their fields. These villagers may relocate their
h~ L_ & L ~ uwra * = ~ mmunity, resulting in a scattered distribution
of . i . ri 'eor .u the : J :ly planned community. Scattered housing will
rest . . 2 o 2ad . aRewno.l. " ve er.iciency of the villages.
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Within the family structure, friction will rise as younger men become
increasingly independent of the extended family from exposure to the cash

economy.

Cultural losses are expected to occur from relocation of communities and
creation of new life styles in the cash economy such as the decreasing
economic and ritual role of hunting as agriculture begins to play an
increasingly important role in supplying food to the communities. Relocation
of villages and the changing life styles will cause a general cultural

impoverishment of the people.

Changes in Traditional Social Structure from Development of Irrigation

Agriculture - Development of irrigation agriculture will result in a decrease
in traditional employment such as herding, decrease in fishing, dieri and
recession farming, and a decrease in corresponding cultural activities
associated with these life styles. Although farmers will be drawn primarily
from the rural sector, there will be some resettlement required. Resettlement
will cause initial insecurity and uncertainty until the productivity of this
innovative agricultural technology is proven successful. Many workers will be
reluctant to resettle in certain sectors, especially the Delta where salty
solls increase dependence on technology and preclude traditional agricultural

practices outside of the perimeters.

Many settlers will be middle-aged, with few elders or men 20 to 30 years
of age. Absence of elders will make it difficult to establish political
authority. The perimeters will be worked by heterogeneous ethnic groups with

different mores and cultures. This may cause further friction.

There will also be a change in the traditional allocation of agricultural
lands associated with the caste system. Under the SAED program, one family,
regardless of class, will be allotted one hectare of irrigated perimeter.
Members of the clerical caste who currently hold most of the land feel that

irrigation lands should be allotted in proportion to the amount of traditional
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(23

.al . s, T - _ oal. s _. cily one hectare is

av: 1 _ . I 1y, many ¢ led families may become disrupted as young,
& lo . >:d men w:11 be £ ..ad to look for work elsewhere.
it ~. ot ower . €1 - ture, distribution of the land has been tied to
“ul . zance. . ‘'cellf g o.: portions of an allotted hectare of irrigation
Li . o, dinheri  _¢ ¢ .37t in ineffective quantities of land to support a
fi vy, 1., “=. .y «.stil’ _Led parcels owned by one person. Such dividing
of . * is not f. . to be ¢ licive to optimum production. In the past,
r nodic redistryr =+ .« : of land in the irrigated perimeters has been practiced
L sege i1 o 2. As a resu , the tenant farmer has failed to
w .. dvdin. .. ep, 2ar ... and product 'on of his allocated plot. Under
a3 1, :"rm al . :on ! perimeters as planned by SAED, these problems will
“rua ed, 1 5 1 » -~ ecommended that an undivided inheritance system
U ol . ' :S 1. newly created perimeters may then be allocated

T (S| p ~on of .o family.

As a result of these c. “rol measures, farmers at the agricultural peri-

o v bl L ¢ lai_2 - _iee of their independence that existed under their

ac .f . «l 1i7 . styles. .hey will farm under regulations set down by govern-—
me  a _hv_._t... .the Il by village elders or the extended family. They
vP 2 1 told what to | >luce . _ many may be required to limit traditional
ac i ac. s such ¢ l:-_, fishing or other forms of agriculture.

1 .« . & :isan c. Its may also be affected, especially by the double
ool R D 11 the 1. 'igated perimeters. At present, most artisans
Ceak ot cultive «. .ng 1 < rainy season and artisans at other times of
I . .. s wc _.g the irrigated perimeters will be forced to pursue
[T O A o hire others to work the land for them while
! Lt Livaec .t . glve up working the irrigated perimeters
all. ~h.o. I 1is expectel t 2re will be a decline in craft activities as a
res. - - “on develo] er :.
-109~



Changes in the Traditional Social Structure from Navigation and

Industrial Development - Industrial development and navigation will draw

people into an urban setting. Under these conditions the . nfonomous nuclear
family will be favored over the extended family. This will result in a number
of political and social problems. Entrance at an early age into a cash
economy will cause a decrease in authoritative control by family elders as
youth become economically independent. The choice of a spouse will be more
individualistic, whereas traditionally, wives have been chosen by a council

of family elders. Ethnic and caste boundaries will tend to disappear as
economic disparity decreases and intermarriage takes place. There will be a
tendency towards cultural homogenization under the new urban settings in the

Senegal River Basin.

Urban property is also predicted to increase as job hunters quickly
surpass available jobs. This will place a heavy burden on housing, health
facilities, markets, water supplies, waste disposal, schooling, public safety
and food supplies. Because a high amount of urban unemployment will exist,
activities will occur that are atypical of the immigrants' rural setting, such

as prostitution, burglary, petty theft and crimes of violence.

A decrease in traditional crafts may result in cultural impoverishment of
the area. As a cash economy develops and the standard of living rises, many
salaried workers will prefer imported goods. Leather craft, woodwork and
pottery imported into the Basin from abroad will be preferred over the local
products. Imported cloth from Dakar or abroad will outsell local handmade
fabrics at cheaper prices. Certain patterns of cloths will be retained for
local use during ceremonies and festivals. Jewelers' handicrafts will rise
in demand. The traditional troubadors will still be used in certain rituals

but there will be less demand for them in the urban setting.

Cc.8.3. Proposed Mitigative Measures

Three sets of activities for enhancing and mitigating socio-economic

impacts have been identified and include:
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Table C.8 - 1

Socioeconomics

Environmental Impacts and Proposed Mitigating Measures Associated with Proposed Developments in the Senegal River Basin

Component

Factor Creating
Impact

Impact
Description

Magnitude

Enhancement or
Mitigating Measure

Construction
Related

<11~

Construction

Construction

Competition for workers
between construction
activities and agri-
culture.

Search for salaried
employment

Bringing together young
males into a situatfion
where the authoritative
structure of the village
and extended family 1is
absent

Drawing labor away from
agriculture in favor of
salaried job in construction
of dams, navigation, and
other development activities.

Many individuals will be
willing to travel long
distances and break Ilmmediate
family ties to obtain salary or
high paying wage. This will
place much stress on the
traditional family structure.

Increased crimes such as
theft, crimes of violence and
the social problems assoclated
with an unstructured disrupted
life style.

Moderate, adverse,
short-term

Moderate, adverse,
short—term

Moderate, adverse
short-term

Government regulation of wages of
agricultural workers at levels high
enough to competitively pay itinerent
labor to work land.

Draw construction workers living near
construction site so can work agri-
cultural plots in free time & cut
loss of production to minimum.

Hire nearby, urban unemployed,
leaving agriculturalists to work
land.

Plan construction activities so
that peak periods of labor coincide
with periods of light agricultural
activity.

Develop quasi-permanent group of
construction workers to reduce dis-
ruption from recruitment.

Recruitment in Iimmedtate vicinity of
construction site.

Provide transportation from certain
key points to job site.

Hire workers principally from
immediate area so they can return to
families each evening.

Encourage workers from outside the
reglon to set up living quarters {in
nearby villages.
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Table C.8-1 (Cont'd)

Environmental Lmpacts and Proposed Mitigating Measures Associated with Proposed Developments in the Scnegal River Basin

Socioeconomics

Component

Factor Creating
Impact

Impact
Description

Magnitude1

lnhancement or
Mitigating Measure

Construction
(continued)

Construction

Irrigated
Perimeters

Road
Construction

Implacement of
Proposed Dams

Creation of
Reservoirs

See previous page

Several thousand
construction workers
disrupting village
and community
atmospheres.

Elimination of land
from cultivation during
the irrigated perimeter
construction period.

Displacement of Saint
Louls - Nouakchott
traffic to Diama

Inundation of villages
and scattered homes

that lie behind the
Diama and Manantali Dams

Resettlement of people
from inundated areas.

There will be a disruption

of the serenity of wany
communities by influx of con-
struction workers. Local
residents may become victims
of crimes associated with
these activities.

Decrease in available food for
local consumption during this
interim period

Loss of 300 to 500 jobs from
traffic diversion in the
village of Rosso, Senegal

The inundation of villages and
scattered homes located behind
the two dams displace large
numbers of people from their
settled life styles and result
in a permanent loss of their
homes.

Decline in authority & social
stability of relocated
villagers whose homes will

be lost from inundation.

Light, adverse,
short~term

Moderate,
adverse, short-
term

Severe, adverse,
short or long-
term

Severe, adverse
long—term

Moderate, adverse,
short or long-term.

In isolated places, such as Manantali
site, put up housing at the resettle-
ment villages to be inhabited during
construction by the labor force.
Provide good meals, recreational
areas, mosque, post office and other
needs conducive to a civilized
atmosphere.

Dispersion of construction workers to
a number of communities.

Stock piling of grains by the govern-
ments. ‘

Give Rosso priority for installation
of industrial facilities.

Relocation of villages, homes and
people to higher grounds ocutside
fmpoundments.

Give villagers flexibility in making
decisions. Immediate selection of
chiefs of new consolidated villages
is recommended.
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Table C.8-1 (Cont'd)

Enviromsental Impacts and Proposed Mitigating Measures Associated with Proposed Developments in the Senegal River Basin

Socioeconomics
Factor Creating Impact Enhancement or
Component Impact Description Magnitudel Mitigating Measure
Creation of Resettlement Tension between relocated Moderate, adverse, Build wells in old & new villages.
Reservoirs villagers and population short-term Locate schools so as to benefit old &
already existing at resettle- new villages.
ment zones. Provide older inhabitants with access
to durable construction materials
for homes.
Creation of Resettlement Cultural losses from Moderate, adverse, Allow hunters and religious figures
Reservoirs resettlement long-term to be important volices in site selec-
tion of new villages, permitting
trangplantation of their functional
roles to new villages.
Creation of Resettlement Migration of people away Moderate, adverse, Develop resettlement sites on

Reservoirs

Irrigated
Agriculture

Integrated
Development
In the Scnegal
River Basin

Development of

Irrigated Perimeters

Integrated Development

from resettled areas.

Resettlement of people
assoclated with the loss of
recession lands that are
planned for incorporation
into agricultural perimeters

Residential Instability

short-term

Severe, adverse,
long-term

Moderate, adverse,
long-term

schedule.

Water & food and houses or materials
for construction should be readily
available.

Economic expectations of new
inhabitants must be met.

Locate irrigated perimeters to avoid
unnecessary resettlement.

In delta, postpone development of
irrigated perimeters until technical
problems solved by SALED to assure
profitability of working perimeters
before resettlement takes place.

Assure development occurs near pop-—
ulation centers, when possible,
Spread development proportional to
needs of population among the 10
districts.



Table C.8-1 (Cont'd)

Environmental Impacts and Proposed Mitigating Measures Associated with Proposed Developments in the Senegal River Basin

Socioeconomics
Factor Creating Impact Enhancement or
Component Impact Description Magnitude1 Mitigating Measure
Transportation Roads near Diama Uncontrolled development of Light, adverse, Establish government agenciles within
development housing and other structures long—te. Senegal and ! uritania to control
along road. roadside activities
Agriculture Irrigated perimeters, Loss of forage and grass lands Moderate adverse, Placement of 14.5% of irrigated
industrialization, for cattle, sheep, and goats long—-teui, perimeters in forage production
urbanization, decreased from conversion to irrigation
flooding agriculture, affecting lives Use of by-products from other crops
of herders. for forage.
Allot herders working plots within
perimeters.
I Agriculture Irrigated perimeters Physical blockage of Moderate, adverse, Establishment of cattle corridors
:: Urban and & villages traditional migratory herd long—-term to allow access to the Senegal River.
w Industrial routes to the Senegal River
i Development during dry seasons. Pumping of we er to specific sites
where herds can obtain water.
Agriculture Government control of Increased dependency of Moderate, adverse, Place priority on small perimeter

Agriculture

agricultural perimeters

Urban development

tenant farmer on government.

loss of rural farmm labor on
agricultural perimeters due
to attractlon to salariled
jobs {n the urban areas.

long—term

Hoderate, adverse,
Llong-term

development.

Permit tenant farmer his cholce of
crop in part or in whole on his plot
during the off-season.

Increase tenant farmers' responsi-
bilities for construction and
maintenance of irrigation works,
inputs into cultivation and marketing
outputs, and coordination of these
activities with government.

Provide government flexibility in
soclal organization of production.

Reduce wages of urban employees.
Expand tenant farmer's share in
benefits from irrigated perimeters.



Table C.8-1 (Cont'd)

Environmental Impacts and Proposed Mitigating Measures Associated with Proposed Developments in the Senegal River Basin

Socioeconomics
Factor Creating Impact Enhancement or
Component Impact Description Magnitudel Mitigating Measure
Agriculture Irrigated agriculture Loss of traditional Moderate, adverse, Organization of collective group of
agricultural roll of women long-term women who will be allocated parcel
due to development of intensive of {rrigated land for cultivation.
{rrigation agriculture.
Develop new occupations for women.
Agriculture Irrigated agriculture Increased disruption of Moderate, adverse, Develop new occupations for the
extended family because of in- long-term unemployed.
sufficient work on agricultural
perimeter. Older unmarried sons involved in
surveillance of cattle.
Older sons given priority considera-
tion for hiring as agricultural
| extension agents.
—
g Basin-wide Changing life styles Overall decrease in crafts from: Moderate, Creation of centers for artlsans to
ﬁh Development a) Change to cash flow economy; adverse, work, sell crafts and develop
b) More employees working to long-term tourist trade.
create fmportant goods;
c) Less use of certaln crafts
and rituals in urban sectors
than in rural areas;
d) Replacement of traditional
crafts by highly skilled
jobs.
Basin-wide Urbanization With Industrialization and Severe, Enact zoning regulation.
Development increased jobs in the urban adverse, Provide following municipal services:
areas the populations will long-term a) Water supply e) Fire protection

expand, placing increased
pressures on the government
to provide planning and
other municipal services.

b) School f) Street planning
¢) Public safety g) Waste disposal
d) Health care

Regulation {n construction of public
housing.
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Table C.8~1 (Cont'd)

Envirommental Impacts and Proposed Mitigating Measures Assoclated with Proposed Developments in the Senegal River Basin

Socioeconomics
Factor Creating Impact Enhancement or
Component Impact Description Magnitudel Mitigating Measure
Industrialization Development of better Creation of new jobs loderate, Keep operations at a labor intensive
& Navigation inland navigation, and beneficial, level.
industry long-term Keep salaries high.
Enact legislation to protect
interescs of workers in their jobs.
Promote trade union organizations to
provide job security.
Fisheries Dam construction Decrease in annual fish Severe, Increase importation of marine fish
Production: Food and harvests. adverse, into the basin from artisanal and
Jobs long—term industrial fishery.
Fish culture coordinated with
agriculture.
Management of existing fishery.
Better preservation and storage
methods.
Supplement losses of fish with
increased agricultural products.
Reduction in the number of Severe, adverse Allot fisherman agricultural plots,
jobs avallable to fisher-— long-term
man
Agriculture Irrigated perimeter Loss of access to river by Moderate, Assure that open corridors are in-
development, herds from physical barriers adverse, corporated into development
urbanization, and such as dikes, agricultural long—term strategies so herds are allowed
industrialization plots, and villages access to the river over traditional

routes of travel.

I Magnitudes of impacts depend upon the extent

that enhancement/mitigative measures

are implemented.



C.9. Public Health

C.9.1. Existing Health Conditions

The health picture for Senegal River Basin communities is that of a
population where the principal burden of disease resides on infants and young
children. The diseases are almost exclusively infectious in nature. The
infectious agents are mainly airborne and fecally related. These, together
with malaria, represent the vast majority of infections. Malnutrition is
prevalent in young children and undoubtedly plays an important role in
increasing susceptibility to infection. It contributes, therefore, to the
prevalence and virulence of infectious diseases and to the high morbidity and
mortality rates of infants and young children. Older children and adults
appear to be relatively healthy, with the exception of child-bearing females

who show some degree of anemia although they are adequately nourished.

Malaria is an important health problem in the SRB. It is cyclic in
nature, with transmission mainly limited to the rainy months. With the coming
of the rains there is increased vector mosquito breeding and biting activity,
favoring increased malaria transmission. With the return of the dry season,
transmission virtually ceases. The magnitude of malaria in any given rainy

season 1s directly related to the amount and duration of rainfall.

Malaria endemicity is lowest in the Delta and lower half of the Middle
Valley, which receives the least rainfall. It is higher in the upper Middle
Valley, which receives more rainfall, and highest in the Upper Valley, where
the rainy season is longest and rainfall is most abundant. In the Delta and
lower Middle Valley, it ranges from hypoendemic (0 to 9% infected) to
mesoendemic (10% to 497% infected). In the Middle Valley from meso- to
hyperendemic (50% to 747 infected) and, in the Upper Valley, it rarely drops

below hyperendemic levels.

Where malaria is hyper— or holoendemic (+75% infected), adults and older

children suffer relatively little from malaria infections. Children from 6
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The classical epidemic diseases: plague, yellow fever, meningococcal
meningitis and cholera appear to have been quiescent in the Senegal River
Basin in recent years. Trachoma occurs, but evidence suggests that it is not
widely prevalent. Advanced stages of these diseases do not appear to be

common in the SRB.

Several airborne diseases are major health problems in the Basin,
especially among children. Measles, tuberculosis, and whooping cough
(pertussis) are the most significant causes of diseases associated with the

respiratory tract.

Nutritional disorders are prevalent in children under seven years of
age, although severely affected children are uncommon. Fecally transmitted
diseases, particularly intestinal infections, poliomyelitis, tetanus, and
intestinal worms, are not a major cause of illmess in infants and young

children.

Tuber :ulosis is not as commonly seen as anticipated, but in view of the
widespread malnutrition in children it must be considered an important
disease, Leprosy occurs throughout the Basin, with Infection being most

prevalent in Mali. It must be considered a health problem of importance.

An interesting if somewhat ominous pattern appears to be emerging
regarding treponematosis infections. As a contagious nonvenereal infection,
endemic syphilis is a disease of children. The vast majority recover without
treatment or serious sequelae. Once recovered, they are resistant to venereal
syphilis. Endemic syphilis, once ubiquitous in the Basin, has been virtually
eliminated in recent years because of WHO-sponsored treatment campaigns. This
has resulted in a steadily increasing percentage of the population reaching
the age of sexual activity without immunity to venereal syphilis. As a
consequence, the more virulent venereal syphilis is replacing endemic
syphilis. Neurologic and cardiac complications as well as congenital
infections, which characterize venereal syphilis but do not occur with endemic

syphilis, will probably become more prevalent in the Basin.
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population, the adverse impact on health may not be great. Schistosomiasis
transmission in the Delta, currently insignificant, is not expected to show

much change with the construction of the Diama dam.

Onchocerciasis will disappear from that sector of the Bafing River to be
flooded by the Manantali impoundment. Downstream of the dam, along the Bafing
and Senegal River to the Kayes area, the disease will become more severe., The
overall adverse impact on health by changes in onchocerciasis will be small.
In addition, the WHO is planning a vector control program for the
blackfly-infested portions of the Senegal River Basin. An effective control

program could eliminate onchocerciasis if the program is maintained.

Arboviral diseases, trypanosomiasis and leishmaniasis, probably will not
be significantly affected by proposed developments, It should be noted,
however, that the available information for arboviruses is inadequate for

unqualified predictions.

The Diama impoundment will provide an abundant, year-round supply of
freshwater for many communities. This will positively affect the health of
these communities. Resettlement, in-migration and urbanization could, on the
other hand, result in increased transmission of both fecally related and
airborne diseases, particularly during the construction phase of the program.
However, development of properly constructed and maintained water supply
systems could result in a net decrease in prevalence of fecally related

disease.

The reduced availability of freshwater fish due to a drop in the
estuarine fish populations and the loss of major fish breeding sites in the
floodplain could have a negative impact on nutrition. This could be offset in
the future by the increased productivity of irrigation agriculture. Increased
fish harvests in the Manantali impoundment will have a positive impact on the

nutrition of Upper Valley communities.
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Family income of River Basin communities will rise as irrigation
agriculture expands. This will make it possible for families to improve the
quality of nutrition and housi gz, and at the same time provide the means for

supporting better community hesich care systems.

C.9.3. Proposed Mitigating Measures

The plan of action to mitigate projected adverse changes in public health
emphasizes prevention and local treatment of health problems rather than
large-scale treat: :nt or jease control programs. A malaria eradication
program, for instan 2, is considered to have unproven effectiveness and is too
costly in view of the health benefits that would be gained. On the other
hand, ways to inhk.oit disease transmission are available primarily by
improving hea’ .1 education at the community level and providing the proper

construction of dams, wices, irrigated perimeters and related infrastructure.

Recommended meas .res to in "bit disease transmission that are not under
the authority of health . .n_stries and public health professionals are as

follows:

a) Planning and provi. ilng water supply and waste disposal facilities to

large population cenlars;

b) Ewed e _.ng o 3: ;. ~nt of villages in Mali to be permanently
inundated by the Manantali impoundment away from waters that may be

infested with sn:¢ .1 vectors;

c) Tre o o7 mari. . fish into the Basin, proper management of the
natural Basin fishery, and introduction of fish culture on irrigated
perimeters in or- :r to supplement the projected loss of riverine

fish £ >m the huma diet;

d) Construct: . ar . m . ... . e of " ."gation and drainage canals to

discourage aquatic pl.nt gro...;
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e) Judicious selection and use of pesticides.

Recommended actions that would be under the authority of health

ministries and health professionals are:

a) Establishment of a community-level, primary health care system;

b) Development of a health monitoring program;

c) Implementation of an onchocerciasis control program by using

pesticides to regulate blackfly vector populations;

d) Conducting medical examinations of dam construction workers prior to

their employment;

e) A sociological study to adapt the primary health care program to

local cultures and traditions;

f) A nutritional study to evaluate protein and caloric availability
starting with an examination of potential agricultural production

and comparing potential production to the needs of the people.

A community-level primary health care system is recommended so that
curative and preventative health services can be provided to as many people in
the Basin as possible. This system could be based on the "health hut" and
"health post” concepts. Speclfic functions of a health hut will include:

a) Handling of common health problems that are easy to treat;
b) Providing health education to villagers to improve a person's
understanding of diseases and to explain and encourage nutrition and

sanitation practices that can prevent health problems from

occurring;
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c)

d)

Providing services, such as special care of children and

child-bearing women, to prevent various health problems;

Providing public health agencies with disease surveillances and
other health information needed to monitor public health in the

Basin.

Primary health care recommendations also include the provision of health

and sanitation facilities at the Diama and Manantali construction sites.

An effective health monitoring program in the Senegal River Basin could

survey changes in disease patterns. Specifically, responsibilities that can

be handled by a health monitoring program include:

a)

b)

c)

d)

Securing methods for detecting changes in disease patterns;

Monitoring of disease infection rates and transmission potentials by
reviewing information from primary health care facilities and

employing monitoring technlques;

Assisting in defining health protection requirements at construction

sites, municipalities, health posts and health huts;

Evaluating the needs for special studies such as the need for a
study to show effects of the construction of the Manantali

impoundment on snail populations infected with schistosomes.

An onchocerciasis control program proposed for funding and implementation

by the World Health Organization could help to control the spread of this

disease.

Physical examination of construction workers is recommended prior to

hiring workers for employment at dam sites in order to reduce the chances of

spreading diseases.
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Table C.9~1

Public Health

Environmental Impacts and Proposed Mitigating Measures Assoclated with Proposed Developments in the Senegal River Basin

Component

Factor Creating
Impact

Impact
Description

Magnitude

Enhancement or
Mitigating Measure

Diama
Dam

Diama Dam

and
Manantali
Dam

Manantali
Dam

Creation of

the Diama Impoundment

Creation of salt-
water barrier at
Diama together with

regulated dry season

releases of water

released at Manantall.

Resettlement of
villages to be
inundated by the
reservolr.

Drainage problems at
several villages in the
delta,

No increase in malaria
prevalence in delta and lower
valley.

Increase in transmission of
arboviral diseases due to in-
creases in vector mosquito
populations in the delta.

Increase in population
densities of schistosome-
carrying snalls.

Provision of increased
amounts of year-round

fresh water supply up~
stream of Diama.

Loss of amounts of fish
in the delta and river
valley.

Lack of water supply and
waste disposal facilities
In resettled areas.

Adverse and year-
round. Extent

and duration of
impact depend on
implementing
mitigating measures

None

Slight, adverse,
long-term
and year-round

Possibly moderate,
adverse, long-term
and year—round

Moderate,
beneficial,
long—term and
during the dry
season

Light to moderate
depending on miti-
gating measure
{mplenmentation,
adverse, long-
term and year-
round

Adverse and year-
round, extent

and duration
depend on miti-
gating measure
implementation

Encourage resettlement if necessary.

None

None

Public Health monitoring

None

Transported marine fish into the basin
to supplement sources of fish protein
particularly during first few years
after construction of the dams.

Provision of water supply and waste
disposal facilities.

Incorporation of villages into the
primary health care system.



Table €.9-1 (Cont'd.)

Environmental Impacts and Proposed Mitigating Measures Assoclated with Proposed Developments in the Senegal River Basin

Public Health

Factor Creating

Component Impact

Impact
Description

Magnitude

Enhancement or
Mitigating Measure

Creation of Manantali
Impoundment.

Manantali Dam
Cont'd.

=121~

Releases of waters
to the Bafing River
downstream of the
dam when reservolr
is not filled.

Increased fish supply
upstream of Manantali Dam.

Increase in numbers of snaill
vectors necessary for
schistosomiasis transmission.

Reduction in onchocerciasis
transmission upstream of
Manantali dam.

Increase prevalence of
trypanosomiasis vectors
(tsetse fly) and arboviral
diseases (certaln mosquitoes).

Increase in blackfly pop-
ulations that transmit
onchocerclasis.

Moderate in
reservolr area
beneficlal, long-
term and year-
round

Light, to moder-—
ate,l adverse,
long~term, and
year—round

None

Reduce snail-to-human contact by re-
settling inundated villages away
from impoundment.

Public health monitoring.

Moderate,
beneficial,
long—term

and year-

round for
communities near
impoundment

None to light
depending on
environment,
adverse, long-term
and year-round

Moderate, adverse
long-term and
during the dry sea-
son from Manantall
to the Kayes area.

Public health monitoring.

Public health monitoring.

Implement onchocerciasis control pro-
gram as proposed by the W.H.O.

lHugnltude of impacts depends on unknown environmental factors and the extent recommended

mitigacing measure(s) will be employed.

h--l pm— — ]
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Table C.9-1 (Cont'd.)

Environmental Impacts and Proposed Mitigating Measures Assoclated with Proposed Developments in the Senegal River Basin

Public Health

Factor Creating
Component Impact

Impact
Description

Magnitude

Enhancement or
Mitigating Measure

Agricultural Crop production

Deve lopment

Construction of
additional irrigation
and drainage canals
and rice fields.

Increase in food supply in
the river valley, reducing
malnutrition, particularly
in children.

Increase in malaria trans-
mission at larger and more
numerous areas of standing
water,

Change in prevalence of
snall vectors necessary for
transmission of schisto-
somiasis.

Change 1in prevalence of
mosquito vectors that
transmit arboviral
diseases.

Exceptional,
beneficlal,
long-term and
year-round

Light in the
flood plain,
particularly
during dry sea-
son, adverse,
long-term and
year-round
throughout the
flood plain

None to moderate;
uncertain due to
unknown effects on
snail populations,
possibly adverse,
long-term and year-
round

None to light;
uncertain due to
unknown environ-
ment effects
possibly adverse,
long-term and
year=~round

A nutritional study to evaluate
present and future protein aand caloric
availabilities.

Ef fective construction and maintenance
of canals.

Development of a primary health care
system.

Public health monitoring.

Public health education via primary
health care.

None
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Table C.9-1 (Cont'd.)

Envirommental Impacts and Proposed Mitigating Measures Assoclated with Proposed Developments in the Senegal River Basin

Public Health

Component

Factor Creating
Impact

Impact

Description

Magnitude

Enhancement or
Mitigating Measure

Agricultural
Development
(cont'd.)

Municipal
Development

Use of Pesticides for
agricultural purposes.

People living in

larger communities
particularly at existing
populations centers and
dam construction sites.

Long-term ingestion of
pesticides from air,
water and crops.

Increase in disease
transmitted among

humans.

Light, adverse,
long-term, and
year—round

Light to severe
depending on local
conditions and im-—
plementation of
mitigating measures,
adverse, long-term
and year—round

Avoidance of unnecessary use of
pesticides.

Installation and maintenance of water
supply and waste disposal systems;
establishment of primary health care
systems.

Physical examinations of construction
workers prior to employment in the
basin.

A soclological study to adapt the many
health care programs to local
cultures.

Primary Health Care.



C.10. Fisheries

C.10.1. E> sting Conditions

C.10.1.1. Riverine Fishery

With less than one percent of the Senegal River Basin presently under
development, the fishery exists in a natural state regulated by two climatic
extremes, the wet and the dry seasons. During the wet season, from August
through December, the Middle Valley exhibits characteristics of a freshwater
fishery relying upon inundation of floodplains to replenish the fish stock by

providing habitat for breeding and as a nursery for various species.

During the dry season, the river gradually subsides, forcing the fish
populations to leave the floodplains and to concentrate in the main channel of
the river. All freshwater fishes caught are consumed, including zero-year
class fishes (fish under one year of age). The more important fawn..ies of
freshw Zer fish consumed include Osteoglossidae, Mormyridae, Characinidae,
Citharini lc 2, Cyprinidae, Clariidae, Schilbeidae, Bagridae, Mochocidae,

Cichlidae and Centropomidae.

Wi .2 'he receding waters of the rainy season, a salt wedge develops,
moving up river from the mouth as far as the Doue Marigot at Podor. The
estuarine conditions that are created by this phenomena are critical to fishes
whose 71Fe cycles are tied to the salinity regime. These fishes include

important spc:ies such as Ethmalosa fimbriata (African shad), Tilapia

quineesis, Sarotherodon melanotheron heudelotii, Mugil spp. and Liza spp. The

African Shad is only a small contributor to the commercial marine fishery but
is important in the artisanal fishery at the mouth of the Senegal River.
Invertet ates whose life cycles are tied to estuarine conditions include the

crab, Callinectes spp., and the shrimp, Penaeus duorarum.

To allow a comparison with projected changes in the fishery expected to

result from Basin development, present, annual fish harvests have been
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Table C.10 - 1

Annual Fish Harvests In the Senegal River Basin Before and After
Various Levels of Proposed Development,
Assuming an Average Flood.

Metric Tons of Fresh Fish Per Year

Lac de Lac R!' Aftout-es-— Diama Senegal Manantali
Yiar Guiers Kiz Sahel Reservoir River KEstuary Reservolr
1978l 2,250 -_— 5 7,500 4,000 —
19862 2,750 1,200 5,000 4,500 (7 ——
19873 2,750 1,200 5, 000 4,500 (7 4,000
20024 2,750 1,200 5,000 4,500 )] 3,000
20033 2,750 1,200 5,000 4,500 ) 3,000
20286 2,750 1,200 5,000 4,500 (7 3,000

Floodplain

Total

1)
2)

3)

4)

Present Conditions.

Diama Dam complete., FEstuary fishery is lost;

increase in harvests occurs due to recharge of
natural impoundments, some floodplain area is

lost due to agricultural development.

'fanantali complete. Significant loss in floodplain
fishery due to artificial flood and continued agricultural
development.

Same as in 1987 with continual loss of floodplains due to
agricaltural development.

5)

Discontinuing artificial flood results in
significant loss of floodplains area.

6) Same as 2003 with continued loss of floodplain
area due to agricultural developaent.

P Estuary fishery as it presently

exists will be destroyed.



population of the Basin which is projected to increase from its presently

estimated size of 1.7 million to 2.9 million by 2000 and to 6.3 million

a 17:ats by 2028.

C.10.1.2. D: "vzibution of Marine Fish to the Senegal River Basin

In addi :ion "~ fish supplied from the sources mentioned above, fishes of

marine origin are . trketed in the Senegal River Basin pr’ .rily from the

¢ . .i1nal fishing centers of St.-Louis, Kayar, Yoff, Soumb..dioune, Rufisque,

M+~ Joal ana Djifere. The 1976 statistics, provided
1 Jcean g. .1 : et des Peches Maritimes (D.0.P.M.) of !

by the Direction de

..,al, indicate an

annu: . - :isan-1 catch of 181,500 metric tons. F 1,0, statistics for 1977

i czate a cag*- of 120,000 metric tons, while ' 0.P.M,
ANl . :sted from artisanal fishing. Of these

D.0 P M. i “"ca .. a sale of 28,100 metric tons in 1976

records show 138,400
annual harvests,

and 12,770 metric tons

i.1977 . - _ Senegal River Basin. A small percc " ige of these annual sales
orig: :e from the industrial fishery but are not separable from the above
statisti ~ . . Jormation, (Personal Communication wit Dr. ' ‘'nard Dioh,

F'. »ry Exp ;. = 0.P.M., April 1979). At present, marine fish distributed
faM- ' o the Senegal River Basin are of minor importance (Personal

Comm iications, Traore 1977).

¢ 9.2, Imp: :ts on "ae Fishery from Proposed ' :velopment

Cel vl s ™ ma t5 _on the Senegal River Fishery

Proposed dev~lopments, particularly the construction of the Diama and

b 1t .1 dams, and initiation of intensive irrigation agriculture, will have

the .r effect of permanently altering the aquatic environment. It is

estimated that a permanent deficit in annual riverine fish harvests will

o« ¥, with har—--sts progressively decreasing between 1979 and 2028 (Table

¢ -?2). ™ < decrease will occur in steps paralleling

various stages of

developme t in the Senegal River Basin. The gains and losses in annual fish

harvests have been compared for the various Basin areas.

briefly states the assumptions made in deriving future

-

“Fa follr ding

harvests.
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Table C.10 - 2
Net Gains and Losses of Fish in the Senegal River Basin Under
Various Levels of Proposed Development, Assuming
an Average Flood
Metric Tons of Fresh Fish Per Year
Lac de Aftout- Diama Downstream Manantall % Loss of 1978 Fish
Year Guiers Lac R' Kiz  es—-Sahel Reservoir of Diama Dam Reservolr Floodplain Total harvest (52,755 m tons)
1978 - - - - - - - -
1986 +500 +1,200 +5,000 -3,000 -4,000 - -1,200 -1,500 3
1987 +500 +1,200 +5,000 -3,000 ~4,000 +4,000 ~-12,600 -8,900 17
2002 +500 +1,200 +5,000 -3,000 -4,000 +3,000 -13,800 -11,100 21
2003 +500 +1,200 +5,000 -3,000 -4,000 +3,000 -19,200 -16,500 31
2028 +500 +1,200 +5,000 -3,000 -4,000 +3,000 -21,600 -18,900 36




a) Lac de G ers — Increased recharge potential after construction of the

Diama dam will enlarge the average surface ¢ 'ea of the lake to 27,000
hectares. . "s will create additional aquat .: habitat which wi. 1 result in an
increase of fish omass, raising the potential annual harvest to 2750 metric
tons. This will provide a net annual gain of 500 metric tons of fish for

cr ption,.

b) L-- R'Ki: = An average inundated surface area of 16,000 hectares will

1~ ¢ from iu ‘oved recharge. It is projected that 1200 metric tons of fish

cc 1d be harve. .od annually from this body of water.

c) Aftc-: 2~ - 1el - With an average inundated surface area of 50,000

he :~.es : *~m imr>roved recharge, this area will create a stable aquatic
er " onm» > “th pirjected annua’' fish harvests of 5,000 metric tons of fish.
Tt . ¢ .. " - t in a net annual gain of approximately 5000 metric tons of

£ 1, *~h salinities could limit the development of a prolific fishery.

d) Upt "e. " "he Diama Dam — Construction of the Diama dam will create a

{.e w0 I a1'"ent with an average surface area of 45,000 hectares. A

mg- - im unué . ha .. :st of 45001 vcric tons of fish is projected for this

: * ~und :» Comp: red to present conditions, this area is analogous to the
Up' .r Delta, '’ ‘ch averages 7500 metric tons of harvested fish each year.
™w -3 ..~ this area will be subject to a net annual loss of 3000 metric tons

of ha vestable fis

e) Est. ..y — Construction of the Diama dam will result in a modified
' 'n’ .y regime. The length of the estuary and the salinity gradient per
' ster of estuary w 11 be reduced, decreasing available estuarine habitat.
. Zng .,ril, May and June, even with the Manantali dam in operation, salinity
concentrations below the Diama dam may fail to drop below 10-15 parts per
t ~ 'and. Reduced habitat will result in decreased fish biomass in the lower
Delta. 2 °ditionally, estu' "ne and ocean fishes, whose life cycles require
1c ered salinities or freshwater, will disappear. Existing salt tolerant

- cies will become predominant and new species presently not found in the

estuary n~v take up residence in the newly formed habitats. It is expected
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that the harvest of these fish will provide some employment and fish for local
consumption. This study projects a net annual loss of 4000 metric tons of
harvestable fish as a result of destruction of the estuarine fishery as it is

presently known,

f) Manantali Dam — The proposed dam will create an impounded area of between

45,000 and 50,000 hectares. With an area of 50,000 hectares, a: 1 under the

assw - ion that 80 kilograms per hectare per year of fish will be harvested in
the newly formed impoundment, 4000 metric tons of fish will be caught

annt .1 As nutrients become tied up in the bottom mud and the impoundment
ta¢e. on mesotrophic characteristics, the annual harvest will fall to about 60
kilograms per hectare per year, providing 3000 metric tons of fish for
consumption. It is expected that various cichlids, especially the genera of

Ti.e~ia .ind Sarotherodon, wi" 1l become predominant in the newly developed

commercial fishery.

g) Floodplains — By 1986, loss of 20,000 hectares of floodplain habitat from
constru..ion of the Diama dam and agricultural development will result in a

ye ..7 loss of 1200 metric tons of fish. With completion of the Manantali

¢ n and art: iical regulation of the flood crest in 1987, approximately 12,600
metric tons of harvestable fish will be lost from further elimination of

floc »>lain habitat. By 2003, continued loss of floodplains from agricultural
¢ . elopm1 " and elimination of the artificial flood will destroy additional

f .2 ha .. *, resulting in an annual loss of 19,200 metric tons of harvestable
fish. Un¢ :r maximum agricultural development, there will be an average loss
of 360,000 hectares of floodplain habitat in 2028, resulting in a
corresponding reduction of annual fish harvests that will average 11,400
metric tons, compared to the present annual harvest of 33,000 metric tons.
This will result in a net annual loss of 21,600 metric tons of harvestable

fish from the Senegal River by 2028.

C.10.2.2, Impacts on Future Fish Consumption

The need for consumable fish in the Senegal River Basin will increase as

a result of rising per capita demands and as a result of increased population
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de.s-_. . Tu. . 7 al. zones of the Basin (T le C.10-3). Based upon

river: 2 fish he .23 - Z.. :he Senegal River Basin, a deficit in fish available
for cou sudoca v 1 the Be ‘n is projected to occur in 1980 and may be

{ .«« ..ng at . 3 ¢ in the zor - of Dagana and Rosso (Table C.10-4). This is
not c..etldered ~." "cal si. .. it is assumed that a large part, if not all, of
this de .cit is . ._ount.. _. . w.ch ocean fishes. Decreasing freshwater and

es ~.  fish -2sts, as a result of ha_'tat "estruction from development,
and co. inre . FNR IS '~ for conswe< . fish will result in a net
deficlt of 75 782 . :ic ti.o o fish by the year 2000 and a deficit of
212, _ ' met: .c tons per ;" ..Z by 2028 (T ble C.10-4). No attempt has been made
to acc for £ loss - = 2n he  2st: _ and marketing due to poor

pr« 2. - :iony, ¢ _~a  .a ,portation. f this was accounted for,
projec’ .d dell T TF ve oo Ll

C.10.3. Propc :d M: :: jat: -~ 2asures

C..0.2 loe ".:rei o A . | 7ish Har .ts nd Increasing Demands for
7 ..l2 Fis
Aw & rs0o :'on . alleviation of permanent decreases in the annual
f'"."thar .- 7. to . .I.p = .. .egrated program, combining exploitation of
the marine fis ery, im... . 1 .._servation and storage techniques, an improved
trans i cts 1 € 7 oo, - int ated agriculture/fish culture program, and
employ ... of ¢ . ., &  =a2nt techn: . The . .ae .uuiu cerm solution

to the projected fish deficit is to increase off-shore exploitation of the

m ..ue fishery : to t - , -t increasing quantities of these fish inland. A
fiching pic. +o. .da . = _ 5 . 3sing facility has been recently constructed
at St Tou - “ - . - . of the entry chai. 21 into the estuary will allow
access . a i1 :ral £1 2%y fleet into the pc: :« The expansion of the
comme . 3. .+ f7s51e - at tI ports of St.,-Louis, Dakar, Dijifer and
F1i- "m 1 coe 7 oo o sroduce 45,500 metric - ns of marketable
fish . - ' ' 2 . also de' .lopi 3 a commer~ial fishery, and has

1 ' o 2l B g fe'L-"-3 t No o © ' . The developing
indus.. .al and < - 58 - fis: : les should be able to - ‘prly incre -sing
qua - [izg PO B " ~ts, incuu L 53+ e Se _al River Basin.
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Present and Future Fish Demands with Implementation of the Proposed Development Program

Table C.10 - 3

in the Senegal River Basin

Populattoni 1980 Fish Consumption Population1 2000 Fish Demand Population 2028 Fish Demand"
Zone 1980 metric tons/year 2000 Metric tons/year 2028 Metric tons/year
1 Dagana 230,000 13,8002 504,400 34,000¢ 1,130,900 76,200¢
2 Podor 157,200 8, 820D 277,000 18,7008 590, 500 39,800
3 Matam 178,500 10,000V 305,300 20,600¢ 654,500 44,100
4 Bakel 30,400 390¢ 51,200 3,450¢ 104,300 7,030
5 Rosso 241,300 3, 6204 384,700 8,460 809,700 17,800
6 Boghe 167,700 2,520d 272,800 6,000f 568,300 12,500
7 Kaed1i 179,500 2, 6904 289,500 3,370f 564,600 12,400
8 Selibabi 104,900 1,570d 165,400 3,640f 384,400 7,670
9 Kayes 249,500 3, 5904 446,500 6,7008 1,036,700 15,600
10 Bafoulabe 120,500 1,810d 204,300 3,0608 466,600 7,000
Total 1,649,500 48, 800 2,901,100 110,900 6,275,500 240, 100
a) 59.9 kg/capita/yr f) 22 kg/capita/yr
b) 56.1 kg/capita/yr 2) 15 kg/capita/yr
c) 13 kg/capita/yr h) Assume fish demand per caplita in the year
d) 15 kg/capital/yr 2028 same as the year 2000.
e) 67.4 kg/capita/yr i) Population figures garnered from the Socio-Economic

Report by combining future urban population with the

OMVS Program and DeSure Population Projections.
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Table C.10 ~ 4

Fish Demand Versus Availability of Riverine Fish with Implementation of the
Proposed Development Program in the Senegal River Basin in

Metric Tons Per Year for an Average Flood

Year Item Lower Valleyad Middle Valleyb Upper Valley® Total
1980 Fish
Demand 17,400 29,600 1,080 48,080
Predicted
Fish
Harvest 4,5004 42,750® (£) 47,250
Gain (+) or Deficit (~) =12,900 +13,150 (£) +250
2000 Fish
Demand 42,460 65,410 3,060 110,930
Predicted Fish
Harvest 5,0004 27,650€ 3,000f 35,650
Gain (+) or Deficit (-) =37,460 -37,760 -60 -75,280
2003 Fish 94,040 139,080 7,000 240,120
Demand
Predicted Fish 5,000d 19,850 3,000f 27,850
Harvest
Gain (+) or Deficit (~) -89,040 -119,230 -4,000 -212,270

a)

b)

c)
d)
e)
f)

Lower Valley includes the zones of Dagana and Rosso.

Middle Valley includes the zones of Podor, Matam, Bakel, Boghe, Kaedi,
Selibabi, and Kayes.

Upper Valley includes the zone of Bafoulabe.

Includes Fish harvests from the estuary and Aftout-es-Sahel.

Includes fish harvests from Lac de Guiers, Lac R' Kiz, the Diama Reservolr and the floodplain.

Includes fish harvests from the Manantali Area; not enough information is available to predict harvests in 1980,



Thoug t should be given to developing a low cost nutrient source from the

incidental catches of the industrial fishery. These catches consist of fish

caug.. by the industrial fleets that are of little commercial value. It is
isible .11t these fish could be processed into fish cakes, or meal, . sold

at local markets.

The success of providing increased quantities of marine fish inland
assumes that transportation systems will be improved. At present, an
al .-weather road is being constructed between Matam and Bakel. Continued
improvements such as this, along with the institution of proper road
mainc2n: 1ce ; _>cedures, should provide easy access to the ocean fishery as a

sc¢ rce of »Hrotein.

In any developing countries a large source of potential protein is lost
due to poor fish storage and preservation techniques. It has been estimated

for ot” « inland fisheries of Africa that 50 to 70 percent of the fish are

lost be~ _: the time of harvesting and marketing, primarily from bacterial
¢ c¢a:z.on and insect infestation with eggs : * larvae. This 1s often the
‘er’ : ~f ‘a--oper smoking, salting or other drying techniques. By assuring

pr¢_=. ,; 32servation, sanitary storage and proper transportation could prevent

losses of . . < ted fish and greatly compensate for the expected deficit that
wil® ¢_. ..J 2 occt: from development.
To . . 'e the adoption of these techniques and construction of proper

storage f:rflities and ice plants along the major fishery routes, an extension
serv’ e s--uld be established by the various Member States to act as a liaison
L . zen the fishing community and the latest available technology. This will
. ~ I e p.per training and education of govermmental personnel. Research
efforts by such institutions as the Eaux et Forets of the Member States and

¢ - ,r* . -r Un.versity should provide proper training and extension services
to "1 fishermen (both marine and freshwater), the processors, distributors
and merchan?'s ..s. It is only through integrated efforts between the
governments, -ducational institutions, and the private sector, that an

i1, ~r2d fishery can be achieved.
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In © ud f to impro 'i. 4 the fishery, the loss of fish harvests due to

proposed develo 2nt .11 be p: .tially mitigated by the projected increase in

agric - ural pro' cts. This w:1l offset the projected deficit in protein, fat

e 1 - ' e2s ££om 4 cre ~: availabil: :y of riverine fishes for con-
g€ _ I+ | by Basin re;idents. ' iis produce will be primarily in the form of
rice, " 2&’, ..m, .. ,ut ' . .18, livestoc..,, and a vari y of vegetables and
f.._:s.

L 2508 a 't -+ g am of intensive irrigat - \ agriculture, fish
c. .tv . can | .., : an &« “ltic 1 nutritional suppler ut. Agricultural
by . *ts . .as . ,2 : . at ' 1ls (which often go to waste) can be

fc u - =2d into a foc st »slement for pond-raised fish. Cattle and poultry

mar can be ir . @ _ed ir -~ fish ponds to increase planktonic biomass as a
oal . . of £7 . fc " e success of such a program will require the
s .port of a wei . f: . ed or . .ization. At present, a Senegalese Government/
U.S. ™ ce C , , u D fish - ture program is being integrated into the
oo taa_oagr:  Loal oy oc_ . Eaux et Forets in Senegal and the Peace Corps
a . c¢.=lc w aite .. on and raising breeding stocks of fish
(1. »ly "i 4. sp.., ‘or cor _rcial ponds that will be located on
Sp w 3w clie o pe .. ieters. Similar operations may be established
in.ie .7 aia, - X 1y dli where cage culture in the Manantali
w .. ¢ 1. s :ces “ul.

i« itionally, { ~hery '« i :at could be created by artificial recharge of

Waie .o« 4. dej . ..uions. i an example, in Senegal this would consist of
re -, 1g " : Ndia _3 (also recommended as a possible bird sanctuary),

Meng o av po . 1 ou the ower Ferlo Valley. It is recommended that a
L2 iU t . ly T ec lu 1 throughout the Basin to investigate areas of

pc.ar” L.l rec. :ge that couv ° benefit aquatic life.

junt = su wo ch o se activities and the expected increase in fish

vid Ty Loz .= “ 4 _ P} -ations, a management program of the existing
fr .7 = 2r fish.'v sky14 be "+ tiated. This will require trained scientists
l ec. ...ei. . . .y f:3h ci ches, fish distributions and fishery demands

throughout the Basin. Harmonization of existing laws between Member States



under 0.M.V.S. coordination, and enforcement of these laws, should be
immediately initiated in order to assure maximum sustained yields of fish.
Attempts should be made to better understand the new fisheries expected to
develop behind the Diama dam, Manantali dam, Lac R'Kiz and Aftout es Sahel.
Proper management of these impoundments will provide a steady supply of fish

in outlying areas of the River Basin.

C.10.3.2. Mitigating Loss of the Estuary

The destruction of the estuary in the Lower Delta and its related fishery
could be mitigated by diverting freshwater from the Diama reservoir via a
canal into the Tianbrank-Diaouling Lakes, creating a salinity gradient through
which catadromous and anadromous fish and invertebrates could complete their
life cycles. It has been estimated that it would cost 675 million CFA to
construct a three kilometer canal from Debi on the Senegal River to the
Tianbrank-Diaouling complex. From an envirommental point of view, if
successful, the artificial estuary would be considered beneficial regardless
of costs, because it would prevent the irreversible destruction of aquatic
life whose life cycles are tied to the estuarine environment. Its biological
and engineering feasibilities must be further investigated. Although
preliminary estimates indicate this measure to be economically feasible, more
in-depth analyses should be undertaken before a final decision is made as to

its cost efficiency.

-142-



Table C.,10 - 5

Envirommental Impacts and Proposed Mitigating Measures Assoclated with Proposed Developments in the Senegal River Basin

Fisheries
Factor Creating Impact Enhancement or
Component Impact Description Magnitude Mitigating Measure
Diama Dam Recharge of Increase in annual fish Moderate, beneficial, Improved preservation and storage
Lac de Guiers harvest by 500 metric toms long-term, techniques.
year-round Improved transportation.
Proper man: , ent techniques.
Recharge of Increase in fish harvested Exceptional, beneficial,
Lac R' Kiz by 600-1200 metric tons long~term, year-ro S: . as above.
yearly
Recharge of Net gain of 5000 net metric Same as above. Same as above.

Aftout-es~
Sahel

Impoundment upstream
of dam

—£vi-

Estuary

Manantali Upstream of
Dam Impoundment

tons of fish annually

Net annual loss of 3000 Severe, ¢ =2rse,
metric tons of fish long-term,
year-round

Permanent loss of 4000 Severe, adverse,
metric tons of fish annually long-term,

from loss of salinity year-round
regime and other estuarine

conditions.

Permanent loss of commercially
valuable fish and invertebrate

specles

Creation of new habitat Severe, beneficilal,
initially providing 4000 metric long-term,

tons of filsh per year, later year-round

falling to 3000 muetric tons
per year as conditions
stablilize

Exploitation of marine fishery.
Improved preservation and storage
techniques.

Improved transportation.
Integrated agriculture/fish
culture.

Proper management techniques.

Same as above and establish an
artificial estuary.

[mproved preservation and storage
techniques.

Improved transportation.

culture.

Proper management techniques.



A b

Environment

Table C.10 = 5 (Cont'd.)

Impacts and Proposed Mitigating Measures Assoclated with Proposed Developments in the Senegal River Basin

Fisheries
Factor Creating Impact Enhancement or
Component Impact Description Magnitude Mitigating Measure
Diama Dam Reduced inundation Loss of 1200 metric tons of Severe, adverse, Exploitation of marine fishery.
and Irrigation of flood plain fish annually by 1986 during long-term, Improved preservation and storage
Agriculture habitat average flood from loss of year—round techniques.
20,000 hectares of floodplain Improved transportation.
Integrated agriculture/fish
culture.
Proper management techniques.
Diama and Increasing reduction By 1987, loss of 12,600 metric Severe, adverse, Exploitation of marine fishery.

Manantali Dams
and Artificial
Flood Irrigation
Agriculture

Diama Dam,
Manantali Dam and
elimination of
artificial flood
and maximun
agriculture
development

Manantali Dam,
Diama Dam &
Agricultural
Deve lopment

in floodplain
habitat

Maximum loss of flood-
plain habitat

Decreased fish habitat,
increasing populations

and demands for fish as
a nutrictional source

tons of fish annually from
loss of 210,000 hectares of
floodplain habitat for average
flood

(Average flood) By 2028, loss
of 360,000 hectares of flood-
plain habitat resulting in an
annual loss of 21,600 metric
tons of harvestable fish

By 1980, under ideal conditions
a deficit of 7400 metric tons
of fresh water and estuarine
fish will occur in Dagana and
Rosso zones. Demand for fish
for consumption by the Basin
population will increase
throughout the Senegal River
Basin to 75,000 metric tons by
the year 2000 and 212,000
metric toas/yr. by 2028

long-~term,
year-round

Severe, adverse,
long-term,
year—-round

Severe, adverse,
long-term,
year-round

Improved preservation and storage
techniques.

Improved transportation.
Integrated agriculture/fish
culture.

Proper management techniques.

Exploitation of marine fishery.
Improved preservation and storage
techniques.

Improved transportation.
Integrated agriculture/fish
culture.

Proper management techniques.

Exploitation of marine fishery
Improved preservation and storage
techalques.,

Improved transportation.
Integrated agriculture/fish
culture.

Proper management techniques.



C.11. Aquatic Vegetation

Coll 1 Existing Conditions

The Se~-z11 Rivar and Lac de Guiers support over 50 species of higher
aquatic vegetation. In the Senegal River itself, water level fluctuations,
f .ood ' "2r velocities, and high flood season turbidities limit aquatic plant
£ "~ 1. __ants t “ve in Lac de Guiers, the marigots and floodplain
depressions ¢ - :ing the flood season. Higher aquatic plants are also abundant
in canals within irrigated agricultural perimeters. Most of the aquatic
vegeta’3d. . . n  in the Seneg: . River are rooted plants. Thirty of these
species of . H»oted aquatic plants can tolerate dry-season salinity
ccacer .. " .0 ~ f- ad in the Delta. Nearly 20 species of rooted aquatic plants
ha . jeen 1L . :ified in Lac de Guiers. Floating aquatic plants are most
a wmdant in Lac .e Guiers and floodplain marigots, where the lack of strong
currents encourages a moderate growth of these plants. The dominant floating
1 "1t r <ies is Pistia. In Lac de Guiers, the highest Pistia population

dens: :ies occ. @ 7 ning and immediately following the recharge period.

Higher aqua:ic plants play an important role in the ecology of the

A

3dal Ry . iney Emergent vegetation along the marshy edges of water

PU-Y - vrides important habitat for a variety of bird life and semi-aquatic

‘Mife 1-21uding : - 1ls, rer“ .les and amphibians. Habitat 1s alsoc provided
by -1 - ¢t :*s for ‘sh breeding, as a nursery and for refuge, being
es,e . .i_ ‘' port. .t ~ the seasonally inundated floodplains of the Senegal
kL. ver.

Floa- ng and rooted aquatic plants provide habitat for a variety of
b Tt “2s tlat act as important sources of food for fish. Certain species

of -1atic p.¢ s as Ceratophyllum, Nymphea and Pistia provide habitat for the

e 1 vectr of ~ 1istosomiasis. These plants, along with epiphytic algae and

‘'~ 7117 on also act directly as food for some species of fish. Plankton
.u’ t.ons in the Senegal River Basin play an important role in the aquatic

foo . che 1, as ev: _enced by the important Tilapia fishery (planktiverous fish)

11 nac de Gu ~ s,
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Observations

a)

b)

c)

d)

e)

C.11.2.

Higher aquatic plants in the Basin are restricted during much of the
year to permanent quiescent bodies of water such as Lac de Guiers,
Aftout es Sahel and Djoudj Park. Higher aquatic plants are most
prolific during the rainy season, covering large areas of the

inundated floodplains.

Water level fluctuations, wave action and turbidity limit higher
aquatic plants to the edge of Lac de Guiers. At times, Pistia reach
nuisance levels, affecting fishing and artisanal navigation

activities.

Observations made during this study indicate that higher aquatic
plants block flows in irrigation canals, and result in water losses

from transpiration that might otherwise be used for irrigation.

Plankton, during the dry season, is abundant in quiescent water
bodies such as Lac de Guiers, Aftout es Sahel and Djoudj Park and in

the trapped pools of water of the main river channel.

During the wet season, high flows and increased turbidity reduce
plankton populations in the main river channel. At this time,
plankton populations play a major role in supplying oxygen and food

to the floodplain fishery in the Basin.

Impacts of Proposed Developments

Beneficial Impacts

a)

Phytoplankton will play an increasingly important role behind the
Diama and Manantali dams in providing oxygen to the water column,

and in acting as a source of fish food.
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b) Wind and wave action will restrict development of nuisance levels of
floating aquatic plants or mats of floating plants (Sudds) on the

open “ers of the Manantali.

c) Water >. fluctuations along the shoreline of the Manantali
reservoir will restrict the growth of rooted aquatic plants that

could harbor the snail vectors of schistosomiasis.

d) Emergent vegetation along the increased shorelines of the Manantali
and Diama dams, the Aftout es Sahel and Lac R'Kiz will provide
import - : wildlife and bird habitat.

e) Ama . p .. of ti... Diama reservoir (averaging less than
0.3 meters o..3 le the main channel at the 1.5 meter IGN level) and
the : 1creased recharge of Lac de Guiers, Aftout es Sahel and Lac
R'Kiz w 11 prov: e excellent year-round habitat for the

prolife t .on of hig! :r aquatic plants and plankton.

Adverse Impacts

a) The : ¢.¢ se in aq .tic plant habitat discussed above can in no way
compare to ..2 tot: . biomass of plants lost in the Middle Valley
from a projected 2028 decrease of up to 359,000 hectares of
floodp. .u ne .tat for .. av:fazec flood as the result of Basin
development. This in turn will have a major adverse impact on the

annual fish biomass available for harvest in the Basin.

b) Floating aq Il .c plants may reach nuisance levels in the protected

dendritic a- 1s of the Manantali reservoir.
c) Increased nutrient 1 rels downstream of agricultural, municipal and

indust: 1. © ¢ .. vities ¢ 1d result in elevated levels of aquatic

plL . .. “kton , lat’.
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d) If uncontrolled, aquatic plants at irrigated perimeters will reach
nuisance levels, decreasing the performance of irrigation canals as
well as providing habitat for disease vectors, in turn affecting the

health of agricultural workers.

An increase in the numbers of aquatic plants in certain areas can be
considered beneficial or adverse to the enviromment. In addition to
reoxygenating water, aquatic plant communities provide food and habitat to
aquatic and terrestrial life forms that depend directly on aquatic plants for
survival. Conversely, adverse impacts may result from aquatic plants if their
densities become so large that they comstrain movement of aquatic organisms,
inhibit light penetration thereby decreasing primary production, adversely
affect nutrient availability to other aquatic life forms, or reduce dissolved
oxygen concentrations when their vegetational parts die and decay. Other
adverse impacts that could result from such aquatic plant population increases
are those that affect human use of the water. Although a general increase in
the size of aquatic plant populations is predicted, there is no reason to
believe that this increase will, apart from some isolated and localized
nuisance problems, interfere with man's utilization of the Senegal River

resources 1f proper mitigative actions are taken.

C.11.3. Proposed Mitigating Measures

In the near future, no mitigating measures are recommended, except for
periodic monitoring of aquatic vegetational development throughout the Senegal
River Basin. Monitoring serves the purpose of providing an early warning so
that proper mitigative actions can be taken before nuisance problems develop.
Details of the monitoring system for aquatic vegetation are presented in the

overall plan of action.

Various mitigating measures that could be taken to alleviate nuisance

problems before they occur include:
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a)

b)

c)

d)

e)

Intentional water level fluctuations in the Manantali and Diama \
reservoirs, Lac de Guiers, Lac R'Kiz, and the Aftout es Sahel to

destroy rooted aquatic plant communities thriving on the shorelines
of these water bodies. Such a measure should be only considered if

other water uses are not impaired.

The diversion of agricultural return flows onto planned tree farms
rather than into the Senegal River. This measure would reduce
inputs of nutrients to the river that encourage growth of aquatic
vegetation. At the same time, diversion of these waters to the
floodplain could enhance the growth of trees within and adjacent to

irrigated perimeters.

Elimination of aquatic plants from irrigation and drainage canals

can be achieved by lining the canals.

Physical removal of aquatic plants. This measure is, of course,
possible only on a limited scale, as for control of aquatic plants

in irrigation ditches, but is environmentally safe.

Utilization of herbicides to kill aquatic plants. Application of
chemicals to eliminate aquatic plants in itself can lead to
environmental damages. Therefore, the use of herbicides for aquatic
vegetation control should be considered only as a last resort to

alleviate severe and localized problems.

oy &9 = Sy m =

P
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Environmental Impacts and Proposed

Table C.ll1 - 1

Aquatic Vegetation

Mitigating Measures Assoclated with Proposed Developments in the Senegal River Basin

Component

Factor Creating
Impact

Impact
Description

Magnitude

Mitigating Measure
to discourage growth

Diama Dam

Manantali
Dan

lfanantall Dam
and Agricultural
Development

Agricultural
Development

Municipal and
Industrial
Deve lopment

Creation or extension

of Diama Reservoir,

Lac R'Kiz, Aftout-es-—
Sahel, and Lac de Guiers.

Creation of a barrier
agalnst salt water
intrusion.

Creation of water
impoundment.

Flow regulation.

Flow regulation
and perimeter
deve lopment.

Return flows to the river
from perimeters.

Existence of
irrigation and
drainage areas.

Waste disposal
into waterways.,

Provision of extended environ-
ment for growth of aquatic
plants

Creation of fresh water con-
dition upstream of Diama Dam
leading to more favorable con-
ditions for plant growth.

Change in aquatic plant
specles between Dlama and
Dagana.

Provisions of extended environ-
ment for growth of aquatic
plants.

Creation of a more steady
water level in Senegal River
leading to more favorable con—
ditions for plant growth.

Loss of floodplain area
immediately leading to
unfavorable conditions for
aquatic plants,

Increased supply of nutrilents
favorable for plant growth.

Extended environment for
aquatic plants

Increased supply of nutrients
favorable for plant growth.

Moderate, encouraging
growth, long-term

Light to severe,
encouraging growth,
long-term

Light, long-term

Moderate, encourag-
ing growth, long-
term

Light, encouraging
growth, long-term

Moderate, dis-
couraging growth,
long-term

Light, encouraging
growth, long-term

Growth encouraging,
light to moderate
depending on miti-
gating measures,
adverse for canal
maintenance and long-
term

Light, encouraging
growth, long-term

Intentional water level fluctuations
to control shore growth, if necessary.

None

Intentional water level fluctuations
to control growth, if necessary.

None

Direct return flows to floodplain.

Canal lining and/or periodic removal
of accumulated plants.

*Only monitoring of aquatic vegetation development is recommended In the near future.
Removal of aquatic vegetation should be considered, if nuisance problems arise.
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C.. 2. " T CLnTap Oy 14 ons

Three f =~st types are distinguishable in the Senegal River Basin's
cle isifi v (m: wagel; and unclassified forests. These forests are gonakie,
¢i.ri ar’ upl¢ 1 savanna. The gonakie forests grow on river banks and in
depressions in - idated during annual floods. These forests cover
2. oximately 50,000 hectares of land on both sides of the Senegal River or
0.17 percent ~ the surface area in the River Basin. They are well suited to

pr.” ged . ..l , and to the soils %. thin the floodplain. These gonakie

forests - not found in Mali.

Dievi. fc¢ .. 5ts are multitypic, consisting of a variety of species. Dieri
f.: s ¢ 2 mch 1l¢c :r in producti "ty than gonakie forests. Approximately
15,000 hec:- ~es « I nonclassified dieri forests exist in the study area. There

~*e no class' ‘ied dieri forests. The dieri forests require less water and
- in rai- . ~~ations receiving less than 500 mm of rainfall per year,

pL . & . 7 areas located downstream of Bakel.

Uple d £ - :st savanna in the Senegal River Basin is found in the dry
uplands of the Sudan vegetational zone of Mali. Due to the higher rain-fall
(1 )0 mm) in "e.< areas than in the River Valley or Delta, species
cc . el .- is o .e ve 'ied than in the other two forest types, however these
upland fores-: have little commercial value. Frequent and widespread burning

of the tall annual grasses by herdsmen has had a detrimental effect on the

¢.-vival . 7 - 2es in upland areas.

In ° ive Region of Senegal, based on 1972 statistics, there are
ar - ." ..y 25,500 hectares of classified forests and 9100 hectares of
nc : -ssified forests, of which 26,000 hectares ¢ . of the gonakie type.

Ba: * on . 72 statistics, in the Fleuve region of Mauritania there are
ap] - v 20,200 hectares of classified forests and 6000 hectares of
nc :.s. .""ed £ _.sts, of which 24,000 hectares are of the gonakie type.
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The gonakie forest, dominated by the Acacia tree, is the most valuable of
the three forest types because of its commercial use as firewood or charcoal.
The growth rate of the Acacia trees varies from two to four cubic meters/
ha-yr, while growth rates in dieri forests total 0.2 cubic meters/ha-yr. Tree
volumes measured in this study's field investigation included 3.5 cubic meters
per hectare in the dieri forest at Diama, 10.3 cubic meters per hectare in the
savanna at Manantali, and 130 cubic meters per hectare in older gonakie

forests. Uses of forest lands include:

a) Commercial exploitation, primarily for fuel;

b) Source of habitat and food for various terrestrial life forms;

¢) Animal grazing and browzing;

d) Use and exportation of raw materials such as gum arabic and certain

seed pods;

e) Brush for constructing fences;

f) Obstacle to desert encroachment by enhancing moisture penetration,

r :rient recycling and wind protection of soils.

While Senegal and Mali have other regions besides the Senegal River Basin

that provide forests, Mauritania has no available forests outside the Basin.

Between 1-1.5 steres (0.4-0.6 tons) of firewood are required yearly per
person in the Senegal River Basin. Because carefully managed classified
gonakie forests cannot supply this need, dieri forests have been rapidly over-
exploited. Recent increases in firewood and charcoal availability have been
attributed to the increase in dead and dying trees on classified forests.
Over—flights by the study team, indicate approximately 33 percent and
43 percent, respectively, of the classified gonakie forests in Senegal and
Mauritania between Rosso and Matam have been killed by drought between 1972

and 1977. Fuelwood production in the river region of Senegal in 1977 was
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one-si . 1 = . 1976 .>dv .0 . g avail bilily of dying or dead trees declined

f. lowing £ . ¢ 2., e T.._. lc¢ ! timber is not being replaced, greatly
reducing the productivity of » forests.

ikt o e Tz, £ro 2 is U 2 major enemy of forests in the Senegal River
"woin. The annual . .iing of 7 .d for fertilizer generation often results in

a fire invading forest areas and thus seriously hampering forest growth.

Overbrc -*ng by | .- stock is . -1er major destroyer of forests.
C.12.2. Ir»w s c% - ad " " 2lopments
""2most t+ig5. £ .. fc ¢etr.y-related 1lmpacts will be due to flow

regu’: :ion from r e M¢ ntal . dam, agricultural development, and municipal and

industrial develi : v .~ - - floodplain. These developments will have
the greatest ac .+ u D> : on the commercially-valuable gonakie forests that
predor .a¢ e in ., Valley. 'n t.: future, for an average-size flood, less
floo™»1: 7. sv £ .. . w:1. be inundated and water levels will be lower.

This means th- on ' 1e average, certain underdeveloped areas will not have as
muc™ wacer avaisi 'le “ul - al"? vy trees. This is projected to result in the
loss ,& | < i .y />0 hecta es of the remaining 37,900 hectares of

occasionally floc ic ' gonakie f ‘ests which represents a volume loss of
1,817,000 steres of firewood. These losses are much less than losses due to
drought and ove , zing livestock. This impact, combined with the

-

perma.. .t loss of iu. s fi. 1 L. .dation behind the impoundments, and

conversion of for -ed areas into agricultural perimeters and population
cent s will - to .:.duce the amount of land covered with forests in the
Basin.

.roxir e , 1000 hectares (255,000 steres of firewood) of yearly
floo . - ., st - 11 be lost in the area to be inundated behind the
Di. | de £~ ..1ly 700 ba, cares of productive fringe forests along the
Be". g ! "ver 1ad '? 900 "= res of less productive, open forest are predicted
to be permanent .y lost from inundation behind the Manantali dam. In addition,
forests in the v: :. i:y . the dams affected by construction activities will

be lost for ¢ : le- : ~ 2 pvowing cycle.
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Two impacts of the proposed developmental activities are predicted to
enhance ~~owths of forests in areas adjacent to the Diama and Manantali
impoundments and the River channel. The prevention of salt water intrusion
upstream of Diama in combination with higher dry-season water levels behind
the dam will allow more non—-saline water to infiltrate the soil that will
encircle the impoundment. Such an increased availability of non-saline water
should enhance tree growth within three to five kilometers of the Diama
impoundment. In the same manner, increased water levels both behind the
Manantali dam, and along the River channel in the floodplain during the dry
season are predicted to enhance tree growth adjacent to permanently inundated

areas.

The net impact of proposed developments on forest resources, however, is
predicted to be adverse. In addition to impacts of the proposed developments
themselves, the demand for wood within the Basin is expected to intensify due
to projected population increases within the Basin. Increased utilization of
forest resources, especially in the lower reaches of the Senegal River Basin,
if not properly managed, will lead to the eventual destruction of an already

seriously deple -d resource.

C.12.3. .. pcsed Mitigating Measures

The mag—" ~-des of most impacts from proposed developments on forest
resources depend on the type and extent of mitigating measures used to

conserve and wisely exploit forest resources.

A plL . of act.on designed to provide maximum usage of forests by

man and other life forms should emphasize the following activities:

a) Harvesting and use of commercially-valuable forests behind the Diama
and Manantali dams, and at irrigated perimeters before these areas

are permanently unavailable for forestry exploitation;
b) Artificial generation of trees surrounding the two impoundments,
along the river channel in the Valley and surrounding agricultural

perimeters once individual developments are in place;
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c)

d)

e)

Land use planning that locates future perimeters and population

centers around the Basin's forestry resources;

Harmonization and improved enforcement of existing forest

protection laws;

Development of a forestry extension program together with the

training of extension agents. ]
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Table C.12 - 1

Environmental Impacts and Proposed Mitigating Measures Associated with Proposed Developments in the Senegal River Basin

Forestry

Component

Factor Creating
Impact

Impact
Description

Magnitude

Enhancement or
Mitigating Measure

Diama Dam

-9G 1~

Manantali
Dam

Manantali
Dam
Agricultural
Development

Creation of barrier
to salt-water 1intrusion.

Construction activities.

Inundation behind
Diama Dam.

Creation of impoundment

Construction activities

Flow regulation

in conjuction with
construction of
agricultural peri-
meters.

Improvement of water
quality in aquifer,
resulting in fmproved
conditions for forest
growth.

Loss of trees Iin Diama
Dam area.

Permanent loss of
approximately 1000 ha.

of gonakie forest

Increased potential for
forest growth in areas
surrounding Impoundment.

Permanent loss from Inundation
of approximately 700 hectares
of "productive forest” and
47,000 nha. of "open forest™;
simultaneous increase in size
of forest area surrounding

impoundment.

Loss of trees in vicinity
of Manantali dam.

Permanent losses of gonakie
forests occasionally flooded

and dieri forests.

Light, beneficial,
long-term

Light, adverse,
short-term, (one
growing cycle)

Moderate, adverse,
long-term

Beneficial, long-
term, depending on
mitigating measure

Moderate, net impact
could be beneficial

or adverse, long-
term and year-
round

Light, adverse,
short-term and
year-round

Long~term and
year—round.
Magnitude depends
on implementation
of mitigating
measures

Better management and protection of
forests. Proper land-use management
practices.

Same as above.

Harvesting of forests in areas to be
inundated.

Afforestation of areas surrounding
impoundment with fast-growing species.
Proper forestry management.

Harvesting of productive forest prior
to inundation. Implementation of
forestry management and land-use
practices. Setting aside addlitional
forests as national parks.

Afforestation of area surrounding
impoundment once the dam is in place
if forest area is to be commercially
exploited.

Land use planning. Afforestation of
newly flooded areas with fast growing
specles. Use of nutrient rich agri-
cultural dralnage waters to irrigate
tree farms.
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Table C.12 - 1 (Cont'd.)

Environmental Impacts and Proposed Mitigating Measures Associated with Proposed Developments in the Senegal River Basin

Forestry

Component

Factor Creating
Impact

Impact
Description

Mapgnitude

Enhancement or
Mitigating Measure

Agricultural
Development

Municipal~
industrial
Development

Navigation

Irrigation of
255,000 ha. of
agricultural land by
2028.

Development of land
for municipalities and
industries.

Dredge spoil disposal
onto forest land.

Loss of forest at peri-
meters; galn in forest
surrounding perimeters.

Loss of forest in areas
to be developed as munici-
palities.

Inhibited forest growth.

Adverse, long-
term and year-—
round.

Magnitude depends
on implementation
of mitigating
measures.

Moderate, adverse,
short-term

Planning of locations of future peri-

aters and population centers that
considers forest resources. Develop-
ment of tree farms, irrigation with
nutrient rich agricultural drainage
waters.

Afforestation of areas surrounding.

Avoid dredge spoil disposal on forest
lands.



C.13. Mammalogy and Herpetology

C..3.1. Existing Conditions

During the past several decades, a decline in wildlife populations
throughot much of West Africa has been witnessed. Drought, habitat
destruction by man and his livestock, and, to a lesser degree, hunting are the

primary reasons for this decline.

Wi’ ~life habitat in the Senegal River Basin is largely affected by
variations in topography and rainfall, which influence the distribution and

diversity of vegetational types.

Sup.rimposed upon these geographical determinants are land use ractices
by man, especially in the Lower and Middle Valleys of the Basin, which have
resulted in degraded wildlife habitat throughout much of the region. Dieri
fe ing has resulted in removal of indigenous vegetational cover.

Over-grazing of savanna vegetation by sheep, goats and cattle has reduced the
habitat and forage available for native herbivorous mammals, such as the
elephant, gazelle and monkey. Large cats and other predators relying on these
animals for food have correspondingly been reduced in numbers. The lion has
been eliminated by man from most if not all of the Lower and Middle Ve~ leys
because it is a menace to livestock. Lions do remain in areas upstream of
Bakel. Harvesting of forest habitat for charcoal and firewood has rr- ' ed in
reduced numbers of animals throughout most of the Basin. Some animals, for
ex: . ple warthogs and small rodents, have, however, found improved living

conditions and thrive.

Some aquatic animals living in the Senegal River and its tributaries have
had to surrender to the encroachment of man. Two of the most prominent
aquatic animals, the threatened Senegal River Manatee and the endangered Nile
Crocodile, survive in only very small populations. Both species are now

included in the list of endangered species and are fully protected. However,
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The nantali impoundment will cover up to 500 sq. km (42,900 hect: res)
~F tete :rial habitat, consisting primarily of savanna woodland and riparian

fr ‘nge £ 2st. In addition, similar habitat will A4 -~ oyed by

rese> "e .. of per>le living in the area to be inundate”- The : rea that will

be _:_:- to inu cation and affected by resettlemer : p .ser ly he 'Lors small

game unr- ates such as orim, bushbuck and red-flzr - dc}t ~, T = the

f: g  the reservoir, most of these animals will - '~ . Sma! . ~ 1als and

re.. _as will [+ ffer the greatest losses. Animals esc. >ing by moving to

""g :xrg.  1s o a ", :rom the resettlement areas will find survival

diffic- : in te new territory that may be at ca- ying capaci ; its availab'-

nic~ =~ 1> ag alre: y filled by individuals of the species £~-"1 new ' 2S5,
(- tt . & ling the M¢ ntali rese.roir, new wildlife he 7 i ts will

de~7~~ o+ - 25 and swamps will form along the “: “nge of the impo lent,

T .v €1 _ ¢ 3w i @ habitat p¢ ricularly for the hippopotamus a: | e Nile

Cr ~ e T her animals 2 tracted to the fringes of Me i1 ., nTier

e roan  “elopes, waterbucks and bahor reedbucl : which prefer open
o .and se - .a located near water. Similar events have been obse 2d after
'~r = c: .t of the Kariba Dam. This gain, he¢ ~2r, cannot ov ~: 1. 1e

: 2ion of /7 €70 hect: .es of relatively undistu.’ .i a.l prc¢’™ ~t . .

1.2 fe Y&l .c:s The net effect of the Manantall reserv.’'r on _I " .7_ is
v fc Jio_-' to be adve: se.
Ir:1 , "¢ ...t eter development and municipal growth will t¢” . .ace over
t - mnext 50 , - 's on several thousand square kilo: =ers of land in * . S gal

River 'alley downstream of Bakel. Most of the land designated for development

2se is ut: " ized for fa .ing or grazing. Wildlife . the: ¢ is now
.., spar: . ¢ . often non-existent. Consequently, I.ure le¢ . ."_.v. .. pment
wi we 1. ¢cle . pact on the status quo, unless accompanied by a land use
mé & ,.wer  .ogram designed to . >grade the qual: cy . le o.f iide of
oor " ar . 1uoan es, If the quality of ' s3e ' v.2 cou.d "2 impr 4
Tl g 2o o ag, | .miting destruc: .ve Ii .ming techn . :s . 1 by
~. - .ing fc' ~st protection and reforestation, a . .ted number of -~ .me
¢ 1s ¢ .n as gazelles or antelopes may once again f:nd suita 'e h: - :at

cc ¢ zilor: . n the River Valley.
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©...m2te.. ' IlL | .o7ide hab’:at .. differ : w .dlife

com. ... _--_ ——--Z.-—mn c...ll . and draine¢ o ditches wi.l be ideal habitats
for . e - RO ¥ amp * s. The crops raised in irrigated
N2 a > 7l food sup, ' fc . . -mnimal species,
€., .c. 7 . rc ..zs ..a’ , 11 tt “ve and bec : ¢.dp pests.
v v 38 ion . . - .y he 2 a minor impact on wildlife in the Senegal River
Tz=2in, vedg: .1 . _e . ¢ "mosal activities will disturb animals
e ~ . OC . LIl Lo "3 “..re excave 2d material is deposited.
D =a,: - i - 3al -~ ._l -~ _oy some ex: sting habitat. However, due to the
o 1 1 I+ 4ge -, 0.l disposal and due to the fact that
e o - =20 i B o - our2e 07 0 téke .~ 1ce wi ‘n a few seasonal cycles, this
imp .: is ct. .1 1 LNOY .«
C.15 1 e 2asulo2s
st L. : . .._.r’c =z, .22"Hm, “1e overall ", pact on wildlife, due to
-2 cosec .. .p .. - . V.8, i1 _..e Senegal River Basin, has the
su. o of ber |1 - i =2; the most adverse : acts being Lt the Manantali
¢ 2a 17 5. Taloau ~ and . :tt! ment. A viable method for
LT Tal S I. 07 7 Luld be tl o 'oug. the est Tl.shment of a new
nac .« u . - k. s - .. ', _)v_.e an area of comp’ . . protection for
VL s ; .o . ment, hus optimiz -g conditfions for
- T W o v TNen e .on . . 1lew nat: .l park would be an
oo o2 2o T s e . T 1e bu.zs .. the Manantali impoundment. This
L= ld he = : t 5 . omete: : of shoreline as it w'_1 be here that
the - .. . b _aeg o1 U Tife 11 v foo d. Als. if this park is

~

z o L. e o T o de, its officers could undertake an

€ 30 A Io I K wil: 172 during the f _ling of the
re S a +_ am w - substg :ially reduce wildlife losses,
D S BN P o LR
Tl - _-ama - _ ..nent the overall impact on wildlife is
~mec ' to - - . 2, Aci - 5000 hectares to the existing Djoudj National
A VI T of a =~~~ pe - (30,000 hec-1res) in Mau itania,
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located across the River from Djoudj and extending to the Atlantic Ocean, are
suggested mitigating measures. An alternative would be to develop the Ndiael
area as a bird sanctuary. By expanding and developing new parks in the Diama
area, wildlife populations should further increase in these protected

environments.,

The impact on the Senegal River Manatee is uncertain at this time. So
little is known about the species that only general inference can be made
about the social structure, reproductive requirements and movements. A
research program designed to obtain fundamental information is therefore
recommended. A life history study, lasting a minimum of two years and started
at least two years before the completion of the Diama dam, should be
undertaken. After construction of the Diama dam, manatee may become trapped
below the dam. Whether or not they will die is again uncertain because so
little is known about them. The development of an artificial estuary, as
discussed in the Fisheries portion of this synthesis, would be a viable
measure for allowing movements of manatees around the Diama dam. Another
viable measure that should be studied is to allow the manatee to pass through
control locks of the Diama dam. The fate of the manatee is of international
concern. Planning assistance and partial or total funding for such a study
may be available from international wildlife organizations working in
cooperation with 0.M.V.S. The alternative to such a study and implementation

of its recommendations may be the extermination of the Senegal River Manatee,
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Table C.13 - 1

Mammalogy and Herpetology

Environmental Impacts and Proposed Mitigating Measures Associated with Proposed Developments in the Senegal River Basin

Factor Creating Impact Eanhancement or
Component Impact Description Magnitude Mitigating Measure
Diama Water Impoundment Inundation of terrestrial Adverse, light, Improve and expand existing parks
Dam habitat leading to re- long-term and establish new ones. Increase
duction in wildlife personnel and equipment in parks
populations. to effectively enforce game laws
throughout the basin.
Animal displacement from Adverse, light, Same as above.
terrestrial habitat. short-term
Increased volume and surface Beneficial, Same as above to enhance benefits.
area of water. Recharge of moderate, long-—
Lac de Gulers, Lac R' Kiz term
and Aftout—es-sahel. Sub-
l‘ sequent establishment of
o aquatic vegetation. 1In-
%’ creased population of Nile
crocodile” and Senegal River
Manatee ',

Dam Construction Some Manatees® may become Adverse, Capture and rescue plan. Could be
trapped on the downstream moderate, carried out by park officer at Djoudj
side of the dam. These long-term Park. Develop plan permitting manatee
Manatees  could perish due to pass through locks of Diama Dam.
to the high salinity con-
centrations.

Manantali Water Impoundment Inundation of terrestrial Adverse, moderate, Improve and expand existing parks and
Dam and flow regulation habitat leading to reduction long=-term. establish new ones. Increase person—

in populations of wildlife.

Filling of reservoir may
cause drowning of some
animals.

Animals displaced from
terrestrial habitat are
likely to perish.

Adverse, light,
short~term

Adverse, moderate,
long-term

nel and equipment in parks to
effectively enforce game laws through-
out the basin.

Animal rescue by park officlals.

Improve and expand existing parks and
establish new areas. Increase per-
sonnel and equipment in parks to
effectively enforce game laws through-
out the basin.

*Endangered

wildlife species
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Table C.13 - 1 (Cont'd.)

Environmental Impacts and Proposed Mitigating Measures Associated with Proposed Developments in the Senegal River Basin

Mammalogy and Herpetology

Factor Creating Impact Enhancement or
Component Impact Description Magnitude Mitigating Measure
Manantali Increased flow downstream Beneficial,
Dam and creation of impoundment moderate,
(cont'd.) will benefit wildlife. long—-term
Development of new terrestrial Beneficial,
habitat around impoundment will moderate,
benefit wildlife. long-term
Agricultural Perimeter Loss of terrestrial habitat Adverse,
Development Development leading to reduction in wild- moderate,
life population. long—term
Development of new terrestrial Beneficial,
habitat will benefit wildlife moderate,
(e.g. frogs, crop pests). long~term
Navigation Disposal of Loss of terrestrial habitat es- Adverse, light,

Resettlement

dredge spoils

River traffic

Land clearing and

habitation

pecially 1f deposited in
forests.

Manatee* injuries & mortalities
resulting from collisions with
boats.

Loss of terrestrial habitat
and competition with domestlic
animals for food will lead to
a reduction in wildlife.

short—~-term

Adverse, light,
long-term

Adverse, light,
long—term

Better understanding of life history

of Manatee. Improve and expand existing
parks and establish new ones. Increase
persoannel and equipment in parks to
effectively enforce game laws throughout
the basin.

*Hndnngered wildlife species



P~ur major categories of birds are of special incerest in the deve ' -Hment
of the ! . :,al River Basin. These include waterhti; ~,6 sa ~na bi~

gra i ¢ s 2 °ds . d ..otected " d. -

Wa+r~ ~*. 3 — Due to drought conditions, waterbird populations were far

be 1. . levels at wetland sites in the Senegal River Delta du~ 2g

l'2 awder .77. 7. » . o studies indicate that 90 percent of . . watel ‘owl

po - _at:. i. the valley consists of the following .. =2e species p.:sent.d in
« . ~of - -ndance: ‘' 1s querquedula (garganey), Anas acuta {’in_ ') and
ler = v "¢ a f " ite-faced tree duck). Anas querquedula migia.: from a
v ez s . utendi 3 from Europe into Siberia. Djoudj P - the t.onal bird
s , of Seneg: 1, along with the interior Niger delta in Mali, : .presents
an >a :ant ' -1 .orx 39 - ' for this widely distributed but uncom n

eurc_ o -uck.

v fie™ . con ictri by the ornithological team durii- ! 1s study,

v rei~~ of - :» +*:ds, both wi: :ering and Indigenous species, were

1o AT "11s “ncluded six kinds of pelicaniforms (anhings, cormorants and

. A ‘

e . .. '.2ads of ciconuforms (herons, storks and .| .ses), ten ~ .ads of
-+ %=, ' uinds of shor- :ds (po .vers and sandpipers) ¢ d - ' kinds of
" 8¢ . te.s. The largest populations were observed in the Delta. These

speciey, ' .re * :11 represented up river, except in the Manantali area of the

‘ere 'y were scarce during the May, 1977 survey. It : 1ould be

o} © < 1>t - dry season of y was not u @ ideal - .me for ¢ ~2rving

L.oos 7 1 ls . Lea.

The *~u j Park and other wetls- ~ of the Senegal River Bas complement
€ rot - as - as of = terbi» he .+ - B. :ds begin ar ‘iving : - ~»ptember,
LIS IS I tt » flc o Mic11a Val“ey as a wetlan” habite "« .8 2 the
. . " ::sion in the Delta is sti.l dry. Le¢ .2r, begini . g in Oc™: rer, the

Lu i - 3 inundated and becomes the imp: rtant migratory fowl h: )’ :at
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within the Valley. 1In addition, Lac de Guiers, Lac R'Kiz and the Aftout es
Sahel contribute to the reported 7,000 square kilometers of wetland habitat in
the basin under maximum flooding conditions. This habitat normally shrinks to

1,100 square kilometers by midwinter.

Savanna Birds - Observations made during this Study showed the savanna

bird populations in the Senegal River Valley greatly exceeded the density of
230 birds per 40 hectares reported in the nearby Ferlo region. This high
concentration of birds is thought to be related to the availability of water
and seed. During the height of the drought, many bird species have been
reportedly forced out of the Ferlo country to the savanna habitat near the
Senegal River where water is readily accessible.

A

Granivorous Birds - Because the Senegal River lies in - savanna

vegetational zone, which is rich in seed producing plants, the region is

characterized by a preponderance of granivorous birds. Quelea quelea

(black-faced dioch) is one such species which is a notorious pest of grain

crops in Africa. 1In recent years, the Quelea quelea populations have been on

the decline in the Senegal River Basin as the result of reduced savanna
habitat from drought, overgrazing by livestock and other agricultural
activities. A number of other species of birds occurring in the Senegal River
Basin also have been implicated in grain crop damage, but not to the same

extent as has Quelea Quelea. These include several members of the genus

Ploceus (weavers), the genera Euplectes (bishops), and Passer, especially

Passer luteus (golden sparrow), a relative newcomer to the Senegal River area.

Al .nough Passer luteus has become very abundant in the Senegal River area in

recent years, its food habitats consists mostly of insects and weed seeds.

Protected Birds - Game statutes exist for Senegal and Mauritania

protecting avian species in the Senegal River Basin. Such statutes were not

available for Mali., Ciconia ciconia (white stork), egrets, large bustards,

cranes and flamingos are protected by the Convention Africaine pour la

Conservation EE'l'Amenagement de la Faune et son Habitat (African Convention
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expected to develop on the fluctuating edges of the impoundment and will
~ vide e-cellent habitat for granivorous and savanna birds. Inundation will

des ., w .1e ha” Lcat of the crocodile bird (Pluvianas algyptius) and 47,000

he: ¢ 2s of h itat for savanna and granivorous bird : --:ies. This 1l¢ '~ of
hi =~ :at is considered minor when placed in perspective with the total
avail:. »le he .tat in the River Basin. Therefore, these b’ d populations will

"2 m’ ip3".1ly impacted by proposed development

Agricultural Development - The net effect from development will e

benefic*~' from an environmental standpoint although from the viewpoint of
man, @ 1c1 ses in bird populations associated with agricultural development
wil ~: . sif ..d a nuisance. Conversion of savanna lands into agricu.. ral

per: m :~-3 ‘11 result in a decrease in numbers of insectivorous birds and an

increase in nuw jers of granivorous birds, which will become crop pests.

In 0 : n ¢ :ches r .11 provide habitat for waterb’ rls. Pilsc’ orous ! .rds
cou. © M 2 e a nuisance if significant numbers attempt to use the proposed
fish cuZ> .2 . 1ads as a food source.

1

'35e ¢. | s:icides for crcp p.otection could adversely affect gra “vo 'o.

i, 8 . 3 and predacious birds. Fish-eating birds could be adversely
imna .0 . if : - . : .cides contaminate natural waters and become concentrated in
fish . '-- -

1T+ Navic :ion - Construc’ lon activities associated with the proposed

er 1y ch: inel, ¢ =:dging, port development, and possible oil spills from boat

t1 10 'ic will a. ersely affect marine birds associated with the Langue =

¥ .ug i¢ i ,1al Park. Temporary adverse impacts on terrestrial birds w; 11
oL. 7 from I .itat destruction by dredge spoils.

c ."-? Pro .osed Measures to Mitigate Habitat Losses and Impacts on Djoudj

a. Prospective lands for addition to existing parks and for creation of new
né .27~ pe s should be designated around Djoudj, in Mauritania and in
Mali as soon as possible. A committee of national park service members

from the 0.M.V.S. countries should be included in the planning stages.
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b. Following land acquisition, new park conservation officers should be

« ..« 2d and the .czanization of staff members in the new parks should

c. .~ Gove._. ient of ¢ -gal, with assistance from the 0.M.V.S. would be
. ~_onsible * - i yi=1r iving dike and gate repair in Djoudj, monitoring
pre -1 7 . 77 "~ the eeding colony at the Langue de Barbarie
L.._mal .., w. Z..ning a « "ke maintenance program for the park
21 research | orrams ¢ existing bir 3 in the park by park personnel.
d. e, 3tl Wi o, _ . u proposed for Djoudj should be initiated as

soon as S

.+ .ama D be

..Te to assess water  .vel impacts before construction of the

< . T < - -3ram compliments the proposed manatee research

g 1M a '4 - ~~~2ed in conjunction with it.
e. A esearch ..o, . mm . . .ss savanna ecology and bird population numbers
- 2v'd be ir i - ¢ but is not as critical to the initiation of the
oje . s o 7 1 1 ‘posed measures. After consultation with
£ .9y e a0 T uel £s 0,S.T.0.M.), the >lan could be
m -. 1t ' 7. _.’.ng 1 r. 2sent research activities.
C..7 / _c. ~ to Control ™ rd Pests
' conti. : ~aive . . 1. 7. a problem in all of Africa that
C - i a . ¢ ,¢€ ‘ation. Because many spec es are wide-ranging,
Cu an - J 1o dy "« problem and more birds may invade the
3a from other r .’ .18 ‘“ne pest ...vlem is analogous to locust outbreaks
that ~  still - o -‘olled . _r much of Africa.
.. TT.st pe : yée - tl.w fore, is to obtain international

assic :ance to dez

a~s30cC1” I on wi”?
€ e Y 0
i‘ toe lted Wh ! r_

with the problem on a regional scale. Studies in
.. Oriate organizations would lead to a program to be

vV ¢ 7 1is felt that such a program should only be

0 viate control methods can be utilized to deal with

« .3 lic pr. 1. e For .~ mple, the Quelea quelea impact may be minimized by
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synchronized harvesting of rice during September while the Quelea quelea

are breeding in remote savanna areas. Ruff and tree-duck predation on
sprouting rice may be controlled by application of Methiocarb, a bird
repellent. Programs to remove nesting colonies of weavers near rice fields
may be used to control some local problems. Additional studies should be

undertaken to analyze the potential impacts of Passer luteus on grain crops in

the agricultural perimeters.
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Table C.14 ~ 1

Environmental Impacts and Proposed Mitigating Measures Associated with Proposed Developments in the Senegal River ' _in

Oruithology

Factor Creating Impact
Component Impact Description Magnitude Mitigating Measure
Diama Dar & Construction of Diama Loss of estuarine fish as food Severe,1 Repair and maintenance of dikes

Manatanl: Dam

Overall
Basin
Development

Agriculture

lAﬂsuming no mitigating measures are implemented.

Da anc¢ provision of dry
ses on flo from
Manantall Reservolr

Inundation behind
Manantali Dam;
Destruction of habitat
from agricultural and
municipal-industrial
development.

Increased Crop
Production

supplies for certain birds.
Increase Iin habltat and food
supplies for certain birds at
Diama Impoundment and delta
depressions

Loss of savanna and granivorous
bird habitat from basin
development

Increase of waterbird habitat

Increased crop production will
increase food supplies of
nuisance granivorous birds

adverse to some
birds and benef:- 1
to others,

long ter:

Moderate,1

adverse to some
birds and beneficial
to others,

long term

Moderate,l
adverse to farmers,
long term

and water gates to enhance

Djoudj P <« as ¢ td refuge.

Ista.] ‘sh ¢ Wetlands Ecology
~secrch ¢ inagement Program.

I t.» " 't new parks as habitat
alterr
Set 2z ‘e | ... equivalent to

area~ los:, : Manantali this

211 require setting aside 123

! of fringe forest habitat as
preserve.

F- pand existing parks.

Provide funding :or wildlife
eclalists to survey areas

affected by development and

areas being considered as

preserves.

Establish reforestation and

rangeland management programs.

Systematic destruction of
nesting colonles and birds on
night-time roosts near crops.
Use of seed dressing or crop
dressing repellents.

Harvest crops when potential
migratory pests are absent.
Alternate grain with non-grain
CTYOpB,



CHAPTER D

INTEGRATED ASSESSMENT OF IMPACTS ON THE ENVIRONMENT
RESULTING FROM PROPOSED 0O.M.V.S. DEVELOPMENTS
IN THE SENEGAL RIVER BASIN

The purpose of this chapter is to integrate and summarize the impacts
identified in the previous chapter into an overall assessment of the
environmental effects resulting from proposed development in the Senegal River
Basin. Environmental impacts will be created by all levels of future 0.M.V.S.
development in the Senegal River Basin. The same impacts can be judged
detrimental or beneficial, depending on the point of reference from which they
are appraised and the special interest of the appraiser. For an integrated

assessment, the following two central questions must be answered:

a) What are the effects of the proposed development on environmental

and natural resources in the Senegal River Basin?
b) What are the effects of the proposed deve ! - ments on the social and
economic well-being of individuals living in the SenegaZ River

Basin?

D.1 Environmmental and Natural Resources

The level of social and economic well-being in the Senegal River Basin
will depend on the manner and effectiveness by which resources are managed.
Development within the Basin should be balanced against deterioration of
natural resources so that it can be accomplished in a manner that best serves
both long-term and short-term interests of the people from the Basin and from
the Member States. The environmental and natural resources of the Senegal
River Basin that will be affected by the 0.M.V.S. development plan are land,

water, and wildlife.
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w0 v e 7. aers wil' be irt:gre” .d into the agr’c. I, .7 develop - t
sc. v " " se”t.ng as’’e app. xim ‘e., ! ; percent of the i~ -ated pe. ~ters
fo. _-. - . -duction. At the same time, use of the remaining na: ral grazing

land shc- . be limited to t' . carrying capacity ~7 F 2 le¢ ~.

.ne  ojected po lation in :.e Senegal F .. - Basin is e~ -cted to ~xceed
6 mill_on , 2C"”' This factor, along with the g~ & 1y 2= - _ - lces of

F -2 =2um “-:s, will place presently degenerated forees .3 1 'r 1c. NG ng

- v e as a local fuel source. Prc 2r:ion and ' ... sement of exis' .ng
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c) The propagation of f( 'est resources by protect 1g and enlarging
e~ sti _ forest resources and by encot raging reforestation efforts

in ¢ ‘:as where irrigated perimet..; are cons ructed;

d) The re-; 1atiomn and improvement of farming practices. Clearing and

develo: nt of me 'ginal lands should be controlled or prohibited.

D ..l.2 I. .5 of = . . ..and the Manantali Reservoir

The propc :d operating methodology for the Manantali reservoir indicates

that v 2r "2ve’ls in the : " ant will 'y between 187 and 208 meters IGN.
These war~ le 21 £1 _L.a % o w: 11l cause the s .lace ...:a of the reservoir to
vary between :. : and 477 square kilometers. The 477 square kilometer area
will be irr- :rsi. v lc : for - ~rmar :use by hur s and wildlife. Resettle-
ment of _eop. : .. 1 al 5 to be inundated by the reservoir will occur.
Fortun: .2ly the - 'r o pet ..e to be resettled is not large. Large tracts
of esc.l .. 1y . 2ad lar _.. the Bafing River watershed are available as
resettlement - "es., The use . these areas will not create major adverse
effect> ‘n la. ~ *~>u ~= L1 =2 Manantali rer -°rvoir - ‘ea.
D ..1.3 TC. :>» .... in the Touthern Portion of the Senegal River Estuary

e acly - - ned to cross the Langue de Barbarie south of

Ste-Lieaas will éu.e. 21y . pact the estuary and the portion of the Langue de
Barbarie located so..a of the entry channel. The portion of the estuary south

of the ry che 1 will be tiansformed into a lagoon that will eventually be

filled by sew.mentati.. 1.2 sedimentation process is predicted to occur very
slowly an'! .. _1 not be cc. >»lete for several hundred years.
“ I+ e.2.v 2 will be subject to severe beach erosion

immedic 2"y 7 lowing co L.ti-n of the breakwaters protecting the proposed
entry <1~ 1, ‘'ae ri 2 of [ ._on is not known a 1is t . e, but all

prelim. iary : 2stigations sugz2est that beach erosion will be severe.
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Eri~*»on will lessen the value of the Langue de Bar ~rie as a resc :ce for
po =ntial f -ure -“evelopment, although no plans exist for its devel~jsment. At
..3ent the section of shore line that will be subjected to erosi . is u .In-

T el s osion on -he Langue de Ba.oarie will ‘here: - 2 have no * - ate
ec *- . ~isec ances a’ though it will cause the ultimate de~ i+ i~~~ of an

aE 1d sanctuary. Whether or not expens: 2 measures should be taken

i to ; .o:=e:t this endangered stretch of beach is = v _Jtion g .. ernme *
le rs s »n .1d ansi :r.
2 Yooza1 are orces
Be, " & _Zace .+ er and grour = . 2r resourc . .11l be #“lec 2d , -+ -~
©.C.C.e. 1 2ve’. .. .28
I | . 2 We g
One of t.2 ¢°.°' »als of the p. - .s2d C . devel ment [ ¢ :am ‘3 to
. -~ .~ flow reg: e of the Semegal I ..~ t o .»n g :he
[ R A - “C ces. Lo L, el anr i a T T T
' 2ras aw = . ‘ce is se _ 2ly L.omp.. ad " Te !l _:'g ! ¢ ions
v DT T A S T Tna ]l . & v wod rese. s w1l .0 de
a1 . oo ol o T f'-m- ¢ al v the v ire o ot
I - . ~tage of -~ de Mf2rs, Lac .lliz, - o W es o
1 .1 be o s “ t and low flows . . .. ST S |
LT U U P O O SR R PO S A I
re. v ca. of 2 Ser ;.1 River on op : - “ties for « = -".(me : is -
s, ol 2Lt~ e oab luvrof le o RIS L
ca 2= .2 tes ¢+ . . tural deve” €. . T.5 - -l
' . i~ - s of = . pc g .~  be met. Wi u A e e W
S - . develc) . w. .1 not 1 T2,
The v.ler £ 2t Zer qual ry pro.lms I - . _ .st "1 the © negal
B o R A ... associe -d - :th s¢ -~*er i * =13 *n. The
- i -~~~ " er > :the Basin ¢ g pe mods ' ~~* _5:r flow . der
v ool y o e T 4. at o1, weer € »nToryoan. ‘echarge

-176-



of [~ - 2 - v csro2r € iEces. .. . " oat scharges : 1ito the . lver do

T 2 we > _ality o+ '+ 5 at [ °se. and none are ex, :d 1. the near
£ .0 £ 7 ranua’ :t development occ s. i a2 ' prarn U _ of the
r..._ ' . ._zermmne : s re. . se to waste 1..l. in ... .. .o 8., .2nted flow
that '+. .1 occur in = "~ Ri-2r during the dry season wi. L prevent the
deteri. ..z 1 o0of we :r . .l .ty to ha..ul ~~:.3 - 1 .ng the planning horizon

(..7729°3" . A poter i ! fc the developm nt of .o .lved oxygen deficits is

project x ___ .a. .stuary .ownstream from :l.-Lc¢ .Js. These deficits,
howeve: ¢ -~ - 'ci-2ted - --c ' towards the end of ' 2 planning horizon and
tl 1 ¢ .y:. all of the wat '~ :ers from S -Liuis : -2 discharged into the
N P A . - If we :r quality , '~t s ¢ ‘e observed
dow . ..:am £ | se ... o "ities or = duy " ias, these problems can be
n fratc T, oLl i, ..« <e2r t-. - =2nt fac:1l:: .s. Considering the
clite dc - L sy 1 : requ: 'sme - and des: »ility for implementing
a s .o 1ir aroa v fe v cacave lo-oons ap, -. to provide the most
appro .l: .e wi = “ar 7 .. . - technology < : p e
~ .. wo.m ..¢c.  program is ..commend3:d as a means for
de = 3¢ - - te L 3idng the level of pollutant loadings that can
be « .. 0 _ 7. el U sout causing degradat: . of water quality
belo. Biretle L o8 m,
Wil ~ of r ilution in he Senegal River Basin is the

v ot ospilae_2 of cui ¢ 4 ¢ lscharge of . .z ¢ . ¢ sarlast from boats

1 2. or vessol .. e te. T of this po ution will 1lu., :1y depend on the
ci e =n in her  ding ' - storage of oil and bz”" st, and in the prevention
«. vl o sse Tomin e .~e amount of o 1 discharged into the Senegal River

Lol T . wirict enfc¢ .. 0f .. .1 .lu.lon control

_2 es! g
e otnomn ' * dams, _» - facilities, the river navigation
N T oo s ‘ - .ne facili .es will result in some localized
N e Lo 7 b ... Envirown .. . impi ..3 from sediment
w 1o oo 2w fell ol 32 con’ 51 meas. .. are employed during
the pe. 2d of cc = ic :ixc
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A 1. change in surface .ter quality will result from the prevention

of saltwater intrusion by the Diama dam. The significant beneficial effect

of ~%s - ‘~sure will be that freshwater will be ~-.ilable F . : . igati- . a.'
as a wi¢ : . *unply on a year-round basis. The prevention of sa’ 1ater
ii = iion into the Senegal River upstream of Diama will be 2raficial and

e: mce the value of the Senegal River as a wa :r reso. ce.

Y o2.2 IR * er

At 1 resent, groun’ rater is a relatively untapped resource in the Sc¢ :.gal

T I - “n. Long-term changes in groundwater quality are er - -d as a

re~ ¢ v ostruc: . of the Diama Reservoir. Prev~ :ion of saltw: =r

int: sion into the Senegal River upstream of Diama may prevent °~~ : .onal
sa..ne .or' ¢ 'nslon of shallow grour1 “er st:eta adjacent to the .wve:, The
f2 " ng .. s¢ ine we ers from the gr«. dwater t. >le may occur in some areas,
dc-e- ing -~ local conditions.

Deci :ased © > 1irnlo’n ir ndation in the Senep:". River Valley J . t» flow

2g Tat'.r e ¢ ¢ _tzculmiral ¢ Lopment wil® redu:e “he [ .zh oty . LD ST 'ow
TS : :mnt to the Senegal River. Wells in rural areas wi. . be most
~ate ~< .ced recharge may decrease the pot:* i1l of f rure L .02 ~~.
e.v ‘car.er of _zour " .cer ! .s¢ .ces ~ose major 2che ge is I .»
i1 7L < sing the pei “od of floodplain inv 4 :ion, * " this tyr of
.»ita’ "on is .. . fo..seer
_'i . al -2 _opment a* . municipal and : 1str’al gr :h wi .1, ¢.
€ .., v ... . e 3Nf ... e a threat to .o .1 .ty of groo It .ler.
. El ' ' ning of waste “sposal locations - : racti 28 - :h respect
to | .vu s er lo:"..on . . be necess: y to p :nt < ~p = 2r cu  amina-
t:
L. ..3 i T{Fa 2rme nng

Wi® 772 inhabiting " e Senegal River Fasir T . be imp: .zed by the
pL. osed 7.. Y.S. ':v2_. “:nt plan. For the ~:ose of identifying impacts on

wildlife, .he River Basin has been divided in three zones, the Diama and
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Ma. . ol re. . rnoir ..cas and -.2 River Va .ley of the ...egal River between

the two rese: >. . Physic.._ changes brought about by River Basin development
will lLic & a - .st. v : effect - - future wildlife habitat and propagation for
h of t ‘ L ZOuL 23t
) D - Rese_. ir Area: A gain in aquatic habitat will occur
accor ~“-d by a loss in terrestrial habitat due to inundation and

rech: -2 of de,. ss wu3. The disr pearance of a salinity gradient
in 72: . :gal River upstream of Diama and alterations of salinity

gral-ents  >wn. ream of Diama will particularly affect wildlife that

use °  Seneg .l River habitat.
b) %1 R =-.v» . Area: A gain in aquatic habitat will occur
ace. ‘" . by a . os in terrestrial habitat due to inundation and

rec . :len. :.

c) €4 _~ River " .ley: A decrease in aquatic habitat will result due
to a decrease in floodplain inundation resulting from flow

reg 17 "ot = 1’ . lc ".Lvral development, loss of ter:estrial habitat

due * . g - i 1 .al, urban and industrial development will also be
evi
Otlaer a.cee 010 w2 Bl li will not be affected by proposed develop-
ments to a de ,. 2 that . 11 s ,nificantly impact terrestrial and aquatic
habitats.
D.l.3.1 Die.c__:servo - Area
oo fe "2 5 g..  lver Delta over the last two centuries has been
dec” 1ated . . & .«asons ... this occurrence were destruction of wildlife
A ¢ 1 's livee .ck and, to a lesser degree, hunting. Larger

mammals such as gazei, :s, antelopes, monkeys, and cats have almost completely
disappeared *.v. .. Delta. Smaller animals such as jackals, rodents and some
small cats have . 'maged to adapt to these modified conditionms.

1 -

Inundation hind the Diama reservoir and more frequent recharge of

de,r 3sivu. s in tl : Dorca will result in loss of terrestrial habitat but a gain
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in aqua.ic hi’.itat. The loss of this wildlife habitat is relatively minor
wt -  placed in perspective within the total land area of the Basin. Ad-
ditionally, much of the land, as a wildlife habitat, is presently in a

degraded st re.

The increase in an aquatic habitat in the Senegal River Delta upstream of
the " 1ma dam, 1-~ticularly during the dry season, is expe~ *d to benefit both
+*~a Senegal River Manatee and the Nile Crocodile. & °.1 populations of the
Senegal River Ma: atee and the Nile Crocodile are still present in the Delta
.~ .7 z.most of the remaining individuwals living in Djoudj *ional Park.
Both the - -natee and the Nile Crocodile are threatened - .th extinction in the
S .2gal T ver Delta. Accompanied by strict protection measures, the

voo¢ v In LY ler habitat will give both of those species a chance to
~ e in .._e River Basin. Evidence from the Senegal River Manatee in the

Lake Chad Basin and the American Manatee supports the hypothesis that manatee

c¢ + ~~mplite th~ : life cycle entirely in freshwater. Still, inadequate

s . ific evidence is available to unequivocally s port this bel: :f.
Ad1l"c ™.y, e little understood life hi zory of T : wr tee mak: it
St fidieu oo predict the outcome of manatee tra ped in the highly saline

waters dowrsti ream of the Diama dam.

The » ..7 ds will also cre= e additional habitat for ~er birds.
Eme1 ._at ve,.2tation along the increased shorelines of the impoundment will

.de - *~at for granivorous and insectivorous bird life.

The Diama dam will have a dramatic effect on the existing fish diversity
and popul ._ion dynamics within the Senegal River Delta. The creation or
ey ransion of permanent freshwater impoundments (Diama -~servoir, Lac de
| 2., L 2771z and the Aftout es Sahel) will favor "l.e development of a

—.w « .2 fish population adapted to lacustrine cond: :: s.

The Diama dam will destroy estuarine conditions in the Upper Delta, up-
st .am of the dam. Loss of this portion of the estuary will completely
elimina_ > the estuarine fishery from this stretch of the river. Downstream of
“he DI i, changes in salinity gradients will result in a reduction of

ec ~‘arine ha .tat. During the rainy season, freshwater conditiomns, on the
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I - will .. &il d¢ . = . . of the ¢ n as they hi e in the past. During

the dry season, s..ini: .2s 11 _.ad to L. .. ther ti..n present salinities.
This will be ¢ : € . by cc . . ztion of ' ‘2 et .y .nnel. At certain
ti ~s of the . |+ - .cciera,) Apr: ., May ul 1y se L1y levels below the
G« 3 onc fel 12w 10 to S ~acts _er the sand. ™ 3 could result in the
disappearance of fish : ~ .. . ‘tebrates that st ¢ ... a pol :ion of their

1l.Ze cycles ur '»r low sal_..ity or freshwa .2r condit.. s. Most notably, the

African shad | ¢ »7s¢ ‘7 ; the crab (C "“nectes ¢ ) and the shrimp,
(Penaeur - ore¢ . mé be 1- : to the coame v .al fishe. ', Species of fish
ade : . to 2 increased salinities and changing salinity gradients during
the 7'y season x ".1 ° _ . . ominant below the Diama dam.

tc - ecc .cgoal | - of view, chang -  i: ;5. . jecies composition in
ae ¢ .1l t o is ¢ o _ undesiiabl .. F. | ~u economical and
soci. .v»rwcal i o of view, .. disappearance of t. =2 African shad and other
fZ i, w 3e 1: "_ cycl - .. end on the annu . salt tongue development, is of
g2 ~ficant W .. .- as most of the artisanal fish.ng is related to these

fish species. Estii - -s ma 2 in this Study indicate that the yearly estuarine

f: *h "« vest ¢ ¢ - ~z2res~= by as ch as 4000 metric tons in the
Lo .. .0 . 7.0 w2 . :. the Upp.. . .1za, The annual harvest of
4500 1 _:ric t... . . 7 2 . _.. ater fishery projected to develop upstream of

* Diam¢ dam © .. -~ -.all, . cigate these ' --ses. However, a net loss of
7000 1 ic sus v . tuse fish annually from this region is projected.
L 1.3.20 a oo ea

e - ws vt A Lo .. ... and the area dec.gnated for the resettlement of
pc ., ' ¥ oy o, 0 - 2a to be inunds ad w _1 ~ult in the
de ¢ 0T A% L0 0 eti tes of o tural ha . at. 1In contrast to the Delta
y Vs oot =Ty it Tife, the 1., - r trat |1 be lost in the

J T S o . - . t.2most ¢ .. .. t_2d and >roductive ._1ldlife
por 1l tions : Se: .g#_ . 7Jer Bas.n. Most of the ar .als 1 spl .zed by the
W ... " e, w ~_" - _ _e ** have only a small chance for survival, as
viey wil face ! . - ok aon © Jd starvation in the surrounding habitat,
which is ¢ "¢ be bt cé.. 'ng ceé acity under existing conditions. The
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fringes of the future Manantali reservoir will create new habitat for some
animal species. The hippopotamus, Nile Crocodile, roan antelopes, and water
bucks are among the species that could be sustained by this new habitat.

Their survival will be governed by the extent to which they are protected from
human exploitation. This gain in habitat, however, cannot make up for the
loss of relatively undisturbed and productive terrestrial wildlife habitat
that will be inundated or used for resettlement villages. The net effect of

the Manantali reservoir on wildlife is therefore judged to be adverse.

The newly created aquatic habitat within the Manantali reservoir, on the
other hand, has the potential to support a prolific freshwater fishery and
enhance conditions that are supportive of other forms of aquatic life. Among

the fish species projected to colonize the reservoir, Tilapia and Sarotherodon

should be of commercial value. From a fisheries point of view, the Manantali

reservolr constitutes a very beneficial development.

D.1.3.3 Senegal River Valley

Agricultural development in the River Valley downstream of Bakel will
reduce available wildlife habitat. Much of this land 1s presently in a
degraded condition from over-grazing and farming, and as a result, supports
little wildlife. Therefore, future development activities will have little
impact on existing wildlife populations. 1In the assessment of land resources
in this report, the recommendation is made to make the planning of irrigated
perimeter development the nucleus for a wide-ranging land use plan. A land
use planning program is proposed to curtail desertification and to improve
land resources of the Senegal River Valley by the preservation of existing
resources, by the creation of new forestry resources and by the control of
destructive grazing and farming activities. If this program could be enacted
and general improvement of range and forest habitats could be achileved,
wildlife may have a chance to return and proliferate in the Senegal River
Valley. A limited number of gazelles, antelopes, monkeys and elephants could
find a future home in the Senegal River Valley between Bakel and Dagana in
spite of agricultural, urban and industrial growth. If these wildlife are to

survive, aggressive conservation programs will be required.
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Annual floodplain inundation is extremely important for the reproduction

and nursing of many fish species in the Senegal River Valley. Decreases in

annual inundations of floodplain depressions as a result of
and irrigated p: imeter development will lead to a decrease
and, correspondingly, to a decrease in fish productivity in
Valley. Estimates made as part of this study indicate that

fish resources will decrease by approximately 20,000 metric

flow regulation
of fish habitat
the Senegal River
annual harvestible

tons by 2028,

This reduction is due to the destruction of floodplain habitat.
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D.2 Social and Economic Well-Being

A major objective of the 0.M.V.S. development plan is to improve the
social well-being of the people affected by the developments. Therefore, the
final criterion for judging the value of the Senegal River Basin development
plan centers around the following question: will the people of the Senegal
River Basin and of the three 0.M.V.S. Member States benefit from the 0.M.V.S.
plans?

The social and economic well-being of people living in the Senegal River
Basin depends on a great number of parameters that are Interrelated and
sometimes difficult to define. The following aspects of well-being have been
selected to judge the effect of the O.M.V.S. development program on people in
the Senegal River Basin.

a) TFood and nutrition;
b)  Public health;

¢) Migration;

d) Employment;

e) Social structure and culture.

D.2.1 Food and Nutrition

One of the major goals of 0.M.V.S. is to maximize agricultural production
in order to increase the gross national product, promote development of agro-
industries and improve the quality of life in the Senegal River Basin by
providing better nutrition. The prinicipal nutritional disorders presently
existing in the basin are protein-caloric deficiencies, nutritional anemia and
endemic goiter. Mauritania ranks malnutrition as the number two cause of
death in children. Mali attributes at least 30 percent of childhood deaths,
aged 1-4, to malnutrition. In recent years, inadequate rainfall in the Basin
has severely curtailed food production and aggravated the problem of
malnutrition. Past experience has proven that the solution of alleviating
malnutrition is through improved agricultural production, storage and
distribution of foods, rather than short-term relief from famine levels.

Proper development of the Senegal River Basin will provide an improved level
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of m :zion th v v 2 . ir” ., ...zed »Hproacar | comb:ning ti 1itional

agri. -miural ' -actices . .I:. moc .. agricultur: . tec 10logy.

e T . _.. mi.o2 at <11 o1 :i. » to piay an important role in
the diet of F sin re. %, :nts . ..ades:

ec ! ~
b) Dieri . . _:
c) He .. *
Y FLuc Il Fietlle

Ny in :© ' foou & gu ¢ - .wities, which are expected to play an
ir. .2z 7 3ly -1 "2 ¢ . the me: . 50 y» s, include the
devic mtec I -2)0 1 ¢ 2s in i10f ation  :uc i ure and, to a lesser
extent, fish = - o .. 1 . .. eased availar "lity .~ marine fishes.
Existing ¢ _t:ue v .2 is © e i1ent from year to year and from season to season
on the e R B WP .1, t yical of > Sahelian climate. On the
other he ~ ., '»r» =" [ .1+ 2, inl7.crn g tt: co <cruction of the dams,
will provii - ,w > ov . ,. . . . crops on a much greater scale than
prev: n . 4, p ot

While the S -._ h¢ ; been heavily fished by foreign nations, the
£_1 "alese ¢ s~ & “o...nments are only now realizing the potential
value of this ce as ¢ 1 - mortable commodity and as a local food supply.
The richness . the fi¢" _ y . a result of the annual upwelling phenomena off
the co: 'ts of S¢ -~ 1 . . .. __.:ania, which brings deep nutrient-laden waters
to the :face. N 'S a rich near-shore fic _ ., from December to
May. (... .y .77 et o~ -1lgo 1 » ave Jable for exploitation.

BN U R s ~3: .. rel-!:» the val "_us facets of agricultural
L o to .n vl . - .es of the population within the Senegal
River ¥ .3 .n, ' 7.7 ¢ i lns prei. Jfons of amounts of nutrients
pe--atia’ iy avai +°.7 . % om e v rious levels of agricultural production.
Table . .2 7. ~s51 .7 . '» . of ciloL .2s and amounts of protein
availi« -~ .Hr pe w@Hi:a - sumption. Based upon FAO statistics provided by

the Frieads of t° Sahe. , ¢ s3ire se levels of nu- rient intake that 0.M.V.S.
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Table D.2-1

Summary of Projected, Available Amounts of Nutrition from Agricultural Products on an
Annual Basis with Implementation of the Proposed Plans of Development
Senegal River Basin
Year 1980 Year 2000 Year 2028
Protein Protein
Calories % of Protein % of Calories % of Grams % of Calories % of Grams % of

Sources x107 totall Grams totall x 107 totall x 107 totall x 107 totall x 107 totall
Recession
Farming 15,354 16 440 7 14,458 6 433 4 6,958 1 203 1
Dieri
Faming 13,600 14 400 7 6,800 3 200 2 - - - -
OMVS Irri-
gated Peri- 23,000 24 450 8 182,590 72 4,576 43 395,700 85 9,837 57
meters
Livestock? 40,084 41 3,718 64 43,166 17 4,032 38 47,250 10 4,469 26
Riverine
Fisheries 3,300 3 550 10 2,500 1 430 4 2,000 0 330 2
Salt Water
Fisheries 1,400 1 240 4 5,320 2 912 13 14,000 3 2,400 14
TOTAL 96,738 100 5,808 100 254,834 " 100 10,583 100 465,908 100 17,239 100

1) Because of rounding-off of numbers, percentages do not always add up to 100.

2) Includes cattle, sheep, goats and to a lesser degree, pigs and fowl.

livestock is not consumed to the degree that may be possible under a cash economy.

It should be understood that, under the present subsistence economy,



A

Table D.2-2

Summary of Projected, Available Caloric and Protein Intakes for the
Population of the Senegal River Basin on an Annual Basis
With Implementation of the Proposed Plans of Development

Year 1980 Year 2000 Year 2028
Population 1,649,500 2,901,100 6,274,500
Calories
Total available (x 107) 96,738 254,834 465,908
Total desirablel (x 107) 138,476 243,547 526,744
Deficit/gain (x 107) - 41,738 + 11,287 - 60,836
Daily per capita availability 1,607 > 2,300 2,034
Protein (Grams)
Total available (x 107) 5,808 10,583 17,239
Total desirable? (x 107) 3,974 6,989 15,115
Deficit/gain (x 107) +1,834 +3,594 +2,124
Daily per capita availability 2 66 pd 66 2 66

1) Assume average value of 2,300 calories per capita per day for projected Basin populations.

2) Assume average value of 66 grams per capita per day for projected Basin populations,



should strive to attain for the residents of the Basin are 2300

calories/capita/day and 66 grams of protein/capita/day.

Although no analysis was conducted of mineral and vitamin levels in the
diet, it is normally assumed that these nutrients will become increasingly
available as the quality of the diet, as measured by protein intake, improves.
If the overall nutritional status of the inhabitants in the Senegal River
Basin can be improved, there will be a decline in malnutrition and a decreased
susceptability of the people to disease. Better nutrition will enhance the
social well-being of the Basin by improving public health, which, in turn,
will increase the inhabitants' vitality and efficlency in performing various
activities. An increase in the economic status of the area may also result if

a more productive worker is provided to the job market.

In 1980, livestock production, irrigated agriculture, recession farming
and dieri farming will supply the most important sources of potential caloric
intake, providing an estimated 41 percent, 24 percent, 16 percent and 14
percent respectively of the total caloric Intake available to the inhabitants.
This will leave a deficit of 417,380,000,000 calories providing 1607
calories/capita/day. This deficit can only be made up by importation of food

products into the Basin.

It is estimated for 1980, that 61 percent of the available protein intake
will be from livestock production. The remainder of the available amounts of
protein will be equally distributed among the other sources of protein. A
surplus of 18,340,000,000 grams of protein 1s projected which should allow the
projected population to meet the minimum intake requirement of 66 grams/
capita/day. Realistically, although livestock provide an important potential
dietary source of protein, fat and calories, their consumption for cultural
reasons (i.e. sign of wealth and means of barter) is not anywhere near its
potential., Livestock consumption patterns are expected to change under the
future cash economy where currency rather than livestock will become the

primary indicator of wealth in the Basin.

By the year 2000, agricultural production from the 0.M.V.S., project will

become the dominant source of available calories, superseding livestock
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with which to fulfill dietary requirements and other material needs from
imported products. No attempt has been made to stratify nutritional intake by
income levels nor to predict effects of a cash flow economy on the quality and

quantity of food.

It should be pointed out that if population projections for the year 2028
of over 6 million people are reasonably accurate and agricultural production
remains at approximately the same level as 1980, the daily per capita caloric
intake could fall to as low as 424 calories/person/day while protein intake
could fall to 26 grams/person/day. This would mean severe malnutrition of the
inhabitants of the Basin, and under these conditions, an increased

susceptibility of the people to disease.

The outcome of this integrated assessment indicates that the exponential
increase in population within the Senegal River Basin and the resulting food
demands will, from 2000 to 2028, exceed the linear growth of agricultural
production. While it appears that the quality of the diet as measured by
protein intake will remain adequate, deficiencies in the quantity of food
consumed as measured by calorie intake will be a problem during this period.
This caloric deficiency is evident even if it is assumed that all agricultural
products produced within the Basin will be available for consumption by local
inhabitants. Additilonally, this deficiency is evident without having
stratified the populace by age even though caloric deficiencies are more

common in the younger age groups.

Caloric deficiencies may ultimately result in protein malnourishment even
though adequate supplies of protein are consumed. This results from proteins
being used as an energy source in place of much needed calories. Proteins are
then lost as building blocks for growth, repair and preservation of the body

and bodily functions.

The caloric deficiency which is projected to occur during the period from
2000 to 2028 will be in part attributable to the decrease in the yearly rate
at which land is projected to be converted to irrigated perimeters during the
period from 2021 to 2028. Based upon this Study's realistic adjustment of the

Groupement Manantali rate of development, the average annual increase in
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disease. The high prevalence of endemic goiter in the Upper Basin is caused
by an iodine deficiency. The diseases discussed above are controllable and do
not pose a serious health threat to Basin inhabitants if health care pro_.ams
and health educa” 'on are instituted by appropriate governmental agencies of

the Member States.

D.2.2.1 Availability of Food and Water

Proposed agricultural development in the Senegal River Basin is planned
to enhance the nutritional well-being of the Basin inhabitants. The extent of
this enhancement will depend on the types of crops grown and the availability

of these crops to people in the Basin.

This study found malnutrition to reach a peak in March and April of each
year just before the crop harvest, when food supplies were running low. On a
long-term basis, the proposed irrigation agriculture program should provide
readily available food supplies on a year round basis, eliminating the
seasonally adverse nutritional status of Basin inhabitants. On a short-term
basis, the elimination of cultivable land during the irrigated perimeter
construction period will require stockpiling food grains to replace the lack
of grain harvested during the conversion period. By maintaining or improving
the nutrition of Basin residents, there will be an increased ability to resist

disease and other health disorders.

Flows from the Manantali dam will be beneficial to public health by
eliminating the often unsanitary pools that develop during the dry season in
the Bafing and Senegal Rivers. Free—-flowing water will be available year
round for bathing, drinking and washing. Increased dilution and assimilation
of pollutants reduce concentrations of contaminants., This beneficial effect
of flow regulation will become increasingly important as developmental goals

are attained, populations expand, and more contaminants enter the River.
Population - Changes in human populations will include increases in the

numbers and densities of people within the Basin. Population resettlements

will also occur. The proposed development program will create jobs and
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D:3 oML -

Et - - R ~3i L River Basin, especially of working-age males
in: a . °° " _ € iy, 7 5 been increasing since the 1940's primarily
bc v L LI L w1’ de: .21 77 aition and a falling economy. This emigration
reac er: 1w ' Lo. . . &¢"zer the ....ight of the early 1970's. Development of
the 1,11 Ri. - w3: 7 1 result in a net immigration into the Basin over
£l - 50 - s o~ om o creased employment.

PR ST S ol mi;Lut’> L7717 Lccu. from resettlement of
v . es . "0 1r o £, by flo 1ing be .nd the Manantali and Diama

1Ise Mi_-st'~ 1is al i« = -cted to take place from areas where people will
o .o ~jc 5% u' s . as the Deir ., where there is expected to be a
rer.d 4 -r, Lo e t~ . I 5.

A tre d 1 _. "« is € =zc | from the rural secto. . of the Basin into
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D.” ::Aj -z
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irrigation agriculture in the rural areas, and to agro-industrial activities
and supporting services in the urban areas. Improved navigation and the
creation of ports along the River will provide additional opportunities for
employment. Job opportunities are expected to expand more rapidly in urban
areas rather than in the rural sectors of the Basin. Intensive, high paying
employment opportunities will exist for five to six years in the early 1980's

due to construction of the dams and navigational facilities.

D.2.5 Changes in Traditional Social Structures and Cultural Resources

Development of the Senegal River Basin will result in a major evolution
of life styles and widespread cultural changes. One of the most significant
changes that will take place in the Senegal River Basin is expected in the
inter-relationships within the extended family. With the development of a
cash flow economy and the increasing availability of jobs for youthful males,
there will be a decline in the authority of the traditional family and village
elders. This change will be compounded as better communications bring various

conflicting social and religious thoughts into the area.

As rural families migrate into urban centers for employment, more
importance will be placed on the nuclear family as social mores change.
Ethnic and cast boundaries will disappear as economic disparity decreases and

intermarriages take place.

In the rural areas, cultural activities, associated with traditional
fishing, herding and farming will diminish as these subsistence life styles
become obsolete under the cash flow economy. Many of the individuals
associated with these activities will become involved in government-related
irrigation agriculture. This change away from traditional activities will
bring about a loss of independence previously associated with the subsistence
life styles and a shift of authority from the village level to the regional
and national level. Government regulation and distribution of land will
jeopardize the existing caste system and affect the traditional system of land

inheritance.
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A decrease of indigenous crafts may occur in both the rural and urban
sectors. As the result of an elevated economic status of the populace and
improved transportation, there will be an increased preference for goods
imported into the Basin. In rural areas, increasing pressures will be placed
. the craftsman to abandon his trade in favor of working the more lucrative
" . .gated perimeters. In urban areas, there will be a decreasing need for

{ & zional crafts as life styles become more sophisticated.
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