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1 PROJECT PRESENTATJCN 

1.1 P~oject o~igin 

The Senegal River Development O~ganization (l'Organisation pour la M1se 
en Valeur du Fleuve Sénégal, CJ1\/S) and the L.hi ted States Agency for 
Inte~national Development (USAlD) signed a Grant Agreement for the Groundwater 
Monitoring Project 625-0958, on August 30 1983. This grant agreement was made 
possible following an environmental study by Gannet Fleming in 1970, ~eviewed 
in 1979 by Mr. GeorgE' C. Taylo,-. 

The project commenced field activities in January 1985 and concluded 
them on June 30, 1990. 

1.2 Project objectives 

The goals and expected outputs (short and medium term objectives) listed 
in the Project Paper Dcx:ument were: 

1) development of a master plan for the management of surface and 
groundwater, 

2) development of a data management system for the OMVS, 

3) development of a data compilation and analysis system, 

4) training of OMVS personnel for the management of surface and 
groundwater according to the master plan, 

5) construction of an OMVS piezometrie netwcrk. 

Objective 1) and, subsequently, objective 4) were revised and redefined 
during the course of the project through the interventions of short term 
consultants, Mr. M. Vandenbeusch of BRGM, Mr. E. Bolke of USGS. and Mr. E. 
Weiss of USGS. This point is treated in detail in the project·s final 
evaluation report (Ref.: Reeser and Dendrou). Objective 1) was replaced with 
the obligation to write two synthesis reports: Volume II - dealing with the 
Senegai River delta region, and Volume III - dealing with the environs of 
Man an ta 1 i Da·'ii. 

This present report constitutes Volume III, covering the environs of 
Manantali Dam. 

In general, project activities, covering the entire Senegal River valley 
and the a rea near Manantal i dam, were f=used on the collection and anal ysis 
of hydrogeological, climatic and water leve! data, and the development of a 
computerized data management system. These were obtained: 

* first of ali, by the construction 
net~NCJ:rk which contains 569 piezometers 
River valley between Bakel and D1ama Dam 
area nea~ Manantali Dam, 

of the OMVS piezometrie 
l=ated in the Senegal 

and 20 piezometers in the 

* by the 
networks, 
points to 

inclusion of village wells to the OMVS 
bringing the total number of hydrogeological 
1151 sites, 

piezometrie 
observation 

* thereafter, by the hydrogeological follow-up of the network, 

* by the collection of water leve! and climatic data recorded by 
other o~ganizations. 
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Thru.Jgh this project, CMVS aimed to acquin' a hydn:>geological 
observation system which would permit it to monitor the evolution of the upper 
aquifer in relation to current and future development works in the Senegal 
River- valley (dams and irr-igated perimeters). 

A-lalysis of the collected data should permit the study of: 

a) the impact of the Diama and Manantali dams on the aquifer-s in 
contact with the river bed, 

b) thE rise of saline gr-oundwater within the irr-igated per-imeters, 
especially dCWlstream of Podor, 

c) the natural recharge of alluvial aquifers and deep aquifers 
underlying the Senegal River valley, 

d) groundwater contamination mechanisms related to the use of 
fertilizers and pesticides, 

e) the hydrogeological potential of the different aquifers with 
respect to agricultural development. 

1.3 Report authors 

This report, available in French and English, was written by Mr. Denis 
Richard, consulting engineer (ISTI), in collaboration with Mr. A. Diagana, 
D.E.A. in hydrogeology, Chiekh Anta Diop University, Dakar, following 
utilization of the GES data base (a project output) and Groundwater software, 
in addition to many related computer software tools (WP5, Lotus, Surfer, 
Graphe..- and others). 

Mr. Thomas Piekutowski, independent consultant, wrote annexes #5 and #6. 
Annex #5 presents hydrological data for Manatali Dam (3 year period: 1987-
1989), and annex #6 tr-eats average monthly climatic parameters (4 year- period: 
1986-1989). 

1.4 Project contributors 

The production of this report, cover-ing the environs of Manantali Dam, 
was made possible through the combined efforts of many persans, among whom: 

* the local personnel of the Manantali sector office, responsible for 
the collection and pre-analyses of field data, 

* the local central office personnel (Mr. O. Ngom, project chief, Ndar 
Toute, St. Louis), responsible for coordination of the field activities 
of each sector office (Mr. L. Sangare, St. Louis, Senegal sector chief, 
Mr~ A. Ndiayes, Rosso, Mauritania sector chief, and Mr. Taure, 
Manantali, Mali sector chief) . 

This project, implemented by OMVS/DIR (Département des Infrastructures 
Régionales), benefitted from the support of technical assistance; long-term 
( ISTI) and short-term (USGS, BRGM et If\FORMISSHJIJ). 

In or-der to at~in project goals, ISTI provided project management 
assistance to OMVS by assigning a consulting engineer, Mr. D. Richard, to work 
with the Groundwater Monitoring Unit (PES) project chief. 
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JI\FCAMISSJ(JIJ, a sutx:ontractor 
development and installation of thE' 
contributions of computer special1sts, 
M. Migneau l t. 

to ISTI, was responsible for the 
computer data base (GES) thn:x.Jgh the 
Mr. M. Fortin, Mr. L. Brunelle and Mr. 

8RGM (Mr. M. Vandenbeusch, hydrogE'ologisU and USGS (Mr. E. Bolke, 
hydrogeologist, Mr. R. Hollway, computer specialist in hydrogeological 
applications, and Mr. E. Weiss, hydrogeological modelling specialist), 
participatec in orienting the data interpretation and revising objective 1) . 
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ThE> upstr-eam zone cor-rTsponds to thE> r-eg1c:n cx:cupied by t,tle dam 
~eservoir. The surface area~ ~f the reservolr varies from 272 k~ at an 
elevation of 187 m ASL to 477 km at the elevat1on of ma~1mum f1ll: 208 m ASL. 
The volume of Vifter- r-etained at thE> elevation of ma~imum fill is estimated ta 
be 11 billion m' (according to Mr. KONARE, Directar of Manantali Dam). 

The dew1stream zone is the part of the hydrogr-aphie network with a water 
deficit related ta the star-age capacity of the dam. 

This whole 
delimits, in the 
a rea ( see the map 

hydrographie nEtwork (pt'"incipa.l a'id sec011dary watercourses) 
region of the dam, JUSt part of a watershed of law surface 
locating the OMVS piezometr-ie network, 1/200,000). 

2.3 Geology 

2.3.1 Regional 

Within the limits of Plateau Mandingue4 , the various geologie formations 
which have been mapped are: 

* the recent formations: comprising ancient alluvium and ter-r-aces, 

* the Upper Proterozoic and Termin;;J Cover: represented by thE> following 
successive groups; Nioro (dolomitic limestones, feldspathic sandstc:nes, 
argillite, silexites and tillites), Bdkoye (argillites, siltstones and 
sandstones), Souroui<oto (sandstones, argillites). 

* the Lov.~er Proterozoic Bedrock: represented by the sedimentary and 
volcano-sedimentary Birrimian (grauwackes and conglomerates, metamorphic­
sedimentary and complex volcano-sedimentary formations) • These formations do 
not show on the surface within the limits of Plateau Mandingue. 

Bakoye group formations occupy most of the sur-face area of the Manantali 
Dam region. 

2.3.2 Local (near the Dam) 

For the area close ta Manantali Dam, the "Groupement de Manantali" 5 , 
COflsortium respcnsible for tl'lc dam's ccnstruction. has codified the different 
formations in the Bakoye group lithostratigraphic series (see section 2.3.1) 
in arder ta perform a geotechnical analysis of the dam site. 

Ch the following 
the geologie sections 
subdivided as: 

page, the reader will find schematic representations rf 
and codes praposed by the Groupement de Manantali , 

* Recent/Quater-nary Formations * Upper Complex 1 Bakoye series * Lower Complex 1 Bakoye series 

3 Ref.: Groupement de Manantali, 1979, Mission A2.1, Texts, p. 76. 

4 Ref.: Carte Photogéologique du Laboratoire 
Marseille en collaboration avec la Direction 
Mines du Mali 1/200 000. 

de géologie Dynamique St-Jérôme 
Nationale de Géologie et des 

5 Ref.: Groupement de Manantali, 1978, Mission a1.6, Volume 1, p. 19-23. 

6 Ref.:Groupement de Manantali, 1979, Mission A2.1, Text. p.19 . 
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The following descriptions are extracted fn:Jm the Grcupement de 
Manantali Report: 

*Recent Formations 

These constitute the surface terrains that can be subdivided as follows: 

- alluvium deposited by the Bafing, essentially clayish-silts containing 
traces of ferric oxide and organic matter. The thickness of these 
deposits varies from 3 to 7 m close to the river and lessening toward 
the valley slopes. 

- laterally, these deposits progressively become a mixture of 
and colluvial (eroded from the valley walls) deposits. These 
are between 1 and 5 m thick. 

alluvial 
deposits 

- the bottoms of the valley slopes are 
of which are many cubic ~ers in size. 
can be up to 7 m. 

covered with talus, sorne blacks 
The thickness of these deposits 

-on the plateau, the surface caver is limited to small areas of organic 
soi! and small accumulations of blacks. 

* U,Oper Complex: 

It is represented by two types of sandstone formations that we 
distinguish from top to bottom: 

Sandstone (C): hard, compact, massive quartzite sandstone. Highly 
recrystallized (metamorphosed) and fine grained. l"bre than 50 m thick. 

Sands tone ( 8) : grey-green, compact, homogencus 
Highly cemented with quartz. More than 50 m thick. 

* LC>Ner Complex 

quartzite sandstone. 

It is represented by three types of sandstone formation and one pelitic 
formation: 

Sandstone 0: fine to medium grained sandstone, beige to brown-grey in 
color. Its thickness varies from 10 to 36 m. 

Sandstone (lA}: fine to medium grained, ferriferous sandstone, brown to 
purplish-brown in color. The quartz and feldspar grains are embedded in 
an essentially quartziferous and ferriferous groundmass. Jts thickness 
varies from 10 to 37 m. 

Pelite (18}: alternating Jayers of ferrifercus pelite, limestone, jasper 
and/or volcanic tuff in which thin, interlaminate beds of fine to medium 
grained sandstones are laid. The pelitic layers of this formation are 
highly flaked. Jts thickness varies from 6 to 25 m. 

in 
The 

Sandstone (2}: quartziferous sandstone, from brown grey to purple 
color, progressive intrusions of Jighter spots and ribbons. 
essentially quartzo-feldspathic sandstone is bound by silicates. Jt can 
be as thick as 35 m. 

Clay shale (3}: dark grey. More than 13 m thick. 
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2.4 Structu~al considerations 

The dam is lcx:ated at a ~elath•ely pronounced encroachnent of the nearly 
vertical cliffs which border the lower part of the Bafing valley. 

The abrupt break in slope that marks the 
approximately, to a stratigraphie deformation of 
Cambrian fo~mations. 

cliff bottoms correspcnds, 
the sub-horizontal infra-

The valley slopes and the two plateau" border ing the si te present 
similar structures capped by quartzite sandstone, about the same on both s~des 
of the ~iver. These

7
are eut, sometimes deeply, by vertical fractures which 

can ex tend regional! y • These fractures have been studied by Gnoupement de 
Manantali as potential leaks from the reservoir. The boreholes made by 
G~oupement de Manantali f~om on top of the plateaus showed the presence of a 
wate~ table 30 m above the valley floor. 

The median zone of the Bafing valley is characterized by a graben which 
is bordered on the north by a highly fractu~ed zone wherein the layers are 
displaced by almost 70 m. This deformation is step-Jike. The width of the 
zone affected by the faul t is on the arder of 80 m. To the south, the graben 
is delimited by a fault into which was injected a dolerite dike 20 to 25 m 
wide. The vertical displacement along the gr-:F is about 30 m. The total 
width affected by the graben is about 210 meters • 

The covering ter~ain is thickest, about 9 m, in the g~aben zone where 
the~e is an ancient bed of the Bafing. These terrains are silt-clay to silt­
sand deposits near the ~iver, changing laterally to colluvial or eluvial 
deposits. Talus debris lays at the bottoms of both valley walls. The 
thickness of these deposits does not seem to exceed 8 m. 

About half of the lower pa~t of the valley is caver~ by a sometimes 
lateritic (ferric~et~) pediment, and the rest by an alluvial terrace which 
borde~s the Bafing. 

7 See the project map (partial compilation) and Groupement de Manantali, 
1979, Mission A2.1, Text, fig. 2. 

8 ECBM, 1979, Mission A.2.1, Texts p.38. 
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Table #1 is a compilation made by tre project, of data collected by 
Groupement de Mana~tal1. 

Table #1 - Manantali Dam - permeability of fractures near tre dam 

CO"PLEX Fffi"'A Tl rn ELEV. 0 ASL LLŒUJ REMARKS 
RB LB L.U. 

L.PPER SIONDSTCJIE C 290 
L.PPER SIONDSTCJIE 8 230 210 
L.PPER SA"JDSTCJIE A 175 160 100 VE'J"'"Y permeable to 25-30 M 

LCW:::R SA"JDSTCJIE 0 140 145 30 permeable along fissures 
Lcw:::R SIONDSTCJIE lA 130 130 4-5 impermeable except along lA/lB 
LCJ,o,ER PELITE 18 110 110 2-12 practically impermeable 
Lcw:::R SIONDSTCJIE 2 ? ? 5-27 permeable 

LUGEON UNIT (L.U.) = i'Lmber of liters abscrbed per minute per linear meter of 
borehole under a real pressure of 10 bars 

Of the different fracture networks observed near the dam site, the 
principal fractures are oriented E-W and the secondary fractures N-E. 

Tre fractures have three causes: 

* tectonic (faults, fractures) associated with injected dolerite, 

* diagenic, formed during rock consolidation and cementation 

* erosive, associated with unstressed rock. 
closely related to the topography. This 
rarely observed below a depth of 30 meters. 

These fractures are 
type of fracture is 

2.5 Groundwater 

The fractured zone in the area near Manantali Dam is, hydrogeclogically, 
paer l y known . 

Through the ir studies the Groupement de Manantali detected: 

* a water table in the valley walls, abcve the Bafing valley floor 
elevation, 

* an artesian aquifer located in tre pelites (hydrostatic pressure 
1 m above the river), 

* a discontinuous aquifer in the alluvium. 

Groupement de Manantali tried to evaluate the importance of water leaks 
near tre dam (1o-20 open fractures) and in t~ graben zone (fault 30 m wide) 
by assuming two per~ability values: 4 * 10· m/sec (according to professor 
Hettfeldl and 5 * 10 m/sec (according to the Lugeon tests). 

The total discharge of these fractures is op ~ tre order of 70 to 
]/sec, for an annual discharge of 2,3 to 5 * 1~~- Tt-ese quantities 
small. 

140 
are 
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3 AQUIFER Œmi'CTERISTICS 

The aquifer- near- Manantali Dam is composed of consolidated fr-actur-ed 
r-ock. The per-meability of the aquifer- is str-ictly r-elated to the fr-actur-e 
net"--rk ""'aving through the differ-ent rcx::k masses of the region. Be for-e 
constructing piezometer-s in this ter-r-ain, the project decided to perform some 
geophysical exploration in arder to locate in-situ the var-ious structural 
alignments which had already been pre-mapped through photo-inter-pr-etation done 
by Gr-oupement de Manantali. 

3.1 Geophysical explor-ation 

Geophysical explor-ation was perfor-med by DNHE fr-om 1/7/88 to 2/15/88. 
Electr-ical methods wer-e used (pr-ofiling and sounding) which per-mitted 
localization of structur-al elements. Electr-omagnetic methods permitted 
locSization of magmatic intrusions. The test resul ts are included in the 
DNHE report. 

The geophysical test sites were chosen on the basis of the following 
criteria: 

* immediate proximity of Manantali Dam, upstr-eam and downstr-eam, 

* the presumed passage of a structural alignment or- its extension, pr-e­
localized10from the "car-te des grandes fractur-es aux environs du bar-r-age, 
1/40,000" (map of lar-ge fr-actur-es near- the dam). 

At the 9 sites tested during this geophysical campaign, 13 structur-al 
accidents wer-e detected. 

In ail the CJ'1VS piezometr-ie network has 20 piezometers11• Twenty out of 
twenty networ-k piezometer-s were located on the geophysical accidents. In ali, 
7/9 of the geophysical test sites are located downst..-eam of the dam and 2/9 
ar-e located upstream. 

Fewer tests ~toEre made in the upstream section because of the zone· s 
inaccessibility at the time. 

3.2 Dr-illed str-uctur-es 

The Gr-oundwater- Pr-oject (Projet Eaux 
supervised, from 3/01/88 to 5/26/88, the 
piezometr-ie net"--r-k (20 boreholes). 

Souter-r-aines - PES) financed and 
construction by Ili\I-E of the CJ'1VS 

The technical char-acter-istics of each 
in (2) tables on the followi~ pages, bath 
"Rappor-t" function of the GES < data base: 

9 Ref.: DNHEIOMVS, 1988. 

of the 20 piezometers are listed 
of which wer-e gener-ated with the 

lO Ref.: Gr-oupement de Manantali, 1979, mission A2.1, text, fig. 2. 

11 See the map locating the drilling wor-k by the pr-oject. 

12 GES = computerized data base (Gestion des Eaux Souter-r-aines) developed 
especially for- the Groundwater Pr-oject for- groundwater management. 
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1) "Table 112: Sunmary of basic parameters - al! network si tes"; (tableau 
de synthèse des paramètres de base -tous ouvrages confondus), listing 
for each piezometer, information relative to: 

- the geographie situation, 
- physical enviranment, and, 
- related infrastructures (meteorological station and water leve! 
scale), 

2) "Table 113: Sunmary of technical characteristics of the piezometers"; 
(tableau de syntttèse des car-actéristiquPs techrüques des pié;::nl'flPt re~-)! 
listing the following information for each piezometer: 

technical characteristics, 
hydr-aulic conductivi ty, 

- dates of completion of various stages, and, 
- periods of hydrogeological monitoring. 

In these tables, the following codes signify: 

HUE Hors Unité Naturel d'Equipement, geographie concept with no 
signification in the Manantali Dam region, limited to the Senegal 
River valley, 

MAN capping formation of Plateau Mandingue 
BA Bakoye group lithostratigraphic series (see lithostratigraphic 

description, section 2.3). 
N/R Not completed 

The colunn entitled "Strat. intake" designates the lithologie nature 
of the formation in which the piezometer intake is located, using the codes 
proposed by Groupement de Manantali. The reader will find lithostratigraphic 
descriptions of the codes in section 2.3.2 of this report. Annex Ill contains 
the technical and geological cross sections of the piezometers and annex 112 
contains geologie profiles. Plotting of these sections and profiles was 
performed by the project with the Groundwater software. 

3.3 Structural description of the dam surroundings 

The construction of the CJ"M3 piezometrie network necessi tated well­
drilling (20 piezometers) for a total of 915.54 linear meters, drilled in 
bedrock. Many structural accidents (83) were intercepted of which (73) 
fractures and shear zones. These structural accidents were usually water 
bearing (W.B.) of sorne significance (93.98% of the structural accidents). 
Table 114 indicates the structural accidents (fractures and shear zones) and 
water bearing formations (W.B.), their distance and average separations 
( coluiTTl: "M. DRILL/1\L.M W. B.") • 

Table 114: Structural accidents 

TYPE 1\L.MBER BEDROCK M.DRILLI M.DRILLI M.DRILLI M.DRILLI 'l.ACCID. 
f'O::IDENT DRILL(m) 1\L.M W.B. 1\L.M FRACT • 1\L.M 51-Effi 1\L.M f'iX: ID . 
W.B. 78 915.54 11.68 NIA NIA NIA 93.98% 
FRACT. 73 915.54 NIA 12.54 NIA NIA 87.95% 
SI-E ffi z 0\E 10 915.54 NIA NIA 91.55 NIA 12.05% 
f'O::IDENT 83 915.54 NIA NIA NIA 10.98 100.00!. 
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Table #5 inventories the different structural accidents intercepted by 
the piezometers during the drilling and their appearance frequency per linear 
meter (colunn: "Freq.Ac:cid.ILM Drill"), as well as other basic statistics. 

Table #5: Inventory of structural accidents by piezometer 

Piezo 
# 

M'\0001 
M'\0002 
M'\0003 
M'\0004 
MA()(X)5 
M'\0006 
M'\0007 
l"'"l'l08 
MA0009 
MAOOlO 
MA0011 
MA0012 
MA0013 
MA0014 
MA0015 
MA0016 
MA0017 
MA0018 
MA0019 
MA0020 

Piezo 
# 

I\U'1BER 
MIN. 
MAX. 
AVERAGE 
STD. !lEV. 

LEGEND 

W.B. 
M. Drill 
1\Um Fract. 
1\Um Shear 
1\Um Ac:cid. 
F 
s 
NIA 

W.B. Bedrock M.Drilll <Structural Accident> M.Drilll Freq.Ac:cidl 
Drill(m) 1\Um W.B. 1\Um Fract. 1\Um Shear 1\Um Ac:cid. LM Drill 

2 
2 
3 
3 
3 
6 
3 
3 
5 
7 
6 
5 
2 
4 
2 
4 
6 
3 
4 
5 

8.80 
38.73 
42.75 
74.53 
48.10 
65.93 
50.36 
60.00 
36.00 
47.60 
73.55 
32.25 
18.86 
72.48 
23.25 
14.00 
36.05 
52.80 
47.50 
72.00 

4.40 
19.37 
14.25 
24.84 
16.03 
10.99 
16.79 
20.00 

7.20 
6.80 

12.26 
6.45 
9.43 

18.12 
11.63 
3.50 
6.01 

17.60 
11.88 
14.40 

2 F 
2 F 
3 F 
3 F 
3 F 
4 F 
0 NIA 
3 F 
5 F 
7 F 
6 F 
5 F 
2 F 
4 F 
2 F 
4 F 
6 F 
3 F 
4 F 
5 F 

0 NIA 
0 NIA 
0 NIA 
0 NIA 
4 5 
2 5 
3 5 
1 s 
0 NIA 
0 NIA 
0 NIA 
0 NIA 
0 NIA 
0 NIA 
0 NIA 
0 NIA 
0 NIA 
0 NIA 
0 NIA 
0 NIA 

4.40 
19.37 
14.25 
24.84 
6.87 

10.99 
16.79 
15.00 

.. 7.20 
6.80 

12.26 
6.45 
9.43 

18.12 
11.63 
3.50 
6.01 

17.60 
11.88 
14.40 

0.23 
0.05 
0.07 
0.04 
0.15 
0.09 
0.06 
0.07 
0.14 
0.15 
0.08 
0.16 
0.11 
0.06 
0.09 
0.29 
0.17 
0.06 
0.08 
0.07 

W.B. Bedrock M.Drilll <Structural Accident> M.Drilll Freq.Ac:cidl 
Drill(m) Num W.B. 1\Um Fract. Num Shear 1\Um Ac:cid. LM Drill 

20 
2 
7 

3.9 
1.5 

20.00 
8.80 

74.53 
45.78 
19.66 

20.00 20.0 NIA 
3.50 0.0 NIA 

24.84 7.0 NIA 
12.60 3.7 N/A 

5.70 1.7 NIA 

: Water Bearing 

20.0 
0.0 
4.0 
0.5 
1.1 

NIA 
NIA 
NIA 
NIA 
NIA 

20.00 
3.50 

24.84 
11.89 

5.53 

: 1\Umber of meters drilled in the bedrock 
: Number of fractures intercepted in the bedrock 

Number of shear zones intercepted in the bedrock 
Number of accidents (fractures + shear zones) 
Fractures 
Shear zones 
Ncn applicable 

20.00 
0.04 
0.29 
0.11 
0.06 

From table #5, a graph indicating the appearance frequency (AF) of the 
structural accidents per linear meter (column: "FREQ.ACCID./LM DRILL") as a 
function of depth (DEPTH) drilled in the bedrock (column: "BEDROCK DRILL (m)") 
was developed (see figure #2 on the next page). The data points were not 
connected and the best fit curve (formula type: Y=aXn) was plotted with 
GRAPI-ER software. This curve is described by the following equation: 

AF = 1.01915 * DEPTfi0·6422ll 
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The cur-ve also indicates the fr-actur-es of er-osive or-igin (see section 
2.5) in the fi,.-st 30 meter-s dr-illed in the bedr-ock. 
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THE DEPTH DRILLED INTO THE ROCK 
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DEPTH DRILLED INTO THE ROCK (M) 

Figure 2 Number- of str-uctur-al accidents per- linear- meter- as a 
function of depth in the bedr-ock 

This graphie does not take into account the specifie str-uctur-es of the 
differ-ent geologie al for-mations tr-aver-sed by the piezometel's of the CM\15 
networ-k. All the geological formations are consider-ed here to be horrogenous 
and uniformly fr-actured, which is evidently not the case. 

In Ol'der to determine the specifie str-uctur-e of each geological 
for-mation dl'illed, an analysis of the number- of accidents per- geological 
for-mation associated with the linear- meter-s dr-illed in the bedr-ock r-elated to 
each geological for-mation was per-for-med. Table #6 lists the r-esults obtained. 
A code number- is attr-ibuted to each geological for-matior- (1 to 14) which will 
be used in later- gr-aphies (figur-es 2 and 3). The fr-actur-e r-ate specifie to 
each geological for-mation was obtained by dividing the linear- meter-s dr-illec 
in the bedr-ock r-elatee to each for-mation, by the number- of cor-r-espor-ding 
str-uctur-al accidents. 
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Tabl! 16: Lin!ar aeters drilled and fracture rate per geelegical fertatien 

>--------------······Seelogical Fertatiens·······-·····--···········--······) tetai L• 
PIEZO 1 1 2 3 4 5 6 7 8 9 10 11 12 13 14 drilled 
"AOOO 1 - 1.25 7.55 8.80 
"AOOO 2 - 3.35 21.75 7.86 5.77 - 38.73 
MOOO 3 - 22.50 13.20 - 7.05 - 42.75 
MOOO 4 - 22.85 51.68 - 74.53 
"AOOO 5 0.80 - 42.90 4.40 48.10 
"AOOO 6 - 65.93 - 65.93 
"AOOO 7 - 50.36 - 50.36 
"AOOO 8 - 60.00 - 60.00 
"AOOO 9 - 24.00 - 12.00 - 36.00 

"AOO 10 - 4.60 28.20 14.80 - 47.60 
"AOO 11. - 12.55 25.90 17.10 - 18 .oo - 73.55 
"AOO 12 - 16.00 16.25 - 32.25 
"AOO 13 - 18.86 - 18.86 
"AOO 14 - 19.00 53.48 - 72.48 
"AOO 15 - 23.25 - 23.25 
"AOO 16 - s.os 8.95 14.00 
"AOO 17 - 5.62 - 30.43 - 36.05 
"AOO 18 - 49.80 - 3.00 - 52.80 
"AOO 19 - 47.50 - 47.50 
"AOO 20 - 57.30 - 8.70 6.00 - 72.00 

tetai Lt/Ft 0.8 176.2 42.9 0 4.4 0 117.1 357.2 104.0 19.56 79.25 0 5.05 8.95 m.s4 
tet.al dri!IX 0.09 19.26 4.69 0.00 0.48 o.oo 12.79 39.02 11.36 2.14 8.66 0.00 0.55 o.98 100.00 
nua fract./Ft 1 13 4 0 2 0 11 22 10 0 16 0 0 4 83 

fract. rate/Ft 1.25 0.07 0.09 NIA 0.45 NIA 0.09 0.06 0.10 o.oo 0.20 NIA o.oo 0.45 0.09 

Codes 1 to 14 in table #6 a~e listed in table #7 below. The ~eade~ will 
find, in annex #1, a complete and detailed desc~iption of the geologie codes 
used. These codes a~e related to the codification developed by G~oupement de 
Manantali (see section 2.3.2). Sorne supplementa~y codes we~e added to 
accommodate the more specifie analysis done by DNHE (codes 1, 5, 10, 13, 14). 
Table #7 associates with each code (1 to 14), a pe~centage which ~eflects the 
numbe~ of structu~al accidents ~elated to that formation with ~espect to all 
the st~ctu~al accidents (83). 

Table #7: Distribution of structural accidents per geologie formation 

GEU .• FM. CODE # 

UC-SHALE 1 
UC -SI:v\IDST(JIE C 2 
UC_SPl\IDSTCIIE 8 3 
UC -SI:v\IDSTCIIE A 4 
UC-INDIF. 5 
LC-CLAYSTDNE 6 
LC-SANDSTCIIE 0 7 
LC-SANDSTCIIE lA 8 
LC-PELITE 18 9 
LC-1A/18 10 
LC-SANDSTCIIE 2 11 
LC-SHALE 3 12 
LC-INDIF. 13 
LC-DOLERITE 14 

1\U"lBER % 
ACCIDENTS ACCIDENTS 

1 
13 

4 
0 
2 
0 

11 
22 
10 

0 
16 

0 
0 
4 

1.20% 
15.66% 

4 .82"1. 
0.00% 
2.41% 
0.00% 

13.25% 
26.51% 
12.05% 
0.00/. 

19 .28'1. 
O.OOï. 
0.00% 
4. 82'/. 
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Figures #3 and #4 indicate the respective distributions per geolagical 
forma tien of : 

* linear rœters drilled, 

* fracture rate 

FRACTION OF TOTAL METRAGE/GEOLOGICAL FM 

o.• 

0,35 

1 0.3 

~ w 

2 0.2~ 

~ 0.2 ~ 

i!i 
~ 

~ 
0 . .,!5 

ill 0.1 

~ .. O.C!5 

0 
1 • 3 • ~ 8 7 B s 10 11 12 13 ..... 

COOEIS 01F TH!! GBOLCXiiCAL ~TION!S 

Figure 3 Percentage linear meters drilled per geological 
formation 

From figure #3 we see that: 

* the linear meters drilled through the geolagical formations coded 
(l=U::-SCH., S=LC-INDIF., 10=LC-1A/1B, 13=LC-INDIF., and 14=LC-!lCLER.) 
are not representative of all the coded geolagical formations. These 
formations r-=rr=p<ne~ to supplementary codes added by the project and 
are not significant in the a~ea of the dam. 

* the geolagical formatic:ns coded (4=lL-SANDSTQI\E A, 6=C1--ARGIL. and 
12=LC-SD-I. 3J >ere not drilled. 

* the Lc::wer Complex (codes 6 ta 14) .was drill<."<! through rruch more than 
the Upper Complex (codE>s 1 to 5). 

Cc:nsequpntly, the fracture rates related to the gE>Dlagical formations 
which were drillecJ little, or not at all, will not be compared (see ftgur.e 41-3) 
though the rates are indicated in table #6. lt would SE'E'fTl that these rates 
are over--estimated. A CDfMlE>Ilt about the doleri te formation (code· 14) in the 
Lower Complex is in or-der. This rock is intrusive and has filled the shear 
zones and fractures. lts nature and relative hardness with respect to the 
other formations of sedimentary origin make the fracture rate indicated in 
table #6 probable. 
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Figure 4 Fracture rate per geological formation 

We see frcxn figure #4 that: 

15 
• 

* Sandstone 2 of the Lower Complex (code 11) has the highest fracture 
rate (0.20 structural accidents/linear meter) reflecting the quartzic 
nature of this sandstone (highly brittle) compared to the other 
geological formations (feldspathic sandstone, pelite and shale), 

* the fracture rates of the other Upper and/or Lower Complex formations 
are comparable (between 0.06 and 0.1 structural accidents/linear meter), 

* Sandstone lA of the Lower Complex (code 8) has the lowest fracture 
rate (0.06 structural accidents/linear meter) . 
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4 HYIJRCŒŒ.H3ICAL DESCR!PT!CJIJ 

In an effort ta establish the hydrogeological properties of the 
aquifers, the project determined hydraulic conductivity coefficients for al! 
the piezometers constr-ucted in thè study zone (unconsolidated sedimentary 
terrain in the Senegal River valley and consolidated, fractured, sedimentary 
terrain in the Upper Basin of the Senegal River valley). Three methods were 
used ta determine the hydraulic conductivity of the terrains: 

* granulometrie analysis * hydraulic conductivlty tests * pumping tests 

In the Manantali Dam region, the granulometrie estimation of hydraulic 
conductivity is without interest. The KB1 and KB2 values in the GES table #3 
are mar-ked N/R (not realized). 

4.1 Hydraulic conductivity tests - dropping leve! method (KK values in table) 

Hvorslev13 (1951) developed a theory for the interpretation of hydraulic 
conductivity tests with the dropping leve! method (slug test), which were 
systematically used by the project for the entire DMVS network cavering the 
study zone (Senegal River Valley and Upper Basin). 

This method was adapted for normalized application in unconsolidated 
terrain by the "SO:IETE D'EIIERGIE ff LA BAIE JA"ES". The field procedures, as 
defined in the inspector's manual , were adopted by the project. Although 
this test is not usually used in fr-actured bedrock, the project made the 
experiment. 

The application of this method 
tapped aqui fer. I t may not be used 
surroundings of Manantali Dam) and it 
the piezometer intake. 

is not related ta the geomet..-y of the 
in plastic clays (there ar-e none in the 
takes into consideration the geometr-y of 

2 
This method is applicable for transmissivi ty values less than 10·3 

m /sec. When transmissivity values are close ta or greater than this limit, 
the water leve! drops rapidly (often instantaneously) and in practice is un­
measurable. In this case, only a pumping test can be used ta determine 
hydraulic conductivity. 

The plot of the test 
proper- interpretation of 
possible. 

data (t-log (lambda)) IVST make a str-aight line for 
the result. Othe..-wise, interpretation is not 

In practice, the increase in the hydraulic charge would, ideally, be 
instantaneous. In reality, the field procedures and the sometimes large 
transmissivities rar-ely permit an instantaneous filling. The following 
difficulties are often encounter-ed: 

* a filling time (t) varying from severa! seconds ta many minutes, 
and even, sometimes, the impossibility of filling the PVC tube, 

* an inadequate methoc of filling the PVC tube, (pressurized 
injection of water). 

13 Ref.: Freeze, 1979, p.339. 

14 Ref.: SEBJ, 1978. 
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These problems cause a deformation of the plot of t-vs-Jog(lambda) about 
an inflection peint situatec generally at t = 1, or more ra~Ply, at t = 2 
minutes. The air bubbles injectee into the PVC tube during the filling 
necessary for the conductivity test, rise to the surface in a time t < 1 
minute. This phenomenon creates an artificial drop in the water leve! which 
is not strictly related to the hydraulic parameters intrinsic to the tested 
aquifer. In this case, the test interpretation is made on the straight-line 
part of the t- vs- log(lambda) curve, after the inflection peint . 

The test interpretatJ.·on is_, in this case" a pt_I.""Ply qua] itative 
estimation of the hydraulic conductiv1ty value (appro.ümation). 

The reader will find, in the GES tables, the codes: 

* NID : not determined (non-linear plot) * N/R : fot realizable (not doable) * >1.0E- cm/sec (water leve! drop too rapid) 

The consultation of ali the conductivity tests pertormed (raw data and 
interpretation) is possible with the GES system. It is good, at this point, 
to underline the imper-tance of the hydrogeclogist's judgement in evaluating 
the intrinsic value of the field test. 

The hydraulic conductivity values thus obtained must be used with 
caution since we know that values resulting from the such tests are only valid 
for the immediate area araund the piezometer intake (radius of a few meters at 
most). 

4.2 Pumping tests 

As part of the effort to establish the hydrogeological characteristics 
of the formations tapped by the CMv'S piezometers, 9 long duration pumping 
tests (varying from 24 hours to 72.5 hours) were performed without short 
duration tests 

Interpretation of the test data was made according to the Jacob method 
by Mr. TOURE, chief of the Manantali Sector, even though the tests were made 
in fractured, consolidated, thus non-homogeneaus formations. 

The average transmissivity values (T descending + T ascending) and 
coefficients of storage (5) interpreted from these pumping tests are shawn in 
table #8 on the next page. This table also lists the lithostratigraphic 
formation at the leve! of the piezometer intake and indicates whether it is 
part of the Upper or Lower Complex (see section 2.3.1). 

The hydraulic conductivity value (KQ) was calculated with the following 
formula: 

KQ = 
T = 
E = 
KQ = 

T/E 
transmissivity (m2/s) 
well scr-een length (m) 
hydr-aulic conductivity (m/s) 

This hydr-aulic conductivity value (KQ) was compared to its counter-part 
calculated from the hydr-aulic conductivity test (KK). 
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Table #8: Results interpreted from pumping tE'sts madE' in the ar-e a near-
Mana"ltali Dam, Mali. 

···Mell screen--- ----- Hydrodynaoic Paraoeters----
PlElO base top intake ! avg. 5 KK KQ strat. coople• 

1 depth depth 1 o /sec dioensionless co/sec co/sec intake UC or LC 

MOOOI 13.90 9.32 3.01 N\R N\R 2.90E-03 N\R PELITE lB LC 
KA0002 43.60 36.22 ~.SB 3.40E-03 7.00E-04 >I.OE-3 4.61E-02 SANDSTONE 2 LC 
MA0003 45.93 41.16 3.04 3.00E-03 9.50E-04 1.40E-03 6.29E-02 SANDSTONE 2 LC 
MA0004 28.84 24.49 2.61 3.00E-03 NID >I.OE-3 6.90E-02 SANDSTONE 0 LC 
M0005 45.54 40.99 3.01 N\R N\R )l.OE-3 NIR SANDSTONE B uc 
M0006 63.90 58.97 3.01 N\R NIR 3.00E-03 N\R SANDSTONE C uc 
M0007 50.60 46.00 3.01 N\R N\R >LOE-3 NIR SANDSTONE C uc 
MOOOB 54.60 48.96 3.01 NIR N\R >I.OE-3 N\R SANDSTDNE C uc 
KAOot'l 33.65 26.00 ~.as 6.70E-03 1.20E-O~ )I.OE-3 8.76E-02 SANDSTONE 2 LC 
MOOIO ~0.37 45.96 3.04 2.00E-03 7.00E·03 5.10E-04 4.~4E-02 SANDSTONE 2 LC 
MOOll 67.32 59.96 5.88 NIR N\R 8.40E-04 N\R SANDSTONE 2 LC 
KAOOI2 40.H 3~.96 3.04 2.70E-04: I,OOE-05 2.20E-04 6.03E-03 SANDSTONE lA LC 
KA0013 25.00 20.79 0.00 N\R N\R )l.OE-3 NIR SANDSTONE 0 LC 
MA0014 78.74 71.12 5.88 B .IOE-04, 3.20E-04 1.50E-03 1.06E-02 SANDSTONE 1A LC 
KA0015 22.00 17.49 3.01 NIR NIR 2.30E-03 NIR SANDSTONE 0 LC 
MA0016 16.36, 12.15 3.01 NIR NIR 2.70E-03 N\R DOLER !TE LC 
KA0017 40.90 36.34 3.01 4,90E-O\ NID >I.OE-3 1.07E-02 SANDSTONE 2 LC 
KAOOIS 58.28 53.99 3.01 NIR , N\R )J.OE-3 N\R SANDSTONE lA LC 
MA0019 32.27 27.99 3.01 NIR N\R 5.20E-04 NIR SANDSTONE lA LC 
KA0020 72.00 67.49 0.00 3.30E-04 N/D 3.10E-03 7.32E-03 SANDSTONE 2 LC 

The (KQ) ~raulic ~ductivity valuE's vary from w·3 to 16"2 cm/sec and 
the (KK) from 10 to > 10- cm/sec. The valuE'S are c~arable with those used 
by Groupement de Manantali ~r the dam sitE', 4*10 cm/sec (accor~~ng to 
professer HE'ttfeld) and 5*10 cm/sec (according to the LugE'Dn tests) • The 
m..thods used by the Groupement werE' different from those used by the projE'Ct. 

ThesE' hydraulic 
16
conductivity values are charactE'ristic of metamorphic 

rock and/or sandstone • The hydraulic conductivity values m..asured do not 
p..rmit a hydraulic classification of the gE'ologic formations (column "strat. 
intake") tested. 

4.3 Hydraulic productivity p..r geologie formation 

Table #9 on the next page lists the total air lift dischargE' p..r 
piE'ZOmE'tE'r p..r geological formation traVE'rSed rnd the total measured air lift 
dischargE' from each of thesE' formations (m /h). The sp..cific hydraulic 
productivity of E'ach formation is calculated by dividing the total air lift 
dischargE' from the formation by the number of inventoried fractures in the 
formation. From tablE' #9 we note that certain formations (1=LC-SHALE, 5=LC­
INDIF. and 13--LC-INDIF.), although fractured, have ZE'ro productivity (dry 
fractures), 

FigurE' #5 indicates the distributior of productivity pE'r formation. 
This figurE' shows that the UppE'r Complex formations are 2 to 3 times more 
productive than the Lower Complex formations and that sandstonE' B is by far 
the IOClSt productive. The Upp..r Complex formations constitutE' the walls of the 
Manantali Dam R..servoir. 

15 See section 2. 5 of this rE'port. 

~ RE'f.: FreezE', 1979, p. 29. 
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Table #9: Discharge (air- li ft) per- geoloaical formation 

PlElO 1 2 3 4 5 6 7 B 9 10 11 12 13 14 g (o3lh! 
MOOO 1 8.0 8.0 
MOOO 2 2.4 - 16.2 18.6 
"AOOO 3 3.0 3.6 6.6 
"AOOO 4 - 27.0 27.0 
"AOOO 5 - 87.5 87.5 

• MOOO 6 - 25.6 25.6 
"AOOO 7 - 65.4 65.4 
"AOOO 8 - 93.5 93.5 
MOOO 9 - 42.2 42.2 • "AOO JO 6.2 10.8 - 21.6 38.6 

"AOO ll 13.0 - 16.2 29.2 
KAOO 12 - 16.6 57.6 74.2 
KAOO 13 - lU lU 
KAOO 14 - 12.7 12.7 
KAOO 15 4.1 4 .1 
KAOO 16 3.9 3.9 
KAOO 17 - 33.2 33.2 
KAOO 18 64.0 64.0 
KAOO 19 - 28.9 28.9 
KAOO 20 1.5 - 20.1 21.6 

TOTAL Q (131h) o.o 184.5 87.5 o.o 0.0 0.0 80.2 158.2 79.4 o.o Jl0.9 0.0 3.9 o.o 704.5 
NU". FRACT.m 1 13 4 0 2 0 11 22 10 0 16 0 0 4 83 
Q (131h!IFRACT o.o 14.2 21.9 NIA o.o NIA 7.3 7.2 7.9 NIA 6.9 NIA NIA o.o 8.5 

HYDRAUL 1 C PRODUCTIVITY/ GEOLOGICAL FM 
5UR~ING5 CIF THe W.NANT\...1 DAM 
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Figur-e 5 Hydraulic productivity per geological formation 
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4.4 Gr-oundwater- chemistr-y 

After- completion of the OMVS piezometer network, the DNHE, ~n February 
of 1989, took 20 groundwater samples (one per piezometer). These samp!es were 
analyzed to determine the contents of the major elements (anions and cations) 
in the DNHE laboratory in Bamako, Mali. 

All the results (values in ppm and epm, calculated S.A.R. and the 
graphie representation of the analysis) are included in annex #3 of this 
report. 

Table #10 summarizes the principal chemical characteristics of the 
samples (total dissolved solids - TDS, the sodium adscr-ption ratio - SAR, and 
the geohydrochemical facies). The resul ts of the analysis ar-e compared wi th 
the geological formations at the piezometer intake level and the distance of 
the piezometer from the nearest watercourse. In this table, the piezometers 
are classified according to the chr-ono-stratigraphie scale for the environs of 
Manantali Dam. 

Table #10: Geohydrochemical facies, TDS and SAR per piezometer 

Piezo 
1 
"A0008 
"A0007 
"A0006 
ftA0005 
ftA0004 
ftA0013 
ftA0015 
ftA0019 
nAoo12 
nA0018 
nA0014 
nAOOOl 
nAooo2 
nAoo2o 
"A0017 
nAOOIO 
nAooo3 
nAooo9 
nAOOll 
nAo016 

Date og/1 
Saopled Solids S.A.R.Beohydroche~ical Facies 
04·Feb-89 366.0 0.1 CALCIUM-MAGNES, BICARBONATE 
04-Feb-89 315.0 0.1 CALCIUn-nABNES, BICARBONATE 
04-Feb-89 61,0 0.0 CALCIUM-MABNES. BICARBONATE 
05-Feb-B9 772.0 0.2 (CA&MGI SULFATE 1 BICARBONATE 
06-Feb-89 1770.0 0,1 CALCIUn- ftABNES. CHLORIDE 
Ob-Feb-89 211.0 0.2 CALCIU" SULFATE 
05-Feb-89 323,0 0.3 CALCIUM-nAGNES. BICARBONATE 
06-Feb-B9 1905.0 1.7 HYPER CALC-MAGNES CHLORIDE 
06-Feb-89 948B.O 0.0 HYPER CALC-MAGNES CHLORIDE 
Ob-Feb-89 306.0 0.1 CALCIUM-MAGNES. BICARBONATE 
06-Feb-89 276.0 0.2 CALCIUM BICARBONATE 
06-Feb-89 2100.0 0.3 CALCIUM-MAGNES CHLORIDE 
06-Feb-89 2190.0 0.2 CALCIUM-MAGNES CHLORIDE 
06-Feb-89 3503,0 0.0 CALCIUM-MAGNES CHLORIDE 
05-Feb-89 1366,0 0.2 HYPER CALCIUM-nABNES SULFATE 
06-Feb-B9 343.0 0.1 CALCIUM-nABNES. BICARBONATE 
06-Feb-B9 400.0 0.1 CALCIUM-MABNES. BICARBONATE 
06-Feb-B9 764,0 0.1 (CAIMBI CHLORIDE & BICARBONATE 
06-Feb-89 317.0 0.1 CALCIUM-MAGNES. BICARBONATE 
05-Feb-89 281.0 0.1 CALCIUM BICARBONATE 

ln lake 
Strat. 

SANDSTONE C 
SANDSTONE C 
SANDSTONE C 
SANDSTONE B 
SANDSTONE 0 
SANDSTONE 0 
SANDSTONE 0 
SANDSTONE lA 
SANDSTONE lA 
SANDSTONE lA 
SANDSTONE lA 
PEL !TE lB 
SANDSTONE 2 
SANDSTDNE 2 
SANDSTONE 2 
SANDSTONE 2 
SANDSTONE 2 
SANDSTONE 2 
SANOSTONE 2 
DOLERITE 

Cooplex 
UC or LC 

uc 
uc 
uc 
uc 
LC 
LC 
LC 
LC 
LC 
LC 
LC 
LC 
LC 
LC 
LC 
LC 
LC 
LC 
LC 
LC 

Distance 
BAFING 

11.75 
11.40 
!o.50 
5.00 
0.75 
0.25 
!.50 
0.55 
0.25 
0.75 
0.40 
0.65 
0.50 
0.15 
0.75 
0.40 
0.20 
0.40 
0.15 
0.75 

ln taie 
1 ASL 
204.06 
203.99 
194.74 
243.07 
131.75 
136.17 
130.37 
126.76 
120.85 
103.97 
82.44 

147.25 
117.54 
87.17 
92.27 

111.66 
116.22 
127.49 
96.04 

113.59 

There are three geohydrochemical facies of this gr-oundwater: 

*calcium and magnesium bicarbonates (10/20), 
*calcium and magnesium chlorides (8/20), 
*calcium sulfates and bicarbonates (2/20). 

These varied geohydrochemical facies misrepresent 
homogenous, sometimes metamorphic, lithostr-atigraphic nature 
Group formations (quartziferous and feldspathic sandstones and 

the relatively 
of these Bakoye 
shales 1. 
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A classification 
content (mg/1), using 
results. 

of the groundwater based on r,ptal Dissolved Solids 
the classification limits below gives the following 

number of samples 
limits class surface gro..~ndwater 

0 < TD5 < 1,000 fresh 13/20 
1,000 < ms< 10,000 brackish 7/20 

10,000 < TDS < 100,000 saline 0/20 
100,000 < TDS brine 0120 

This classification indicates the existence of fresh and brackish water. 

A classification of the groundwater ba~ on S.A.R. (Sodium Adsorption 
Ratio), using the classification limits bel~0 gives the following results. 

ccxJe 

51 
52 
53 
54 

class 
limits 

0 < SAR < 10 
10 < SAR < 18 
18 < SAR < 26 

SAR > 26 

number of samples/per class 
surface groundwater 

20/20 
0/20 
0/20 
0/20 

This classification indicates that all the analyzed water is in class 
51. The range of measured 5.A.R values varied from 0 to 0,7. These 5.A.R. 
values, associated with measured electrical conductivity values (100 to 5000 
j.Jrnhos/cm), indicate that this water can be considered "mediocre" to 
"exceller1t" for- irrigation. 

Relationships between Total Dissolved Solids and the 
parameters were examined in the data presented in table #10: 

following 

1) the distance from the piezometers to the nearest watercourse, 

2) the piezometer intake elevation, 

3) the chemical composition (lithostratigraphic nature) of the tapped 
formation a 

No clear relationships were fD..Ind. 

Table #11 on the following page lists the major anion and cation 
contents Cmg/1) of the groundwater samples. The chlorine anions (Cl-) and the 
sulfate anions cso,--) which determine the geohydrochemical facies of the 
water vary a great deal. This table classifies the piezometers by geographie 
site, numbered 1 to 9. Severa! piezometers tapping distinct geological 
formations may be located at the same site. We note that for sorne sites where 
severa! piezometers are located, each tapping a different geological 
formation, many chemical facies are identified. This reflects the vertical 
compartmentalization of the groundwater. The geohydrochemical facies can even 
change within the same geological formation. 0"1ly the geographie site #4, 
located upstream of the dam and tapping the Upper Complex (sandstone C) has a 
homogeneous chemical facies. 

17 Ref.: FREEZE, p. 84. 

18 Ref. : FREEZE, p. 84. 
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In ccnsequence of tr-ese phenomena we must assume the existence of 
sever al juxtaposed or superposed fracture netv..orks, vertically and 
horizontally non-communicating. 

Table #11 Results of the chemical analysis fran the Dl\t-E laboratory 

PIEZO DATE 

• SA11!UD tŒ03 CAH I!G+· NA+ K+ CL- 504-- HC03-- C03- SOLIDS GEOHYDROCI(~JCAL FACIES SITE 
agil agil agil tgll tgll agil agil agil agil agil 

IIAOOOl 06-Feb-8'1 217.0 172.0 72.0 21.0 11.0 825.0 218.0 2b4.0 0.0 2100.0 CftCILIH1AGt6 DI..IJU!It 1 
IIA0002 06-Feb-8'1 223.0 202.0 63.0 10.0 12.0 8'10.0 243.0 271.0 0.0 2190.0 CALCltJH1AGŒS Dtœlllt 1 
IIA0003 06-Feb-8'1 281.0 b4.0 45.0 5.0 5.0 16.0 17.0 343.0 0.0 400.0 CALCllJH1AIHS. BJCARIIIN\TE 1 
IIA0004 06-feb-ll'l 192.0 226.0 137.0 5.0 6.0 745.0 183.0 235.0 0.0 !nO.O CALClll'H1AIHS DI..IIH!It 2 
IIA0005 05-feb-8'1 212.0 103.0 20.0 10.0 4.0 48.0 325.0 257.0 0.0 m.o ICMII!l StLFATE l BICMIIJNATE 3 
IIA0006 04-feb-8'1 40.0 8.0 9.0 0.0 2.0 0.0 o.o 49.0 0.0 61.0 CALCltJh'IAGŒS. BICARIIIN\TE 4 
IIA0007 04-feb-8'1 244.0 50.0 27.0 2.0 4.0 0.0 7.0 297.0 0.0 315.0 CALC!ll'H1AIHS. BICARIIIN\TE 4 
IIAOOOB 04-feb-8'1 m.o b4.0 25.0 5.0 2.0 1.0 27.0 339.0 0.0 366.0 CALC!ll'H1AIHS. Bl~TE 4 
IIA0009 06-Feb-8'1 240.0 57.0 56.0 5.0 6.0 215.0 63.0 294.0 0.0 7b4.0 (CAli1S) DI..IIHDE l BJCARBOO\TE 5 
11110010 06-feb-ll'l 259.0 74.0 9.0 2.0 3.0 4.0 12.0 317.0 0.0 343.0 CALC!ll'H1AIHS. BICARIIIN\TE 5 
11110011 06-Feb-8'1 246.0 56.0 24.0 5.0 3.0 4.0 11.0 301.0 0.0 317.0 CALCilJH1AIHS. BICARIIIN\TE 5 
IIAOOI2 06-Feb-ll'l 150.0 459.0 337.0 2.0 38.0 3950.0 800.0 182.0 0,0 9400.0 HYPER CftC.-I!AGŒS. Cllii!IDE 6 
11110013 06-feb-8'1 74;0 47.0 6.0 5.0 2.0 9.0 27.0 90.0 o.o 211.0 CALCIU! SULFATE 6 
IIAOOI4 06-ftb-11'1 190.0 66.0 5.0 5.0 3.0 4.0 26.0 232.0 o.o 276.0 CIW..CIU! BICARIIIN\TE 6 
11110015 05-feb-8'1 293.0 47.0 20.0 10.0 2.0 9 .o 45.0 232.0 o.o 323.0 CALCllJH1AIHS, BICARIIIN\TE 7 
IIAOOI6 05-feb-ll'l 219.0 47.0 0.0 2.0 o.o 2.0 2.0 266.0 o.o 281.0 CALCIU! BICARIIIN\TE B 
11110017 05-feb-8'1 88.0 112.0 35.0 10.0 4.0 2.0 260.0 107.0 0.0 1366.0 HYPER CALC.-f'WïŒS, StLFATE B 
11110018 06-Feb-69 111.0 33,0 29.0 2.0 1.0 19,0 34.0 209.0 0.0 306.0 CALC!ll'H1AIHS. BICARIIIN\TE 9 
11110019 06-Feb-8'1 142.0 177.0 47.0 100.0 6.0 765,0 380.0 172.0 0.0 1905.0 HYPER CALC.-f'WïŒS. DI..II!IDE 9 
11110020 06-Feb-8'1 224.0 206.0 8'1.0 3.0 15.0 1500.0 600.0 272.0 0.0 3503.0 crtCIU!-f'WïŒS. DI..II!IDE 9 

The water' s hardness (CaC~ = mg/1) is a natural characteristi~9 related 
ta leaching of the terrains thraugh which the water has drained and 
corresponds ta the water · s calcium and magnesium r:ontent. The measured 
hardness values are high and suggest the presenr:e of r:alcareous and dolomitic 
roc:ks, rather than the r:hemical r:anposi tian of the roc:ks r:onsti tu ting the 
Bakoye Group (sandstones and shales). Dnly the Nioro Group (see section 2.3.1 
of this report) r:ontains calcareous dolomites but the formations of this Group 
appear at the surfar:e approximately 50 or 60 km ta the N.E. of Manantali Dam. 
All the analyzed samples wer"e classified as "moderately hard", with a hardness 
value > 75 mg/1 of CaCo3 • 

The r:oncentrations of sulfate ions in the analyzed water" was quite 
variable. The values are sometimes high, exceeding 300 mg/1, which suggests 
the presence of gypsum or time in contar:t with the surrounding roc:k. Sulfate 
concentrations greater than 300 mg/1 can cause erosion of conr:rete and the 
corrosion of ir~. Concentrations greater than 480 mg/1 make the water unfit 
for agriculture • 

19 Radier, 1984, p. 1020. 

20Rodier, 1984, p. 1094. 
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Table 1112: Electrical conductivity and p-i values: June• and September- 1989 

PIEZD 00_06/89 00_09/89 p-1_06/89 p-109/89 
Il ~S/cm ~S/cm 

mooü1 1830 620 7.5 6.4 
mooü2 2400 1210 7.5 6.5 
mooü3 600 174 7.4 5.7 
mooo4 1850 500 7.6 7.0 
mooo5 1000 n/m 7.3 n/m 
mooü6 sc •' 70 6.? 5.5 
mooü7 415 400 6.8 7.2 
mooos 460 470 7.0 8.0 
mooo9 1300 1600 7.2 7.1 
M'\0010 490 400 7.7 7.0 
M'\0011 430 80 7.3 6.5 
M'\0012 2600 2100 7.9 7.3 
i"'AA013 350 195 7.0 6.5 
i"'AA014 240 250 6.3 6.7 
i"'AA015 520 n/m 7.7 n/m 
i"'AA016 400 n/m 8.2 n/m 
i"'AA017 1820 n/m 6.2 n/m 
i"'AA018 205 115 6.5 6.5 
i"'AA019 2700 2580 7.0 7.0 
i"'AA020 5000 4600 7.3 7.0 

N..unber- 20 16 20 16 
Min 85 70 6.2 5.5 
Max 5000 4600 8.2 8.0 
Aver-age 1235 960 7.2 6.7 
Std. Dev. 1203 1194 0.5 0.6 

The aver-age electrical conductivity of the groundwater varies from 1235 
~S/cm (dr-y 

21
season) to 960 ~S/cm (r-ainy season). These water-s ar-e highly 

miner-alized • The origin, in the Bakoye Gr-oup (siliceous and feldspathic 
sandstones, shales), is pr-obably to be found in the chemical alter-ation of the 
feldspathic por-tion of the aquifer-. 

The measured decr-ease in aver-age electr-ical conductivity (960 ~S/cm) 
after- the r-ainy season indicates an effective r-echarge of the fracture network 
by the infiltration of rainwater, weakly mineralized. 

The average pH of the gr-oundwater varies from 7.2 (dry season) to 6.7 
(rainy season). These average values are characteristics of siliceous rock. 
The change from a slightly basic water- at the end of the dry season to a 
slightly acid water after- the rainy season suggests a rechar-ge of the fractur-e 
network by runoff water- slightly acidified by organic matter. 

21 Radier, 1984, p. 1015. 
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Tables 1113 and #14 compar-e the gr-oundwater- concentr-ations of chlor-ine 
(Cl-) and nitr-ate (NJ3--) anions for two differ-ent sampling dates. For-
nitr-ates, the American standar-d for dr-inking water- is No3 < 45 mg/1. 

Table 1113: Concentr-ations of Chlor-ine (mg/1) Februar-y and July 1989 

PIEZO Sampl ing Date Str-at. Camp lex Si te Location Water-- Distance 
# Feb-89 Jul-89 Intake LC LC Il from Dam course km 

MA0001 825.0 244.0 PEL !TE 1P LC 1 BELOI;J RB BAF!NG 0.65 
MA0002 890.0 532.0 SANDSTONE. 2 LC 1 BECOW RB BAFING 0.50 
MA0003 16.0 352.0 SPNDSTO\E 2 LC 1 BELOW RB BAFii\1:3 0.20 

• MA0004 745.0 236.0 SPNDSTCN:: 0 LC 2 BELOW LB BAFii\1:3 0.75 
MA0005 48.0 222.0 SAI\IDSTONE B LC 3 BELOW LB BAFii\1:3 5.00 
~ 0.0 168.0 SPNDSTCN:: C LC 4 ABCM: RB BAFII\K3 10.50 
MA0007 --0.0 160.0 SPNDSTQI\E C LC 4 ABCM: RB BAFii\1:3 11.40 
M"tt008 1.0 376.0 SPNDSTCN:: C LC 4 ABCM: RB BAFII\K3 11.75 
MA0009 215.0 224.0 SPNDSTCII\E 2 LC 5 BELOW RB BAFif\X3 0.40 
M'\0010 4.0 400.0 SPNDSTO\E 2 LC 5 BELOW RB BAFII\K3 0.40 
M'\0011 4.0 272.0 SPNDSTO\E 2 LC 5 BELOW RB BAFif\X3 0.15 
I"'A0012 3950.0 580.0 SPNDSTOf\E lA LC 6 BELOW LB BAFII\K3 0.25 
M'\0013 9.0 320.0 SPNDSTO\E 0 LC 6 BELOW LB BAFii\1:3 0.25 
M'\0014 4.0 144.0 SPNDSTO\E lA LC 6 BELOW LB BAFII\K3 0.40 
M'\0015 9.0 222.0 SAI\IDSTQ'\E 0 LC 7 BELOW LB BAFii\1:3 1.50 
M'\0016 2.0 280.0 IXLERITE LC 8 BELOW LB BAFii\1:3 0.75 
M'\0017 2.0 380.0 SPNDSTO\E 2 LC 8 BELOW LB BAFii\1:3 0.75 
M'\0018 19.0 78.0 SPNDSTO\E 1 LC 9 BELOW RB BAFII\K3 0.75 
M'\0019 765.0 92.0 SPNDSTO\E lA LC 9 BELOW RB BAFii\1:3 0.55 
M'\0020 1500.0 484.0 SANDSTCJ'.JE 2 LC 9 BELOW RB BAFII\K3 0.15 

Table #14: Concentr-ations of Nitr-ate (N03--mg/l) Febr-uary and July 1989 

PIEZO Sampling Date Str-at. Camp lex Site Location Water-- Distance 
# Feb-89 Jul-89 Intake lX:_LC Il from Dam COJF"SE' km 

MAOOOl 0.2 1.3 PELITE lB LC 1 BELOW RB BAFii\1:3 0.65 
MA0002 0.0 O. 9 SPNDSTO\E 2 LC 1 BELOW RB BAFif\X3 0.50 
MA0003 0.8 0.9 SAI\IDSTCN:: 2 LC 1 BELOW RB BAFii\1:3 0.20 
MA0004 0.1 0 . 9 SPNDSTCII\E 0 LC 2 BELOW LB BAFii\1:3 0.75 
MA0005 0.2 0.4 SANDSTCII\E B lX: 3 BELOW LB BAFii\1:3 5.00 
~ 0.4 4. 4 SPNDSTO\E C lX: 4 ABCM: RB BAFii\1:3 10.50 
MA0007 0.0 0. 4 SPNDSTONE C LC 4 ABCM: RB BAFii\1:3 11.40 
M"tt008 0.1 0 . 4 SAI\IDSTCJ\E C lX: 4 ABCM: RB BAFii\1:3 11.75 
MA0009 0.1 0. 9 SPNDSTONE 2 LC 5 BELOW RB BAFii\1:3 0.40 
M'\0010 0.0 0.4 SANDSTDI\E 2 LC 5 BELOW RB BAFii\1:3 0.40 
M'\0011 0.1 4.4 SAI\IDSTCJ'.JE 2 LC 5 BELOW RB BAFii\1:3 0.15 
M'\0012 0.2 0.9 SANDSTONE lA LC 6 BELOW LB BAFIN3 0.25 
M'\0013 0.0 4. 4 SANDSTONE 0 LC 6 BELOW LB BAFING 0.25 
MA0014 0.1 0.0 SAI\IDSTONE lA LC 6 BELOW LB BAFII'.G 0.40 
M'\0015 0.8 0. 0 SANDSTDI\E 0 LC 7 BELOW LB BAF!i\1:3 1.50 
M'\0016 0.1 0 . 4 [)[LER ITE LC 8 BELOW LB BAFING 0.75 
M'\0017 0.4 0. 0 SANDSTONE 2 LC 8 BELOW LB BAFIN3 0.75 
MA0018 0.1 0.4 SAI\IDSTCJ\E lA LC 9 BELo.N RB BAFii\1:3 0.75 
M'\0019 0.2 0.9 SANDSTONE lA LC 9 BELo.N RB BAFii\1:3 0.55 
M'\0020 0.1 4.4 SANDSTCJ'.JE 2 LC 9 BELOW RB BAFING 0.15 
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Tables !115 and 1116 indicate the concentrations of ir-Ol (Fe++) and 
Turbidity values. The American standards for drinking water are: Iron < 0.3 
mg/1 and turbidity (less than 5 J.T.U). The measured turbidities al'"'e quite 
high and indicate an effective recharge of the fracture network by surface 
water. 

Table !115: February 1989 - Iron concentr-ation (Fe++) .. PIEZO Fe++ Strat. Complex Site Location Water- Dist. 
Il mg/1 lntake UC_LC Il from Dam Bank COUt'"" SE' kiT' .. I"'AAOOl 0.0 PELITE lB LC 1 BELClN RB BAFI!\13 0.65 

I"'AA002 0.0 SA'\IDSTCJ\E 2 LC 1 BELClN RB BAFING 0.50 
I"'AA003 0.1 SANDSTCJ\E 2 LC 1 BELClN RB BAFII\G 0.20 
I"'AA004 0.6 SA'\IDSTCJ\E 0 LC 2 BELClN LB BAFI!\13 o. 75 
I"'AA005 2.2 SANDSTCJ\E B LC 3 BELClN LB BAFI!\13 5.00 
I"'AA006 0.1 SA'\IDSTCJ\E C uc 4 ABavE RB BAFING 10.50 
I"'AA007 0.1 SA'\IDS~ c uc 4 ABavE RB BAFI!\13 11.40 
MA0008 0.1 SANDSTCJ\E C uc 4 ABavE RB BAFI!\13 11.75 
M'\0009 0.0 SANDSTCJ\E 2 LC 5 BELClN RB BAFI!\13 0.40 
1'1'\!XJlO 0.0 SANDSTCJ\E 2 LC 5 BEL CIAl RB BAFING 0.40 
1'1'\!XJ11 o.o SANDSTCJ\E 2 LC 5 BELClN RB BAFII\G 0.15 
1'1'\!XJ12 0.0 SA'\IDSTCJ\E lA LC 6 BEL CIAl LB BAFI!\13 0.25 
1'1'\!XJ13 0.1 SANDSTCJ\E 0 LC 6 BEL CIAl LB BAFII\G 0.25 
1'1'\!XJ14 0.4 SANDSTCJ\E lA LC 6 BEL CIAl LB BAFI!\13 0.40 
1'1'\!XJ15 0.1 SANDSTCJ\E 0 LC 7 BEL CIAl LB BAFI!\13 1.50 
1'1'\!XJ16 0.8 DCLERITE LC 8 BEL CIAl LB BAFING 0.75 
1'1'\!XJ17 1.6 SA'\IDSTCJ\E 2 LC 8 BEL CIAl LB BAFI!\13 0.75 
1'1'\!XJ18 0.0 SANDSTCJ\E lA LC 9 BEL CIAl RB BAFING 0.75 
1'1'\!XJ19 0.2 SA'\IDSTCJ\E lA LC 9 BEL CIAl RB BAFI!\13 0.55 
1'1'\!XJ20 0.0 SANDSTCJ\E 2 LC 9 BEL CIAl RB BAFII\I3 0.15 

Table 1116: February 1989 - Turbidi ty (Jackson Turbidity Unit - JTU) 

PIEZO Turb. Strat. Complex Site Location Water- Dist. 
Il JTU Intake UC_LC Il from Dam Bank Co..Jrse km 

I"'AAOOl 29.0 PELITE lB LC 1 BEL CIAl RB BAFII\G 0.65 
I"'AA002 5.0 SANDSTCJ\E 2 LC 1 BEL CIAl RB BAFII\G 0.50 
I"'AA003 72.0 SA'\IDSTCJ\E 2 LC 1 BEL CIAl RB BAF!i\13 0.20 
W\(J004 10.0 SANDSTCJ\E 0 LC 2 BELClN LB BAFI!\13 0.75 
I"'AA005 36.0 SANDSTOf\E B uc 3 BEL CIAl LB BAF!i\13 5.00 
I"'AA006 11.0 SANDSTCJ\E C uc 4 ABOliE RB BAF!I\G 10.50 
I"'AA007 10.0 SANDSTCJ\E C uc 4 ABOVE RB BAFII\G 11.40 - MA0008 11.0 SANDSTCJ\E C uc 4 ABOliE RB BAFI!\13 11.75 
I"'AA009 38.0 SANDSTCJ\E 2 LC 5 BEL CIAl RB BAFING 0.40 
MAOOlO 2.0 SANDSTCJ\E 2 LC 5 BEL CIAl RB BAFII\G 0.40 

~ 
1'1'\!XJ11 9.0 SANDSTOI\E 2 LC 5 BEL CIAl RB BAF!i\13 0.15 
MA0012 55.0 SANDSTCJ\E lA LC 6 BEU:»J LB BAFII\G 0.25 
MA0013 22.0 SANDSTOf\E 0 LC 6 BEL CIAl LB BAF!I\G 0.25 
1'1'\!XJ14 16.0 SANDSTCJ\E lA LC 6 BEL CIAl LB BAFII\G 0.40 
1'1'\!XJ15 8.0 SANDSTOf\E 0 LC 7 BEL CIAl LB BAFII\I3 1.50 
MA0016 8.0 DCLERITE LC 8 BEL CIAl LB BAFI!\13 0.75 
MA0017 31.0 SANDSTCJ\E 2 LC 8 BEL CIAl LB BAFI!\13 0.75 
1'1'\!XJ18 24.0 SANDSTCJ\E lA LC 9 BEL CIAl RB BAFI!\13 0.75 
1'1'\!XJ19 52.0 SANDSTCJ\E lA LC 9 BEL CIAl RB BAFING 0.55 
1'1'\!XJ20 12.0 SANDSTCJ\E 2 LC 9 BEL CIAl RB BAF!t\13 0.15 
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5 !'N\LIAL FLL.CTU"'TICN3 

5.1 Manantali Dam Reservoir - Water leve! variations 

The reservoir of Manantali Dam began to fill on July 18, 1987. Since 
that date, the gradua! filling has continuee, under the supervision of 
GroupE'tnE'Ilt de Manantali, as a function of geotechnical preoccupations and the 
needs of water users throughout the Senegal River valley. The filling will be 
completee during the rainy season of 1990 when the water leve! in the 
reservoir reaches the designed use elevation 1208 m ASL). 

The storee water creates a great hydraulic surcharge in the 
surroundings of Manantali Dam as it rises over a few years from 154 
208 rn ASL, for an hydraulic charge ecuivalent to 54 meters of water. 

physical 
m ASL to 

Figure #6 indicates the water leve! variation of the Bafing River 
downstrearn of the dam for the year 1989. 

Figure #7 indicates the rising water leve! in the reservoir from July 
1987 until December 1989. Annex #5 documents the volumes of water star~ in 
the Manantali Dam reservoir over time, monthly average discharges (m-Isee) 
from the dam, made to regularize the Senegal River discharge, the CUJrulative 
volumes of water

3
(rn3) stored by the dam per year, and the daily variations in 

dam discharge (rn /sec). 

Water leve! fluctuations in the Manantali Dam reservoir are highly 
relatee ta the region's climatic cycle: a rainy season from May ta October 
with maxinurn precipitation levels in August. Annex #6 presents, for the 
period 1986 - 1989, the principal climatic parameters (Tmin, Tmax, Taverage 
(celsius), relative humidity ('l.), wind speec (rn/s), Piche evaporation (mm), 
precipitation (mm), days of rain, insolation (h/jr), potential 
evapotranspiration (Penrnan) (mm) and evaporation (Penman) (mm)) measuree at 
the meteorological station at Mahina, a town locatee 90 km N.W. of the dam. 

For the four year period 1986 - 1989: 
814 mm over 60 days of rain, average annual 
average annual insolation was 2520 hours. 

average annual precipitationn was 
Piche evaporation was 2559 mm and 

Schematically, Manantali Dam stocks precipitation runoff from July until 
October, then !oses 2.5 meters as evaporation in addition to the volumes 
dischargee ta regularize the Senegal River. 

n Ref.: annex #6 of this report, p.4. 
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COTE AVAL DOWNSTREAM LEVEL~ 1989 
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5.2 Piezomet~ic fluctuations 

The personnel of the Manantali secte~ pehodically measu~e the depth of 
water in the piezomete~s with ~espect to points of known elevation: the top of 
the steel tube, which have been levelled. Measu~ements are made with a weekly 
or bi-monthly f~equency. 

The data collected in this pe~iodic monitoring are sent to the central 
office in St. Louis whe~e they a~e entered into the GES data base. The 
graphie function of the GES data base permits visualization cf the piezometrie 
fluctuations at any site over a given time period and the comparison of these 
with variations of water leve] in the Eafing River (upst~eam and/or downst~eam 
of the dam - by choice) and daily precipitation. Characteristic g~aphics for 
9 geographie sites have been printed (see annex !14) for the period: 9/30/88 to 
01/01/90. Depending on the geographie site in question, one or more isopiez 
curves are shown (one, two or three piezometers) on the same graphie. 

Table !117 indicates, for each of the piezometers located in the area 
near Manantali Dam, the elevation ASL of the piezomete~·s concrete base (which 
cor~esponds to that of the topog~aphy around it), the water levels (isopiezes) 
for the months of June and September 1989 and the geclogical formation. From 
these basic data, the ri se in water leve! ( isopiezes September - June) and the 
depth of the wate~ (September) from the ground surface, were calculated. 

Table !117: Rise of piezometrie levels between June and September 1989 

Piezo &!r!ace Intake 06/89 '11/89 Rise DS_f11 Sirat. I:oeplex Coordinates Site LocatiC!l Na ter- Dis! 
1 1 ASI.. IASI. IASI. IASI. 1 depth Intake lt_LC lffi!-X lffi!-Y 1 fr111 Dall Bank course ki 

1'110001 161.1~ 151.83 m.63 160.08 2.45 1.07 PELtrE lB LC 343.0 1459.6 1 BEL1* RB BAFIIE 0.65 
1'110002 161.14 124.'12 158.36 160.0~ 1.69 1. f1l SANDST!If: 2 LC 343.0 1459.6 1 IIEL1* RB BlfltE o.~ 
1'110003 162.1~ 120.'19 158.64 160.55 1.91 1.~ SANDSTDNE 2 LC 343.5 14~9.7 1 BEL1* RB BAFIIE 0.20 
1'110004 160.~ 136.10 156.87 157.9~ !.OS 2 , 64 SANDSTDNE 0 LC 342.2 1458.4 2 IIEL1* LB BlfltE 0.75 
1'110005 288.61 247.62 288.22 NIA NIA NIA SANDSTIM B Lt 341.4 1452.0 3 ŒL1* LB IW"!Nl 5.00 
1'110006 258.65 1'19.67 243.48 246.87 3.39 11.78 SIINDSTIJE C Lt 366.5 145~.~ 4 AIIOI'E RB IW"IN6 4.00 
1'110007 2~.~ 208.59 247.14 2~.87 3.73 3.72 SANDSTONE C Lt 370.11458.2 4 ABM RB IW"!Nl 5.00 
1'110008 258.66 209.70 247.14 2~. 84 3 , 70 7 , 82 SANDSTIJE C Lt 370.11458.4 4 AIIOI'E RB BAFING ~.00 
11110009 161.14 13~.14 159.52 160.76 1.24 0.39 SANDSTOOE 2 LC 343.9 14~9.6 5 BELl* RB BrillE 0.40 
ltl\0010 162.03 116.07 m.JO 160.84 1.~ 1.19 SANDSTDNE 2 LC 343.9 1459.7 5 IIEL1* RB Blf!IE 0.40 
ltl\0011 163.36 103.40 1~9.33 161.33 2.00 2.03 SANDSTONE 2 LC 343.9 1459.8 5 BEL1* RB BAF!Nl 0.1~ 
1'110012 161.29 m.33 1~7.06 157.81 0.7~ 3.48 SANDSTONE lA LC 344.2 1459.1 6 lfl(lj LB BAFII«i 0.2~ 
ltl\0013 161.17 140.38 156.44 1~.93 3.49 1.24 SANDSTONE 0 LC 344.5 1458.9 6 ŒL1* LB BAF!Nl 0.25 
1'110014 161.18 90.06 156.46 1~.93 3,47 1,24 SANDSTONE lA LC 344.2 1458.9 6 IIEl.1* LB Blf!IE 0.40 
ltl\001~ 152.37 134.88 149.18 NiA NiA NiA SANDSTONE 0 LC 324.6 146~.0 7 BEL1* LB IW"ItE 1.~ 
ltl\0016 129.95 117.80 122.30 NiA NiA NiA IXWITE LC 317 .o 1464.2 8 IIE1.1* LB BAFIIE 0.7~ 
ltl\0017 133.17 96.83 118.37 NiA NiA NiA SANDSTOOE 2 LC 318.11464.2 8 BELCli LB BAFitE 0.75 
1'110018 162.2~ 108.26 156.34 161.1~ 4.81 1.10 SANDSTDNE lA LC 338.2 1465.7 9 ŒL1* RB Blf!IE 0.7~ 
1'110019 1~.03 131.04 1~~.86 159.81 3.95 -o. 78 SANDSTIM lA LC 338.1146~.6 9 ŒL1* RB BAF!Nl 0.55 
1'110020 159.17 91.68 1~~. 95 NiA NiA NiA SIINDSTIH: 2 LC 338.0 146~.4 9 ŒL1* RB BAFIIE 0.15 

Ali the elevations in this table are comparable with those in figures !16 
and #7. From this table, and in general, we note that: 

1) the piezomete~s, d~illed in the Upper Complex lithostratigraphic 
series and located upst~eam and downstream of the dam, on bath banks of 
the river, tap one or mere water tables of which the surface are at 
elevations quite a bit higher than the water leve! in the reservoir, 

2) ali the other piezomete~s, drilled in the Lower Complex 
lithostratigraphic series and located downstream of the dam on the ~ight 
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and left banks, tap one or more water tables of which the surfaces are 
at elevations (June '89) (118.37 to 159.52 m ASL) correspond1ng closely 
to that of the Bafing valley floor, with depths below the ground surface 
varying between -0.78 and 3.48 m. 

3) the depths of the water table surfaces below the ground are· slight, 
(depth from surface-OS Jess than 3.7 m), independent of topographie 
elevation of the piezometer. The piezometrie surfaces seem to be 
controlled by the ground relief which suggests an effective vertical 
recharge. 

5.2.1 Zone #1 - MAOOl, MA002 and MA003 - right bank of the Bafing downstream 
of the dam 

Geographie zone #1 contains 3 piezometers having intakes in Pelite lB 
(MA001) and Sandstone 2 (MA002 and MA003) of the Lower Complex. 

The piezometrie fluctuations are comparable from one 
anoU-er and are independent of variations in the water level of 
(dam is situated about 1 km from this zone). 

piezometer to 
the reservoir 

Comparison of the periodic measurerrents of the piezometrie levels 
reveals a constant difference in hydraulic pressure related to the hydraulic 
conditions of each tapped fracture network. We record a difference of 
hydraulic pressure DhFl.Ol m between the two aquifers which could create a 
vertical hydraulic gradient. ~-b-ever, the piezometrie levels of the two 
tapped aquifers are greater than that of the Bafing downstream of the dam 
which confirms the con5tant recharge of the Bafing by the fracture networks. 

The rise in piezometrie level during the rainy season (May to September) 
is observable towards the end of July, that is, 2 months after the beginning 
of the rainy season (mid-May). The maximum amplitude (between 1.69 and 2.45 m 
depending on the piezometer in question) of this rise is seen near mid­
September, 2.5 months later. The intensity of the precipitations is directly 
reflected in the piezometrie profile which develops with a sawtooth pattern. 

After the rise, we observe a deerease (during 2 months as for the rise) 
followed by a stabilization stage, corresponding to the dry season (observable 
from the beginning of November until the end of July). 

Therefore, the recharge of the fracture network is related to 
infiltration of rainfall and inflows from the Bafing. Discharges from the 
network seem to be principally by evaporation. 

5.2.2 Zone #2 - MA004 - left bank of the Bafing downstream of the dam 

Geographie zone #2 contains only one piezometer with an intake in 
Sandstone 0 of the Lower Complex. 

The piezometrie fluctuations 
They are independent of variations 
(dam situated 1 km from the zone) . 

(MA004) are similar to those of zone #1. 
of water level in the reservoir of the dam 

The rise in piezometrie level during the rainy season (May to September) 
is observable towards the end of July, that is, 2 months after the beginning 
of the rainy season (mid-May). The maximum amplitude (1.08 m) of this rise is 
seen near the beginning of October, 3months later. The intensity of the 
precipitations is directly reflected in the piezometrie profile which develops 
with a sawtooth pattern. 
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After the rise, we observe a decrease (during 2 months as for the rise) 
followed by a stabilization stage, corresponding to the dry season (observable 
from the beginning of November until the end of July). 

Therefore, the recharge of the fracture network is related to 
infiltration of rainfall. Discharges from the network seem to be principally 
by evaporation and drainage of the network towards the Bafing. 

5.2.3 Zone #3 - MA005 - left bank of the Bafing dDWlstream of the dam 

Geographie zone #3 contains only one piezometer with an intake 1n 

Sandstone B of the Upper Complex • 

This piezometer is, hydrographically, the only observation structure 
located in the watershed of the Balinn, juxtaposed to that of the Bafing. 
This structure is situated about 5 km from the dam. The intake is at an 
elevation of 247.62 m ASL, approximately 55 meters above the water leve! in 
the reservoir in 1989. 

The measured piezometrie level is very shallow (288.22 m ASL June '89) 
with respect to the topographie elevation of the piezometer (288.61 m ASL). 

The piezometrie fluctuations in this 
values for the water leve! rise during 
corresponds to the month of March (difficult 
the rainy season. 

structure indicate two maximum 
the year of 19Èl9. The first 
to explain) and the second during 

In August, this piezometer becomes artesian for the next four month 
period, reflecting an effective recharge of the fracture network, linked 
throughout the nearby high topography and draining toward the depressions. 

The rise in water leve! which was measured during the dry season can, 
hypothetically, be explained by a halt in the pumping of wells in the village. 
No field observations were made 1n regards to this subject. 

5.2.4 Zone #4 - MA006, MA007 and MA008 - right bank of the Bafing upstream of 
the dam 

Geographie zone #4 contains 3 piezometers with intakes in Sandstone C of 
the Upper Complex. 

The piezometrie fluctuations of piezometers MA007 and MA008 are 
identical and are comparable to those of piezometer MA006. They are 
independent of the variations in the water level of the reservoir (187 to 197 
m ASL) since the piezometrie surface (243.48 to 247.14 m ASL) is higher. 

Comparison of the period1c measurements of the water levels between the 
piezometers reveals a difference of hydraulic head (Oh = 3.6m) between 
piezometer MA006 ( 4. 0 km from the reservai r) and the t"'-'J other piezometers 
(5.0 km from the reservoir). This difference in pressure inters a verical 
hydraulic gradient between the different networks. f-bNever, the piezometrie 
levels are greater than that of the Bafing downstream of the dam which 
confirms the constant recharge of the Bafing by the fracture networks. 

The rise in water level during the rainy season (May to September) is 
observable towards the end of July, that is, 2 months after the beginning of 
the rainy season (mid-May). The maximum ampli tude (about 3. 7 m) of the ri se 
is seen in mid September, 2.5 months later. 

j 
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Afte~ the ~echa~ge of the f~actu~e network by infilt~ation of ~ainfall, 
we observe a sustained and graduai decrease (during 10 months) throughout the 
d~y season. This corresponds to the d~ainage phase of this f~acture netwo~k. 

The~efore, the ~echarge of the fracture network is 
infiltration of ~ainfall and its discharge to evapo~ation. 

related to 

5.2.5 Zone #5 - MA009, MA010 and MA011 - ~ight bank of the Bafing downst~eam 
of the dam 

Geographie zone #5 contains 3 piezometers w1th intakes at different 
depths in Sandstone 2 of the Lowe~ Complex • 

The piezomet~ic fluctuations of the three are identical and independent 
of ~ese~oi~ wate~ leve) va~iations (dam structure situated at 0.3 km from the 
zone). 

Comparison of pe~iodic measu~ements of the piezomet~ic Jevels ~eveals a 
diffe~ence in hyd~aulic head 0~=0.60 m ~eflecting a ve~tical hyd~aulic 
gradient between the tapped aqui'fe~s. However-, the piezometrie Jevels are 
g~eater than that of the Bafing downstream of the dam which confirms the 
constant ~echa~ge of the Bafing by the f~actu~e networ-ks. 

MA009 structure (d~awdown = 24 hours 
stabilization of d~awdown at t=950 

P~evious to this, we had noted 
t=70 minutes and at t=650 minutes, 
aquife~. 

Du~ing a pumping test made on the 
and r-ecove~y = 24 hour-s) , we noted a 
minutes, indicating aquife~ ~echa~ge. 
steepening of the time-drawdown cu~ve at 
indicating two imper-ious bounda~ies in the 

The r-ise in piezomet~ic level du~ing the rainy season (May to September) 
is obse~vable towa~ds the end of July, that is, 2 months after the beginning 
of the ~ainy season (mid-May). The maxirrum amplitude (between 1.24 m and 2.00 
m depending on the piezomete~ in question) of this ri se is seen near mid­
September, 2.5 months later. The intensity of the p~ecipitations is di~ectly 
~eflected in the piezometrie p~ofile which develops with a sawtooth patte~n. 

After- the r-ise, we observe a decrease (during 2 months as for the ~ise) 
followed by a stabilization stage, co~~esponding to the d~y season (obse~vable 
f~am the beginning of Novembe~ until the end of July). 

Therefo~e, the Bafing constitutes a recharge zone for- the f~actu~ed, 
anisot~opic aquife~. 

5.2.6 Zone #6 - MA012, MA013 and MA014 - left bank of the Bafing downstream 
of the dam 

Geog~aphic zone #6 contains 
depths in Sandstone lA (MA012 and 
Lowe~ Complex. 

ffi012 

3 piezomete~s with intakes at different 
MA014) and in Sandstone 0 (MA013) of the 

The piezometrie fluctuations in the structu~e MA012 are identical to 
those measu~ed on the right bank of the river in zone #5 (MA009, MA010 and 
MAOll) and a~e independent of the reservo1r water- level var-iations (dam 
structur-e is situated 0.3 km from the zone). 

The ~ise in piezomet~ic level du~ing the r-ainy season (May to September-) 
is obser-vable towa~ds the end of July, that is, 2 months after the beginning 
of the r-ainy season (mid-May). The maxirrum amplitude (0. 75 m) of this ~ise is 
seen near- mid-September-, 2. 5 months la ter. The intensi ty of the 
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precipitations is directly reflected in the piezometrie profile which develops 
with a sawtooth pattern. 

After the rise, we observe a decrease (during 2 months as for the rise) 
followed by a stabilization stage, corresponding to the dry season (observable 
from the beginning of November until the end of July). 

During a pumping test made on MA012 (drawdown = 48 hours and recovery = 
48 hours), we noted a stabilization of the drawdown at t=95 minutes which 
indicates a recharge to the aquifer. 

f't!J013 and f't!J014 

The piezometrie fluctuations for MA013 and MA014 are comparable and 
their piezometrie profiles are distinct from that of MA012. 

The stabilization of the water table was not observed and the aquifer 
reaction to rainfall events was instantaneous. 

The rise in piezometrie level during the rainy season (May to September) 
is observable towards mid-June, that is, 1 month after the beginning of the 
rainy season (mid-May). The maximum amplitude (3.49 m) of this rise is seen 
near mid-August, 2.0 months later. The intensity of the precipitations is 
directly reflected in the piezometrie profile which develops with a sawtooth 
pattern, although its profile is Jess accentuated than that of MA012. 

After the recharge of the fracture network by 
we observe a sustained and gradua! decrease (during 
dry season. This corresponds to the drainage phase 

infiltration of rainfall, 
10 months) throughout the 

of this fracture network. 

During a pumping test made on the MA012 structure (drawdown = 48 hours 
and recovery = 48 hours), the measured drawdowns for the piezometers MA013 and 
MA014 did not stabilize during the test. 

Therefore, the piezometers 
Recharge of the fracture zone is 
discharge to evaporation. 

of this zone tap two distinct aquifers. 
related to rainfall infiltration and its 

5.2. 7 Zone #7 - MA0015 - left bank of the Bafing downstream of the dam 

Geographie zone #7 contains the piezometer MA015 with an intake in 
Sandstone 0 of the Lower Camp lex. 

The piezometrie fluctuations in this structure are independent of the 
reservoir water level variations (dam structure at 16,4 km from the zone). 

The measured piezometrie level is shallow (149.18 m ASL June 89) with 
respect to the topographie elevation of the piezometer (152.37 m ASL). 

The piezometrie fluctuations in this structure reach their maximum value 
during the rainy season. In August, this piezometer becomes artesian for the 
next three months, reflecting an effective recharge of the fracture network, 
linked throughout the nearby high topography and draining toward the 
depressions R 

The rise in water level (more than 3 meters) during the rainy season 
(May to September) is observable towards the beginning of July, that is, 1.5 
months after the beginning of the rainy season (mid-May). In September, this 
piezometer becomes artesian for the next three month period, reflecting an 
effective recharge of the fracture network, Jinked throughout the nearby high 
topography and draining toward the depressions. 
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Atter the recharge of the fracture network by infiltration of rainfal!, 
we observe a sustained and gradua! decrease throughout the dry season. This 
corresponds to the drainage phase of this fracture network. 

Therefore, the recharge of the fracture network is related ta rainfall 
infiltration and its discharge to evaporation. 

5.2.8 
dam 

Zone #8 - MA016 and MA017 left bank of the Bafing downstream of the 

Geographie zone #B contains 2 piezometers with 
depths in Sandstone 2 (MA017) of the Lower Complex 
dolerite rock (MA016). The piezometrie fluctuations of 
totally different and are independent of the reservoir 
(dam structure at 21.6 km and 23 km from the zone). 

/'1A016 

intakes at different 
and in the intrusi ve 
the two structures are 
water level variations 

The annual precipi tatien influences the piezometer MA016 (Doleri te). 
The rise in water leve! during the rainy season (May to September) is 
observable towards the beginning of July, that is, 1.5 months after the 
beginning of the rainy season (mid-May). The maxirrum amplitude of the rise 
was not measured but would be on the arder of 7. 5 to 8 meters. 

In August, this piezometer becomes artesian for the 
period, reflecting an effective recharge of the fracture 
throughout the nearby high topography and draining toward the 

next two month 
network, linked 
depressions. 

During the dry season we 
indicates evaporation lasses 
network. 

note a continuous drop in the water leve! which 
and drainage towards a connected fracture 

/'1A017 

During a pumping test (48 hours), the piezometer MA017 showed a response 
like that of a confined aquifer with transient flow. Annual precipitation 
does not influence this piezometer. Examination of the piezometrie profile 
suggests a weak recharge from a connected fracture network. This recharge is 
effective well after the rainy season. 

Therefore, the recharge of part of this fracture network (MA016) is 
related to the infiltration of rainfall and its discharge to evaporation and 
drainage to a connected fracture network. Recharge of the other part of the 
fracture network (MA017) is related to drainage from a connected fracture 
network and its discharge was not observed. 

5.2.9 Zone #9 - MA018, MA019 and MA020 - right bank of the Bafing downstream 
of the dam 

Geographie zone #9 contains 3 piezometers with intakes in Sandstone lA 
(MA018 and MA019) and Sandstone 2 (MA020) of the Lower Complex . 

The piezometrie fluctuations of the three piezometers are comparable and 
are independent of the water leve! variations in the reservoir of the dam. 

Comparison of periodic measurements of the water levels 
piezometers reveals a difference in hydraulic head (D = 0.5 m) 
piezometers MA018 and MA019, reflecting a vertical hydrau~ic gradient 
the tapped aquifers. However, the piezometrie levels are greater than 

in the 
between 
between 
that of 
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the Bafing downst~eam of the dam which confi~ms the constant ~echa~ge of the 
Baf1ng by the f~actu~e netwo~ks. 

Du~ing a pumping test (48 hou~s), the piezomete~ MA020 showed a ~esponse 
like that of a confined aquife~ with t~ansient flow. 

The rise in piezomet~ic leve! during the rainy season (May to September) 
is obse~vable towards mid-June, that is, 1 month after the beginning of the 
rainy season (mid-May). The maximum amplitude (between about 3.95 m and about 
5 m) of this r-isP is seen near- rnid-September-, 3 months later. 

ln August, the piezomete~s (MA019 and MA020) become artesian fo~ a one 
month pe~iod, reflecting an effective ~echarge of the fracture netwo~k, linked 
throughout the nea~by high topog~aphy and draining towa~d the dep~essions. 

Afte~ the ~echa~ge of the fractu~e network by infiltration of rainfall, 
we obse~ve a sustained and graduai decrease throughout the dry season. This 
corresponds to the drainage phase of this fracture netwo~k • 
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The OMVS piezomet~ic netwo~k (20 piezomete~s) is located in the 
Manantali Dam a~ea, in 9 distinct geog~aphic zones upst~eam and downst~eam of 
the dam st~uctu~e. The ~eservo1r created by the dam began to till on July 18, 
1987 (initial water leve] 154 m ASL) and since then the water level has 
steadily continued to rise. The maximum fill level (208 m ASL), should be 
reached during the ~ainy season 1990 • 

Through analysis of data from bor~holes drilled during construction of 
the network, sev~ral fractured aquifers were identified, all belonging to the 
Bakoye Group lithostratigraphic series (siliceous and feldspathic sandstones 
and shales). This Group was subdivided acco~ding to the codification system 
proposed by the engineers of the Groupement de Manantali, into two~_Q:,mplexes, 
Lower and Upper. Schematically, the Lower Complex is linked to """nîe Bafing 
River valley bottom and the Upper Complex is linked to the cliffs which border 
the ~eservoi~ created by Manantali Dam. 

The ~elationship between the appearance (occurrence) frequency of 
structural accidents (number of fractures/linear meter) and the depth drilled 
into the bedrock was determined. This f~equency, regardless of the 
geochemical composition of the surrounding rocks, diminishes with depth 
drilled in the bedrock. When geochemical composition is considered, it 
appears that Sandstone 2 of the Lower Complex is the most fractured (0.2 
structural accidents/linear meter) and that the other formations (Lower and 
Upper Complex) are comparably fractured (0.06 to 0.1 structural 
accidents/linear meter). 

Hydraulic productivity per lithostratigraphic formation [(Q air lift 
m3 /hou~)/numbe~ structural accidents] was also established. The Upper Complex 
formations (cliffs bordefing the reservoir) have a much greater hydraulic 
productivity (14 to 22 m /hour/structu~al accident) than those of the Lower 
Complex (about 7 m /hour/st~uctural accident). 

The chemical analysis of 20 groundwater samples indicates a great 
diversity of geohydrochemical facies, such as: 

* calcium and magnesium bicarbonates (10/20), 
*calcium and magnesium chlorides (8/20), 
*calcium sulfates and bicarbonates (2/20). 

The water is usually fresh 
irrigation varies fron "medioc.re" 
mineralization of the water. 

and sometimes brackish. Their fitness for 
to "excellent", depending on the degree of 

The chemical analysis results suggest the existence 
or supe~posed and non-linked fracture networks. These 
delimit many anisotropie aquifers . 

of many juxtaposed 
diffe~ent networks 

Comparison of average physicochemical parameters (electrical 
conductivity and pH) between the end of the dry season and the beginning of 
the rainy season indicates a decrease (from the dry to the rainy season) which 
suggests a vertical recharge of the fractu~e networks by infiltration of 
weakly mineralized rainfall. The high turbidity values measured tor the 
groundwater samples are theoretically characteristic of the surface waters, 
which tends to confirm the infiltration of rainfall. 

The piezometrie 
in relation to water 
rainfall. 

fluctuations of the network (cycle 88/89) were analyzed 
level variations of the Manantali Dam rese~voir and 
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In general, for 
geographie position of 
note that: 

the whole OMVS network (20 piezometers), regardless of 
the piezometers (upstream or downstream of the dam), we 

1) the principal recharge source of the aquifers is the infiltration of 
rainfall during the months of August and September (2 months per year), 

2) the water !osses are principally 
per yea~) and evapotranspirationt and 
from one fracture network to another, 

related to evaporation (10 months 
probably to sorne extent, drainage 

3) the hydraulic head (proportional to a column of water 54 m high) 
induced by the filling of Manantali Dam reservoir does not influence the 
piezometry of the aquifers tappec by the OMVS network, 

4) the depth of the water tables below the ground surface is shallow 
(OS< 3.7 m). The potentiometric surface seems to be c:ontrolled by the 
relief, which suggests an effective vertical recharge. 

More specifically, except for zone #3 where MA005 is located outside of 
the Bafing watershed, the piezometrie fluctuation curves are classified in 
three categories: 

1) Ri se - descent - stabilization pericxf 

This category contains most of the piezometers located downstream of the 
dam and at distances of approximately one kilometer from the Bafing River. 

The measured piezometrie levels are systematically greater than the 
water level of the Bafing River. 

Therefore, the Bafing constitutes a zone of groundwater resurgence, fed 
by drainage of the various nearby fracture systems. The stabilization stage 
that was observed can be explained by the absence of piezometrie fluctuations 
caused by the convergence of the flow lines toward the Bafing River bed. 

2) Rise - graduai descent without stabilization pericxf 

This category contains all the piezometers located: 

1) downstream of the dam and at more than one kilometer from the 
resurgence zone constituted by the Bafing River, 

2) in the geographie zones situated upstream of the dam, 

3) downstream of 
Bafing, in zones 
(zone #6). 

the dam, in the corridor generally recharged by the 
where the fracture network is not linked to the Bafing 

The piezometrie fluctuation curves of these sites do not indicate a 
stabilization perioc. 

Therefore, the progressive drop without stabilization can be explained 
by a fracture network which is not linked with the Bafing. 

3) Continuous slow rise 

piezometer taps a 
the Bafing River 
fracture network 

This category contains the piezometer MA017. This 
fracture network which is hydraulically isolated from 
recharge zone. During the observation perioc, 1989, this 
seemed to be recharged by another connected fracture network. 



.. 

• 

37 

Pr-oject measur-ements indicate that gn:> . .mdwater- flow helps to maintain 
the discharge of the Bafing River, throughout the year-. This obser-vation 
which was true before July 1987 is stiJl tr-ue after Manantali Dam has become 
operational. In fact, the potentiometric surface of the aquifers in the 
plateaus wh1ch border the dam"s reser-voir ar-e clearly above the actual and 
planned operating level of the dam (208 m ASL). 

Hbwever, this does not signify that the Manantali Dam r-eser-voir- does not 
influence the formations which are on its immediate borders (Upper Complex 
sandstone cliffs) . 

Before the r-eservoir began filling, there existed a heavily fractur-ed 
but non-saturated zone in the Upper Camp lex sandstone cli ffs. The ar ti ficial 
raising of the water level in the reser-voir could induce recharge of this non 
saturated zone. This zone is delimited by the cliffs, the piezometrie surface 
under- natural conditions before the reservoir began filling, and a hor-izontal 
surface cor-responding to the operating level of the reservoir. This 
volumetrie definition supposes the existence of severa! interconnected 
fr-acture networ-ks linked to the Manantali reservoir. This hypothesis is not 
confirmed by our piezometrie obser-vations. 

If this was the case, as the wate~ level rose in the reservoir, the non­
saturated zone would be recharged and, as the water- level dropped, the 
fracture network would return par-t of its stor-ed water- to the r-eser-voir-. This 
zone would be something of a secondar-y r-eservoir-. Upon stabilization of the 
water- level in the reservoir-, at the oper-ating level (208 m ASL.), a new 
piezometrie equilibr-ium would be established. The large differences between 
the piezometrie levels at the obser-vation points and the expected operating 
leve! indicates that the distance to which the r-eser-voir will influence the 
aquifers will be small. 

The number of obser-vation points in the DMVS piezometrie network does 
not permit one to answer this question. 

The installation of one or mor-e perpendicular piezometer !ines on the 
plateau at the edges of the r-eser-voir-, and on sites which ar-e judged 
structura!ly repr-esentative, would allow an answer to be deve!oped to this 
question . 
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Al GENERAL 

The g~aphic 
sections in this 
hydrogeological 
software. 

INTRODUCTORY COMMENTS 

representations of the geologie and technical 
annex, as well as the tables detailing the 

descriptions, were produced with GROUNDWATER 

Files are identified as *.WLT and *·WLC . 

The symbol * cor~esponds 
concerned and the extensions: 

to the number of 

WLT: contains all the geologie data for the piezometer 
conce~ned, 

WLC: contains all the technical data for the piezometer 
concerned. 

The reader will find, following this section, a complete 
listing of all the files dealt with in this annex, corresponding 
to the piezometers located within the limits of the topographie 
map 1/200,000 concerned. 

All the piezometers, dealt with in this annex, are localized 
on the 1/200,000 map which accompanies this document. 

The complete listing of the piezometers ~elated to this map 
was produced with XTREE utility software .. 
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.. MA001 . CHM 128 . ~-· . '3-27-83 9:48 C•fJ1 

MP.Oü2 CH !V: 129 . -=--· 9-27-89 ~- 1:;s 2. ~11 . -·. 
MAOC3 . CHM 128 . "· . '3-27-8'3 ::,: 1)2 E<.fl1 

MA004 CHM 128 . a . . '3-27-8'3 4:33 êi.TJ1 

MA_üt)5 . CHM 1 C•C 
~~ . "'· . 3-27-83 4:35 ar11 

' 
MA00'3 . C!-iM 128 . "'· . '3-27-8'3 10:41 pm 
~Aü:O . CHM 128 ë .• . S-27-83 4:5€, a~,, 

;-t~AO:!. ~ . CH"\ 128 "· '3-27-89 4:5g i\.".1 

MP.Gl2 . CHM 12e. "· . '3-27-8'3 4:51 i\nl 

MP.013 . CHM 128 "· . S-27-89 4:44 a~, 

:--r:A\~.•14 r·'--- (r1 
-·· .J. ~;.:.s . =-. . 3--::::ï-8? 4 : 4: ?.~~-

:.:rc;_ th : C: \G~DATA\27-2B 

'"' taggc=d fl les us i r.ç; 2:34 coytes 

MAC>05 . CHM 128 . "· '3-28-8'3 2:06 a. rn 
i':A007 . C!-itvl 128 . "· . 9-28-89 =· • 

~- 18 am 
:'t"~l=)o-9 . CHM 128 ''- 9-27-8'3 4: 10 a:-11 

:=•a th : r :\GWDAïA\27-2C ~ 

3 ~ . 
~,.,;.g g=-o fi les U~-: ':'":g 32-4 bytes 

"'::=::::: a . c:-t"'l 12.9 . ~- ~-C.'7-E? e: -s iii<. ill 
;'y··;:.-_:J-; C:...~:'-1 ~ : .:i 

• ~w . 2.~ '3-27-S9 a : •:::: 3~:-

!Y;ht)2~:~ . Cr-ii~ 125 . 2 .• 3-27-8'3 E:OE. .a.m 
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8) REMARKS CONCERNING THE COLUMN "GEOLOGIC COMMENTS" 

Use of GROUNDWATER software imposes certain data e~try 
constraints related to printing of the different reports: 

* geologie sections * summary tables 

The space allocated ta printing comments in the summary 
table is limited ta 22 characters. This limit (22 characters) 
may be exceeded, however, when plotting the geologie sections. 

Therefore, in arder ta ensure legibility in the summary 
tables and geologie sections, the following codification 
principles were adopted: 

XXXX 22 characters XXXX free style 

SEQ 1: limited ta 4 characters. 
-~----~~S~E:Q~2~: ..;1~1~· m;i ted ta 6 char ac te rs . SEQ 3: limited to 10 characters. 

DEFINITION OF SEQUENCES + CODES USED 

SEQ 1: 

SEQ 2 

Geologie formation. The geologie codes used are those 
used in the GES data base. 

Color. The definition of colors uses the first two 
letters of the color concerned. 
EX.: a brown sample would be coded BR; a brown grey 
sample would be coded BR/GR. (in French) 

Note: 1) Sequence 1 is obligatory. 

2) The arder of 
respected. 

these sequences must obligatorily be 

3) If information relative to one of the sequences is 
missing, continue with the next sequence. 

4) After SEQ 2, the comments are in free style. These 
will only appear when printing the detailed geologie 
section. 



• 

• 

LEXICON 

All the g~aphics and the tables cha~acte~izing the 
piezometers # , contained in annex # 1, were produced with 
GROUNDWATER/LITHOCON softwa~e. Since this softwa~e was w~itten 
in English, it is useful he~e to cla~ify the t~anslated te~ms. 
The t~anslations a~e not ~igo~ous and a~e adapted to the 
activities of this p~oject. 

LITHOLOGY 
WELL CONSTRUCTION DETAILS 
WELL CAP 
CASING 
LINER 
DRILLED HOLE 
WELL SCREEN 
PLUG 

GRAVEL PACK 
STATIC WATER LEVEL 

SCALE 
PROJECT 
FILE 

LOCATION 

WELL NO 
DRILLER 

ELEVATION (m) 

DATE DRILLED 
TYPE OF RIG 
DEPTH 
THICKNESS (m) 

= DESCRIPTION LITHOSTRATIGRAPHIQUE 
= COUPE TECHNIQUE DU PIEZOMETRE 
= COUVERCLE DE PROTECTION 
= TUBE D'ACIER PEINT EN ROUGE 
= TUBE PVC PLEIN 
= TROU DE FORAGE 
= CREPINE EN PVC 
= BOUCHON DE FERMETURE A LA BASE DU 

PIEZOMETRE 
= GRAVIER FILTRE 
= NIVEAU STATIQUE MESURE PAR 

RAPPORT AU SOL 
= ECHELLE 
= PROJET 
= FICHIER, CORRESPOND AU # DU 

PROJET 
= LOCALISATION, CORRESPOND AU NOM 

DE LA CARTE 1/50.000 
= NO DU PIEZOMETRE 
= FOREUR, CORRESPONDANT AU NOM DE 

L'ENTREPRISE RESPONSABLE DES 
TRAVAUX DE FORAGE 

= ELEVATION EXPRIMEE EN METRES PAR 
RAPPORT AU ZERO IGN 

= DATE D'EXECUTION DU FORAGE 
= TECHNIQUE DE FORAGE 
= PROFONDEUR 
= EPAISSEUR EXPRIMEE EN METRES 



• 

CODES 

F1 

F2 

F3 

F4 

F5 

F6 

F7 

FS 

F9 

no 
SHIFT F1 

SHIFT F2 

SHIFT F3 

SHIFT F4 

SHIFT F5 

SHIFT F6 

SHIFT F7 

SHIFT FS 

SHIFT F9 

SHIFT FlO 

GRüUNDwATER - STRATIGRAPHie DESCRIPTION CODES 

LITHOL~C DESCRIPTIONS 
ABBREVIATED Œl"PLETE 

TR-INDIF. 

TR-EBOLLrs 

TR- ALLL!v' 

TR-SAILAT. 

CS-SCHISTE 

CS-GREs c 

CS-GREs B 

CS-GREA 

CS-INDIF. 

CI-ARGILITE 

CI-GRES 0 

CI-GREs 1A 

CI-PEL. 18 

CI-lA/18 

CI-GRES 2 

Cl-SCH. 3 

CI-INDIF. 

CI -!JCLER ITE 

cr- ? 

cr- ? 

unconsolidated, undifferentiated terrain, 

unconsolidated, debris terrain, 

unconsolidated, alluvial t~rrain 

unconsolidated, sand & laterrite terrain 

upper complex - shale 

upper complex - Sandstone C 

upper complex - Sandstone B 

upper complex - Sandstone A 

upper complex - undifferentiated 

lower complex - Argilite 

lower complex - Sandstone 0 

lower complex - Sandstone lA 

lower complex - Pelite 18 

lower complex Sandstone 1A and/or Pelite 18 

lower complex Sandstone 2 

lower complex Shale 3 

lower complex undi fterentiated 

lower complex Dolerite 

unusea Code 

unused Code 

n The abbreviated descriptions are limited by graphie representation const~aints ta a maximum of 11 characters. 



' ,i 

1 ' 

'j 

0 

1 

2 

3 

5 

6 

7 

B 

9 

10 

11 

12 

13 

15 

16 

17 

SCALE IN M 

PRDJECT: OMVS/USAID 
FILE: 625-0958 
LOCATION: BAFOULABE 2A 

HA001 

· .»Jit Rn.! w; B&./IJlBUUU. 

• .. " • • .. .. · Ill: fi(IJ1!3 11\'Y~ FIIHl.tRHBII 
· · • · · · · • • • · · Ir Il/Il. . . . . . . . . . . . . . . . . . . . . . . . . 
. . . . . . . . . . . . 
.............. Ill; lES u 
............... 
• • • • • • • • • • • • BA; Pfl.JT[3 FM.C1lŒES. . . . . . . . . . . . . 
. . . . . . . . . . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

. . . . . . . . . . . " 

. . . . . . . . . . . . 

LITHo:._ oGY 

USAIO/OAKAR/SENEGAL FIGURE MA001 
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.. 

WELL,LlTHOLOGY 

PROJECT: OMVS/USAID 
LOCATION: 8AFOULABE 2A 

WELL *1 MAOOl 

FILE NO.: 625-0958 

ELEVATION (rn): 161. 15 
------------------·-----------------------------------------------

DEPTH 
(Til) 

1 THICKNESS 
1 ( T1l) 

LJTHOLOGY 

l-------------------------l------------l-------------------------1 
1 FROM 1 TO 1 1 1 
l-----------------------------1----------------: ----------------------------- ··-----

0~00(1 6.2~)0 ~.2(lù ~~-~~~i~-~2~: ~A/GR; ~R 
b.200 
B. 4::·0 
-9. 7(l(l 

'?.700 
l ~-. (l(l(J 

1. 2~0 
5.300 

Cl--PEi.... !E:,E•P.; ~'ELI-:-E~: 

c:--GRES :A.BR;GRES !A 
Cl-~·EL. lB, BA; PELITES 

-·----------- ---- ····------- --- -------- --------- -----------------------------------

USRlD/DAKAR/SENEGAL 



LEGOO 

~ TR-IMIJI'. 

m T!I-EIIIJILIS 

r:::::J TR-AU.UV. 
~ 

E3 TR-SA/UT. 

EJcs-SCHISTE 

,.; ....... , cs-liRES c 

F:: :1 cs-ws Il 

Des-liRES A 

I'D.D.i1 cs-IMIIF. 1.:.!.:.!:..1 

~CI-liRES 0 

1::::::: 1 CI-liRES tA 

li.':!.'."iJ CI-l'B.. til 

II5:5:) CI-tA/til 

e:zl CI-liRES 2 

l:j:-~ CI-SCH. 3 

~ CI-IIIIIF. 

l'// 1 CHIOLEAITE 

~CI- 7 

m~~~ 1 CI- 7 

0 

3 

B 

g 

2t 

2~ 

27 

30 

33 

3B 

39 

42 

.tl! 

~~ 

!lt 

F'ROJECT: OMYSIUSAIO 
FILE: 62!1-0!158 

• .. 

~l..f'ftiUif" 

SCALE: t CM- 3 M 

LOCATION: BAFOIJI..AI!E 2A 

• ~ 

111!.1. ~ II!T&ILI 

.JL STATIC WATEA LEYEL 

WU. CAP 
CASIIC 

1-; UNEA 

le 1mU.!11 MOlE 

IIAAVEI. PACK 
wru. SCAEI'II 

COUPE GEOLOGIQUE ET TECHNIQUE 

3 

B 

g 

lë 

t!l 

tl 

2t 

24 

27 

30 

33 

3B 

3!1 

r.! 

4!1 

ft 

!If 

USAID/DAKAR/SENEGAL FIGURE:MA002 



1 

Il 
rll 

:1· 
'i 

'',! 
1 ' 

i li 
: 1 
1 ' 

" 

Il ' 1! 

,, 

~ ,, 
l'~ 

'1! 

~ 
' 

. ' 
. !i 

'i 
1 

' ,, 

• 

LEE END 

~ TA-INDIF. 0 mm TA-EBOULIS 3 

~:: :1 TA-ALLUV . 6 

[-:-:-1 TA-SA/LAT. 9 

D CS-SCHISTE 12 

L:::J CS-GRES c 15 

( : : : : :1 CS-GRES B 18 

CJcs-GRES A 21 

~CS-INDIF. . 24 

27 

30 
....... CI-GRES tA. ....... 33 

.. ··~· 
l:;·.1:i·.'.-;-J CI-PEL. 18 36 

~ CI-1A/1B 39 

mel-GRES 2 42 

t-•IJ CI-SCH. 3 45 

it.l~tl CI-INDlF. 48 

lvvvvv 1 Cl-DOLERITE 51 

Cl- ? 

Cl- ? 
SCALE 

PROJECT: OMVS/USAJD 
FILE: 625-0956 
LOCATION: BAFOULABE 2A 

IN M 

HA002 

••••••••••••• 1 

1 a •= If· mRJ'-: ll.l!!li; "' fiJTf lRK' ~ir 

· .......... ·at 1t mru. "'~ 11 m ~ • • • . • • • • • • • • FBill . . . . . . . . . . -· . . . . . . . . . . . . . 
. . . . . . . . . . . . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

LITHOLOGY 

USAID/DAKAR/SENEGAL FIGURE MAC02 
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WELL LITHOLOGY 

PROJECT: OMVS/~SAID 
LOCATION: BAFOULABE 2A 

WELL # MA002 

FILE NO.: &25-0958 

ELEVAT lON <rn) : 1 & 1. 1 39 
-----------------------------------------------------------------' 

DE~'TH 1 THICKNESS LJTHOLOGY 
(r,l) i 1 (r,l) 

!------------------------1------------l-------------------------l 
1 F R0:1 1 TO 1 1 1 
l---------------··----~---'------------:-------------------------1 

1 0.000 1 5.900 5.900 lR-INDIF.,QT; ARGILE SA 
1 5.900 &.~50 0.550 CI-PEL. lB,BA; BR. 

E_ •• 4 50 

9.800 
2~::.. OC(l 
2•8. 8f.(l 

31.000 
28.860 
44.530 

USAJD/DAKAR/SENEGAL 

21.200 
?.BE:.O 
~ .• 770 

Cl-G~~S lP,Bh; GR; QUAR 
Cl-i=''EL. lB, BR; BR; FERR 
CI--:P,':B,B~; BR; FERRUG 
CI-GRES 2,BA; BE; FERRU 



' ' 
é--~-~-.-- - ---=--~-~ 

LEGEND 

~m-IIIIU. 
tœm-EM•I& 
t;::;:1 m-AUJN. 
b=l 

Gm-SAJUT. 

r .:· .. ] cs-SCHISTE 

~ ......... , CS-Ii1IES C 

! : : :: :1 ts-li1IES 1 

D CS-Ii1IES A 

[ii:D;i"l ts-IIIIIF. 
1.:.!!..:.!!..: 

E=:l CI-Ii1IES 0 

1::::::: 1 Cl-GII!li lA 

li.'.ï.':iJ CI -PB.. tl 

!act-lA/tl 

e±Jcx-RS2 

1:' .:'~ CI-SCH. 3 

~ CI-IICIIF. 

IV'V'il CI -!ICI.EIUTE l.!...!....l 
~Cl-? 

0 

3 

B 

lB 

2l 

24 

27 

30 

33 

36 

39 

42 

45 

48 

51 

• • 

UTIIIJIIY 

? 
SCALE: 1 CM- 3 Il 

PRDJECT: IIIVS/USAm 
FILE: 125-0!1!111 
LOCA TIIIt IIAFDlUIIE 2A 

• • 
-~- --~ 

---~--'--..~----

- -
~--- :~-•a•...__.,.,, 

,5L STATIC IIATER UVB. 

-+~ 

II!U. CAP 
CAS%11& 

ltUNER 
lllru.ED HOI.E 

IIBJ.. SCIIEEN 
&RAVB. PACK 

COUPE GEOLOGIQUE ET TECHNIQUE 

Il 
0 

' 
a 

9 

12 

1.5 

lB 

21 

24 

27 ,. 
33 

,. 
3!1 

42 

45 

48 

5t 

USAID/DAKAR/SENEGAL FIGUAE:MA003 
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' • 

• 
' 

1 l 

r

.· .·.,! 
,, 

' 
1 1: 

1 1! 

1 

' 

'i 

r 'i 
i ., 

l.l~ 
U"'-

LEGEND 

~ TR-INDIF. 

m TA-EBOULIS 

~::;:; ::1 TR-ALLUV. 

[-=-] TA-SA/LAT. 

D CS-SCHISTE 

F:::J CS-GRES c 

[:::: :1 CS-GRES B 

Des-GRES A 

~CS-INOIF. 

::::::: CI -GRES 1A 

0 

3 

6 

9 

12 

15 

18 

21 

24 

27 

30 

33 

[:i'.'.l"@ CI-PEL. 18 36 

E2iS3 CI-tA/18 39 

m CI-GRES 2 42 

~:-IN-~~~ CI-SCH. 3 45 

~~.t)6lil CI-INDIF. 48 

lv v v v v 1 CI-OOLERITE 51 

[ffi!!] Cl- ? 

? SCALE IN M 

PROJECT: OMVS/USAIO 
FILE: 625-0958 
LOCATION: BAFOULABE 2A 

MA003 

-~lf. Jl; ~Il. 

f- _-_-_-_-_-_ 11: .1; Rn! Sla.miUIJTBUTIIlo 

• ••• 0 • 0 0 0 ••••• 0 liA: IVY~lll: lltBTZBll; tFe.ll8 
• 0 • • • • • • • • • • • • IIJE.t Ft:JQI • 
• • • • • • • 0 • 0 0 ••• 

• • 0 ........... . 

0 ••• 0 ••• 0 ••••• 

••••• 0 •••••••• 

• 0 ........... .. 

·~·-- lM 0 
............. 

0 
• t EW!llBII; lit tPI.SSia Il 

••••••••••••• 0 • 

0 ••••••••••••• 

•••• 0 • 0 •• 0 •• 0 • 

0 • 0 0 •••••••••• . . . . . . . . . . . . . .. 
•(oo(ooJ•olo•lool• M; IR Fl!fW, 
. .. . .. • .. .. . .. at tll&VB\ ~ P9JlE5 IIU8 f . • • • • • • • • • • • . • &iii-:-
•••••••• 0 ••• 0 • 

• ,.. .. .. .. .. • M; IR F&il5 • .. , ....... , .. , .. 
• • • • • • • • • • • • • • Bt lt fliRllllllt D.'lllliEt tPBJ 
• • • • • • • • • • • • • • lB 111113 . • 

• .. .. .. .. .. • M; IR fBIIliiEim ~~'AM Il lB . . . . . . . . . ... 
• • • 0 • • • • • 0 0 .. . . . . . . . . . . . . 
• • 0 • • • 0 • • • •1' 

.J .. Io .r ...... ·at 1t ~ UJŒlll El Il I'IU1B 

.......... 
00 

.. ftlllo El Il RBM!lo ~ 
•• 0 • 0 • • • • • • • 

LITHOLOGY 

USAID/OAKAR/SENEGAL 
---------------A----------~ 

FIGURE MA003 



!i 

r 

• 1• 

. , WELL L 1 THOL OGY 

;,. 

PROJECT: OMVS/'lAID 
LOCATION: BAFO~ABE 2A •• 

WELL tl MA003 

FILE NO. : 625-0358 

ELEVATION lml: 162.146 
----------------------~----------------------------------------

DEPTH 1 THJCKNESS 1 LITHDLOGY 
(r,) 1 (r,l) 1 1 

l--------------------~---1------------:-------------------------l 
1 FRG~ 10 1 

~-----------------------------l------------:----------------------------1 
0.000 2.000 l:.·. 000 T R-lNDIF., QT; JA; CUl RA 
f..·. 000 4.300 2.300 TR-SA/LAT.,QT; JA; ARGI 
4.300 1 13.000 8. 7<)0 CI-GRES lA, BA; GR/Vl/RO 

13.(l(l(l ~-1 • (l(l(l €-. 01)0 Cl-·Gf~E.S tA, BA; BE/VI; Q 
21.00C 22.00(1 1.000 CI -PEL. tB, BA; BR; FERR 
22. (100 1 2~•. (l(H) 3.000 Cl -GHES lA, BA; VI/GR/BR 
2~-. 000 27.200 2.200 Cl-PEL. lB, BA; BR; FERR 
27.200 3(_).000 2.800 C 1-GRE.S lA, BA; BR; FERR 
30. (l(l(l 3~·. 000 5.000 Cl-PEL. tB, BA; BR; FERR 
35.000 40.000 5.000 Cl-PEL. lB, BA; BR; PASS 
40.000 47.q~.(1 7.050 1 C"-GRES 2,BA; BE; HOI~DG 

----------------------------------------------------------------- . 
USAID/DAKAR/SENEGAL 



LEGEND 

~ TR-IIIIIF. 

~TIHBIIUS 

~:: :1 Tlt-AU.UV. 

DTIHiA/UT. 

[.<:·]CS-SOUlTE 
, ....... ;; 1 CS-GIIfS C 
~ : : :: :1 C5-liRfS B 

Des-GRES A 

~ CS-IIIllF. 

0-"-oOD CJ-•n~lUTE oaoaa """ 

~CI-GAEl D 

[::::: j CI-!iRES 1A 

W:(.1:4 CI-fla. 18 

~CI-tA/lB 

~CI-GAEl 2 

=---J Cl-Sot. 3 

~ Cl-lllllF, 

r //1 CI-D!l.fllnl! 

lfftff 1 CI- ? 

CI- 1 
=:::.& 

D 

5 

tD 

t5 

2D 

25 

!Il 

35 

40 

4!1 

50 

!5 

BD 

65 

70 

75 

ID 

PROJECT: IINYS/USAlll 
FlLE: 12!1-0!158 
LDCA TIIIt IIAFŒUBE 2A 

• 

UliG.IIIY 
li8J. CIICSThi.ICTIDH II!TAD.S 

.5L STATIC WATER t.EYEI. 

COUPE GEOLOGIQUE ET TECHNIQUE 

Il 
D 

5 

ID 

t5 

2D 

25 

!Il 

35 

50 

!5 

BD 

11!1 

70 

75 

ID ., 

USAIO/OAKAR/SENEGAL FIGUAE:MA004 
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r ;! 

1 
; 

• 

• 

LEGEND 

~ TR-INDIF. 

~ TA-EBOULIS 

~:: :1 TA-ALLUY. 

[-=-=-1 TR-SA/LAT . 

D CS.-SCHlSTE 

[:;;;] CS-GRES C 

f : : : ::1 CS-GRES 8 

Des-GRES A 

~ CS-INDIF. . 
00000 CI-ARGlLITE 00000 

C=:J CI-GRES 0 

1::::::] CI-GRES 1A 

G.•.ŒJ Cl-PEL. tB 

~ CI-tA/18 

m Cl-GRES 2 

~.a .. ~ CI-SCH. 3 

15.1.6A.61 CI-INDlF. 

lvvvvv 1 CI-DOLERITE 

Cl- ? 

CI- ? 

PAOJECT: OMVS/USIAD 
FILE: 625-0958 

0 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 

BO 

B5 

SCALE IN M 

LOCATION: BAFOULABE 2A 

MA004 

· .M/IIt &Dl SNI Bl!'l 

~W'J; WTZ.IIA twnm nu 

~--~~~~m~ 

• • ............ · Ill; IMl/ll: Fllt 111'1. U.I!TZBII. 

. ............. . 

............... ............... 

............... 

............... 

................ . . . . . . . . . . .. . . . .............. 

LITHOLOGY 

USAID/DAKAR/SENEGAL 
--------------------------L---------~ 

FIGURE MA004 



• 

WELL LITHOLOGY: 

PRDJECT: OMVS/USAID 
LDCAllON: BAFOULABE 2A 

WELL Il MA004 

FILE NO.: 625-0958 

ELEVATION <ml: 160.593 
----------~-----------~-----------------------------------------

DE~·TH 1 THICKNESS LITHOLOGY 1 
1 (,,,, 1 (,,,, 1 

l------------------------l------------l-------------------------1 
1 F RDM fU 

-------·----·--·. ------------:--------------l------------------·---------1 
0~ t_!t)f.l ~-. 1~·0 ::,. 150 TR-lND:LF., QT; JR/RO; RR 
5.150 10.000 4.850 CI-GR~S O,BA; BR/VI; QU 

10.000 28.000 18.000 Cl-GRES O,BR; GRIVE/BE/ 
28.000 79.~80 ~l.SBO Cl-GRES lP,BA; BR/VI/BE 

--------------------------------------------------------------------

USAID/D~~AR/SZ~EGRL 



LEGENO 

~m-OOIF. 

~m-EBIILIS 
gm-ALUIY. 

D Tll-s.t./I..AT. 

D cs-SCHISTE 

F:::::: 1 cs-&RES c 

[3cs-&RES 8 

E:Jcs-GRES" 
~ cs-ooif\ ·· 

~~~ CI-AR&ILlTE 

Gci-&RES o 

!bilitl CI -&RES U 

K•:;.':jJ CI -fiEL. SB 

~CI-U/18 
·~ ta:±! CHIES 2 

=---~ CI-501. 3 

~Cl-IIGIF. 

1• v v v •1 CI -illl.EIIITE 

rmiD Cl- ? 

1~m~1 c1- ? 

Or­

li-

11-

91-

121-

151-

til-

301-

331-

31 

391-

421-

4!11-

4111-

!tL. 

PIIOJECT: IIMYS/USAlD 
FILE: 1125-0951 
LDCATIIIt IIAFIU.AIIE 2A 

• • 

, ------_--- l'' 

........... 

........... 

............ 

........... ........... . . . . . . . . . . . ........... ........... 

' 

14--LINER 

1--IIIILLED HOL!ô 

~ STATIC IIAT!A LEYEL 

COUPE GEOLOGIQUE ET TECHNIQUE 

. 

. 

. 

. 

. 
-
-
-
-
-
-
-
. 
-
. 
. 
. 
. 

USAID/DAKAR/SENEGAL FIGUAE:MA005 
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WELL LITHOLOGY 

PROJECT: OMVS/USAID 
LOCATION: BAFOULABE 2A 

WELL # MA005 

FILE NO.: 625-0958 

.ELEVATION (ml: 288.608 . ~ 

--------------------------------------..:.1--------------~~---------

DEPTH i 1 THJCKNESS LITHO~OGY 
' 1 (m) '' 1 <m> 1 1 

1----------------------~~l------------l-------------------------l 
1 F ROM 1 T 0 ! 1 1 1 

:--~--------------------~l------------l-----------------·----------1 
·). (l(lÇ 1. 900 . '3(1!_) TR--S.O/!._h-;-. --- ~~PGlLE 2 .. ~ :.:· i ; 

1. '3i)(l 1 lj. ~.(l(l -,. 70(1 CS-GRES B,BA; GR; MOY. 
9. é(H) 1 14. 000 4. 40(1 CS-GRES E:, BA; AL... SCHIS 

14.000" i 1 b. 500: 2.500 CS-GRES E<,BA; GR; QUART 
1 E .• 500 1 17. 300; 0.800 CS-SCHISTE, BA; NO; FRAC 
17.300 1 19. 1 (H) 1 

1. 8(>1) CS-GRES B,BA; GR; FINS; 
19. 100 2'3. (H)t) 9.900 CS-GRES B,BA; GR; MOY. ; 

' <.'9. OOC 4(. .• (l(H)' 17.000 CS-GRES B, ~-A; GR/BE.; MO 1 
4E..(l0(> 4 7. ood 1. 0(1() CS-GRES B,BP.; G;'\; !";~:y. 
4 7, (l(H) 50. ooo· 3.00(1 CS-GRES B,Bf'l; BE/BR; MO 

--·------------------------·-------------------------·------·-------
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PROJECT: OMVS/USAID 
LOCATION l BAFOUU~BE 28 

WELL tl MP.OOG 

' ' . 
. '· . 

FILE NO. & 625-0958 

. ·- . 

·.> .... 
_; . 

ELEVATION <ml: 228.645 · 

DEPTH 1 THICKNESS 1 ' LITHOLOGY 
1 (m) 1 lm> 1 1 
1------------------------J------------I-----------------------~-I 

1 FROM 1 TO 1 1 ·1 
1------------------------I------------I-------------------------J 
1 O. 000 1 4. '300 1 4. 900 1 TR-SA/LAT. , QT; JA/ ROSAT 1 
1 4.'300 1 44.800 1 39.'300 1 CS-GRES C,BA. BE/BR/VI/ 1 
1 44.800 1 47.000 2.200 CS-GRES C,BR; GR/ND; SC 
1 4 7. 000 55. 550 1 B. 550 CS-GRES C, BA; BE/BR/RO; 
1 65.650 68.480 2.830 CS-GRES C,BA; GR/NO; SC 
1 E.8. 480 70. 830 2. 350 CS-GRES c, BA; BE/RO; QU 
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PROJECT: OMVS/USÂID 
LOCATION: BAFOULABE 29 

WELL 41 MA007 

FILE.NO.: 625-0958 

ELEVATION (M)I 254.586 
------------------~------------------~-~-~-------------------~~ 

DEPTH 1 THICKNESS LlTHOLOGY .. 1 . 
1 Cn1l 1 (r,ll 1 1 
l------------·------------l------------1---~---------------------l 
1 FROM 1 TO 1 1 1 
l------------------------l------------l-------------------------1 
1 O. 000 1 7. 520 1 7. 520 1 TR-INDIF., QT; BARIOLE; 1 
1 7.520 8.000 0.480 1 CS-GRES C,BR; JA/BE; GR 1 
1 8.000 18.000 10.000 1 CS-GRES C,BA; JA/GR/BR/ 
1 18.000 48.000 30.000 1 CS-GRES C,BA; GR/BE/ROS 
1 48.000 55.800 8.800 1 CS-GRES C,EiA; ROS.; GRE 
1 55.800 57.880 1.080 1 CS-GRES C,BA; BRIVE; GR 
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PROJECT.I OMVS/USAID 
LOCATIONt BAFOULABE 2B 

WELL # MA008 

.F x LE: ·No. • 62:5-o9sa 
·,._, 

~LEVATION (mll 258.659 . _______________ . __ ...;_ __ ..,:. _________________________________________ _ 
DEPTH 1 THICKNESS LITHOLOGY 1 

1 (roll 1 (ml 1• 1 
l------------------------l------------l---------~---------------1 
1 FROM 1 TO 1 1 1 
l------------------------l------------l-------------------------1 
1 0.000 1 10.000 1 10.000 1 TR-SA/LAT,,QT; BARIOLEE 1 
1 10.000 1 20.000 1 10.000 1 CS-GRES C,BA; BE/GR; GR 1 

20.000 56.800 36.800 CS-GRES C1 BA; ROS,/GR/V 
56.800 70.000 13.200 CS-GRES C, BA; BR/VI; GR 

USAID/DAKAR/SENEGAL 
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WELL LlïHOLOGY 

PROJECT:OMVS/USAID 
LOCATION: BAFOUUlBC 2P, 

' 
ùRlLLER:DNKE. 

FILE NO. :~25-095L 
ELEVATION(~): ltl. 14~ 

' .._ . . . .._ . 
TYPE OF RIG:MRR1ERU FCNC DU TROl 

... ----------------------------------------------------------------------------
DEI=·TH ELEVATIDI\: 1 THICI-',NESS 1 LITKOL.OGY 

1 CM> 1 CJY;) 1 CMI 1 
- l-----------------l-------------------1-----------l-------------------------: 

FROM 1 TO 1 FROJI', 1 TO 1 1 1 
1-----------------l-------------------l-----------l-------------------------l 
1 0.00 1 3.00 1 1~1.15 1 158.15 3.00 1 TR-SA/LAT.,QT; ARGILES 1 
1 3.00 1 5.(>0 1 158.15 1 15E..15 2.00 1 TR-SA/LAT.,QT; LATER!TE 
1 ::i.OC• 1 29.00 1 15E..15 1 132.15 1 24.00 1 CI-PEL. 1B,BA; BR/Vl; F 1 
1 29.00 t 41.1)0! :32.15 1 12C·.15 l 12.(H) 1 C~-Gf\~S i.:..,f.t-:-;; E·i\/:EE:nD~-: 
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DRILLER:DNHE 

FILE NO. a625-0958 
!Ci_EVP"'"!O'! W': 1~!. 1~7 

DATE DRILLEDa07/04/88 ~--i ' 

TYPE OF RIG:MARTEAU FOND DU TROU 
. '~· i 'C 

~··-.::<; ·:~ ~- . ~ 
. -·: 

-------------------------------------------------~-----------,..;.·-~---:-;:--:-~-~_.,;.?'--!""' ".· 
1 DEPTH 1 ELEVATION t THlCKNESS 1 LITHOLOGY' 
1 CMJ 1 (Ml 1 <Ml 1 1 
l-----------------l--------------------l-----------l-------------------------1 
1 . FROM 1 TO 1 FROM 1 TO 1 1 1 
l-----------------l-------------------l-----------1-------------------------l 
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1 5. 00 1 7. 77 155. 17 1 153. 40 1 2. 77 1 TR-SA/LAT. , QT; LATERITE 1 
1 7. 77 1 9. OC> 153.40 1 152. 17 1. 23 1 CI-GRES O, BA; QUARTZJQU 

•1 S. 00 1 1 (>. 0(• 152. 17 1 151. 17 1. 00 1 CI-GRES C>, BA; GR ; FINS; 
1 10.00 26.63 151.17 1 134.54 15.53 1 Cl-GRES 0, BA; ROSAïRES; 
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C0'1"ENTS [J\J n-E l?ECL03IC CROSS SECTICNS 

The following geologie 
GRO..I\IDWATER/L I THCX:XJN prog r am. 
geologie cross sections. 

cross sections were plotted with the 
The following information was added to the 

1) the geologie age of the different sediments crossed 

2) the positions of multiple intakes at the same geographie site 
(double ecuipment) 

3) water samples drawn, 
analysis identified by the 
was drawn (see annex #4) 

if any, correspording to a chemical 
number of the piezometer from which it 

4) the geologie correlation between the different formations 
crossed by each of the boreholes made at the site concerned. 

Ail of this information was determined from analysis of data presented 
in the tables which are contained in the text of this documentary repertoire. 
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Al 1 the classi ficatiCil diagr-ams indicating r-esul ts of the chemical 
analysis of the gr-oundwater and the tables of r-esults were pr-oduced with the 
~TER/D-EMISTRY pr-ogr-am. ln spite of its English language origins it 
was not necessary to develop a lexice11 to r-ead these gr-aphies. 

The ŒS data base can pr-int CJJt a sunmary table of water- analysis 
r-esul ts for- any speci fic piezc:meter-. These tables ce11tain the canplete 
analysis results including those not indicatec in the diagr-ams. 

The reader- will note that the number of the figur-e in the diagr-ams 
cor-r-espcnds to the number- of the piezc:meter- fran which the samples were drawn 
or near- to where a sur-face water sample was taken. 

The r-eader- will find, attached, the complete list of all the files dealt 
with in this annex, correspcnding to the number- of piezometers ce11tained in 
tre limits of the topographie map 1/:ZOO,<XQ cCilcerned. 

All tre piezometers, dealt with in this annex ar-e localizec on the map 
11200,CXX) which accompanies this document. 

Tre complete list of piezometer-s relatee to this map was produced with 
XTREE utility software • 
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CHEMISTRY ANALYSIS 

PROJECT1 OMVS/USAID 
LOCATION: BAFOULABE 2A 

WELL NO. : MAOOl 08/02/8'3 

FILE: G2S-0958 

• 

CATIONS 1 PPM EPM • EPM 
l----------1---------------------------------l 

Ca 172.30 8~60 54.82 1 
Mg 71.58 5.89 37.53 1 

Na+K 32.20 1.20 7.65 1 

1 ANIONS 1 PPM EPM ~ EPM 1 
l----------1---------------------------------l 

HC03+C03 
504 
Cl 

254.00 
217.50 
825.00 

TOTAL DISSOLVED SOLIDS: 

4.33 
4. :53· 

23.27 

13.47 
.14. 10 : 
72.43 1 

ERROR IN CATIO~/ANION BALANCE: 34.39 ~ 

SODIUM ABSORPTION RATION CS.A.R.I: 0.34 
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CHEMISTRY ANALYSIS 
------------------

PROJECTa OMVS/USAID 
LOCATION: BAFOULABE 2A 

WELL NO. : MA002 08/02/8'3 

FlLE: E.2:S-0958 

--------------------------------------------CATIONS ; 

1-----------j---------------------------------J 
Ca 202.00 10.()8 ~3.02 
Mg 63.04 5.18 32.42 1 N.a+K .:.· 1. 5(l 0.73 4.55 1 --------------------------------------------

--------------------------------------------ANIONS 
EPM " EPM l----------1---------------------------------t .... !-<~C'3+C03 é. 7 1 • 00 4. 44 1 ê.'. 84 504 24C:. 50 ... 05 t4. 6(> '"'· Cl 890. 00 ~·5. 10 7~.56 --------------------------------------------

TOTAL DISSCLVED SOLIDS: 
ERROR IN CATIO~/RNION BALANCE: 36.76" 
SODIUM RBSCRPTION RATION <S.R.R.): O. 16 

USAID/DAKAR/SENE3AL 

1 
1 
1 



1 .. CHEMISTRY ANALYSIS 

PROJECT1 OMVS/USAID 
LOCATION: BAFOULABE 2A 

CATIONS 1 

FlLE1 625-0958 

EPM " EPM 
l----------1---------------------------------l 
1 Ca 1 ~4. 10 3.20 44.55 1 

Mg 44.54 3.5& 51.02 1 
Na+K 9.30 0.32 4.44 1 

ANIONS PPM EPr~ " EPM 
l----------1---------------------------------l 

HC03+C03 343.0() 5.52 87.&1 l 
SC'4 ~ 7. 2·) 
.-., 
~- : :. .. ~ .' 

TOTAL DJSSOLVED SOLJDS: 

r:·, • _;; E­
<i. 44 

ERROR IN CATION/ANION BALANCE: 5.54" 
SODIUM ABSORPTION RATION IS.R.R. 1: O. 11 

USAID/DAKAR/SENEGAL 
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CHEMISTRV ANALVSIS 
------------------

PROJECT: OMVS/USAID 
LOCATION: BAFOULABE 2A 

t,..;ELL NO. : MA004 i)8/(l2/89 • 

... 
. -~---,. .. 

FILE: €.25-0958 

' 

--------------------------------------------
CATI ONS 1 PPM EPM " EPM 1 ~ 

1----------l---------------------------------l 
1 Ca 1 226.00 11.28 49.24 1 

Mg 137.04 11.27 49.21 1 
Na+K 10.80 0.36 1.56 1 

--------------------------------------------

--------------------------------------------
1 ANIONS PPM EPM ~ EPM 
l----------1---------------------------------l 

~~c2:+C~3 1 22s.oo 3.85 13.à4 1 
" -_. -;.c ' 
- -·· 1...- -· 

7 ~5. (i(J 73.30 i 

--------------------------------------------

TOTAL DISSOLVED SOLIDS: 
ERROR IN CATION/ANION BALANCE: 11.12 " 
SODIUM ABSORPTION RATION CS.R.R.l: 0.06 

USRID/DAKRR/SENEGAL 
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CHEMISTRY ANALYSlS 

!=•ROJECT: OMVS/USAID 
LOCATION: BAFOULABE 2A 

CATIONS 1 PPM 

FILE: 625-0958 

EPM l< EPM 
l----------1---------------------------------l 
1 Ca 1 103.40 5.16 70.83 1 

l~g 1'3.14 1.57 21.63 1 
Na+K 14.30 0.54 7.4'3 1 

1 ANIONS 1 PPM EPM l< EPM 
1----------l---------------------------------l 

~[:4 

Cl Lt 7. 5t) 

4 .. 21 
S.77 
l. 34 

-~-----------------------------------~------

TOTAL DISSOLVED SOLIDS: 
ERROR IN CATION/ANION BALANCE: 25.22 l< 
~8DIU~ P2SORPTION RRTION <S.A.R.>: 0.24 

USA!D/LP~AR/SE~EGAL 
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CHEMISTRY ANALY~IS 

PROJECT: OMVS/USAID 
LOCATION: BAFOULABE 2B 

• 
WELL NO. : MA006 08/02/89 

FILE: 625-0958 

--------------------------------------------
CATIONS 1 PPM EPM S EPM 1 

l----------1---------------------------------l 
1 Ca 8.00 0.40 34.05 

Mg 
Na+K 

8.75 
2. 10 

0.72 
0.05 

E.1.37 1 
4.58 1 

---------------------------------------------

--------------------------------------------
~NIONS PPM EPM S EPM 

1----------:---------------------------------l 
HC03+C03 1 49.00 0.80 99.~8 

~m4 o. 20 o. oo o. 52 1 
Cl 0.00 0.00 0.00 1 

--------------------------------------------

TOTAL DISSOLVED SOLJDS: 
ERROR IN CATIO~/ANION BALANCE: 18.2E. S 
SODIUM ABSORPTION RATION IS.A.R. Ji 0.00 

USAID/DAKAR/SENEGAL 

. ~ .·" 

1 
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•• 

CATlOHS 

• 

Pf'!OJECT: 
FILE: 
LOCATION: 

PIPER TRlllNEAR OlAGAAM 

1oo, 1 to0 

1 
••• 

Co 
PERCENTAif REACTXN& VALUlS 
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625-0958 
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\ 
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• •• 

\ 
••• 
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• 
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• 

CHEMISTRY ANALYSIS 

PROJECT: OMYS/USAID 
LOCATION: BAFOULABE 28 

FILE: ~25-0958 

WELL NO. : MA007 08/02/89 

1 CATI Or<S 1 PPM EPM " EPM 1 
l----------1---------------------------------l 
1 Ca 43.70 2.48 50.66 

~g 27.17 2.23 45.54 1 
Na+K 5.60 0.18 3.63 1 

ANIONS PPM EPM " EPM 
:----------1---------------------------------! 

~c.e..::: ... :.._ ... ::.:. 1 2'37. o~J 4.87 ~7. 0'3 
504 7 • (H) o. 15 
Cl 0.00 0.00 

TOTA~ D!SSOLVED SOLIDS: 
ERRCR IN CATION/ANION BALANCE: 1.15 " 
SODI~M ASSCR~TION RATION IS.A.R. 1: 0.06 

USAID/DAYAR/SENEGAL 

2.91 
0.00 

1 
1 

' . 

1 
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SAMPLE: MAOOB 08/02/89 CHEMICAL GRAPHS 
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·, 

CHEMISTRY ANALYSIS 

PROJECT: OMVS/USAID 
LOCATION: BAFOULABE 2B 

FILE: &25-0'358 

WELL NO. : ~Aù08 08/02/89 
--------------------------------------------

1 CAT lONS 1 ~·PM Ef'•M ~ EPM 1 
l----------1---------------------------------l 

Ca 64.10 3.20 57.85 1 
Mg 25.24 2.08 37.54 1 

Na+K 6.80 0.25 4.60 1 
--------------------------------------------

--------------------------------------------
PPM EPM ~ EPM 

:----------l----------------------------------1 
HC03+C03 

S04 
Cl 

33'3.00 
27.20 

1. (>(l 

5.56 
o. 57' 
0.03 

90.33 
'3. 21 1 
0.45 1 

--------------------------------------------

TOTAL DISSOLVED SOLIDS: 366 
ERROR IN CATION/ANION BALANCE: 5.30 ~ 
SODIUM ABSORPTION RATION <S. A. R. l: O. 12 

USAID/8AK~R/SENEG~L 
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SAMPLE:MA009 08/02/89 CHEMICAL GRAPHS 
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• 

CHEMISTRY ANALYSIS 
------------------

PROJECT: OMVS/USAID 
LOCATION: BAFOULABE 2A 

WELL NO.: MA00'3 08/02/8'3, 

FILE: 625-0958 

' 

--------------------------------------------
1 CATI ONS 1 PPM EPM " EPM 1 
l----------l---------------------------------1 
1 Ca 1 56.'30 2.84 3~.48 1 

Mg 55~83 4.59 S9,~)0 1 
Na+K 10.50 0.35 4.52 1 

---------------------------------------------

--------------------------------------------
1 ANIONS PPM EPM " EPM 1 
l----------l---------------------------------1 

HC03+C03 1 234.00 4.82 33.55 
504 62.5~) 1.30 10.68 1 
Cl 215.00 6.06 4'3.77 1 

--------------------------------------------

TOTAL DISSOLVED SOLIDS: 
ERROR IN CATION/ANION BALANCE: 22.05" 
SODIUM ABSORPTION RATION (S.A.R. l: O. 10 

USAID!SAKAR/SE~EGAL 
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nOTAL OF EQUIVALENTS 
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NOll ERROR Il' ANY) lN CATlDN/4NlON 
IALNICI!: HU BUN R!MOVfD 

Co 

IIC03>CO! 

_._ 
• to 

ANIONS 

F!Lf: 625-0958 SAMPLE:MA010 08/02/89 CHEMICAL GRAPHS 
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CHEMISTRY ANALYSIS 

PROJECT: OMVS/USAID 
LOCATION: BAFOULABE 2A 

FILE: &25-0358 

• 
WELL NO. : MAOIO 08/02/89 

1 CATIONS 1 PPM EPM ~ EPM 1 
l----------l---------------------------------1 

Ca 73.70 3.&8 80.28 1 
Mg 8.91 0.73 16.00 1 

Na+K 5.20 O. 17 3.73 1 

ANIONS PPM EPM ~ EPM 
!-----------:---------------------------------1 

HC03+C03 317.(10 5.21) 93.64 
Sü4 
Cl 

12.20 
3.50 

TOTAL DISSOLVED SOLIDS: 

o. 1 (l 

ERROR IN CATION/ANION BALANCE: 9.55 ~ 
SCDILM ABSCRPTION RATION CS.A.R. 1: 0.06 

USAIDIDAKAR/SENEGAL 

4.58 1 
1. 78 1 

1 



PIPER TRILINEAR D!AGAAM 

1 
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Co 
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625-0956 
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• 

CHEMISTRY ANALYSIS 

PROJECT: OMVS/USAID 
LOCATION: BAFOULABE 2A 

WELL NO.: MA011 08/02/8'3 

FILE: 625-0'358 

1 CAT 1 ONS 1 PPM H'M l4 EPM 1 
1----------l---------------------------------l 
1 Ca 56.10 2.80 55.19 1 

Mg 24.26 2.00 39.34 1 
Na+K 7.7(> 0.28 5.47 1 

ANIONS PPM EPM l4 EPM 
l----------1---------------------------------l 

4.33 ?~ .. 71 
lC. ::.(_! 0.22 
4.00 o. 11 . 

TOTAL DISSOLVED SOLIDS: 
ERROR !N CATION/ANION BALANCE: 1.88 l4 
SODIUM ABSORPTION RATION IS.A.R.I: O. 13 

USAID/DAKRR/SENEGRL 

"'. l =· 1 
2. 14 1 
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PIE OIAGRAM 

SCALE 01' RAOII 
(TOTAL 01' EQtJIVALMI 
PeA MILLION! 

NOTI! lJWlR (Ill' .uiYJ IN CATION/...,.ION 
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PROJECT; 
FlLE; 
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OMVS/USAJD 
625-0956 
BAFOULABE 2A 

08/02/89 CHEMICAL GRAPHS 

USAID/DAKAR/SENEGAL FIGURE: MA012 
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' 
CHEMJSTRV ANALVSJS 

PROJECT: OMVS/USAID 
LOCATION: BAFOULABE 2A 

WELL NO.: MA012 08/02/83, 

FILE: 625-0958 

--------------------------------------------
1 CATIONS 1 PPM EPM • EPM 1 
1----------l---------------------------------l 
1 Ca 1 458.50 22.88 44.30 1 
1 Mg 1 336.84 27.70 53.64 1 
1 Na+K 40.10 1.06 2.06 1 
--------------------------------------------

--------------------------------------------
1 RN! ONS 1 PPM EPM :r. E~·M 1 
l----------l---------------------------------1 
! ~C03+C03 182.()0 2.98 2.28 

504 
Cl 

80~)~ Oü 
335(1. <)(l 11.1.3'3 

!2. 71 1 

85.01 1 

--------------------------------~-----------

TOTAL DISSOLVED SOLIDS: 
ERROR IN CATION/ANION BALANCE: 43.46. 
SODIUM ABSORPTION RATION IS.A.R.I: 0.02 

USAID/DAKAR/SENEGAL 

' .-·:_·_ -~. 
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FILE: 
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CHEMISTRY ANALYSIS 

~ROJECT: OMVS/USPID 
LOCAT!O~: BAFOULABE 2A 

FILE: &25-0'358 

WELL NO.: !'Y',Y013 (l8/(l2/e'3 
---- ~ ----------------- ------------- ------ -------

t ---- - - -- -- --- ) -- - --- - - -- -- ------ -- - --- ---

Ca 
Mg 

N~+K 

47,2,() 

E .• 28 
f,,(l(l ·o .. .::2 

--------1 

75.87 
16.EO 1 

7. ~·3 1 
--------------- ·-------------··----------- --·-----

-------------------------------------------------

-- -- ---- ----- ---------------------

(; • :: .. =. 
CI 3.00 (l. ;:_·~. 

- c -. 
~ -· •. :- 1 

58.35 1 
2'5. 34 1 

---------------------------------------------

TOTAL D!SSOLVED SOLIDS: 
ERROR IN CATION;Ç:~IO~ BALANCE: S~.75 ~ 

c. 16 
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' 

CHEMISTRY ANALYSIS 

PROJECT: OMVS/USAID 
LOCATION: BAFOULABE 2A 

WELL NO. : MA014 08/02/89 

FILE: €>25-0958 

• 

1 CATIONS 1 PPM EPM ~ EPM 1 
l----------l---------------------------------1 
1 Ca 1 €>5.70 3.28 83.07 1 

Mg 4.84 0.40 10.09 1 
Na+K 7.40 0.27 €>.84 1 

RN IONS PPM EPM ~ EPM 
:----------1---------------------------------l 

~--S03+C03 1 
~:04 

232.00 
ê.·:= .• 7(l 

.3.50 
ü.54 
0.10 

12.(lE. 1 

Cl 

TOTAL DISSOLVED SOLIDS: 
ERROR IN CATION/ANION BALANCE: 5.€>7 ~ 
SODIUM RBSORPTION RATION IS.R.R. 1: O. 14 

USRID/DRKRR/SENEGAL 

2.22 1 
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CHEMISTRV ANALVSIS 

PROJECT1 OMVS/USAlD 
LOCATION: BAFOULABE 18 

-
FILE: &25-0'358 

CATIONS 1 PPM EPM K EPM 
l----------l---------------------------------1 
1 Ca 1 47.30 2.36 50.15 1 

Mg 
Na+K 

19.88 
20.80 

l. IS3 
o. 71 

34.74 1 
15. 11 1 

1 ANIONS 1 PPM EPM J' EPM 1 

l----------1---------------------------------l 
:-·co2+-C03 1 2.32. oo 3. so 7E .• 37 

TOTAL DISSOLVED SOLIDS: 

0.34 
f). 24 

ERROR IN CATION/ANION BALANCE: 2.'32 K 
SODIUM ABSORPTION RATION IS.A.R. 1: 0.31 

USAID/DAKAR/SENEGAL 

"· f_.; 
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' 

• 

I'IISTRY ANALYSJS ·· 
-r----------------
l' 
~ 

PROJECT: OMVS/USAID 
LOCATION: BAFOULABE lB 

WELL NO,: MA015 08/02/89 
• 

FI LE: 525-(>958 

- . 

·- .- . .::· 

--------------------------------------------
1 CATIONS 1 PPM EPM S EPM 
l----------1---------------------------------l 
1 Ca 1 4~.50 2.32 35.84 1 
1 Mg 1 0.02 0.00 0.07 1 
1 Na+K 1 2. 40 O. 10 4. 09 1 
--------------------------------------------

--------------------------------------------
ANIONS PPM EPM S EPM 1 

:----------l---------------------------------1 
_,.CC-3+C03 

S04 
Cl 2.00 

4. 2E· 

0.04 
0.06 

'?7.8:) 

0.93 1 
1. 27 1 

--------------------------------------------

TOTAL DISSOLVED SOLIDS: 
ERROR IN CATION/ANION BALANCE: 29.05 S 
SODIUM ABSORPTION RATION <S.A.R.): 0.08 

~- ~­
USAI D/DA!--'\AR/SENES:JL 
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CHEMISTRY ANALYSIS 

PROJECT: OMVS/USAID 
LOCATION: BAFOULABE 18 

WELL NO.: MA017 08/02/8'3 • 

FILE: 625-0958 

CATIONS 1 PPM EPM ~ EPM 1 
/----------/---------------------------------1 

Ca 112.20 5.60 62.10 1 
Mg 35.05 2.88 31.97 1 

Na+K 13.90 0.53 5.93 1 

1 ANIONS 1 PPM EPM ~ EPM 
1----------:---------------------------------l 

HC0.3+C03 :o. 7(! o. 18 -·· 
SC4 2é·•). Oü ~ 41 '3é. --'· 

Cl 1. 50 o. 04 

TOTAL DISSOLVED SOLIDS: 
ERROR IN CATION/ANION BALANCE: 23.35 ~ 
SODIUM ABSORPTION RATION <S.A.R. 1: 0.21 

USAID/DAKARISENEGAL 

o. 

' ' • • 
13 1 

75 1 
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CHEMISTRY ANALYSIS 

PAOJECT: O~VS/USA!O 

LOCI=<ï ION: !::AFOULABE 2C • 
FlLE: 625-0'358 

WELL NO.: MA018 08/(>2/8'3 
--------------------------------------------

CATIONS 1 EPM ':f. EPM 
:----------1-----------------------------·-----J 

Ca 32.80 1.64 39.73 
Mg 28.68 2.3é 57.25 1 

Na+K 3. 40 O. 12 3. 02 1 
--------------------------------------------

----------------------------------------------

;----------:--·--------------------·-----------1 
HC02+C03 20'3. (l(J 3.43 73.69 

S04 33.70 0.70 15.09 
Cl 18.50 0.52 11. 22 

--------------------------------------------

TOTAL D!SSOLVED SOLIDS: 
ERROR IN CATION/ANION BALANCE: 6.05 ,0 

SODIUM ABSORPTION RATION CS.A.R.I: 0.06 

1 
1 
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CHEMISTRY ANALYSIS 

PROJECT; OMVS/USAID 
LOCATION; BAFOULABE 2C 

WELL NO.: JV,A013 08/(>2/8;1 

FILE; €.25-0SI58 

• 
--------------------------------------------

1 CAi IONS 1 r:·PM EPM " EPM 1 

l----------l---------------------------------1 
1 Ca 1 177.10 8.84 51.38 1 

Mg 
Në.+K 

47.05 
1 0~·. 50 

3.87 
4.43 

22.50 1 
25. i 1 1 

--------------------------------------------

--------------------------------------------
PPM EPM 

l----------:----------------------------------1 
172. •)0 

.:: -·""'7 

Cl 755.00 

2.82 
7 • r~ ~ 

21.57 

8.73 1 

.:::4.43 1 
55.78 1 

--------------------------------------------

TOTAL DISSCLVED SOLIDS: 
ERROR lN CATION/ANION BALANCE: 30.50 ~ 
SCDIU~ P~SCRPTION RATION IS.A.R. 1: 1.73 
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CHEMISTRY ANALYSIS 
------------------

PROJECT: OMVS/USA!D 
LOCATION: BAFOULABE 2C 

• 

FILE: &25-0'358 

WELL NO. : MA020 08/02/8'3 
----------------·----------------------------

1 CATIONS 1 PPM EPM ~ EPM 1 
l----------l---------------------------------1 
1 Ca 206.00 10.28 56.85 1 

Mg 88.78 7.2-0 40.38 : 
Na+K 17.50 0.50 2.77 l 

--------·-------------------------------------

--------------------------------------------
1 RNIONS 1 PPM EPM ~ EPM 1 

1----------l---------------------------------l 
HC03~·C03 272.()0 4.4~ _7.52 1 

E_.(ll) w (H) 

1500.00 

12.4'3 
42.30 

21.08 1 
71. 3'3 1 5[14 

Cl 
--------------------------------------------

TOTAL DISSOLVED SOLIDS: 
E~ROR IN CATION/ANION BALANCE: 53.24 ~ 
SODIU~ ABSORPT;ON RATION (S.A.R.J: 0.04 
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1 

1 Data 

In this ~epo~t, hyd~ological data a~e p~esented and analyzed for the 
period f~om July 1987 to Decembe~ 1989. 

CJ1VS perscnnel at Manantali Dam ~ecord the water levels in the nese~voir 
of the dam and in the stilling basin at the foot of the dam en a daily basis. 
They calculate the daily discharge from the dam as a function of the gate 
opening and the level of water in the reservoir. The volume of water in the 
reservoir, corr-esponding to its lE>vel ~ is read from a graph or tatle. These 
data have been recorded since July 18, 1987 except for the leve) 1n the 
stilling basin which has been ~eco~ded since May 1, 1988. The daily data 
which a~e analyzed here a~e annexed to this ~epart. The mcnthly ave~age 
values of the aforementioned data a~e p~esented in the following table. 

IJCN\EES HYDRQOOIQ..ES DU BARRAGE ET RESERVOIR DE MAI\IONTPLI 
MAJ\1<\NTPLI M"! 1'1\iD RESERVOIR HYDRCLOGICAL DATA 

SOI..RCE: CI"'VS, BARRAGE DE ~TPLI 

/"'JYENS I"ENSlELS - MONTf-L Y AVERAGES VCLlJ"E 
-------------------------------------------------- LACHE 

< RESERVOIR--> COTE AVAL DEBIT DU CLM....L.ATIF 
COTE VCLLI"E IJCW\JSTREAM BARRAGE RELEASED 
LEVEL LEVEL DISCf-mGE CLMJ_ATIVE 

MOIS (m IGN) (m~3 E9) (m lGN) (m~3/s) (m~3 E9) 

Jul-87 
Aug-87 
Sep-87 
Oct-87 
Nov-87 
Dec-87 
Jan-88 
Feb-88 
Mar-88 
Ap~-88 
May-88 
Jun-88 
Jul-88 
Aug-88 
Sep-88 
Oct-88 
Nov-88 
Dec-88 
Jan-89 
Feb-89 
Mar-89 
Ap~-89 
May-89 
Jun-89 
Jul-89 
Aug-89 
Sep-89 
Oct-89 
Nov-89 
Dec-89 

160.47 
169.74 
176.10 
177.68 
178.87 
179.27 
178.66 
177.84 
176.91 
176.67 
175.61 
174.03 
175.06 
181.92 
187.70 
188.20 
189.30 
189.82 
189.92 
189.83 
189.34 
188.83 
188.14 
187.33 
187.36 
190.71 
196.07 
197.19 
197.27 
197.42 

0.045 
0.532 
1.498 
1.782 
1.996 
2.068 
1.958 
1.810 
1.643 
1.601 
1.410 
1.12S 
1.310 
2.556 
3.802 
3.931 
4.217 
4.354 
4.380 
4.356 
4.227 
4.096 
3.917 
3.706 
3.714 
4.658 
6.387 
6.788 
6.816 
6.873 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

154.35 
154.18 
153.91 
153.68 
156.73 
154.61 

NA 
NA 
NA 

154.13 
153.96 
154.05 
154.08 
154.16 
153.76 
153.85 
155.18 
155.05 
154.29 
153.36 

34.6 
206.1 
635.4 
370.0 
38.8 
64.5 
84.0 
59.7 
21.5 

4.2 
98.3 
34.1 
23.2 

9.3 
825.0 
211.4 

5.3 
6.0 
5.7 

46.7 
32.2 
56.8 
62.0 
90.2 
19.6 
34.6 

392.5 
358.5 
115.6 

4.6 

0.042 
0.594 
2.241 
3.232 
3.332 
3.505 
0.225 
0.375 
0.432 
0.443 
0.707 
0.79C' 
0.857 
0.882 
3.020 
3.587 
3.600 
3.616 
0.015 
0.128 
0.215 
0.362 
0.528 
0.761 
0.814 
0.907 
1.924 
2.884 
3.184 
3.196 

The wate~ level downst~eam of the dam was not ~ead f~om November 2, 1988 
to February 11, 1989 because the ene~gy dissipa tien basin at the foot of the 
dam was being ~epaired. 
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3 Discharges from tt-e dam 

T!-e high discharges from th= dam, in September and October, weore made in 
response to th= rate with which th= water level was rising in th= reservoir. 
The water level in the reservoir dropped gradually from January to June 
because of evaporation and maintenance discharges. Filling of the reservoir 
shculd be complete, to 208 m ASL, during the rainy season of 1990 or 1991. 
The following figures indicate the discharges and volumes released during the 
pe1-iod. 

DEBITS OISCHARGES~ "1987-1989 

000 

eco 

?CC 

eco 

1\ 
1'1.\ 

M •oc 

~ <OC 

~ 
~ 

300 

200 

1 \\ 
j 1 \\. 

1DD 

0 

/ '1 '\_\\. 
...._ ~/ " 

-...., 
/ ' 

JAN ..... -'UL seP 
~ENS t.tENSLELI5 - lriCIHTHLY 11"\veRAGES 

D '1987 + 1888 oQ 1BB8 

LACHURES ANNUELS ANNUAL RELEASES 

• •. 
3.0 

~ 
3 .. 

~i ••• 
:i 
"' • 
~ 1 .• 

:; 
;; 

/J"' 
1// 
Il/ 
If/ 
fj 

0.0 ....--:: ----- ~ 

f-""" - / . 
0 

.JAN .... , -'UL ••• 
hCh'EN~ lwiENSl.S...S - M:JN'THL Y ,.-.~el 

C 188? -+ 1888 0 UIIBB 



4 

4 Wate~ level5 down5t~eam of the dam 

All the wate~ ~elea5ed f~om the dam ha5 been di5Cha~ged thnugh the 
bottom gates since the uppe~ gate5 will only 5e~ve when the ~eservoir i5 full. 
The di5Charge ha5 been highl y cont~olled. We 5ee f~om the f igu~e below that 
the di5Cha~ge could change f~om one day to the next f~om 40 m3 /5 to 1000 J1s. 

DEBITS DISCHARGES> 1989 

'·' 
1 

D.S 

••• 
~ 

D.? 

••• • 
• 0.5 
~ • o .• 

n. ::...., +, q.' . 1' 1 
0 .• 

o.' ~ l-A. 

0 
f\.JL___,_r-1 " l' "----. 

• • 10 

The wate~ level down5t~eam of the dam i5 read in the ene~gy di55ipation 
basin at the foot of the dam. As we can ~emark in the figu~e below, the wate~ 
level in the ba5in i5 ve~ sen5itive to the dam'5 discha~ge. It would be mo~e 
significative if the water level we~e ~ead on a scale located seve~al 

kilomete~5 down5tream whe~e the peak5 would be laminated. 

COTE AVAL DOWNSTREAM LEVEL, 1989 
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Annex - Daily data 
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1 

1 . 

•• 

' ' 1 

1 

l 

! 
' j 
1 
!... 

-

' 

01-Jcol- 87 
02-Jul-87 
o::.-Jcol-87 
04-Jul-87 
•)5-Ju J -87 
06-Jul-87 
07-Jul-87 
08--J 1_1, J ·-87 
09-J u 1-e-;; 
1 (>-,Ju l-:37 
11-Jul-87 
12-.Jul-87 
13-Jul-87 
14-Jl..ll-87 
1~·-Jul-87 
16-Jul-87 
1.7-J,_(t-87 
18-Jul-87 
19-.Jul-87 
20-Jvl-87 
21-Jul-87 
2=:-Jul-87 
2::.--Jul-87 
24-Jul-87 
2':·-Ju l-87 
26-Jul-87 
:27-Jul-87 
28-Jul-87 
29-Jul-8"7 
3(1-,J ul-87 
31-Jul-87 
01-Aug-87 
02-Auq-87 
03-Au9-87 
04-Aug-87 
05-Auq-87 
06-AuQ-87 
07-Aug-87 
•)8-Auq --87 
09-Auq-87 
10-Au.Ô-87 
11-AuCi-87 
12-AuQ-ë.? 
1-3-Auo-87 
14-Auo-87 
l =·-P.uO --87 
lb-Auô-87 
17-Al..•g-87 
18-Auq-8? 
19-Auo-87 
'20-At_tQ-87 
21-P.L~q-87 

2:2-AuÇ-87 
23-Auo-87 
24-Aug-8? 
=:s-Auq-87 
2-'.:.--Au.Q-87 
:.2-:l-A:_:_g-87 
28-Aucl-87 
:·s:·-~-==~:.1 q -f._{~' 
-_:;·~--;:.~.~..::;-t_~ 7 

:_--.1-AL~Q-87 
') 1-Sep -'3-7' 
---. --:::~---s-

~j -..,-- :;:: ~ j: --:::: ·:.:-:-
1~--8--~ep-87 
- =' -- ::: ,._ r -- •.::J ·--

·------RESERVOIR------

LEI/EL 
(m IGN) 

(m1lliards m 3) 
(b1llions m"3) 

~- ,., ' ' 

L>:C','EL 
(m IGN) 

DEBITS DU 
: . , .. ·- '--

DISCHARGE 
( m·'-3/s) 

DONNEES DISPONIBLES A PARTIR DU 18 JUILLET 1987 
DATA AVA!LABLE FROM JULY 18, 1987 

COTE AVAl_ DISF'ON18LE A PA~_7lF: DLI 1 MAl 1988 
L•JATEr: LEVEL DOLJ~! .. lt;:.TF:Eç,~; A'-,'A ~ L.AP~ E FhC.It-1 r--1AY 1 • 1 '7'88 

156 .. 87 
157.57 
157.78 
1~58.27 
1S8.78 
159.27 
159 .. 80 
1 .:c.:.o. so 
161.31 
162 .. 17 
1 t:<:~:·. 7'_:'; 

1·::-3.53 
163.87 
164.28 
164.28 
164.34 
lb4.50 
1·!>4. 40 
164.8.3 
165.61 
1.66 •. 35 
166.98 
167.66 
168.29 
lt-.8. 98 
169. ~·6 
170. (l(l 
170.31) 

1?0.63 
170. t:-'2 
170.75 
170.77 
170.82 
171.01 
1:; 1 • C4 
171.1(> 
171.57 
172.03 
172. 4:'• 
172.85 

1 -- -~ ,.. .. ,·-. 
-'- ~ . --

"';..75. =:e 
• c 
.l. .· •. ·.- ·-

1 -~ •. -~.C? 
- -~ <:.. 

-' . - --' 
• -: o;.:: ••• -. 

17 ~-.~Y· 
J.75. -:-.r) 

\). (J(J4-
(l. 1)(l7 
0.0•)8 

~ O.(lll 
ü.015 
0.019 
~=). 024 

0.052 
ü. 06'=1 
(~). (::::: 1 
•.) . .)9 .=: 
O.lü3 
ü.!ll 
(>. 111 
0. 112 
0.11~· 
ü .113 
(l. 122 
(1. 1 :'·8 
0.198 
0.232 
(1.269 
(). 303 
\). 340 
0.::.71 
ü. ~.·::;-~. 
ü.449 
•.). 5•=·q 
1). ::.o? 
(). ~ .. 31 
0.534 
f). 542-
0.578 
0.583 
0.594 
0.679 
(l • 7 .::.2 
o. a-=:.8 
('. 911 
·:·. ·:::·83 
1 .-,,, 7 
.l.. ·- ...... 

.: . ·- '- -'-

1. .. :2':::·'::; , ...... ;:: ,-, - . . -- . 

] . . _. ::. :-· 
-

'-. -· -· '· 

1 -..c .. , 
~ . -· ....... 

". 

22.8 
26.8 
1".9 
15.1 
16.3 
17. :o. 
18.4 
t9.7 
21.1 
18.0 
1 C.• 7 
.l. ·-·. i 

:.·o. o 
2.30. 7 
307.0 
308.0 
4.::.5.9 

20.6 
21 .1 
18. ~; 
19.1 
19.? 
20.3 
20.E 
.21. :c. 
:21.8 

145.4 

•+':•7.' 
476, r:O 
476. r) 
476.(! 
476.0 
54'7'. 5 
549.5 
::::.9.8 

8:3.0 
88.0 
s-o.o 
'?i) • ·::·. 
9r), '_· 

·::;· .i!. • '_· 
·-:·- 7 -= 
~·-· . ·-· 

._:;-, "";...::. .. 
·3.-~-~ .':; 
83.il. ·.> 
::3 ~.:! • . ) 

:::·~·--. -



l 

1 

' 1 
J 

• 

\ . 

i 

• 

•• 

DATE 

12-Sep-87 
13-Sep-87 
14-Sep-87 
15-Sep-87 
16-Sep-87 
17-Sep-87 
18-Sep-87 
19-Sep-87 
20-s·ep-E::7 
21-Sep-87 
22-Sep--87 
23-·Sep-B7 
24-~:ep-87 
25-Sep-87 
26-Sép-87 
27-Sep-87 
26--:Sep-87 
29-Sep-·87 
.::O-Sep-87 
01-0c:t-87 
02-0ct-87 
03-0ct-87 
<)4-0c:t-87 
':i.:'--Oc t-8/ 
06-üct-87 
07-0c:t-87 
08-0c:t-87 
09-rJc t --87 
10-[lc t --87 
11-0ct-87 

·12-0ct-87 
13-0ct-87 
14-0ct-87 
1 =~-oc: t-8? 
16-0ct-87 
17-0ct-87 
18-0ct-87 
19-0ct-87 
20-0ct-87 
21-0ct-87 
22-0ct-87 
23-0ct-87 
24-0ct-87 
2':--0c t-87 
::·6-0ct-87 
27-0ct-87 
28-0ct-87 
2'=i-Oc t -87 
:.o-oc t -87 
31-0ct-87 
(: 1-l'~ov-87 
02-t--~o\ .... -s-,· 
03-Ncv-87 
04-No\:-87 
(l~.-Nov-87 
Ob-r·-Jo· .... ·-87 
07-No..,,.--87 
~::·S-Nc.·-..,·-8 :.7 

os· -t··.Jo -.. ---= 7 
1 ~=-, -r.; Ct\-'--::_.::--
1 :-î-~c· . .--2 ., 
12-Nov-87 
13-~kv-27 
1 ,;,J --,'\!·:.~--,.:--.::: -­
,_ ;::. - ~~ ·,::J \i - :::· ··: 

~--~--Ne., --:::_~ -
1 !'-Nec. -:~ ·· 
18-Nc:--.... -:::: 7 
1. s··-t-..jc.·-J·-:::::·~-­
·~:0 --~ J::: ','- :::)'7 

•------RESERVOIR------> .- -- ..... ,- ... _.--
LE'JEL 

(m JGN) 

17~ 62 
175.85 
176.10 
176.37 
176 52 
176.48 
176 -57 
176.":'-7 
17-~ .37 
176 42 
176.51 
176 64 
176w70 
176.51 
176 58 
176.94 
176 99 
176.99 
1ï7.0-3 
177.29 
177.47 
177 50 
177.51 
177.49 
177.4:1 
177.44 
177 45 
17? 46 
.!7~7w'-1/' 
177.~2 
177.57 
177 66 
177.71 
177.77 
177.78 
177.78 
177 .. 80 
177.80 
177.80 
177.80 
177.78 

, 177 75 
177.7~ 
177.76 
177.77 
177.83 
177 85 
177 89 
177 98 
178 05 
1 7R. 10 
178 18 
178.27 
178 -:.5 
178.43 
178.49 
178 5:'· 
178 -~-1 
1. 7 2 t..b 
1 78 7i"~ 

1 ~--:::· --:- ·~ 
1 -,c; 7C 
~ .. ·-·. ! '-' 

1 :'8 22 

.1 .. C"· ·::;:· .J. 

l ~-; t:: • -; ::.-:. 
:..79 _: 
l _-; C..• (• :-. 

, ""'C· .c-

- ·-

(m111Hirds m···.3) 
(billiens m··3) 

1.412 
1.4">"' 
1.498 
1.547 
1.574 
1.566 
1.547 
1 547 
1 547 
1. 5:-6 
1.5ï2 
1 sc;· 5 
1 6(16 
1.572 
1.584 
1.649 
1. 6~·8 
1.658 
1.665 
1. 712 
j 74~1 

1 750 
1. 7~12 
~ 748 
1 741 
1. TJ9 
1 741 
1.74~-
1 74:-, 
1.754 
1.763 
1.779 
1.788 
1 79C,' 
1. 800 
1.800 
1 804 
1.804 
1.804 
1.804 
1 800 
1 7·:;>s 
1. 79:1 
1 796 
1. 7'7•9 
1 • 8(:9 
1 813 
1.820 
1. 8~:6 
1 849 
1.858 
1 8?2 
1 889 
1.903 
1 917 
1. 92E: 
1 939 
1.9:;•) 
1 ·=r·:.9 
1 9.:'.:;.::. 
1 '7':-.::. 
1. 9::3(1 

- • (j ._ ·-

" .:: 

COTE AVAL ., ... --. '. - ' ,-- ~· - - -- --
LE'.'EL 

( m 1 GN l 

·. 

DEBJTS DU 
- -; •ë -, .-' 

DISCH,OiRGE 
(m .. ·3/s) 

428.(1 
288.0 
204.0 
248 0 
5-:'·8 5 
858.0 
694 8 
588 .(! 
:'-88. (! 
~594 (l 
597.0 
666 0 
106~ 0 
1152.0 
348.0 
209.3 
768 8 
600.(1 
391.9 
162.5 
524.0 
~<9~ 0 
::-·92. (l 
:s2. o 
0:>54 s 
450 0 
418.8 
35•-~1 0 
:.·7'1.7 
250 0 
:::50.0 
255 0 
290.4 
.365.0 
455 .. 0 
4':15.0 
460.0 
460.ü 
.:160.0 
460 0 
460 0 
?.'?•) () 
~2'-6 s (_) 
365. (1 
-:-.=-s -t. 
:=7':'•.< 
.275.t: 
136 ü 

9:'·. 0 
95 0 
85 7 
77 8 =·2 i) 
:'·2 . 0 
~~2. (~ 

s::.o 
':·:2 i) 
::,2 ,-., 
5::2.(! 
~:? l.' 
;::: - .-. - •. \ 

~·2. () 
:.7 q 
_.___,"::'_· 

--,-

..:.. :::. . : 



l 
1 

l 
t 
1 

1 

1 
! 

DATE 

24-Nov-87 
25-Nov-87 
26-Nov-87 
27-Nov-87 
28-Nov-87 
29-Nov-87 
30-Nov-87 
01-Dec-87 
<)2-Dec-87 
03-Dec-87 
04-Dec-87 
05-Dec-EO 
06-Dec-87 
07-Dec --87 
08-Dec-87 
09-Dec-87 
10-Dec-87 
11-Dec-87 
12-Dec-87 
13-Dec-87 
14-Dec-87 
1~·-Dec-87 
16-Dec-87 
17-Dec-87 
18-Dec--87 
19-Dec-87 
20-Dec-87 
::·1-Dec-87 
22-Dec-87 
23-Dec:-87 
24-Dec-87 
25-Dec-87 
26-Dec-87 
27-Dec-87 
28-Dec-87 
29-Dec-87 
30-Dec-87 
31-Dec-87 
01-.Jan-88 
02-Jan-88 
03-J a.n-88 
04-.J-:..n-88 
05-,Jar~-88 
06-.J 21.n-88 
07-.Jan-88 
08-.J &n-8::3 
09-.J ::?.n-88 
1 (l-.J an-88 
11-J~n-88 
12-J~n-88 
13-Jan-88 
14-.J.:<r.-88 
15-J e.n-88 
16-Ja.n-88 
17-J~.n-88 
18-Jan-88 
1 9-.J -3-n-88 

24-,J.s.n~:38 
2:'·-,J ar·-;38 
- t"_• - _: -~,.... ·- =-~· ·=-· 

·-, -- --

/------RESERVOIR------ COTE AVAL 
----.-- •-··- ~---.. -~,.-~r-- '-• - - ' --
LEVEL (mllllards m 3) LEVEL 

(m IGN) (billions m~3l (m IGNJ 

179.21 
179.:'4 
179 27 
179.30 
179.32 
119.34 
179 36 
179.38 
179.39 
17Q 39 
179.37 
1 7q 3t:. 
179 :.4 
179.32 
179.30 
179 29 
179.3() 
179 31 
179.32 
179 32 
.179 31 
179 ::.1 
179 30 
1~9~::::,1) 

179 28 
179.27 
179.26 
179.25 
.1 7'=? 2'5 
179.23 
179 21 
179.19 
179 17 
179. 15 
179 13 
179. 11 
179.(!9 
179.07 
179 05 
179.(>3 
179.01 
179.01 
178 98 
178.98 
178.97 
1--:-Ci G7 
...1. .-- ·-·. ! ' 

178 .::;;·.::. 
178.95 
178.94 
178 9~) 
178.80 
178 7':r 
178 7(_) 

178 67 
178 c:; •. .::. 
178 -S 1) 

178 Sb 
1 '"78 SJ~­

' ':3 48 
_,_!8 .C.:t 
1 :t_::: 4' 
1 8 • ."3-S 
178 ~'5 
- -·. C:: - 1 

}-~; -~. 

17:::: '""- .-:; 

l-:;-8 10 
--.:: ::: 

2.058 
2. 06 3'. 
2.069 
2.074 
2.078 
2.081 
2.085 
2.088 
2 090 
2 090 
2.087 
2.(185 
2 081 
:2.(178 
2.074 
2.072 
2.074 
2.076 
2.078 
2.078 
2.0?6 
2 .(>76 
2.1)74 
..-.• U74 
2. •)7(J 
::.069 
2.067 
2 \)b5 
_;;:· Ol::..S 
2 .. 061 
2.058 
2.054 
~.051 
2 047 
2.043 
·-:-·. 040 
2.036 
2.033 
2 029 
2.025 
2.022 
2.022 
2.016 
2.016 
2. t) 15 
..., • 1)15 
2. i)1.3 
2. 1)11 
2. ()()9 
2.002 
1.984 
1 975 
1.966 
1.961 
1 9:'·3 
1.948 
1.941 
1 934 
1 9:=:-::. 
1 • 919 
1.'7'14 
1. 9(•:::: 
1 '=?1:~-:. 

' ..... - -· 
2 •. :::: "f ·, 

- e:: ::'· 
1 ;_?-: .... ~ 
..1 ::=:.::. "'7 

lrt->::? 
1 :;-:.s 
• : l :: 

DEBITS DU 
t. · · ï· r- ~ .-- -:-
~ 

DIS CHARGE 
(m'·3/s) 

26 .(1 
26.0 
26.0 
26.0 
26.0 
26 0 
26.0 
4 ê: -
65.8 
85 ::. 
94.o 
9(). 1 
9•) 1 
90.1 
60.0 
t:-0. 0 
60 0 
6ü.O 
60.0 
60. t) 
.::,:.t ) • '· ) 
6t). , __ 1 

6(1 0 
b(i 1 ·, 

bi_l (! 

60.0 
60 0 
60 ~~ 

.~.(). (J 

6ü.O 
60.0 
60 .() 
60. (J 
60.0 
6(1. (l 
6 1) .0 
60 (l 
6(l.(J 
60.0 
6'). 0 
60 () 
6 (• 1:1 
61) îl 

9•.:J.(l 
9·-J 1) 

1•_;1).(1 
11 (l ( l 

110 (l 
92 ~' 

121) 0 
141.7 

57 () 
8().4 

ll(l 0 
11• '. () 
.1.1 0 ' 1 

11(1 1 ·, 

-:::: • .:· _! 
.--, - 1 

- ~ 

84 ) 

·: --

c:, 



1 
. L 
1 ! 

1 
1 

i 

1 

1 

DATE 

<)5-Feb-88 
06-FEb-88 
07-Feb-88 
08-Feb-88 
09-Feb-88 
10-Feb-88 
11-Feb-88 
1:."-Feb-88 
1 :.-Feb-88 
14-F'2b-88 
1 ~·-Feb-88 
lb-Fet.-88 
1 ~~--F;:-.:.h--P.R 

Î 8-Feb--SS 
1Q-Feb-88 
::·o-Feb--88 
:21-~eb-88 
.:::::-r·eb-88 
23-Feb-8E' 
24-Feb-88 
:::·=·-FE.·b-88 
26--Fetr-:3::3 
-=:~'-Feb-88 
·:::- ·3 -- -.::~ :::- !-:- --- s::=: 

ül-M-::.r-88 
0~-Mar-88 
.. :):~: -!"'1 :3. t" -'38 

..:>5-Me.r-88 
06-M~.r--88 
o7~t1-=-r-88 
08-Mar-88 
0'=7'-r-l-3r-88 
10-Mar-88 
11-Ma.r--88 
• :z·-Me.r-88 
13-Mar-88 
14-M;;r-88 
15-Mar-88 
16-t1ar-88 
17-f"lar-8~3 
18-M.s. r-88 
19-Ma.r-88 
20-~lar-88 
21-Mar-88 
=:=:-!""!ar-:38 
23-t1ar-8:3 
24-Mdr-88 
2::--Mar-88 
=:t.-Ma.r-88 
:27-M-3.r-88 
28-t1ar-88 
29-Mo.r-88 
30-t?1ar-88 
_.1-Ma.r-88 

r :· 1 -Anr-RR 
·.=J=-A'Pr--ê;8 
•Y3-: _.; p r -E.E: 
-~)4 -:2. ::.· ,- -8·:::. 
·-~' ~.- -~ i=· r- 8;::: 
06-Apr-88 
(J/-r:...pr--88 
-,-3-- . ..::, :::: :··- '32 

'-~-' -.::; - ;--:.. C.· t- -- 'ë":'· ;:::. 
,1.•_)--~ r:.r---'3:=::· 
1.!. -~;p~--- 8t:­
~ '2-Çq:::.t""--8:3 
1 -=:-.-~:•pr -82 
14-Apr-88 

!::'- --. -- r""" ·- c :=-

•.------RESERVOIR------> 

LE\'EL 
(m IGN) 

177.98 
178.01 
178.01 
178.01 
178. (H) 
178.00 
177 96 
177.93 
177 96 
177.90 
177.89 
177 R2 
1?7.8:::: 
177.89 
177.83 
177.81 
177.7~r 
17ï'.6b 
177 ·=·1 
177.55 
1 ~/7 51 
1 T7 4~. 

177.41 
~ ~ 3-1 

" 177.22 
177. 17 
1 77 ; ,.--, 

- - -:· ' ·, ''::"· 

1..-Q.9B 
1,.-,":J.95 
176.9.3 
176 93 
l -=--=· q-
1/6.'7'2 
176.91 
176.89 
176.88 
176 87 
176.86 
176 85 

/ 1?6.84 
11 6 8.-.::. 
176 83 
176.82 
1 7.::. 82 
17 6. s:: 
176 82 
17~, 82 
176 82 
176.82 
17-~. 81 
1 7 6 8() 
176~79 
176-.77 
17.~ 77 
1-.::: .. !7 

1 -;-t:- • -·c, 
1-:c. -4 
17b.73 
1 ....,.·~) ·' ...:· , -- ~ -- -
'- ' - ·-· . .- -

',,-' .. -
• -''·-'·-'• 'L 

(ml.lliards m ·3) 
(billions m·"·3) 

1.836 
1.842 
1.842 
1.842 
1 840 
1. 840 
1 8.3.3 
1.827 
1 8::"·3 
1.822 
1.820 
1.818 
1.t::18 
1. 82(J 
1 • 807' 
1. 8()6 
J • 7'1 5 
1 77>:; 

1. 77•) 
1. ?s·=r· 
1. 75:: 
1 741 
1. T'A 
1 . - 1 

1 . 71 ,_; 
1 700 
1 • t.S'l 
1 :-. 7:? 
l è_,t:_, ·:;' 
1. 6':';& 
1.651 
1.647 
1. 647 
1 647 
1 .. ~.46 
1.644 
1.é.4(l 
1 • 6=-·8 
1. 6::"·7 
1.635 
1 633 
1.631 
1 e:.::9 
1.629 
1.628 
1 .~.28 
1 . 6~-::·s 
1 .~.28 

1 • <:.:;?8 
1 628 
1 628 
1 626 
1.624 
1 622 
1. .::.19 
1 61'7' 
1.61'"' 
1 .~.17 
1 .:;1 7 
1 .L , c 
.!._ • .__, ..!._ -

1 L. , -- ,_,__.__ -· 
1. 61 1 

' ' 
1 ::-.. -., .:: 

1 ~ -=· '- ·:: 
1 tf=_,(=):;-. 

=,,::A 
1 bC::= 

C<JTE AVAL 
_ ,_r·c' 1 

LE\lEL 
( m I GN) 

DE8 ITS DU 

DISCHARGE 
( m···3/s) 

20.0 
8.2 

10 (l 
10.5 
39.1 
57.3 
50.6 
45 8 

q " .• '...l 

5 0 
?6 3 
31 9 

/ .. ~ 
t:-2.4 

100 0 
1f)(l.i) 
1 r)(J () 
l' J(l r·; 
1 (.·(·· ) 
100 (i 
lt~;(l (l 

l·)(J 0 
1 ·~-~o. o 
' " 
1 i)î \. f) 
l(H) .1) 
100 () 
1 ,-, ,.-\ 
' ... , 

''54 8 
:.<J u 
24 2 
10.0 
1 () . 0 
1 ('. 0 
.1 ( ) • (J 
10. f) 
10.0 
10.0 
1 (l.!) 
10 0 
e () 
5 () 
5 0 
5.0 
4 f.i 

4 2 
4 2 
4 • .,, 
4. ,, 
4 2 
4 .-, 
4 --:· 
4 -~· 

4.2 
4 2 
4. ~· 
4 -. 

;.] = 
.:l --. 

4 --:'1 

d. .... 
.:1 -

4 :::· 
' -

<.1 .--

Ll -



... 
i 
1 

1 

1 
1 

1 

., 

i 

r:-.. '. 

DATE 

18-Apr--88 
19-Apr--88 
20-Apr--88 
21-Apr--88 
22-Apr--88 
23-Apr--88 
24-Apr--88 
25-Apr--88 
26-Apr-88 
27-Apr--88 
28-Apr--88 
2c;---Apr-88 
.-:.•)-Apr-88 
01-May-88 
02-May-88 
03-May-88 
04-M;ay-88 
05-May-88 
06-May-88 
07-May-88 
08-May-88 
09-May-88 
1 0-Ma.y-88 
11-l"ico. ':l-·88 
12-r·J.,._y-88 
13-May-88 
14-May-88 
1 ':·-r1ay--85' 
16-M-=<.y-88 
17-M.ay-88 
18-May-88 
19-May-88 
20-~la.y-88 
:21-t"1ay-88 
22-May-88 
23-May-88 
24-tlav-88 
25-May-88 
26-May-88 
27-May-88 
28-May-88 
2<.~'-l"1!3.y-88 
.31.)-t-1~. y-88 
31-r1ay-88 
01-Jun-88 
(J2-Jun-8:3 
IJ.3-.Jun-88 
04-~..lLt.n-88 
05-Jun-88 
o.~.-.J un -88 
07-Jun-88 
~:)8-Jun-88 

09-.Ju.n-88 
10-Jun-E:8 
11-Jun-88 
12-Jun-88 
1 ::.-.J un ·-88 
14-Jun-E:E. 
15-Jun-88 
1/:.-- ï _\!i -~·::;:: 

1'-Jun-83 
18-~lun-:38 
1..:;--,Jur-~-t::S 

=:t-JJ._r.r,-88 

·.2:-:;-Jun-8:3 
:::;·.q.-,]Lln-88 
::.::.-Jun--88 
::::·.~.-Jun--88 

~------R~SE~VOJR------ · - ,-....... - ' .--·. '• .. , 
LEVEL (m1ll1aros m'3) 

(m IGN) (billiens m'3) 

176.65 
176.64 
176.63 
176 63 
176.62 
176 61 
176 .. ~.1) 
176.59 
176 58 
17t..57 
176 56 
!. '::. 56 
176 :Jo~ 
176.56 
176 55 
176 54 
176.54 
176.=·3 
176 52 
176 51 
176 50 
176 49 
176.37 
17.-:::.. 2'2 
176 1)8 

175.94 
175.77 
17:'•.-S.-:t 
175n-.:)b 
17">.26 
175.16 
175.07 
174 98 
174.91 
174.84 
174.78 
174 75 
174.71 
174 67 
174. t.:: 
174.57 
174 s:=· 
174.48 
174.4:'. 
174 38 
174.3':· 
1 7 4 • ·=-'= 
17 4. ::·8 
174 24 
1?4.19 
174.14 
17il.11J 
174 )7 

174.(J3 
174 •Jl 
17-: ·:::.-7 
1. ,. 'n 
1 7 ~:: . . ·=t l 
L- ·.o_ 
1 -;~ c .. i 

1 ·~-
1---. ' 
1 :• - ·;·3 
17 ··- •::.j •. 

J. 9~. 

1 ~597 

1.595 
1 593 
1.593 
1.592 
1.590 
1 ~·88 
1.586 
1 584 
1 ss-:. 
1 581 
1 ::.81 
1 :'·81 
1.581 
1.579 
1.577 
1 577 
1.575 
1 574 
1.572 
1 • 5 7•) 
1.568 
1.547 
1. ::.:>:· 
1 47'4 
1.469 
1 439 
1 41 ~· 
.1. ::::.:':;)5 
1 -:.47 
1.3.:29 
1. 31 :o. 
1 • .29b 
1.284 
1.271 
1 :-.~.() 

1.255 
1.248 
1.240 
1 231 
1 :222 
1.:·13 
1 • 2(1.~. 
1 197 
1.188 
1 1S2 
1.177 
1 170 
1.162 
1 153 
1.144 
1 1-37 
1 1:~.:: 
1.124 
1 1:21 
.1 114 
1 1 '.::. 
1 1()3 
l 1 ' 1 ':'· 

1 1'! ~ 
l 1 j.:!. 
1 .<:'7'5 
.1 :)q·:=; 

' -1 ).-

1 1 .. 
, ' ., 
.J.. ~ - • -'-

.1. 1 ··. ·=-
.1 .:.. •.:' ·:~. 
• • 

.! l -

. . -.. · . :· ...... 
U:.VEL 

( ~· I GN) 

153 50 
153.50 
153 50 
15:'·. 50 
153 50 
153.50 
153 50 
153.51) 
154 23 
155.0ü 
.l t;., .::., 1 )( ) 

15:'•.\)5 
155 04 
1 ::.s. u5 
1 5::. ::-.() 

154.75 
154 75 
154.75 
154 75 
1:.4 ::: .. =, 
154.36 
154 36 
154 36 
1~·4 36 
1 :'·4. 36 
154.36 
154.36 
1 ~·4. 36 
154.36 
154.36 
154.36 
1':-4.24 
1 ~.4 :4 
1~·4.24 
1 ~·4 24 
154.24 
1~·4~24 
1 :'·4. :·4 
154 25 
154 26 
.1:'·4 27 
1 ~':4 • 28 
1 ':o-1 ?.•) 
1 :-4 94 
~54 .:;-4 
1 :~ . .:1 0::.4 
1 ;:;.c w-· 
- - - ' -
'53. 91 
1 ~ ·- i 

,;: .. -~ 1 

- -
- - -
! [:., ~ -=· ~ 

..!.. •= - ;::;.Cl 
1 o.: :r C·<) 

-"- - - (~ ' .. 

IiEBITS DU 
c: r ::: ·. ,---:: 

DISCHARGE 
(m···3/s 1 

4.2 
4 .,. 
4 2 
4.2 
4.2 
4 2 
4 2 
4 2 
4 2 
4 ·C• 

4 ~· 

4 -, 
4 ":• 4.2 
4 ..,. 
4 2 
4 c.· 
4 .-,, 
4 2 
8 1 

118 9 
:1() f) 

.21t; .) 
:.:-:·1•.:.· 0 
210 0 
:266 7 
-:15 l 

20·=- .-, 
140 () 
14(J 0 
140.0 

97 7 
7U 0 
70 0 
70.0 
70 (J 
70 0 
~~2 -3 
7(l (_) 
70 0 
70 0 
70 0 
63.2 
50 0 
~<.r () 
::'r(! ') 
':·0. () 
5(1 (J 
50 u 
Sr") 1.) 

:-,,.) ··~·· 

s,=· o 
':r( ) ( ) 

=·1! \) 
5(1 n 
""':T._::, i_ 

-' ·-· 
~·.:- 5 
-. -_...... ·-' 
-- 5 
,~::.5 
-,.- .:::. 
~..:. .. ,_. 

-
- . c; 

-- = 

-,.~. ;:_:; 

- . .;:; 



~ '- - f •· r -.' . ' 

30-Jun-88 
01-Jul-88 
<)2-Jul-88 
03-Jul-88 
04-Jul-88 
05-Jul-88 
06-.Jul-88 
•)7-.Ju 1-88 
~: 1 8-.J ul-88 
r)9-Jul-88 
10-Jul-88 
11-.Ju 1--88 
12-.Jul-88 
1.3-.Ju l-88 
14-Jul-88 
15-Jul-88 
16-J"ul-88 
17-.Jul-88 
18-Jul-88 
19-.Ju 1-88 
20-Jul-88 
21~Jul-88 
22-Ju.l-88 
23-.Ju.l-8:3 
24-Jul-88 
25-Jul-88 
26-Jul-88 
2?-Ju.l-88 
::::··e-Ju.l-88 
29-.Jul-88 
30-.Jul-88 
31-JL<l-88 
<)J.-Auq-88 
02-Au6-88 
03-Aug-88 
•:>4-Aug-88 
~)~·-Auq-88 
06-Aug-88 
07-Au.q-88 
08-Aug-88 
09-Auq-88 
10-Aug-88 
11-Aug-88 
12-Aug-88 
13-Aug-88 
!.4-Auq-88 
1 !:·-AuQ-88 
lb-Aug-88 
17-Aug-88 
18-Aug-88 
19-Pug-88 
"20-Au.g -88 
21-Aug-88 
22-Aug-88 
23-Auq-88 
24-Auô-88 
:·::,-Au0-88 
2~':· -A•_;_Q ·-88 
27-AL•q-88 
:2E'-A•_I.ô-8:3 
~-s.--?-<~\Çj-:38 
:.•.:o-!'-uq-88 
~1-'"'i:l·-=i-qR 
~-: --~0-E--~-2 

\~~=~~~;=§~ 
:~~;=~:~~;=~§ 
;~·:·~~=~:~;=~§ 

- - - . -

'------RESERVOIR------~ COTE AVAL 
·-·--··~-

LEVEL (m1ll1ards m·3J LEVEL 
(m IGNJ (billions m'3) (m JGN) 

173.94 
173 94 
17;:' .. '7'6 
173.96 
17::' .. 97 
173.98 
173.99 
174 04 
1.74.\J~· 
174 ()9 

174 12 
174 1. 7 

174 19 
174.2b 
174.28 
174 34 
174.43 
174 65 
174 91 
175 18 
175 39 
175~60 
17':; 93 

1-7 0 : • .= 
176.74 
176 90 
177 ( 1 5 
1-:; .' .!.~: 

177.31 
177 50 
177~67 
177 88 
178 11. 
178 41 
178 .. 76 
1 7'=!'. <)9 
179 43 
179.b7 
179 99 
180 22 
11?0 52 
180~79 
181 08 
181. 3::'-
181 56 
181 79 
18::: 00 
1!'0::: 2 5 
182 4.~. 
1 82 8.!:. 
18ë' ::s 
18:: .:;-.. 6 
183~98 
184 :· 1 
184 5.= 
J :34 s:) 
.!..2':·.1'5 
1 s ~: :: .. _-) 

j Ô Wl 1 

18 51 
1. ~· ::. ç 
1:..:::7 -,. j 

- '- - -t 

1.108 
1.108 
1.112 
1.112 
1.114 
1. 115 
1. 117 
1.126 
J 128 
1.135 
1 141 
1 . 1 =··~) 
1 153 
1.166 
1.170 
1.181 
1.197 
1.237 
1.284 
1.332 
1 37~) 

1.408 
1.467 
1.53b 

1.613 
1 642 
1.669 
1 6'7'2 
1.716 
1 750 
1.781 
1.818 
1 e.::.o 
1.'7'14 
1 977 
2.036 
2. 0'~7 
2.141 
2.198 
2. 24r) 
2~.294 
2 :::.~.42 

2 394 
2. 4~39 
2 4':11 
2. 52:: 
2 560 
2 605 

"''. 715 
2~790 

2.916 
:: 958 
3 ~ •) 14 
....:· () ? 
._:." 13° 
~ ~·-:_:,;~ 
""":!" -~; ~ -· - -' 

3 477 
~~54:=:· 
~ --"J.~ - -

- ' l 

- ..,. ·:. :: 
:" ·:. ·~") 
-: ':?i:i ~ 
-· -·· -. 

153.9(> 
153.9(1 
153.9(1 
153.90 
153 90 
153.90 
15::' .. 9(l 
153 91 
1 :-.. -.::-. 91 
153.91 
153 91 
153.91 
1~·3.91 
153.91 
153.92 
153 92 
153 92 
153.92 
1S3 92 
153.92 
153 92 
153.92 
153 92 
1.5.3 92 
1 ~~3 92 
153.92 
153 91 
153.91 
1 ::.:. '7' 1 
15-3.92 
15::' .. 92 
153.92 
1 :::3 ~ 9:;:· 
.1 ~53 '=12 
153 92 
153 61 
153.61 
153 61 
153.62 
153~61 
15~·.61 
.153 66 
1 ~.: .• 66 
153 64 
153.63 
157 .• b4 
15?·~64 
153 64 
15? ... 64 
153 64 

"'153 64 
153 64 
153 68 
15.3.68 
153 ~.7 
153.68 
1 S.3 .:::.8 
15~ .-::_.7 
1-:l-= 67 
l <=i.? .69 
1: ~ ·=·2: 
1::'·-=· 6'7' 
] ~.3 .~.·~ 
1'=·-l -
1 ""-. .:1 7~: , ;:.:: . .:: 

- •. , • 4·. 
1""' 7:3 
i •;; 
-' .' ........ 
: -.""7 22 

DEE<!TS DU 

DISCHARGE 
(m'·3/s) 

22.5 
22.5 
22.5 
22 5 
22.5 
22~5 
22~5 
22 5 
'""": -:· =·· 
22 5 
22 5 

22~~ 
22.5 
22.5 
23.0 
24.0 
::4 "1) 
24.0 
:'4 \) 
:4~0 
24 0 
24. ' 1 

24 (l 
24~0 
24 .') 
:?4 (1 
::4 \) 
24~0 
24 0 
24.0 
24 (l 
16 (J 

8 0 
8 () 
8 0 
8 0 
8 <) 
8.(1 
8 0 
8 0 
8.o 
8 0 
8~0 
8 0 
g ~ •) 
8 0 
8.0 
2~0 
8 0 
e.n 
g () 
8,.ü 
8 (_) 
e.o 
8 (• 
8 ,., 
8 0 
s 0 

'1 ') 
.::.: ~- 1. 

'~...: ':": .;l 
- ~ _.. -
- ·:::-· -

::·-::·.._:.. 1 



• 

' ' .. 

.. 

DATE 

11-Sep-88 
12-Sep-88 
13-Sep-88 
14-Sep-88 
15-Sep-88 
16-Sep-88 
17-Sep-88 
18-St:?p-88 
19-::.ep-88 
'20-~-ep-88 
21-Sep-~88 
2::·-f:e ~.-t:::=: 
2.·.::.-Sep-88 
24-Sep-88 
25-Sep-88 
26-S~p-88 
27-Sep-88 
28-Sep-88 
29-Sep-88 
::.o-Sep-88 
01-0ct-88 
(>2-0ct-88 
03-0ct-88 
04·-C·: t --88 
05-0ct-88 
06-0c:t-88 
07-0ct-88 
; J€:-IJ.~: t-.:::::3 
ü'7·-0c t ·-8f; 
10-0c:t-88 
11-0ct-88 
12-0c:t-88 
13-0ct-88 
14-Dct-88 
15-0ct-88 
16-0ct-El8 
17-0ct-E:8 
18-0ct-88 
19-0ct-88 
20-0ct-88 
21-0c:t-88 
22-0ct-88 
23-0ct-88 
24-0ct-88 
·2:=·-Clc t -88 
26-0ct-BE: 
27-0ct-88 
28-0ct-88 
29-0ct-88 
:.o-oct-88 
31-0ct-88 
1)1-I'Jo·v-88 
02-Nov-88 
03-Nov-88 
04-Nov-88 
0~5-t'~ov-88 
06-No\.:-88 
ü?-r--Jov-88 
!)::3--~Jo:)\/ -88 
·~;c:'-t·Jo ·~· -8:::: 
.lo-r--.;ov-88 
11-Nov-88 
1 :2-1'-;o·-~---88 
,---~·-'= ,;-C = 
14-~·lov-8:3 

1 b -- i·-J c. --~-- e ;:::; 
17-r..Jo\/-88 
18-Nç:;v-88 
19-I"Jc·--·-8:=: 

~ ..... ---··-:c.·.-' ·::-::; 

------FESEPVOIR------' ._.-· ·--··- -' .•. 
LEVEL (ffiilliards ffi 3) 

(m IGN) (bill1ons m~3) 

187.91 
187.84 
187 77 
187.79 
187.79 
187.75 
187 77 
18'? 8l_l 
187.77 
18..,. 7':· 
187 78 
187 jÇ 
10:::7 81 
187.80 
187.81 
187 80 
187 80 
187 78 
187 82 
187 85 
187 95 
182 06 
188 13 
1.:?2 & !.1 
18:3 l)} 
188.05 
188 04 
1.88 r)4 
18~- 1· ).-::~ 

188. (•2 
188. (12 

188.05 
188 10 
188. 11 
188 11 
188 .ll 
188.11 
188 10 
188.09 
188.13 
188 2(1 

1 e:s =:·8 
188.34 
188 42 
18:3.48 
18-S ::.3 
18e. : .. ~. 
188 :-8 
188.b8 
188 74 
188.77 
1 e·e E:4 
188. q,-) 

188 92 
188.99 
18S: Ou 
189 0~ 
18;:;:- us 
1sc;- ·)e 
1Ec.· 1 
1 E":;· • 1 ':· 
1 E:-::;- _21) 
1 ~:_::c ""7-c:. 

1 :. ·:: 
1.6·~ ">1 
1 ~-- ,_. 

·~ 

1 :::;:,·.:. - .-, 
.J.t:C .:.J-3 
-<o·:: 1c: ,_ . -:- ' 
1 e-::.- ...:,, 1 

3.857 
3. 8::8 
-3. 820 
3.825 
3.825 
: .. 815 
3.82(1 
: .. 8:'8 
.:; .• 820 
.:; .. 81':· 
3 823 
~ fi';;:-"5 
.3. 831 
3.828 
3 831 
"3.828 
3.828 
'. 823 

3.833 
3.841 
-~·. 867 
3.896 
., 914 
: 'i•:JS' 
3 898 
3.893 
3 890 
----, :=~ 9! 1 

-3 :388 
3.885 
3.885 
3.893 
3 9u-~­
_).909 
:":. '?09 
: 909 
._:: .. 909 
3 9l)6 
3.9t)3 
: .. 914 
3. 9-32 
·,. 95-:'. 
3.968 
?- 989 
4 ()(l'.:· 
4 018 
4.026 
4 031 
4.057 
4.072 
4. r)80 
4 ()98 
4 114 
4 119 
4.137 
4 14•.) 
4 143 
4 15-:. 
4 1.::.1 
4 1. 1 

4 1 7'? 
4 ;c;.:: 
4.2•1':· - ,_ 

·- --

C(>1E AVAL 
- ..___ .-•• - ' 1 • ~--··· • 

LEVEL 
(m IGN) 

158.03 
1 ~· 7. 93 
157.:.3 
156.96 
156.94 
157.::.2 
157.54 
157.58 
157.54 
1 =·6. :'·8 
1 :.ô. (JO 

1~·5.93 
155.95 
155.96 
j ':·5. 9::-. 
155.64 
1~·5.68 
155.30 
1':·5.30 
154.71 
154. '7'8 
154.98 
1 :: .. ~ .• 4t) 
1':•6.42 
155.56 
15:·.60 
1~~·.:'--7 
~- '='· :; • ::,4 
155. 54 
155.30 
155.36 
1 54.70 
1:'4.94 
154.93 
154.94 
154.94 
154.93 
154.94 
154.(l~. 
1. 54. 02 
1 :'-'1 • 02 
154.(13 
154.0::-. 
153.::2 
1 ~.:=- . (l(l 
152.00 
1:'·2.80 
153.50 
15-3. ':•Ü 
1 s:: .. 50 
1 := .. 3. r:=;o 
1 53. ::.o 

E.Ht:::::;; I 1'--J A SEC 
Du En 

F·EF'."<F:AT 1 l]t'j 
DU 2 ~"-.• Qt._.t ,::R 

8!_! .1..! ~="E.'-.,.' ::;:;9 

r.=l; ~-·=:~>-=:.r·c=-r:: 
~- ,: .. ::. r :-; :-·t- -
t=IF:: ·__!~·lDEF 

DEBITS DU 
r -·'--

DISCHARGE 
(m ·,3/s) 

1-:'·60.0 
1298.(1 
1107.3 
974.0 

1014.1 
895.7 
784.0 
784.0 
784.0 
t:-78.9 
606.0 
6(1.~. 0 
6ü6.(i 
606.0 
606.0 
~·58 .6 
518.0 
449.4 
434.0 
306.5 
228.4 
266.0 
Sll.O 
5?-5. 0 
5•:'·1 . 5 
4.34. 0 
434.0 
'1' 4. <:.0 
4"2.4.0 
::.8.3. (l 
167.7 
102.6 
216.0 
:::7.::: .• 4 
276.4 
276.4 
276.4 
276.4 
:269.5 

27.1 
27.1 
27.1 
:27.1 
o .. o 
0.0 
1). (' 

0.0 
::.. =· 
5.3 
5. :. 
3.5 
" ~ -' . -...:· 
5.3 
5.3 
5.3 
c.. ~ ·-·. ·-' 
5. ?-
5.3 
5.3 
" ~ --' . -
c:. -::-·-· . -" ~ -' .. ....:• 
~ -
-' . -· 
-.. -
5.~ 
:-. ...., 

5.3 
" ~ -' . ...:· 

_ .. ...:· 

;--



1 
~ 

1 
[ 

1 

DATE 

23-Nov-88 
24-Nov-88 
25-Nov-88 
26-Nov-88 
27-Nov-88 
28-Nov-88 
29-·Nov-88 
30-N·:~v--88 
01-Dec--88 
02- Dec -8f:3 
03-Dec-88 
( 14-·-[.!E;::- 88 
0~·- Dec --88 
06-Dec-88 
07-Dec-88 
(18--- Dec -88 
<)9-Dec-88 
10-Dec-88 
11-Dec-88 
12-Dec-88 
13-Dec-88 
14-Dec-88 
1 ~5- Dec-88 
J . .::.-Cec--;3t3 
17-Dec-88 
18-Dec-88 
19-Dec-:38 
20-Dec-E:e 
21-Dec-88 
22--Dec-88 
2::.- Dec -SB 
24-Dec-88 
::·5-Dec -88 
26-Dec-88 
27-Dec-88 
28-Dec-88 
:::'9-Dec-88 
30-Dec-88 
31-Dec-88 
0 J. -J om-89 
•)2-Jan-89 
•).3-J an -89 
t)4-Jan-89 
üS-J.s.n---89 
06-.J a.n-89 
07-.J a_n-89 
08-.J an-8'7' 
~:-~9-.J an -89 
10-~Jan-89 
11-Ja.n-89 
12-Ja:n-89 
13-.J .;;_n -89 
14-J an-E:9 
15-Jan-89 
16-Jan-89 
1. 7-J.s.n-89 
18-.Jan-89 
19-.J -=•.n ---:::;-:;. 
20-.J c-.n-8S' 
2·1-.J-3.J' -s.::;­
::::::·-.: -~r,-E9 
2::. -J 2.n --8·:; 
.:::·4-.J ?n-E:9 

~., ___ ; _,......_.-:::,.=-
.:.. '--' ,_. c:'-1 ! '-' .' 

_:~7-,J .;?n -;::::·.:=~ 

~B-.J a.n--8·~ 
29-\..J .s.n --3? 
.-:.c-.J -2.n -s-=-;· 

1- 1 3 _r, -·~·:J 

~ '- - ·-
·>::.-F-eb--8=:? 

: ~ ' 1 1-; 

------RESERVOIR------ COTE AVAL 

LEVEL 
(•T• IGN) 

189.55 
189.56 
189.57 
189.60 
189.62 
189.66 
189 68 
~89~69 
18ct 70 
189 71 
189 72 
189 74 
189.76 
189.77 
189.78 
189.79 
189.81 
189. 8:"2 
189 82 
189.83 
18'>' 83 
189.84 
189 84 
1 '=: '-::' • s :'· 
18'7.8:::· 
189.85 
189 86 
t·:=.·:::· :37 
l2."7 8/" 
189.88 
189 88 
189.88 
j_ 8'7' E-8 
189.:38 
18'7. 88 
189.88 
189 88 
189.88 
189.89 
189.89 
189.90 
189 9() 
189 90 
!PÇ 9(J 

189 9r) 
18'7' '70 
18'7' ~ 90 
189.90 
189 91 
18'7 92 
189.9::: 
.!. ;39 9::. 
1t::.:Y..92 
189 9.3 
1B9.93 
189 93 
1 ,:?G'. cr·~. 
1E39 ·=t3 
1E:c;.s'4 
18'-;' OL-1 

~-:~·=-. -~4 
1.39.'?4 
1 .-:::-::;. 04 

- -
~ 6'::; .·::::·:-, 
·es: ~·s 

3S =t =· 
.!.qq 95 
12·::: ,::,;=.. 

.... ", .. r - • •, -- ' ' 

(m1lliards m 3) LEVEL 
(billions. m ~.) (m IGN) 

4.283 
4 :286 
4.288 
4.296 
4.301 
4 312 
4.317 
4.319 
4.::::.22 
4. c·25 
4. ~-27 
4 332 
4. T'.B 
4.340 
4.343 
4.345 
4. 3~·1 
4.353 
4. 35~. 
4.356 
4. :3: •. ~ 
4.358 
4. ~.5e. 
~ :!.6~ 
4 :C-61 
4.361 
4 • 3.:':.4 
4 ::;..:::.6 
4. :2-bb 
4. 3·~.9 
4.369 
4.369 
4.369 
4 ,.69 
4.369 
4 369 
4 369 
4 .369 
4.371 
4.371 
4.374 
4.374 
4 -,.74 
4 .::.7 4 
4 374 
4.3 7 4 
4 374 
4.374 
4 :c:n 
4.379 
4. ?_.79 
4.:::.::79 
4. 3-.?9 
4.382 
4.382 
4 • ":082 
4 .3E'2' 
4. -:;.s2 
4 -:-.t:4 
4. ::.84 
4 -::.::::4 
4 ::24 
a -=-.e.q 
Li =- ,-- _, 
4 :.e:c 
.<.l .. ~-

4 ·-•C-; 
d. 38-; 
4 ~"-
.d 

[•t:P I TS DU 

DISCHARGE 
(m ::'/s) 

5.3 
5 :": 
5.3 
5.3 
5.3 
5 ."": 
5.3 
5. -· 

5.3 

5 7 

5 .,. 
5.3 
5.3 
5.3 
b () 

6 () 
6 .1) 
6. •) 
6- i) 
6 1 
6.1 
·=- 1 
6.1 
.~ 1 
·= 1 

" ·-· ·-· 
6.5 
6 5 
6.5 
b ~~ 
6 • :r 
.~ .• 5 
\'::' • '.:r 
6 5 
6.5 
6.5 
6.5 
6 5 
L ~ ._, ·-· 
6.5 
b 5 

~ ~ ·-·. _, 
6.5 
b.S 
t:· 5 
6.5 
.:; :, 
.... r::. 
'--' . -· 
b 5 
L ._ 
.__ . ·-· 
6 5 
" ~ ·- . -' 
6 5 
- . 5 

1 '·-~ 



l 
1 ~ 

. 
1 

1! 
1 
• 

1 

1 
l 
~--

DATE 

04-Feb-89 
(l~.-Feb-89 
06-Feb-89 
07-Feb-89 
08-Feb-89 
09-Feb-89 
10-Feb-89 
11-Feb-89 
12-Feb-89 
13-Feb-89 
14-Feb-89 
15-Feb-89 
16-Fet·-89 
17-Feb-89 
18-Feb-89 
19-Feb-89 
20-Feb-89 
21-Feb-89 
22-Feb-89 
23-Feb-89 
24-Feb-89 
25-Feb-89 
26-Feb-89 
:·7--Feb-89 
28-Feb-89 
01-Mar--89 
02-Mar-89 
t)::;;-t·12. r -8'7' 
04-r·l-s.t--·-89 
05-Mar-89 
06-Mar-89 
07-Mat--89 
08-~1at-·-89 
09-t1ar-89 
10-Ma.r-89 
11-Mar--89 
12-Mar--89 
13-~1ar-89 
14-Ma.r--89 
1 ~·-t'1c..r--89 
16-Mar-89 
17-~lar--89 
18-Mar--89 
19-Mar-89 
20-M<?-. r--8'7 
21-~l,.r--89 
22-M<3.r -89 
2 3-t-1a. r- 89 
24-/'"~a.r-89 
25-M-3r-89 
26-Ma.r-89 
:27-Ma.t--8<:? 
:28·-Mar-89 
29-~lar-89 
30-1"1ar-89 
31-t-':éi.t--8C,' 
01. -P.pr-8'7' 
r)=:-Hpr- -8·:::;· 
r).3-P.Qr-8.:;. 
-~·4-A~-;--::?;·=:; 
-)~·-Hpr--.3·7 
06-Apr-BS:' 
(·7-Apr--'3? 
·~·[:--..::.c-.-- a·-=-
l{:!=S~i:·=·~; 
11-o-:;..::·t--2-'---
1 :.::·-Apr-··89 
1-3--.~pr---e>=· 
1 a-;::-~;Jr·-8<:"1 

: ~ ' - ·-·, 

'------~ESEPVOIR------
·.-• ...--- 1 •• - •• '.,_.---

- - - - -
LEVEL (milliards m 3) 

(m IGN) (billion: m'3) 

189 95 
189.95 
189 95 
189.95 
189.95 
189.95 
189.95 
189.95 
189.94 
189 92 
189 89 
189.86 
lt::9 2.4 
189.80 
189.77 
189.75 
189.73 
189.72 
189.70 
189 68 
189 66 
189.64 
189 62 
1 b9 •. ::.(! 
189 58 
189.56 
189.52 
189 49 
18•7•. 4 7 
189 45 
189 45 
189.44 
189 43 
189.42 
189.41 
189.40 
189.39 
189 :.7 
189 •. 36 
189.35 
189 34 
189 :-::;ë', 
189 ::::.2 
189 .3(1 
189 =q 
18•:::..· 28 
189.:7 
18'7' 2':· 
18''1 24 
189 22 
189.20 
18\'.:? lq 
189. 18 
189 17 
189 16 
18''1 . 15 
l8C• 14 
189.1?. 
189 13 
1C.C:• ,.-
...! ,_. .!.- ,;.._ 

~ ::39 ~ 1 ·.·.:;-

.1.8q 0? 
1 ::=.::'= \ l '5 
! .:: ~ -1 
.!. ::=. •:;· •.) -~ 

1 ·--· ·-··- ,_ 

4.387 
4.387 
4.387 
4. ::'·87 
4.387 
4 387 
4.387 
4.387 
4 384 
4. ?·79 
4 371 
4 361 
4. 3 :.s 
4 .. 348 
4.340 
4 335 
4. 3.3(1 
4. ?-27 
4.-322 
4.317 
4.312 
4 306 
4.301 
4 ::96 
4.291 
4.286 
4 :-8o 
4 26-
4 2C-2 
4.257 
4.257 
4.254 
4.25~ 
4.249 
4.247 
4 244 
4 241 
4 :-:::.6 
4. 2.34 
4. 2?.1 
4 228 
4.226 
4.223 
4 218 
4.215 
4 21?· 
4.210 
4.:05 
4 :·o2 
4.197 
4.192 
.. 1.1E~9 
4 187 
4 184 
4.182 
4 179 
4.17b 
4 174 
4 174 
~.i71 
4 1.o.:=-
4 a 1 :;s 
4 1 z:=;~, 
'~ J. ;:_ ,-
4.145 
~ 1 -
.-1 ~-' - -·.:.. 
2 1~·: 

4.122 
.2 _j 1 1 

COTE AVAL ::=-·::-·:" --, .-:-.r-- ••• 

U:è'JEL 
1 m I GN) 

15".13 
154.18 
1 ~·4 17 
154 19 
1 '::4 18 
154 1'=! 
154. 18 
154.20 
1 :A (l8 
154.09 
1~~4.1:?· 
154.08 
154 08 
154 08 
154 08 
!54.07 
1 :. 4 :_.'.9 
154.ü8 
154.18 
154.20 
1 ':· 4 --.. """:• 
15-<1 • 0.3 
1~·4 02 
153 95 
153 96 
153.96 
12-=-· 96 
153.96 
153.7'6 
153 95 
15?·. 96 
153.96 
15? .. 95 
1 S-3 96 
15-=:. 96 
153.95 
1S3.96 
15~-.7'5 
15-=·.95 
15o. 96 
15: .• '7'6 
153.95 
153.96 
153.95 
1::.::-. 9.~. 
153 95 
153 70 
1s:: .• t:.s 
1 ~·2· -!:-9 
1 ":· :;:. . .~.9 
J 0:·3 ·~S' 
1 := .. ?, 6 q 
:. :='· Ll ~ •.:) 6 
1 ::. _,;~ ' ; ,:_, 
154 06 
1 ~,.]_ o·-. 

1 :~.:::.. ·, 7 
~ ::: ,. .;:] 

DEBITS DU 
~ _ .. r.r _.. '=-c 

DlSCHARGE 
( m···".3/s) 

6.5 
6.5 
6 5 
6.5 
6.5 
6.5 
6.5 

46.4 
81 2 
94.2 

101.4 
j 01 --:-; 
1(>1. ·-· 
101.2 
74.9 
51.3 
51.3 
51.3 
51.3 

51 3 
51.2 
51.2 
=~1 2 
80 1 

100.9 
100.8 

7 6.8 
40 '7 
32.8 
27.3 
27.-3 
...,-, --:>" 
..:.. ! • -

27.2 
27.2 
27.2 
27.2 
27.2 
27 2 
27.2 
27 2 
27 2 
27 •. ..., 
27 2 
-. ï .-, 
~ .. .:.. 
·-:·1 '":• 
..:...' . ..:... 
27.2 ...,, ~· -- / . ..:.. 
27.2 
27.2 
27 2 
.-, "7 -"":• 
..:.. .-· . ..;.. 
16.7 
10.3 
10. -~ 
10. -..:· 
l f 1 • 

1 (~ • ":! 
":!·--::· L 
-'.:.. -..J 

:. ~) • "7' 
:'.0: 1. 8 
.:'•0 8 
~:0 .8 

-:.•.) 8 
) :::4 

'_:',: 1 ;::: 

5<1. 7 
":· ::- S' 
q•7•. 9 

·-··-, 



• 

18-Apr-89 
19-Apr-89 
:20-Apr-89 
21-Apr-89 
22-Apr-89 
23-Apr-89 
24-Apr-89 
25-Apr·-89 
26-P.pr--89 
27-Apr-89 
28-Apr-89 
29-Apr--89 
::.:)--Apt---89 
01-May-89 
02-May-89 
03-M<~y-89 
04-~1aV-89 
05-May-89 
06-May--89 
07-May-89 
08-~1a.y-89 
09-May-89 
10-M<~y-89 
11--Më~--.. ·--89 
12-n,_).·-89 
13-May-89 
14-May-89 
15-1'"12';l-8Cf 
16--t~12.y- 8'7' 
17-May-89 
18-May-89 
19-May-89 
20-Më:ly-89 
2.t-r·1s.·,.---89 
:'2-f'o1c3.y-89 
23-t-12-y-89 
24-May-89 
25-May-89 
26-t1c<y-89 
27-May-89 
28-~1ay-89 
29-i'-12y-89 
30-Ma·y·-BC!' 
31-~1,;y--89 
•)1-.Jun-89 
(12-.Jur~--89 
(J3-Jttn-89 
04-,Jun-89 
05-Jun-89 
06-.Jun-89 
07-JJ_,r,-89 
0:3-,J ur, --8'7' 
(:9-Jun--89 
10-Jun-89 
11-Jun-89 
12--.Jun--89 
13-Jt~n-89 
14-Jun-89 
1 ~·-Jt:_r,-8S' 
1.::.- ... Jt r.-89 
.!_ 7- ,_Tu;-,- c;s=· 
18-.Jun--8-:t 
lS·-,Jun--89 
::..::;~;-,_11_·,:- -.j·=­

:1-Jun-8'1-
·;:: :?-,J L\r1 -8'·7 
~~-~--.Jun-bS' 
~:: 4 ----..] ,_:_;-, -- :3>:? 
.. · r::. --,J u ;-. --;:::·:;< 
2.!;.-,Jun-89 

,.... -- '-- ,_ 

- - ·-· _·.i· .. ,::_. --

<------RESERVOIR------> 
,-- ,--,..,.. r-

LEVEL 
( m 1 GN) 

188.75 
188.71 
188 69 
188.67 
188 65 
188.63 
188 61 
182 59 
188.56 
188 55 
188.53 
188 50 
188.48 
188.46 
188.43 
188.4::' 
188.:8 
188.37 
188.35 
188.::-A 
188 .32 
'188. 29 
1E:8. 27 
188.26 
188. 2:; 
188 22 
188.19 
1E38.18 
1E:8 .. 16 
188 14 
188.11 
188.07 
188.06 
188.03 
188.01 
187 '"/9 
187.97 
187.95 
187.93 
187.90 
187 87 

·'18?.84 
187 82 
187.80 
187 77 
187.75 
187 7?.. 
187 .(;;_.9 
187.67 
187.65 
187.bü 
187. SE~ 
187.53 
18?.50 
187 46 
187 42 
187 40 
18l.37 
187 .2.4 
187.~~·) 
1 c;.-; ~.-, 

./.. ·-· ,. ""- ! 

187.2-3 
187 21 
1 .::;.--; -·· 
_ ... '-' -' -
18-·' .14 
1.87.11 
~::::>.08 
1:37 05 
1 o-~· (!2 
18.:;. qq 

' :.-: .:_ ~ ' :_, 

' ,,-,' ·-· ....--

( m~ Il ~ards m----~,) 
(bi 11 i.ons m··--3) 

4.075 
4.065 
4 059 
4.054 
4.049 
4 044 
4.039 
4 o::-.3 
4. o::6 
4.023 
4 018 
4. (Jl(l 
4 (J(i5 
4.000 
:= .• 992 
3.989 
·-c• 981 
-~ 976 
?_,. 971 
3.968 
-~. 963 
':.955 
3.950 
~ 942. 
·,. 940 
3.937 
3.929 
-=-· 927 
-= 922 
: .• 916 
·' 909 
3.898 
3.896 
3.888 
3.883 
3.877 
3.872 
3.867 
3 862 
è· 854 
3 846 
3 8-313 
: .• e:::.J 
.3.828 
. _: .• 8:=:0 
~ 815 
: .. 810 
3 799 
3.794 
:": 789 
3 776 
3.771 

3.750 
3 .. 740 

.7'?.9 
:. 724 
3.716 
3.708 
: .. ::sa 
_, t..9(J 
? • ·~·80 

;._ c: L 
-· .. w ~''-' 

- .:;.4 ·::;· 

- ·=·-..:· 
.....,. 1,.- .-, C-- .. _ ... __ , 
3 621) 

-: ,::_,: ·-· 

COTE AVAL 
~ .---. ·~ .. - ~ .-·- --- ..... 

LEVEL 
(m IGN) 

154 18 
154.18 
154 12 
154.07 
154 07 
154.09 
154.06 
1 ~~4 08 
154.07 
154 07 
154.06 
154- 07 
1 :A •)7 
154.06 
154. <)6 
154 05 
154 05 
154.06 
154 06 
1~54.05 
154 06 
1.54.07 
154.08 
JS4 1() 
154 •:)1;. 
154.07 
154.08 
1 :.4 05 
l :,il 07 
154 08 
154.06 
154.16 
1 ~·4. 11 
154 15 
154. 14 
154.21 
154 18 
.154. 17 
154 19 
154. 12 
154.19 
154. 19 
1 :A 09 
154.16 
154 14 
154 •.)9 
154 12 
.154 10 
154 15 
154.17 
1:·4.17 
1 ~54 19 
1 =·4 lb 
154 18 
154.14 
1::'·4.1'5 
1 ~.4 18 
154. 2() 
1 :04 18 
l ':4 r 1,:;:, 
1. "-.4 ... 4 
1 su 1 e. 
1':·4 1l:. 
; .:;; -- .. --

- •-,..J l--· 
1 ~::l ~-· 
1<:.--: J-;. 
, c:;,.:l ·-:-·n 

::-. ,1 ~ -

DEBITS DU 
.,..._ -. r-r ~- ,- r-

DISCHARGE 
(m····3/s) 

99.7 
69.9 
~(1.5 
50 5 
50.5 
50.5 
5(). ~· 
5•J 5 
50.4 
50 4 
50.4 
50.4 
50.4 
51.2 
51.2 
51 •. , 
51 2 
41.1 
51.1 
51.1 
51 1 
51 1 
51.1 
51 r 1 
51. l) 
51.0 
51.0 
':· _1 (' 
Sl u 
51.0 
67 5 
76 7 
76 7 
76 7 
76.7 
76 6 
76.6 
76 6 
76.6 
76.5 
76 5 
7 ,i_:_,. =· 
7.~. 4 
76.4 
/ ·=· : . 
-., L ê" 
·' ·-·. -· 
7' -... ::. ::. 
76 "":• 
69 5 
98.8 
98.7 
98 7 
98.6 
98 6 
98 5 
'78. 5 
q8 4 
9E:.4 
~0 
7~- ... :0 

o:;.e 3 
=·w '·-- ~ 

98 "':) 
9P 1 
~-·=· 

-
92 5 

"- ·-=-- -



DATE 

30-Jun-89 
01-Jul-89 
•)2--Jc•l-89 
03-Jul-89 
04-Jul-89 
05-Jul-89 
06-.Ju l-89 
07-JLtl-89 
(18-JL\ 1-89 
1)9-Jul-89 
1 i)-.Ju l-E~9 
11-Jul-89 
L'--cl ul-8'7 
1 ::'.-J ul-8'7' 
14-Jul-89 
15-.Ju 1-89 
16-.Jc•l-89 
17-Jul-89 
18-.Jul-89 
19-Jul-89 
2t)-.Ju l-89 
21-.Jul-87' 
22-Jul-89 
_·3-.Jul--89 
24-.Ju 1--89 
25-Jul-89 
:26-Ju 1-89 
:·7-Ju.l- E:9 
28-Jul-89 
29-Jc•.l-89 
30-Jul-89 
31-Ju!-89 
1)1-Auq-89 
ü2-A~..tQ-89 
0.3-Auq-89 
(14-Au6-89 
05-Auô--89 
06-Aug-89 
07-Auo-89 
08-Aug-89 
09-Auo-89 
10-Au0---89 
11-Aug-89 
12-Au.cl- 89 
l-3-F-"iuô-89 
14-Auq-89 
15-Auq-89 
16-Au2-89 
17-Aug-89 
18-AL•.g-89 
19-Aug-89 
:2()-At tr.-R<:; 
2i-AL,Q-89 
22-AuÇi-89 
2-3-Auq-89 
24-k•g-89 

§~:=~:~~'.;=§~ 
:27-Au0-89 
~8--~ug-::?9 
~c-.c.~uc;-8'7' 

::::.o-;.u0-89 
... -::1-~:_t.~-89 

------RESERVOIR------> COTE AVAL 
' •. - •• ' ,._ •. -- .- --.. -~: ---- r- ·- -. ,_. - -- _., '--

LEVEL (m1ll1ards m'3) LEVEL 
(m IGN) (billtons mA3) (m !GN) 

186 95 
186.95 
186.95 
186.95 
186.96 
186.98 
187. ()() 
187 (J2' 
187 04 
187. o=, 
187.06 
j 87 1)f: 
187.15 
187. 18 
187.24 
187 2.7 
187.34 
187 .3.::. 
187.41 
187.43 
187.46 
187.50 
187.57 
18~7' .:...~, 

187.67 
187.71 
187.77 
.!.::?7 20 
187.::::5 
187.89 
187.92 
187.97 
188.(l6 
188.14 
188.29 
188.44 
188 57 
188.63 
188.82 
189.00 
189.19 
1 E::9 32 
189.47 
189 61 
189. 7 5 
190 01 
190.2:2 
190.41 
191).61 
19(> 82 
19 1 • Oô 
1S'1 ::.~. 
191. :;o 
191.78 
192 10 
192 48 
192 80 
193 ·.~:9 
19.3 35 
1q?.5E' 
19-~. 75 
1'7'3.92 
194 2.--: 
;_ c.. ~ :::- ::::: 

194. :. 
.:\9.:1 7~.-

1'.:?4 '-i? 
195 1.8 
1'~5.:.·=-
1 c;,:os ~--~ 

' . 

3.6(17 
3.607 
3. 6(17 
3 607 
3.610 
3.615 
3.62(1 

·, .~25 

? 6-30 
"';! ~ ... 
-~· . ._. -·--· 
3 636 
3 641 
::. 6 59 
' 667 
3.682 
~ 6~'0 
.3. 708 
"'.714 
3 727 
3.732 
3. 74•) 
3.750 
3.768 
"'.781 
3.794 
3.805 
3.820 
è' Cl"'.• ,:_:, ,_,..__ '-' 

".841 
3.851 
3.859 
3.872 
3.896 
3 916 
3.955 
3.994 
4.028 
4. 1)59 
4.093 
4. 140 
4.189 
4.223 
4.262 
4.299 
4 335 
4.4(>3 
4.470 
4.531 
4 ~·'75 
4.662 
4 739 
4. Bo:. 
4.880 
4 9/'0 
5.072 
5 194 
5.296 
5 :389 
5.472 
~· ~.4,=, 
5.600 
:'·. _::,'=A 
:= .• 722 
:-· --c..-s 
:-.• 8·=·2 
c CJ -_, f.,_ ·-· .. _ ... -
<;: • '7'9•~ 1 

.-:.-- i).=..s 

.:::, 1 )4 

.~. 1 -=-·-=-· 

154.14 
154. 15 
154.12 
154. 12 
154 03 
153.93 
153. T3 
1 ~·3. 73 
153.74 
153 74 
153.74 
152. 73 
153. TC:. 
153 74 
153.73 
153 72 
153.7-3 
153 73 
153 74 
153.73 
153.73 
153.73 
153 73 
1-:·3 74 
153 73 
1:·3. 72 
15.3. 7~ 
1~?. 7::· 
153 74 
15, .. 73 
153 73 
15:;' .• 73 
153 75 
153.74 
153 72 
1~53. 74 
15.3. 73 
15:: .• 73 
153.73 
1~:-.::. 74 
153.73 
1::·3. 72 
15-3.72 
1:.3 72 
.153.72 
1::·3 74 
153.72 
153.72 
153 77 
153 72 
153.73 
.:! ~;::, 73 
15-3 72 
153. Té-
15-3.7-3 
1r::•3.97 
154 17 
154.36 
154.64 
1 ~-4 • . ;A 
1 :'·d :::;,9 
l"'i~ 7t.. 
1 s:~ 73 
1 .:.. -:.- -;--:' 

_,_ ··-
1~~.?4 
1:'-ê -,, 
15:=-. .' 
1 ~ .. ~. ~;-= 

1~4 ·-j·~~ 
l :_,::; (:•5 

DEBITS DU 
r _,. ;-· r·. -- .- r 

' - --
DISCHARGE 

( m·'·3/s) 

59.8 
59 8 
59.8 
54 6 
40.6 
27 2 
14 1 
14 1 
14 1 
14.1. 
14.1 
14 1 
14 1 
14.1 
14.1 
14 1 
14.1 
14 1 
14.2 
12.8 
14.2 
14.2 
14.2 
14 ::: 
14.2 
14.2 
14 2 
14. =· 
14.2 
14.3 
14.3 
14.3 
14.3 
14.3 
14.3 
14.4 
14.4 
14.4 
14.4 
14 5 
14.5 
14.5 
14.7 
14 7 
1..:1.7 
14 8 
14 8 
14.9 
14.9 
14.9 
15.0 
1 ~·. (J 
1 5 1 
15.1 
15 2 

14 5 
8:2 4 
68.1 
46 ~. 

1 =· 6 
1 c: .:... 

• .!.. _,. ·-· 

_,_ :-. ::: 

'~ 

1.:: -;-

1 -,c-' 2 

- -· --· • ·=· ,:c;.::-. 6 

:: ·-· ._ ·~3 

F; . ~ 



L·1::, TE 

11-Sep~-89 
12-Sep-· 89 
1:.-sep-89 
14-Sep-~89 
1~-s,p-89 
16-Sep~-89 
1 7-c:.e r-·--89 
~ 8-':.~;;; p-89 
'~;--~:e~:.--8~' 
_=·(l-Sc-p·-E.9 
.. , 1-SE p--8S' 
~:·:::--'3~ :::-·-8'7' 
=:·3-SE- p-t::s· 
:::4-Sep--8"1 
2~·-Sep--89 
::?.:-.. -Sep-89 
27--::-:~r.-····8'7' 
28-Sr::; p·--8;7' 
::__· c_~· -- ~-· ~::::- f-· -· E: q 
'3()-SE-p--P.9 
-_.1-Dct-89 
•)2-f.Jc t -89 

_-Oct-E:9 
.:.1- n .... i_ .:··.:.7 

~.':---oc._ --89 
06-0ct-89 
07-Dct-89 
( ;\3--Cit-:- t .. ,:jq 

;': -!--1 <· -- :::;::;-· 

1(1-l]ct-89 
11-0ct-89 
12-0ct-89 
13-0ct-8-::i' 
14-0c t -:3'7' 
1~~-oct-89 
16-0ct-sq 
17 -[let --f::9 
18-0ct-8"1 
19-0ct-89 
20-0ct-89 
21-Dct-89 
.::·2-rJc t -89 
z:::.-Oct.-89 
24-0ct-~89 
=·::.-cc t-89 
:2-s-o.:. t -:39 
=.·--De t ·-8'?' 
:::·8-tJc t-8'i 
:·9-[lc t -89 
~~0-0c t -89 
: 1-C:k t -2.'7' 
.ll-Nc-'.-'-E:9 
·):=:--r.Jcv-89 
o.-:::.-ND-,/--89 
=-l.-f-ND'.-'-89 
'-· :•-NCI'-r -89 

:.::_. -1'-.lc- \-' -8C1-
J 1 -r·~c . ., -:3.::;. 
·=e-~--.Jc .... -t=:9 
! c -- t-.j -=· -.• - ;_-:_:: ·::::· 

' - -
~ .::~-t-Jc- v'·---u.-:.:;· 
• ~--~--.!-::--·-·- =·=· 

c_, -·l·Jc, ·-- 8~ 
1 --· - r--) ·=· \---· --- e 9 
1 ~:--i-..J.:. ~- ::.=_:9 
19 -t--Jcv--:-39 

c -

·.· 

------PESEPVOIR------
. -
Ll '<'EL 

:.-n IG'I) 

1 Cf5 ~l(l 
195 74 
195 S'B 
196 ~4 
1 r::;,:_;, 48 
19-~·- 71 
196 s·:=:: 
19.::. 9=? 
1qb S'..:J 
JS'.~~c::·:::. 

1.9t. 9[-: 
196.99 
197 (>5 
197 .•)4 
1 ct? ( i-:· 
19?.04 
1 s·-/ 0:3 
197.12 
197 1 .-.-. 

197~19 
j 9ï 1 ~. 
: ._: ., ; .::; 

1 .:,·- 1 s 
197.1'7 
197 17 
l q·; 1 ·=-

.__,- l C· 

197 1"-
1'7'7 12· 
197 ::o 
197.15 
1'7'' 1~ 
J 97 19 
1 S'7 18 
1 ~~ 1-~=: 

197 20 
17'7 .21 
197. lB 
197 ::o 
197 =·~) 
1S'7 C•J 
197 !1 
1 Q7 1-; 
1 ::;J7 ~-, 

197 23 
197 .::·s 
197.=:8 
107 ."?.(· 
1-=17.?1 
1 o-:; ..:·...: 

197 ~~ 
197 ~.7 

19.-' • ..:•-' 

1 ·.::; .,. • 4') 
J .::,..-:· 4' ; 
.1_-::;: ! • -:4. -=-· 
JC,7 -~:-

197~-::.'"~ 
1C.·• --

" -
1 ·::;:·-~ 1:::; 

1 •: .. - ' " 

1 ·::::·-; 1-'::"· 

,_ 

lmllliar-d:::. m 3) 
'b1ll1ons m·?.) 

6 1.-,.-, 
6 119 
6. 18(> 
6 266 
6 : .. s-:::. 
6 446 

.:: .. ·=· 1 ·:':· 
b 6'7' 1 
b 71c­
t.. t-88 
6 71"'. 
·~-. 71 '• 
6.716 
6 7:.8 
6 734 
·::0 ?:.:-.1 
.::. 7.34 
6.~'4S' 
6 763 

6 7:3E· 
6 774 
·=· :r -· :=. 
.::_, -;-:::,:::::· 
6.788 
6.781 
b 738 

.~ .• 770 
6.785 
6 792 
6.774 
·'-=-· 767 
6 788 
6.785 
-t_ .• 78=! 
6 792 
6.796 
6.785 
t:../92 
·=· 792 
6.-:-96 
L., (1:;, '-
·-· ! _,,_, 

t. / 81 
t:: ·=-q 
b 8 1')3 
·'-=-·. ::303 
6.810 
6 821 
6 828 
6 83::' 

.~. s: .. 3 
b 853 
6 8:' 7 

.~ .• :::.~ 4 

·=· .~ . .:..'.-.::. ._ ,::; ·~ ~. 

·-·· ·-··----
~· ~-1-

~c- = r:: 
.~. •:..:d 
·~ 7_,__ 

...... :: --;-

~ _7,_",: 
.: . -.- ..:] 

C.OTE ~VH._ 

LEVEL 
( m I G~<l 

1 ~·b .-:.8 
15~ 9~ 
154 T. 
153 9:2 
15:- 94 
1 S.". 9:2 
1 é-c "14 
1~·~ q~:, 
1:.: ·Jl 
15t.· 27 
1~·7.0:~ 
15 7 87 
1S5.70 
155 79 
1~5.77 
155 79 
J':~~ .• 7f3 
155 86 
1':'·~.44 
155 88 
1 :-:4. E:7 
154 -39 
15.S.10 
.1 ~:~1 .--.--... 

lé-4.14 
156 06 
154.90 
1 5~1 ::_:~ç 

1 : .. :: • i_l-/ 

155 ,.1 
1 :'; :, • ::A 
15~.57 
1~56.1~ 
1 ':A 9::. 
154.91 
1 :.s 36 
1::~4 94 
1 ':·4. 89 
1 c.:,~. 84 
154 88 
154 88 
154 R:=! 
1 ~.d 89 
1':·6.47 
1':•"7 5':• 
15_ /':; 
1':·4 q_ 

1 54. b =· 
1 :,d 48 
154.46 
154.:,::. 
154 3-!: 
j ~.d 5/ 
1 ':A. 57 
1 ':·4 38 
1 c:;4. 5.3 
1 ~A ::·8 
~ <;;: /l -.~ 

-'--- ..:_ -· 
154 (),::_ 
,_ ::::-4 r •:'::: 

- '-"' .:::>~ 
.1 ':-4 9:.) 

l =-·~ 9(.• 
_':'.J. F­
-· :.:.! S', 
; o.:_: ·; 

..... --'--.! -:: c 

-~ ::'.4 .y;~:: 
l :c . ..:l :-

15~- t=:8 

DEf:< 1 rs DU 

DI SCHi-<f~GE 
(OJ ... 3/s) 

10'?.9 () 
4'24. ·~ 

46 9 
CO:l.(l 
.,.1 1 
·-··1 • 2 '1 -. 

111.8 
t:.:?":• (l 
8·=t9.1J 
76'2 1 

·= --::,4 2 
634 • C• 
634 7 
t.:\b .0 
Ôl ).:;. () 

5.1 =· .• ~. 
445 7 
312.4 
'1::· 4-
.:::.88. 5 
3:-.s 2 
=:;9t .• 1 
~~.(l4 1 
561.4 
407.0 

4::•5.8 
472.9 
607.0 
345 6 
.309. 5 
389.4 
487.9 
,. ,, 1 c;· 
5'7'2 4 
53:. 8 
277 3 
'297."1 
:'1~' 8 

c-19 9 
11) 8 

.1 34 ( 1 

'260.4 
145 9 
1 :·1 4 
1.3':· 1 
146 () 
1()9 f3 
1:.4 b 
114 8 
117.9 
!24 1 
62.1 
8!) 4 
.:;.1 =; 

-~ 4 7 f l 

.,., 7 1 
- - .!. 

--



r 
1 

1 

1 • 

·c·~.--Nnv--139 
;cLÎ-t~-~v-8"' 
3:::.--N;;v-89 
26-Nov-89 
27-Nov-89 
28-Nov-89 
::·9-Nov-89 
=-··-~l--1'-Jo--..---- 8.:::.· 
1) !_- Dec -t::9 
·:-::.>DE-c--s.:::­
•.).:.-Dec -89 
04-Dec-89 
·~,'5-C:ec--:39 
')6-Dec-89 
07-Dec--89 
08-Dec-89 
(;9-Dec --87' 
l<:J-Dec-8'7' 
11-Dec-89 
12-Dec-8~· 
1-.::'--Dec-B•i 
14-DE-c -8c? 
15-Dec --8'7 
:lt..-Pç;.c-er.; 
l7-De·c--·t39 
18-Dec-89 
19-Dec-89 
:-o-De-c--89 
=:: 1- [)ec ---::::'q 
:::·2-Dec-89 
23-Dec-89 
24-Dec-89 
25-Dec-89 
z.: .. --Dec-89 
27-Dec--89 
:·e-Dec-89 
~-=:9-Dec -89 
::.o--Dec-89 
~-1--Dec-89 

T 

·------kESERVOJR------

LEVLL 
(m IGN) 

197 -." 
J 97. -
197 24 
197.25 
197 26 
197 28 
197 29 
1 '7:7 ~-') 
1 S'? > 1 
j 97 ~- 1 
197 -32 
197 

"·"· 
1.97 -=·~ 
197 ?-4 
1''17. 36 
197 c-7 
l '7' 7 -~.8 
!. 97. :.9 
197 4') 
197.41 
.1.97 <l2 
1'7'7 4=--
197 ...1~ 
.!_C"'7~~4 

1 i? 4~­
J';-7.47 
197.47 
1s~·7 47 
i --, ~~ 

197 47 
197.47 
197.47 
197 48 
197 48 
197 49 
197 49 
197 49 
1c;·7 :jo 
197.50 

- ._ ~- ,_, .• - 1... 

(n;l}liar·d-::- rn ~-) 
(bil llons m"31 

6 70.::9 
t_. 8(.1.-_:, 
6.806 
6 810 
6 814 
6 821 
6 8~4 
6. CC8 
t:· e.-~.2_ 
L ç, -:· - .. 
._. ·-··-· .... 
6 8.?-5 
6 s-=:.9 
6 ::'4:' 
6.842 
6.850 
6. 85?-
6 t::57 
é·. 860 
t... 8.~,4 
1:.:· 867 
i... C•...,. 1 
"...! ,_, i -

6.875 
6.875 

6.8E:9 
6.889 
..... t-=:t::s 

6 88'7' 
6 88'7' 
.~. 89.3 
.~. • E: '7' -=-· 
6.896 
t:-.. 8S'.!;. 
6 8'-? s 
6. 90(1 
6. 9(l(J 

C"[ITE" Al_.IAL. 

L E:.liC_ 
( m 1 GN 1 

15? .• 42 
1 ~,:;, 4,..·' 
153 92 
1!'>3.92 
1 5:". 92 
153 88 
le_ 87 
1 •-, ~=: c_;:· 1 
15-~ .• 2-8 
1 :·1::::. 88 
15 3 7t) 
1 s-c 7~ 
15'2· 74 
15::'· 76 
153.4::'; 
1 r..:,~ -:-:9 
15~: .. ~:s· 
1 :'<3. -:;:.9 
1 ~5-3 .?.9 
15:=' .• ::.9 
1~= :c.9 
l ~1 :_;, • . ::. 9 
153 •. 39 
1 :.:. :::>:) 
153 10 
j ~~:: .• 26 
1:'<3.::::6 
1 !:. -~ :.::· .::::. 

1~-= 2·=· 
1 ~·3 26 
153.26 
153.26 
1'j3 26 

153 26 
153.26 
152 95 
152 94 
152.94 

DE F-< 11 S DU 
l. •• ,, ~. ,., . l_ 

DJSCHARGE 
(m"·c./s) 

?-1 5 
.3 j ::. 
31 5 
:c.J • 5 
::.1 :. 
:c.l. 5 
'ë-1.5 
"·1 5 
::-.1 6 
:·2 Cj 

16 ·' 
.:! t- .. ,.:. 
lb ~. 

16 2 
1 • (J 
J (J 
1 0 
1 • t) 
1 (J 
1.0 
1 • l) 
l ü 
0.4 
,. ) -: 
l..(i 
0 7 
j (l 

1 • (1 

(1.3 
1 . () 
1 (J 
1. 0 
1. u 
1.0 
1 0 
l.(l 
1 (J 
1 (J 
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1 INTRO/:X.LT/01/ 

1.1 Data 

1.1.1 Meteorological statlons 

In this report, climatic parameters are 
pericd from January 1986 to December 1989 for 
stations: 

presentee! and analyzed for the 
tre following IŒ'teorological 

- tre upper basin : 
- Mahina, Mali (Direction du Service Météorologique du Mali) 

- the valley from Bakel to Pcdor: 
- Bakel, Senegal (ASECNA, Dir. de l'exploitation météorologique) 
- Matam, Senegal .. 
- Pcdor, Senega 1 

- the del ta: 
-Richard Tell, Senegal (Compagnie Sucrière Sénégalaise) 
- St. Lcuis, Senegal (ASECNA) 

The stations are operated by the organizations indicated in parentheses. 

1.1.2 Parameters analyzed 

The following parameters are analyzed in this report: 

- temperature 
-relative humidity 
- wind speed 
- insolation 
- rainfall 
-evaporation and evapotranspiration (calculated with the Penman 

equation) 
- evaporation rneasured wi th the Pic he evaporometer and "Class A" pan 

1.1.3 Data collection 

ltlst of the data ""'re collectee! by the personnel of the Groundwater 
Pr-oject. Missing data, for- the per-icd fran Janua.ry 1SB6 ta Decemter 1989, 
"-"'re collec:ted C>y the ;,ut>-or in collaboration with ASECNA and the CSS. The 
auUur noticed sc:rre questionable data arrcng those collectee! by the projec:t. 
These questiOïable values were replaced wi th average values wl'-en i t was not 
pcssible to verity them. 

The data which >ere 
recordee! at each station. 
report. 

collectee! and analyzed are 
All the analyzed values 

tt-e malthl y 3verages 
are attachee! to this 

The text of this report contains tables of the average monthly climatic 
parameters for the 48 month pericd 1986-1989, as well as graphies developed 
from these values. 
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1.2 Evaporation - Evapot~anspi~ation 

1.2.1 Penman equation 

The equatictl used .f-ere to estlmate t.re rates of evaporaticn fran 
wate~ su~face and potential evapot~anspi~ation (~~fe~ence c~op: g~ass) 
developed by Penman, as ~ecarmended by the FI'()'. The coefficients 
estimate global ~adiation a~e in acco~dance7 with those dete~mined for 
stations in the va 11 ey of the Se<"lega 1 Ri ver- • 

2 

an open 
is that 
used to 
variCl.ls 

For the inte~ested reade~, the calculation tables attached to this 
report indicate all the coefficients values used for each month. The tables 
also indicate the relative importance of the energy and aerodynamic te~ms in 
the total evapotranspiration rates . 

1.2.2 Piche evaporaneter 

Ail the meteorological stations, except for the one at Richard Toll, are 
equipped with Piche evaporaneters. The monthly evaporation measured with 
these instruments is indicated in the following table but no analysis is made 
because tre correlation between these values and the real evaporation rate is 
tao poor. The Piche evaporamete~ is insensitive ta insolation since it is 
installed in a ventilated shelter. It is especially sensitive to relative 
humidity of the air, thus not very significant in this region where the 
evaporation caused by radiation is high. Tre figure below indicates the 
evaporation measured wi th the Pi che instrument at Mahina '"'i th respect to the 
calculated rate for the same place: i t is overestimated during the dry season 
and under estimated during the rainy season. 

EVAPOTRANSPIRATION-EVAPORATION" MAHI NA 
.DE~--.N • PICHE ,g-ae-,eas . 

<~D 

<oD 

=o 

~ 
v 

""' i 
300 

• ~D 

ë 
~ 200 

~ •~o 

•OD 

/ .-à- \ 
~ r:) v --..._ 

~ 
~ ~ 

~ -
" / 

r----- ~ 
OD 

0 -
WOY~ ~1..-...\...r:S- Y:I'IT1"11..T ""tl~::!l 
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Frère, M. et Popov, G.F., Surveillance agrarétéoroloqique rx:ur la 
prèvislon des récoltes, Etude FAO: production végètale et protection des 
plantes, #17, Rane 1979, 

2 Rijks, D.A., 1976. AqrarétéorolQQ.ig. F'G":SF/REG 114, Rapport technique 2. 
FPIJ, Rane. 
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1.2.3 ClassA ~aporatian pan 

EvaporatiCJf"! pans are r,ot ·___:sed _:., a) 1 "':he .'":1E't~r-~l='c2.c~l s,j..--3.:.i:::r-<:::- i_r t'-e 
va~ ley~ Lata -:<or tt-e E'r'~t~r-e p:=-r- icd exist for t;-.e stâtiO'l at Richard Toll 
only. Data exist for part of the period for the stations at St. Louis, Podor 
and Bakel. Therefore, no anal ysis of these data was made. The figure belc:::w 
indic a tes the correlation between tre ~apc>ratian rate oeasured wi th tre pan 
at Richard Toll and tre calculated rate for the same place (calculated ~ 0.6 x 
rneasured ) . 
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2 TfE LPPER EY'ISIN 

Tre Malian Meteorolcqical Service (Dire<: tien du Service Météorologique 
::u .,., - l ,· ' ç:-r-c,,-:.:::e:: :.~ ..... cr':~":t s:ver.::,:;;e ':li:-<".at:::: :' 2. ''>~ ~e-3:::,__...-ed a+: ""'s.'-:...""""'a '600 c::li ..... , 

ki lc:meters frcm tre sea) during the period fran January 1986 to DecEmber 1989. 
The table below indicates the average monthly values for the period. 

IEilll: ll'iillfl Sll.la: Dlflml!JI ru SEfi'IJŒ IETE!JUOOIIlE, !WJ 
LAT: !3.71 Ill: 100 ~ ESTlll'iltD 

T ~lN T Ml !!(}Y T .'lAI· !li1.'R.. l'EliT EVIV''N E\111"' H l'tU lE JOJ\S de lNSO.A- lNSO.A- E'/Pf01RI#&- EWf1)-
!Alli T ~lH REL.IUt NJIG) E~tarr; PIC 'A• totale ~luie TI !JI Tl !JI P!AATl!JI AATl!JI 

lOYe!! toy!!> toy en IIO)'l!f) toy en toy!f> r01e re Class A RAI~ '15 of totale PEtWit FriMI 
1ll!SI~ average <Venge averoge average averaçe average PlO( Pan FrtJ. rain lle\ires llres!Jr totale totale 
101/'IR Cel s. Cel s. Cel s. Cels. l a/s • • • irsld<ys 11airs lia;rsda • • 

JrM 15.3 33.1 lU 17,8 32.8 2.8 ~2.6 1 o.G 0.0 230.0 7.1 183.7 193.7 
FEB 17,) 35.6 26.6 11.1 25.0 3.2 28'1.5 1 o.o 0.0 210.6 7.5 220.4 221.7 
~ 21.2 39.4 30.3 18.2 20.5 3.0 J70.2 1 0,0 0.0 250.6 8.1 m.3 16-1.9 
If!! 25.5 42.1 33.9 16.7 2!.7 3.1 m.1 1 2.7 1.0 221.0 7 .l 311.8 32l.4 
MY 27.5 4M lU 13.4 36.5 3.9 348.3 1 1!1,5 4.3 212.8 6.9 200.0 2'16.4 
Jll( 25.8 37.1 31.5 11.3 55.3 3.7 1'1'1 ,a 1 !37.7 8.8 11'1.2 6.6 20l.ô 226.3 
Jll 23.9 3!.5 27.7 7.7 72.5 3.2 8'1.1 1 170.7 lJ,j 18'1.6 6.! !59.! 186.0 
>Ul 23.2 3!.2 27.2 a.o 7Ç,O 2.7 60.3 1 256.4 16.0 162.7 5.2 139.4 166.5 
SEP 24.2 32.0 28.1 7,8 7ô.3 2.ô 00.0 1 171.9 12.0 186.3 ô.2 142.9 170.0 
Xi 22.4 35.0 2!3.7 12.5 68.1 2.4 7'1.7 1 46,0 5.0 m.4 7.2 156.7 1B2.4 
!{N !7.3 35.b 2o.4 18.4 46.8 2.3 1~.6 1 0.0 o.o 213.8 7 ,J 168.2 192.8 
D€C 1U 34.2 24.1 20.2 38.9 2.6 223.0 1 0.0 0.0 221.4 7.1 !77.3 :ae.o ---·----- ----

TOT IL 2559 814 00 2520 2418 2631 

2.1 Air temç.er a b...1re 

The figure bel""' indicates the ave~age minirrum, average l"'dxi.'1U!Tl and 
average (Tmin+T~~x)/2, temperatures at Mahina for the period. We note that 
April and May are the warmest rncnths of the year and Cec:Ember the coolest 
rronth. We note also that the difference between the average mini«um and the 
average maxirrum temperatures is large fron Dc:tober to June. The difference is 
reduced during the rainy seasa1 wren the relative hJmidity of the air 
increases. 
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lflEO: !Wllltl WŒ: DIRECT!IJIIXJ BIIŒ IETEOO.OO!Ilf, M.! 
LAT: 13.7' lU: 100 I[T1(5 EST! lEE 

ESTIIIHED 
T ~IN TIIAI TillY r w- IUI.REL. \{Hl 

~·· 
~·N PlUIE JOJlS de limA- limA- E'll'i'OlTIAIE- EVIIPO-

TA'I& T ~lN REI..IUI. ~Ill EVIpo- lW: 'A' totllt pluit Tl !JI THil PIRATIIJI RATIIJI 
toy en ~eyen IOyen ~eyen ~eyen toy en "OIE tl"! Clm A R!I!N ~YS of totait ~ ~ 

~:s .. ;ll : •=~ a;e a•e .. ~;e- h?~~;~ jv~~:;e :i'd?n;e :.:~3ge PW-f =-ar: '.IL' .. a:~ ~e'..:r?S ~,r?s// tL:~.::e :::a:e 
lOU IR Ce1s. Ce1s. Cel s. Ce1s. t liS .. .. .. irs/days hours hours/di .. .. 
Jan-66 13.5 31.2 22.4 17.7 2'1 3.2 266.2 1 0.0 0 247.3 8.0 207.7 217.7 
Felt-66 16.3 34.7 ~.5 18.4 25 2.7 287.8 1 0.0 0 ~.4 9.1 197.6 210.1 
~-66 2().2 38.7 2'1.5 18.5 17 3.3 3'12.4 1 0.0 0 2134.0 9.2 2139.7 303.8 
Apr-86 ~.8 l).9 33.9 16.1 22 3.7 439.4 1 3.8 2 239.4 a.o m.5 34!.8 
1\iy-66 26.5 38.1 32.3 11.6 44 3.8 m.s 1 n.5 7 194.9 6.3 231.4 249.3 
Jun-66 25.3 38.0 31.7 12.7 53 3.6 234.7 1 81.0 6 223.0 7.4 116.6 239.4 
Ju1-66 13.6 31.2 27.9 8.6 71 2.8 101.5 1 245.1 11 199.3 6.4 159.0 186.3 
Aug-86 22.9 31.9 27.4 9.0 75 2.4 76.0 1 172.9 !5 186.4 6.0 H6.0 173.7 
Sep-66 22.6 30.2 26.4 7,6 78 2.6 52.7 1 235.6 18 179.7 6.0 !32.8 159.5 

f' Oct-66 23.3 34.2 28.8 lM 68 2.1 40.5 1 67.8 5 229.7 7.4 149.8 176.1 
NDY-86 16.8 34.7 ~.8 17.9 43 LB 185.6 1 0.0 0 201.8 6.7 153.8 166.3 
DK-86 13.0 33.3 23.2 20.3 41 2.6 229.9 1 0.0 0 201.7 6.5 169.7 179.7 
Jan-87 13.8 35.3 l4.b 21.5 41 1.9 238.8 1 0.0 0 231.9 7.5 155.4 168.3 
Fe~ 17.1 37.7 27.4 20.6 30 2.7 273.4 1 0.0 0 219.9 7.9 20!.7 213.2 
1\ir-87 2().2 39.5 2'1. 9 19.3 20 2.5 385.3 1 0.0 0 211J.7 8.4 248.0 261.2 
Apr-87 24.5 42.2 33.4 17.7 22 3.3 406.6 1 0.0 0 2()2.3 6.7 304.1 3H.3 
1\iy-87 2'1.0 41.4 35.2 12.4 38 4,4 336.0 1 15.4 3 154.9 5.0 28!.2 293.1 
Jun-87 26.~ 37.3 31.9 1o.9 55 3.6 194.6 1 115.9 7 186.3 6.2 200.9 221.5 
Jul-87 24.8 33.3 2'1.1 8.5 68 3.9 111.6 1 140.5 11 205.1 6.6 18!.9 20e.? 
Aug-87 23.7 31.8 27.8 8.1 77 3.1 68.4 1 137.3 13 155.9 5.0 146.3 rn.3 
Seo-87 28.8 34.1 lU 5.3 71 2.8 8-4.9 1 76.0 6 lOU 6.8 168.6 196.2 
Oct-87 22.7 36.1 29.4 13.4 65 2.6 118.4 1 56.6 6 203.2 6.6 167.5 190.7 
NoY-87 17.3 37.5 27.4 20.2 43 2.7 192.0 1 o.o 0 m.9 7.6 1'12 .1 206.5 
DK-87 16.5 35.1 25.8 18.6 33 3.1 263.9 1 0.0 0 218.2 7.0 212.4 221),8 
Jan-88 21.1 31.6 26.4 lO.S 33 3.7 248.4 1 0.0 0 208.1 6.7 184.2 1 '12 .8 
Feb-88 20.3 34.9 27.6 14.6 22 4.2 326.4 1 0.0 1) 168.8 5.8 2~.2 263.1 
1\ir-88 24.2 40.0 32.1 15.8 23 3.4 334.1 1 o.o 0 208.4 6.7 2139.9 m.1 
Apr-98 26.2 42.~ 34.4 16.3 21 3.2 435.4 1 4.2 1 221.2 7.4 305,7 317.1 
1\iy-88 2U 42.~ 35.0 15.0 30 3.8 3'12.6 1 18.1 2 ~2.6 8.1 3!0.8 328.1 
Jun-88 26.2 36.0 31.1 9.8 59 3.8 156.3 1 188.4 8 18.1. 7 6.2 195.4 217.4 
Ju1-BB 23.6 30.5 27.1 6.9 75 3.1 74.3 1 238.2 16 !48.2 4.8 145.0 169.4 
Aug-88 23.1 30.4 26.8 7.3 82 2.6 41.6 1 345.~ 18 140.6 4.5 12'1. 5 155.7 
Sep-88 22.9 ]1.7 27.3 8.8 78 2.2 49.0 1 197.9 13 178.0 5.9 133.0 !59.9 
Oct-88 21.7 35.3 213.5 13.6 68 2.3 85.9 1 18.4 3 236.4 7.6 159.7 18.1.4 
NoY-88 16.2 35.3 ~.a 19.1 49 2.0 131.7 1 o.o 0 227.8 7.6 155.1 171.4 
DK-88 12.6 32.9 22.8 20.3 33 2.1 209.2 1 o.o 0 244.9 7.9 1~.6 168.8 
Jan-89 12.9 34.4 23.7 21.5 28 2.5 256.9 1 o.o 0 232.7 7.5 187.3 196.1 
F•!t-89 17.0 15.1 26.1 18.1 23 3.2 270.2 1 0.0 0 200.4 7.2 224.3 232.2 
1\ir-99 20.3 39.3 29.8 !9.0 22 2.8 369.0 l 0.0 0 249.4 8.0 261.9 275.0 
Apr-89 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
llay-89 27.0 4).6 34.3 lU 34 3.7 365.2 1 8.0 5 248.6 8.0 296.7 315.3 
Jun-89 25.4 37.3 31.4 11.9 54 3.8 213.7 1 165.4 H 200.7 6.7 20M 227.0 
Ju1-89 23.5 30.1 26.8 6.6 76 2.9 69.1 1 59.1 15 205.6 6.6 150.4 179.6 
Aug-89 23.0 30.7 26.9 7.7 82 2.8 55.3 1 36'-9 18 16<'. 9 5.4 L"M 16-4.5 
Sep-89 22.5 31.8 27.2 9.3 78 2.7 53.3 1 !77.9 11 184.0 •.r 137.2 164.l 
Oct-89 22.0 34.2 213.1 12.2 71 2.4 73.8 1 41.2 6 221).2 7.1 H9.9 176.4 
NoY-89 18.7 35.0 26.9 16.3 52 2.6 12'1.1 1 o.o 0 197.6 6.6 171.7 187.0 

• Dec-89 13.9 15.4 24.7 21.5 49 2.7 18'1.0 1 o.o 0 221).8 7.1 168.7 182.4 

' 
m 12.6 30.1 22.4 5.3 17 1.8 40.5 1 0.0 0 140.6 4.5 12'1.5 155.7 

1 IIJYIAI'S 21.4 35.5 213.5 14.1 48 3.0 208.7 1 69.2 5 209.8 6.9 199.1 217.0 

• Ml 29.0 &2.5 35.2 21.5 82 4.4 139.4 1 369.9 18 2134.0 9.2 S28.5 341.8 

-----IIJYEHS iWlEJ..S - ~y IMI'JiliES---- TOTrtJX iWlEJ..S - ~y TOTrt.S 
------- -----------------

1986 20.8 34.9 27.9 !4.1 47.2 2.9 211J6 1 879 64 2640 1 2383 211J4 
1987 22.1 36.8 29.4 14.7 46.9 3.1 2674 1 542 46 2471 1 241/J 2667 
1988 22.1 35.3 28.7 13.2 u.a 3.0 24B5 1 1011 61 2422 1 24~ 2630 
198'1 1 1 1 1 1 1 1 1 18221 [691 1 1 1 1 

! . 
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l!li!IHA EWI'()-

l'MA- PSYOO- R~~Y.n. INS.ASTR. Rl\1!0 RAD'N llH'S IIIIR l'Al' .SAT. 1/AP.PCr. RAD'N RAD'N aiFF. rEROOY-~ RI\TIIJI 
IUlE IETJUQf 11\l MI IH9l'N RECJ llJO: lœY SAT'D '/ri !tM.. '/ri EJHSE lUTE lm IM!Qf P!Mll!ll eau Iiln 

COOT. !n.M RAD' N IH91' N REC'D RAD'N TOO.-fRES.IDE.-MS. EIIIOO lET WIND ~JC PIJTEIII'L lr.e .ater 
STATUT Saisie Saisie Saisie Ca!c:ul Calcul Calcul Saisie Calcul Calcul Calcul Saisie Calc:u1 Calc:u1 Calcul 
STAn.IS ~asured ""aSûred ~asured Calcul 'd Calcul' d Calcul' d ~asured Calcul· d Ca!cul'd Calcul'd lleasured Calcul'd Calcul'd Calcul'd 
~)""ŒC.._:::s J€ 1 !a~~m~a '~ N n:~ p~ s '\4 El :d Ed,:-r/N °P,::·''I,;d E~J~ .:~ E~ =~ 
~!TE sans/nooe 11H20 hros/twrssans/oooe 11H20 11H20 1illibàrs 1illibars 11H20 11H20 sw 11H20 11H20 11H20 

J~-86 2.4!1 12.41 11.3 0.71 3.8'1 15.10 26.93 7.81 2.69 !.21 0.8'1 5.49 6. 70 7,02 
Feb-86 2.?4 13.62 11.6 0.78 4.71 15.76 32.64 8.16 3.15 !.55 0.8'1 5.50 7.06 7.50 
llar-86 3.58 14.8? 12.0 0.76 5.33 16.61 41.01 6.?7 3.5'1 !.74 0.89 7./IJ 9.34 ?.80 
Apr-86 4.44 15.65 12.5 0.64 5.J5 17./IJ 52.62 11.58 2.82 2,5:3 0.89 8.42 10.95 11.3? 
l!ay-86 4.13 15.83 12.8 0.4? 4.74 17.24 48.38 21.2'1 1.47 3.21 0.54 4.1? 7.46 8,04 

a J!ll-86 l.?? 15.70 13.0 O.S7 4.?? 17.10 46.50 24.65 1.41 3.58 0,61 3.64 7 .Z2 7.98 

i Jul-86 3.32 15.72 12.? 0.50 4.53 16.27 J/.5'1 26.6? 1.04 3.4!1 0.54 1.65 5.13 6.01 
lllg-86 3.Z2 15.65 12.6 0.4!1 4.3? 16.16 36.]) V.ll 0.?7 3.43 0.54 1,28 4.71 5./IJ 

1 ' Sep-Sb 3.07 15.14 12.2 0.4? t24 15.'15 34.43 26.85 0.?8 3.26 0.54 1.16 4,43 5.32 
' ,., lkt-Bb 3.46' 1U2 11.8 0.63 1.55 16.15 3?.38 26.78 1.28 3.T/ 0.54 1.57 1.83 5.68 

1tlv-86 2.?7 12.84 11.4 0.5'1 3.97 15.81 33.03 14.20 1.?6 1.?2 0.89 3.21 5.13 5.54 
Oec-86 2.5? 12.02 11.2 0.58 3.17 15.27 28.26 11.5? 2.00 1.4!1 0.89 4.00 5.47 s.~ 
Jan-87 2.7? 12.41 11.3 0.66 3.89 15.56 ]).75 12.61 2.23 1.66 0.89 3.35 5.01 5.43 
Feb-87 3.24 !3.62 !1.6 0.68 4.4!1 16.!6 36.5! 10.95 2.62 1.87 0.89 5.34 7.20 7.6! 
llar-87 3.65 14.8'1 !2.0 0.70 5.12 !6.70 11.?6 8.3? 3.!7 1.?5 0.89 6.05 3.00 8.13 
Apr-87 4.33 !5.65 12.5 0.54 4.93 17 ,4!1 51.18 11.26 2.45 2.47 0.89 7.66 !0.14 10.48 
l!ay-87 4.71 15.83 12.8 0.3? 1.45 17.91 56.84 21./IJ 1.2'1 3.16 0.61 5.91 9.07 9.45 
Jun-87 4.03 15.70 13.0 0.48 U3 17.!4 47.03 25.Bb 1.15 3.48 0.54 3.Z2 6.70 7.38 
Jul-87 3.51 15.72 12.9 O.S1 4.64 16.52 40.06 27.24 1.07 3.57 0.54 2.30 5.87 6.73 
llJq-'!17 3.2'1 15.65 !2.6 0.40 U2 16.24 37.16 28.61 0.79 3.33 0.54 1.39 1.72 5.56 
Sep-87 3.96 15.14 12.2 0.56 4.70 !7.05 45.?8 32.04 0.8'1 3.86 0.54 !. 76 5.62 6.54 
Oct-87 3.58 1U2 1!.8 0.56 4.33 16./IJ 4!.01 26.66 !.lB 3.15 0.68 2.25 5.40 6.!5 
1tlv-87 3.24 12.84 11.4 0.67 4.19 16.16 36.51 15.70 2.!3 2.06 0.89 4.34 6.40 6.118 
Oec-87 2.'18 12.02 1!.2 0.63 3.74 15.82 33.Z2 !o.96 2.35 1.39 0.8'1 5.47 6.85 7.!2 
Jan-88 3.06 12.41 !!.3 0.5'1 3.78 !5.94 34.Z2 1 !.2'1 2.24 !.54 0.54 4.40 5.94 6.Z2 
Feb-88 3.27 13.62 11.6 0.50 3.?2 16.21 36.94 8.13 2.2'1 !.63 0.75 7.28 8.90 9.07 
llar-88 4.09 14.89 !2.0 0.56 4.7! 17.20 17.83 1!.00 2.49 2.23 0.82 7.!3 9.35 9.67 
1\j>r-88 4.55 15.05 !2.5 0.5? 5.!7 !7.71 54.1! !1.36 2.69 2.4!1 0.89 7 .7! 10.19 10.57 
l!ay-S8 4.71 15.83 12.8 0.64 5.46 !7.Bb 56.24 16.37 2.33 3.12 0.75 6.90 !0.03 10.58 
J!ll-88 3. '10 15.70 !3.0 Q.48 4.60 16.97 45.!9 26.66 !.09 3.5! 0.54 3.00 6.51 7.25 
Jul-88 3.17 15.72 12.9 0.37 3.99 !6.09 35.65 26.74 o.~ 3.19 0.54 !.49 4.68 5.46 
lllg-88 3.!2 15.65 12.6 0.36 3.92 !6.02 35.04 28.73 0.70 3.Z2 0.54 o.96 4.!8 5.02 
Sep-118 3.Z2 15.!4 12.2 0.49 4.28 16.14 36.30 2!1. 31 0.?2 3.36 0.54 !.!:@ 4.43 5.33 
lkt-88 3.42 14.!2 1!.8 0.65 4 .IIJ 16.40 38.93 26.47 !.33 3.27 0.68 !.118 5,15 6.01 
No\>-88 2.?7 12.84 11.4 D.b7 4.!0 15.81 33.03 16.18 2.00 2.10 0.89 3.07 5.!7 5.71 
Oec-88 2.54 !2.02 1!.2 0.71 3.79 !5.18 27 .5'1 9,11 2.57 !.Z2 0.89 3.90 5.1! 5.45 
Jan-89 2.66 12.4! 11.3 0.66 3.85 !5.37 2'1.!3 8.16 2.61 !.24 0.89 Ul 6.04 6.33 
FeH? 3.01 13.62 1!.6 0.62 1.21 !5.87 33.61 7.73 2.66 !.55 0.89 6.46 8.01 8.29 
l!ar-89 3.65 14.89 !2.0 0.67 5.0! 16.69 4!.96 !.23 2.95 2.06 0.89 6.38 8.45 3.87 
Apr-89 1 15.65 12.5 1 1 1 1 1 1 1 1 1 1 1 
l!ay-89 4.55 !5.83 12.8 0.63 5.38 17.70 54.11 18.40 2.13 3.25 0.75 6.32 9.57 10.17 
J!ll-89 3.94 15.70 !3.0 0.51 4.75 17.03 45.72 24.69 1.28 3.47 0.54 3.38 6.85 7.57 
Jul-89 3.14 15.72 12.9 o. 51 4.52 16.03 35.24 26.78 1.03 3.49 0.54 !.36 4.85 5.79 
llJq-89 3.14 15.65 12.6 0.43 4.19 16.~ 35.24 28.90 o.~ l.39 0.54 1.00 4.3? 5.3! 
Sep-89 3.19 15.14 !2.2 0.50 4.33 16.11 35.87 27.97 o.96 3.37 0.54 !.20 4.57 5.48 
lkt-89 3.36 !4.12 1!.8 0./IJ 4,43 16.31 38.03 27 .1! !.20 3.23 0.61 1./IJ 4.83 5.69 
1tJv-89 3.14 !2.84 1!.4 0.58 3.89 !6.04 35.24 !8.43 l.ô7 2.Z2 0.89 3.50 5.72 6.23 

• Oec-89 2.~ 12.02 1!.2 0.64 3.70 !5.58 3o.93 15.03 1.96 !.74 0.89 3.?0 5.44 5.89 

' 
~IN 2.4!1 !2.02 1!.20 0.36 3.47 15.10 26.93 6.?7 0.70 !.21 0.54 0.96 4.!8 5.02 

1 'lr!I/!W!J 3.45 !4.44 12.10 0.57 4.42 1ô.40 39.39 18.71 !.82 2.61 0.72 3.94 6.55 7.14 ., 
MI 4.7! !5.83 13.00 0.78 5.46 17.91 56.84 32.64 3.5'1 l.Bb 0.89 8.42 10.95 !1.3? 

COOTMTES ET !IDFICIE!f!S UTILlSEES - DJf.iliWTS ~Hi aiFFICIENTS lW 

Albe<Jo' 0.25 (evai'Otranspiration), 0.050 (evaporation) 
, Cœflicient 'a' '0.2'1 : radiation tente: la + bln/NI 

Coefficient 'b' ' 0.42 : r!diation terae: la • bln/N) 
Cœtficien\ liu Vent- Nilld' Tire de lread fr01) Table, P.40, Para.2.3, FAO 1979 
Ra' Tire de (md frot! 'able 10 P. 44 , F((J 1979 
N 'Tire de !read fr01) ·able 2, P. 46, FAO 1979 
Ea' Tire de (read fr:>~l Table 7 P. 53, FAO 1?79 
Ed ' Calcul: Ea 1 lllil:g FAO !91Jl' •2, Par; s, Note 12 
slk4 ' Calcul: 11. 71E 1 !Tc + 1'4 
Deltas- 'Tire de !read fr01) Table 10, P.SB, FAO 1979 
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