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IJ1().JECT J:I ':VII:\\ 1',\1'1 -: 1: 
TITLE: 01\ V~/SI ':NI':Gr\1. mVEI{ IL\SIN IIYDHO:\II ':TJ:()I:01.0Gll '.\L 

YS 'IT,\I \ N D IIYDI:OCI :OI ,()(;W 11'\\ '1: ,' '1' 1(; \ 1'1()~'" 
,\1\1) I':V.\I ,U . rJO~ 

1. Prior it and Rel e vanc 

The strategy stat e e nt of th e Deve lopm ot AS Sist.J oc Prog l' ..l1l1 

(DAP) for 1976-80 fol' th e tr' entral- \ st Afr.ican I' ion, of wh ich th 

Senegal River ba ;:,i is a pa rt, cooc illd s b s ~lt i n h ' l h 'nit d ..ll S 

must (1) contin u to assist in in ,- a ' ng f 0 pr0d l c · 'on rom I'y ..1n(1::; 

and pres e nt irrigat d a l' as a nd (2) mb' I' xp. nsion 

of the producti v ,-eS Otl"C b s thl' ugh I'i\' /' b ... s in p d 1-

opm n1. \\ 'it hout cOlnpl ' l'i ' ll" b~s) n p;1 n ' ll h' 

m e ch a ni s 'm 1'01' h n or l' f r' I Sl' f l'r ' n 

gr'oLln~ wat 1' , th ' l I" CU UI'.1 PI' 1n 

to oscUlaj from m xil11um to minimum d p !l ei ng 11 ' 11 n agni lid an 

intensit y of t il I' ai nfa! and h' flo odi/) of til dv /' , hu, P I'P in 

the' :-.iSti ll ' s u b · i.s Lcn till • ) ll . I' S)ll..!) II 

can b c ha l1g d, ,\l HI ":11' . 1 ifill 1 l 

t 11£' :l Q " II 111 ' , 1 \ I' '1. 11 • 1 :' {til 1' 1' III n ::> Il ' ' I I 'l't! Ion .Ill I . II . ' pi /' 

cOllntl'irs, oth I' p~ll'ts of :HI 'iea, 1'1\ I"! t m.ld, I::; . Til Of"!.!.\Ir1 ~lIlO n , 

acqllisiliUl1 , , tl ll i i nt I 1'1'1'(' .11 ion "f ' iL l \\.1 l ' I'-, ' ( ' ' 0111 ' (' \ " (il lI:.t d ll d Ilw 
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, 

t'(:qllin 'c! I( accompJi:-;1l 111( 's( ' !! fl :I!S. T lt l S( ( ' 1111' t,: ' ) , I IS ' fl Il , · \ t '. \' fl , 111./ 

utiliz(' lhe- !llll1lall and nalul·' .. l! l 'L'::;UUI 'ce::; or lite Senegal Hl .... t:t · basin foz' 

increased food production The most important I' sponsc to (his goal 

is river baSin development-that is. the d elopn1cnt of th su!'fac e 

water and ground- water resources of the area. to b us d scpar3t l ' 

or conjunctivel.>. depe nding on a vailabilit y. t.£m -fra m r qu ir m 111 

for developm e nt , conomic fact or's . c . T h pu rpos of h Pl'oJ ' c 

is to stre ngt hen th · t c hnic pla nning OI1lP n~ c o f th I'i ' t of 

the Organiz at iafl po u r l a ?\Ii s n a l U t" du }' 1 lo V ( :\1 ~ ) b: 

est ablis h ing \)(hi n :\ I\' :l h)drom tl' / '0 .. 0 ic I sy m 0 p r'O\' idc :.l 

conti nuou s /. 1'(1 of I' h ' r no', ' n r" 1111' 1, by im k ' ' 

st ations on . h ' l1 .. lin ,:; /' ' :" m Il m ' Jor t l' bu .1ri ' S . 
!> h ul d 

provide th e ba ic du t:l s ~ co nt i 1 fO I' b . noo \ ~Irn ' ll Jnd 

water-l' e SO ll /'c pro) t d 5i n an d fol' t il ' (i ll1 ing r ri u l ti l .tl ;l h '-

iti (")'f'ia 'd ' uf.oud. l1! 0\ r: ' l l ' U\::> , , \ I U l l ' r !JUI U ::> \ 
til !' pr ' J l' ' 

is to iel ' 11 if. ' II, 
' .. lun, lj \U B .t :. , lIl d q " ; yo,,' r l1 I \. 1 'I' . 1/ d i 

)' (' lath ll 
S II " ',1 ( ' \, I ( ' ,' i n Il l ', \' 11 ' r.tl I 1 ( ' l , l-;II I , 

Ol1l' )1' Il l ' ,1I 'g l ' ' ( def; ; (\ :1 \(' " I II t lt v i ll i 1.1 lU ll ( . Iv Vh}pnll 'll l 

(ot') its lll:.1JOI ' triuuL11 ' il's 3t spt'cific pOims :.lIang Ihe !'in' l' system. 
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;\1 (':,lIling rlll (JI ' " 'ipil :1 1 iO Il illl \ ' Il :-.iil .1 , 11 : 1 af'( ' 1ll ' (,llt ' d al 1 \, :-il ; 111(J1I!"l 111 

1III ' J I \ ~ l tI:" t1 I I ',~,I I ' V , l l) I ' i i l l 1,, 1 '/ , '" , I: I' ! \ \ 1.") , 

few measured flood peaks, and the rating curves show"ng the stage-

discharge relation at th e streamflo\\,- gaging stations ar not well defined 

at peak stages. In fact, most of th e curves are extrapolated or e sti-

matp.d from slope - a rea determinations. Th e rive rflow in the 10\\ I' 

basin below Bak e l is not known b caus of urun asu t" d ov ' I'ba nk flo\', 

and the diffic ult i n I' ti ng f id 1 inllu ' I1C 

Precipita ti on inten ity lIat il ble fo r nly a fe w tation ;,; 

that a re rel evan h pl'cdi e i on of r te ' in t he !'i ve I' stem , 

Be for e effe tive I'iv r b .. sil pl nning ' ,n impl m n cI , h' r 11 win n 

addi~ i o l1 1 inf l' ma iOI S I"e q iI' d: ( 1) PI' n, ' ity ~" (2) 

accurat e deter'm in ... i f pea k eli. eh I' ges , a nd (3 ) o ntinu U' I'ec r' d 

of riverfl Q\v dl.ring f1 d p ri ds , Thi is €:::ipe i.11 ' t r'u f r the 

de I'mi 1. i nll pf Il prnh.l l lc I ) ;l'\i lilll l ll I'll () r ,1' Iw d sir,: 11 o f 

li ve 1'::; i :))1 ~ I1d s ()('. frc cI II) , h yp s f I' q \I i 1" cI i f h 

l'iv I' S'yS 111 i s () b I't II I, d I I 1I'(I\' id' Illaxill \l ll l II iliz.l ' n n \) 1' 

Anothcl' tT l i <.1 1 d fi i~1I Y i' Ih' lac k If d<.lt ~ pertailling u 

river O VCl'tl \,s it s ba nk • ~Io r d'tai l eet ae ura ( t o p graphic ma p s an,' 

required to delineate the flood-prone areas. The paucity oC this 

- 3-



inffJl'lllatiull ;I/Id I ltl: , 'Vel1l ill,t!' i ll ,l l>il i Y " !-! I 'I r l,,,,d - \\'. " 'Ili ,, !, ' ll f ' iI'll1 ;l' 

tiUI1 to the peupk L:.luse ills s Il l' lifl: II inllalrit;.tll !."; a ud 1i\'L' ,~;L ck alld 

damage to crops and prqperty. Conversely, if flood-re ce~s i on 

information was available 011 a ceal-time basis, e a rlier or more 

timely planting could be done in the recession farming areas, 

which would enhance the probability of a succes::iful ha rvest. An 

improved, expanded, an properly ope r ated a nd maintained 't r e,111 -

gaging system a nc p I'e c ipitat ioll networ-k al1d a I'ap id ommun ic ti 11 

system are needed , An effective o r' gan i,z tion 

opera te these ::;y te n s , 

Is c' q ui red to 

The comm 11 sit I' te ming .. 1ll ng d \' 1 ling n ti /..,; 

governm ent Ol'g ni za ti OIl tend to downgl' de th 
f <. a 

acquisiti on and fa il to l' ealize tha t the Succes::; r f ilul'e f a n ent ir 

developm e nt pI' g r a m i, d -pe nd li t on ac LI/ 'ate and m et nill ' f\1I 

Defic ie n i S ill l:.lC i i i t i e$ ~ II f eq uipmell t ! ' til' ens iI.;.:.>t pl' obl ; II ) 

re o l\ e v 11 L' Il f II Il cI i II i ~ . 1 \ '.1 i I a h I 'I'll, I; I' ' l' ' '\l ll ' 1 / '.1 i 11 

' who arc p l' ope/'I} I11tll i\' ; 

over'come thi s d ~ fi c iC'/1 C''y 

organization. 

' ,1' 111 ' , 1 :1 11.1 • ' I' ' l' i '11(' ,II : " ' " ' 1: , t 

::tile! : \ I(' q llat 'I)' ,,:Ii I. 'I'll I.Htly \ :1," () 

to cI 'vc l tlp a ll e fr ',; iv a ll-in lusi\'l 
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eSt;; (; nfial tIl ;J( ·(· (' lI q di . · 11 t i ll' ..; , ' ,' rl/' !..!II <! \',ltit ,1t i,' 111'1 11' illili ll l 

utilization of the water resources of the Senega~ River basin as 

determined through the media of river basin planning and develop

ment. The United States has an opportunity to playa critical role 

in helping these countries achieve this goal. The United States has 

expertise and interest in + 1e following: 

2. 

1. Orga nizati on and man gell ent. 

2, Training, 

3. Technical ::.::;istance, 

4. Capita1 as 

ts of he stablishmen [ n im pI' v d 

hydrometeor'olog lC g ic y't 111 [ (' t he neg I R iv 

b''!. 'i 11 . Til i...; 111l I ' ( . \,; L'd \ u ti d U' ' I',llll • I ( Ull ti.:;; v ' I' l 

I' 

y en I' pe I'i ~ld , The pI' )j \ \ 'l li l t! in Iud \ ( j ) t, 'hili ' ..11,1.'",1:-; .\lIl • .! , ~) 

pr'ovisi OI1 , Ild i ll ' .tll. il1f1 )f 'qUi)lll' I 

menlbcl ' - 'U lIIl r,v p ' I ' SU IlIl 'I, (4) . 111. lY SIS .llld l ' \ ' ,1 l lil JPII 1)( 1\'d l' o 

meteol'olog ic .ll1d hy It' oge l iligic dat::! , (.i ) "stabl!"hlll 'I I Il l' ,I fl tlod -

warning a lld pI' t'c ip itati H I I ' Cjl\ ) ! '! fllg Il ' \ ,wk , ; Illc! ((i) ( 'Pl't'd'llig l'( " ~ 

for the initial 5 yean;. It i::; essential that the project be VCl'y closeJy 

-5-



('(( ,< ~ \ '! I 

coordillation eliminates duplicatioll and r'c1:iults in a Suppul'th'e effort 

that will enhance the capability uf ,dl Ilrugr'am:,; !u ;dt.tin their' ,~(l~tls. 

A. Technical :\s::iistallL'L' 

The techllical as::iistallC'e par't o[ thL' Pl'Up(l~,L'd !Jl'(lject wuuld ~e 

and 1 CUllI1I1Ullic,,:illIL"; technicLin [1.11' ,) ::(';(1':;. Till' teL'hnicdl ;1:;si...,::lncL' 

the pl'uJt:t: ,dic! '.', "ld : wl!l'k with l'l'i'l'l· . ..;l'll'.'::\'c,,, if"'lll tilL' diffl'l'L'lll 

illC Itl' k 'Lv I. :!. ',', 

1. I [ydt'llflH't ,'j.- l't)1I1Pllll'lIt, 

4. Hadio tr'an~llIissioll and l'ccciving equipment. 

-6-
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The equipment should be compatible with that beir,~ prc/cured for the 

communication.,; ::iY::item ~)f the CIL.~S :\g!'umet-Hydr'ollh:1 ::iY:-:ilem I.ll 

facilitate in integration or illtcrtie, if de::; ired, and in the c..ipability 

standwrdi I.l,e! tu insure l.'dSl' uf upl'rdtion <Inc! :nJinLl·!I.lnCl' in till' ndtiL'nal 

or O~!VS Cl[L',lS uf !"L' ;'!Juns i lJi i i ty. 

project. T!'ainillg (If pC!'::i (IInL' I ,-; !l' luld hI.' I III :l high lC\'l'l and ;-;hould 

l"!.t.' ~'~ll.\;i\i.l·l'.~, .-- );1 'lil,,1 1)(1 l·,jlJ.l·.:'~\· i..::·.l,ft.I.\~l'.-, 1:\ 't'I' t :t' .,1 ..... ('t' 

civill'llgilll'L'l'l!l'-! Il(' gl'I,[P!-!Y .\~ .ll'plk,lldt'. l)lIL' L'<)lIiP'l1l'llt .';!'l·l.'i.lli.-;! 

Statl'::; flit' H ttl 10 lllllnth:-;, FOl'mal ill,-;I!'lIl'li(l1l .llld (In-thl' 'jll!J tl'ain-

-7-



ing at sui1:ll>le I()catiol\s and ill,-;tillllilJlb ill III!.' 1I1L'lldlL'I' t'llIlllll'j.,.., 

.\ I' !: . .'. . , I ~ !:!!' : . I ~.' r·'" : : " 'J 

countries and OMVS: 

1. Four (4) cnginccr'ing tcchnicians (hydrugco\og.v), 

2. Twcnty-five tu thir'ty (2:) tll JO) hydrolugy and 
meteorology technicbn;-;, 

3. Eight l'UlIlIllLlllil',l:iu::,"; :1.'ll.llic'i,L!b, 

D. ~.!1a}ys is ani I E\';llu:lti, III .llr 11:"lr:~llllt'!L'ur ~I.~og~ca\_ :ll1d ,lly,lr(lgt'olugic:ti 
Data 

1 ;. {' t t' .l:;} 

maintain the :-;y,,,;tl'lli::;, TilL' te:llli \'.'{Iu\d .l...;:-;i:.;t ill thl' IlJl'lllll\;ttilifl III 

t •• : ~'tl fl t !' i I' ..... 

E. E ~-; t. tI 11 i ;,;1 1111 t 'll! \ "'.1 F I (ll Id - \\' ,II' II i Ill.! ,Ill II I) I't.' '.: i I' i ! ,I • i. "I - t: t' ! 'I \ r! i II ~ 
Nl~t\\,lll'h 

(',-;ill:..: Iltl' ,1111)\'\' .1.-;>t'lllld,," ,1.1!,I, TI1\' ,'(ll\dlillt,d 't',llll \\''1ild 

levels at different points along the l'ivcr' Sy:,;tClll. The inror'Illation 

-8-
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F. Operating Costs for the Initial 5 Years 

The majur problem with the existing hydrometeof"(llogical 

stations is the lack of fund::; and tra~:-,ed pers(lnnd to properly operate 

and maintain them. Rl'cords for sL,veral stations having auto:natic 

recor'dcrs ~l['e nut beillg ()tJt:lilled iJe(;,1u::;L' uf ill()pel':dde ['ecunfel'::; 

due tu the ldck If ll..lilltl'[I.lIll'L' :!lld L'tj'lildlll'llt .-it·[·\'icillg. '-i, '1l1L' ::i!~lff 

required f(JI' :-;tl'l'.t!!l L':IL',illl', 

An iIl1Jl['I)','L'.l d.ILI-culll.'ctiull ::;\':-,tl",11 with tilL' .ll'L'llllijl.ll1ying 

OlTTl'llT:-; 

of a system of hydrometcorological stations complete with equipment 

-9-

http:imnprtov.ul


and COr.1pl'tl'nt op"rat()rs and (}usl'rvl's to colll'ctl1lt',llIingful !'f'al-timt' prl'-

(.i;;i:.'.llJ '".lIL~i L.l[l'.ll;ll"l",·. ,1,,~.l .il Lilt .J\·I~t·t·_iI :,:\"'1 t/.l·.i;!. i:.,~" d d.l .·.i II 

provide the basis for effective river basin planning of the water-resources 

development in the basin. Data collection would include water-quality and 

sediment data at selected sites. The project will clarify and substantiate 

the available ground-water data and will recommend expansions of data 

collection w~H're needed tu fclcilitate gruund-· .... ltl·l' dt··:t·I"p~it·I;l. Sp,·<.:Lil 

attention will be given :3round '.,atl'r cc.uld h" d,,\·,·L'p,·d fur irrigiltinn. A 

streamflo· .... dne! prl'cipit,Hiun eLILl t., .I c,·ntr.tl ll,·.1d i· .. J.lrtt·:·~ fur o.lnclly·;is and 

evalua ticm. Pcrt incllt infc 'l'lll:lt ic '11 \': i 11 Ilt' 1',,1., ','\'11 ,(, ttlt' !'l'::; idt'nt::; 

benefit h,'; tillo"l.'" f!uc,r!-I·t·,·t':-;:.:j, I. i:.!"·1·::: .. ·i, :1. 

AI1 impcd't:lllt .Il!'! ltlIlL!-LdkC' ,·.j·.j,.I' willlJe the II'.lining l,f 

about 50 I'('l>pll~ fl'C'I:1 celllII'I·i,'.": in :1](' :-X'lIq!.d Hiv"I' h;l:-;in .llId O:\I\'S 

in a variety ,)f :-;kill...;, TlJt' tl',liJliIll' will ('c'Il,,;i:-;t (If:l lllinill!lIIll :lll;,'unt 

of long-tL'/'IIl 1!'.Linillj . .! III 'lie l'lli'.t·'! . ...;t.lk.-.; ,dld.l IIl.lXIlIlllIL ,LlIlIIUllt l'!' 

: ' .! I' \ . 

The Cl'itil',d .L';:-;lllllpt i(ll\:-; lllldcl·iyill,! . .! tlll.' lIlItl'lIt illf'illlil' tll\' 

follow i ng:' 

-10-
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the part of O)'IVS; the govenllllL'llt.:; llf :\bli, ,\LIUI'it, 1i;I, .• Ild :-'L'lll·g.tl; 

U. S. A. I. D.; and other organization::;. 

2. There will be improved c()ordinatioll between O:\IVS :iIld 

member-country agencies and interdepartmental coordillation within 

each member countr'y. There a.so will bl~ c!u:-;c L'()llrdillatiol1 L.:\':l'l'11 

OMVS, .-\SEC:\:\, anc! CILSS. 

3. There will be .-;ufficiL-n! qtl;difil',l 11'1':)(IillWI .'::i::iiglleo to 

the project frulll the United :::it~lk::i, 0:\1\':), and the Il1CIllhl'r countdes. 

Ir\I't ''1'.-''; 

U. S. A. I. D., O:\IVS, and its lIleIllher c()ul1tril';-;. Thl' I;. S. :\.1. D. 

input will COll::ii:-;t lIf a te('hllic~d ,IS:' i:';Llnl'C :l.'aI.l, tl'.tining. pI'(lvisilln 

of l'quil'll:"ltl, dll:y-t'I'l'I.' VillI'." llf .-';lIjll,Jil':' .lIld l'quil'llll'lll, ,,(fin' :-;I',ll'l', 

1. :\ seniol' hyd1'OlJletl'(lI'lll(lgi~t tl[' hy(ir'ologk l'ngineer', 

-11-



dl.',;;ignall'd <15 leam It'ad,'r and prllgram coordinalor, h'lvi~.g ii ll'nul"t' of 

[j Vl' ~ 'j) year-". 

2. Two (2) hydrologists, working in conjunction with counterpart 

personnel, responsible for the operation of stream-gaging and prt'cipitation

measuring statiun~, analysis of data, hfdrologic-model development, and 

on-the-job training. The tenure of these individuals would be four (4) 

years. 

3. A hydrogeologist to assi~t in tht' ass~-r;]bly a,Hl ,"nlu,Hjon of 

available groundwaler (LiLl, to SUpl'I"'.'iSI~ til" f',I"(-und-'~'.ll,'r ::;('nil"l"ir,~'_ pl"()gram 

in conjunction with cuunteri),lrl p"rs,'nrwl I drlll t) d,'ll'rmint' lhl.' nl'l'd fur 

and to dirt'ct addili'-'!l,ll i;:-,'l:"d--,',lt.'r "tudi.-·, dr~d tr.lininf~' His tl'!;ur-,' 

should bl' [our (.:.) ::,',1["'; '~'it~l !It':-i,)<iic r,'lurn<; to, th,' ,Ir,',l dll:-j!\~ t!ll-

returns durin~, thp rt'::;illnd,'r of thl' prugr<l::1. ',,'ith thl' (LlI)pLt'alion ,)i CI'U;"\tl'I'-

part personnl'l I hI' ..... ould d,'sign and install lhl' (il::,.,:"unl,:al j":10; systl':':: .lnd 

countr i ,,~. 

job adminis,lraliv(' and supply lr.lining with O~IVS ,wd ;lll'mbl'r .;uunLI-y 

personnel, thereby relieving technical personnel of these duties and 

enabling them to devote the maximum amount of time to their res~ective fields. 
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1)(' :\';~!!I!,,1 I'\~'_'r' 'r'l' :l-··.·( ";1' ;J;" ~, ,!l! I ,: I" r',~'I' ( ,. ~ II '!j-::II'~l·li.: ;,t !' 

year. 

Training has been covered in "Outputs" and i::; suml1lari:led 

as follows: 

1. Eight (8) people for 18 to 24 months each for :\1. S. degree 

training in the United States. 

2. Four (4) peolJle fol' (3 to 10 months each for specialized 

training in the United States. 

3. Thirty-seven (37) to for,ty-two (42) people fflr on-the-job 

and specializcd tl'aining ill the 1l1embcl' CUUIltriL'S, 

The cOll1l1wciitics will CClll.-;i::it I,f ''?C]UipI1WIlt ~lllli slljlj,liL'S 

necessary to initiate, oper:.J.te, :.J.nd I11:.J.illiain the selected tbt:.J.

gathering statiom'. This eC]uipment will c(lnsi!~t of vehicles, bO:.J.ts, 

transmitters ~nd receivcl's, .~CI1l'r~lt(lrS :ll1d ~lpjll'rt inent t'C]tliPIlH'IlI, 

tCl'bls aIld S llppllt'l j \'l' (,f!'in' Ill~11 L' r i,l /.-;, l'qll iI'1l1L'lll, filL:].";, j 1:1ll'il':lllIS, 

var'iolls Illodes of tl'avel, ~lllcl ]tlL'al bbul', etc. 

following: BEST COpy AVAILABLE 
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2 (~ll;difiL'd l'~(jldid.dL:.'::i 11'ulil 1lJCllIUC1' \.'uuntries are available 

for training, 

3. :\Iellluer CULUltl'iL's C~ll fill.J.llcblly sUP}J(ll'l tilcil' pal't.:) of 

the project inputs (technic~d ill.'::iUlbtion .'::iilS, uffice SPdCC, salaries 

for loc.:ll p!'ufessiuIl.d \'L'I':)"lItlL'i, L'tc,)' 

4. Pr(lject eqllip!lll'flt ;111'! CC'I!JIll()[litie,"; c~n ue clL'JI't.'d l'.J.pilily 

through CliStUIl:~ ('11 ,( dli:v-fl'l'l' t'dsi,." 

5. The lucal l!l~ll'kl't:-; C:111 pr(Jvidc the b:1SlL- rcquiccmL'llts ()f 

labor and 1l1dtcl'j,t!S, lIn.l :illlL'ly b.L':iis, illduding l'('siUt'lIt UbSL'I'\'l'!'S 

at measLll'ing ::it.diuIlS. 

The purpose uf this pI'oject, as PJ'cvi<.Illsly stated, is to 

Organizatiun pUlll' b :\\isl' t'n \',dl'lll' ,!ll Flt'!I\'" ~t'(\l'!-:;d ()\I\·~). Tili,::; 

resollrces prlljL'ct design, The pI'lIject illciL,lie,"; thl~ L'stablbhlllclll uf a 

real-time river stage- precipitation reporting system that can be used 

-14-



who are dependent on recession-type farming. :\ part of the pllrp(l~e 

is to investigate the loc;J.ti()ll. qll:,lltity. "nd fju,tlit:; (If gr'll,I!Hi '.\';t1t'!' 

and to identify aI'ea~ ha\'ing a g!'lllllld-water' irTig~ltilJn P(ItL'lltial. 

established and lIpt' /'.( l,t:d L'ff",'\ i '.1,1:;, 

B. Loc .. d ph),,-=, i l',t/ ,111,] hllll .. ln l'l::-.iulII'CCS JI'C .1 \',1 ibble to 

establish allLi opeI'ate till: difft:n:llt SY,-itCIIiS tin a cuupeI'ativc basis. 

G ual 

The sectoI' gual is to de\'elo~ and utilize the human and natural 

resources of the Scneg:d [~i\'(~!' b~lsin fOI' inc/'cased foud PI'Udllctillll. 

Some inclic:tI(if',"; llf !ll'll,L'!'I''-:,''; \';(luld inclu,II' tht' f()ll(l\\'in~: 

and dissemination of hydrometeorological data. 
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. 
D. Till' e . ...;t,tI)IL~lllllcl\t (1(;1 !'l',,[-litllt' fllllll!-W;I/'Ilillg ;-;.\'.-.11'111. 

'1'1" jll, 

for irrigation development. 

Some critical asslImptiuns incluue the folluwing' 

A. Availability uf tr .. tilll'e~ anu tlll'ir extended tenu['e on the 

project after rt:ceipt of t[·aining. 

C. The pr'ugl'~lIn "\'ill ('(Intinue :(1 bl' ('I)\.:'1'.11ed hy CL\I\'S dllli 

above all, the :\1:\-; (:\li.-:"i()ll d'"\lIi1'll~lgeltlL'n! tiL, FIl'U\"I' . ...;L·!lcg,d) nude 

Services of HiVeI' :-)tdIL'''; gl';,du,dly :"u\-; (I\'er :lli:-; 1,1:-;\-;. FluuJ g.lgt!~ 

were installed ~lnd t,JJ,-;c'['\'I,d;lt "1'\'(·!'.I! :-iitt',"; illt'Jutting Ibkt·l, 1~;lyL';-;, 

Sch~lltifiqll"-; ," TI'I'lltli<jtll'>, tl\I'!'('-\kl' (i'"t'i-;) (t11:"';Tt)\11 ".' ,':'!.!!·,l,!t' 

;tlld l'<juii' 
, 

. -,\'11'\, l' ! !' : \ \' t' ,!...' I _" ! : I ~ .. :: ..... , ! \' ......,.': ~ l • :...~ '" I: 

statillll.:';, tlllly 13 ~t.ltillll . .,.; h,l\'(' ,loll'Cjll,lll' t'l'l'lll'd" that call be lI~ed a:-; 

a reliable basis for hydrologic studies. 

-16-

BEST COpy AVAILALH.t 



i' '\, '11'" , :: 1·,-

countries. In addition, numerous groulld-watcr ~urveys have been 

made and reports prcpar'cd by thc Bureau de He('herche:-; G,'olugiquc:-; 

et l\1inieres (BRG:\I) a~ a consulting :jel'vice to ,lgencies ()f the tlln,'c 

member countries, 

The ,-\gence pUUl' la SL'cul'ite de b :'\a\'ig~lti(lll :\el'icnne-Dakar 

meteorolugic~d (Lit.! frolli the threl' lIlclllbvl' l'uUlll1'iLs, The exbting 

3. A.I. D. alld ()tLL" [{d"\·.dl~, I::-':',~r~l':ll:e 

lIow much l'xpl'ril'nl'\' :\.1. n, has had ill pr'ojects that are 

exactly as pr()p()";t~d ill tlli..; l'l'llll!'t I.S ll<): kll,'\\'ll. It i.-; kll()\\"n th:lI .. \. I. D. 

expcr'iellCl' ill 'Ill' illdi\"i,llidl Lit·"t . ...; ()f 'hi . ...; jll·().1",'r- i.l', , ";II',',lIll ~!;q,.:illg 

1'!·l)gt· .. tIl: . ...:.. gr', .Il!\ ., :'t'J' ~::\·I'>'i.L:,l·i.ll ,lli.1 !l'\t'~\ , "\' .,:.: :',. i: '-', I' i \ ,'I' 

projects [r'om basic-data gathct'ing pt'ogralll.-i, investigations, planning, 
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t I ..... I j I" \ \ 

in the field of surface-water and ground-water re~ources inv,estigation~ 

and development pr'ograms, The Cor'ps of Engineers and :\'0;\.-\ h:lve 

established flood-warning sy:-;tems in the lInited State.-i, This project 

is intended to further develop and utilize l'xi:-;ting ,LIllI pl'iul' "rClgl'ams, 

improving and augmentillg tht:1Il t() jll'uviLlL' ~l(Clll';dl: .lnt! 1I.s;tiJ!e dat-i, 

climatological llel\\'oz'k ill the up"el' .-";eIlL'g;d HivL'I' tJLi::iin consists of: 

2, Sixteen (I1j) clill"ltl,l(lgic,tl :-i!.Itil!Il.-; (;,uxillial'Y :;tations), 

3. Fifty-one Ci 1) p/'ecipitation :-it~ltiOlls. 

In general, mo~t uf the synuptic stations have /'adiu real-lime repo/,ting 

facilities, 

An extensive .-\gl'ulllet-lIydl'l)IIwt :-i.\'::i!CIlI i.-i "l'illl-! l';.;t;lhlh/Jt'd 

Rivcr basin. 

One of the ubjccti\'c:-i ul' tilL' A.!. D, P/'lljL'ct is to as:-ii~t O\J\'S 

in coordinating the water-resources activities of these different 

organizations. BEST COpy AVAILABLE 
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immediate and some long-tern benefits. An immediate benefit from 

the project would be the receipt of real-time data on river water 

surface elevations-dates and times when critical flow elevations will 

occur along different reaches of the Senegal Hiver and it::; tributaries. 

Notification of the time when the threat ()f flul.ding i::i P;\st ;il1d planting 

can begin will allow more cffcctin? use d the ~ivaibbll' sllil lIlI)istlH'e 

in the land that had been previuusly inundated. 

develop the technical cap:tbility (Ii the hUIII.tn reSllllI'CCS pf the area 

through shurt-term and 1l1l'diuII1-:l'rlIJ tI'dining uf i.t·I':-'('Il!1Cl. The 

training will l'nable local people tll becon:(' llJUr'c l'I'llficient in the 

10catiGIl, installation, and operation of water-reS(lllI'ces data 

collecting facilitiL's and ill thl' i!1terl'reLltil1n and lItilizatil1n of the 

data collected fUI' planlling anu llpcr;1tiun uf watl'r-r ... ·sl1urces IJr'ojects, 

it will pI'odde the l'sscntLd data base ;lllU t.rained JlL'l'sllnncl reqllir'ed 

to assist in the pLullling and illiplelllentati(ln of stich Ill'(lject::;. The 

bl~llefits derived fI'PIll lllllltipul'PllSI pnl,kcts wuuld be very extensive. 

These would include, but not be limited to, the following: 
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1. Incrca:-;ed fuud JII'(ldllctil)ll tlll'pugh i1Til.!dtiull. 

3. Improved navigation (transportation). 

4. Hydroelectric power generation. 

5. Control of (Jce~n salinity intrusion. 

Secondary benefits under such developlllent would be mining and 

industrial developllIent, which w()llld jll'l'lllit d bL'ttl:'I' b:dallcl'd ecullOllly. 

have a major :,ocLd illlP~l('~, ThL; l'\';J.llldtil'!1 wuuld h:.tvc to oe made 

in conjunctillIl with the~l' dc\'cl()I'I!Jl'll~ 1'1.1115, 

5. Feasihility I:'~tll':' 

A. Econ()1ll ic l::;~ 1Il'~ 

ECllIlllIlJic i.S.";Ul'S, ~IS nlll'm:llly rh'filll'd, al'L' no! 3J'I,licahh'!1l 

pliln and illl plL'Illl'l1t w .ltl' 1'-1'(' ~l'lll'Ct'S dL'VI' kj 'lIlt'll! JlI'PjL'C! s, L'S t i Ill,lIed 

to cost in CXCL'SS of $3,000,000, 000. The cost l,f this Ill·PgI".IIl'. which 

is in the magnitude of $5,527,000 

J 
is a minor fraction of this total 
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investment; therefure,· eC()IlUlIlic is . ...;IIes are )'L'rlillent to sllh.'ipqIIL'nt 

devcloj,/l1l'llt rather than tlli . ...; ('t'(lject. 

B. Technical Is.:3 ues 

The facilities proposed in this project are not necessarily 

the most sophisticated available but have been selected tu be com-

patible with facilities existing and currently proposed by other 

organizations. It is believed tl1;lt this type of eqlli('ll;cllt can be 

operated and maintained effectivcly under local c(:ndition . ...;. :\t the 

time when water-resources developr::ent projects (re ir:'Jle;'ented, conditions 

may La such that upgrading these fdcilities ~ay be warrJnted. There is 

well-drilling expertise and equipr'lent avai1il~le in the basin in both 

the governmental and private sectors. This capc.bility sho'Jld b,' sufficient 

to take care of any ground-w,lter' investigations envisiof1;',j l"'dt'r' this 

project. 

C. Financial Issues 

The project will require A.I.D. support for the 5-year tenure 

of the project. There is a possibility that the ()~.IVS ,1nd thr P·"J,·t'er 

countries \'/i11 not be able to finance the oDrr'ation and "'<lintrn.,,,ce of 

the systern after' this contractual per'iod and n:Jy re<luir'e at ledst partial 

6. Other Donor Coordination 

There are no other donors directly involved in this pl'oject. The 

project agreerllent will be signed by the crws, who will coonJindte the 

activities and inputs of the member countries. 
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7. Financial Plan 

A. A.I.D. inruts are ex;)'>cU'd to total SS,527,OGO for' the 5-yedr 

tenure of the project. (See next page for deta i1 s) 

B. OMVS inputs will consist of land for the equipment sites. 

candidates for training counterparts, required office and supportive 

services, and duty-free entry of project commodities. A value of $1,500.000 

has been given to the OMVS inp~ts. 

The 01\lVS will be the Grantee Agcncy. It i::; expected that 

technical services will be contracted for through the U. S. nureau of 

Reclamation. The 01\lVS through a Pr'(ljL'ct nil'ce!uI' will bL' l'csjJ"!l..;iblL' 

for the implementation of the pl'l 1~J"IJIl \'. ith tht' L'I'IlC~;I'I'\'lll:l' II:' th .... 

assistance team will be functionill~~ ill all ;Idvisory and cUIl:-;ultativc 

capacity to enhan,:e the potcntial fur the devl'lcpIIlcllt of indigl'lwLls 

technical personnel within the O\I\'S ,lilt! till' ll)l'!J!!Jl'!' ('IItl!lI.!·il.'::;. 

Contact with l1lembel'-coulltry gU\'t>I'Il11H'rl!S ;It :ht, !,(,lj(,y Il,\,('l 

will be tlll'ough O~NS, which .... ·ill .:dc;() ('(lII/·dill.ltl' tilL' V,II'il":'''; ,\(,ti\'itil':, 

pected to develop between the tl'chllic;ll ds:-;isL\nce tl';111l ,lilt! the 0:\1\'5 

and mel1lber-country persollllcl. 

With A.1. D. /W approval of the PP, final project details (';111 

be worked out with OMVS in fiscal year 1977, at which time a project 
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· FINANCIAL PLAN FOR AID INPUTS: IN OBLIGATIONS ------- - ---- - - ---------(~- - - ')- - -- -- --- --------.000 

A. Technical Services 

1 Team Leader, Hydrometeorologist 
$65,OOO/yr. x 5 

Office Manager, Admin and Supply 
$53,OOO/yr. x 5 

2 Hydrologists, SS8,000/yr x 4 + 2 
person/~/yr x 1 ~ 56000 

;~drogeologist, SS9,OOO/yr x 4 + 2 
person/m/yr x 1 0 S6000 

ComrJ1unications Special ist 
$58,OOO/yr x 2 t 2 person/yr x 3 
x $6000 

Consultants - 3 person/m/yr @ 56000 

Sub-Total 

8 Participant Tralnlng - 2 yrs 
18 mo. Acad - 6 r:'o. OJT (<: Hydro
logists & 4 HYl~r-uC]colo9ists) @ 
$13,600 I yr. 

4 Short-Tem S~'ec-~·;~~-Col ... :uni(ations 
10 mo. (l S125Cl/mG. 

40 In-Country ~r'Jining - 2 mo. ea. @ 
5600/I11C. 

Sub-Total 
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FY 78 FY 79 FY 80 FY 81 FY 82 Total ------------

80 65 75 65 80 365 

68 53 68 53 68 310 

146 116 136 146 12 556 

73 58 68 73 12 284 

73 73 12 12 12 182 

18 18 18 18 18 90 

458 383 377 367 202 1,787 

FY 78 FY 79 FY 80 FY 81 FY 82 Total 

109 109 218 

50 50 

24 ._2_4 .. ____ .. ________ , .. 48 

183 133 316 



FINANCIAL PLAN FOR AID INPUTS: IN OBLIGATIONS ---·---------·-·--TSb-o·oy- --.----- .. -------

C. Corrunodlties 

Hydrogeological equipment 

. Hydrometric equipment 

Metero1ogical equipment 

Surveying equipment 

Radio communications equipment 

Land transport 

Water transport 

Local construction materials 

Office equipment 

Sub-Total 

D. Other Costs; Construction. 
Dr; 11 i n.9..~d_02_e-'"~.t..l·_ o_n_ 

Vehicles, Operati1n & Maintenance 

Utilities, Miscellaneous 

Access to computer facility (Dakar) 

Well drilling contract (40 wells) 

Office supplies 

Observers and local labor 

Grand Sub-Total 

E. Contingency and Inflation - 20~ 

GRAND TOTAL 
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FY 78 FY 79 FY 80 FY 81 FY 82 Total ------------
5 

140 

75 

32 

250 

193 

50 

20 

13 

778 

30 

8 

5 

10 

3 

10 

10 

22 

3U 

3 

78 

50 

10 

20 

5 

2 

6 

15 

29 

60 

10 

20 

360 600 

8 

3 

5 

9 

60 

10 

20 

10 

155 

87 

32 

4 285 

193 

5 

50 

75 

16 

9 903 

40 240 

7 45 

20 85 

960 

6 40 

20 75 45 45 45 230 ---- . . ----- --- -.- -------- ---

1.4921.1171,149 519 3294,606 

298 _,z.?} ~.2_~Q _L0.1, __ ~_6_ ~ 

1,79L 1.340 1.379 623 395 5,527 



PRP 
Summary Cost Estimate and Financial Plan 

(US $000) 
Host 
Agency 

AID (O~'VS ) Other 
Fx LC -F-x--CC- -r-X---rr Total 

Technical Services 1,787 1 ,787 

Training 316 316 

Commodities 903 903 

Other Costs 1 ,600 1,500 3,100 

Inflation Factor 460 460 

Contingency 461 461 

TOTAL 5,527 1 ,500 7,027 
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Country OMVS 

Incrol'"l'lltally Funded Projects 
Project Sununary - AID Appropriated Funds 

(In $000 or EQ) 

PRP New X Rev.# ------
Project #628-0503 & 628-507 Ti tl e~'LS_ .!i..v_d_co~~e_t_eLo_l_o.9_i_cj!~_5L~~ 

and Hy_d~e_~l_o.9j_c_~~s t i ga t ions 

Cost Components 

U.S. Technicians 

Participants 

Commod it i es 

Other Costs 

TQiAL 

Direct AID 

':'26-

220 

933 

88 

1 ,790 

549 

220 

933 

88 

1,790 



· agreeIJIl:llt c:tn be dC'<.lfteu in ur-ueC' t(l (.utain signatures in e,tdy fiscal 

of Reclamation can also begin in fiscal year 1977 so that a contract 

can be signed shortly after the project agreement is approved. 

A. Technical Assistance Team (Combined) 

1st Year 

The sequence of activities invclving the full membership of 

the team is listed ~e low: 

1. Forrration of the team. 

2. Order office and supportive supplies and equipment. 

3. Arrival in country-set up office facilities, etc. 

4. Integl'ation of tecllllical a::;::ii::iw.nce team with staffs of 

OMVS and member countC'ies. 

5. Develop a final list of trainees foC' United States ~raining 

and initial gC'oup f\)r in-country tC'aining. 

6. l\Take final an'angcments with tl';:lining in:::titutiuns :lnd 

initiate training progr·am. 

7. Begin the invcntol'y, compilation, and :1nal:.;:-ii:-i of exi:,t-

8. Complete list of tr'ainces for in-countr,v tl·aining. 

The sequence of activities involving the hydC'olllctcorological 

phase of the project is listed below: 
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1st Yl',H 

1. Selection of tenlative projecL (bta-cullection sitl's, fit·ld 

reconnaissance, anJ finalizaliun of actual 1(,Calion. 

2. Design improved data-collection and communications systems. 

3. Order technical equi~ment and commodities. 

4. Organize installation an! operational personnel to upgrade 

existing facilities, acquire new sites, and initiate measurements at these 

sites. 

s. Accelerate efforts to obtain measu:ements and data at all 

sites during tl', wet season. 

2nd Year 

6. Receive and inslall newly acquired equipment and initiate 

operation of this equip~enl. 

8. Utilizint, nl·· .... topoF,r;lphic m;lps, sL\!·t lu analyze the wilter 

stage el~vation-drl'a of inundation rf,latinnship in flood-prom' .1rf'<ls. 

3rd Year 

9. Stilrt fClrmul.ltinn of hvdrnl0f,ic mtl(lPl tLl facilil.1tl· flood 

forecasting. 

11. Continul' on-llll'-job lrainin[ .• 

4th'ilnd 5th Year 

12. Cuntinul' ,'pl'ratiL1 n and m,linll'nclnce of dilta-coll('clillll ilnd 

flood-warning systems. 
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c. Tpchnical A~;si !;t ;1I1Cl' T,';lin CI/·,..lr:lI'.r'Il] ('i,.i c Spct ion) - - ----.----- --'--':"";"';' 

The sequence of activities for the hydrogeologic phase of the 

project would be as follows: 

1. The first year will be required to collect and review exising 

ground-water data and interpretive reports in conjunction with counter-

part staff. 

2. During the second year, the evaluation of existing data 

will continue, and a preliminary report--complet~ with maps, etc.--will 

be prepared delineating areas of potential irrigation from ground water. 

Sites for approximately fifteen (15) test wells will be selected and 

drilling operations initiated. 

3. During the third year, the drilling and testing of the 

initial fifteen (15) wells will be completed, and an additional twenty-

five (25) test wells will be located, drilled, and tested. 

4. Durir.g the fourth year, final interpretive reports will be 

prepared complete with maps, etc. 
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9. f!oj~_c_~Q~_v_~_12F!~~n_t_ S_c_h~~_u_l~ 

A. The following actions will be required in order to complete all 

preauthorization work on this project. 

This PRP should be reviewed by AID/W before December 31, 1976. 

The Project Paper (PR) can probably be completed by about 

April 1, 1977. It is believed that only a minimal amount of 

additional effort will be required and ~hat one or two people 

for two weeks in the field can gather tile additional details, 

particularly to evaluate progress on, on-going hydrometerologic 

projects, by other agencies or organizations. The progress on 

these projectJ could materially affect the amount of facilities 

required at the various installation sites, both the technical 

and communications equipage and probablC' personnel r'equirements 

for this AID project. 

There should be a renewed effort by OMVS to locate and assemble 

all available hydrometerological and hydr'ogeolo~ic ddta to be 

used by this project to expedite this phase of the prograr. 

The flood effect portion of this f'r'L1jl'l~ is ,lhc) pr-t',iic:::t.'d 

upon the cornplet ion of the pr'oposed topO~lr'dphic r:,lpping 

program. These m,lps \'wuld be required to cOl"plcte the flood 

evaluation-flood \'Iarning activities of the project. 
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Increased cool'dinatiofl alilong the vd,'ious involved departllll:nts 

within the member government of OMVS; between the member 

governments, OMVS and other organizations and agencies doing 

work in the hydrometeorological or hydrogeologic field would 

be highly advantageous and should be encouraged. 

Finally, the watershed area of the Senegal River situated in 

Guinea is the key to the Senegal River System. It contains 

only about fifteen (15) percent of the drainage area but 

generates over fifty (50) percent of the runoff. Every effort 

should be excl'ted to establ ish 01' ii';)I'O\e cOi';;-,~nica~ions and 

O~W San d its :; e;; h: r co u r, t r i e s . 

Members of this Project Review Ptlper team y;ere: 

Adrian K. Lor.g, I·iater Resoun£'s f,dvisor, Team Leader, 
U.S. Bureou of Rf'cl<1 I"Jtion. Salt i,1~C City, Utah 

Earll Dudley, Hydl'olot]ist, U.~. uurCilU of Reclal:1ation, 
Sacramento, Californio 

H. M. Bar-cod, H)dl'O~lL)olo~list, U.S. Ge:oloUical Survey, 
Tucson, f,ri..'ona 
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Personnel cont,)ctrn during the tour of duty in ~':rst Africa \,/ere as 
fo 11 O,';s: 

USAID/Dakar 

Mr. Norman Schoonover, Regional Development Officer 
Mr. Joseph C. Guardiano, OMVS Program Coordinator 
Mr. Glen Slocum, Assistant OMVS Program Coordinator 

OMVS 

Mr. Amadou Sakho, Technical Director/Dakar 
Mr. Garan Konare, Engineer-Hydrologist/Dakar 
Mr. Konate, Head, Energy, Power and r'1ining/Dakar 
Mr. Ndiaya, Croundwater/Dakar 
Mr. Abdellah Hamidou, Hydrogeologist/St. Louis 
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APPENDIX A 

ASSESSHENT OF SURFACI:: WATER INFORMATION 
IN THE SENEGAL RIVER BASIN 

Basin Description. The Senegal River is the second largest 

ri.ver in to/est Africa (the largest being the Niger). The Senegal 

River is over 1,800 kilometers (1,100 miles) long and drains a 

watershed of about 290,000 square kilometers (113,000 square miles) 

and produces an average annual flow of over 20 billion cubic meters 

(16 million acre- feet). The drainage bas in is located in the 

countries of Senegal, Naurtama, Hali and Guinea. 111e watershed area 

in Guinea comprises only about 11 percent of the total basin but 

about 50 percent of the stre.:imfloH original(~s there. ~o significant 

flows arc added to the Senegal beloH its junction Hith the Falcme 

at the head of the river flood plain, some 825 kilo!l1eter~; upstream 

from the ocean. 

Over 80 percent of the rUlloff occurs ill the lhree months of 

Augus.:, Scpt:cmber, and OctobC'l:. 'l1lC :IVCI-ilgv l:lonthly [101·/S vary 

from about 10 lit 3/s (350 fl3/~;) in :·Jay to about 3,!100 :.J3/ s 

(lLO,OOO ft 3/s) in Septembe:.". An in'port<lllt indicator for the 

practic.e of flood recession :.If,rieul tun' i!; the a\'l'I-:1/;(, flol~ for the 

peak month. 'Lhis lIlaXilllW11 mont'It 1'101, has varied frl)J;1 the average of 

Bakel. 

Climatol;l~ical1y, the basin gues from semi-arid in the north 

to tropical in the south. Average annual rainfall varies from 250 

millimeters (10 inches) in the north to 2,000 millimeters (86 inches) 
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in the south as shown on the map on the following page. In the 

north, the rainy season lasts only 3 months, July-September, while 

in the south it occurs in the April-November period. 

During the rainy season, the mO',1soon winds from the south and 

southwest bring warm, moist air into the basin. During the rest of 

the year, the dry harmattan "linds [rom the east and northeast pre

vail. lhese result inldnily liI[!ximum'temperatures, averap,in~ about 

43
0

C (109 0F ) in Nay. 'Dail y mi nimum temperatures occur in January 

averaging about l70C (G30 F). AVL'raL;e annual villllc's of rdativ(' 

humidity are generally from 50 to 60 percent, but monthly values 

range between 10 ~nd 90 percent. Annual potentia] evaporation 

varies from 1,500 l:lillicld,l..!rs (5~") ill the (:uinl'Lin area to :',!.OO 

millimeters (13!.") ill the Ihlnh of chI..! ha,;5 n. 

As the raillf .. tll u('crl'.:l~;l':: Ill1rtlll'lard - Sl' d(ll'~; it!; rL'U;lbility, 

so that for the ri.ver flood plain do .... 'nstn'am belol" l:akel in 1Il0st 

years, the r.:dnfa),l. is not adequat:e for !;rol.Jillg crops. 

Flood Hal-ard. The annual floodi ng of tilL' ~;l'nl'l:al !:iv('r 

provide'S tile SLlurLl~ of. llILli::ClIl'l' for thl' :;lIbsi:;tl'IlCl' (flood n'Cl'S

s ion) <:1 g 1"1 C ul t Ul' l' P \' ,I C tic I' d h Y lIlt, rip:\ r i;\ 11 P lJ P 11 ] a t i un. , .. t the 

same tillle l'~~Cl':;S ll.o(ltling l':ldall:,',l'rs till' ] i\',,:; aild prllpl'rt~· llf thl' 

people. 

Over one-half million people live within the Se:wgal River 

Basin, most ,.,.ithin the rivl'r flood pl<:lin do\yn!;tn';u;1 of [~akl'l 

Senegal. Historically the river has meandel'l'd uver the lower 

valley, which averages about 15 to 20 kIn wide, leaving many oxbows 
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and old channels locally called "m,lrigots". '!11e river has buil t up 

natural levees along its main channel ,so that the land slopes away 

from the river bank to the chain of lakes ami low swampy areas. 

Tributaries or other connecting channels punctuate the main river 

bank at intervals providing access for floods from the river to 

flow into this system of marigots. Host of the villages are located 

at the higher places on the river bank where the flooding is less 

frequent. 

However, most of the river flood plain and the villages along 

the river bank are inundated when the higher peak flows occur with 

loss of life and property of the villagen. 

lbe travel time for the peak flood [lot·/s if) as [0 11m·/s : 
Travel Time 

KP Station River Day!,; 

Dokka-Saielou Bafin!',) 2 
Ba[oulabe~ J.: t. ',} ) 

Bakoye 1 

Keyes Senegal 

794 Bakel Senegal 2 

169 Dagana Seneg.:ll 45 

An adequate flood \.Jal"nillg system would pL'rmit the valley 

population to move their possessions to hj.~·.!tl·r gJ'ould <llld to know 

the practical extent of dike reinforct~l11cI1L. 

In adeli tion to the more pr illli ti VI..' "flulld recession" agricul-

ture traditionally practiced by the river v:lIlcy population, an 

agency of the Senegal Government "S,\ED" }j has been cOIl5trl'.cting 

!/ SAED - Societe d'Amenagement et d'Exploitation des terres de Delta 
et de la Vallee du Fleuve Senegal 
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· modern irrigation projects along the river. About 11,000 Ilectare5 

of land has been developed with additional projects planned. 'J1lC'se 

arc expensive developments often involving more than a thuusand 

hectares each)complete with pumping plants, irrigation systems and 

flood protection dikes. 'll1e dikes are usually designed for about 

a 1- in 10-year frequency flood. 'lhereforc an adequate fll.lod warning 

system is ('sselltial for protection of faeiU tie!; when flood!; might 

overtop the dikes. 

River is ir.lpurLant f(Jr lhr~L' ~;l'clvrs uf Lhl' valll'Y agrictllLLlrl'. 

'l1lC sector!; iIlCluJL' L1w tradi liullal flood n'Cl'~,!;hlil ~1!;riL~,!lture, 

the modern irri);dLiu:l l'l"l'jl'Cts and uel'an :;<111 i:i tv i Iltru:;iJ:1 in the 

Delta ;,n'iI. 

Basin is not dvail,t!)l,,; however the Senegal - Cunsult repurt };I 

HectareB 

Tul.:}l \'a11<>' land i;akl,l tu S'11l Luis 1,050,000 

Total 'II",tl>l,' drL'a tbl P"\"L','nl) b!IO, n()n 

AI"abl,' 1 ;In.1 ::'j dd 1" \';ll1I'Y; :;.Ikt'! - 11;1.,:.11\<1 510,00 1) 

Arab I L' l.l:h! i" ;1,,1 L.I h\, 1 ~ )',: l).l.~::l :la 130,tJUU 

dry land art' cullivdtl'd \/lticll an' d"P"lh!L'lll oldy L11l the r~ljnfall. 

the t"ainy s~ason and they arc gro"'n from June throub11 October. 

_11 Feasibility Survey for the regulation of the Senegal River -
Senegal Consult, S",itzerland 1970 
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Lnese crops are at harvest stage when the floods are receding. 

Depending on thdr quality, they are frequently abandoned in favor 

of cultivation of the lands that has been inundated. Inundated 

dry farmed lands may also be resecded to reccssion crops • 
• t 

'!he area cultivated after the recession of the floods varies 

as a function of the height of the flood and the date and rate of 

receding. 

The frequency and the area of inundation and cultivation are 

estimated as follows: 

Years out Hectares 
of 100 Inundated Cllitivated 

Large flood 5 230,000 180,000 

Hedium flood 50 130,000 130,000 

Sm .. 1.ll f lOllli 95 80,000 80,000 

upon the dilll' of till' flood I'ecl'!;~i(ln '"llich affvcts lll,' pflssibl(' date of 

seeding and thereby affect;. the stage of the plant at thl' lH't;innillg 

~!arch • 

230,000 hectares of cultivated land: 

Size of 
flood 

Large 
Hedium 
Small 

.\rca 
Inllndatl~cI 

230,000 
130,000 
80,000 

I\CCl'SS iUIl 

~ricultllrl' 

180,000 
130,000 
80,000 

Dry l.J.nd 
.\griculturl' 

o 
100,000 
100,000 
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Total 
Planted Idle 

180,000 50,000 
230,000 0 
180 1000 50,000 

Total 
Cultivated 

Land 

230,000 
230,000 
230,000 



· In drought years, there are periods of no flow at Bakel in 

June. 

Downstream of Bogha (about 380 km from the mouth) the streambed 

of the river is below sea level. During the dry sp.ason, ocean 

salinity can intrude up the river to this point. The following 

tabulation lists the extent o[ intrusion [or various rates of stl;'eam-

1/ 
flow as reported by the Beyrard study.-

Flow (m3/s) 

300 
200 
150 
100 
50 

Oistance of 
Intrusion (km) 

60 
75 
90 

115 
140 

As the saline watCl" I1hNeS upsLr,'a:a, the irrit~ation projects 

relyin~ on the riv('r for thl'ir W:ltVI" sl!pplj" t:lLl!;L curLail Lhl'i.r 

operation. 'the operation of Lhese irnt',atioll projects clluld be 

much improvcd through advCjuatl' prl'dictioll!; of thi.' rate a:lll extent 

of the salilli ty illLnl!;ioll. 

have agreed Lo concert till'ir efforts to dl'velop the SL'llegalL'se RiVer Basin. 

1/ Program Intl'!~n' tiL' I1cvl'lopment till !;assill <Ill ~;l'negil1 -- 1'.~~.V.O., 
om's - l-iurbl'rt i,l'yrarJ, France - 1974 
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Therefore, they created an organization, the OHVS and adopted 

a joint program which will aim, tlmong 'other goals, to sl.ahilize the 

incomes of a maxi.nulll nwnber of the population (farmers, livestock 

breeders, .Fishermen, etc.) and to establish a more stable equilibrium 

between man and his environment by making him less vulnerable to 

climatic fluctuation and the irregularity of flooding. This equili-

brium can be established through the control of the river 'low and 

the introduction of irrigated cultivation. 

All of these objectives may be accomplished '~hrollgh inter-state 

cooperation resulting in the integrated economic development of the 

three States. 

In the mediwH tenl, this means: 

1. On the rcgior.al level, establishing a basic infrastrllctul'(' which 

would include: 

- A hydro('lc.::tric darol re~;er\'oir at ;lanantali on the Bafing 80 km 
, 

from Bafoulabl!. its funct5.ons would be to repllarize the river flow 

Saint-Louis am! Kaye~; lhl! jrril;LlLip:1 of S()J:lC :100,000 Ita ui land in 

thl~ valley am! the gClleratioll of ~;OO,()QO ki j,'I':,I! l h,lllr:; df CIll'!");), 

resources. 

i\ Hydro-agricult\lral dam al !liama ill the lie tta, ~O krn upstream 

from Saint-Louis. Its functions would not only be to irrihale 30,000 

ha (double crop) and to supply watl~r to R' Kiz lakes at (;ult'rs and to 

the Artout Es Sahel, but also to prevent seawater intrusion. 
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- A river-seaport at Saint-Louis, a river port at Kayes and 9 

ports of call. These works will be indispensable once the river is 

regularized and opened to perennial navigation. 

2. On the national level, a combination of national programs ~lich 

would result in better profits for the joint infrastructure. 

- Development of more than 400,000 ha in double crop irrigation. 

- Exploitation of the Basin IS Nining Resources and Development 

of Industry etc. 

One should note that impor~ant studies have been carried out 

in this area witt the assistance of U1IDP. In the beginning, these 

studies permitted detennination of t1w Basin's potentials and later 

the setting of priorily objectives for certain projects. 

These projects include: 

- A study fer a system of co~trol of the ~iver flow in the 

Senegal River Easin (Regularization project). 

- Study of the navigability of ports on the Senegal River. 

- Irrigation studies. 

- ,\gronomic resco.rcl!, etc. 

- Integrated development programs for the Senegal River Basin 

(Norbert Beyrard) etc. 
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Now that the OHVS is preparing to enter the final phase of its 

integrated development program [or the Senegal River Uasin, further 

knowledge, indeed forecasts of the floods and low water levels of 

the river is a necessity of an increasingly urgent nature. 

A-19 



Existing ~D~a~t~-a~ __________________ ~ __ __ Since the beginning 

of this century, knowledge of the Senegal River's behaviour has 

been of interest to river dwellers. Flood gauges were installed 

and observed in various characteristics sites such as Bakel, Kayes, 

Ambidedi, Hahina, etc •• 

Various organisms have worked to establish and '.Jse a hydrologic 

system. Until 1960, the most important work in this area was 

accomplished by the Union lIydro6lectrique ,\fricaine (In!EA) and 

above all, by the Hission d' ,\menagcIllent du Fleuve S~n6gal (HAS). 

Since then, competent technical services from the River States have 

gradually taken over this Hork. 

The Climatolr),j cal X':.'~I-lork of the !;asill. Cons iderill(; th.:1t the 

river is essentially sllppli.cd by flm-ls from the Upper-Basin, only 

the statiO!1S upstream from Bakel will be taken into account. Ihere 

arc: 

- 11 synoptic stations (Hain climatological stations) 

- 16 c li.n,~to logh:al ~ LaLiuIls (auxiliary stations) 

- 51 prccipitatiull statiuns. 

The geogl"apldcal location of these statiuns ilnd their ::'nstal-

lation dates an' specified in the Ikport of SENECAL-CONSULT V.3A 

annex 3.0.7. 

All data relating to these stations arc avaUable at national 

meteorological services in the States. 
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· Hydrometric network. The current network is comprised of the 

following principal stations: 

a) In the Upper-Basin 

- on the Baoul~: Parc Baoul~, Hissira and Siramakana 

- on the Bafing: Dakka-Saidou, Bafing j'lakana, Soukoutali, 

Dibia and Hahina 

- on the Fa16m~: Moussala, Gourbassi, Fadougou, and Kidira 

- on the Kolombin~: Kobatd 

- on the Karokoro: ilokediambi 

- on the principal River: Bafoulabe, Galougo, Gouina, Felou, 

Kayos, J\mbidedi, Segala, Koungani 

and Bakel. 

b) In the vallev 

I 
BOljhe, Podor, 

Dagana, Richard-Toll, Rosso and Saint-Louis. 

Naturally, the data received from these stations are not of 

equal value. Certain stations such as Bakel, Kayes, Ambiu0di, 

Hahina are fairly olu, while others iln: more recenl. But the 

majority of tlll' gLlUgl'S \.JerL' installed after 1950. 

made by ORS1\1:! from 176'j to 1960. illl' results obtai lied ilppl'ar in a 

volwninous monograph. For some years, the hydrological sl'rvice in 

Hali has also published hyurologic,11 annuaries. 

The location of the present :'.:1;"ing stations are sholVl1 on the following 

two plates' (one for the upper bA'Sin and one for the lower basin). 
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lhe origin and His tory of all stations installed before 1968 

appears in publications by ~~. Rocho" Rochette and Jaccon. 

lhe data were updated in 1969 and 1970 'respectively in the 

OERS-UNDP projects: "Study of the Navigability of the Senegal 

River" and "Preinvestment Studies for the Regularization of the 

Senegal River." 

According to the Senegal-Consult Study, although gage-height 

records and stream gaging measurements have been made at many 

stations, only 13 stations have adequate records \.,rhich can be used 

as a reliable basis for hydrologic studies. 

The following tabulation lists the locations with usable 

records; the station 1C'cati0l1s are shown on the location map and 

can be found in the Senega1,-Consult Report: 
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Location 
Map Catchment Hean Annual 

Reference River or ,\rea Date iJischarge 
Number Station Tributary ~in km22 Installed O13/s 

1 Siramakana Baou1e 59,500 ( 1954 71 
( 1967 

2 Toukoto Bakoye 16,500 ( 1904 81 
(1951 

3 Qualia Bakoye 84,700 1954 167 

4 Dakka-Saidou Bating 15,700 1952 287 

5 Soukoutali Bating 27,800 1966 367 

6 Dibia Bafing 23,500 1956 419 

7 Ga1ougo Senegal 128,400 1904 616 

8 Gouina Senegal 128,600 1926 

9 }{ayes Senegal 157,400 1892 627 

10 Fadougou Faleme 9,300 1953 120 

11 Gourbassi Fa1e01e 17,100 1954 165 

12 Kidira Fa1eme 28,900 ( 1930 195 
( 1951 

The stations at 13akcn and Kayes, for which long-term records are 

available, l-len' used to extrapolate the records [or other stations. 

111" l-later year is assllIT1l'd tL) start :-Iay 1 and "ilL! ,\pri 1 JO. 
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· Although the present hydrometric network is generally 

considered sufficient for comp1ctin~ projects now underway, the nec-

work needs to be reinforced: observations on the different water 

level measuring stations need to be followed through, certain rating 

curves need to be specified, others retaken. This is particularly 

important for forecasting phenomena. One should also note that the 

forecasts of flooding, from 1952 to 1958 by ~~S, were made by 

experienced men who knew the river and used the facilities then 

available. 

A modern service to forecast and announce floods requires a 

much more complex means to inform, treat, and transmit data. Such 

a service goes far beyond the present capabi liUes of the system. 

Present Syst~m Deficiencies. TIlcre are four main areas where 

the present hydrometric netHor!: is deficient: 

1. No inforn~tion from Guinea 

2. Limited real time reporting of information 

3. Lack of maintenance .f stations 

4. Limitations in data recon)ed. 

Guinea Data. ,\lthough OVl'r half of the runoff of the Senegal 

River originatcs from Cui nca, om's doC's not reccivl' any rainfall or 

rWlOff infonuation [rom Guinea, because of pulitical differences. 

It is there fore d if ficul t to jus ti fy too sofis ticated a nc twork for 

the rest of the Basin for predicting floous and 10H flO',o1S Hhen 

information on the most important portion of the basic will be 

missing. 'lhe highest priority should be given to obtaining rainfall 
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and runoff data from Guinea. This information is especially 

important to determine the relationship between intensity of rain

fall and runoff for spillway design floods for proposed reservoirs. 

ftlmediate Data Reporting. l-lith the exception of the Guinea 

area, the present hydrometric stations within the Senegal Basin are 

generally sufficient. It is reconnncnded that t\-~o discontinued 

stations (Koungani and Ouaounde) be re-established and that a new 

station be installed at the proposed Diama damsite. However, in 

order to make use of the present system for forecasting floods and 

low flows, a system of inuneuiate "real time" reporting is requir.ed. 

Under the present system it often requires 2 to 3 months for the 

records from the remote stations in the upper basin in :'!ali to 

reach the central office of the ~!ali lIydrologit: SCl"Vic(~. At present 

there is no regular conununication sys tl'Ill betHecn the lIydrologic 

Service of Hali and Senegal whereby the population along the river 

valley (mostly in Senegal) can be warned of floods rising in the 

upper basin. 

111C situation is sOlllc\vl1ctt bclle~' \vilh the clilililtological net

work \.,ritlt four :;lations in ~:ali reporting l'Vl'l'y thl'l'l' haul's hy radio 

or telephone. 'llle ilrincipal l1l'c'd is nol only fOI' additional radio 

reporting rainfall stations, but also [Ol' stalions rl'l~on!ing rain-

fall intensity. Also there arc many areas not adequately covered 

by rainfall stations because of lack of available observers. 
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Station Naintenance. A major problem with the existing hydro

metric stations is the lack of funds aryd personnel to properly 

service or maintain them. Records for several stations with 

automatic recorders are not being obtained because of lack of 

maintenance in servicing the recorders. Other staff gages not 

being read because of lack of funds to hire qualified observers. 

Many hydrometric stations lack rating-curves at high flows because 

of insufficient personnel for stream gaging. 

Limited Data Colh;ction. Ihere is a need for more of the hydro

metric stations to have auton~tic recorders in order to register 

instantaneous flood peaks. Additional rainfall stations are needed 

for recording rainfall intensities. Additional climatological 

stations are requl red to determine humidi ty, tCllperiltures, evapora

tion a:-:.d evapo-transpiration over the basin. 

Data as to sedimentation and \.;ater quality needs to be collected 

llt several of the key stations on the Senegal River. 

In the lower river valley most of the gaging stations only 

measure the [101" in the main channel. In orJer tv evaluate the 

availability l1[ I"atl'f in the lower basin, till' impact of CVllstl"Llcting 

dikl's and irrigated pl'riml'ters, ;llld thl' l·llll.stnll~t ion of the salt 

water barril'r \Dialll.:l Dam) it \.;i11 be necessary tv llleaSL1rl~ the flow 

through the main gate and the river flood plain. To detennine the 

£10\'; regime of the hlwcr valley, detail m':lppin£ of the valley topo

graphy is essential. 
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APPENDIX B 

ASSESSMENT OF GHOVND- WATEH IN Jo'OHMATION 
IN TIlE SENEGAL HIVEH BASIN 

Introduction 

In compliance with a request fr,om the Division of Foreign 

Activities, U. S. Bureau of Reclamation, Washington, D. C., who are 

under a special contractual agreement w~th the V. S. DepartnH'nt of 

State, the V.S. Geological Survey assigned ah;'drologist-lVlr. H. i\I. 

Babcock- as a part of a team to assess the ne,'d fOl' and the design of 

a meteorological-hydrological measuring nctwork and to assess the 

present knowledge of thc grouI1d- \ratcl' 1'C'sources In thL' S('IH'g~t1 Hh'l'I' 

basin. This report deals \,'ith the gl'ound- \,'atec part of the assessment. 

Oat a :\ vai Ltbl (' 

Adequate geologic and g I'ollnd- watc I' i.lformation is avC!.ilable 

for' the basin. Gooel 1'('CCll'eI::; h.I\'(' 1)('l'l1 "('pt of \\l'11- drilling .Intl 

developllWI11 ~lcti\'1til's, ~ll1d ~llal'gl' 11111l11H'l' of illtl'I'Pl'l't.lti\'c gl'olllld-

water stlldil'::> 11~I\'l' \)('l'l1 Ill,l(k. 

Fl'olll ,I l'('\'il'\1 of till' (bl,1 IIl~Hjp ~I\',tilal>k by thl' gO\'('I'llnll'nts 

of Mali, l\lallriLlni~I, and ;.Ic'nC'gal and by the HUI'C'.llI dl' Hl'chel'chcs 

Gcologiqul'S ('t l'Ilinicl'l's SC'I'\'iccs Gc'ologiqlll' Natioll;tl (B.n.G.~I.), it is 

appaI'cnt tll:,lt gr'ollnd water of sllitable' quality and slIfficiPnt qllantity 1'01' 
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irrigLllioll CLln !Jl' obl.Lllncd in lLlr'ge Llt'CLlS in tll(' \\ ('SU't'n [>LlI't and 

extending north Llnd south of til<' dl'aina!!c' 1J~lsin. In Il\c' :1/'(';\ rl'lllll 

about 60 km west of Bakel east ward, the lithology of the formations 

that underlie the basin is sur.h thLlt large well yields arc unlikely. 

Base maps of uiff~rent sca18s-' including those Llt 1:250,000 

prepared by the U. S. Army Map Service- arc LlvLlilablc for' the entire 

Senegal River bLlsin. Several sllILlll- sc;J)'c geologic Llncl hycll'ologic 

maps prepLll'ecl by the hydrologic c1cpLll'tI1H'Ilt:'; of tile threE.' countries 

and by B. H. G .1\1. arc available; il1 Llddilion, nllmCl'OLlb: ~"~~('- scale 

maps showing gr'ouncl- watel' inform~t1ion in pal'ls of Scncgal Llnel 

Mauritania an' a vailaule, 

Thc most I'eccnt comprl'llcnsh" stlldy of till' gl'ollnd-'sater 

reSOUl'ces of the b:lsin \\as pl'epan'd by 13. H,G,:'!. in 1~J7;) lIlIdcl' tIl(· 

sponsorship of .. Le Fond ell aid el ell' Coopc!"ltiol1 de la I\l'publiqllc 

FrancLlisC'," The l'eslIlts of till' stlld,\' ~lI'(' pl'l'sl'ntl'd in lill' I'ppon 

entitled "j\uticv:-; l:::-.plic~\ti\'l's ('I l',ll'tVS tI(' pLlllificllioll PUlIl'l1 

I'CPOI'I iI1C]lldl';"; till' t 1":1 1 ",tl dl';-;C "illl';-; till' :.; "lll;Jld, '. .. ,It l'l' l'lllldit iIJII::i 

and tlll'l'(' Sl'ts or 1l1.lpS Sill)'.\ ing (I) PI'Otillcl i\'it." or I ill' aqllifl'I'S, 

(2) cost of prodllcillg gl'llllnd \\atpI', and en c!lPlllical Cjllalil.\' of the 

gJ'ollnd \\alvl'. c\ lll,q> is lwing PI'I'P,II'cd Illal \\ ill S!Ill\\ I hl' qllolnl it ips 
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of usuble gr'ound \\Ul<'I~ in stol'ag(', III conjul1ction witll tllis SllH:)', :In 

annolal ed biblio~/'apll\' thut contains s(',vc'/'u] hlll1dt'('r/ /"(,r('t'('n~('s on 

all ground- water studies :n Senegal has been pl'epa!'cd. ,c\ similar 

bibliography is in preparation for Mauritania. 

A report prepared by B. R, G, M, entitled II Cart I1ydcogeologique 

Du Bassin Sudouest Mauritania" is typical of some of the other larger

scale interpcetati ve repocts. The report conu.lins a Ulble of pertinent 

well data (about 500 \\'ells) :1nd a map sho\','ing the gcology, location of 

wells, depth to \vatcl', typc of aquifc'l' matcr-ial. total dissoh'ce! solids, 

stiff diagrams showing \\'atcl' typc, contoul's of tllc \\':1tCl' levels, and 

contours of tot~,ll dissol\'C'd solids. :-iimilur infol'l1"!ation is :1\'~liLlbll' 

for Seneg"ll aile! to a lesscl' extent 1'01' :\lali. 

Gcc llrTCnC e of G l'CHll1d \\' at (' r 

The following is a Sllll1nJ:U'Y of the' OCCllI','Cl1C(' of ground 

water ill till' :-1l'J/l'gal IhI'L'l' b'lsill. rill' dl'laiJt'd illt'UI'Ill.lliull is a\'ail-

able in the l1l~lny t'l'pOI'!S jiStl'c/ in til(' hibli()~l'~lphil's, 

III II~l' ~lt'l':l fl'Olll ,1I1t)111 (ill kIll 'I'. (,:-;t (1\' ILtI,l'l l',lst \', :It'd, 11lL' 

basin is llndl'I'lain by gralli! l', glll'iss, ,UHf c()lIsnJid,lll'd st'din)('nl~l!'Y 

rod,s tllat can be expected to ,\'lC'ld onl,\ <:11l,t11 qU:lIltiliC's of \\al('l' . 

.c\. map P!'l'p:u'cd b\' the Direction (;('I1('!',l](o /)c "."dl'dlt~iLJlll'. q"plIblic 
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.~r'anit (' and ~nf'iss- a r'C' nnnpr'orilict i\~('. 

Westward from near Bakel, most of the basin is underlain 

by the Continental Terminal Formation, which in turn is under'lain 

by the Maestrichtien Formation. Thes·e units c()ntain ground water. 

The Continental Terminal Formation consists of sand, gravel, and 

clay that generally yield at least small quantities of ground \\ater 

under \\·atel'-table conditions; ho\\·c\·el', il is douotfllllh<J.t a 

sufficient saturated thickness of the formalion is prcsent in most of 

the area to yield thc quantities of \\·at('r' n('('dcd fot' irt'igation. 

The undcl'lying :;\];.lestl'ichtil'n F01'I1l;.it ion consist s of lil11c-

stone, clay, ;.ind sand oC'ds. TIl(' S~ll1d becIs ;11'C quitC' C'xtc-nsiH' and 

generally are sufficiently thick and pel'Ill('~IOle 10 yield modC'!'<J.tp to 

large quantities of walc!' to \\"ells. The \\·~lt(,l' is under ~ll'lesian 

pressure and genel'ally I'ises to a 1('\·('1 abo\·C' th~tt of the shallow 

waler-table aquifL'I'. \\ell l'l'C01'c!S in till' filt's of till' Dil"l'ctol' of 

indicales that \\·('l1s ,,·it'lding fl·Olll :100-1,000 gp111 c,ln hl' dl'\·l'!oped. 

The' l\Lle'st dcbt ien and til(' Coni inl'nt.tl TC1'minai For'mal ions ext (·ne! 

1'01' "Teat tii s L.lnc l'S 11l11't h ,Ind soul it of tit (' ~l'lll'(\.d I: h(' I' d I' ail1~l(lI' 
~ ~ ~ 
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basin. The fOl'lllations al'e l'egional aquif<.:t' ~.Y~telll~ and IH'ouau1y 

the river. 

Recharge from the river to the Maestdchtien For'mation 

probably is limited to areas where the sand beds in the formation 

may be in contact with the overlying Continental Tel'minal FOl'mation 

or flood-plain deposits. Ncar Natam tests run uy the Bechtel 

Engineering Co, indicate that ~hel'e is little if any hyul'aulic connection 

between the upper saturated flood-plain deposits 01' Continl'ntul 

Terminal Formation and the underlying :'I]aC'st I'ichtll-n FOl'mation, 

Ground watel' in the: nooel-plain alluvillm ane! tll(' undl'dyillg ('onlinental 

Terminal FOl'mation is hydl'aulic~llly COIlI1<'CI('d '.dlh the !'in'I', The 

Continental Tel'minal FOI'mation is satuI'.tl ('ll undc'l' the' r'ivel' flood 

plain and to sOllle extent away [r'om Ihl' l'i\'(,1' flood plain, The 

saturated section would 1)(' (':-;pc-ct('d to decr'eas(' pI'ogl'C'ssi\'t'l\' with 

increasing distance fl'om the l'i\'(,I', .. \s tlIis matt-r'ial is capaule of 

plain and in ~lI'l'as adj~ICl'lll to thl' !'luod plain, In IIH'!:OC' ~lr't'~I::>, till' 

aquifC'I' cOllld lw ckn'1olwc/ I'alhcr' (':-;tl'n5in'1\' Iwc,llIs\' \\,11\'1' \\'itbdr'awll 

would U(' t'l'chal'ged Cllnl illllOllSly fl'UIll tIll' I'i\"('", III tIll' ,II'cas lIlIdl'!' 

and adjacent to the rivC'1' floou plain, an oppot'tunit,Y would exist to 
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develop ir-rigation water' fr'om both the Continent.al TL'I'minal and 

flood-plajn d('posjts \':~d('I,-t:tbl(' s\'st(:111 :Ind tl1(, IlIld('I'l."in~ 

Maestrichtien artesian system. 

Use of Ground Water 

Ground water is used extensively for stock and village water 

supplies in Mauritania and Senegal and to a much lesser extent in 

Mali. A fcw irrigation \\'clls have been dl'illcd in Senegal in an al'ca 

east of Dakar; apparently, only a few of thcse irdgat ion \\'clls are 

in use. Although therc is a good possibility of obtaining sufficient 

ground water fot' irrigation in p:lI'ts of Senegal and l\Lllll'itania, the 

high cost of pOWCI' has bpcn a detcI'r'cnt to \',ell dc'\'C'lopl1lc'nt, 

Each of the three countries has a govel'nmental ol'ganizat ion 

with a small technical staff that is responsible 1'01' the development 

of ground \\'ater, Thc 0l'g:1I11z:.ltjollal stl'llctlll'C is similal' 1n C';].ch 

countl'y and has a Director of IIydl'Lllog." as the head. In S(,I1l'gal the 

wol'\.;. is di\'id('d b('t\\l'C'n thl'l'l' di\'isl()ns. 

fOl' selccting \\'dl locations, ddlling \\clls, l11onilol'ing 

w('lls, and monitot'ing Cl,;Uh;:VS in \\al(,I' l('\'('ls. OIH' 

hydrologist and a gO\'l'I'nn1<'nt - O\\Ill'd tll'lll ing COlli pall.", 

SONAHFon, is assigncd to this division. Prcscntly, 

SONAHFOH has six drilling rigs. 
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stlld~' and reseal'ell gTOIlp tJlat is t'['sponsibJ(' r()t' 

investigative work on soils and hydrology. The gl'OUp 

does ground- water studies for the Division of Urban 

and Rural Hydrology as needed. The group is made up 

of 2 hydrologists and 2 technicians. 

3. The Division of Rural Equipment maintains all equipment 

and is responsib] e for directing irrigation dcvelopment. 

The Hydl'ology Depal'tment also makes extensivc usc of the 

consultant services of B. H. G .1\1. fo/' regional and specialized g l'ounc!-

water studies. For example, 13. H. G. 7\/. rccently has cumpleted 

mathematical models of tIll' i,;I'ound- \\"~Hel' system in t 1',0 heuvily 

developed al'eas in Scnegal. 

In addition to the govet'nment-o\\,nccl drilling comp:wy, thI'f'e 

small pl'ivate drilling companics- COFOH, S.-\SIF, and SATON - drill 

wells in tIll' Sellegal Hi\"l>J' oat>in. Tile cOlllpaJlk::; :u'e l!l'adqll~ll'tl'J'l'd 

in Dakar. 

GI'Ollnd-\\atl'l' 1'{)lCIltbl I'll!' JI'l'i!..!.lti()Jl -_._--------"------- ---.---.-~----

The possibilit,'" of obt aining slIfficivnt quant itks of g,'ollnd 

watf'" fol' iI'l'igation ap(.h':ll'S to be qllitl' gund ill tIl(' ~cnl'g;tl HiI'vl' IJa:;in 
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· and adjucent urcas ill Muul'it.unia and S('negul. In tile Ul'ea from 

by the Maestrichtien Formation that contains fairly thick sand beds 

in many places. Irrigation wells can be developed in places where 

the beds are sufficiently thick. Adequute geologic and hydrologic 

mapping has been done to delineate the general areas most favorable 

for the development of irrigution wells. 

It is suggested that a comprehensive review be made of 
\ 

all available ground- watel' data, maps, and interpretive ('epol'ts. 

A report would then be pl'epal'ecl idcnt ifying arcus where gl'ound 

water of sufficie.H quantity unci ::iuitablc qll:tlity 1'01' il'l'igdtioll cun 

he obtained. This infol'm:)tion sllould Iw SI1O\\n b.\· P:lltCI'IlS on a 

map or mups in Stich a mannel' as to silo\,; l'c!ut h'(' yicld potentials. 

In consultation with the apl)I'Opriat(' gO\'C'l'IlIlH'ntal depanmcnts of 

Senegal and j\laul'itania, at leaSI 011(' an',l ill ('ach count I'y could be 

s e 1 e c ted f O!' 111 0 !' (' ell't d i It:: d stu cI y ::i 0 t Il'l[ ,lll i I 'l' i g :L t j () Il ft' a sib i 1 i t y 

stud,\' could lw l1l,lt/(' sillliLLz' III till' (lIlt' hl'ill:.: Ill:ul(' IJ\ til(' BVl:lltl'l 

EnL!'illl'l z· ill~ l' Il, Ill',l z· :·Lll.Lll 

add it i 0 11 a I ! (' S t d ri 11 i 11 g I 0 l1l 0 I' e p /' c ci S cl.Y l' Y :L 1 U;t t l' t h l' a q tI if (' I' 

pot cn! ials. 
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Deficlencies 

" " 

T he three count !'ies are ver'y dependent on expatl'iales 1'01' 

technical expertise and consulting services, although they have a 

few trained hydrogeologists and competent consulting help to advise 

them on ground-water development. A pr'ogram for' the training of 

additional personnel in hydrogeology is recommended to lcssen the 

dependency on expatriates for technical help. In addition, if 

ground-water irrlgation provcs to be economically feasible, thc 

present staffs would not be capable ~f o..king on the additional work 

of directing irrlgat ion devl'lopmclH. 

Onc hydrogeology t I'ainee 1'1'0111 each count I'Y and one fl'0111 

OM VS should bc Sl'11l to thc enit cd States fol' t I'aining. ~\lthough 

the potential for ground- water dcvelopment for ilTigation in I\lali 

is not promising, tr'ained hydl'ogeologists al'e needed therc to 

assist ill tl.e locatiun ,llle! dv\"vl0plIlL"m of tlullll'SIil' :tlld s,(lck "'.,lll'l' 

hydl'ology in till' l:nitl'd SI at l'S. 
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Supporting information for Ground-Hater Program 

Test l~ell Drillin8 

Test ~/ell s wi 11 be 6" in di ameter to an average depth of 150 meters. 

Cost of drilling casing and testing will be approximately $24,000 per 

well, based on information obtained from Nr. Henri ~ioussa (BRG~I Dakar). 

This compares with a cost of about $17,000 for the same work in the 

U.S. 

Test drilling can be done by contract with SONAFOR, COFOR, SASIF, or 

SATON. All headquarters in Dakar. 

Drilling will be scheduled as follo\-/5: 15 wells during the second year 

and 25 wells during the third year. 
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APPENDIX C 

Travel Report Df the 
U.S. Bureau of Reclaillation Tealll 

to the Senegal River Basin, West Africa 

The Foreign Activities Division, U.S. Bureau of Reclamation • 

. Washington, D. C., received a request fr6m USAID/Washington to field 

a team to prepare a Project Review Paper (PRP) covering the combined 

projects identified by the Project Identification Documents (PID) 

calling for the establishment of a hydrometeorological system and a 

hydrogeologic investigation in the Senegal Rive~ Basin. The team 

consisted of Adrian K. Long, Water Resources Advisor and Team Leader, 

U.S. Bureau of Reclamation, Salt Lake City, Utah, Earll D. Dudley, 

Hydrologist, U.S. Bureau of Reclamation, Sacramento. California, and 

Horace M. Babcock, Hydrogeologist. U.S. Geological Survey, Tucson, 

Arizona. 

The Team Leader departed from Salt Lake City, Utah, on October 20, 

1976, and was briefed in Bureau of Reclamation offices in Denver, 

Colorado, and l'!ashington, D. C., as well as in USAID/l'iashington offices. 

The team assembled at Kennedy Intcrn,ltiorlal Airport in r/C'\'I 1'od; the 

evening of October 28. 1976. They flew directly to Dakar, Scncgal, 

arriving thel'e the morning of October 29.1976. rlnd pr'occeded to the 

USAID office \·,here they \vere met and briefed by Glen Slocum, USAID/ 

OMVS program coordinator. 

The next few days were spent in review of available data and 

discussions with numerous individuals from USAID. OMVS. ASECNA. 
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ORSTOM, BRGM, and various officials of .the Senegalese Service 

Hydraulique; Urban and Rural Hydrology, etc., in the Dakar area. 

On November 2, 1976, the team drove in a USAID car to Saint Louis, 

Senegal, located 264 kilometers North of Dakar. Initial contact was 

made I'/ith OMVS and the Service Hydraulique Senegal, pertaining to 

streamflow, precipitation and groundwater data. These discussions 

were continued on November 3, 1976, after which the team returned to 

Dakar. 

On the morning of November 4, 1976, the team, accompanied by 

Mr. Garon Konare, Engineer-Hydrologist, OMVS, and Mr. George Poulin, 

USAID/Dakar, departed from Dakar, utilizing a chartered Air Senegal 

plane for an aerial reconnaissance of the Senegal River. We flew up 

the Senegal coastline to the estuary of the Senegal River, located 

south of Saint Louis. The continued route of the flight was up the 

Senegal River and the Diama danlsite, over the \·lildlife refuge area, 

80undoum irrigCltioll perir:;eter', Rang pUllipinu pldnt and perimeter, 

Roosa, the Lac de Guier's inlet canal lind pumpino plant, and the 

sugar plantation n,lr' Rich.1r'd Toll. 

After refue 1 i I1g at R i cha I'd To 11, we cont i nued up ri ver' to Dagana, 

observing the pumping plant and irrigated perimeters in that area. 

Downstrealll from Podor', \'/e obser'ved the point of junction of the 

Senegal River and the Doue. It is proposed to try to determine the 

dischurge of the DOlle at this point. Our flight continued up to Podor, 
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Guede, Chantiers, Baghe Salde and to the point of channel interconnection 

between the Senegal River and the Doue upstrealll frolli Salde. 

During our continued flight, we observed an irrigated perimeter 

west of Kaedi and the junction of the Senegal River and the Diammel, 

. downstream from Matam. We observed the river and overflow channel at 

Matam, irrigated perimeters in this area, the intervening area between 

Matam and Oauounde, the Goude and Mouderi' areas, Darawa, Bakel and the 

adjacent irrigated perimeters. Our flight took us further up-river to 

Aroundou, the junction of the Senegal and Falem~ Rivers, then up the 

Faleme to Kidira at which point we flew back to Tambacounda, Senegal, 

to refuel the aircraft. 

The overflight of the lower reach of the Senegal River Basin 

revealed a flood plain of varying width, only slight evidence of 

flooding during the 1976 rain runoff season and considerable recession 

agriculture plant~ngs. It also appeared that t~e land most suitab~~ 

and susceptable to irrigation, \'Ias generally situated \·IiU1in the majot' 

river floodplain area. In certain reaches of the rivet' there at'e 

numerous overflo\'1 channels as \'Iell as channels which often CMry more 

flm'/ th,ln the l11.1in t'iVCt' (h,lnnol. 

After n~fueling at Tarnbacounda, \."e fle\." back to Kidira on the 

Faleme River, over to Alllbidedi on the Senegal River and up the Senegal 

River to Kayes, Mali. where we concluded the flight for the day. From 

Bakel upstream to Kayes, the river flood plain is relatively narrow and 

the ,h(lnlwl is incised into the flood plain about 8 to 12 meters. 
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Mr. Konare, a native Malian, whose hon~town is Kayes, arranged for 

a vehicle to tcJke us to the e/istin~ ~ld'(lilj(J station at f:ayes. The 

station consisted of a series of staff gages covering a range of 

about 12 meters. These gages were attached to concrete piers of a 

loading platform or to concrete and masonary posts constructed for 

the sections of gage. 

The water surface at the station was 3.88 meters. Mr. Konare 

sent for the gage keeper and the operation of the station was discussed 

with him. 

An item of great importance emerged from this discussion. No 

readings from this station had been transmitted to OMVS or the Malian 

Service Hydraulique since May 1976, a period of 6 months, and apparently 

no one had requested the information or tried to determine \vhy the data 

had not been forwarded at the end of each month. When asked why the 

data had not been forwarded as scheduled, the o~server stated that the 

Malian Government had reduced his \'lage by 50'; therefore, he \'lOuld not 

send the data although he apparently was still reading the gage. This 

is a typical and l11cljor problrlll ill mclny countries of the world in theit' 

hydroll!ctl'ic rrogl',l:l:S, i .c., poorly p(lid or inconsistently p"id (':'<;('I''.'l'I'5, 

poorly trained, uninformed Ot' unmotivated observers and the lack of 

supervision and understanding on the part of officials in charge of 

these programs, re9ardi nl) the imporLlllce and cri t i ca 1 need of ,lccurate 

basic data. This fact cannot be over-emphasized. All water resource 

development is dependent upon these basic data and inaccurate data is 

worse than no data at all. 
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In the river at Kayes, we were sh~wn a riffle in the river aoout 

one kilometer upstream from the gaging station and \'1ere informed that 

it was caused by a rocky ridge formation across the river channel, 

which has been slightly improved by concrete or masonry and is used 

as a ford for vehicles during low flow periods of the year. Upstream 

from this formation would appear to be a good site for a gaging 

station if the rating curves at the current station are somewhat 

erratic. 

On November 5, 1976, the party took off from Kayes airport and 

continued up the Senegal River to the junction of the 8afing and Bakoye 

Rivers at Bafoulable. Enroute we observed the rapids and powerplant 

at Felou situated about ten (10) kilometers upstream from Kayes. as well 

as the Gouina Falls near Banganoura, Mali. The river below the junction 

of the Bafing and 8akoye Rivers is designated the Senegal River. It was 

noted that the 8a~oye River was carrying a much heavier sediment load 

than the Bafing Rive)' \'Ihich \'/(lS readily discenlab1e due to the coloration 

differential of the waters of these two major tributaries to the Senegal 

River. It \'Ias also rlotrd th,lt tho VO~lCt(11 lOVt')' of ttlO \':,lte)'shrd (1)'(',1 

upst)'ealll f)'O!!' GJk01. 50110(1,11. ,11~d in ~'\11 i. \':,1<; ,,'ll)'O dl'rlS(, .111d n,dl 

greener, this being ttle result of I1!O)'O pl'ecipit,ltion in ttll'se different 

parts of the catchment area. 

Our flight continued up the BafinCJ River, the f100clp1ain of \'Ihich 

is quite restricted in width. There were several rapids and falls in 

the reach of the river from Bafaulabe and Sitafeto, Mali. Sitafeto is 
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approximately 50 kilometers north of the GU,inea border, and was the 

hi9hest point on the Cilfinq Pivf:l' that \'1(' o[lsot'ved, Unccrt,lintyof 

our fuel supply made it necessary to divert westerly toward the Faleme 

River and Tambacounda, Senegal, at this point. 

We were able to observe the Manantali damsite, the watershed area, 

river channels, rapids and floodplain. Many of the plateaus and ridge 

lines were void of or had a limited stand of vegetation on them. This 

was due to exposed bare rock or a soil mantle too thin to support a 

heavy vegetal cover. 

The escarpment situated easterly of the Faleme River in the vicinity 

of Kenieba is very abrupt and steep. The steepness of the terrian, 

exposed rock and shallow soil mantle adversely affects the moisture 

retention cap&bility of the watershed area, thus resulting in the rapid 

and high peak rur.off that is reflected in the historical hydrographs of 

existing streamflow gaging stations. 

After intersecting the Faleme RiVE; downstream from Kenieba, we 

followed the river downstream past the Gourbassi dams and nearly to 

Kidira at which point l'le flel'l to Tarnbacounda, SenegJl, to refuel and 

return to Dakar. 

Additional discussions with various officials of the OMVS and 

Senegal Government were held subsequent to this field trip. 

On November 9, 1976, Mr. 'Babcock departed for Nauakchott, 

Mauritania to discuss groundwater conditions and review data related 
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to the Senegal River Basin. Mr. Dudley departed for Bamaka, Mali, to 

discuss streamflow and precipitation stations~ records and data with 

Malian officials of the Hydraulique on Meterological Services. 

Mr. Long departed for Niamey, Niger, to discuss the CILSS Agromet

Hydromet Program with Dr. D. A. Rijks, Program Coordinator. This 

program covers part of the Senegal River Basin and close coordination 

with this program together with the ORSTOM and ASECNA programs in the 

basin is important to minimize or eliminate duplication of facilities 

and ser~ices. Discussions were also held with USAID officials and 

Mr. Charles Joyce, Engineer for the Niger River Commission, exploring 

the possibility of securing streamflow and precipitation data for the 

Guinea area of the Senegal River Basin watershed. 

By November 12,1976, the members of the team had returned to Dakar 

where summary discussions were held with AID and OMVS officials in Dakar. 

The team departed from Dakar on November 14, 1976, and arrived in 

the United States 011 the sallie day. 
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