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1.CFOICE OF DIMENSIONS 

Three criteria were employed in determining th~e dimen

zions of the~projected dames 

a. comparicon Isetween available water volume and ~ 
available s-tora-e ; 

b. pedolo:gical datas'; 

c. sociological aspects. 

.Surveying.
The first criterion is the, most important 


2provides for each dam a curveV(H) : stored volume 
versus water level . Hydrology on the other hand yield6 ' 

the icaume of averag-e yearly runoff-Vd now;,Vmax.Let 

be the -l)k~mum storable volume in the reservoi;)r' The 

w Ytlevel selected will be then th I-y 3.H c 

that testored volume for this level Hi equals the '~ 

.The second critorium allows to exclude some pedologically
 

In cthe under
unsuitable areas . fifteen dam basins 


study , the lowest parts are richest in allr'via an4 A 

hence most fertile , whereas the higher par((s are often

covered with stony "regGs" . Let Ilmax be the hPght water 

level stitable for runoff .aricultue. The water level 

selected is H2 ,which equals thelesser of the quantities
 

IlldoLerminud above ,and 11max
 

Thethird criterion , sociology not sy'stematically,was 

resorted to , but only Ilhen it appeared that the water 

level dotermined by using the two first, criteria yielded 

economically unacceptable results . Normally this criterion 

means adjustin the reservoir area to the actually culti

vab~le area ta.jinG into account the avaiLlable agricultural 

4; manpower. 



2 5 ' 

~2~45 

~c~"5 

Actually ,the sociological study pez'~ormfed duri~n' the ~ 

identification studies (19' 8) gives~io quantitative infor

m~~wnation . Finally , we used this8 criteio~n onlys for the 
site of Aneira ,near which we met. no famrdurngth 

-campaign 1979 1980~o 11 

' 

Once we had thus determined the normala~ter level ,the 

dimensions of th1 structures were computed a.s follows: 

the elevation of the spillway, i~f there isQfone - -equals 
the normal water level ;S 

ItS 

teelevation at crest of embankment dams e as'h 
55 

normal water level , plus 

(Cenerally-s)5O M) pls 

the water. height 

mfrebr 

above spillway " 's 

for concrotodams ,the frobadireeb ord ±sM 

-finally, for total storaje dams 

>1<K>.00 M/ bove normal water level 

th rebadi 

V 

The dimensions of strucue 

these rules , are Ziven below 

computed b 

, 2 . 

application of -

2.,jSelection of' dnm type ~ 

2.\1. We cbonsidered' three dam types''for the present project: "~-

Ca) embaknen) db-ms with sPLlay 

5' (c) t.otal, torage embankmnent dams. 

a .5A 



'\~~77".z 

asae osictduig(a)-~~~~~~~~~~~~~Copce____luet, 

i'(aompactnd ebankment slopes :r1 onstroeam usnd 

the rcoofthmme ruts
tokn90t accontmowfhedgh 


we peormqualit bilty cateriatinw~l~fo theedm
 

Sp follpwing'h recomnmenatlopes of USi
downsen ofmal
 

The spillwaya have the sLme characteristics as the 
r overflow dams 'aescribed 'in(b) below 

A standard section of embankment dams under project is 

to be found in the drairines~ All appurtenant structures, 

I.e. cutoff trench , toe drain , outlet vior : ,upstream 

and downstream pro tectionis , are described 3 below 

(b)- Overflow dams are of two types:
 
-1. Concrete damsi 


2. Compacted embankment dams protected by ga,ons
 

(bV)/- An examiple of concret~e dam is to be found in 

report'N06 (Moudi Founti dam) shapes were chosen*The 

in order i~s to simplify as much as possible forming 

and placing problecms for concrete ; moreover the s'el'ec
ted shape allows fractioriing' the overf all height.,, thus 

contributing~to energy dissipation.
 
"3! 

The dam is continued below foun~dations by a cutoff wall 

which either reach'es the sound bedrock when the latter 

outvcrops at low depth , or is computed by application 
of Lanie's rule as modiO~ byTral*' 



iA.i 

~>i~ The,.,Protection against scouzringdownstream isensured by 
'gabions , on 2 m length .One gabion placed '-

barticas forlms ihb/o' Igahion a stilling, 
basn,as el aspro,/ding an abutmient forA the latter 

Its elevation equal,31e average elevation- of ~the'area* 

,downstream from tie~A 

In the ouadi bed riprap %-rllbe plac~ed on-1 0 h length!., 

Whenever possible, the floor downstream, from the 'dam is 

thus cot to a uniformn level.A However *when the to'po-' 
graphy requires i~t (example :case'of Moudi Founti 'parts~ 
ol Lhe fior willJhavo to be sot' at highor lovolc In, Ouch 

a case ~, a training dyke in qabions , perpendicular to the >' 

dam axis , is de;JiGned for preventing an overflow to occur'"' 
from the upper floor to the lower floor *This training 

"'dyko has alength varying from 10,to 20'7mgenerally 


(Example :report I0I6 , Moudi Founti ,part's 03 and 06 ) 

(b2)- Compacted 6ebankment damprotected by gabions 

Thin type of dam was selected sevyeral. times,, either as 

an overflow daa (4 dam-s) , oras aspilway for an embank

ment damj . (3 damsv) . An~ example of this type of strucu , 

is to be found in report N0,4 (Ameira) 

Thcoee damwith seda cmace embankment dame "' 

cvrdwtanunweaved semi--pervious membrane acting~'' 
as ailter(of the BIDIM type) ,protected*: 

A- onsra , bygabions , size 2'x 1 x 0-3-M 

wi.th, partial overlapping
 

u 'nd over cresrt ,by a cqntinous g'abion '
Lpstream 

(tmattrossII gabion) ,thicknessa 20 cm "''
 



The structure is-- ppdwt a cutoff trench4 th di~m

oionof which are coptdby application ofy thea Lane 

Terzaghi rule .. 

The protection downstream is ensuredby-gabions, i A th the:~ 
Eame disposition as for concrete structures insection (bl)~ 

above .~,~A~ 

SThe main advantages of this type of structure-are as 
"31
follows 

1- good behaviour on pervicus foundatio'ns A stability 
computation by Felleniusrnethod '*2 circles upstream"% 

on5 circlos downstream) was performed using'a program ~ 

SaHP 41i C computer and yielded safety coefficients of
 

2.35 upstream and-2.37 downstream,( seecomnputationlal 
note) . For thi6 computation ,performed on tho eampl 

of the Mint Aouaou dam , _4e used the average cracter-~P7 

i.nticz; reommended by tJSCS for the soltpsidniid 
during the geotochnical studies ,i.e. '4L and'Atypes 


ML-CL .Indeed ,the reference terms o' 3 h geotecnical 
al~lowed this type of. classific'ation , b'at did 

A"3'studiez 


V not provide for deterafining the values ofl shearing
 

strenigth and angle of~int"ernal friction
 

2- in the case when topography demands a very long dam
 

(4: Ameira ,1 ae el Mohor ) building arioverflow '
dam in. ain Ci.e without freeboard) al~lows an'>"' '< 

r ~ -- ~ important cut-down inAeathwork volumes' 

(c)- Total storage embarkment dam's ~ 

dams" j*For 3 sites we' selected total storage i~e withnlOU 
1~Qa spillwvay . However on, one of these dams (10 : Toueiz

as 
3'.,- "''' tt there exists a natural sill 4Ach m'ayact 

an emergency spillway "3 ' :'"'4. 

3q1/ 0 

4 

http:and-2.37
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Two rules were decisive in selecting this type of 

sLructure
 

1. Small vwutersted area 
: 9 IX2LoussouJ 

11 A 2hattToucdvrctLTa 
34 2

Lcmaoudou 

2. Topoaraphy allowing cuy conztruction of a dam 

capanu ot AtorinL the total fifty years annual
 

runoff , With onnctz" frMeeoard
 

These total toragu damn provide a safe and economical 

solution , the only appurtenant eing the outlet works 

The next pge zuo.::s a 2ynoptical tohic allotting the 

projctud dam.s to the varioun types. d2cri-bed in sections 

(a) , (b) and (c) ;Lovu * Luau damw (3 : Touidima , 

10 ToUuiZ l':r':Lttntt ) :f:.:ultanuounly appear in two 

classes , Ainc, thuy Luiona to on intermediatu type . 



(a) F 1 r~kr(,.n t d v 

,LPllvy W1.11y pillv'Q : 

2 :L1. 7:Ouzci Ch, ak 

e~; oh"Or
6:M'oudi '-ocunti 1 l 

131:Loudjoungal
 

( c) .1i't tn] :.'- r;:V 

10 :t ~t 
12 : 

T'.-(- t.-,blc' n,::t nL, u" up temain dimnnaons and 

olovat-I~ofl of -'0.jectod structurue, 

Y :c~;or":& lvli.e:. lovel at full capacity 

Ju v 

HVIL :.~j. i;.eriv -maximum luveleL. 


curing,, ove 'i-fow on cpiliway.
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APUTNN STRUCTURESK~~,~Yf 

Outet'wors,, 

>< The outlet works plays a fundamnental roleA in a, dam"~'A' 

desigrned forirunoff agriculture" .: ivldeedA the function 
o>'~f-such a dam 'is to allow a makm uniyo±' 4waterA to. 

S 

The absorbed by the soil ,which will later~give the water,~ 
back to the crops .'But to bri,ng the basin under ciilti-7 ' 

vation ,it must first be emptied .,"A 

2 ''j 

As a general rul.e ,the fa-rmers leaV, thebasin uder' 
water for one month or, sc . Wo assmd that the Aduration 

of tfie epyinG process qai.ght also be'.one month , or. even 

six weeks for very large basins ths" dua n actually 
allows to bring' the basin' under, cuttiva-,i&n-~at a normiiil" 

rhythm.A 

A'A>A.:4.', 

A-

We chose between the two folloiing. types'6o 'structures, A:jA~ 

4AA 

a) open channel it h' st o gat 'thi~s str,,ture consists 
Of a floor' and two vrialwls a2'o,-.5 

distance' , Ini thich'vertical g1rooves'a)low insertion1A'Ah 
A of woodon or metal 6'toplogs, .Wh'en. emptying the''dam 'A',-~'" 

the stoploes are remnoved "one' af'ter the o'the'r AA 

ALSb) 

'A- "'A 

conduit, with trashrack and upstream at e in this type"' 

of~structure'., the flow' occurs 'under pressure */The 'AA'",AA' 

gate is orsliding gate '; the' access'to 'it i',over a 
gantway" on ani embankment from the dam c'rest' ,'AjA 

The second type is 
because it allowo 

n~d expensive 

miuch'Amore economical than thefirst"" 
to dispense with a' generally important 

Aeannwialli 

4  A''t 

A A "'A ' A Aj'-'.-~-AA' ''' A'" A 

A'" '' ' A -" "'4" A54,~
A 4 A2 A, " ' 

A42A 4 A " 



--

Sow coe ouel'onut~ihprsur lo-o 

theoutlet wok4h anpolest eslew 

chorias tom ericndgi cnutpesr ous ith I frast 
the o i o' marouc bet Te inofroblematoral solenerally~'~' 

4 a)acidn the ostrnction othe conduit th'50maov 


upotera fromenin conduit edastorthe eoorer 

peleced theine~alwayst the conduist'0.50 mbtove the 

with,-the reuie emptying time "4-thespeed in: the
 
cond~uit reaches hig~h values (un L 5 'ms'tthe begin- ~~~~
 
ning 'of-the mptying process )thus provid.ng some:
 
flushing effect 


b) avoidine piping to ,this effect vie placed concrete 
Cutoff masks along the conduit' . We moreover selected 
for the conduit a material capable' both of total '' 

tight~ness and of great supplene'ss in case 'of' settling 
~---of the foundations the conduiit shall,.be made'.of 

ducti.le cast-iron ,with bolted 4 Express joints .~4 

A standard drawinZ of the outlet works is-to, be found 
in the 'general -drawings , with vari.able dimensions and' 
the values' of'these dimensions for each'site *~ 

j~j7->For one site (Lehneikatt) ,the speed roaching5m, 
we provide "downstream from the conduit a dissipation '

_-Qt'ru~ture of" the type - report-- NO 8ihnktt)- - '11imrpact" - (see - -- < 

-'"'' For the otherjdams , 'hedissipation structure 'is mnade 

of-gabion
 

''4>' 'K~-4-4-4 0 

http:ducti.le
http:made'.of
http:shall,.be
http:provid.ng
http:conduist'0.50


2 t wallsesand 

n be enbankment ] a cutoff trench, in compacted 
j~, athil'willy be constructed~ito a depth allowing the 

p>revention of piping by application of the Lane-Terzaghi 
xrule , ~vhich. i~s similar to' Lane's rule but with 

~-following coefficients: 

sand, very fine or 4sit 47 
fine45 
Saverage 4.0J: 

,coarse : 3.5 
gravel ,fine : 3.6 

,average . 3.15 
,.coarse 2. 7, 

' 44pebbles + stones + gravel. 2.5 *.± 

clay ,~plastic j: 4.2 '' 

'~~hard or very hard : 2.5 or 2.2 

The sane~ de'vice is used when one of the abutments of -the' 
ezrba~iikmnht- consists of~ a dune ~'(repor NOu6 os uii 

l~+ i !;. ';D t;. : 7, '7 - 73~ 44,3 ;) J c , ! : i + 4=T~

In the samne wayV under concrete wo rks a cutoff wall., '~,A 4 '~' 

in unreinforced ~,unform~ed concrete allows either junction 
w,,ith the or6X ththe Lane-Terzaghi'b'edrock compliance %wi 

rule .~
 

13 Toedrain . .. . . 449: 4444I44I 

A toedrain wrill1 be constructed at.the foot of the
 

do wnsLro~r 'lope, embarkment dams.. This drain consists,,,
e of 
~4~44,~+ of riprap laid over, a' filter of, unweaved 'fabric~o the 4 4 

-4 BIDIM~ type (see below) 
4~ 44l < 4,4~ 4 4 4 ~' A'~4~ '144 ',4 ro 4 A--{$.-. 44 

~>%i'The .oic!h t of the ,dra'iin above :ntrlsoiLl level.is,,,,, ki'~~'" 
aa ICeneral~riile t6Jken equal to 'h/2 where'h~ is t e ' 

44 norma1 water 4levelin the reservoir ~ '' 

http:level.is
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34. Filters 

To :vcid the i:ortant difficulties that may arise 

vihcn manuf:-,cturin- Lnd rlc2 cla-ric:,l controlled 

rrad.tion filturs , we i ~ciodto us, filter. tcde of 

: n unv.<I~v, d t,.:.t . :. !;'J , of ti. tyse BlDII, U2!-i 

thu ch-,:.cristics of ;.hicii aru listed in the technical 

specifications. 

++ ++ + 
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INTLAI4TO'H WORKS4REA 
e rogess-6hedul

~;i'~aaaThe3 install ao of'''~ th York :, the p. 

wokswthn rscibd
~fthe telimitsandsinconduomit 

with the technical specifications and the rules of the art.
 

2. FIED LABPATO3
 

The works will be equipped with a laboratory 'mating it 

- perebi it(ltyidt plsiiy srnae 

The laboratory will include at least one .50 m 2 room 
one 15 m'2 office , one' room with a water basin fort' 
preserving the scrmples and storin"' the equipmthl'f4 
Tho management of the laboratory willbe entrusted 

to a skilled' techniician capable of performinigthe *--

prescribed iisual tests, With th hepoIdsil' 
labour for the: sapln oprtin All the ~tests aa 

will be performed -After the indicationo of.,the Engineer,. 

3aThe plan of the' laboratory and the' list" of equipment 
adfurniture will be decided 'by the Engineer prior to 

the 'einigofworks - a"-3a}''the 

3 
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30TECHNICAL SPECIFICA'IO5 'AND..&ECIAL 

PROVISIONS FOR EXECUTION~ OJF THE WORK 

Clearing re1'ersito taiing away all vogetidon~ 

3...Cuneathedmateon the oee s. to be occuwiedby the worka 
including an additional. 5m on the border,. 

Matorials from clearing operations such as 
as.. shch , brush, or unearthed, materials 
suc
anctmpsorroots or rock blocks will<Ye. 

removed from the site of the work .-

It is important that all necessary precautions 

should be taken to avoid destroying an~y bench
mark installed on both sides of the site during 

this operation .Should any b'ench-mnark be within
the aorea of the work ,it will 'be replaced by 

another bench mark , to be located outside of 
the acrea of the work and connected vertically 

and horizontally with previously existing bench~
marks ,to ensure a safe lay-otit of the wo rkc' 

.... 
.3...... 


,5i of the comp,'ida:,embnkenSthe,site 


includes rmvlof topsoil on'a depth of 30 cm 
. 

Stripin d embankmentoplneliminating weeds ,grass ,Ve~etal- rubbish , 
~muck and compressible earth that may be encountred,~ 

operations wrill be piled outsider of the ;cleared~ 

. aerea "nd will in no case be used for construction... . 

-of the embankment . .. . . . . 



Excavation 

All excavations wil beloxecutd to the width 
;----------

uength' depth and sections shown on the execution 
drawing& ~ 

t Thc dimensions or sections shownm on the execution' 

drawingo may be modified by the Eneineer during 
construction works 

Excavated materials will be used for embankment 

each time when the earth will bo suitable for such 

use and the recultinCg transportation distance. will 
remain less than 1000 m--. In this case I the topsoil 
on theso excavated materials All be stripped in the 

same way as for borrow aereas . 

Whenever they will not be used for embankmcnt 
(surplus-, unsuitable material ,too great distance
 
to the location of use in embankment) the materials 
will be removed and piled according to the instructions 

the Engineer .j. .'of 

The measurement of, excavations will alwaysbe done 

on the basis of the sections shown on the execution 
drawing s 

Excavation for possibly neicessary widening to make 
space fort movine the engines ,stops an d disposal 
durinp execution 'or the works ,will not, be ,takenf 
into account 

3-4-. 222n-2ut excavation 

We shall consider as open cut excavation any 
excavation performed on already existing embankment 
which maybe either' totally disposed of ,or only 
modified and im~proved 

J"~ 



Open-cut excavation material, may be used fori 
embankment whenever it will be rated as suitable' 
Otherwise it will be disposed of according to the, 
instructions of the Engineer 

3.5. Rock-excavation 

Rock excavation will be performed according-to the 
na~ture of the en countered rock after decision by the 
Engineer 

'Excavation may be done by hand with heavy ining 
bars (15 to 20 kg) for fissured rock , with a wedge 
anid 5 kg hammer for solid rock or by using mechaL 
~nical tools such as a pneumati1u drill 

Explo:iive-s Will be'ujsed after decision by the Enginee~r 
andwif, :gunpowder~ for soft fissured
cnsit o 
 -

Srock , dynamite for hard and moderately humid rocks,,-' 

and cheddite for rocks o'f averaee hardness anrd, 10w-"-f 

3.6. Compacted-embanikment 

3.6.1. Materilsforconstructing~compacted emuankment
 

4' '-a) Materials for constructing compacted emaket 
wilatisfy the following' requirements ' -

The gradation analysis curve wilY be between '- 

the curvos jo'ining the folloin minmu 

respectively maximum percentages 

- ' -_'" 



Dimension (mmn 20 21 2 0;02 
minimum 10 85 6, 33 ,20 1 

b) The characteristics of materials for. constructing.' 

embankments should however not be less than those . 

used in the project stuidies for computing stability I~

of slopes. 

c) 	 Materials for constructina compacted embankment will 
consist ,if the nature of soils allows it~ I of 
excavated material from excavations for constr'uctive 
works within ~a short distanice.
 

'244'i4, -,
d) 	 If it is not possible to usee Suich materials:: i 	 ..0 ., 8 i 0r-'t 3 i+: 2 +: , :JO + 

materials will originate from bor~row pits located 
at a minimal distance of 50 m from the toe of the 

~~ ~embpankment*I : ; 	 !!i 4 

eIf the borrow pits bshown on the project drawinigs~ 
* ~are not sufficient for constructing the embtankmnant 

other borrow pits will have to be located , for which 
the following measurements will be performed 

Attorbor3 limits ,graini size anal~ysis' density in 
place ,and maximal dry density for Modified Proctor, 

. 

test ,as well ais 4distance tLo the place~of implantation. 

'. , W 4 /:.4 	 - .i -44.-4 AP 



3.6.2. Construction procodures-or coipacted embankment 

All embankments shall e constructed to the lines 

Sand erades shown on the execution drawings or 
b~pecified in the course of the works 

1thfill shall be placed in horizontal. layers on 
Je whole width of the aerea to be covered by earth

fill . It shall not be widened by unloading~ 1008ose 
material from the crest 

Earthfill shallibe compacted to the lines ,levels, 

and grades shown on the~ execution drawings. 

The mbakmens sallbe trimmed in order as to 
obtain a total height not exceding the specified 
height by more than 10 cm and in such, way that'the 
slopes do not exceed specifications, 

The width at crest must not be less thanthat 
shown on the execution drawvings 

Before and while compacting ,the water. content "". 

of the mat'n'ials shall be uniform thrughout the whole 

mate
Ifth ii too dry'", each layer shall~ be 

or any other appropriate method *Material too wet 

in earthfills shall be harrowed for drying 

The thickness of each l'ayer shall. asa rule be-2Ocm 
as measured after compacting btmay vary crdn 
to materials, equipment usod And result~s obtained 

by comactio
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Compaction will be performod'in>'successive horizont, 
layers on, the whole width'of the eaith'f±13 including 

,j.;' 	 an excess width necessary for~eeln the earthfil-L 

to its final shape. 

Compacity throughout -the earthfill shall "at, least. be~ 
equal. to 90 %of the modified Proctor Optimum.' (MPO) .'ii< 

3.6.3. Required characteristics of comp~acted embankmnent'-4 

Preliminary:I+ests will be performed on 6oils' from ~ 
eXcavat4/ns or, borrow anrotas in order a s to determine 
the physical andmochanical qualities of materials to~-'" 

be used for compacted earthfill. 

For onch type 	of soil encountered', these tests will 

ofateial(5 results)* 

mesu9mnofebpof limit in placets 

measurement of wate cotetan enl>, i lae 

standard and modified Proctor tests (3 'results)' K~~ 
and when possible oodometer tets 

atrpation.rct 

-works and aifter 'their fomplotion .If control tests 
-give a result lower than required by standards 

Wi'>



-' ~~~~4 N~\IfijV2~.2 

thoreuie minma vaus~r oF-b L i'e ~Fn- h 6u 1 F-

toFrec emnia
proveimosil~ ~ §1 h ale h 

comptstction moprtion& shll be prsumed ni~ the, 

A~s reqirdicinim oltrlest obmre pxe.,5ould ith~ 
troe imploiblfeqto rch hiernnmi vloFsjh. 
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After~c6!mlotion of tho compacted earthfill ,protef , 
tion by riprap will be provided to avoid erosive 

furrowing 

".,be protection of slopes will boe nsured by a layer 
of ripraP 30 cm aid 20 cm thick (upstream 'Pnd downstream 

Lw ~slopes respectively)bedn 

~The rock fraf.,nents shall be disposed ac cording to the 

7,indications of tho Enginoci, The laerofbedn 
wiJlpreviously undergo a minimal compaction ,in 

orderas to reduce to a minimum the volume , of voids, 

lieht elemients being placed towards the intei.or'of 

the embankment 

Durine placement ,sprinkling shall be used to eliminate~ 
dusts and to favour sliding of ,rock fragments upon each'' 
other 
Tho toedrain downstrcim shall also be constructed in 

thled Eand4gravel mix and stuffed with rock f rag b 

done oc
 

3.8..Gravel 

crest of the ebnmt,.Its~ thickness shall be 10 c 
after compaction including a lower lae12 ,sta 2.c 

thick of small ,grain siz, 0.3 to 1 cm .,Tcjgravel 
shall be well graded to ensure -a minimal void ratio ., 

The dimensionu of pravels will cis a rule vary from 

429 4 

22 



to m Th fraction',smailler thian3'cm, shall n~o t r 

exceed 40 %adtefrO.ction bigrta msalnot

exceed .15 % The )ocations~of rock quarries sh,-ll be: 
chosen Lefore beginning the w rks an 

; 

itd shnhi be 'cleared~

of trees ,brush and stumps 7 

The top 1,yers shall bo stripped unitil the material to
 
be used shows sufficient qualities of homogeneity an(
 
cleanliaeius
 

3-9. Steel pabion$ 

The stecUl gabions used include following types 

2,0 .0 05 3-00,x.1iO XO5 ;1 .00 x 1:,0 xO.50; > 
Gabonsshall not have meshes bro~ido tha 0x 2c 

aad shall -be mranufactured out of strongvly galvanized iron 

wi th hex agonal msh an d ub e iv st n 

The wirc used for, ianufacturi-ng Cabions shall be of a
 

diameter not. less than 3 mm'fo~r the 10 x' 12 cm mosIh.
 

Materials used for filling SAbions-shall, be hard ,neither
 

porous nor friable-., Preference shall be~given to eruptive~Z 
rok (gaits adscondly to~sedim'ontary -rocks pA 

andstoneG laterite ~imestone) ,-------------------------------------------------------(quartzites, , A 

Stoneos in contact with the meshes shall have, a-size in 

every direction -at. least 1.5 timesth 'size of the rnoshos 
To ensure 'the finish of the fill, 3small soe rfa 



stnsshall be avoided when ending m-id should 'be place~d-1 
below the last stone layer *~ 
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Y -Filin mterial should nottpass through the 8 cmi ring *i 

In some cases ,continuous gabions aerequirad _They

will be placed along- the slopes as how on the execution ::2.;
drawings 

3,10.1. Orifin of 	agreratos 

Aggregates used (sands 4Ind ~ravel8) for manufacturing ,, 

concrete will originate from Isuitably chosen quarri os 

The gradation of aPGregates shall be checkoctbefore 
use . The frradation analysis curve differ by more than. 
5 % from tho e-raiation analysis curves in the pro jecti 
~documn~ts *Qf each dam .AK 

3.10.2. AFP~e~ates 
Sand shall be free of fine clWyey materials and sal 

sOatisfy, to the test called Sand Equivalent test This 
test will give a result over 65 Quartzit'o or schist-~' 

2 	 gravels shall be,washed if necessary and, sieved' in 
ordr toprouce3 classes :a 	 of gravels 

Sieve2-RP-	 x 

11,2 0I 0- 1, '0 - 2 0 - I-
Wj.352 2.5 mm 0 2 -20 ;, 

?P 387 5 mm 30'- 60'2
 

No~~jtAp. 10~ go0-100 0 10,
41~ mm 


WAI43 15 mm i 100 30. ~60. 

-W 44 20 mm " 85 100. 0 1 

IP 46' 30 mmn< -K95 10030 6 

NO,4 40 mm I-	 uu U O IU$<9 
- -	 100AI-4963 mm 	 - - I' 



15. 

~ ~4~i -3.10.3. Cementsb-	 -~-

,a	Cernonts usod shall bo of the type Portlnnd 
Artificial' class CPA 325, (French AFNOR standard ~ 
P15 302 ) or equal *A 

They shall satisfy to the following !requirements 

C03A) + 0.27(C3S) ~.23.5 % '' Y 
*(So3) <.~2.5 % 

* (M90) %,3 % 

*Blaine finonoss 3,000 to 3,500 cm2/9
 

b) 	For each delivery ,tests shall 'be -performed if 
required by tho Engineor on Isamples taken I t the 
factory before loadinfr or after tbe arrival of the: 

cement on the site . 

c) 	 The cement shall be stock1d by skilled wareho&sim4< 
in wcarohouses. well ventilated 'and protected ,against 
sun and moisture: Each delivery of cementshall be' 

stored separately and.,the- date of effective jq ' 
LKv shall be clearly. show~n . be,~irrival 	 They 1:411l 

used in the chrt~noloeicnl order of 'orrival:A, 
Sacks having suf fered 'd agao stalo or having.~ 
been stored for more ta otso h it 

Wtrused for mixing~ and curing concrete and mor'tcr.-

Iwill originate from any source agreed Aupon by 
theEninerand will be used 4iter laboratory A"
 

ana sii 



b)_Wter shall conTo to the f o 116wing, 'equirements~'4 

-- solid inateriaJ.Badsatsi si Spension , 2el 
w d4 6 e-11~isolved salts ' 


bicarbonate (with HC03) 400 me/I-alcaline 

sulftes(S0) <400mF/l
 

between 6 and 8 
organic mator.als $1 l. 

-pH 


c) Turbi~iicty :Water usd orcurjnecnrt shiall 

dnot visibl.y colour the, ficings .' Atest by evaporation 
of 3liters of water on a hollow surface of 
plaster of Paris or com ent may be performed * 

d) Stora2e : Wter pipes and tnks shall be protected

3.10.5. ~Proortioning of concrete
 

hrp oAccordingits 1 concrete shall be proportionned 4fto use -
~ I. Pnfollows: 

44 

Tpofconcrete ~ 4Allowable use . . 

60 250 Ordinary concrete, 4fp udton$ 

A44440 /250 4 I~in elevation 

25 350, Concrete for reinfori{ed
concrete i orks2 

SThe first fi ure showis the4 maximum dimension of, 

alGgregates in mm 4444444 

~The second one shows the -wih in kilogrcins of;.4. 

per m3 lof concrete after plaicing .* 4concrete 

These tnbles Give a possible classification of 
concretes used *However.~ final decisions shall4 4444.4~ 

be taken after the results of Grain size analy . k44onl.y 


pis nnd concrete propxrtioninct tests ~*Maxima. l .'444' 

.4444dimensions of agre' ae shn'' rem4444.4 t 

44~those indicated above * 
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3.10-6. Mo6hai'ca stronrth of concrete ~ ~ 
SStrength in k[/cm2 

Nature of stresses igement prop(rtio -o .2 cbn 

Compression 250,kd:m3 105 150 
Compression 350 ke/m3 1.55 225 
Tension 350 kV,/m3 14.5 18.5 

The strengths adopted relae to the average strenpgth 

of at least three tost cubes,. 

3.10.7. Lq~tinr strnth.of concrete 

The number and frequency of tests wrill be about 

15 times 4 soampleA; per works 

The objectiveof,tests is tondetermine mechanical
 

* 	strength, (compression and tension) ,watertightness 

ruid slump (using Abrxsoni ofiocrt . For 

mechuical strength tosts , prismatic test-piecos 
of size 20.x 20 x 20 cm shaii be used . or pim
 

will be tnlken~for each test' 2 for 7-days tests 

2 for 28-days tests .'Test-piacesP-shall be Identified "

by' 	unerasablo inscriptilons in freslpi concrete con-. 

toini.P6 the, date of manufacture~.,- -' 

Test-pieces3 shall be stored in ii' damp room rind 

All seinpling of 'test-pieces shall be,re"is'tered in
 

a report containing all detnils aboutl sampling and 
especially the partof the works for which the 

concrete beine subjectled to sampling was destined . -~ 

A. 	 , 

http:toini.P6


i 

Ayconcrete [Ldving, an avoraC,9, kstroength_ lower than~ 
or~P-it-ngth on one tobt -pioce lower by,25 % than 
u't6 specified mechanical strenEth , shall be, submit-~ 
~dto spociill controls and ma-y, have, to b~e pulled >c'<4 

n d buil2t again . 

3.10.8. Innufetuoflfconcreto 

All concrete shall be manufactured mechanically. 
The batching equipment shall ieas rule be of. the 
weighint, typo ; volumetric batching shall only be .. 

tolerated for, some concretes mixed in'small quantities. 
, 

Tolerances in weighinw< fie3 pfth :.woight 

of each tLype of aggregate and. 2 %of the. total 'weight 
of tha agereeates necessary for manufacturing one 
cubic meter of concrete 

t 

Cement and water Mall be introduced in the batchting 
machine by weighine wdth a precision of 2 %in'5 weight 
roupcecivoly . 5 

Admixtures mvy be added to, concrete,. -

Addition of waeri not allowed after mixinG 

Concrete 
sistency 

too wet or not having the rcquirod,.con
ch 11 be disposed of ~srfs 

wel steoealgaaino conrete a 

5 

a 

~~ 5,5 V 

The operator of the' concrete plant shall be 
experienced and iable t)to evlaetequalities, 
of concrete .I5 5VV555-55554 

ii 5 55 55~5.55 55555~55555 
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4'The foundation -surfaco of concrete shall. be carefully
 
cleanea ancd if necessary levelled and compacto4d Since .4.43
 

placineg should be done on dry soil., all procauins
 
and measures shall bo adopted to devic'te or drain all-7
 
wnter inflow its origin the fou~ndation
,whatever 	 .When 

1'- ~surfc i considered &8s ready ,placing myflo 
-ic i3 	 m3olo
 

Concrete will be placod as soon as possible a~fter-7 
3 	 rnixing Concrete having dried up or begun setting ~ 33 

shall net be accepted and shnll be disposed of outside 
the limits of the site .4. 

Concrete shall be plvaced in successive layers deposited 
continuously:. In the case of startin6~ again 'on ~a 

inorder as to elimninate the superficial, loyer of water 
*The
an finos and lay bare the mosaic of concrete 


concrete shall then be abundantly sprinkled until' 
33 ~moisture has well penetrated , nd the new concrete Q-5 

4shall be carefully vibrated. 


,All necessary waeuro s sh~all be tvken to avoid egeato 
of concrete during transportation or during,either 

. Whatever the means emiployedl concrete 
shall never fall from a heieht above 2 mn 

. .placement 

Concrete shall be carefukly' pervibrated as soon- ns 4 4 

placed ; tho excess water shail be disposed of according
, y.Any breakdown of the pervibrotor3 shall cause. 

imnmediate stop of the concrete wrirk in pro.eros , which 
willater' be treated as, for startinjr agiain,3 

~,5>j3 3 ' 
3 4 4 	 3 3 4 



,~< ' 3.10O10. Allowanbl m ,erat for concrote' 

Theu temperaure of concrete durinr pceotsul 
not exceed 320C . Should thd ambient temperature be. 
such tha~t this vnrlue mirlit be exdcceedcd ,concrete . 

work~s shall be suspended ,or all useful precautins' 
shall be tolken s0 that the temperaiture of concrete, 
during placement should always remain below the 
limit specified above ,In any case the storage 
jareas for aiere~atos should,, be efficiently protected'.. 

aainst sun ns well as the wrater su--ply system of the 

3.10.11. Placing the reinforcement bars 
The horizontal distance between 2 contiguous bars 
in the same layer should be at lepst 6/5 of the 

Unesthyoera t hi cnat n r con

-;sidered as such in comutations two bars in the, 
same line should be kopt at a vertical clear distance-
Letween them at lenst equal to three quarters of the 
rated diaioter of the thickest of both, provided 
that thi& dist,-nce is not, less than one half of thd 
maximum size of aggro~ates used. 

:> 

~ .w 
p .part 

Should no indication be shown on the execution 
drawings , tho clear distance between the outermost 

of any bar and the closest form should be at i 
least throe centimeters. 

PA 
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concrete at least equal to_: 

the rk~ter dip-motor of bars if this diameter
 
exceeds ?0 mm;
 

2 cm if ]lio diaeiter of baro is loss thain 20 mm.
 

The zai& secified above shall be obtained by 
placinL: cohcrete epacers in which esplicing wire 4shaJll 
havo been embedded to~ensure fixation, of the bars 
These &pacers shal be propared at least seven dayis 

before use . Any hole that mighit be loft by the 
spacers after removing the forms shall be filled 
with mortar usinpg expansive concrote 
-The overlap arena and the lengith of lapr of roeinforce-f 
ment ba~rs shall be those approved byS the Engineer 

,.10.12. Curinr concrete
 

- Submittinr-, fresh concrete to any load is forbiddeni 

-Concrete curing ohall be ensured by moistening 
usint, a method r~woed, upo~n by the Engineer .It--

shall allo-n concrete to set und harden in ihrra 
conditions *It shall be continued for 15 days 

after placinS concrete 

3.10.13. FormDs pitcinsca ytat ?..4d 

~Forms shall have Guf.icient ri iiyadsalb-4v
 
maintained i oiini uhawyta
 
should undergo no deformation or disla f' 
 -nt 

during the operations of placing ,pervibrating',~ -~ 

orirdnn concrote



fwooden' forms aromployed , bWards usedaree 
shall have not less than 2.5 cmUthickness *Unless 

plywood is used for 1nn ,t ywilecsory 

Ube pla~ned for all visiblo, surf aces and for some' 
other parts of the works 

$7.All junctioas between form panelsj zha)4I. be horizontal> 

or vor'tical. Form junctions shall be desiened in 

order as to be tight cnoutih to prevent~aiy loss 

of Lnitance or mortar durinU pervibration. 

Before use ,forms shalJl be cloand~ /and cleoared 
of all traces of.lvitanco V;they ishall then be oildjp 

I:to provent any stickint:-with the concrete All. 

precautions shrall~bc taken while placing, forms. 

to avoid movinCr thic roinforcemunt bars. 

All patrts of works that are sus ended shall 

necessarily bao formed by metans of metallic~forms 

propped up by metal tubas or hc-.ngrs *Metal formis 

shall bo rid of any stain andoiledbfore (-,ach 
use with~a ).ubricatin, aent froo of any dye* 

No f orm shall be remnoved before concreto' hao 

reached sufficien't st'eltii> Orders t~o reove', 

forms Phall3lie Ui±ven af ter l.-Loratory resu~lts~<~v 

or,if the.,, are not 3vaidlable ,accordin~rto< 

prcvai.1in! t.echnical rules* 

0* 

1 



3 10.14. To, ,erances on specifiedi'dimensions 'for1 conicrete works~' 

Maximum all~owable tolerances for concrete4 shall be 

( ~On levels.*;'
 
for siopoe cm
 

-for the uppor parts of works : ~2cm ' 

On plane coordinates :. .,,, 

-for parxts of, works where water flow occurs: 
~1cm
 

-for other pa'rts of worls: & 3 cm 

On'thicknessoo, 

. .. ~thicknesses of concrote shall not be loss than 
'specified on execution drnwings ' 4'4 

Those tolerances refer, to dimensions specified on 
 ""' 

the execution. driwin.. 

Maximum tolerancos for 'su1rface irretularities 
or rcosultinC from 'shiftbetween formis after forms 
. .44'' 

... are romoved , is 5 mm , 4' 

Shou~ld ono or several of the above specified 
tolerance's be oxcelod. ~ there shall occur: 

-or puJllin- dovmn nnd reconotruction of the works 4 j. 

or p~art of works,-~* 444444 

.finishing~44 ~~ 3.10.5. Clenninf;'4 surfaces 

4,-After 
 the removal of forms, tho surfaces of wo rks shall4f4A 
be cleaned an'd 'the remainders of mortar shall be tak b-' 

4. 4.4444 '4 4 '.away..

44:4 . ~ AWY r' d 
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1"j, 

4:1 

All mortirs used fox' finishinC, or fillinE, holes< 
~ halcotdn adrntture ai,ninst- any shrinkcieo 

At tho end 61' tho vwrl& al1l visible surfacer. 
s)1ll/,jeclon smooth aind foxee of any st.,An 

3.11. Stool for concrete 

Stool used fo.- reinforced concrete sh(All as a rulai 2 
be of. the typos F and E 22 . The 'rztod elastic~ limit7~*< 
of such steelshall be rtt ioc.st 24 ke/mni 

Splicing vires shall lie ma~de of upeio V ,eo 

soft rehoeztod sto 1 .Reinforing ctoil shall be < 
cleaned of any traice 'of floky rust ., earth-, paint 
or any other objectionablo substance. 

Steol basshall be stored with care and laid on 
props, so that )io soil surfc n'thyb ove 
remain rigid- " 

3.12. Steel for trashrack 

ThGbajouse s~al I orondsteel bars 20 mm in 42 

1<diametur vrwith a cpacinh- of 7 cm between -center

lieand weloO nt eahen pon a f'lat, steelba 

To prtc hm-aantoydto t bars shall 4 

receive one layer of red load ~mdtolayers4 of paint . 

CM 1, 



~313 Conduits''~ 

~ Th e procedure "employel 'to 
Sbe as flos 

build outlet conduito will 

Thoe compacted earthfillof the 
an leva~tion equal to th upper 

When this lvato is reached 

dcj hl 
oeevation 

,a trench 

e ibuilt until 
0fcUofms 

shaCll bedu 

r-lone t~he axis speclificd for the outlet conduit ,with a 
wlidth equal to thLd,=ee of the conduit +0.60mM 
to the depith spucliid for the l1ower ,,nerant of t~ie conduit. 
If the bottom of tivt nch hits the bedrock th trerich 
shall be dug ornn d lionnl depth of1 1/2 ofthedi 111Mater 
of the~ conduit , then filled oii? that~depith with th6. samte 
material as the embankment,theii compacted usinir~ hand tampers.~ 

J 

Trenches necessory for the construction of cutoff 
alor the 'conduit shall then be du.L. 

marks 

AConduit 

S -

elements in ductile cast-iron with b~olted Express 
joitsorequl), 6 m in len th ,shalbe' laid~ in-!uch~~ 

a waj~rthat-there be alwoys one Joint between two utff 

Ma-ke ,the distance between a joint and~the center line ;~ 

of the nearest cutoff mansk ';,einr not less than 2 m 

Jrrryof 

Concrete shall then bec 
the cutoff masks. 

placed 'in the 
wihfrsol 

unformed 
n tofe 

trenches"~ 
et 

rFinally ithe trench around tho condui~t shall, be fille'd 

with earth 4anid compactc! by band' tamnpors until 20. cmt>r $>
bo ve the upper Cenorant th~Ien b chnca 'apr'4 4 J 

Jr 4 Jr r Jr Jr3 

4~Jr'Jr T 

~Jr 

. 4 ''j~r~~r-'Jr~rJ~4'r X 
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3.14. iIRhn0-

Thn-Ant ;Control l in Lh, op.-nini -t the upc uro end 

of tit. uut]it. unhilv SALL A W 1IN -~ter uForI walls, 

oprna t.1j r i rt.i nc::.1 V . uiv 

- !ji a. r t H' \'k'c: )2I A ps MY 

nvur L Of IMut-CI' 1 

W1 f r-m :' ;LruntLx:]rA W~l.E24- 1 or equal 

+of -L :,IAMii Ulu~ ::ct 

-protion :sondnvtin. , Mulc rntiiis-Lion 

rC:c'<roph ; l ic -nno. I ir. 

1Whor i:oh~r;m. : I=v Wni 0.* 'I/v pci me'terk: 


3'iofr joint 



The~ waestp t-b l(ain f171ic1 r hw 

on te:,xectio.,dawigs nal be adeof ~eoren 

3 lnatb 15 breatminmum 50 

Thadesbs , octpew of tie~oV70rmtd 6h0c 

orbsyoptint wterii Threyt~ sh5~hv %l6
 

oo 'i;flGcharaccteio atericsoron 3
 

tenilJ@ stegh- m8ii2 0 %~/cu
 
(48h,~2 ~ 70 30 wodU 80~ kgf/nerenio2-trnsU 

elnjato afte cx-.o prednrsurerotestype8to% 

-uelonatbneftore aL-i , minimnumn40 

'aborion ofa hter,: ercnte shle fro
 
bygh .eht be d.t painC)h
al placem( beor 

al ~tecilcaesh
conret of0, the adjonien t Sf 

elone ison dtrn vibraon ab~ue tet jons o-

ensur bonifor s bol, ewe~ theconret an
 

th atrstops oata1 ponts aund heeripry
 

~of the joints to 

enKe< ~bf1oBbn~eweitochrt n 
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3.16. 	 flytntetic membronu 

rphw mebqw in~ s;y'thotic mytrir1 , typu IHIDIM U24 

riprqp coverX Q1.11 O.va tL u..±lL~wII chr2 ristics: 

1 0.00 bC. 1 9 mm~ 
Thi'lckn=r~ ljj(1dw 2 O r :0.8 MRm 

f1~ :92 
brO 811 

noral uner bar : 3.10-1m/6 

poroc;ity undur 0.0br 

er~nblit 0.020 
normal2 ~ bar:u' , 7,10-4 ,/c 

OWNhil ctranL th :9.8 x 10Q) N/u~
 

rCurIf1ce-!r.; : 0.21 kL/m2
 

Syn t!Aic o"Wos nhol 1L :oin the followingby use 

strluctureo. , 'accar( in to thu drnwia~c
 

-Uonr~ru:p~ oot of upr aIkmuWi sJojuos
 

-,nblionvi nnd ri I1'9 Ixo) iuL.r spillwaOys 

1lacin MnJ W) prfumo A"'(tur Lradlng the
 
p1anrof 01 1 ,tL by t ikli:, off Lhw ii rt~ost
 

boQ 	.n wA.L ac tnc of111the~ too riTprj) 

dovflltryoi~;d ':1 upurl Aiprilpctoff of' the 


upz .runm . IThe ovorlap Lutwoon rrornbranrc- shall
 

Lo at 3 ast 50 cm
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1 - RAINFALL DATA 

The 15 (d1,n. wf, h,.tve .urveyed areia.1 located in the 
brakna and Gorio ;:rean -:-id in the Aleg-M'Bout triangle. The data 
have be-n collecte;(d fr,,:i the '2erricu bittorologijuu de Nouakchott'. 
The d' ily 'Lnj 'tr ual r"i nf ,l]j: in the 2t:t-tion:z of Kwcdi, M' Lout, 

Alcg nn]i',oudj eri't h:tvtw b 1 
1n tOntc, cit:1.:rn tion because they 

were quite Lopte to 1,h, :,. :iKrv.yed . The period n of observa
tiojl,; Wv 2 tretch ,l ov - '0 y .r; (:xc,:pt Cfor the M'Bout station 
where thre %r-i no ti. %;b1 ,p;r (56 yotr.- only of ob:survations). 

All th,< d-tt:i uro Ltl 11.Jund in 'Lf elU ,eN. 

2 - D~i'ERI-.ATI(Y% Oi EX 'P'MIONAL DAILY hAIIi-IALLS. 

On the b-u :i: of vtiiltblf. 1 ta, t,] , m;xiundaily riainfalla 

per yer h,,v,: ':en co:mputi c cordill to t ti'Atintlcal law (Gumbel 
law) which the. on-the-fl 01(. oli;;ivrtiion;: ni.tch q,.it- well. Work! j, 
out t ,1 ,r , .;1. , J . : '-I tl - i "y...lmotric Stations 

W'Ir don(. by 3-peir;ti int,.:rr,ol'tion bansed on geographic coordi

naten. 

,Af1MUYM DAILY hAlUFALL (in mm) 

Stations Lunth of obr.er- 'rejuo., f .r-,.iAf,,o.i 

Uon/Ir) 1/2 1/5 1/10 1/20 1/50 1/cs 

OGHE 

ILLEG 

.. EDI 

MIBOUT 

MOUFJJERIA 

I'"FA 

5I 

47 

53 

3d 

lit) 

20 

51,7 

36,7 

5b,7 

52,1 

36,0 

43,2 

70,53 

5d,4 

94,5 

74,2 

57,5 

50,9 

3,5 

71,5 

I1d,2 

8d,8 

71,8 

66,0 

95,6 

b4,0 

140,9 

102,t6 

85,4 

74,7 

111,4 

100,2 

170,2 

121,0 

103,1 

86,0 

123,1 

112,4 

192,3 

134,6 

116,4 

94,5 

* o ./.." 
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Cosdrn the exeie j.2...o4 tl daa h'ri-ff:ce 

~ 0nieragtrafll' ~ The av of'v bep~ienIptdtather gian-off con
 
-~ i.cihents hav been esitepolainsratom t sl~efced sa'oos~wa
 

i Expl by Brunet in nAer Ment madd Mored caurstni(aan 

hragvebenmdfcorin, meto ofll andie40dto 10to250 ra ra aeshaes, 
offcentl floodgrn ofs f0o 20terson suarae,yneri to420.k 44" 

Slight alteaveagi rnnls ae eenrd eitheatio onehavebo bs copted ofa l 
isohyoator byroahmorerecentistisrotesetecte(VtLAUtiDons.CS
 

of rcomputne averaga4 io time.() evolnfalmes, thhveae ioterpolatd taize 

4RRJC LODIB an A444;;Y use th eto f h ni yro 

thatisCorasormng themg datahte, eurtionat obd
lack ofS hydrmetc I 
hnd aeree made aring is thfei to ad give oimit (n puractc JOBSi~at 

thn alfcthe bym anmorecet stattcal studflood)r4all Ouaof f 

hyd4 ram AUM suggitimlest aeforulavtesf a Thctomethofdicscals. 

-vtsed o rcomwrne timeage ') nfaverafeoraintl4 oanftalol. ) n te 
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DAMS PERETABILITY ANT SLCPE A OCEFFXENTS X Atft7EI AVA' VCLUMTABLE 
CLASS RD2 IQ RATFUUL MILLIONS 113 

I. CAG EL EOHCR R2 12 Sk C,(75 
r. 

262, 
(2) 

253,7 
(1) 
',tT57 1,52 

2. TI,',P.A R P3 106 0,(75 255 ' 251,1 2,2C 2,cC 

3. 
:. 

TOUEIEi 
A IRA 

R2 
R2 

P2 
p2 

8 
13 

0 10 
C, 1?0 

2CO 
250 

2C1,5 
2:9,1 

0,21 
C,32 

0,21 
0,32 

5. 2.TL<TT R3 P 2 120 C:,150 312,5 29,3 5 .62 5,39 
6. 

7. 

MOUEDT ?OPIU:T 

OLT'E ! .3CCK 
BL 
R3 

P 
3P2 

9C 
106 

0 3C315 07,8 
322,3 

2,83 
5,I 

2,77 
5,22 

..LEHEIK-.TT R3 P2 389 C 3CC 102342,1 14,C 13,3 
9. AZG T :-E: 3 P2 73 0,150 365 352,9 4C, 3,86 

40. TU.. ...ET? TAGATT R3 P2 11 35 3175339,3 0,68 C-,65 
11. 
12. 

MINT AT AOU 
LE[,MA0TCU 

R3 
R3 

P3
3 

350 
34 

0,075
CC75 

225
285,3 

2.-,3e79,1 6,430,73 6,410,71 

13. BOUDJOUNGAL R3 3 61 0,100 290 283,8 1,33 1,30 
JRE-YA 3. P3 1, 0,10; 275 275,1 0,38 C,38 

15. BOUSSOUELIF R3 P3 9 0,125 280 293,9 0,31 0,33 

(1) on isohyets 
(2) interpolation in three points ALEG-MI'BOUT-MCUDJERIA. 



theoretia l,tfl'lt the. spcc,-i-tl disitribution of water on thf. wntershed 

in 'always iI~ to ~:~ i he io tPi wit(rhcl the better 

thia-hypoth-.-i cne i3 it i!, tli.- only c~i'je o~f application of 

j'r r:b,( Aouno.the mnp tImj * t'h-; t:u ~~ c)- -1s MnLt ai'id Lehlneikatt, 

taio r,:iults arr lv, ,.,tt thout-li ';itr'ipolaLion 'nu.,t b(, coeci&Iered with the 
utotcoition. 

'1~3h~r~!is of 

rainfalls (It tol'.! fctlor i),tic ra , 

i~h '/.rf~I'io~ fanctiol thue decenrial poit 

10) , 4'l V watur'snoU'C (A) the 

ruLI- Off coo Tic it> .A (21:) ;' ttlnc-aa (LU). 2Lo this, average dis

ch'r~oIs'pplit'd 't:v.- Prlyi nj coo Lijci nt idjuntc-c to t'ic hydrogran 

l0 (B TO : A la/tb.) 

Tn. li t ir c iitIc:s'r SfTho han %nl subdosertic, the 
watrI~!l'ic~ t' th.: d,-t,:rrininj-; parameters aro, qlnn6',{y othter 

anld p'rtbilI-i ty. 

j2V i, 'Ssi0..2 5. r~y~iliiOSh':vc been done o.,i a map 

ait 1/200,000, on ~Jps rrh % nd tirrou -,h field work observations. 

in -i2 Rlp w.-ilk. yr., '20/00 . , 0/00) 

-P3 mo ' t U . p 0s -1,(1 10/00 

-1 f-iirly :t r'lAo7'n~ w a ituf at, 2c% 

cr'os!2wiz!S m2o!r thaji 2 1/a 

in orrnea1ilj tj 

-P2 'o;timpe rvious b'tnins
 

P3 fairly
 



~with a suppooed point dcenj rainfall oquial to 100,mm. DiagSrarhs 
wQo rw yi fitinof areas. fort aA slope AR and a; perme ability K. 

-~For application to the~dschargo of, the sreyed area, we can iuse -the 

Q0 Q10 X PI 
10100 
 ~v 

4.2. Faifty-year and hundred-year flood 

Discharges are computed in the same way L "for the ten-year 
~flod by adding 15 according to the auTiorls formula 

~ 0 n x 1,15 

As a comparison, calculations with the GUILLOT and DUBA D 
"gradex'method were made. This method is based on the assumtionAthe tbo
 
radditional rainfall in excess of a certain value with low frequency
 
runs off in its enitirety.
 

The more impervious soils are, the closer we get to theaCctual
 
run offs, beyond the P 10
 

XSflA
 

Qn790(1 P-.PO4A 
C n ~110rA~' 

K AP 

amliligcoefficient with KrAA~CA 



- 5 ,is -

C 

c 

MuIXtil~lylfg 

inn 

p100 -rp 1 

C'0,ffiCil-Lt by takIillg 

(tb/24)' I + Kr 

I rLtxJi Off coefficient 

Kr rwi~ off roetfficiunt 
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DAIMS CLASS LRE Q*1Om/S P,10 QIOm3/S QOrn/S/Km2 P50 Q50 F100 QIO Q50/Q1O 

1. CAG EL HOP. .2 F -2, 35 81 30,5 0,38 115 50,2 13C 56,6 1,63 1,64 
2. TI B82 P2 106 45 76 34,2 C,32 113 5,5 127 65,7 1,71 1,92 

3. T0U !DD:Tk -2 P2 S 2C 82 16,4 2 ,05 117 ?6,- 131 30,2 1,641 1,84 

'. 

5.S,2L,-: 

F*.---22 F2 135 . S 'E" 
-23 P2 120 

21 

95 

76 

10G 

16,0 

98,. 

1,23 

C,72 

10 26 ,1 

2, 

22 

162 

29, 1,63 
63 

C..152,. 1,66 

1,86 
, 

1,84 
6. MOUT FOUNTI H23 P3 90 4 2 93 39,0 C , 132 63,7 1:9 -i , ,63 1 84 
7. OEi8. LEH. .. C;........ R P2P3 106 97 94 91,2 0,- 132,4 . 1-7,6 .. Z',s. !6,61,62. -, 1,81 

9.Z AZUB.T 
...UEIS 
10."UETZ K. 

S. 

3 
--
22 

P2 

359 
73 

11 

153,8 
84 

49 

95 
97 

1-6,1 
C1,5 

14 

C,37 
1,12 

3,7E 

13: 
i35,5 

132 

237 C 
!39, 152 

: 

63,7 
147 

7,1 

1,62 
1,61 
1 ,61 

61 

1,80 
1,0 
1,80 

TA*GATTR 

11. MINT AOU ACU R3 P3 35C 75,5 73 55,1 0,16 10.; 9C ,3 117 101,4 1,64 1,84 

12. LE.AT'OUuOU R3 P3 34 28 UT 25, -0,75 130 41,5 147 47,5 1,6' 1,86 

13. EOUDJOU.GAL R3 P3 61 46 91 43,2 0,71 135 71 ,4 "52 80,6 1,65 1,86 

14. J2FKAY-_ R4 P3 14 48 94 42,2 ;,02 126 69,5 123 75,4 1,65 1,79 

15. BOUSSOUEILIF 23 P3 9 1.8 86 r4.,9 "1,16 117 2d,2 131 27,1 1,62 1,82 

IMETHOD RODIER - AUVRAY
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DAQ10 P oO - pl0
P 

PrQ 
.0P 

- P!0 
10 

tb Kr C1 0 C COO ' C50 .50 

1. CAG EL MOHOR 3C,8 0,60 0,42 58,7 0,34 2,96 1,95 2,37 1,59 
2. TiM RA_ 34,2 0,67 0,48 27,8 0,22 1 2,71 3. 

3. TOU-TDIAU, 16, 0,60 C,42 14,5 0,55 2, C 1,65 1,76 1,39 

4. . RA 16,0 0,60 C,42 18,7 0,52 2,12 1,61 1,78 1,35 
•. *--,I4TT 98,0 0, 2 0,4 37,2 0,40 2,63 ',8 2,16 1,51 

6. L 7"I FOUNTI 39,0 0,60 0'41 26,3 0,20 4,C3 2,,2 1,87 

7. OLTEI CIHRACK 91,2,58 0,41 34,0 0,- 2,4'7 ,74 2,04 1 ,44 
8: LErL,:TT 14,1 0.57 0,41 76,2 0,1- 5, 2,54 
',9. A UEIL=-, 51,5 040 24,0 0,43 2,32 1,66 1,93 1,38 

10. TOUEIZ K. TAGATT 41,4 0,57 0,40 8,4 0,53 1,95 1,29 1,67 1,27 
11. .NT AOU AOU I 8'O O;43 7rQqO 0,19 3,572 22573 

12. LE-OUDU 25,5 0,62 0,43 15,7 0,22 3,63 2,24 2,86 1,74 
13. BOTDJOUNGAL 43,2 0,62 0,43 21,3 0,21 3,9 2 3,C2 1,83 

14. TRE--ItYA 42,2 0,62 0,43 5,0 0,35 2,47 1,67 2,02 1,36 
15. BOUSSOUEILIF 1!,9 0,58 0,41 - 5 0,28 2,80 1,79 2,27 1,45 

GUILIOT AND DU-BAND METHO. 



..... 4.3 -PROJECT LOOD -z2 

Th h
iacurcyo1fflood ostipmates is codtoedb 

unccerta 7 -i .nty;,which prevails~in par'hotors P .d'R*

A priori,', the method will not enable us to evaluate floods, 
with great precision but only to give a rough estimate. y> 

- ~'r~eurity riunsad to the cheap aido, we ,sha.2I~ consider4 

the fifty-year f16 poet flood. 

5. DETERNioATION uF DAM irEIGI1TS 

The height of dams was choson in fuxnction of the following 
criteria:
 

-Volume which can be storod :; topography 
-Q -Available volumes : rainfalls 

Poolgialand f8ociologic8J. considoratione ciultlvabe 9

Lareas and populations living -in the noighbourhoodooZthe« 
it e. 

It was decided that the crest of dams'~should be f ix6d ab, I50mn 
abovo the height of the -reservoir wator ~iurfaca (spillwa'y level) 

except in case of toalstrage dam whore frooboard was fixed.'at 
M.
 

Ao regar'ds doin to be repaired, the heigt remain'the same~ 
as initially. V 

444The total storage dams we re based, o-n a 4 fifty-yoar maximal 

~~~ annual rainfall.,~

.4UBI 
 :44TT
;,Average annual ratnf all R4 +5>39,, mm,<~ 

~, Fifty~ year ra~infall, R 50, 637,5mm 4~~~V 

flOUSSOUJBILIF R =294 mm, anid .R = 579 mm, 

4 f4444444,. 



DA 


1. CAG EL .VIHOR 

2. Ti?'
IM:, 

"
3. TCI!UE1 


5. -Z-EIh7.7.. 

6 cm:: 

7. C.U.S .. 


~........ 2-


IC. TOUTi ,. TT 

. . .
 

12. 

13. POU JC 17,G 

14. jRE 


15. CUSSCUTI ! 


AV TABLE 


1.520.CCO 

2. -OCC. 100 


21C .0 

32,.CC' 


_. 


5.22, C 
1 : -' 

- • ' 

, ,-r.T-' 
..
 

3OCOic0.O.T 


350 .C0
ccc 


33.COO 


SCGE E?ELEVATIN LENGTH QF THE 
.OE,L EV'..-.m O DAM 

260.000 57 1C1,0 102,5 1588 
- - - -

-00 

3OC.CO0 55 100,8 101,3 1375 

'50.0OO 75 7,75 9,C 900 
5 OOO 80so, 9,5 277 

2 . 125 .,0-,C 205 , 9,5 1600 
.500.000 750 10, C1 , 
300.CCO 45 11,1- 2,C 1133 

1i.200.CO 95 0,75- 1,75. 75 

•  c 350 10 101 5 330 
S .00 120 9-,0 1 

1.50.300 140 99,0 100,5 550 
.CO0 52 96,5 -5,-45 

600.000 53 9.C 9135 

THETT'. -AE DLS 'WERE BAE,0 FiTY YEA XIM A'lJATL RAIN-FALL 
WET APREA ON AVERAGE ANITAL Rh FALL 47,5 -: - BOUSSOLE!LT' 

6 5 -. - TOT-EIZ KPETT 
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6. SPILLWAY DESIG-h7
 

Thu 50 routod o;t~ u,; pro.jo:ct flood. ThU cfficty,-iri clood 

of routifl 1:FJr to ,nr i DO')rtn t 'ICUW!in t.length of 3.pillways. 

EaL ~rph.oi- tflo(. of' tht: "O':iitr. 2T,ch-iqlu, (du C!G:;.ic Rul'rJ, dets 

E.,Lu:, .:t Y~r,'tq" ( E '. ~* f'r ,, 7&lood routiang. It ic,; basod 

on r,.,;oiut I i )n(f th, Aif I. n-h :u!tioi- ixprk;v,ing routirv, 

Qc (t) C(: (Z) It + A (Z) (i'/ 

z wiat,;r 1(v-Ai reovu rnpiliway
 

Qc =inflow
 

Q(,=out flow
 

A(z) =rciturvoir
 

For 'L ,"miv(.n liv] bovu ipi]_j~j-y or a fixed spillwr7 y lo,.gthp tho 

The r,-ut..,I 5?0 y,_r florod i.; closc to tliiu 10-y flood without routing, 

except f'cr 1 rguimporaviouo wotur s-hedAs with st.-ep slopes,. 

http:C!G:;.ic


DAMS! 
Q5Cm3/s / Q10 / 

SILLWSY DAM'ILLWAY DAM 
t / 

HCUS 
Zc "AZc 

, 

*e 
I-.HI , 

Qe SPILLWAY 

AY 

1. CAG EL MOHOR ' 5C ,2 - 79 30,6 - -9 !12,2 10,67 !C,2'! 85 i2,7 - 67 

2. TI.BAP 5, 3",2 - 5" 1 6,7 - ' - _

3. TO.U"EID!MA '. 26,9-'215 1 16 4 26 '3,0 ' ' I 

.4. AM11EIRA 26,1 - - I 0 ,' I 0,41 ' - ' - I Pige devers.de 933 m 
5. ZME ILATT 162.3 257 90,0  15- ' 7,3 ' 0,43 10,09! 95 115- ,2 24 
6. MOUNDI FCUNTI 63,7 - - 39,0 - - - 6,c 1 0,67t I - - ' Dicue devers.de 277 m 
7. OUDE! C'iL-.CK . 147,8 - 233,5! 91 ,2 - 144 6,7 . ,43- 3C),22. 80 . 118,2 - 187 
8. LEHNEIKATT I 237,0 - 285 11:6 , - 231 !15,1 i 0,4 !0,35! 77,5 1 183,7 - 221 
9. AZGUEILEM 113,8 - 180 81 5 - 12E 1 5,7 0,71 C0,09! 92,5 110513 - 166,5 

10. TOUTEIZ KETT ' 66,8 - - ' 41,4 - - 2,1 0,42 - ' --rtenue totale 

0,:311. MINT AOU ACU ' 90,3 - - 55,1 - 87 !10,8 0 ' - ' - ' Lgversoir naturel de 110 m 

12; 

13. 

14. 

15. 

LEMAOYDOU 

BOUDJOUTNGAL 

JREKAYA 

BOUSSOUEILIF 

1 

' 

' 

41 ,9 

71,4 -

69,6 -

21,1 -

-

-

-

25,5 

43,2 

42,2 

14,9 

-

-

-

40 

68 

-

1 3,8 
' 5,2 

1,2 

' 1,9 

C,30 ' - ' -

1 0,37 !0,52! 62,5 

0,44 -_ 

I 0,31 ' - ' -

' DigLue de 90 m 

I Digue de 305 m 
! Dgvers.naturel de 200 m 

!retenue totale 

* All dams, the water level abort spillway has been set to 50 cm " " -. 

except LEHTINEIKATT 60 cm . -. . . , , 

For spillways dams and total storage dans cf. computation 

of spillways with a given length. 
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COEPUTAPIO 01 SPILLWAYS WIT' A GIYEr, LEITGTii 

- LEHAUDOUcl. 11.12 

Length -v 90 m 

. i ch':> QSC " 41,9 m3/3 
Without flo,(1-roatinn' 1.v(cl abov,, :,pillway hu = 40 cm 

With flood 'outing; Zc 0,30, AZe = 0,84,. *c 0,10, he 24 cm 
QcTM Qc 

- MOU])I iOUiOTI L-Lr 

Spillw',y ,-',m --277 ii ion 

Fifty-y."-r r. C21:;1h-63,7 1.13/5(TO0 

Without f ,o.1-rftit; 1.,..v, *-pillw,,+y ho 25 cm1 abovc = 

With floo.I-r(,u.td,Ir Z = 0,33, AZe 0,14, c = 0,925, he 23 cm 
VMQc Qc 

- JRiELAYA ,l'2:. 

N'tuturi.pillw;'y - 200 !n lnni-

C60 = i9,5 t.,3/5, w.it';out fl. r,d-routini he = 33 ci 

With floc -rttr,.' - 0,44, AZc - 0,56, ac = 0,70 ho 23 cm 
MTMHQc Qc 

- AMEIRA ' m 

,pilllwy l'o 93 Ion,, without ']ood-roiting h-, 6 cm 
__ = 0,46, AZc 0,09, , 0,95, 1q, 6 cm 

TMQc: c 

- 0OJDJOUlti)L DA!4 E- MI ;T AOUAOU DAM 

Totrl t .'u: i::.n.2i:, to 50 y; -,r anlnurtl ri,'nf-1l. . 

'I[OEIZ ,ERETi Av..r"uo; r=i-f i . 339 m!:; R 50 -- ;37,5 mm 

. o,/. . 

http:i::.n.2i
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BOUSSOUEILIF R = 294 m, R 50 = 579 nr. 

From the report of 'Mi sion d'Etuwir, hydroa-ricole. on Murit-anic 

1959 ..GETA 

EL -ti ,';i no too _O-ra'phic , vr.i].Ib].e.. L !:' milt: 


-.IML!PA Q(, 58,' m3, wi thout f , id, tho oi:eot of
 

w, t,,r jl ini ,0 hih,.; ,t>.;idth of owrflow i 3 92 ;; 

- iOUEIDiRA Qc 2',9 m3/5, iw = 50 cl. and the width of overflow 

witilout f,;,ut 42,5 r.7t 

ADDED I1I0OA;i1O 

(OIa'UTA'TIO. OF SPILWAY .11T, A GIVE4 LE GTIH 

gIOUDJOIUNGAL DAP, 

i..w~y ...- 05 rn ]on; 

£'if'ty-yLr ,].i ::tr,. Q50 Qc 71,44 m /L 

Without floo]-routi v,, ]~vi.l abov spiliway he = 26 cm 

With f0ood -rn tin,37, AZe 0,27 R = 0,85 cm 
OcT.4 Qc 

ne = 22 cm 

M1:V[' AOUAOU
 

Lengtn of Uan- 117 n 

Qc = 90,3 !;'3/s krithott flood-rotin,., he 57 cm 

With floo-vc .. ti:.;; Ze 0,43 AZc 0,50 Qo = 0,75 
"OC Qc
 

h, = 45 ci,. 
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TV lck of hydromatric .tn:urem.h- ofter,2 a big gap in 
thi:: by'roiogioJ no- vo W be yood i., in tCc future, hycdro'rvy. It 

tr.i c s t.tilo. cul:[ ho huil t t, i'y sntrvey of thisbufmoa un'c.':i. 
kind[ of 1=:.
 

mrvey, in:skoulId 

,i\u'vy f,)I.iow-uv, o:r crn:n n:itceh:, which ri-n-t minimize errorc in 
the estim:ation nf fiooW1dich're". 

1 n t,,{ , :,:t Hu cons:id, r P bydrologiJcal 

Siltin nloo.e, into as hydric erosion was 

"atek, Mugii±,;t. ,. t;], 21 ,ple " th, rirtur, of wa tershed suoiln. 
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SO. NA. DER. L S A I D.
 

SU 'r.EY OF 1 5 DAMS I U 

TIIE BRAKNA AND GORGOL AREAS 

iIYDROGEOLOGY 

WATER REQUIREMIENTS OF THE WORKS 

i - Water requirements of the works
 

2 - Hydrogeology 

3 - Alternate solutionsi
 

4 - Conclusions
 



I - ESTIMATE OF TFIE REQUIREM'[ENTS
 

As we have not completed the survey yet and taken final 

options for the worko to be undertaken and the way they are to be 

done we nhall now only make -issumpti.ons with a view to ascertain 

needs .n function of th7 two types of works wich could be carried 

out : 

- embankment danms 

- concrete works
 

.
I - EMBAI4ENT DAMS 

We hrive assiumed that they will be built in the usual way 

by mesns of tne usual machinery. The rnormal equipment for this type 

of work consists6of 2 motorscrapers of 13m3 with athobore'ioal capa

city of 100 ti3/h and a practical capacity of 70 m3/h. 

The water requirement is about 10 % in volume, which corres

ponds to an hourly requirement of 14 m3 or a daily requirement of 

112 m3. In case some drilling should be done vith an additional. re.

serve at hand of about 100 m3, the discharge to be supplied by the 

drilling is then 4,7 m3/h. For a standard 1.000 m-long-3 m high dam, 

the total volume of earth is 17.000 r13 eaid the volume of water to 

supply is then 1.700 m3. 

1 more precise estimate for each site is given in § 1.3 below. 

1.2. - CONCRETE WORKS
 

The works will be equipped with 2 concrete-mixers of 350 1.
 

Each concrete-mixer has an hourly output of 350 1. x 4 = 1.400 1. The
 

daily output of the works is then 1,4 x 2 x 8 = 22,4 m3.
 

* e/ .(7 

ci 



r Thetawaxtert rfe rke i; 1t0eAMe tht isda/-d1alyfleaqui 
g4 4i m3/d

ttJ ~i~m3/day. hme of ~ Tecrn4nt.n ftecoceerqiib~ 


~tional 2 M3/day .'for h'ogvn-Ptt. o,1~3dy
 

wo use a akwgno,,Such requirement can easily be'pet if 


~~~1Wk~~~~ ijrza1k a~daily trip to a- wel':;l * 4 Is el ate~oa
10'3mlb 

qutE distance awaya, oga it,Can giVeIMoeta 10 rn3/h..
 

1 -3 ]Y.UAIL OF THE REqUIRE!4EN"T 'ER SITE 

We have e stimsted the wvater reqjuirernents for each site~ with~a 
~ i~a~an ar hchwoudbe3mat cre st, the ernbankrnt slope &being6 , 

!%~/2,5upotream- ad 1/2 donstream. 

The estimate~does'ht ta into accounlt the fc ta pi~o 
vr~damn is made of concretes (spilwoay), w~ich caLses 'the ned ob 
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(ROGEOLOGY
 

All the information available has been gathered under 3 headings
 

2.1. Bibliography 
2.2. Geological and hydrological characteristics of the
 

project nr(<a
 

2.3. Location of wells and drillings. Discharges.
 

2.1 - .IfBLIOGRAPI[y 

We have made use 
of the following books
 

I -
 AUDIBERT M. (1979) Les nappes d'eau iouterrni.es dans la vall~e
 
du Sn6gal et aux abord2 inrm6diats. R6sum4 des connais
crinces actuelie!; nRGM, octobro 1979.
 

2 - 13ItG M (1967) (arte g ~ologiqu( de R.I.M. aulr 1/200.000. FOuil
le de Kaedi.
 

3 - B R G M 
(19n8) Carte g6ologique do Mauritanit, au. 1/1.000.000 2R6O 
juin 1968
 

4 - B R Q M , 

pi-naification pour ].'exploitation des
 

ea,.x soutorrnine7 de 1'Afrique Sah6lienne

5 - BURGEAP 
 (1966) Synthetic hydrog6oloique et am6nagement hydrauli

que du Sud-Et mauritanicn.
 
Rapport BURGEAP R 415 
- Marr: 1966.
 

6 -
DAUM J. R. (1977) Les enux cout,rrii:es du Sahel. Etude des ressour
ceo L1RGM, Juin 1977. 

7 - DELPY J. (1959) Rapport provi.soire sur des projets de barrage dans
I'Aftout (MriuritaiLie). 11aut-Commissariat g6n~ralA 
Dakar, Service dGolofie ot do Prospection Hinibre 
Dakar, Juillet 1959 (Consu ted at the library of 
"La Direction dc l'nydraulique, houakchott"). 

. . e/ee 
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8- DEVEAUX R. ('1961) ~les problbmea Arelnatifs h la conception et ~l< 

j rYaisationl des petits, barrages en 14auritanie . 

Corpte rnd des journ6e,.':!'tUddes de 

9 GOUZES R. (1962) Etude,hydrog ol giquo de 1A arri~re -pays de Ka~di 
RapotBRGMDfAKX 6,7A33 , 

<~;<iK.Dfakair 	 1962. .(Consultied at the library of 

11.a Dfirection de 	 l'Hydraulique, Nukhot) 

10 - GTZ ,(1979) 	 fDveJloppement rwurali de! 1a rgion du 1Tagant: Cat 

g6ologique au-1/200.000''(d'apr~se 4poo SAT),tI 

carte hydrog6olcigique au.1/400 -00O GTZ' octobre< 

11 OKSENGORN S. et ZAGORTCflEV 10~I95 Rpotsrlhdo~~~o 
pour iriplanteation d'forages dan s le, Hodh'. 

'i3NM, Nouakchott, d~cembre'I1978- ~.2' 

12 P N U D (1975) ienforccrnent, u 'transe 

MaurianieeNewtork,, aoC~t 1975. 

13 SOGETA,(1959) :Mission d.'Etudes' bydro&,4rcoleo en Mairitane 

Rapport de'ytbs OEH aiJuille tI959. .i 

2.;~ GEOLOGICAL-AND HYDROGEOLO(}ICL CLARACTERISTICS OF THE.PROJECT
2, 


~eoloy..~ 

The 15 sites are all. located~in the' Mauritanidesl'ridge.' In 
2.291 G1k 

this -area,which 	exte6nds t o t he florth as far as,-the Akjoujt avea, 

the mat6rials of the 1substra turm of pr cbrian and cmra ~V' 
plca'd during. the hercynian orogenesistm, up, to th'e surfa'ce'.' 



The precambrian~ materials are particularly represented1 by 

grniebin th~e bo3udjoungaJ. and Moudif Foiuti~areas~ IJ 

-micaschiststh . micas, locally evoluting to gneiss, very 
61atered siiperficially ,(rnumer',us~ limestone concretions) on~the'' 
Toue id ima,~ Cag el I'-ohor, Oudei efkarina siteoe 

The, cambrian: Materials~ belo~ng to the :metamorpliic series of 
in the p~~roject area there4 can ~efudsetal.~ 

4ricotosohi6its (scbhists carryingy ser.Lites, veryrfine7 .white ~mi
cas, with asilky, appearance) mainly at Boudjouigl, Mo~udi in, 

Timbra, some. ogf. 

4 

Leaoud'ound1 chioritscite 'in the 

Toueizt showt Tagt'30 de ,,7 kzueilern. These, 
scit'hwa,0-,o 60 dip to th et hy'r eeal 

veryIfriable on 24 or 3 m,-&t, least-A'ossuii thr cnb 
found a tJ 14te 'to be classified also in the M'out series af 
series which is equally scitu.Fnly~te meiattst s 

on the West border of, the Mairitanides, cnx otealni 
1 n'odemeIntary basin. 4 

The data of the: neol:-Oicalo Irap at 1.000.000 (Cref. 3) match,. 
the findings of'our field-or wiha rtain !lack of detail, 

though, as regardsothe North' aredE,(Tachout el Hrai, ouiim, 

Ggel Mohor) ,he're; the map only.,indicates "precambra1> esds. ,,'a thoughf 

&they, fo'rin~avery Characto istic,,landscape (sites of Toueidima,j 
0udei 0hrak,' Toueize. Krett' Tagatt).~' 

Ths~atrilsoth 'ubtau are visiblo on a gidat 

part ofs covered is, by a generally thin' layer 
which, forMI.e 1 ret 

wnies, rath~er iew. The' Nor-utof, h AerILSt)iE 
Sat present in the'-process of b~ing covered over by~tho oand;1 7,A 

~ ~. big'dtno -asif, 4composed of fixed red sand o 0' oj2m, I 

1 

Iu~~ 

height, wlich have& partially1 bcico ,e alive- again anid ro 'oriented. 

West-South-Wst/Eae't-North-Bast cut the ,pr~oject qarc a into! 
'part
 

A 
I 



--

Boussouil±f, rest? inpart:,on this uassif. 

_ Atregell which are either, covered over with a,rather thick 

layer o0 bJlaok-patinaed ~grave)l, with quite ofteii fragmentssof~ 
lateritic hardpan (N'Jorth and West of the Cpro e ot' area). 1or ompO

~sed'of red, very sol d claywith scattered pebbles, (terraces over-' 
looking 4the Gorgol).O These formations general y present 'Gatle s 

sl.opes and.they'cover one' third 'of the project area. 

-,oued alluvia, 'generaly veryri'ch in, clayo Thiey are thic, 
except on certain sits where, 4re artificial, (Toueid~i) or jnatu-, 

ral (Mint 'Auaou),weirs oralonj the mnain ouedis, (XetchifGorgol) 0, 

2.2.2. o-qdrofreoloAY 

We shalli only give the ,general characteristi.cs and refe'r thE4' 

'- reader to § 2.3 for' a deftail&d, des cription,~site 'after 4ite.~ 

The project area is: generally deooribeb as sterile from ~,thod 
hydrogeoro~oioal1 point o~f view.' Thus, for example".~ the SOGETRA (ref4 

1 3) defines teproject ara s"steirile area, and describes it as-'4 

(P. 151) :-A44'" -~ 	 "4follows 


','">V-'This, area is-fornied of mnetaporphic~ schists and'4quartzies of' the:
prcmra rein.hr'xssnihrgrotund-water nor a net< 

-,4, -, work' of faiults". 'The' BURGEA. reportv,.'. 5) it is P-1 o4,atgri4~ 

this~point. "The series 'o.wcschistsl:and qu'tzites of thbe AftoutJ 
- -, and 'Guidimaka areas-rmust be cbnsiredaas'sterile 'and 'not ne well,,c 

must be attempted there". ."'A 

4< -> 4(1f1e 	 ~ AftotlU4, i (paini)The a, the name of~the Mauritanide4 -area 

whic~is , the area of',the'Suthof agt ahjir.It~ emoompasz~es 
15 dams and~iiaco tinued in' the South ~on 1013out, hence its other,4-

nai-- 'Af4u Of M44 Bolit4 

http:ahjir.It
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This is due to the fact that the schisits which are the mairn 

matrial of the suhntrat= are impervious whie'i they ar, sound. Tie 

superficial l:iy,r of th, s;chis to, vory 'tlt.rvd, is a mterial which is 

generally rich in clay ranrl equally :::rn)rvious, The only 2 typeti of 

aqu i frs , ne =ss:'rrily ocalized, a-r.'LI, to be lookd for : 

A - in th.:;ar'. of int;n>, ful.].tii.' wh(.,r-; the schists are 

liizeLy to bL' r - t ai d ipth of 50 m. 

b  in the oui alh.'uv in 

No .nfornat ion is -!vniul .;n th(. duel) aquife:r, of type A, no drilling 

havini beln attented to this! day. W,, must note first that this area 

prsents f',.w f:-oul.;, ouch feu,:r .Cults, for inistrtncC, than in the area 

of the prL!:otry Doi or o further to the East (.aquifers in]'o-:.e::i the 

p,:lit ; of th, iodh). Aout tht,- si tc of Dionnba (quite close to bou

djouLntl, ,,,u:sou.:iif, Otc...) Delpy (1959) :ays : "The substratum is 

much l-ss k: wT.Accoroi:.g to the pT:cple who live there, the schists of 

the bsin shoul ble r a p!rmL.nt aquiffr, ur;used, bo aauso it is over 

25 m de and t;,.. ocoisto o. t,.o hard.. This :information would thus 

be-or oit the, ,] ' o " as*Jr. '' ,sciatud to facies and 

otm.rc tor,' i l.-'i fi n,. to this lay l tVI, 's,".:0l, of w'ich Douera and 

L4.'tf ,tar woulo Tosi bl.y L,." 

lfowfevr, Gouse. (1962) r,;mrk. thai; fissures and faults are blin

ded by vry artiilous ri.I:.val;: corainZ from a process of alteration and 

he concluds tiat ",w can condidr this; forn:i.tiom as totally impervious". 

According to ir, thi.i- r:xahi].ity is born out by the lopo[,raphy of 

the ou,d:! : ve:ry i:e hydtorpnic n,_t,,a.i,,r bud with a lat bottom and 

;ertical std,::T The ch Ae oa !for proves then to be pro" I:.. d'rillin,_ 
blema.t icefrom t;he v,: vy first. 

:oi:L'Lhe of the. type (lluvial aquifurs) have been prospected 

from a ti,-ophyr.iei;in po-int of view by thoe P]:MD mission (1975 ref. 9) 

which show,.e oI; only the miinor be(ds of the oucds bore water. The dis

cI'ar( .s] obtainavble will be generally small and the volume of the reserve 

will be equally wek, 

http:p!rmL.nt


In the~exlanaory note of 'Carte o de ploanif ication, sui Iecp~i 

~tation des eiy oterie de l'fiu ailene BG,17)i 

is' that "in the'north" (of, dr'oa~of the cristalline {and 2cristall9,~.s aid 
phyllian subatratum, of Western Africa) the jcnly resources.,.~ are containe& 

in.,the allUvi'al aqu~ifrs~wich , can locally supply discharges of 25 m3,7 
~day.' Th'i estimation, of the' discharge, weak as itises ou c 

~tually largely ovorostimated considering the obserations we co, d rnek&-: 

S(§ 23below). If we examine: the''vailable roeourcov on~the frinse ofI 

they project area,' we,. caniooe'thatl the: only' aroas~hydrogeologioaflly in-, 

-Ye;,esting are located ini the north and in the east~, on alno 'which 

runs along, -tho Al g road. To be more precise, th~ese, ar eas are ~ -Kiffa 

in the north he Tamourt,' Guimi and~ Magta Lahjai a1hs with 
important alluvial: aquiferB, alongth1eL Aain.,duonsb 

VV;ty> -in tho east tbo edge of. thie Assaba plateau with natural ;apingsi. 
an.xdboie~odles, which have excellent',discliarges (Achram-Diouk area). 

in th ot,, h contiary th~e Mauitahides rid&,G extends to 
~w~~th 1']3out hydrogeol~gia. <souh-est~toard with as~uffavourable 


characteris tics as in the project, area.

-in the west there is Ian" a p which is part of the Senegalo-_ 

sedimentary.basin but which, on a width of abbu't 20 to 30' 
ki1abtero from east to west is storilo bwing to the ris ing of~th'e~ 

SMauritanian 


aebt'um overthe-piezornet level of~ the aquifer of ~the contin. 

< terminal':, is is what is 6alled I"le bi,,eau7 sea"l. Cldry wedge") ~.7 

~ 2.3.'- LOCATION OF WELLS AN~D DRILLINGS. DISCHARGES 4 

Thanks to the kir4 cooperation, of'the hydra'~ulic Ressoiurcesi 
bDivision attaohed, othe "Dlirection do1Ildalq ewr beto getV 
the folwn nomton (in Fddition to ~the references mentioned 

-folloing'inormat
 

,Jf"'~'' ' '"'f\ FF 

51 ' " ~ ~'F ~F ''k~ 

Vw~"ad(lkngk N 



ItI 

jA4> S±1tuatiOhrof the borings undertaken in Mauritaiaand con_ 
trolled by 1the "Drcto do1Hdauiuln Janr 1980. 

B - Mpa /0.0,Kaedi ad5Ae htsmentioning the wells 
Sand drillings classifield by the Hydraulic Rossoure Dfivision. 

Ma at 1/20O.000 ',Mouddjeria and M~ouit sot ihhd 
goological -intoerpretatLon BURGEAP (1966) :and"annotation done according to.., 

V, the exploratory and field wor1k of' tbe "Direction de 1'Hydraulique1,.~ 

In order to, describe 'things more clearly we have Idivided the %pro7," 
-Joe tarea Jinto 4"aroa.'"'' > 'F ''' 

-North'WeatA area. Ketchin basini'(4 sites7 Ameira4Touidim', 
Cag el Mohor, Timbara) and Tamourt of Magta Lajrbsn(Mn oau 

IB- North-Gorgol ae ('Sites .,Lomaoudou, Boudjougl uoi 
7Lafkarina,:,Boussoueilif) .4,.Q' 

CSouth-Gorgol ar'ea (5 sites Moudi 1ounti udoi Chrakl,, $Touoiz 
KFr~z'tt Tagatt, Ijehneikatt, Azgueilem) ~1F 

DQued Ouelouax basin,-- 1 single-site Zmilatt .- ~-"4 -T" 

t2.3 1 NORTIEET,AREA. .F 7F ' 

0
"~J4,'" FThe information,,we coujldrfind in thne files of the "ioto~o 

1 Hydrauliqupe is very limited, ,.the only -well lised ise the "'ogJlat" 
4' -(traditional non cemented well) Toueidima',' tbut there -is no 5mention. of 'any 

1'F"'depth or out~put.F F4"--.' ,,i- ,14VF 

Our Fobservations (178-1980) conifirm the lack of cement wells 
~ad'the existence of several oglats with anI output ranging from weak, to' 

vry,weak. ~< - jFI1;.~~ 

'-i?--
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June' 1970 the of 

~were, all dzied up- In A~ril1 980,-3 -productive oglats were obsorvd! a 
d'ritance of 100 m fror~bdch other and thaoewao 'variaition in the,,water2 
~table depths of,8 to 11 inf or practically'similar levels at the su4 c. 

In-~ oglats the site .which bad a depth>'of) 4 metorej 

Theas oglata- have been mentioned on tho tppographioc map at 
1/5.000 and we4 shall thpuo be able to follow-themn up in the future. TJhe 

'importantvar:iation of 4water-l~evels observed proveo that there are 3 
small' isolated ,water pockets in very argillous alluivia located upstrea:
the old-~dam. T~he output of each4 og2.att is about 100 1/hour. 'Thc piecos< 
o4.~fquartzite we observed looked very fissured, This fi.esuration, howevor': 

4~ >does not genierate -water becauseo f "the great-amount of~clay~inL th~e eivi
ronment. The fact that th' ldts exist~ could.4b6 due >to the presence. of 
n**orous limestone -concretion with..actual pockets >in them. Tho prosent
 

~4reserves would be complete2ly inaufficienit for the works requiement.
 
* ' 

'4>
~'~Site 2Timbara 

InApril 41980, just behihd the present~dam which--only-neods minor. 

*repairs 15 oglats were observed -on an area covering a~bout 1 ha. The 

doApths vary -betw~een 3 a0mnd 4Vm, whi"ph seem toidct h rcc 
ofa contiuu aquers. The hegt fwater in the wlls vary fro 

10 to! 50,cm. :The ,reatnme of leaks detected under the works of the 
da em to indicate a'±ather hig~h degree of permeability.'4If w~e as -,, 

6na perme ability of IO c'm/'secund- which -.corresponds to thlis" type

~of-soil it:follows that, during the month when 4thie dam is fill~d t1h -

Ilia area observed stores a certain amowit of water. 4 .4. 

x 10 640 x 30 xc10.000 mr344=260 

~ 4 '4i ! k 4j~ 

4! Ii 1i-'4',-. is; 



This vo~lume fits the ne observed~by us &since with an efficient, oro 
Bsity of 10 i~t pros6iiWato-,a,626 cmthiit6&aquifer and this thiclces 

quite tois ,i close the heitghtE3 observed. SuppouiIIFtha~t we have~ the s Pme," 
~oQodition ,on 3 o 4-ha we shall~ genorally~i ot annual reserve of 
1-~j000113, a reserve whiich can mee the need' u of pastoralism and will be"' 

~Yjuitt sufficilent to meets thde neepd6 of the -Tjmbnrra dLM when it jf3 re
buil,Luit is out of question to use tis wao or thie nei~hbou.r n 

2%tes,(CagelMohor requires miore than 5.000b m3 of water).~ 

~Site 3 Toueidima 

The site is geol~ogically the same as that of Cag el Mohor. 
There, :too, can be found limestonepockets tu~ng mioaschist, and oglats":" 
in the darn basin (one' of which only was productive in~April 1980) :.wth ;' 
a dischiarge of 200 1/s and a depthi~bf 4,30 im.This Doints to -nmeabi 
1i-ties in depth which can be. locally, greaIter :Ib-2~4 c ? nY§/ heic-Ion- 11 
~trary, due to the Ifact that permeability on, surfac is small, the an-

Snua 
 storage hence the avaxilable reserves, will be veryj weak' (cf. the 
>-< figures we obtaiined f6r TIiibara). 

The unarroid maeral being very heterogeneous, w~e shall~ Iayo, 
N---Vto',procoed to,a ioophysicPal su~rey ofliI1i itae~hn~he~ 

jzsentprej( dam~ in order to SeleCt theC type of struoture adtootml 
-r-----de-pth., 'This st~~ur.wl bI suffioi en itt~o '.provide water Ifor' t 

Toueidima 'works but not -for the neighbouring workcs (Cag el Mohor) 
-

Site 4 Ameira~ '~~-y--~-

~ The sil,at a depth of afew motors,--is composed of red soluid 
~clay,1 quite imperviouis. Nopoutv ga ha~s been observed. 

http:st~~ur.wl


S8ite~ Il Minit Aouaou 

~:4weakly productiv Cquir, 3,5 m deep, 1les right ilpstr'a of, 

4 th prjce st.Ti aquifer will be ad'dqute j or-the&%drinkingiwter 
requ-trenento of ,thel works bumt not for thie buildinC of the 'en barlwent dam~l 

wA erpao the' preliminary the works will be~supplied~wthfro stdy, 
watr~fom the &irieikat. reserv ,oir .2 km ip NIorth (aft er a riinor 4 repair 

i'~ifln~ p the ciannel awbyti ocal farir) . - u-

In 'conclusion 

on 3 sites (Timbara, Touoidi-maiin Aooti' f the North-West 

area water will be siJ~plied locally" " 

FV 2 'othor, sites (Oag el.7Dohor, Aznira) aote solution) will. 

have to be~d6pted on the North fring~e of-this area4 2 4drillings are j 
-~or 

available at Mgta Lahjar F I and F 2 of.PKI109, drilled at 58 m aepth. 

n ~aluva, m3,ad452 m3rosectivell withit-ngdisharesof 44ti 

'dynamic level 6:7 than 20 Imeters depth. 4Thebe. drillings are equi. 

~4'/Y4ped but in 1I jauor 90. e hall have -to ge h 

--a 

they s Rt 

:j2agreement of local, authorities f or them -to be used.
 

3. NORTH GORGOL AREA. 

For this area maps of the'4 Hjydraulic Ressources Division mentifo1 ,I 
/"- ev1'$wator-pcoints" 	 4~, 

available ',f"44''one oglat~ at Lamaottdou,(no 	 igare s-~2 

* i~~4' -one well at Oudei Lefkarine ~ ' 	 4 < 14 .~ 

eeral 	 water-points ,at Ghoggar, Gidel,, Gleyt, (ofgrs 
one local well,:fairly productive, at iDienor (1,5 3/h§'2 m eop)-

Tichilit and Bay'dha (over 3.m,at 

a. 44'1u4i44I~ one site to be survoyed4 by4gophysio4 R Ai 

'-15 



toee.~terpointo )$o6&bed,on. thei Gogol~ or~XAl i are 	 its no ar 

S2ite 12 Lemaoiidou ~ 	 -r ~ ' 

~ In 1978 no water-point 	had boon observed oni this 'site. In ap_1 

oga'wsue bu ;With~a dicharge of1980,~one~~~~~ ~~ta'eto 

2100-300 1i/h. T1~i6 w~ter, was teace by, the cattle-raisoswho had a faii -' 

herd (horned&catle and otmnammer i-kxinants) ,Thi.-site looks rather: ' 

~favotirable from' a hydr'ogeologic point of vioew:, the,-dam basin is lJocked 

iby .a ,big 6andduri 'of probably ealian origin and _thi~i- d~une equally bloulza 

'two ot.her basins downstream the projcoctbasin. 

S,:ly~big 


rainfall of 30Om,Considering -that. vie, are in th t area we are

~thius theoritically touitside tho-area where aqi-ifers ca eoupa0 
ith wate by snd-dun 6 (R 7400 mm). However, other~ oglats can b be

~4 ved on the basins downmstream, theoo oglats being t~sed by cattle-raiders'.' F 

Ifwe t ake into account the fact that,,tho requiremoe. to of the LomanUou 
-Wor1's-are-comparativeoll ,imited vesLrotfi o igo oei h 

-

bshdowntrcam the' projects(]. dii, Rfter geop),ysicEL, survey. 

built 
There is a ce nen't-w ~o well. which was/a fow yer Fo0'6The 

depth of the static water -table is,20 m, the well boing 'bored5 into schiste 

NSoveralt oiglats, j12'm1zAee, have dut7,by the local2 populations. Although 

iti oae t h",z'to tbhe samo dune as VLemaoudou, the site s~eems 

~~-'to be muich~ less favoiirabjle as the subst ratum outcrops much nearer the
 

Vdfac 11 available~near this site
Nopodcie-w 

-_ k 
-6''V V 

V ~ V	 A 

'2 ' M V V ~ 'V ' 



Site 14JX9 k Oudei Lef..ari.ie. r+: 

(A cement4 well wao built by the 'D~irection de ,iydruiul at_ 
a depth of 35 al. When wemade observations (April 1960), the static water-' 

~tab'le was: 29 m deep, bald, tho discharge of tae -well~was very waa1 bar
dly sfficient tene ofthe 'population (about 100.000for iinhabitantsds 


rand; the herds. This wl antpsibly 4 b usdfrnyhib t t,

drIyi ~ ~ ~ wolinkscano be,,ai s v 

drikin e4tqr supply of the works. No other productiver ~E3 i va 
ble in the surrounding area. 

'~Site::15 Boussoucilif ( 

Our obqerva1iohs, inr may 17'mniedthe existence of ogaits, 
t 100 m.downstream the pr6sent dam, :theequifer: bein6; 4 mndeep. O0n the otlnei', 

hand: the white~ Gorgol flows~ about1. kmn away f ofnthe site. Considering 
~~that the water requiremnents of the4 works a.re liiew iht0oe~ h 

~in The interdune dip downstream the projected damn, after' geophysical 
S''vey, the c6onditions being about te same 4as at Lemao.dou.. 

'~~*'In conclusion 

2Sof...th s.....
i (Lemaoudou,>Boussoueilif) the workocould-got
 

.Kthe necessary. water 4, 'rilig 

For -the others another solution wkill have to be found. The nearept,
+
44 +,+++++ + O +i !++~ h+' +'+ +: ++++++++++++ +'+++4*44+'++++++++o k +m o 4-

+ i 4 ++ 
+++++++i+ S++r+,+ ++ + ++++++ ' +++ +++.+ i) ..... ' £+ +++++<+++++++++++++++++++++y +++++ +,++ '++ + + .+++++++++ .. ++ ++++'++i4' 44++''water " + n suppliesiare the Y I'and F 2 drillings of the 'PK 4-aJ7Aokhram; h- I 4.4444,4"++++ ++'++ 

' 4 . . 1 ,+++/++it+, )+++++ ++ + + ++ +:J++++++: +J++++ +# +{ + + . . .. . 
4- 4 X - ++ +++++ +++ ++ ++, +++' ++++ i<~~ '.+++4 + +-+++ 44+4 4''welsbr~* - iridoloimiies at depths

4+>'+L++++4, 
0f 

+++4 
5 
4 
6 hand,~3 

-4'
5)mgvdica

4.,+I.<q-',i 4.: +++44 
so 

"#++++'4- ,+ '' 4444+++?+ *-++++++++4+4+ +4 
++++:++++44 j + +444 .++-4-r4 44+r j - ';1- 44 4 4 4 L4-4'-4 44.4'4-p4 ;4* + 

+ - :4~-4 
t+,+; + + .. ++ - :::+ +... . +++++++...+ +++. ...+ +:+ +++ + +++'' 4 ..4+'++ +++-- .. +< ++ + ) +'.t.. + + ...+++++++ +++i+++. . - : +++)++... .... ++++++!++> +++++++++++'A+ I+G++;;

+ , ,+
' about 2 (to, 150 Wh31~our. They are equipped with, pumping m~achinery' butK4+++++i++++++++++7+++++ .....4'4+4,44444444, 4.4", +++, ++ '. ............
J 4.................. '4 ;444++ +:4*g 4.. ++++,+
444u+ */* 

+ -14 44 r44+4 4 4 4
+14+j+.- ty are net working as they are' 60 kin away 4from. the 'project... ~ 

4444'44 i ''~4. 44'4 '4 4 -4 4.4,4 ' . 4'4'''' .44'-4 

- - ~ ,~ 4-'4" '14j~1- char44-is 


4- ~ 44 , 4~4j - 4<'4~ 4m444~1-
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mer! ioins the following-wate -pointse (f rm North to, South)7~ 

~- evelga oglatsjwith ,mi eph an dicha'rges "Of1'5 to 
IMin around~ Mopd QUM 

F_~ ~ an area~to be pro spp ct'& .by, gpphyfcs on *he G rgo~ner
 
-Our- D hrak
 

rdiionp- well, which' aro ~ther rdte(me'ha 

jrait m) at, Beke A34' 'ti ia ar dette,: 
of ibtu hmf1".5'u 

-.a cmen-walldwl t Buhuiitle.''rouciA,vr 

wit dicare of more4 than',',m3/.%I ' 7p 
s~~everal~ olt nthe Gorgol, with d'eph~of 3to~4m 

anae to be pros8pected bygeophysi~cs at the coonflueiibe of; 
the ~2 Gorgcie.'(0ued elt Abyadh and Oue..e Akhdo 

We-haeotmuh or injforato olbaddI'~ athis lit. 

3ite 6 Ncudi F 'n 2 

', T,heki1978 report anticipateda uppy from tho white Grgol,:
-00 'i. away.' In Deebr1979, one Qgati 20:mdownstxeathprsn 

damas fll IndJts 1,70 m.depth wa sjcf. "thenedsf 

thevilae 200inbitnfs), In April thee elhdcozme ''bwto 
SuchnE tht the 1 w&i4 not, peireiinia I b~a 

foetis Qut 'of question to iiie, it" for tework T heeu~ 

f. Iis'hnimposibie'to cnt-ne t x~ 
t i;'wlls. if a .9olu ion uqing, well an 'are a" avouabe 

3.icnstad'own m be -colsidere'd, in mor bed of 
, 

4 e bt 
org~l.Ik tr,,-n .o 'Whoe 'he re i "natuirn1' wei:Lr.dwn Moudi;Founfi 

MmaKi~Wii* *** 

http:org~l.Ik


Site ._Oudei Chmr 	 -

The ch~rQeitc~e~e 	 x' 

wa3led well, built by the1"Directioqde'in tie vJ.1 e 
quel~ ined th v llaey 

y~dkdificharge There is no other ater.-poi'nt vi hin-1I km C'~ew o 1t 

auvia~ of the White~ Gor-ol right ustream Oude i.Chr (p c1'te.r of 
ots at BoubardJ6b This area 6mentionned hfteHy

ip he~ ofte dr 

.icf Ressources Dfivision as intretirlt's t o pect' Acording.'to our 
obevtions', thea4luvia of th Goz'gol are~very fine and tastti-1, 

viyi h el is. weak.sSiiouJd, thi's area proe. tQ ie'insufficient, 
a. supplement~ can sribed~	 6ThW'prEd8 


oiby be ound km toti et Jib 
custrog h iiozith,nd 4 of M~ntsp uoc at .'4ya-Dieor 

ogasaeued and .,gebphysical sureyp,llbear out yte conf:gu.ra-C 
tio o the4'weir with he liely exiseuce .ofa fault Th itac 

~ to the works'.1s 23 km-if 4 '~,4-;1'- 4 4~
 

4'Site 8 Toueize Irett TP~gatt ~ , '~ l 	 4 

v: About 6 ucnNpstream the ,chosen site a.small' low dam e'nableo the 

watrt niltrate tbiug as y sity soil resting on micascist 
whch alos,,0n- use:,o oglats ita dept Of o5veh ohr s pply~ 

ofwa~risth Gorgol,, where. t4aiuvia ar-,vry fn,henceite, 
pervious -,'the d ischarge of the6 4.go1ts d~oes not 4exceed 3F3dyfrte 
~most productive' ones. -h orswl have, to be- ,4uppJAed with,waitei, 
frbm~te -wels du for, b dei Chrag, 1kromawyfh tkhe dam to beA 
buit' (25'kim from' GleytaDjib). An4adtol Suppy~~~l',5 be it 

--	 obtadinea, th orn of 5 to~ 4,guieJ Utor'e'a(a ou, 
17 k Weiofthe borkg Svrloat xe used over an approxima~tely 

-0 km longl strip.' These o ~ats, som of which ar offeed4wilit' straw 
anfd 4timber; :arenot mecntioned on the maps44- 1 Jiydraufli6oResourcesthe 
~Division.It~~st be noted ithat <these aquife' rs a.re'iit'dependabl~e 
for, innt -ne ce'et-aled 'well recently, built by th &yaui Rs 

ff, ces DvisioA2 at~ dept,~o475 4 
a' n. of' 1 4 s'give a, dicat6s bf 0,'3d 

4	 41-4' 
,~4~~~ 

http:works'.1s
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fa~tiin pproxcimat~y~IWtg~ps a
 
the BU
a r f quite visible onriaerialfp6(iht, 

finAY01 I 865,1016,15 2) it~ntrusects 0Oued Az
gueiem and OudLeniatt 5kmu stea th am proj e ted If or 
I ehneikatt. Sice 4 we know th4t thie watershed of &Ae Lenektt ' 

zid~bt.Odly more importn than tthat fOued Azguei'lern'we seggbst a
3gop ico rospectioAf_Ouedu ehnilzatt ',long. the suDDposed4 f ul 

-6~~~~~~~~~~oigo 64~to5gie-is.he" use 

of ),i.-orgloglts (wthvery,'ea dischbxges) will' oien lt 
nate sout7h 

4 4L 

nth ite, very close to Lehneikatt .!(1 kni away)~ 

-s olutio' c6an' be adopted. A z one o6 oglats or;. the Gorgol, 45km upsream'l
izgaeilem,(Tiyab Oillad Ali* 3 m~deep,' diaclliargeineort 

beg 4 . 5neirt5m3/h) 

Tewhole arLSuhof Ihit'e resent an actte p 2,o'Wh Go 
bl,,i 'of water su py allthe 'more acute as the pastures are'comrpara
4tively abundant. 4 ,We noticed, for i-nstanc6, 1that, when we passed though 
ti-d-'" March 1980,several~villages of eattle-raisers were forsa-:,area,irn 

i!kei1 for lack of water.' 'As a conse uence, should -be appliedA there 'even 

more,!~~than' ~ywhere-es the principle that,,:. "the project miustbo el 
sufcet in 4 water"l. Fori't is~ n'ot :possible",,to c 4q'ide te sigte 

~use of, ,the water supply which is even 'insiifficie'qt for< the 6'4pulation., 
in'thuat case , 'we shall preferably.adopt the solutions (concrete) 4whic 

~-4involvri a minimum use of e r ~ ' 4 

4--K~. This isolated4site, locatc Weet ofteucrpping:'one of"t116 
ousratum,- has -very unfa.v6urable hydrogeological chtiracteristics 

4444 ~444444~ 44 4'~4444 444 ~ 44 ~ ,444444~A4 
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the alluvia in the basin ,re composed of swel1ing cl'y, totally impor
vious o son 2; it jN anturrt-d. The rn.p of thn Hydroulic Resources 
Division, Laali sQeet, mention: sev rdl weter-points nearoy. One oglat
El Aganat g iv, o ly 100 I/- Lund ii thus Infit for urse. On the contrary
th: well of i', ii, 21 km w-i'.y by the dirt road, supplieq 10 m3/h
,nd is prm'.nfnt. Conp:d, riri.- tWht the volume of water necessory for the

works ocop.r",tiv, y wuak (730 m3) we ruconLnd that the site should be 
dU, Iwit w, t r fro2 Bi::,j N 7 .iiddi. 

Alto aty alLut lar'. 

The uqe of w.loc-IL supply will be adequate for the 5 follo
wing' ,Q~ts : 

s ite 2 TimbAr
 

site 3 Touc..ilim-,
 

site 11 Mint AeUUou
 

Mit;12 Lemnooudou
 

ite. 15 Oatouscsi]if
 

Per neil 1:4 other sites, the wells planned at § 2 below are of
 
a connidar:bly __ no
t.. rest V..n; an added ivestmnt to that of the dKi
 
mad tPoy must be built 
 if only for this reason. Their contrib.tion to theproj,.t is likely to h- in safficiant, thouLk, and other solutions .Mst 
b. found. 

We 42ve thought of t.',: possible solutLoa.o 

A - use of % t"nk-wgnn e Pryine water from a distant well. 

B - building, of a to.:por-,ry ro;orvo r. 
Eithor dolution will 1ov, to Lq- ch~anr, "s possible to be adopted. 

Solution A 

The lr-sport of w.tr by tmk-wnro, 1O m3 capacity cost 14 UM/
m3/km (nst.im0nt. of I NiUovo C'-storo report on the Tagarnt d.-an, 
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January 1979, brought up to date) depending on an hourly useful speed
 

of 15 km/h.
 

Solution B
 

It connit:- in building with the help of a tractor to work as 

a bulldozer and a rppor, q small 1,00 m high, non-compacted dam before 

the rniny s:.on preceding th worL. There will be about I 3 earthwork 

for 10 m3 of a:r. ful. r 2rv,. 

The hourly co:at of the machine will be 3,8 0 UM (.Huovo Castoro 

rport brought up o dte) : with an output of 50 n3/h the cost is 193 
UM/m3 to whicoh -u::t b added q fixed cost of 100,000 UM for setting up 

th" works per AMit. 

Let us now comrore th" 10 sites to which can be applied these 2 solutions. 

Site I Cag-el, M4oh or 

Nater requirmo nt:' 5,440 3 

Distance from thu stie to the nearest water-point (borehole PK 

109 at Nant Lahjr) - 41 km ; 

Cost of ;oultjijn A (tnnk-wugon) 3,123,000 UM 

5,440 x 41 : 14 - 3,123,000 UP
 

CoAt of 201 uti ,n 4 (tempornry :eserve)
 

0,lx 5,440 x 193 + 100,000 = 205.000 U1
 

Soluyfqn b will J", Qmp~ead
 

Site 4 Ameira 

Wqt r r,.qurmnt: 7h0 3 

Di:stp.,: frn th 1 nearest water-point (borehole PK 109 at Magta 

Lahj r) - 27 K;:I 

Oost of :oi utio r A (tank-w,,.ron) 

780 x 27 x 14 = 295,000 U4 

Cost of solution h (temporary reserve)
 

O x 780 x 193 + £00,000 = 107,500
 

* . ./o..e 
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Solution B is preferrabie should the needs for organizing the 

work dpiand it, thoiur~h, solution A could also he used on t'is 

1Jto. 

Zmeilu t
Site 5 jt 


WAte.r r',vqurem.,,it's 730 W3 

Di otit:.o, rro.m the neare;;t water-point (:TVqiddi basin) = 21 kIm 

Cos-t of" -(A. t i, n A (t,'-w;.gon 

730 ; 21 x 24 215,COO UN 

Cost of volut I on Q.-:: .or.ary roervec 

0,1 x 730 x [93 1 100,000 1114,000 

Solutk on in pr,-rr' l., However if reqiired by the organisa

tion of %: '.rks, ;olution A is; als.<o 

Site 6 Moudi Kounti 

Wator rquiron.Mr.. = 300 m3 (concre te 

Dii;Ance from We,narest :atr-poi:'t 

Cot 01 :ioli,tion A (A :, -w'voi) 

300 x 7 x 14 ,o0,O00 UM 

praoticable.
 

works) 

(PK 109, Iagta Lahjar) 

87 km 

Cost of ,Mclutio i, ( ttn.porry rr;erve)
 

0,1 x 300 : 193 v 100,000 , 10.000 UN
 

Solution ' :' r, frrvhI,. H{owo:ver, considering the small volume 

Solution A c.n u ',Iopted, too, , well. r, solution consisting 

in buili I ,nno ;h: Gorrol. If one cnisiclers bilding 

th,.I, wlle,i, i 'I cas: n morn c()Kt]i sou t-on thavn A or B i 

ItI ',,:il no% f-,,.v:rU report to solutions A and B. 

Note/ Gbyt of A-we 1s 

G.n;Lyu 'uiny on 2,000 h
 

2,000 x uo7 1,540,000
 

Drilling of .d..pit; a 10 :ndepth
al; 


5 x fO z 12,000 300,000
 

Totnl 1,940,000
 

http:rquiron.Mr
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This oolution. riot only offcr : chancy__ro nult b__ut it is also 

much moi cont1j1 thorn ,,olitiory A or D. 

Site 1'3 Loudj (Jnl.-A 

W'.t. [:' :;i, :'1410 !.3r., 

Di:t'nc-'¢,mM~gt: L.1ij'ir - 57 km 

Ca:; t,of' :-]u i,a A 

1,410 Y' : 14 - 1 ,126,000 UN 
Co :t o f i n 1)I-,,ut 

0,1 x 1,41 C' 195 + 100,000 = 127,000 'ITI 

','-lu .ion ... 'u, 'j) u... prf. torr 

Site 14 J r, LAiw: Oiuei. Le i):rrin,: 

Water r,qraro'' 030 P,3 

Di.:t,-,, ir,.: ,.n,-rorOt w-r-point = 10 km (reserve of Ouad 

Cost Ali-tiA 

630 :' 0 : 14 1i17,000 0M 
Coo:t of o'"Lu: I -" 

0,1 6< -,i'j 100,000 , 110,000 UM<]30 i 

3ai ut oc A ::J..,t t,. ; tO d 

tx;. , ,' t,:G);o
Other i.; ' ,., 

;.t(en 7, , q , OOu,.i rJt,k, DLhr.tiko tt, Az -. cilem, Touoiz Krett 
'r1.y t4 

For alL th1' :: ].u on Z (;:,or:ry r.:o;,rve) is the only one 

econr)I.1 4 Ly rvtx 1,ic ] .1If ILI.n,:,.,l o. '; tie same temnorary 

reccrerv< ". ;' up !,Jy.'vr, -.;,oj 'or ,<',mm. " re serve built at 

Oud, I "hr'u ir t t,!.por'ry rnoir of t,o present drn, will 

sily ,u},pp y Tru ii Kr, ' 

In concllurs L, 

H[err rtrm *;o.lution dvcate for t)- witer supply of th)ewe 

works . sit, i cG. l Mohor : bl.iildinF, of a temporary reserve of 

25.000 m3 (6 ha x 0,40 m).
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site 2 Timborn : building of 2 well; afteor gCophysical prospectioa
 

h-% in lc. 

site 3 Toueidima : buildiriq of 2 wells after geophysical prospec

:i,)n tvr IO ha in tQ, dam pit 

over 10 the pit. 

site 4 Amair: 	 r:upplyw, or water by tan:-wn. from PK 109 at 

M-',ta L'nhj or 7bO m3) 

site 5 ZH'iltt : upplyinC of w,.tr by tnnk-wagon from Bassi 

11f.4id1 i (130 :!3) 

site 6 Moidi Founti :i, 1 jip.," of a t,%.p r;.2y reserve of 600 m3 

site 7 Ondei Chrk building of a temporary rcserve of 25,000 3 

( ,r t,.,.mnqr: ry r ,pa-ir of th" present dam). 

site b Lehnnik't: : buil:i&, of::- t.lpmrary reservc of 200,000 3 

site 9 Z.ueii ; WNW, ,of a tanpor.r rusurve of 13,000 m3 

site 10 Touds jr.tt tt . uildin: of q tnmpor- ry reserve of 

100,000 3 

site 11 Nin't Aaoo : uo: of th ;i'u'n,i',t rnrv 

,
slte 12 L muouuu : Irillin f 20 ni '.au wvli downstream the pro

jct..w '%m ,ft>r ge:ophynic-l prospectio, over 

200 K". 

site 13 o buildi"o of tQ.prorry of 800,000 m3WJ '.] ; 	 r,'rvu 

site 4 Ir ,y% - Ou,.1. L-fk"'rin : suldyinr by tonk-wagon from 

the Oval Aour reserve 

site 15 o.Lw'ouiLif : 1rillin, of ' w-.i1 '. 20 Tr depth downaotruam 

th. irojtJ -Aftr prospec-Q=-, geophysical 

tior, ov.r 200 a. 

The ot''er prospect ion; Ad..dri]linn; m;urntiored in t,:e text can be 

undertaken under r comn:plemntary schtme of hydraulic equi.pment. 
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2.TermsofC efeten e 3 

0 of'',Tems Ref erenceo3 

------2 Field Work ;;I 3,
23 'Laboratory Analyses 4 

3TheResults. of Previous,~~> 
Soil Studies in the Region~ 5'~ 

~ ~--'~ 3.1, Studies by ORSTOM(1960) -' 

~"'"3.2 Interpretatfon. 5 

3. '';-~i. 

3.3 Other Studies- Zone of-,,Achram-Di'ouk ( 1978-79 )" 8 

Description of' the Soil's of-h Basins 

Cag el Mohor -"-,4.- ' .' 

Moudi 'Founti - "1 ' 

S 
-

Lehneikcatt 
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- I 
"~"~ 

'23 
21' 
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Jrekayai' Oudei, LeI'Rarine'< 

'14~-~ 

~ 
-

~ 
A7 

27 
28 

<-"29 

SLiist ef Tiables '- ' 

~ Tab Ie 1 Characteristics of' soils of' 8"basin '" 

in the Br'akna. Region ?~ A'' 

Table 2, Acr iouk- zoe, r"so i s):'~' 
Tal:3., Achram Diouk ZonqAalluviai Sol0 

For laboratory results see/the annexes of' the Fre'ncn version 
of the 'report".", ~ " ., 
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41Following itihe-8tudy Of> Lhe preselection of 30dam,'sitbe3Ilp the
Bxn 5-li Mau ,smQ itante 

15 i~es have~been~retained' for fu-rthermbre de t ai ed t ud i~s
 

Tee sit~es are: - A,, 


To~eid'ima ,(7), ~~ EBU O'3' N 

a~~" (15)4:~V~bhna ~ ~ EBtJ-081j, '",N' ' -

Azguei. EBULO "'
AA{U0.iT(16)1~ - -' 9 ~ 4Z a
~Toue iz ',Ir~ t ,-Tga ( 17') EBUJ, 10~~
 

Leaouou ()~'" Z
 -'U *" 

~ uel4Bo ss ~ (28)2 4 EBU-15' ':~----4-44 ~ ~ ' '~ 

1The n~umber' in 'bracke ts co rre spond wi't t$hos o the pre selecti n; 

The I ocation f- est per or. the map.4 4 4~d -' 



ems of Ree'arx 

2.1 Termns o f" eference 

2,.1 Descriptio~n of 'T,,&oSoil Prfie o1.mDet :Ea6ch' 

2.1.2 Soil Sampling for'Laborator~y Analyss <'~~ 

21.3 La.boratory Analyses' k"4 ,
 

C) podctvt (in creato 
 with chord content),
q'~: 

d):~chmcl nlssicuii orai 
 abn nitroQgen,' avai-able 

e+:k)imesu rernr 4of permea~biliity in the41laboratory -Lo ~be~ correlated 
'4~~w ith at les neprolto eslt'in the1 f'ield pe'site''~~ , 

22 Field Work," '1 1~''~''4"~'~' 

2'2The, *urvey 4was ,crried out bytw peolgitso SONADEfl'duing'

the rponth~of April 1980, 'while labor~atorty analyses on 11f3~'Soil
samples were carried out'from.June 1980' uni eray gl b
 

"'.''the National Laborat~r3y'forSoil and" Water.Aaly'ses. (LANASOL)

in " ouakchott.', 12' 4 .'4 '' 11
~ 

''''Unfopreseen 'difiul, ies 'with~water, rt'e tion CpF) analyses delayed'the completion 'off the -soil repor 9 2 . ' ~ '4F''~,4 pfF'~~ 

The! survey mrethod~s in the .fi e ld, -e re the f ol11owing,:..4~" 
444a) -ytmt ' h cltd~ftpgahi~rwnsobasins
am
as,' far,'t4 these were avail-able; .-

as 
2 ~ 2"~~2 

b) siting of,soil 'profiles whiere"'the-soLls are' representative47'"
and.''topographically, depending 'on
2 the maximum-level off innunda-4
tion. In each case a profile wasitelin~'lthetlowet 4area
 

Sand on 
the edge off the basin''.4'".,F4K,' 
""i4' 

q) sieeecs onswr placed in.2order4to2Jlcal'ize"'the 'exact 

~.'id):test pits were'du up t1.5 m~depth or up to 'rockl at.4shallower 

2 ~"~li"6es If'or4 soi1l,:ProfXle4 Description VLand 2and 4Water Development-~
7bivs'4ioh - FAQ . F " '4 4,24 4i . 

f)4taking-of soi samples at a rate of n apeoLec ecie
 
hoizn with aminimumdof thre sape 'per pr'ofile in-some
 

case,unerlinginludd eateredroc
 

V, 4'' 
42U a1 Ai 



lnfit-atio -r~es Wer m<rTaBur~ at s I0rnt es ccorclin' to
 
a jrai ualC Eng~ineering Depar'en~t, 'of tha L i
mthod~ofte 

-:eta-s--d emo~e~ h
 

tm, o ha ac>6hitheQrc!Lnale the logarithmp of the~qu, p .y~,4 ~ t( (Yo + D/r 
.1, e t4m(,i an . he evel at t e i e . ,n e t _. a 


mai4oo f 6 peeoailityK 1,6 'isgive n y h quto
h . c,.m4 sec 

K = 1'. i5 R~tan xA hr x represents the an~gle beween thee
plotted CUrve and th x-xs
 

Th is thod' w~dh w6cual Wh~ 


retitiond 'eofa , it-ed sn 'i nt gv teexete6re'te. sils were va r n '' e eymc2,ater before's _~~rto fde-eas 
 rcs
 

The-usea~ " a double r~"'g Infiltrometer was not jpoesibie owing 
to l~1ack of water i nti yae--~<>->7- .4'" 

42, A-3lLaboratry Anal~yses -' .j t 

:Laboratory methosd~haye. been> ad(jutedAby LAN0SOL Analyses on4t.ehe sap'eS4-'wi'ch hav been crushed 'andAsieved (2Jmm~)include: 

2.3.1 hysi~cal <Analyses -- - >7A'> ' < -~~. 4 
partce-sz diastribution of>all samples bysie'ving for' the
~><coarse, fractih _(,.5< mm -- 2.0,mm) and with-~~pei~o
 

frthe fi.ne. fracti±on ~-' '>AA'«<-~A 

p<,>rmeability accrdifng to the' Henin method.,'- 44 

pF cuvs tp and pF42wt esr lt 'appar'atusi 
rsidual' humidity'''- ~ A~ 4 

2. . hemical- Analyse,---' ~~~ - 4444-AA A4' 

onductivit-y equivalent at 25.C taken of thec-~ extrct4of'4~- t 

~p H ' and KC1)A -"<A444 4A~~~-4 

total'-'carbon (A- ke 6S and'Blak)4' - 4->4AA~"<

(Olsen) 104A 


tota Ca- r of-A Benad
 -cl~m 


ction< exchange capaci$ty (of' the twoupper5&samples oeach 

clbideIN tpH,,., 
A"a -Te: 2 -ions 'are replacedb N 1t 

wit cacim ere -rati'o soil: 
oI an~temeasrf Y omp eAometr dbK'O a
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ofechts pionPLyeiou'repl dieof the isinte by ~ i 

N31 StaudieC by complTome(19Qy , 

>v~s mentioned oair~ady caine~rtincy
tSeNextra, 1978)hiI, - The reutsho28ojiso~lt" bone.as thraknrilyGogole 

3.aeaied bheRenstsdoieviob s S~udies-QoMth inpdKt196 th
 

Phe16n o ~tlow
 

,SOAERansmce'aio.17),'Thsolso basinsh, Brknappa'':rjg 

'The' analysofthea d'itasof, they f~loigbaisaperi,",c.l 

Three main 'types of: s :11 have been. iinuished~7> 

-brown 
 'subarid 6is(Qirp6i'gi h lfl
with'~the brown solsol~xe tte2rw tersieis"'-

~Q brown, soils with ver i~hracteristics (prcviously brown 

4
Each analysed charac teristic 'has three vailuesjin~ Tbie-lt1 the> first,,is the~mnai6al- value'; tihe seoi~s'temen au:clu


~Vlated'Pfor a, variable nubr of -sampples, (8:to 63y; ,th I tir 
 1 isj'~' the maximur 'value' at two dapths:"'from' the ' urface,and 'at'about~> 
-. . ~ 5 'cm.V '4 4-54' 

3.2 n~te pretation 4 '4'14 

3,21 P~tceSz Distribution>5 

jjorji.ch group the data 'are -rather variable - Iut -%for eahgie
prdfie ihe, so.ils -are uifoirmWin the4 f i rs t, 50 cn' 
 445hyrmopi
 

sodis and: thejbzowin:svrils with,:vertic 'charac6teristics 'are'6copa- 'prab1e4""Pc'a'h'mi.ean clay" qontnt4 of -abou&t'45 '50, %,''&low silt
 
on'itent. or~ ad"A'ioconteit~ '..The.brown~so'ils have much~
 

1more 'e' a 50's%) an hae:rel~ivl, it ly (25 )..
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3.212 O ganic Matter~ 

All soils. are, chrateisd by~ oogncra rcneti
 
" ut .6raiqma~e~ 11 1ui~e wth.-a--mean
.cIrratio a bb 7 'dwel4stb1dtruuthe,profile,

beaue ''aO'0 cm,, organi~c matt cbnte'nt jis - t05% 2-tl'

SThis"u nifo-rm 6rganic mat ~iti~to asbsocited,:ith" g~ooc
Shumi.fiation is ne f the ,ma' Inp.2 ies of~ the' brq'wn~sils.4j 

The soils which aresubject t eriodic floodig have the highest
~"'"organic matter content, 

~ 2 

hve.higet1
 

3.2. '>'PH"r , ~ 2~ 

sils 
. H2 of 5.4 

The, ydomop re omehat acdn~er-te srfae,'.4'; ' 
are22 -a~msother2 soil± 22 neta t-' ''2"6-2 3).2A> 

The~bronrh' soilst aereiohaateriscjdpnar temostel suppied'Y
wih of 5.4s,-ithe aticlr arealoiu.Menvaus ftowiths 

exthaneable' cniationls rarge from 16 hy ro 7') s.ons)al'l' 5 

ofThe catghestlis'ces spond wi,4t"the viti~ g~ 20oiuho4zo, 

2~~~~~~~~~ contet.'btcthipci1way elw8.:'rmin 

withpotasium Somties2 th exhngal s"1motnt.rltv "I 
neic stwe
Tohebrown ng aoilst iih arte li hte4 a8k saC~Ed;C 2 

Basewithtcraion paricuard with macu ean valesve o0 stotails 2A

withcheowestcaeauation from 16 2 ydromo'rpihsils) to25
ang 


Onbthewhet, soilsnar te s''ractersdb~ 'Th~hei
ferilty n pit o unaoual ra 'iis..'caicatsoa faour e2 

Generalhycat increses slgywith,inr naihrdet. .I6 ho 'the~i'
 
22 morphir 'soils 2 ate r~bn~elowthecroiltit 2 fl te row sily&'
viclues6 are.fl'ox s~igom - usfrei'te ge i5 ' 

thedo6rinanlhebowntio'but. Salinty atmodrat :pheph an herfor
n22 belowld~ti'Ca/ less,'nthan basin >of 'r c-6 

Iga 

,aol"J
 



2.6 Pe~ni6abii 1 tv 

Thiconern th ofiin of Darcy, 1expressed n'cbn/hr Vard mpasured.in th~labbrtory under acorist'aht head. Overaill 

i th hydromorphie s8oils. S-' " * i 

,~j3,2.7 'Conclusions ,,. 's<I 

The two main limiting factors are-'in thes~f±rst~place the--low' 
or.ganic matters content of all soils 'and [nthe~econd place thex'"' 
excess of exchangeable aodiumsor oC 8soluble'sailts In some of> 
the soils.,- ' "A'Y5 .&s'-' 

5'-" 3.3 Other Studies: "Achrar,- Diouk Zone5 (1978-7,: 

For the St~udy "D.9velop~pement Rur~af "di alflegion du Tagant Pla~i 
Directeur"'carried ouat for'SONADER in 1978-79,4some 5observations§" 

,were madel with borings iry-test pits, in~ the basin' ujpstream,'of''the Gorgol Blanc. This ,zone, borders- on-the surveyi arfe a and belongs
to the5 sanme landform,' the5' .!Aftoutll. the pe5neplain which extends st 

:west of the cliffs of'theTagant aiid the Assaba, up to A2Leg in ;;$ 5 i
th wet n Mohguel and M'Bout inthe slouth..~ 

..	 , The samnples which were take during this have been "'stddy analysed
~by LANOSOL and the :results-presen~ted ,inTable 2 and 3 have been-4'
 
taken from the above mentioned report,
 

rofiles 14 and 15P'" 	 in-the French edition or,5tn&4eport rafv ; 
5' profile 14 is situated on th~e floodjplainocf the.Gorgol Blanc '2, L 

at the sIntersection with the "road..Aleg Kiffa. This. is a .hydro- 4A~~~~'
morphic soil.with pseudogley'overlying uniformi alluvia, while
 

'5profile 15 is situated in'the bain'5 6f-the7Achram''dam. This soil"V~ 
5isa-poorly 
 developed alluvium overlying uniform materials., 

The profiles 16, 17, 22 and 25 ae all brown~stub-arld soils'which,*'
are characteristic for in'terfluves'and 'reg's$.'These" soils,'are,

characterized by a gravelly' stirface,(without'gzave'l and stones '5-"in the soil profile). A18o typical are: very little ;textural..4f"'"
'di'ffe'rentiation (the texture consists of equal amounts~of cl'ayjA4j
silt2 and sanu 
throughout -the' profile.) and a very clear structtraisl.~
 
differentiation between -the topsoil and the massive und'erlying " 
 is' 
horizon.-5 	 , 5''' 

~A----'These cheimically rich soils are cultivated in winter, where it 'i 5Z'

is possible 'to retain water by building bunds." 
 ,

,' 	 They show m~any characteristics1 which are similar' to the soil.
 
profiles of' the present stuidy idescribed hereafter. ,~ , .
 

M''5- 5 

-S - 5 5 '.,, 

http:mpasured.in


u) 0~A
~-

N
 

r 

04 
N

-M
 co~~c
ar0-p,~

~
 

L
0
 ~ r

l v 
r0 r). 

v 
q 

a)co 
o 

U
 C

Q
 ) L

nQm
 

cu 

3 

'n 
0 

00 

v-
In 

C
 

olU
 

r 

000 

i 

'0 
0 

C
,'ftv. 

0W
. 

In ~ 
0

m
 m

0 

414 

0 
N

~cNo 

00-0 0 

'0 

0 

N
 

01 

O
 

f%
 

0 
0-

L
 

0' 
1
.

~iI 

U
 

~
10 

IT
' 

.0 
.0 

O
D

 rM
 

---
n~~t,-e~.->

1--.~ 
' 

-~
 

-"4.-'.
r''~

 
0m

 
0 

;'o
Q

h
O

........~~!)40C
4 

13 
E

 
4 

~
; 

4
 ~ 

~~~~~~~~~I
>

~~X
, 

~ 
~ 

~
~~*... 

to
 

j' 
' 

W
 

m
 

w
 



400 

p."-0" 

10 

e2' 
L

O 00
 

,", 

10
"o

in
 

10 

. 

qP
 

N
 D

Q
 

X
""4~ 

ar 

o 
~ 

co 

N
-

6
-, 0

~
4
 0 

(V
4
,-

1
0
 In

 

L
O

N
 

~ 
r~

 

O
C

 

04 S0 
to m

 

n 

"4 

000 

.. 
A

A
*A

A
A

4
A

A
 

0 

-4
4
 

0 
0 

0. 
U

.'-Q
01000 

c.l, 
C

 
-

u 

(V
A

~C)'J 

zc0
-4

.P
1
 

N
(zA

A
 

*t* 

W
'L

O
 

bo'" 

' 

''A
 



----- 

101 

Co rdrite ,10
,17 


B'i013d 13, Wo 

CaL~~~~hment~~ Tiuaryo-h
area et.ak f haiKt
 
(Ws'ikaoua 
 metoe 
 o th IG ma
 

4

4W --- s a )
 *-A a 
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The bain 10 n anaec is s17uat 
 ih orNrs i h~i
 

bCatof' an ampre an ributary othe W1eityban-oVthe. h l v
 

6 , iihuBsi-" (W seneia leatoband eses.Nrntin on 

tre.2r higher--~,tha 3-8 We int
m. upsramslte-n-e
 

mat(~G~erasipo
alheiaof srgiit a~ih oteto qatzt' 
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rock't~ 'aneu 
 or i,nd

which----edoimporan .intobuall op'atheb Pck~tsbraks 
 theof 
mayocnany are arsie rAaciae'va an raddiana, Bant"e 

w~tci lu~ie;, 
s aeyt"a
 

detehrwhihr annbe;m lnsupsteamisofathe d Anosu
 observe 
dieeo r e ateo ocr. inrc isrs4 twen. n -5,

- deth occusr hoff d.nedepthahey ae devemlopTe watner]ablade 
aTheexamineo aoils 1witqualiy.
uiare oriin nen fqar~l
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A" a 
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~' - the~y have ~ low capac4ty'--because QC -atheix' 
3an(Iy At~exture :;~-'A''~ #a A~A, 

A v~~Aa 
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Catchment area: 	 Tributary on the left bank'bfo"the WadiKtci'~
 
(IGN' sheet NE-28-XI 'West IEri~a)
 

SGene~ral description of the site . 4 

The bsnis situated above a series of dunes which crosses theeSwacti and ~where 	 the dam has been constructed. Theata syteW 
is still working but allows only a minor area6obe utivated.
 

~The wadi~drains a zone with regs._ihnits upper,cour:se and steep,~A

river bank on the righ'ie Bot aeshvbenlordby
 

'~ a veneer of sand.~Being animpotant zone with well's -n: Wadi
 
"'Katchi (waiter~level between 3 and4 m~i April) 4't supplies the'~
',population
as well as cattle with 4wate~r The site hasbe 2ih tedA 
s~ince ancient times; pieces of old potteiry~cover the dune-~on 

>the left' bank. 

The4 soils whith areisituated 250 mnupstream of.the, dam are 11culti
vated and regularjy,'covered with soil'from the wells,, of which 


2abou't 15 ar-e us X'every year. 
k'
 

The vegetation is very open and comprises Balanites, Boscia and
K4 Acacia sh~rubs. V 
SThe 
 soils which are situated upstreamrnf the' basin and which 

:are presently cultivate dwere formierl1yicultivated in~wintuer, makJngt i 
u44
use of run-off water whichi was retained by burids-	 A~
 

Bfe'cause no topographic survey has 4been carried out in this basin4
the. areal extent is not known. 

'Height of the overflow: 10,00 mn ~~ 44 . C 
Described profiles: 4 PB,43 at iO.40 mn 
 444.4.444444~
 

4 ,(9501,n 
 upstream of, the, overflow) 
PB 14 a 't 9.85 m &>44 

~~4444..4.4.4.~drainage 	 works),44: 
 4 44444 

4442interpretation 
4 4


4 4 


Thlollo h,TiribarRa Basin aemainlybrw sub-aridusoils44444 
4444.with 
 goodl structure, 	 good drainage,4 moderate, ferti1ity'. They7.1do not have major limitations 4for reces~ion-'iriain 4
 

4,44 edi dtte'y' above, the .dike are',subec t_ to _freie~ >~rt~~
 
an rnewl 4ecause 'of, th~e-inten'sive exploiai ie~water 4
t~of 
table ~ad; elldigging. Th' 'ite nyp e with permn
water and godyil inan aea4 of44 some 20 sq.c 4 14 

4144 I4 411 4 1, 
k 7j, . 



...... r0~t~M E 01A 

Cthetarea: Tributary4igiht iba'nk ohCkiQua down
~ ' s t ram: of Cag er'l-Moh-o r) - h~t ±is,',a -tributary' 

S~of the left banko' WaiKth 

~J;General description ,of the s'i te 

Thsai collects run-.off from acatchmen~t 'area ' Vqith aedid 
surfa'ce, mainly consisting of gr'avbllyiregs ,and..rocky'.,bap1k s.'An estimated area of~ 20 ha is cultivated behin ma~~endarv 

w ~i htin need of repair,.' 

SA .ser'ies of well,upstreaii of~the drdairae works was dug to make
 
uge of the ground water~ at 4.30 m in'a small area, yielding ,±tte.,


Th in,-plaa&es-covred -ghum s ubble
hoeaeasploughed and by's 

A topographic survey of the Iarea has hot' been carried put. With
 
the aid of a brief survey ofth ultiv~ted'area (3,0 cmnbelowL
 

Sthe ovearflow) it was possible to estimate -the""areal extent at 

Described 'profilec. PB. 17 height: 75 cm below the level, of~ the,overflow; 160 m upstream th dangwrsa,
 
-th driaewr
 

PB 18 height: 52, cm below the leveli-of t 
a ~~~ overflow; about 80 rm ptrm ofth-6r

a aflow on the -right bank at the end.ofth 
aa, ~cultivated zonie ,;%~ 

I'nterpretation a

-aThe 
soils of this basin are of limited depth and gravellyabecause
 
2; t~fheir position high in'the'coatchmentW Annualsedimentation 

oaWf-fineamaterials behind the dam' inric 'assthe'soil depth by,
'-~~some a15 cm in the center'of~ the ba id'-~. ~ a ka 

I nl'testpit 2 PB 17 the soil is compacted.-,This phenom~enon occur's;in
~:particular in basins which are subject toilong peid
n~lfuar,flooding. 'Incompacted soils the permeablity 'and 

o , 
an,I proaa

ati~~onof wateris reduced. ,This'is refl'ected,.by p ,eudgleyawhich
 
occurs 'near' the'surface in PB 17'. ,~:2-

The, chemicaal fertility of the ' oi ls is satisfactory. 'Proile ~' 
B'7even,17 shows the, highes levels of P 05 andV,0 in-athe study
 
area: 46ad63pmin the a ,aa,'-a 

The'undaealying rokwhich ishihlyweaheredcorntains~lk
1te-the
ddjacIent-Cag el'M~ohor abasin~a very high prop67rtion o odr
 

a(limeo'which the' origin~ isaanot known.
 

,The soil~1s of,'this' ba'sin" are moderately to marginally suitable ,a!

~for recession trrigation.: The: main limitations are:~a~' a
 

- ~~shallow: 'deptha-
 'w~aaaa~~'~ 

-ahigh proportion of gravel ~j 4 a a!w " ~ 4 ~ a 

compaction
 

a taava 

http:refl'ected,.by


q: I 
A1Al~~~11EB 	 04'f& ' 

Ct~chment area: Tributary .right bank of rthe Wa#di Katchi. 

General descript on of'the, site ~ ~<~ ' 

~ ~Thewa~ whch~ op~rvaguely demarae in the3landscape bya narrow banidof vegetation (Acacia flava,' Balanites aegyptiaca))< 
Sdrain~s a bwhich
catchmnt is contitutied of gravelly -regs~wt
 
~a very gentle gradient., 	 y~ 

A traditional dike marks the axis of:,the future darp; 
the'edge~i

~~:of t~he 'basin is not vigible inthter'n aso
Swater points, tet~i.Ti oehsn
 

Height of'mean water level: , 101.80 M 
Inu~ndated area: -142 ha at;,a leve1of1 

~96, ha- at' a'lv l-f'1 ,3 M 
SDescribedi profiles: 	 PB 19 hegt99.0f 

FIB, 20 height 99.98' m ''~ 

The alluvial soils of the basin "comprise',about 1/3 of, the -total 
extent '(PB 1l9). Th'ey are4deep, well tructurd w thi ajsatis1'actory
1'erti ity level and a'texture' with equal arnountfl of"'ClaY, siit'
*:'<and sand.~ They 'have a'good moisture retention,capaity. They
 

Sare goodagiclul sol fo eesinirrigation"and :cultiva-.
-tion during the winter season- without importantKimitations..;~~
 

'
4The soilIs of the: regs''(PB 20) comprise 	 7/rsotei~nae

Sar~ea. These 'are moderately deepC n rvly, nte sr ac' -butwithout gravel I~n the'prof'i'le. The 'pH is lhighyi'n. the tpso"il,
as,well asin the subsoil. (8.5).. Thhg~odcii.I.. e 

Thesesolsare margi nal oagriutu'r'e. 

http:hegt99.0f
http:tet~i.Ti
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ZM4AT AI 

Corints 1 0- "1 4 
0 -~4~<~4 '~ 

-1- Iv 

Cat~~hment;area Trbu.r lef baXk'o WaiBluar( ibt y
 

~I f whi:'the~. - nof the Se~al'ivr r fo 

qCarztim otrop onibth bankt of~ the wadi.-loa~(rbuay~ 

Upsteam he bsinhas engleriver)tan slwhope rndofwel
 
woddrh o eeloehrine inyaeXio ecpioa aifl
 

alluvium,~ nfrrve~ ~ ar~ag'ara hc. ns,6vra 

Gheneagea intwichof' theertclal n theenumerous 

1.4-Iom ru 


SThe sa 1r8)us~
gdaund.cver comithodnaongt~whhwasdroyedoi 


is bsi istcultiath ed to an aeaofsevl i hetaesimmdat
 
uasreitmcofuthepdeton e anm. Becus thereadi no.p'rae
doh 


wa ~ pite bhsie i's' aovlaeo aiato nti ra
 

isSi~iatd t asi g n,e kmndiVstantsop <'
 

HeAluiumto thre.,im whiht e\'r
o~,lrg'ea xtrd' 

Inthe site of
fthe aamanc4i50 melevel:h5ndre
 

wie at 7'.00~ leel 22 ha 

~- '4 

4 4
Ro~4dedillswheequrtzte&,latrite an schstsoutcopJ 4 
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Descr ribe rfi s P B 11 height~ 7.5 m~/n 

PB1 height, 7 .30' m 

unii'or,mand have develope'd, n'fine t.xtured materitals ,(B'311).
~The. soils are regularly,sukmerged ~dy1ruin-ofI' rom~an active2 ':atch-
Smenl area which' has probably' a-,high rui,-~Ocf oeffi'ciett They'
tare compactIt and slightly alkalineat-depthl Suc is ils 1are .llQm


KX 	 deratelyto marginally suitable for agridulture wi-th' apoor struc-~ 
t~re1 as their, main limitation which reduces the i.niltrationA 
r>~ate. They are in places densely 6oyered' by 'trees. ', 

In the second place ther'P6are soils developed in colluvium 
(2'PB,1l..These smiall stiIp .bordering',.the alluviairepresentonly a 

plains. These soils, particularly' niear th a' ae: rfre'
 
cultivation.
 

JIThe texture -is-light," they are permneableand easier to work' a-'
though thieir 4fetility is less. They, have no, lmttbs 4'motn 
-important limitations. 

o'4 
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~ L~L~ EBU 06 
V~ ; MO TEJFCUNl~TI BASIN~.4 

1- 2 50 , W 

Ca t chme ntarea: Triutr rih bakfth orgol BIanc, ~;4 

~General. descriptioh:of the site 

isenclsedbeteentwo fl1at :,egs isThe asi and covered'by , vener 
ofsand on the right ba6nk'-and',t e left bank.:'~4
 

A~eto~dtaiioa 
a ak h site of the axis off the 

fuix/2coureworksfan 
P arof te s cvere b-eaolan andy sediments of variablbsin 


A water table close to the surfac supis ae o areas with 
se ttlement on thejff ba'nk.'5-V--.--~; 

T: art f th basn sCutivated fr sorghumi and niebe 

Hei.gh", of the mean; water level: 1 ~A9.50;n~ i~K>M 

1Inundated1 area : 80,'ha at 9.50 m'le-

~ 2;;:~-1A.80a at 9.00 m level~ 

Descibe~rofies: 
 P8 9 heiht-9.5" 
~ P 1 0 height 8.10 1w 

Altitu-de: 

-- about 150 "m a in --- I -

Inepretatiol~ 
I-~ 

The soils of this:,ai ar byi the whole~iood agricult'ural soi~s
it d&w.ate-r ,tenion:capacity, %,relatively-rich in'ognc

mratter, P~O0 rd nd~ dwi' th ':tetu're' with:u ~ clay;-si~ t4 asa n 1.triblut 6i. There ar noar iul ar lmitations'apart~
fro .some zones bich'.ar'e cove-red b~"a laer>-of- s o more 

Ch 15on cmtikes10 


loam~ 



4 BU 07 

Coordinates 14 34' Nl6 i'$ 

'hrnent area: Tribuitary rig~ht barikc of the Gorgol:'BJlanc 4~' 

4General des6ri~tion of the site<~>7>A;~ 

The basin isiutdbwentwo 'r~egs' with little slopeil hh
 
the water percolates to4 thegcn water able-


The edges'are riot 'clear, 'etod dk:dm~ra'sa'a~ 
sill whcont'inues on 'the ~left.,,bank, as.a'quartziti~c outcrop~'4'V4.and on the right 'bank as a outcrop'of -s 'riciti"'4 sciist. 'V 

~~~In 'p1ai .e s the natut'al vegetho -i',veryr densel . i concentrated 
ij.nthe Lowest V:area,, demarcating the "ZOne of ru'n-6 .f '4 

Species inclu~de: ~''(4< V 4.~44. VV~V 

V."44444.4V Balani tes aegyptiaca ''4Y~ '~4 


.444'4, Dalber'gia melanoxy'ion (Ebony)k' V,4 



4 

Ziziphus sp.V-4VV44VV, '~4'?444

'i~g$ '.~Comor~etum aculeatum (concentrted ~in the,dow4 parts,~ 4
 

I ' ' ', ~~~,, of. the2 wad i Y " >"~.~V 4.4'4,"V 4 44V V 

*)V'Acacia ' 4VVn 44444-V, 

Av"cci b~eyal. (in parts whiich'?are temprn'lodd 

Thesolsare on te hole'agrdic ult ' l'y magial Th~ main44 

tr~iction' is 'limnited'depth. ,Vmrin1~hi 

'k'4To. cuitivate basinthis which'Vprieently -lies, fallow,- it willi~Y 4 

be' necessary to clear the veeatoi ;Aprt frkor the,' Gorgol1"valley 

ti sthmotimportant' ~woodiedfareai :hregion-.$~:~4~.
4 4 4 4 

H4~~eight of the mea water, level; 8.00 m V~444V44444 

'""4Inundated area, At 8, levl 21 h
 

44 " . <~~at -7, m4rn 1'Vevei44O 1 1 a.440 h 'V '4'< V,4" ' 4 ' 

'
 
"4>$$DescribedI prof i'les: PB height 6.60
5~ [m'444"4~'4 'V<V 

44444 ~ ~ P B 6'V444V ~ ~ hegh~j4 5.V0 m4~' 

V4, ,Altitude: ' 4,'4 4' abouit 440 mi a in~s~l.~ 

4 4
4~ ~ 44 V' ,.4' '~444V~4'V444'V~ 

4 4 <~< 44 4 4'444v 

4' 4 
444 4 y~iA<4 44 "j 4V4'44 '.'4~.V'4 V4JA'44'V~44 VA~VV 

P.':" " V4~' ."' 

VV444V44~4V44' 4'4 ,' V ~ 4 '~V,'~ 4~ ' 44444 " '"j 

http:V."44444.4V
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nt' ea tioni 

_'6 I abujts.of Cay - il't',Adsn 
zpra.. es an the 'sil"aron, t1e w'hoe pernmeablC4ei.a3 

, iiia:iuiie .i presenP i>4,it1nths :-,erwinter, in h ol' 
the weathere!ir k}! PB ) ,(P B 6) 1as.3 we as1'ii ' );!q-oi ! ! thetu re isf stil 

The exrhange complex iswell saturateod, with more 4than.80.% 
;alciu.m,'( while the reacti:6n I's close tneta and even slightiy 

34 ~± The chemical Certi1lty'4is>at f heatdeth(PB_363) -'-ry4 

;!As the shall'owStatindep.th'_of the i'si l hich- fring

1the w~~~hic..hepselIves "are deep, well drained a ' "'w'ialluvia, 

acid! ati ;i]11. is;,i~ ory'.',Tdepth '! act 

=! i' d 4 3333 ,& !,:: i :i!I I 3 i;3,3i-

33i.3<44 3i £ ii 3"333 .33333 3 3.j.i 433 k; :i i ! ;I : : !l = I I] 

!,':~ii ; i'ii!).ii';1;;=i " "i i i i~ii i ,:il "! ' i i i ] ! 1 ii) '! '3II3 


33 ! i 

i

I~; 
~~

!:} ;i"lii::) ! ii:]i i ~4 ) 4 i iiiiii:~i[ii &,.!1 4
333343P ii:'i ;: = i!i ,4 i ' 4 1!- ;: ]i]:iiii{ !:iii1 " }i'i::] 3"-:i'=1![iii .............. 
>11 ! i=!, I <II .. . .. .. 

! ) . ; 
'L' [' i1i = i I I ;":i; ; ! !i i=:(~! ! ,-i ii ii>4 ! i ¢;III!Qi -i' 

=, 
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-
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12, 0 1 

"kCatchment____________hA.. area: Tributary right bank~o Gorgol4,BIan c 

'~~General description' of the site 

~-AfThe Lehneika-t Basin is She o-f the largest of thedinvetoryr~
-W~Boundedby a'natural,sil in aistraigit'line with 'rckixoutcrop,

'the inundated plain, a-Cmaximal-height~of, 9.75~m coverZs about *'
 

750 ha. The Wadi Bokkoul 'flow's ovor the, natural sil. 
 t, A~~ 

Lenigthwse the slope of the- basin ib 'Very gentle (aboult 0.8A )U'<and, run-off is slow, which favours the infi.ltrao ofpeipi-
Q~ 

'i' 

Vegetation has be'en cleared over a J~rge part of the zone, to.
 
;al~low for agriculture.
 

~ Th general' the examined soils-show a beginnjing of alkalisatiorii 

wThei ributio9n of the different,soil types f1oilowg a sequence

wihis transversal on the'direct.ion of the flow 'of'thie wadi:--,


Atwell,developed soils with distinct-h6o'izon' o'ccur~iaround the basin,~

''andpoorly, developed soils occupy the IcentIrIal part, where sediments~
 

are finer textur'ed.,,iJ<) ~'<> ~ fiAA
 

,Onpart of the area- orghum 'is growing. ' Aii"'~ A~ 

-'Height of' the mean level: 9.75 idAm 

inunbtedarea at9.75 m evei4750,ha
 

~ ~ aAt 8.75 m lev'el 370&ha '"ii.ij~i~l
4 

Described, profiles: PB 3 heih 7.95 m 
'~Ai~AiIA~~;PB 4 height 7.45 m / 

'iiue
about 40 m a.m.s.l. A 

interpret~ation. A~ ~ ~ A'I , 

:,The main liitiation ofC these soils is the' danger,.of4 laiain
 
Th'is- pr cess is already clearly indicated in pOrofile ,PB',4,where-"
 
he'.pisrma~i <structu.re,
t. wh.chiJs typicaf :sodic.soi-is -has 
"
 

Lmitations .,ihch'are. induced, by 
alkalisation are:-t-'Y~I~i~~ 

slo ntLrna dzrainage ~ 

http:structu.re
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- t, t!Li r c tt-d rc) t- (1 (pwrjnt 

-hig'h pHf ( ( f It two t3 

-~~ ofti-oi re :3 (whi oh i s c aused by p-p t isa t i on 
of, ';h i o y rctio) 



~ 4ZGUEILEM BASIN~ 

'Coordinates: i6 19, N.~
 
12, 53'
 

tCatchent area:-Tributar'y 
right bank of the Gorgo1 Blanc; tendocy~
 

G0eneral description of' the site :. "y''~ 

,Wadi.'Azguei.er flows through an area which is. more, or less covered
,vjysandand passes a succeso osils .which-,create scattered
'~'zones where the water stagnates. This ocurs'annruall, f'orper&dsSof.,dif'ferent' duration. It allowd',iifiltration of a major~prt~of the ruin-of'f which creates temporary -high water. table~s,%,ndI~''ostittes the mainl supply of'water in fthe region. 
5\, 

The suc6cession
of-st"ils also creates'poss1.bilities for agriculture', here wher~efl~"'Oooding' takes place, and su~fficient water can infilltrate.
 

~The da~m site is situated -between--low dunes on'the'-le't bak-iand vx
gravelly regs on' the riLght~'bank. The 'res~t of'lan', old traditional:N.
;damr has been used tQ'establish bench 'arks. The axis of'~the~pro-Sjected wqorks had to be shif't ed 600 in-psreano~h~ec ~ak

after~itVwas " 

found. that the soil's were niot' suitable f'r C'SSi~On 
irrigation '""' 7). '5 5 - - 5 

The soils which,can be cultivated, ares situated mna narrowsti

of' 50 -100 
mnwide on both 3ides of'the ~river bed.
 

~Those'soiJs which have dev-elope&n-tbe 
 sdndson the lef't
bank~ are of' no 
interest focr re'cession irrigto~eas'te 
are~to raidlprmebleandhav alow water retention "capacity. 

Height-of' the mean water level., 1.00 in
mi 
I'~-nundated[ surf'ace: at the -1..00 m level 4~5 ha ~- 

-~'' at the 10.50 in level 24 haK
 

SDescribed profiles: FB 7 height 10.,30. m
 
roo8 height 9.80 in
 

Aliue abu 25 
 m '~sl
 

~ Theldescribed profiles hav'been sited dontra ro'Sepojected' works. This was carried" out before 'i~t'was known that these-- 4 
soilskwere not suita'ble foriirrigation . >a' -I.:mY:X- '-

Thesois roies are nq ersnaiefor the~ols P.inpart~cular' s devlopd in!er saindy~6ils toal nutbe 

5,45 -5 '-55-5 -- 5 . 

http:Wadi.'Azguei.er
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P B rerasnts t~e_ f' soil develo9ped inl heterogeneous alluvi± 

mt'ee
i_,ltur ed and from 7bed4. textured again. -This,-strat'ification 

Th2 p is neutral.; a Iqwer 'saturation~of Ith:eexchange comiplex: in the :topsoil coL'rqisponds with a slightly,Ilower' pHl (6.,2), The,';
b>krganic,matter content~is relatively high (.0.6 to 1.0 %) through4~,out the profile atnd corresponds with dark~ chromas. The 'chemical 
co I poition shows a satisfactory ferti2lity of a.1L a11tiv al soils,~
which show here',,a-tendency of hydroinbrphy. 

'N' 

"U4 
4,vr 
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'KETT
TOUEZ TAGATT BASINJ
 

Coordinates: i16~ 271 N' a~ '~ 

CaCLchme ntarea: _2ibyUtarZ right bank,,cif thqLL.c±orq;7Bl1anc. 

''>General det tio of.the site 	 .* 

.4The basin is situated b(.tween two rock 'out drops with qat 

.
4and at _the base of~the-outc'rop.Of'ten sericitic schist.
 

-The .oils are pa-ly 	a1lluvia1 'sandy loam ~tordering ..de wadi bed"'partly colluviui.0orvariab3.e thickness' anrd, ovryn:,a

atrongly :weatfierod schiist-;liki 
 rock. These soils 4are oflitte~~4
interestfor, agriclui tre. j' j a4' 

H-eight of the mean water level,' '. a7 5.,'M . 

inundated 'area: -at the 9.75-m level abot 90 ha
 
, at the 8.75 m l'evel abo t 50:ha 4-.-4 .'' 

p-. bescribed profil~es: 	 PB 11height-7.45w< 
.,:, 

P13'2 height 8.50 m~ 4 ~'a -~ . 

A~Altitude: about 410 mna.m.s.l.a 

Interpr'etation'.4a 

a4>27~ 

a The..parti~le-size distribution of thie studied profileSr-does not~a 
-aishOw variations withinA the'aprot'il~e (4b -50 % 'fine paiti'cles>
in PB, 1, 35 % in PB 2)and ithe tex ture,,aclay 4 , sil1t nd liand 

+ r equally divided.a 

The exchange 'com~plex 	is mainj~~ tcte' w~ Um oe.ta
65 $) and, the cat~ion exchange c'apacity' isairly, hih'.4 aThe chemical
fertility,,is adequate. -The pemaiiyis mod'irat '-;'-~ 

~--The.-most i ,p,ortant lim'itation is the depth of'the-3oil, which,. 'y-Afafects also the~capacity ato r'etainr water in:'ithe s'oil." "'Y4"4' "" 

.444a-~ ~~~ ~~~~~-' i .,,4;, ' ' a '' 4 1  -a 

http:Interpr'etation'.4a
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aechment area: El.-C~ Wadi Hneikatt ends without. further~ drainage,in theMgt tar bas4n 1.2 km: to thes> 

General dezscrtption of the site 

IThe basi~n is a 
 cenieone of sedimntat on hich~is 'b9rcdered
'inthe we'st and north by rock outcrops ,about15-'m high;An~afr~e~ ~anci.ent dam (El Hneikatt) closes the'imainotlt. i rth" ' - ,:west, of the basin While thej new work will''ci' the '!ut w-soutlet..This outiet serves act~lya n~r]o~~ o disciharg
'ing excess ,~water,  474'*4 

AnnuLally, the basin is intensively cultivated over practi ca iiy
 
i.Lewhol F.rable extent. Tewater tbei'hlo
 

rearn7. the damn. Downstream of the dam a smnall groveo paluris'

77J'developing, 

< Wadi Hneikatt is a maorLrihuary'of; the Mag1a Lahjr aan)
'Where an area of 500-600 ha is cultivated annually'., ?""
 

Height of the mean water level:' 99.00 mn~ ' >k 

Inundated -rea: 210 ha at'the; 99.00 m ~level - 4' 
120 hr. at the, 985 level 

Described profiles: PE '29 at a height of, 97.40,in 
PB 30 at a height1 of 98.20'im 

4' 'Alt.itude: about 70 mna.m.s.1.' '

-interpretatio~n - -' 

T2he soils of the, basin constitu4te the: best7,arable soils which''ereamined during 'the survey. They have 
no' liitations';a,

'texture With equal amounts of, clay, sitadad 
ne(eln


#tstructure and'a satisfactory chemical. 'fertility.' 

Nextto these sos hr r losiso'esqaiy(B2 
-Q -- pH ,-of- 50 cmjn and the have aThey lare 'iik&line- with -a' 9 4from 'depth} 


-IIless Cavour'able structure. These lim~it.ations, are, however,,;no L
so ,serious, thtte eti'c'op 'growth, since 1 hyaeot~ 

~ 4 A
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F:- Coordinatesi:4i171 ()1~>~''' 

13'-, 02 WA 

appers ~in dunes downs treamn!of, the"sSi lw~c 
marks the place of the future wopks, 

Genera cription~of. the Asite - t,, 

The. hasin -which drains run-off 4 water from the' adjacent regs is~~v>~oude dwns Lrear by' a si'll where i L.runs thro, ~iso 
dunes wif est west or'ientation. Upstre~am the boundriesl are~'
 
not .clear because farmer's have buil~t ,bunds yt'ath ru~n o6fr .
~u.tivation dciringwinter cn run-orf and> ~sio'irigatio


ae btpracticed. ~r~ 
 o
 

-- L-'A is ater 'patntualpool formed Vlh n y6f ,thelbasin after ~ wat?e~r.cession.;,This indic~ates restricted drairage44An _th is.4zone.Th eeaini~hrceie by the, pr~esen'ce'of. Ttypicdl "invad'em
2.CA'oonies o'Aalot3pis~procera. Capparis decidua,, Acacia 'fyava4 ;~andZiziph~i also appear in the basiriarid on 'the'Aadja'cent' s2lopes.~Araditionl.1dam
Xt which is strongly damaged an lana
natural' rocky~ sil -alowq recession irrigation of a 'small,'area, 4while't e regs%
~bordering the basin are' intensively cultjivated ih!Wrier An~
 

A A mportant zone with',recession ivrigation is 'also siuatddownstreamj of'the stil betLween the dunes. ,' ~~' 
~Immediately upstream of the'Asilisl an Aimportat'zoe,ith wells 4'
 

,~which permanenLlysupply~grazing cattle Awlth,4wlater 
(ciepth in
~April 3.40 m) A'AA2j' 
'A 

~~ Height; of the mean water table 39.80 m ~~A AA~'AA~ 

InundaLed area: 1i20 ha aL theye99.80 in 16ve'
 
70 ha4'At 'the 99.30.m levelA
 

Describ'ec'pr-ofies: PB 21 
height 102.80 m.<>,' 
 ~ _7 
A' PB 22Aheight. 98.60 m
 

AIL i tuld e about, 80 a.m.s.l, A.4 A" 

4r A' Ae' A' A"ati&'4 'A' A 

ThA sisothbsnadteadacetslpswhc 
a- uAi


Led 21n wntear (Pof'moerae: otetfal. ad, aveno er,AA4A 

taio is stl aigpae. -Tes sol a' e'epwiha.',e' 

Led..,vi~al~wter (aP Zare~y no maliniat 
poetal an deriaely6'ser±A
 

exhnecomple, reatively highboganilc "atter' con 'en r d- a~ ablepo~ 58 U. 

http:theye99.80
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I ,Ajv 

'- Coordinates 17 -01' N ' 

1~2 53*---4 'WA. 

Cchetarea: Edri drainage; part of', the'4 rtn-oI'1'infiltrates,
and percolates In the dunes borering~th-basinf 
in the south. ~.'k 

General description 
'4 r-- -.. 

The basin partly 4drains a zone of 'gentlty' sloping.,-regs~ situatedr
in tfl4e north and past, and~partLy a:, eries'of',dunes 'in 'the sot
T~wo traditional darns have-,b'een construc~te4dat 300 m'dista.nce'
the e4dest, upstream, has beeni ruined,,'whi16, e ore recen 
one'~ha been 'r'ebuilt in-'1979 on the axis'of the''od''works. Since
~that2 ye~ar,' thie ba..in has'been Cultivatedagain.
 

SAschoio 
 n 'the left bank is teol~tn
 
weU'4 of _20 m with low yield'between'the dunies'and -evera~lwells'of-10 'm-in the small palm groves, ext~Lot6Te' dU s's&hav water.

- rof. the~ a'qui'fer betw'een schists' ad muscovite..'C 

2'Th water in the wells has risen about 1 mnafter the constriuction
LQO2hd' darm. soils of' the basin44 traditional The are 'very god~<
~'agriculXur, )j soilsd because they are we'll draineci ,have. a -godN~ 

fldurstutr and6 with equal amiounts of clay,'s 'a 

Hegtof themenwtreel .0m
 
Inundated area.- 1l0Oha at 'the' 99.00' rn'level
 

;'b5- ~ ' -'110 
 ha at the 97.70 m leve L ~~44~4 
4AJtitude: about 80'rm a.m.s,1. ' ' 

-444Interpretation '444 
4 

ike, in Lerpaoudou, it is difficult tQ establish 4Lhe 'edge of hLai'bcueus~em bunds have been constructed in orde'r 
'~' to catch run-off during the. winter, when* cros, r 

4 

utfae
 

4 The 'soils areof alluvial originr; -they 4 are depw-yel'drfnedj
wlisuc~ured-Eand f,'fri'able'4 (PB 24)., The fertility evel land% ,-
water_ ho'dtng capaci y4are saifatory.' Al ,ong-the, edge 'of. the 

bsr (PB 23)4 Vthe 4pH -is,overAin _ the stubsoil .which"'is-only'
a io lmtto.P 24 representsV a ver good agricultural4
 

soilin t" h444I4 Srgin 

44~ '~V444'44 



A:" 

J;EXA~k:UDE-r LEFKARIN iiS*: 
0 

Corints 17 11A.N 

~4Catchmnent ar~ea:u'Trib~utaryright, bank of Wadi Aijiour endin' endorgeic
V.In thiedepress-ion' of, Tanmourt-, Gade1. The .,vn-of± f 

cod'r~each the Qorgol Blanc in yer*1:-xet 

Generlal description of the site ~ A 

Th wadi ' drains la catchmpent area consisting, of rocky. hi1is with
riather steep slopes. The 'alluvial' piain ic;1fairlynarow: and" ' 

Sincised by a well de1narcated,'river beId."The shrub, vg La.,orion 44'-fringing' the river bed compris's;<:~ i~d'I, ~ jpaa ~ aia
eadin-'Blntseytaa Aaflava atnd rdin, Capparis deiua.,n e,Cltoi procera. 

Th~eiri which is fairly, fl rcabe, sed for w'in~er,,crops;

utilisidng run off.of the downstreamrislopes by means of bund. 

arounrd the lanrds,. A'>~~,3 

'
 

3 

KTte' site of the" future works is situated betweern two rock ouit
~"crops whih are seeveral metres:,higher,,than the plain.''--;-

Height of the mean'water level: 9.00 m - - 4 

Innae ra- 3 ha at the 95.00 m 'level
 
32a t the 94, 50 - level. ...
 

~PB''26 a t 93.50 m ':('A. , 

Altitude; about 95 m 'a .' 

The bownubari, o Isrepr'esentedl byPB 2 6onstit u tethe
kgreater. part 3of the 3soil's.'of the alluvial'plain. '3~BothAforrecess

.'ion, ii'rigati-on 'and cul ti'vation during winter, these. soils have~
 
non i,ntations'. They: arokde'Eip, .wei stuctued 1 &in topo 111-- '
 ~~hem.~ly favourable,.apd.:have-a good,w er capai3.
 

--~~ r depth.t".
.~lWi.hnrooting c- ~ '3va1 

P~ 33 3 333 

.1~ .~,- 3.1:*33'33.~33,f713.~1 L: 



30A 

~ r~~~A jBOUSOCUEIIFBASIN~,, Y~if ,,~ . 

SCatchrnent area: Tributary right bank'of the GorgoI Blanc 

G' eri descriu~iQn of ti~ LR~~A'I! & 

'V The basin is qituated at. some kilometres east of~the.mn vi~l'ag 
~1of the "arrondtisc3amentO,"DJonaba -ILispa deprsssior, bbtweeriAdunes,
Swhich drains a weakty 'defin~ed oarmn ciprsnfor, the;ra
~~Part 'more or less- fixed dunes. k zone ogael~esocpe
pII~ t of thq basin on the lef'bank A nework of 'fiAesY 
2""deep dr~ainage channels demarcates th zoe f'u-io The- icro

relief is"veipy uneven, demarcating shuswihhv ape r 
' anndoverburden of~sand, of vaiable4thickness.~'~> i' ~~" 

'XThe trees are stunted: Accardinadlv,. seeal alni
Leeaegyp tiaca. Shrubs 'inc~ud'1.'he:spe~ies 'In'dig aobngf'a, 
7Aaid few Capparis decidua as well as Calotropis~procera;';,'A 

Ax The basin 'isbor'dered by a1f1'outletA running, through. the,:se'ries>'4
"of duners in southern direcin 
and dema~rcated by a-de'stroyed 4 

,,tradi'tional, dam.'., ~ ~ A A, 

Height or the me~an waterilevel: 97.00m
 
Inundated area': 52 ha at 
 tihe. 97. 00,inlevel1. 

42 ha at the 96.00 m_ lo'eli 
'A'Described 
 profile: PB 27 at 95.0b m~' 

APB 28 at 5.0m .- ,I' 

'~'Altitude: 
 about 65 mn a.ni.s.l. '' A A""-"4A,,,,,,,j 

Interpretation AA, 

"'''Th soils of the Boussoueiiif basin Aare, of very,Jittlo~agricuiur
41 ~rs ftor recession' irrigat~ion:s A 

7'+ eiter they hav~e very~high,,pH, values '(PB, 27),ascae wi 
a, poor structure and high s~odium concehntIon 

'A o~t~d to light (P28and an~ availcp~~tyv~ich~i 
abemitretoaiy~hc sLo low':A A 

Ele r, ,lra pr'b)-ide';floodedA rbasin consists Aot loose-san~fd a'nd grveyregs Whihr -no, ':stitable fcr all crop.~'' 
A 

~As most oLf" the{ area'~ margi'~nalffo r 'i d~pinI git is recommended 
fr grazihg'wit e e s o ' i r r i at i -'A

4 
. A'~'' A ': A'Ak' A

4 

A 'A A 
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A. FRTNCIFE DU CALCUL 

Les tours envisaj'is sont tous du type suivant
 

a cu Iuj' 

A ' 

La bAche (B) eat incluse pour assurer la stabilit6 au
 

aliwsemcrnt , et set. aimensions figurent sur les plans 

de chaque ouvra'Ce . Cunant , par mesure do simplification 

son touid OYU ri.s. on compte dans lus calculs . 

"ous avon: fait 1Y2 hypothees, ruivant , correon

uant aux carAct6ristiques moycnnes des dols rencontr6s 

- anj C t wu naturel : = 32 'o tg2 ( - )=0,31 

-pold. voiumiqu, dc la terie : 2025 gf/m 

- poids vol]umrqu . du hW on : 2500 yf/m_'7 

Los ca]culn sont faits rour une tranche de 1 m delarge
 

1 o ,:cur1. il r: nt .'ar~v r 


Los moments Eont calcul6i par rapport au point A. 

1.1 	Moment ue renverscrment :
 

6
Ii ewt composN aue moments de A pouss e de ia terre
 

01 et do la pou=sse Q2 r6sultant d'une surcharge de
 

1 tonne
 



- 2 	 -

QJ = 0,31 x 2025 x a2 

Q2 = 0,31 x 1000 x a 

WOO le moment d renveroement par rapport A A 

1< QI x a/3 + Q2 x a/2 

1.2 	Moment Eotabiliwant : 

C'et ly moment dez forces verticales 

Fl = a x b x 2500 

P2 = (a-d) x c x 2025 
=P3 d x c x 2500 

D'oi I.a r6-ultante des forces verticales : 

P = P I + P2 + F3 

et Ae moment stabili;ant par rapport & A : 

PI x b/2 + (P2+P3)(b + c/2) 

1.3 	 Coefficient de scurit6 au renvercement 

Clezt ic ra-,,ort cR = / V'
 

Cc r'ir"ort d(i t ru:j:er sup6rieur A 2
 

2. 	 S6curjt, anu Q'l~::ment : 

C 'olt le ra:po(rt cG (Q + Q2) / (Pl + P2 + P3) 

Ce ra:rort dl.A r,:ktur inf6rieur d 0,35 valeur, 
acc-ptin.j, Cr:Sce o a bIche et & !a pr6sence du 
d6vervolr ,on ue 

3. 	 Ezc .nt.ri: tA : 

Cl',nt in ,: :.ncu entre lA centre d gravit6 G de la 
ceelle et In rAzultante des forces vorticales 

e = 	(b + c)/2 - " / P 
*A 



-3-

Cette valeur doit ttre inf~rieu.'e A (b+c)/6 (r~gle
 

du tiers central ) .
 

4. Frc . Jon :oi . iximurn : 

C'est .La 	:r in.n au droit du point A 

4.1 	 Moment total pa rapport z! G 

MG" + (, x P 

4.2 Presmion au sol au point A
 

6 x MG / 	 (b + c)
2 

= 	 +
PA P / (b + c) 


Cette valeur devra rester inf6rieure & 3 kgf/cm
2 ,
 

valour maximum admissible pour l'argile compacte humide
 

B. CALCrL2S
 

Los calculi ont 6t6 effectu6s pour 5 murs parmi les
 

:1 u- im ortants , 6 l'aide d'un programme cur
 

calculatcur HP 41 C . Les r~sultatz figurent sur les
 

fiches ci-jointes 



STABILITE DES MIIR.S DE SOUTE I ,ENT 

Date dul C3dCUl / Fait par F L61 

t~~ Tart .i'enceplan 

___0Ancgloi du, taluz, naturel 

Zkgf/m 3 

Poid . ztcifiquo du batoia SOQ gf/n 3 

Cotes: 

Poida )cifiuu Le la terre kC2 

d= 0__ m 

aa 

1. Mom,:nt do rcnvur-,;e:ic.:it M ~ -' 1 kfr 

Moent ctahillit 
A 

_

-, 

______ 

kzf.m 

'curit"; au TfcrentcR AC 

2. POULz6e to' ale Q chozL)ri:.rtawcO =A9Xj k'gf 

Force vorticali tota3e4, 2b kgf 

,j c2.rltC au gizcnrtcG 

3Excentricit6 e ___m-

4. Preocalan aU Lol maxinun = ~ kgf/cm2 



3 

Date du cjncul Fait pax 

Zt krd Thfurence plan 

Anfl du al1uz- naturel 0 

iIL 'CifiU do a trrccZ kg/ 

P~-'o -21iocjjfcuo d U b6ton C,-0 kgI/m 3 

b C)j~- - a 

d =m 

B.?ESULTATL ol<

"Gctdo renver. nent 1,A 1~ 3 
XOME-A -_____--ntV kgf.n 

ntC 

Forco verluicalu totale p Zf3~r 

S '~ri L;iJLc-zumcnt cG -C 

). ~xo O m0, 33 

4. Prc:-zror. au zol m aximum =23 ~/m 

3 



TSTABILITE D'-' M'URS E £SOUTZ'YE 

Date du 	 F~ parcalcul. Fai t 

Eit A -~TR~ronce Pian 

A. DO NN ELS 

Arq.bLe du ta1uL; nature. 2? 0 
Pcidz 2oruclfic-ue do !a terre ~O$kgf/n 
Poida, Lr.cifiqc du b6tom 2S0 kgI/m3 

cotez; 

d 0L, m 

B.PES'ULTATS 

1. 	 M-ozornt do ron,,Vcrzo~.orit XR__)_f_ 

AA

2. Pc::oro~o~a~tctai 	 Q -3 1,k6f 

G)cr tu g1z;e tt 1 (, pkgG 0 

c. ,I:,n: C>.C 	 C CAo 

.:tzzc au :01 mnaximtum ~ kef/CM2 

5 



___ 

STABILITE DES MURS DL -rUTaN;',ENT 

Daztj du calcul F/'C parFait 

1 i tcC, Jcwqj J L Refcro2nce plani 

,-n1 -, du ---a 2u f;n-.t. L rcu___3 __ 

,Lc-fiaue dec la terre C'? k gf/mn3 

Poijs ZrKi'cificue du b6ton IS2OO kef/m3 

Cotes
 

a - ~ _ m
 

0,. L-'i mn
 

c m
 

D.!RES-ULTATZ -

cuiCau rcnvcrscmcnt CFR = 

f.- r~ c- La1eto - - kgf
 

Forcevria~ totale p 
 _ 

~curit'6 aLiccr cG = 0,2
 

,. ~xcrict~ Q033m
 

4. rezzion au ,.-o in-a.)irn k r.C 2kf/cmn



STABILITE D-ES MURS D-" -SUTZ.IIZ-ENT 

..,tv du calcul o/ Fait par Kt. 

A. DNE' 

Pcoidz 

Poids 

d.~'~cu n-ju.,-.rci 

z;Tczf:1uue lie 

2tL6cificuv du 

!a terre 

baL'ton 

?0c 

?/Okgf/m 

0 

kgf/m3 
3 

Cotes 

d_ m 

B.R.ESU'TATS :U 

..Vomen. do renvorsornent 1,2 

1." A 
Vocn ::O___ 

SucuniztC au ronvorzon=ont, cI? = 

6319____ 

)Ibiizn 

ZI 
kgIT.m 

2. Pcuz,:6 rLoriz-ontale totale 

i'Grcc vfrtica c tot ,Ic P 

S6curit2-' au -1i.seonert cG 

Q = 

-CjLi 

1 
Li~~2 

-'kgf 

g 

3Exc ntricit6 ___ m 

4. Precsizoa au zol maximum ~ T33 kgf/cn 2 
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