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Tablel21 Summary of Geology around and at Respective Dam (1/26)

1, Neckor River Neckor Zonel

Province: Al Hocama Cercle: Al Hoceima | Commune: Neckor / Yach ljamaouas
Topo-Map (1/50000): AL HOCEIMA X: 644,900 Y: 496,035 | Z:161
Physiological Condition: Located at the southern end of RhisNeckor Plan.

Geological Province: Rif Orientd, Intrarifaine Zone L ocation: 25 km SE from Al Hocama

General Geology: Generdly composed of Hysch Faoies of | General Stratigraphy:

Psammitic Schig and Quartzite. Triassc. gypum mudstone

Geological Structure: Rhis-Nedkor areaistectonicdly large | Lias limestone

graben grongy folded and schigose. This aea was| Dogger: schist schisoselimestone

epi-metamorphosed a thetimeof Miocene Cdlovo-oxford en: sandy mudstone

Tithonien: marly limestone

Lower Cretaceous schigoselimestone sandgone Flysch
Cenomano-Turonien: cdcareouslimestone

Senonien: cdcareouslimestone

Unconformity a thetime Upper Oligocene

Geology of Reservoir Area: Bedrock i sthe dternaion of Schig, Senddone and Quartzite
Sopeiscovered commonly by Tdusand Colluvid deposts River degpodtsare very thick. Terrace depositsare dso devdoping
dong both banksof river.

Geology around Dam Site: Bedrock is the dternation of remarkaldy folded Quartzite and Psammitic Schig. Quartate is
gengrdly very hard and mass ve with many quartz ve ns andiron ore minerd, and mi crofolded.

Geomorphology along Dam Axis RG: goprox. 35, RD: 20 25, FD: 320m
note: RG; Slope Angleof Left Bark (° ), RD; Slope Angle of Right Abument (° ), FD; Widthof Valley Bottom PD; Inclinationof River Bed

Geology along Dam Axis
L eft Abutment River Bed Right Abutment
Zoneof wegtheredrock: Ep=8m. Alluvid depodts Ep=max.32m Thickness(Ep) is

The intervd of schigtosty joint is in| Surfaceorganic soil =0.2m
order of milli-metres, and wegthering is | Taus deposts = max. about 10m
obsrved dongthoe planes Zoneof wegtheredrock = 16m.

note: Bp; Thickness Vp; Seismic Transversal Velocity in (knsec),

Qemgjrgso)Dam Foundation: Generdly bedrock, espedidly in case of Schig, is weathered much (partly changed into
Res dud i

Watertightness

Dam Site Reservoir

Left Bank: probably better watertightnessthan Right Bank. Bagcdly it sseemsto be no problem.
River Bed: Deeper than 32m, Lu=6 9; Shdlower portionis
morethan 50.
Right Bank: Deeper than 20m inthe midd e of dope, andthan
16m a the foot, Lu= 1 9; Shdlower portion is high
permedallity.

note: Lu Lugeon Unit

Sability
Dam Site Reservoir
Need to be checked of the gdhility of Right Bark duetothick | Baacdly sdde

Taus depodts.

Congruction Material

Earth Maerid: inthe upstream and downstream riverbed of Sub-Dam.
Sand & Gravd Maerid: inthe main Neckor riverbed.

Study Level APD
Exiging Geotechnical |nvedtigation:
Drilling: Nos5=162.7m (Dam Site), Nos.3=109m (Sub-Dam)
Ted Pit (P) & Trench (T): T: Nos2 (Both Banks of Sub-Dam), P1: Nos5 (In the Trench Sub-Dam), P2: Nos17
(Borrow Area= Earth), P3: Nos17 (Quarry = Sd & Gr)
Laboratory Teds
3 samplesfrom P3 (Gradation, Permeshility)
P2 samples (Gradation, Atterberg, Compaction, Chemicd Andysds, Triaxid, Consolidation, Organic Content, Finhole,
Direct Shear)
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Tablel21 Summary of Geology around and at Respective Dam (2/26)

2, Tizmdla River Mengou (Ouerrha) Zonel
Province: Al Hoceama Cercle: Targuigt ‘ Commune: Bni Bcher/ Sdi Boutmime
Topo-Map (1/50000): TARGUIST X: 592,650 | Y: 471,950 | Z:102

Physiological Condition: Locatedinthe very seep Rif mountain range.

Geological Province: Rif Orientd, Intrarifaine Zone

L ocation: Approx. 13km SW from Targuist

General  Geology: Gengdly charadteized by
Schig-Quatztic fades Schig shows a little different fades
locdly, thet is, the western Sde is weekly schistose while the
eaden d9de where dam ste is locaed is usudly drongly
schigoseof epi-metamorphosed.

Geological Structure: Generdly the areais strongly folded
andfaultswith shear zone are obsarved a many place.

General Stratigraphy:
Creaceous quartziticschig sliceousdae

Geology of Reservoir Area: Approximady 2/3 of the area

s agillaceous and pditic, remains 1/3 is Schig and Quartzite.

River deposts areonriver bed, and Terrace deposits are dong river course.

Geology around Dam Site: Narrow gorge is open in between Quartate bars and blackish hard sliceous Sae StrikeisE-W,
and dipis45 N (towards upsream). At leadt 2 system of fault linesmay beinfared.

Geomor phology along Dam Axis RG: 42, RD: 35, FD: approx.20m
note: RG; Slope Angleof Left Bank (° ), RD; Slope Angle of Right Abutment (° ), FD; Widthof Valley Bottom PD; Inclinationof River Bed

Geology along Dam Axis

L eft Abutment

River Bed

Right Abutment

Weathered and loosened rock (Vp=0.5
11) Ep=2 3m, max. 6m, a little
cracky rock (Vp=20 2.2), Fresh rock

Alluvid deposts (Vp=05 0.8): Ep=1
2m.
Upper zone of rd ativey sound rock (Vp

Loosened rock (Vp=05 0.7): Ep =
about 4 m.
Mid hard rdativdy sound rock (Vp =

(Vp=50 52). =19):Ep=2 3m 2.6): gradudly desper reaching up to 20
Partly max.3m thickness of hrittle sandy | Fresh rock (V p=4.4) m as proceedi ngto mountain S de.
layersexig. Sound rock (Vp=4.6).

At some pat, depth to Fresh rock is

very deep tothe extent of depth 30m.

note: Bp; Thickness Vp; Seismic Transversal Velocity in (knvsec),

Remarksof Dam Foundation: The bedrock of theu

rtion of Left Bank Sdeismorecrac

than that of Right Bank.

Watertight ness

Dam Site

Reservoir

Left Bank: Degper than 30m, permeshility is rdaivdy low;
Shdlower portion, Lu=10 40, partly morethan 50.

River Bed: Deegper than few meers Lu<10; Shdlower
portion, Lu= 29.

Right Bank: Deeper than 30m, Lu is aound 5; Shalower
portionisaround 10.

Gengdly it showswdl--watertightness.

note: Lu Lugeon Unit

Stability

Dam Site

Reservoir

Need to be checked of the dope qahility of jus upstream
and downgream of Left Bank where geomorphologicaly
somesgnof andent dopefalures are obsarved.

The area with Seep dope and thick tdus deposts has some
problemto gahility.

Congruction Material

BCR Maerid: (neer dam ste) River depodts or Quartzite bares; River deposts is not suffident in both of quantities and
qudities. Quartzte shdl be used after crush; Quarry 1, Updream of dam ste 2, ner dam ste. Fine aggregate shdl be

sdected from River dgpodtsor from crusher of Quatzte.
(Purchase Maeid)

approx. 6km from dam site; Upstream of Mrirt river (branch of Mengueriver).

Study Leve APD
Exiging Geotechnical Invetigation:

Drilling: Nos8=476m

Selgmic Exploration; 1335m

Adit: (Both Banks)

Ted Pit (P) & Trench(T): P: Nos.10
Laboratory Teds

Gradation, Franklin, LosAngds& Devd
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Tablel21 Summary of Geology around and at Respective Dam (3/26)

3, Ait Badou River Tainit Zonelll

Province: Azld Cercle: Azld | Commune: Tennart

Topo-Map (150000): TANANT X: 353400 | Y: 140,000 | Z: 750
Physiological Condition: Located near the border of Moyen Atlas and Haut Atlas Dam siteisintheSdeof Haut Atles.
Geological Province: Moyen Atlas and Haute Atlas L ocation: 2 km South of Tanant

General Geology: Generdly composed of limestone and | General Stratigraphy:

mal rdativedy hard and wel--layered. Partly doleitic basdt | Lias(Jdurassc): limestone

be obsaved. Downdream dde is andent to midde| Pemo-Triassc  Jurassc cortinentd limestone  mard
Quaternaries, of which upsream dde is congomerate of | Triassc: basdt  dolerite

Vilafransen. Vilafrans an: conglomerate

Geological Structure: The drda in this area is geneadly | And et terrece deposts
monodinic towards the coas dde. Regiondly it is besn
drudure

Geology of Reservoir Area: Composed of the dternaion of Limestone and Mary Limestone generdly monodinic towards
ggrstiz%em (N40°E,20°E) with 20 to 70 cm of unit layers thickness. Travertine and Colluvid deposits exist mainly inthe right
ope.

Geology around Dam Site: Bedrock isthe dternation of Platy Limestoneand Marly Limestone generdly monodinictowards
upstream (N40°E,20°E) with respedtive layers thickness 20to 70 om.

Geomorphology along Dam Axis RG: average 20, RD: average 25, FD: approx.75m
note: RG; Slope Angleof Left Bank (° ), RD; Slope Angle of Right Aburment (° ), FD; Widthof Valley Bottom PD; Inclinationof River Bed

Geology along Dam Axis
L eft Abutment River Bed Right Abutment
Bedrock outcrops covered by very thin | Few meters of glty soil coves the | At the foot of aoutment, bedrock is
aurfacesoil. bedrock. coveed by travetine and teracetdus
de_plmos'ts which are reddish brown gty
soil.

note: Bp; Thickness Vp; Seismic Transversal Velocity in (kmysec),

Remarks of Dam Foundation: On thetop of Right Bank, very porous Limestone and Conglomerae form ta e-like ground.
Bedrock may be pervious.

Watertightness

Dam Site Reservoir

Along bedding planes, some smdl karss are obsarved | Thereis some posshility that the karstsin the Limestore are
commonly, and springs in the updream and downdream | connecting from reservoir areato theother.

exid. As a reult, besemert rocks in this area seem to be
rddivdy pavious

note: Lu Lugeon Unit

Stability
Dam Site Reervoir
Bagcdly it seemsto be no problem. Bascdlygdie

Condgruction Material

Earth Maerid: river bedinthe reservoir areg; light brown dayey s0il can be usedimpemesble materid.
Rock Materid: Masdve Limesonelocated a the right bank inthe downgream.
Sand & Gravd Maerid: no suitable maerid.

Study Leve Preliminaire- en cours
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Tablel21 Summary of Geology around and at Respective Dam (4/26)

4, Ain Kwachiya River K hdlata (Yquem) Zonell
Province: Ben Simane Cercle: SY.Zaer ‘ Commune: SY.Zagr
Topo-Map (1/50000): TEMARA X: 360,200 | Y: 353500 | Z:163

Massf.

Physiological Condition: Located & 15 km from the coast line of Atlantic Ocean and in the western end of Moroccan Centrd

Geological Province: Western end of Massf Marocan
Centrd

L ocation: Approx. 6 km Southof S. Y. Zaer

General Geology: River baanis generdly covered by marl,
while in the bottom of valey and gorge, Pdeozoic (Phyllite,
Quartzite, Limedone, Conglomede Sanddone and
Vol canics) are commonly exposed.

Geological — Structuree  The draa of  Uppe
Devonian-Tournasen is gdeeply indined towads one

direction or veticd; folding axisis orienting E- W. Visean
formations outcrop dong the axis of syndine The antidind
axisexig around El Koudia

General Sratigraphy:

(Gergdly Pdeozoic, patly covered by Miocene and
Queternary)

Pdeozoic: Upper Devonian - Tournasen: extending some
tenth kilomeers from Youem River to Khaaoua of the
outhern area.

Zoneof Slurian-Devonian: dong Cherra River inthe eastern

Geology of Reservoir Area: Bedrock is Psammitic Schist, Micacsous Sandgtone, Quartate, Limestone and Conglomerate of
ggper Devonian to Tournasan. This areaiis Stuated geologicaly in the eastern part of "El Koudia Antidling'. Bedding and
gogtyisveaticd crossng a aright angeto river course (N140° - N180°).

Geology around Dam Site: Bedrock is composed of Quatzite and Schis. Schig is generdly dominant, and some layers of
Quartzite bar runsobliqudy cross ngwithriver course Schigosty isN809W, 40°S

Geomorphology along Dam Axis RG: 20 30,RD: 20 30, FD: approx.50m
note: RG; Slope Angleof Left Bark (° ), RD; Slope Angle of Right Abutment (° ), FD; Widthof Valley Bottom PD; Inclinationof River Bed

Geology along Dam Axis

L eft Abutment

River Bed

Right Abutment

Top laye (Colluvid): Ep=approx. 1 3
m.
Very loosened rubble Schigt: Ep=2 3
m.
Bedrock is badcdly Schig, however

Quartzite bar is found a the upper
portion.

is10to 30%.

Gengdly covered by grave tracing Sty
cohesve soil, thickness of which 3 4
m (max. 5 m). The percentage of gravd

Quartzte bas and Psammitic Schig
form bedrock (drikeNO®  30°W, dp
80° 85°E). Topwnil isverythin.

note: Bp; Thickness Vp; Seismic Transversal Velocity in (knvsec),

Remarksof Dam Foundation: Greento olive Schigt isusudly soft and wesk.

Watertightness

Dam Site

Reservoir

Badcdly Schig consgding of dam gte is low permeshility
except highly weathered portion dong ground surface, cracky
dark Schig which is oxidized and manganised, and hritile
yellowish brown Schig. Quartzite may be consderddy
pervioushoweve probably wdl--groutable

Genadly it showswdl-waerti ghtness.

note: Lu Lugeon Unit

Stability
Dam Site Reservoir
Bagcdly it seemsto be no problem. Bascdly gdde

Congruction Material

dayey withrock fragments.

(Purchase Maerid): Exiging Quary in Temara

Earth Materid: Depodts in the bottom of valey and weethered resdud oil; the former is gty to fine sandy oil, the latter is
Rock Materid: Quartzite outcropping i nthe downdream; outcrop height 10 - 20m, volume may be 250,000  500,000m3.

Study Leve APD
Exigting Geotechnical Invegtigation:

Drilling: Nos4=127.4m (Dam Axis), Nos1=40.2m (Saillway)
Ted Pit (P) & Trench(T): T: Nos2 (Both Banksdong Axis), P Nos.3

Laboratory Teds

Dirilling Cores (Spedific Gravity and Absorption, Porosty, Super Sonic, Unconfi ned Compresson, Direct Shear)
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Tablel21 Summary of Geology around and at Respective Dam (5/26)
5-1, N'Fifikh (Downgream) River N'Fifkh Zonell
Province: Ben Simane Cercle: Ben Simane | Commune: Oulad YahiaLouta
Topo-Map (1/50000): BENSLIMANE X: 333,657 Y: 331,000 | Z:110

Physiological Condition: Locaed a the most upsream sde of the gorge having 300 meters length where is Stuated in the

western end of Moroccan Centrd plateaul.

Geological Province: Wetern end of Massf Marocan
Centrd

L ocation: Approx. 8 km SW from Ben Simane

General Geology: Two Groups are extert in the area = "la
sariedeFedan Tebd' and "laserie desOulad Bahloul”

Fedan Teba sandy to fine congomeratic rocks; partly
Quartztic andironic sandgone.

Oulad Bahoul: sandy to quatztic rocks (Ortho-Quartzte,
Schigose Mica-Quartz rock, and Quatztic Sandstone)

Geological Structure: "la sarie du Feddan Teba' has alarge
symmetric syndine structure, and someti mes faults orienting
NE-SW, N-S, and NW-SE changethar sructure

General Sratigraphy:

Updream dde of "la serie de Feddan Taba": Slurian; peitic
schid (saiedAin Masga)

Permo-Triassc; sdine red mudstone interbedded with thick
dol eritic basdt

Geology of Reservoir Area: Bedrock of reservoir areais manly composed of "Oulad Bahloul Group™ which is manly of

Mal, Quartzte and Schig, though dam steis of “Fedan Tabal
Tdusand Colluvid deposits, and River depositsare onriver bed.

". Mal in this area indudes usudly sdt. Sope is covered by

Geology around Dam Site: Bedrock is Quartzite of "Feddan
direction NNE-SSW crossng the valey of 300m downgtream
runni ng dongthefoot of Right Bark.

Taba Group" of Ordovidan. Tectonic zone may run to the
of dam axis. Others have a sysem about N60°W direction

Geomorphology along Dam Axis RG & RD: approx.20 25,

maximum devation 160m, then forms Saddle with distance gopr

FD: approx.20m, PD: approx.0.2%, Left Bank goesupto the
ox. 240mfrom man river bed.

note: RG; Slope Angleof Left Bank (° ), RD; Slope Angle of Right Abutment (° ), FD; Widthof Valley Bottom PD; Inclinationof River Bed

Geology along Dam Axis
L eft Abutment River Bed Right Abutment
Tdus fine graned soil withrock blocks; | Few meter of dayey to Sty colluviums | Quartaite is layered (bedding E-W25°
Ep=2 3m. and dluvium cover the bedrock; Ep= 2 | S). No soil cover. Along the Faults may
Bedding of bedrock isnot d eer. 4am. be sheered with some meters.

Sme Sickenddes are commonly
observed drecting N37°W380°W
scaribing 20°S

note: Bp; Thickress Vp; Seismic Transversal Velocity in (knvsec),

Remarks of Dam Foundation: Fault (N609W,75° 80°SW) dong the foot of Right Bank has 75m 15m wicth of

yellowish sheared zone (partly laminated).

Watertightness

Dam Site

Reservoir

Quartate around dam gte is rdaivdy low permedhlity
(Lu<10) except weathered portion dong the ground surface
However, joints in the shdlower portion of Left Bank may
ﬁrobabl be open dightly s0 thet permedhility may rdaivdy

igh. Along the Fault and Sheared Zone a the foot of Right
Bank, caeful gudy ontheleakageisnecsssary (Lu=12  17).

Bagcdly it seemsto be no problem.

note: Lu Lugeon Unit

Stability

Dam Site

Reservoir

NeeE to be checked of the gahility dong the Faults of Right
Bank.

Bascdly theareaof Quartateisno problem. In casethedope
of Marl indined more than 15 , the careful dudy shdl be
necessay, espeddly sty day-mal of Right Bank 9de

Congruction Material

Earth Maerid: auffident in thereservoir area(weathered materid of Mudgone and Ma, Sity deposgtsin theriverbed)

Rock Maerid: Quatztea dam ste
Sand & Gravd Mateid: no suitable materid.

(In between thesteof Ben Rouane and Ain Ksob, three areas are sat as borrow ared).

Study Level APD
Exigting Geotechnical Invegtigation:
Drilling: Nos4=120.2m (Dam Ste= RG 2,RD 2)

Ted Pit (P) & Trench (T): T: Nos1 (Left Bank), P: Nos.2 (Right Bark), P: Nos21 (Borrow Area= Earth)
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Tablel21 Summary of Geology around and at Respective Dam (6/26)

5-2, N'Fifikh (Upstream) River N'Fifkh Zonell

Province: Sata Cercle: Ben Simane Commune: X & Tlea des Ziada /
Mdlila

Topo-Map (1/50000): AL GARA X: 345,820 Y: 311,930 Z:230

Physiological Condition: Located in the hilly area of the massf centrd marocain. Downgream area is rd aivedy fla or
undulated, while upstream areais rather rdieved.

Geological Province: Western end of Massf Marocan | Location: Approx. 20 km South from Ben Simane
Centrd

General Geology: Two Groups are extent in the area = "la| General Sratigraphy:

sariedeFedan Tabd' and "laszrie desOulad Bahloul™ gohﬁreem gde of "la serie de Feddan Taba": Slurian; pditic
Fedan Teba sandy to fine congomeaic rocks; partly i<t (saiedAin Masdd)
quartztic andironic sandgone. Permo-Triassic; sdine red muddone interbedded with thick

Oulad Bahloul: sandy to quatztic rocks (Orth-Quartzte, | doleritic basdt
schi tose mica-quartz rock, and quartzitic Sandsone)

Geological Structure: "la serie du Feddan Taba' has alarge
symmeric syndine sructure, and someti mes faults orienting
NE-SW, N-S, and NW-SE changethar sructure

Geology of Reservair Area: Bedrock ismanly the dternation of Sandstone and Schist 1 nterbedded with Quartzite of "Feddan
Taba Group'. Terrace deposts areextending rddivdy widdy and River deposits areonriver bed.

Geology around Dam Site: Bedrock consagts of very folded Quartzte bar, and the dternation of Quartzitic Sandgtone and
Schigose Sae Thoseare bdong ng to "Feddan Tabd' Group.

Geomorphology along Dam Axis RG: average30,RD: 15 25, FD: approx.60m
note: RG; Slope Angleof Left Bark (° ), RD; Slope Angle of Right Abutment (° ), FD; Widthof Valley Bottom PD; Inclinationof River Bed

Geology along Dam Axis

L eft Abutment River Bed Right Abutment

Dam axis is composed of around 10m | Alluvid Terace depost: dong right | Quartzite ber is gradudly indining
thickness of right-ganding Quartzite | bank sde; composed of fine sand to | gently as proceeding to mountan sde
which is interbedded by the dternation | sandy st withthickness2to 3m. andformsthehill ridge.

layers of sandy to quartzitic Senddone | Recert River depost: sand and grave
and Schigose Jae At aound 10m
upstream of dam axis, faultisinfered.

note: Bp; Thickness Vp; Seismic Transversal Velocity in (knvsec),

Remarks of Dam Foundation: At jus upstream of Quartate bar, Srataare very folded and deteriorated, and sheared zone
may beexiging aroundthere

Watertightness

Dam Site Reservoir

Quartzite itsdf dong dam axis may berd aivey permegblein | Bascdly it seemsto be no problem.
the shdlower portion dueto joints probably open. However, it
may be not so saious dueit to beinterbedded between Schist
which is seems to be rdativdy impervious. Along the Fault
and Sheared Zone obsarved & just upgream of Left bank,
careful gudy on thel eakageis necessary.

note: Lu Lugeon Unit

Stability

Dam Site Reservoir

Left Bank sdeisrdaivdy deep (average30°  40°) andthe | Some area is showing rdaivdy seep dope composed of
rocks jus updreem of dan axis is vey folded and | brittle Schig. Careful Sudy shdl gecgﬁedomatmsearea
deteiorated. Needto be checked thestahility around there.

Congruction Material

Earth Maeid: Terrace depodtsin both banks & dam ste andinthereservoir areg; SIt - Fine Sand; asimpermesble materid,
property shdl be checked.

Sand & Gravd Maerid: River depodts; volumeisinaufficert.

Rock Materid: Quatztein right bank.

(In between thegteof Ben Rouane and Ain Ksob, three aress are set as borrow ared).
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Tablel21 Summary of Geology around and at Respective Dam (7/26)

6, Tazarane River Malha (Ouergha) Zonel
Province: Chaouen Cercle BabBered | Commune: Mansoura(Tazarane)
Topo-Map (1/50000): TAMOROT X: 540,100 | Y: 484,000 | Z:528

centrd and eadtern.

Physiological Condition: Located in the western Rif mountains where is rather gentle hilly mountains comparing to the

Geological Province: Rif Centrd, Intrarif zone

L ocation: Approx. 37 km NW from Ghafsa

General Geology: Fades of Schid are different respectivdy
a the location in the western and eastern area. Those of
weden area are weakly schigose, while of the eesern are
remarkabl e schistose and epi-metamorphosed.

Geological Structure: Generdly the areais srongly folded
andfaultswith shear zone are obsarved a many place.

General Sratigraphy:
Cretacsous quartziticschigt and pdliticschigt

Geology of

Q0|

Rexervoir Area: Bedrock is Schis of Cretaceous. 1/3 of theareais covered by Alluvid depostswhich congg of
ma nly rock blocs of quartzitic sandstone, sand and grave partly in dayey soil matrix. Colluvid depostson dope, which are
posed of Sity il and rock fragmentsof schigt, arerdadivdy thick.

dipstowards upstream (NS59W35°NE).

Geology around Dam Site: Bedrock isthe dterngtion of Black Schigt (phyllitic) and derk gray Psammitic Schigt. Schigtosty

Geomorphology along Dam Axis RG: 30 40,RD: 25 30, FD: apgprox.22m
note: RG; Slope Angleof Left Bank (° ), RD; Slope Angle of Right Aburment (° ), FD; Widthof Valley Bottom PD; Inclinationof River Bed

Geology along Dam Axis
L eft Abutment River Bed Right Abutment
No topsoil. Alluvid depodts Ep=1 3m. Rdaivdy thick argillaceous colluviums
A little loose bedrock (Vp=2.9): Ep = | Weathered zone (Vp= 14 3.0): Ep=| coves the dope where thickness is
around 20 m. 5 8m. averagdy3 4m.
Deepe than tha depth, Fresh rock | Fresh  zone (Vp=4.2): normdly | Highly weethered zone (Vp=0.4): Ep=
exigs homogeneous Schig, but sometimes | about 1m.
i nterbedded with thin QuartZzite. A little cracky zone(Vp= 2.5) and Fresh
zone (Vp= 4.5) are unddying. Depth to
Fresh zoneisaround 40 m.
Schigosty isN759W 25°N.
Some sandy rocks may exis in the
upper portion

note: Bp; Thickress Vp; Seismic Transversal Velocity in (knm/sec),

Remarksof Dam Foundation: Generdly bedrockisloose & any outcrops and depth to Fresh rock may be commonly deep.

Watertightness

Dam Site

Reservoir

High permeshility zones (Lu>10) exig up to 20 m in Left
Bank, upto 12 mat River Bed, and upto 27 m depthin Right
Bank. Deeper than those depth, Lu < 10.

Gengdly bedrock is wdl-watertightness due thet it condsts
of Schig.

note: Ly Lugeon Unit

Stability

Dam Site

Reservoir

Weathered zore of both banks seems to be rdaivdy deep.
Furthermore upper abutment of Right Bank may be
co of Sandstone weathered and sometimes changed
into Resdud snilsundelan by Schig. Thar gahility shdl be
carefully checked.

Need to be checked of the dope gahility of just upstream  of
both banks where geomorphologicaly some sgn of andent
dopefaluresareohsrved.

Congruction Material

(Near dam ste)

Earth Materid: a upper portion andthejust upstream dope of right bank.
Sand & Gravd Materid: Depodtsin the vl ey bottominthe reservoir area
(Purchase Maerid): Jod Tizirene, Nakhla dam Quary, Chrdt Limestone Quarry, Jorf Al Mdha, Oued Martil

Study Leve APD

Exigting Geotechnical Invegtigation:
Drilling: Nos11=565m
Seignic Exploration: 2220m
Adit: (Both Banks)

Ted Pit (P) & Trench (T): T: Nos1 (Right Bank), P. Nos.10 (Right Bank)
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Tablel21 Summary of Geology around and at Respective Dam (8/26)

7, Ameaniz River Anougal=Amezmiz (N'Fis) Zonelll
Province: El Haouz Cercle: Amezmiz ‘ Commune: Anougd
Topo-Map (1/50000): AZEGOUR X: 226,500 | Y: 65,400 | Z: 13

Physiological Condition: Located i nthe northernside of Haut Atlas Occidental whereis formed usually by stesp mountai nranges.

Geological Province: Haute Atlasoccdenta

L ocation: Approx. 12 km Southof Amezmiz

General Geology: Basement rocks of Haute Atlas Occidertd
are of Precambrian, folded Pdeozoic, and Hercynian Granite
While, Haut Atlas Centrd is conposed of mainly thick merine
Limestoneof Lower to Middle Jurassic, and partly Triasscinthe
antidird area Pdeozoic didributes only in the anticlind zone
exceptiordly.

General Stratigraphy:

Pdeozoic: a saries of Schig, schigose cdcareous sandsone,
volcanics

Cretaceous in the western: red marly rocks and sandgtone of

Azegour Lagunadepodts.

Geological Structure: Atlas Faut oriening WSW-ENE
exterds around the area This faut is the reverse faut
overthrusti ng towards the north accompanied by many fractured
zore. Haute Atlas mountains ride on this plane and rifted up
suddenly. Pdeozoic is generdly folded with approxi matdy N-S
orienting axis, and Granite dyke accompanied by many ore
mi nerdsintruded i nto these formations.

schigosity isN-S35°  40°E..
River depoditsisrddivdy thick.

Geology of Reservoir Area: Sope of |et bank Sdeis Cretaceous area where red color fine Congomerae, Sandstone, and
Shde exig with gentle bedding dip. While dope of right bank sdeisof Schist of Pd eozoic intruded by Micro-Granitewhere

Geology around Dam Site: Bedrock is folded Schig of Cambrian and Ordovidan, and red Mudstone, Sandstone and
Congomerateof Cretaceousto Tatiary. Miaro-Graniteintruded a Hercynian orogenic raisd o exiging.

Geomor phology along Dam AXIS RG: 35 (upper pat 16), RD: 40 45 (upper pat 20), FD: gpprox.35m, Left Bank formsthe ssddle:
note: RG; Slope Angleof Left Bank (° ), RD; Slope Angle of Right Abument (° ), FD; Widthof Valley Bottom PD; Inclinationof River Bed

Micro-Granite dyke. In the upper portion
and saddle area, Mudstore, cacareous
Sanddore, ad fine Congomerate lie
unconformebly on Schig strata.

10m a maximum.

manly of ssnd and graved of Quartzte,
Schig, and Granite. Ep may around

Geology along Dam Axis
L eft Abutment River Bed Right Abutment
Conposed of Schist inruded by | Covered by River deposts composed | Composed of Schig and Micro-Granite

dyke. Mudgtone, cacareous Sandgtone,
and fire  Congomerae lie
unconformably on Schid.

note: Bp; Thickness Vp; Seismic Transversal Velocity in (Kmysec),

Remarksof Dam Foundation: Around the contact between Schist and Micro-Granite, some fractures and cracks are devel oped.

Watertightness

Dam Site Reservair
Schig is congderable bes cdly to beimpermegble However, | Generdly  bedrock of Schis may  have  the
it may be some pemedde dong the contact with | wdl-waertightness
Micro-Granite where some fractures may deveop dong the
contact.
note: Lu Lugeon Unit

Stability

Dam Site Reservoir
Schigogty inthe areais usudly dipped towards bank 9desso | In the updream area of Left Bark, rdaivey thick tdus
that dopedong dam axis may be sable However thestaaility | deposits may cover thedope. The gaility inthisareashdl be
of looserodkslyingon Schst a Right Bank shdl bechecked. | checked.

Congruction Material

Three Aress are planed as thefollowings

Zonel: inthereservoir area

Zonell: the downgtream of dam axis

Zonelll: a thefoot of bridge12km away from dam ste

Study Leve APD
Exiging Geotechnical Invedigation:

Drilling: Nos8=440.8m(RD 3,0D 2,RG 2, ub-Dam 1)
Teg Pit (P) & Trench (T): T: Nos1, P1: Nos5 (Dam Axis. RDup 2, RDdown 2, Sub-Dam 1), P2: Nos31 (Borrow
Area Zone | Nos12, Zone Il Nos8, Zore 111 Nos11)

Laboratory Teds

Drilling Cores (Spedific Gravity, Super Sonic, Deformation Coef., Unconfi ned Compression)
P2 samples (Atterberg, Gradation, Hydrometer, Sand Equivd ent, LosAngds& Devd)
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Tablel21 Summary of Geology around and at Respective Dam (9/26)

8, Boulaouane River Seksawa Zonelll
Province: Chichaoua Cercle: Imi-N-Tanout (Sidi Bou Othmane) | Commune: Sdi Ghanem/ Dourane
Topo-Map (1/50000): IMI-N-TANOUT X: 176,000 | Y: 70,000 | Z. 754

Physiological Condition: Located in the northern periphery of Haut Atlas Occidental. Dam site is a the most narrow point in the valley.

Geological Province: Haut Atlas ocd dentd

L ocation: 2 km upstream from Boulaouare village

General Geology: Almost 90% of river basin is made of Paleozoic.
The ramaining 10  is of Jura-Cretaceous consigting of reddish Muddy
Sanddone, and Cretaceous of Maly Limedone The aea of
Jura-Cretaceous is eroded, depressed and deposited. The oldest formetion
is the basement complex of Caledonian-Hercynian in the Haut Atlas

General Stratigraphy:

Jura- Cretaceous. red argillaceous sandstone

Cretacsous marly limestone

Alluvium: mainly limestone gravd and fine gran oils
deposted mainly inthevdley of Jura-Cretaceousarea.

mountains, and the newest is the deposit after Hercynien in the

Pog-Hercynian depodtsis in the EsseouiriaHaouz Syndind
EssaouiriaHaouz Synclinal area, area

Geological Structure: Pdeozoic Schi are folded with
orienting NNW-SSE axis. Jurassic to Cretaceous i n the reservoir
area dip towards the downstream (towards NW) and get under
Tertiary area. Dip of strda is gradudly going to be steep as
proceeding towards the dowrsream; Ther dip aroud the
southern area of reservoir is25°  30° towards the downstream.
Fauts of the northern Atlas boundary is dominantly orienting
NE-SW, and dipping45°  60° towardsthe mountain side.

Geology of Reservoir Area: Schigt and schigose Sandgtone of Midde Cambrian to Ordovi dan outcrop from 2 km upstream
of dam ste partly induding Sandstone and Conglomeraieof Devonianin the Thrud.

Jurassi ¢, whichis conti nenta, unconformably lies obliqudy on Pd eozoic.

Cretacsous fromlower to upper; Conglomerate and Sandgone withsome purple color (Ep=2  6m), Dolomite and Dolomitic
Limesone (Ep=5 8m), continentd red Conglomerae, Sandgone and Marl (Ep=10 20m) and lagoond Limestone and
Marl interbedded Gypsum and Anhydrite or other Evaporite (Ep=50 80m).

Geology around Dam Site: Bedrock is of Mesozoic and Cenozoic extending in the northern front of Atlas: Marly Limestone of
Cenomanien, the dteraion of green to red Marl and Anhydrite, Limestone bar of Turonien, and the dterration of Marly Li mestone
and greento red Marl. As proceedi ng to the dowrward of dope, unconsolidated depositsare gradudly becoming thick.

Geomorphology along Dam Axis RG & RD: 22 27, FD: approx.70m
note: RG; Slope Angleof Left Bark (° ), RD; Slope Angle of Right Abument (° ), FD; Widthof Valley Bottom PD; Inclinationof River Bed
Geology along Dam Axis
L eft Abutment River Bed Right Abutment

In the lower portion, antidine makes
drada be revase where its axis is
dipping downsream. Bedding is N40°

N55° cosing & a rigt ande to
river course 2 fault sydems can be
observed as N70°  N8(0°,60° 75° ;
N150° N160°, 45° 65°SW.
Sheared zones repedt in the intervd of
about5 8mrespedtivey.

River depogts are rdativey thick, which
are mainy composed of sand and gave.
The percentage of gravd dong the river
couse is 70 80%, ad gadudly
reducing as proceeding to the foot of
dope Maximum size of gavel is arourd
30c)m, the average is pebble sz (3 to 4
cm).

Terrace depodits ared o extending widdly.

At thefoot of dope, few meters of Tdus
depost exigs, and loosdy cemented by
lime patly. Bedrock is right-ganding
Limestone and sandy/muddy Limestone
of which bedding is crossing a a right
angleto river course

note: Bp; Thickness Vp; Seismic Transversal Vielocity in (knvsec),

Remarksof Dam Foundation: Jointsof bedrock is commonly open, and some karsts are obsarved.

Watert

ghtness

Dam Site

Reservoir

Some kards are commonly obsarved dong the bedding
planes of Limestone and sandy/muddy Limestone. Moreover
joint planes, diretion of which is usudly same as river
flowing course, are usudly somewhat open as far as outcrops
a dam steisconcarning. Leakageiscond darablea thisste

Schigose rocks in the reservoir area may generdly be

impamesble. Limestone and Evaporite may have some

Bgoti&géith regard to leakage <0 that ther distribution shall
c :

note: Ly, Lugeon Unit

Stability

Dam Site

Reservoir

Bagcdly it seemsto be no problem.

In the area of Jurassc and Creaceous land is eroded
rdaivdy wdl-and deep dope is commonly devdoping.

Those dope shdl bechecked.

Congruction Material

Sand & Grav

Earth Maerid: Irik reddish slt; 14km NE from dam Ste
Rock Maerid: Limestonebare & damdte

Materid: River depogts of Seksawariver; 2.25km upsream from dam ste; Terrace depogtsin the upstream
and downgtream of dam Ste, surface areais approx. 200000m?2

Study Level Preliminaire
Exiging Geotechnical | nvegtigation:
Drilling: On Going
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Tablel21 Summary of Geology around and at Respective Dam (10/26)

9, Taskourt River Assf d Ma Zonelll
Province: Chichaoua Cercle: Imi-N-Tanout ‘ Commune: Adassl
Topo-Map (1/50000): AZEGOUR X: 207,000 Y: 69,000 \ Z:942

Physiological Condition: Locatedinthe northern Sdeof Haut Atlas ocdidentd ranging steep mountas.

Geological Province: Haut Atlas ocd dentd

L ocation: Approx. 15 km Southof Akimakh

General Geology: Manly composed of Schig, Sandgone,
and Quatate of Pdeozoic; Limestone of Jura - Cretaceous,
and sedmentary rocks of Eocene

Geological Structure: In the river basn, man sysem of
faults manly orienting NE- SW and sub-sysem orienting
NW-SE exig alot.

General Stratigraphy:

Pd eozoic. schig, sandstone, and quartzite
JuraCretaceous limestone

Eocene sadimentary rocks

Geology of Reservoir Area: Bedrock is composed manly of Quartz - Micaceous Schig and Pditic Schigt with many sheared
andfractured zone. Inthe upstream and higher portion of dope, Limestoneof Mesozoic forms diffs and gorges. River deposts

exig very thick.

Geology around Dam Site: Bedrock is composed of Sandstone or Psammitic Schigt and Pditic Schig of Ordovidan. Sandy

rock isusudly 9
thisarea

iceous or quartzitic and Pdlitic rock is sometimes phyllitic. Many Faults and Sheared zones are obsarved in

Geomorphology along Dam Axis RG:85 90 overhung, RD: gpprox.30 35,FD: 70 90m
note: RG; Slope Angleof Left Bark (° ), RD; Slope Angle of Right Abutment (° ), FD; Widthof Valley Bottom PD; Inclinationof River Bed

Geology along Dam Axis

L eft Abutment

River Bed

Right Abutment

Manly herd dightly folded Sandy rock
forms right-danding diff. Portions
grg;gj joints are usudly cracky but

Large volume of ssnd & gravd depost
is on the river bed as river deposts
They seemsto be very thick. Some hig
faults may be inferred on the bottom of

Few meters of Tdus depogts cover the
dope Bedrock oondds of the
dternation of Psammitic Schig and
black Pditic Schig.

vdley.

note: Bp; Thickness Vp; Seismic Transversal Velocity in (Kmysec),

Remarksof Dam Foundation: River depodts seamsto bevery thick andjointsinthe Lt Bark dipstowardsriver Sde

Watertightness

Dam Site

Reservoir

Faults and Sheared zone inferred dong river bed are ssemed
to be pameable. Along jaints of the Left Bank is atached
muddy materid which may bethe Sgn of water effluent from
indde Furthermore, Schig in this area is somewhat
weethered and dtered. Then as a reault, careful sudy on
leskageisnecessary a thisste.

Gengdly the basement composed of Schig may have the
wdl-watertightness

note: Lu; Lugeon Unit

Stability

Dam Site

Reservoir

Somejoint planes of Left Bank dip towards river Sde. Thar
gahility shdl be checked.

Some aea has vary geep dope and Schig is someimes
weethered and deteriorated deeply. Sope dahility in those
areashdl be checked.

Congruction Material

Sand & Gravd Maerid: River deposts; enough volume
Rock Materid: Bed rock of left bank & dam axis

Earth Maeid: no suitale maeid; Tdus depostsonthe right bank dope; volumeis not suffic ent.

Study Leve Preliminaire- en cours
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Tablel21 Summary of Geology around and at Regpective Dam (11/26)

10, Timkit River Assif N'lfer (Todrha) ZoneV
Province: Er Rachidia Cercle: Tinjdad | Commune: Aghbalou-N'Kerdous (Timkit)
Topo-Map (/50000): TAGHLA X: 507,250 | Y: 515450 | Z:1214

Physiological Condition: Located in the gorge torrentid flowing Jod Tadount Serdoun and Bouchenmnd cordituting the

Southern Haute Atlaslimit flowinginto Tinjidad plain.

Geological Province: Southernlimit of Haut-Atles Centrd

L ocation: 35 km dongtheroadto Aghbdou N'K erdousfrom
thejunction of the route N32

General Geology: Caboniferous Formations extend in Tisdafine
Mountains in the south. In the northern Mountains including the gorge
having dam axis, Limestone-Dolomite of Lower to Middle Lias dipping
40° 50° towards upstream extend, and Middle Jurassic and Cretaceous
and some blocs of Eocene Formations is in between them. These are
forming Synclinal Sructures covered sometimes by Ancient Quaternary
of Conglomerate etc. and new deposits

Geological Structure: Haut-Atlas folding mountains orienting
dominantly WSW-ENE SW-NE is composed mainly of Jurassic.
Synclinal area forming usually the depression is of Mudstone or Marl of
Middle Jurassic to Cretaceous, and articlinal areais of Limestone and/or
Dolomite of Lower Jurassic (Lias) unsymmetrically limited the one side
by fault extending long

The foundation of JCA axis sudied in 1988 is mineralized by iron and
manganese, and porous.

General Stratigraphy:

Caboniferous schig and sasndstone

Lower to Midde Lias limestone and dolomite

Upper Lias marl, red mudgtone, limestone and gypsum.
Midde Jurassic: marl

Cretacsous marl, argillaceous rocks, red sandgtone, marly
limesone, conglomerate

Eocene sandy to muddy limestone, red sandstone

Geology of
thinlayerso

Reservoir Area: Composed manly of the thin dternation of Dolomitic Limestone pertly interbedded with many
Marl of Lower Lias Beddingis very regularly dipping towards theupstream and |t bank Sdewith30°  35°,

Geology around
interbedded with

Dam Site: Bedrock is Limestone and/or Dolomite (Ep of unit layer: 05 1.0m) of Lower Jurassc rardy
Mal. In the downgtream sde, black to dark Limestone layers with iron-manganese ore minerd underlie

changing gradudly into Sltsone and findly greenish Sltg¢one In the upstream sde, Marl isvery few. Bedding is dipping to

updream and alittleto Left Bank Sdewith30°  50°.

Geomorphology along Dam Axis RG: 45, RD: 20 30, FD: approx.22m, PD: 4.2%
note: RG; Slope Angleof Left Bark (° ), RD; Slope Angle of Right Abuiment (° ), FD; Widthof Valley Bottom PD; Inclinationof River Bed

Geology along Dam Axis

L eft Abutment

River Bed

Right Abutment

Composed of Limestone Midd e part of
abutment is somewha wegthered and
changed into brown color. Patly kards
are developed.

River bed is covered by rdaively thick
(probably around 10 meters) River deposits. Itis
composed of send and gravel (maximum grain
size 20cm, mediumsize5 10cm)with1l 2m

On the top, very thick Limedone layer
underlan by rddivey thin layers of
Limesone or Dolomite dips towards
river 9de, A lot of kerds are observed

sizelargerock block.

dong the bedding plane.

note: Fp; Thickness Vp; Seismic Transversal Velocity in (knsec),

Remarksof Dam Foundation: Karss arechsarvedinthisaren, epeddly in some spedd draa

Watert

ghtness

Dam Site

Reservoir

Limesone and Dolomite & dam gSte devdop many kards
vaiddy from andl to big Sze. Espeddly those kards are
observed wdl-in ome spedd formaions. Leskage is
cond derabl eso tha careful sudy will be necessary.

Both Banks of resrvoir aea are composed of manly
Limestone and Dolomite where many karsts devdopsusudly.
Leskage is conddeable 0 tha caeful dudy will be
NecesAy.

note: Ly Lugeon Unit

Sability

Dam Site

Reservoir

Bagcdly it seemsto be no problem.

Bascdlyddde

Congruction Material

Sand & Gravd Maerid: River deposts
Rock Maerid: Limesonebare
Earth Maerid: intheresarvoir area

Study Leve APD
Exigting Geotechnical | nvegtigation:

Drilling: Nos3=115.7m JCA(B1,2,3), Nos8=465.5m (JCA Axis 3 Updream Axis5in1992)

Seignic Exploration: (6 lines) & JJCA Ste
Teg Pit (P) & Trench (T): P Nos.22
Laboratory Teds

Graddion, Atterberg, Water Content, Dendty, Form Coef., LosAngds& Devd, Chemicd Andyds Alkdi Reaction)
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Tablel21 Summary of Geology around and at Respective Dam (12/26)

11, Tadighoust River Rheris ZoneV
Province: Er Rachidia Cercle: Tadighost ‘ Commune: Ted ghogt
Topo-Map (1/50000): TADIGHOUST X: 541,709 Y: 139,720 \ Z:1108

Physiological Condition: Located a just upstream of the Rheris basin. The gradient of river around thesteis average 0.3%.

Geological Province: Southern periphery of Haut-Atlas
Centrd

L ocation: Approx. 20 km North of Goulmima

General Gedlogy: Composed of mainly Mesozoic. Likewise,
Tertiary and Quaternary are d 0 extending. Precambrian and
Pdeozoic can be ds0 obsaved as the butonic (Fender).
Midde Jurassic is cdled <Couches rouges>, and Cretaceous
lyeonit concordantly.

Geological Structure: Srda in this aea dip towards the
north griking E-  W. Faults exigting in Haut Atlas mourtains
orient generdly E- W. The big Fault of South Atlas deforms
the Mesozoic and forms the depresson covered by new
deposts These faults is conddered generdly overthrugting
towards the south from the evidence of the Juressicliesonthe
Cretaceous and Cenozoicinthe south.

General Sratigraphy:

Mid Cambrian: congomerate, sanddone, limestone and
Quartztic sanddone.

Ordovidan: sandy mudgone

Silurian: shde, and limestone

Triassic: red colored detriti c rocks and evaporite.

Lias - Mid Jurassic: Carbonaosous rock; anmonite bearing
limestoneand marl.

Mid Jurassc  Couches rouges
colored evaporite

Cretacsous  beige color mal, gypsum, and limestore;
gypsumeous mal, sltsone interbedded conglomerate lens;
cdcareous dolomite; phonolite

Pd eocene fine sandgone, red mudgone, and gypsum
Eocene limestoneand mal.

formetion: modly red

Geology of
with Cong

Reservoir Area: Composed manly of thefollowing Mesozoic formations Slt-Sandstone formation; i nterbedded
omeaae lensss and Mal, Limestone-Dolomite formation; interbedded with Marl, Limestone formaion; and

Limestone and Phonolite. Eoceneto Miocene composed of Marl, Limestone and Muddoneis dso exiding. Partly Pd eozoic

and Precambxian outcrops as Fend .

Geology around Dam Site: Bedrock isMarl of Lower Cretaceousand Limestoneof Turonien.

Geomor phology along Dam Axis RG: 17, RD: 27, FD: approx.170m
note: RG; Slope Angleof Left Bank (° ), RD; Slope Angle of Right Abument (° ), FD; Widthof Valley Bottom PD; Inclinationof River Bed

Geology along Dam Axis

L eft Abutment River Bed Right Abutment

At the foot of abutment, Tdus deposts
exig rdaivdy thick condging of large
rock blocs In the midd e portion, wide
terrace formsflal and (width about 50m)
but no sediments are on it. Bedrock is
many fosdlferous Limestone
dternaing with Mar.

Few meters of Alluvid deposts in
thickness are ontheriver bed. Those are
composed of sand and grave rdaivey
homogeneous showing medium gran
sze 5 8 om. In the right bank sde
dluvid terace composed of dity soil
approximady 2 m in thickness
digtributes

Bedrock forms right-sanding diff and
Tdus deposts accumula & thefoot. On
the top, very thick Limestone (Ep=5
10m) liesonthe dternaion of Mal and
layered Limestone

note: Bp; Thickness Vp; Seismic Transversal Velocity in (km/sec),

Remarksof Dam Foundation: Karsts are rardly observed, however veticd jointsare exiging alot in Limestonelayerswhich
areusudly open.

Watertight ness

Dam Site Reservoir

Kad is not devdoped so muchin Limestone & dam ste and
Mal is bescdly impermedde Though open joints are
obsarved in the layer of Limestong leskage may not be so
sgnificant. Snceriver depostsarethick, itstrestment may be
importart.

Due to Maly rocks in the reservoir area leskage from
reservoir isnot o dgnificant.

note: Lu Lugeon Unit

Sability
Dam Site Reservoir
Bagcdly it seemsto be no problem. Baacdly gdde

Congruction Material

Sand & Gravd Maeid: River depodts; Tarace depogts around dam Ste
Rock Maerid: Limestone around dam Ste and 5km NW from dam sSte
Earth Maeid: no uitable maerid

Study Leve Preliminaire
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Tablel21 Summary of Geology around and at Respective Dam (13/26)

12, Tiouzzaguine River Guir ZoneV
Province: Er Rachidia Cercle: Gourrama | Commune: Gourrama(Tiouzaguine)
Topo-Map (1/50000): GOURRAMA X: 618,071 Y: 206,923 | Z:1525

Physiological Condition: Located inthe Haut Atlas Cdcare torrentidly flowed by the river flowing into the depression of

Mougueur. Threetri buteri es confluent just beforethe dam Ste.

Geological Province: Easternsde of Haute Atlas cd caire

L ocation: Approx. 2 kmNE from Tiouzzaguine village

General _Geology: Generdly composed of Limesone or
marly Limesgone Badtisdsoexigingwiddy.

Geological Sructure: Resrvoir area is aound the axis of
syndine and antidine exigts & the upper portion of |eft bank
9de dope River ocourse runs perdld to the syndine axis
flowing around the foot of limestone hills locaing & the
eagan end of syndine gsructure. This syndine sructure is
dosad inthe north s de (upstream).

General Sratigraphy:

Triasd ¢ basdt and reddi sh mudgtone

Sinemurien; mass ve limestone

Lothaingien - Piensbachien: black limestone interbedded
with marl

Toarden: ammonite bearing limestone, marly limestone
Andet Quaernay: travetine

Quaternary: terrace depodts, dluviums and colluviums

Geology of Reservoir Area: Composed of Basdt and red Muddgone of Triassc, massve Limestone of Snemurien, black
Limegtoneinterbedded with Marl of Lotharingien - Plienshachien, and ammonite bearing Limestone and marly Limestone of
Toaden. Travertine, Tarace deposts ae dso extending inthe area. River depositsareon river bed.

Geology around Dam Site: Limestone srataform very narow gorges while, the areaof Basdt and red Mudstoneof Triassic
is rdaivdy gertly doping. Travetine extends from the upstream to the downdream partly underlan by Eboulis or

Congomerate Basdt liesunder Limestone

Geomor phology along Dam Axis RG: goprox.75, RD: goprox.50 , FD: approx.30m
note: RG; Slope Angleof Left Bank (° ), RD; Slope Angle of Right Aburment (° ), FD; Widthof Valley Bottom PD; Inclinationof River Bed

Geology along Dam Axis

L eft Abutment

River Bed

Right Abutment

Limesone exigs as a shape of "langue”
towards river 9de dipping 75°  80°.
Badts are outcropped a the foot of
Limedone diff covered by Tdus

deposts

Travatine

River Depost: Ep= gpprox. 15m; sand
and gavd undelan by Limestone
Rigt bank dde is composed of

Travetine exigs rddivdy thick
forming terrace which is usudly loose
and porous The height of Travetine
diff reech27 m.

note: Bp; Thickress Vp; Seismic Transversal Velocity in (km/sec),

ractured. Travertineisvery porous.

Remarksof Dam Foundation: Somefaultsare inferred ontheright abutment and a thefoot of | eft abutment whereisusudly

Watertightness

Dam Site

Reservoir

Limegone itdf & dam gte is massve However, the things
thet travertine is exigti r(]iqai/s the maiter. There is a posshility
that some karsts may devdop somewhere Marl lan under
Limesoneisbas cdly impermesble.

In the Limestone layers continuing from dam gSte, many
kads and travertine are observed. Then, Leskage from
reservoir may dso be considered to some extert. To prohibit
from leakage, it shdl be checked about the exigence some
impermeable formation and their didribution. It shdl be dso
checked about the permesahility of Basdt.

note: Lu Lugeon Unit

Stability

Dam Site

Reservoir

The gahility of the dope near faults shdl bechecked.

The gahility of the dope near faults shdl bechecked.

Congruction Material

Earth Maerid: Terrace depogts aound dam Ste; muddy soil
Sand& Grave depodts River Sts
Rock Maerid: Limegone around dam Ste

Study Leve APS
Exiging Geotechnical Invedtigation:
Drilling: Nos9=576m (Dam Ste=RD 5, OD 3,RG 1)

Seigmic Exploration: (RD 6lines, OD 2lines RG 3lines)

Adit: (Both Banks)

Ted Pit (P) & Trench (T): T: Nos1 (Terrace Slt), P1: Nos2 (Tarace Sit), P2: Nos.10 (River deposts)

Laboratory Teds

P1 samples (Gradaion = Seve & Hydrometer, Atterberg)
P2 samples(Seveindgtu, Hydrometer, Atterberg, Sand Equivd ent, Specific Gravity, Form Coef., LosAngds & Devd,

Chemicd Andlys s Alkdi Reaction)
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Tablel21 Summary of Geology around and at Respective Dam (14/26)

13, Kheng Grou River Kheng Grou ZoneV
Province: Figuig Cercle Beni Tgjit ‘ Commune: Bni Tgjit (Ksar Morhd)
Topo-Map (1/50000): QSAR MOUGHAL X: 716,000 Y: 194,000 \ Z:980

Physiological Condition: Locaed in the gorge stuated in the esstern end of Jod Bou Dahar. Eastern Sde is Tamldt plan,
North-Easern g deis Hauts Plateaux, North-Western ddeis Flis Marginaux, and Southern sdeis Sllon Sud Atlasique.

Geological Province: Easternend of Haute Atlascdcare L ocation: Approx. 42 km Eagt of Beni Tgjjit

General Geology: Manly composed of Limestone General Sratigraphy:

In the wedern area, an aoll of Lias surrounds Schig and | Pdeozoic: schig and quartzite
Quartzite (Sebbab Kehir) of Pdeozoic. These area has lead | Sinemurien: limedone

and zinc blend mines Lotharingien: limestone

Geological Structure: The formations observed in the gorge | Domerien - Carixien: limestoneinterbedded with merl
exis as the large attidind sructure. Around the antidind | Toarcien: marl and marly limestone

axis, fractured zones deveop, and formations are didocated | Aalenobgodien: limestone

by faults The northern dde of artidine dips gegply and | Quaternary

didocated by faults ec, while the southern dde is nearly
horizontd dpping 10©  15° towads South until the
dfluent of gorge

Geology of Reservoir Area: Bedrock in the gorgeis Limestone of Lotharingienand Snemurien. Updreamisthelargevadley
composed dso of manly Limestone covered by sit and maly soil.

Geology around Dam Site: Bedrock is Limestone of Mesozoic where bedding is dmogt horizontd. Some faults orienting
generdly E- W Timit the extension of rock. Manly following three sysems of Faults are recognized where are normaly
well-devdopinginesgen sdeof Bou Dahar Massf. F1  N100°,70° 8°S F2 N90°veticd F3 crosingaa
right angleto river courseN90°  N100°

Geomor phology along Dam Axis RG: goprox.55, RD: goprox.70 , FD: approx.75m
note: RG; Slope Angleof Left Bank (° ), RD; Slope Angle of Right Abument (° ), FD; Widthof Valley Bottom PD; Inclinationof River Bed

Geology along Dam Axis

L eft Abutment River Bed Right Abutment

Composed of had and massve | River depogts (Ep= about 15m) cover | Composed  of Limedone  dmod
Limesone Faullt is infared in the | Limestone bedrock. Those are manly | horizontd (dipping 5 © 10 ©
midde of dope. Thickness of unit layer | send and gravd of which maximum | downgtream dde). They ae rddivdy
isinorder of 10cm. grandzeis 10 am, and medium Szeis | freshand messve

3 5an

note: Bp; Thickness Vp; Seismic Transversal Velocity in (Kmysec),

Remarksof Dam Foundation: Patly very big kargs are devd oped someti mesreaching thar 3ze 20m x 6m.

Watertightness

Dam Site Reservoir

Though Limesione a dam ste is hard and massve, patly | The Limestone forming gorge of Kheng Grou river develops
large kards are observed. Then careful study on leskage is | sometimes kars eroson. Snce many qxings exig in the

necessay. downdream aea leskage from reservoir may be
conddgdle
note: Lu Lugeon Unit
Stability
Dam Site Reservoir

Since both banks are geep, the discontinuity in the rock is | Badcdly gable
important to the ahility. Thar distribution and sructure shdl
be carefully checked.

Condruction Material

Sand & Gravd Materid: River depogts; in the downdream of whichriver widthis200  250m; dsointhe upsream.
Rock Maerid: Limestone around dam ste
Earth Maeid: High Levd Tarace depodtsinthel et bank; the Deposts dong Ksar Moghd (ri ght bank)

Study Leve Preliminaire
Exigting Geotechnical Invedtigation:
Drilling: Nos4=230m (Dam Ste=RD 1, OD 2,RG 1)
Ted Pit (P) & Trench (T): P: Nos.20 (River deposts), P. Nos4 (RG Tarece, Gr.), P Nos.3 (RD Teraceto River, Sit)
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Tablel21 Summary of Geology around and at Respective Dam (15/26)

14, Adarouch River Tigrigra Zonel
Province: Ifrane Cercle Azrou | Commune: Sd d Makhfi (Tigriga)
Topo-Map (1/50000): BOU CHBER X: 489,800 Y: 316,350 | Z:830,50

Physiological Condition: Located a the eastern end of Moroccan Centrd Massif near the border of Moyen Atlas Casse.

Geological Province: North-Eastern Massif Centra Hercyrian

L ocation: Approx. 35 km Wes of Azrou

General Geology: Namuienne formetions ae in
Benghanem-M'taoutou t. Dam site islocated just on the bedrock
of Namuriennes of Fourhel Syndinorium
Benghanem-M'taoutout extending in the limestone mountain
range of Chougrane and Agourai. They are Turbiditic but their
re-sadimentaries (Olistosrome) can not be found out. They are
generdly continung to Hysh deposits of Viseo-Namuriens.
Southward of this areg, the southern Sde of Grou river is
composed of Stephano-Autumien Formatiors.

Geological Structure: Central Moroocco Massif is a Hercynian
orogenic area extending from the Atlantic to Moyen Atlas ad
GhartySaiss plains to Phogphates plateau forming 5 folding zones
bounded by faults orienting NE-SW.

The bedding and schigtosity around dam site is gtriking NE-SW crossing
a a richt angle to Tigriga river course Dam site is founded on
Namuriennes  formations  forming  "Fourhal  synclinorium
Benghanem-M'taoutoult”. They ae folded orienting their axis NE
inclining geeply towards NW to SE or vetical. These formations
intruded sometimes by Granite. The biggest one isMent Granite.

General Sratigraphy:

Namuriennes. a least 800mthick dternation of sandstoneand
mudstone interbedded with around 1m thick coarse sandgtone
or fine congomerae lenses; fossliferous green to black,
sometime dumping. Sometime someterth certimeter thick of
limestone breca ai sinterbedded.
Viseo-Namuriens. FHlysch deposts.
Stephano-Autumien;  Agoura
intruded by granite dyke.

syndinorium  limestone

Geology of Reservoir Area: Bedrockis Turbiditic formation of Namurian of which beddi ng and schistosity (NE-SW) iscross ng at
aright angeto river course Geologica sructureinthisareais caled " Benghanem-M'taoutou t of Fourbd Syndlinorium’'. They are
basicdly Hysh deposits between Chougrane and Agoura Limestore Massif. These are someti mesi ntruded by Grarite.

Geology around

Dam Site: Bedrock is Sandstore, Schist, and Cong omerate of Carboniferous. Sandstoneand Congomerateis the

mai n Srataaround dam Ste and ri ght-standi ng Conglomerate Bar forms the gorge of damaxis. Dam siteis situati ngon the big folding
caled"Fourhal Syndinorium' composed of Hyshof Viseo-Namuriens, whichare someti mesi niruded by Grarnite.

Geomorphology along Dam Axis RG: 23 25,RD: 13 15, FD: approx.40m
note: RG; Slope Angleof Left Bank (° ), RD; Slope Angle of Right Aburment (° ), FD; Widthof Valley Bottom PD; Inclinationof River Bed

Geology along Dam Axis

L eft Abutment River Bed Right Abutment
Bedrock conditionisrdaivey good. Alluvid depogts verythin(Ep=05m) | Bedding is dippng towads W=
Partly covered by thintop soil. Bedrock of weathered zone: Ep= 1 2 | mountan sde (morethan 75°).
Highly weathered zone: Ep= about 5 m; | m. Weathered zone reachesup to around 18
gradually goingto be sound rock as desper. Disoontinuous sandy Terace deposts | m: Highly weathered zoneEp=5 8m.
Falts coss obliqudy, of which| exig narow andlong.
displacement isabout 130m towardsthe
right dong bedding drike

note: Bp; Thickness Vp; Seismic Transversal Velocity in (kmysec),

Remarks of Dam Foundation: Joints perdld to dam axis are very frequent. Faults is dearly disdacng the formetion.

Weaheingis remarkabl einthe sandy part.

Watertightness

Dam Site

Reservoir

Up to 20-25min the drata of Sendgone and Conglomerate,
pemedility ishigh. InthePditic Schig itisbascdly low.

Need to be chedked pameghility of Congomeratelayers and
Faultlines

note: Ly Lugeon Unit

Stability

Dam Site

Reservoir

Some faults are observed in the It bank, thar gahility have
to be checked.

The dopein the upsream is very steep (max. 5V/1H). Then
their stahility shdll be checked.

Congruction Material

Sand & Gravd Maeid: River dgposts around dam Ste; enough volume

Earth Maerid: Tarace deposts; day - St

Study Level APD

Exiging Geotechnical |nvedtigation:
Drilling: Nos6=339m

Laboratory Teds

Dirilling Cores (Spedific Gravity, Unconfined Compresson, Direct Shear)
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Tablel21 Summary of Geology around and at Respective Dam (16/26)

15, Sdi Omar River Tanoubart Zonell
Province: Khemisst Cercle: Maaziz ‘ Commune: Ait Ikkou / Tedders
Topo-Map (1/50000): SEBT AIT IKKOU X: 425,100 Y: 336,100 \ Z:263

Physiological Condition: Locaed in the center of Moroocan Centrd Massf. Catchment arealis long hilly mountain ranges

and platesus covered rddivey with rich vegetaion.

Geological Province: North-Westeen Maoc Centrd
Septentriona

L ocation: Approx. 36 km South of K hemnisset

General _Geology: Pdeozoic, Triasdc, Jurassc and
Mio-Pliocene Quaternary extend in the surrounding area
These are composed of both Sedmentaiesand Igneous

Geological Sructure: Folding axes orient manly NE-SW,
and schigtogty is fitting to that dipping SE.. Joint system is
padld to or & a right ange to schigosty. Geneadly
formations are compacted by reversefaults.

The sygem of normd fallts N70°-125°,40°-75°N,
N30-70,40-80NE

The system of drike-dip faults N30°-55°, 85°-90°E, N10°
-160°, 50°-90°W

General Sratigraphy:

Ordovidan, Slurian and Devonian

Caboniferous turbiditic; greywacke or the dternaion of
conglomeraemudsioneor orthouartzite'mudsone

Permian: volcanic rocks; andesite, rhyolite, liparite trachyte;
congomerde fine congomerate, reddsh sanddone and
mudgone

Trissdc. sty evaporite, reddish mudstore (lower unit) -
basdt and merange of reddish mudstone (Upper unit)

Geology of Reservoir Area: Bedrock is Schigt interbedded with Sandstone of Pdeozoic. They are someiimes overlan by
Congomerate, fineCongomerate, Sendstone and red Mudgtone. Colluvid depodts devdop rardy.

Geology around Dam Site: Bedrock is the dternaion of Schidose Sendgtone and Sae (patly Schig) of Namurian and

Visean. Thethickness of eechlayersis Sandgone= approx. 5m,

Jae=approx. 10m.

Geomorphology along Dam Axis RG: 35, RD: 50 60, FD: approx.70m
note: RG; Slope Angleof Left Bark (° ), RD; Slope Angle of Right Abutment (° ), FD; Widthof Valley Bottom PD; Inclinationof River Bed

Geology along Dam Axis

L eft Abutment River

Bed Right Abutment

Composed of red-color, rdaivdy

Alluvid depogts cover the bedrock.

Topsoil: Ep=aound1 m.

homogeneous, partly sheared dternation
of Sandgone and Sae Top il cover is
thin. Geologicd drudure is rddivdy

Those are composed of send to st with
swome cobble and gavd of schig,
sandgone, and limestone. Fault may be

Bedrock is the dternation of Sandgone
and Sate (beddng N30°ES0°W) a
jus downdream of dam axis, while

smple, namdy monodinic (bedding
N30E,60W).

inferedon river bed.

phyllitic Schigt (schistosty N30°E,90°)
exigds a dam axis Fault and sheared
Zore exig d jug updream following
very folded schigose rocks

note: Bp; Thickness Vp; Seismic Transversal Velocity in (kmysec),

Remarksof Dam Foundation: Left Bank Sdeis composed of ydlowish deteriorated Schigt continuing to sheared zore & just

upstream. Sheared zone may be crosang & river bed.

Watertightness

Dam Site

Reservoir

Some pats ae very fractured and faults are observed
eypeddly in Right Bank dde s0 that leskage may be
cond derabl e around these portions

Badcdly it seemsto be no problem.

note: Lu Lugeon Unit

Stability

Dam Site

Reservoir

Right bank iscomposed of folded Schigt rd ativey weethered
& ddeioraed and patly sheared. Ther gability shdl be
carefully checked.

Updream dope of dam axis on Right Bank is covered by
rdaivdy thick taus depodts which are very erodable These
tdus depodts are derived from weethered Congomerate
which exigs on the upper dope of Right Bark. Thar gability
shdl be checked.

Congruction Material

Earth Maerid: reddish day inthereservoir areg; Colluvid depostson theright bank dopejud upstream sde
Sand & Gravd Materid: Tanoubart River depodts; volumeis not sufficient
Rock Materid: Sandsone-Quartzte bares; Cretaceousformation a 2km downstream from dam axis

Study Leve Preliminaire
Exigting Geotechnical Invegtigation:
Drilling: On Going
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Tablel21 Summary of Geology around and at Respective Dam (17/26)

16, Tiouine River Iriri ZonelV
Province: Quarzazate Cercle: Quarzazate | Commune: Ait Zinab (Tiouing)
Topo-Map (1/50000): TIKIRT X: 32343 Y: 438513 | Z:1273

Physiological Condition: Located a the western end of Ouarzazate Basin forming " Sillon Sud Atlas que" between Haut Atlas
and Anti Atlas.

Geological Province: Anti-Atlasocddentd L ocation: Approx. 20 km South of Ait Ben Hadou

General Geology: The depresson of the baean aound | General Sratigraphy:

Tiouine was formed by tectonic movement orienting N-E | Precambrian: igneousrocks (pyrodadics, lava, and tuff)
where isfilled by detritus derived from Volcanics. Basement | Tatiary. congomerde, sandsone

rocks areof Precambrian. Dip of theseformaionsis 10°NE. | Quaternary: coarse deposts

Geological Structure: The bigfaultsforming the boundary is
thegroup orienting NNE  NE being pardld to eechunit, and
ENE ESE traversing each unit. The former forms "le horst
deTiouine (Tiouinehors)".

Geology of Reservoir Area: Bedrodk is Rhyolitic to Andesitic rock of Precambrian and Conglomerae and Sandgtone of
Cenozoic. Precambxianrock is very massve (no bedding) and very hard. Cenozoic rock is rd aivey loose and porousand so
many piping hole can be obsarved.

Geology around Dam Site: Bedrock is Rydlite of Precambrian. The areais usudly composed of "Series of Volcanics or
Vol cano-Detritus of Ouarzazate" which is massve (no bedding), homogeneous, and hard. Conglomeraefillsthe vdley of the
Precambrianwhichisusudly dippingto 15°  20°E.. Vol canic Brecd als obsarved in the downstream.

Geomorphology along Dam Axis RG: 70 80,RD:40 70, FD: approx.65m
note: RG; Slope Angleof Left Bank (° ), RD; Slope Angle of Right Aburment (° ), FD; Widthof Valley Bottom PD; Inclinationof River Bed

Geology along Dam Axis

L eft Abutment River Bed Right Abutment

Composed of vey had Rhyolite| Very thin River depodts cover the| Composed of Rhyolite same as Left
forming very high right-gending diff ock. Ther gran dze is widdy | Bank. However as beng goat from the
which is usudly mingdized by | digributing from sand to boulder. Some | dam  axis it becomes somewha
mangano-iron ore sdt- m powder can be observed | andestic with some faults and sheared
dong thewder course Z0NEs

note: Bp; Thickress Vp; Seismic Transversal Velocity in (km/sec),

Remarksof Dam Foundation: Around dam ste, some groups of Fault havingthe direction E-W, NW-SE, and NE-SW exig.
Thebiggest oneis cdled as "caissess defalles (the Fault box)" with some variety of scde having sometimes5 6mto 10
15m Mylonitein width.

Watertightness
Dam Site Reervoir
Along Faults and fractured zone pemedhility may be| In the Left Bank dde of resrvoir area very porous and
rdativdy high but it may be groutadle. cavitiferous Conglomerate and loose Sandstone are obsarved.
Thesearevery permesble Thear distribution shdl be checked.

note: Ly Lugeon Unit

Stability
Dam Site Reservoir
The gahility dong Faultsshdl be checked. In the reservoir areq, loose and porous Sandsore and
Congomerateare exiging. Thar gahility shdl be checked.

Condruction Material

Sand & Gravd Maeid: Irirt River depodts; Terrace depogts, heterogeneous (sands  boulder)
Rock Maerid: Rhyolite around dam ste; Conglomerateinthe resarvoir area
Earth Maerid: no auitale maeid

Study Level Preliminaire
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Tablel21 Summary of Geology around and at Respective Dam (18/26)

17, Azghar River Zloul (Sebou) Zonel

Province: Sefrou Cercle: Riba Al Khar ‘ Commune: Riba Al Kher (Betha)
Topo-Map  (¥50000): RIBAT AL X: 598,800 Y: 357,000 Z:824
KHAYR

Physiological Condition: Zloul river is the mogt upgtream tributary of Sebou river. Catichment area is long and narrow hills
and plateau covered by rather rich vegetaion.

Geological Province: Moyen Atlassque Plise L ocation: Approx. 10 km East of Ribet Al Khayr

General Stratigraphy:
Jurass ¢ Schis interbedded with cdcareous sandstone
Coalluvid depostsisrddivey few.

General Geology: Bedrock is manly composad of Schig
i nterbedded with Cdcareous Sandstore of Jurassic. Colluvid
depostsisrdativdy few.

Geological Structure: Though the draa aound dam gte
form monodinic dipping gently towards left bank and
downdream Sde, ther regond sructureisfolded by repested
syndines and antidineswith gertleange

Geology of Reservoir Area: Bedrock is mainly composed of Schig interbedded with Cdcareous Sandgone of Jurassic.
Colluvid depogtsisrdaivdy few.

Geology around Dam Site: Bedrock is the dternation of Black Limestone and Marly or Muddy Limestone or Cdcareous
Saeof Lower to Midde Jurassc. Along Zloul river, they are usudly monodinic, however regiondly syndind directing their
axis SW-NE..

Geomor phology along Dam Axis RG: goprox.45 , RD: gpprox.20, FD: approx.150m
note: RG; Slope Angleof Left Bark (° ), RD; Slope Angle of Right Abutment (° ), FD; Widthof Valley Bottom PD; Inclinationof River Bed

Geology along Dam Axis
L eft Abutment River Bed Right Abutment
Bedrock is monodinic dipping gently | River bed is mainly formed by bedrock | Bed rock is same as Left Bark with
towards the downdream and left bank | covered with very thin sand and gravel. | very gentle dope formed by bedding

(bedding N50°9W,10°9). They are very

sound usudly, though having weathered

zone up to the h approximady

3.5rg. p£im planes ae regul;rllé/
levdoped in 2 sysems, oneis par

to river coursg, and another is pardld to

Intheright bank sde, Alluvid taraceis
widdy extendng consging of send &
grave and cobbl e with thi ckness around
1.5m dong river bed, and as seperating
from river bed it becomes sand and gt
dominants with some subangular rock

plane of Limestone

dam axis in the intervd of 30 50cm.
The thickness of unit layers is 20
30cm.

fragment.

note: Bp; Thickness Vp; Seismic Transversal Velocity in (kmysec),

Remarksof Dam Foundation: Generdly the foundation is very sound rocks of the dternaion of Limestone and cacareous
Sae Bedrock inthevdley hasraher dominance of date portion. Karsts can not be observed.

Watertightness

Dam Site Reservoir

Basement rocks dong dam axisis congdered that theleskage
problem may belittle

Badcdly it sseemsto be no problem.

note: Lu Lugeon Unit

Stability
Dam Site Reservoir
Left Bank 9deis very geep. Thar gahility is necessary to be | Baacdly sdde

checked.

Congruction Material

Earth Maerid: reddish day inthereservoir area.or downgtream 9de
Sand & Gravd Maerid: River depostsof Zloul river and Quaryariver (gpprox. 1Ikmfar from dam dte)= sand is domi nant
Rock Maerid: Limestone

Study Leve Preliminaire
Exiging Geotechnical Invegtigation:
Drilling: On Going
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Tablel21 Summary of Geology around and at Respective Dam (19/26)

18, Boukarkour River Zamrine Zonell
Province: Setat Cercle Ben Ahmed | Commune: Mgarto (El Gara)
Topo-Map (/50000): MGARTO X: 341,350 | Y: 291,000 | Z: 288

Physiological Condition: Located at the ravineof approx. 260mlengthinthe south-western sdeof Moroccan Certrd Massif.

Geological Province: South-Wesern Massf Maocan
Centrd

L ocation: Approx. 1 km downgtream of the bridge passng
the Zamrineriver

General Geology: Centrd Morocco Masdf is manly
composed of Devonian and Hercynian Formations of
Caboniferous. As procesding to West, they are covered by
Cheouia and "Plateau des Phosphetes'. Carboniferous in this
areais Visean.

Geological Structure: Centrd Morocco Massif is commonly
cut by the fault sysem orienting mainly NE-SW, E-W and
N-S.

Around dam gte, NE-SW orienting faults exig in the
upsream and the downstream and didocating the formation.
Thesefaultsrun cross ng dong river course and on right bank.
Thefault sygem orienting WNW-ESE isd 0 obsarved.

General Sratigraphy:

Viseen (Carboniferous): Upper portion = manly muddy
sanddone limestone, and quatzte; Midde Upper = schig
interbedded limesone ref or lens; Midde Lower
sandgone and quartzite

Tournaisen: schig and quatzite

Quaternary: red mud, pebble

Geology of Reservoir Area: Bedrock is manly Schis sometimesinterbedded with Quartzite of Visean. Bedding is N85°
100°30°  40°N. Two group of fault orienting NE-SW and N-Slimit the bedrock. Terrace deposits composed manly of sand
and gravd are extend ng in theupgtream. Colluvid depodtsarerddivdy few.

Geology around Dam Site: Bedrock isvery hard sandy Quartzite bars with much iron ore minerd of Visean. Thar thickness
of unit layer isusudly inthe order of meters They are dightly folded and their strike and dip changes ddicatdy from N85

N100,30 40N (dipping to the downdream sde).

Geomorphology along Dam Axis RG: 57, RD: 47, FD: approx.50m
note: RG; Slope Angleof Left Bank (° ), RD; Slope Angle of Right Abutment (° ), FD; Widthof Valley Bottom PD; Inclinationof River Bed

Geology along Dam Axis
Left Abutment River Bed Right Abutment
Notopsoil. River deposts composed of send and | Notop sail.
Composed of vey had, layered | gravd covers bedrock. At the foot of | Bedrock is same as Left Bank. Some
Quartzite interbedded  with  thin | both banks Tdus and Colluvid depogts | formation didocated by Fault orienting

Psammitic Schig. Quartzite is sandy
and laminated by sand-size iron ore
mineras. Bedding is monodinic dong
dam ais dpping towads the
downgtream (N8OCE,35°N).

exig.

NE-SW can be observed forming the
sadde behindthe Right Bark.

note: Bp; Thickness Vp; Seismic Transversal Velocity in (knsec),

Remarks of Dam Foundation: Joints observed in Quatzite are grouped into: N20°, verticd  N55°58°S  and N154°,

71°SW.  Fault may exis

rom upgream s deof Left Bank to the downdgream sdeof Right Bank.

Watertightness

Dam Site

Reservoir

Left Bank: Deeper than 18 m, Lu<2; Shdlower portion, Lu=
3 4

River Bed: Generdly Lu<l.

Rignt Bank: Deeper than9 m, Lu=2 3; Shdlower portion,
Lu=9 10.

Since the reservoir aea is manly com of Schig
i nterbedded with thin quartzti c sandstone, the watertightness
seemsto be good.

note: Lu Lugeon Unit

Stability
Dam Site Reservoir
Bagcdly it seemsto be no problem. The area where the dope gradient is morethan 30% shdl be

checked about the dope stahility.

Condgruction Material

EathMaerid: il inthereservoir area

Rock Materid: Quartzite bar around dam ste or & accessroad (BenSimane— dam gte).

Sand & Gravd Maeid: no suitable materid

Study Leve APD
Exigting Geotechnical Invegtigation:

Drilling: Nos5=176m (Dam Ste= RD OD RGeach1, Up- and Downstream eachl)
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Tablel21 Summary of Geology around and at Respective Dam (20/26)

19, Aoulai River Aoulai (Ouergha) Zonel
Province: Teounae Cercle: Ghafsa ‘ Commune: R?tba
Topo-Map (1/50000): TAMOROT X: 542,150 | Y: 467,850 | Z: 290

Physiological Condition: Topogrgphy in the updream sde

is composed of hills having rdaivdy getle dope, however

changed suddenly into ravinea dam Ste, and againinto wide vl ey.

Geological Province: Rif Ocddentd, Intrarifane zone

L ocation: Approx. 20 km North of Ghefsa

General Geoloqy: Generdly homogeneous and same scde
of Cretaceous Hlysh extend in this area and lye under oft
Ultrarifanes Nappe

Upper Cretacenusisinthe age of Cenomanien - Turonienand
Senonien, and partly Numid ennemass of Ngppeis scattering.

General Stratigraphy:

Upper Crelaceous Cenomanien - Turonien and Senonien
Hysh; schig, mal, maly limesone

Ultrarif Nappe

partly Numidienne: sandstone, mudgtone

Geological Structure: Generdly the areais srongly folded
and faultswith shear zone are observed & many place.

Geology of Reservoir Area: Bedrock is Schig interbed

ded with black Limesone of aound 10cm in thickness.

Unconsolidated deposits such as Tarrace deposts, Colluvid depodits, and River depositsare very limited.

Geology around
homogeneous

Dam Site: Bedrock is Schigt interbedded with Black Limestone layers of Cretaceous. They are normdly

Geomorphology along
40m(El. 330m) from ma

nriver bed.

Dam Axis RG: 17 (11 30), RD: 30, FD: 100m, Right Bank forms the sadd e of rdative heght

note: RG; Slope Angleof Left Bank (° ), RD; Slope Angle of Right Abutment (° ), FD; Widthof Valley Bottom PD; Inclinationof River Bed

Geology along Dam Axis

L eft Abutment

River Bed

Right Abutment

Top soil is derived from Resdud soil of
Schig with somerock fragments.

Schig is completdy weethered and lost
its rock dructure. Black Limestone

bedrock.

Alluvid and Terrace deposts cover the
Alluvid depodts River

In the upstream sde, fresh rock washed
by river water outcrops showing the dip

its (Send | 30° towards N averagdy (schigodty

outcrops in the midde of dope having
many lime vens (bedding averagdy
N120°, 259).

and Gravd) and Alluvid Terace
dqoos'tséSIty sail) Alvof
Terrace degposts composed generdly o

rounded gravd and cobbles diameter in
the order of centimetric to decimetricin

N10°30° 40°N). Inthe cater of dam
dte fresh bedrock is covered by
overburden of 3m in thickness In the
downgtream, 400m length of Terrace
depodits are extending.

asglty matrix.

note: Bp; Thickness Vp; Seismic Transversal Velocity in (knvsec),

Remarks of Dam Foundation: From Left Bank to River
ounadation.

Bed, bedrock is very highly weethered forming very wesk

Watertightness

Dam Site

Reservoir

Permeshility seems to be low due to agllaceous rocks
However, the exiding of unconsolidated meterid may be
carefully trested. Leakage from the foundation of sadde dam

Badcdly it seemsto be no problem.

shdl be carefully checked.

note: Lu Lugeon Unit

Stability
Dam Site Reservoir
Foundation is generdly weahered very much and loose | Schig inthisareais generdly weathered and loosened deeply
Their gahility shall be checked. aﬂd Ezg(rjnetirrm forms seep dope. Thar dahility shdl be
checked.

Condruction Material

Earth Maerid: Colluvid depodtsonthe dope= volumeis not suffident; Terrace depogts(Slty portion)

Rock Materid: Black Limestoneoutcropping a midd edope
Sand& Gravd Maeid: River deposts and Tarrace depodts

Study Level Preliminaire

Exigting Geotechnical Invegigation:
Drilling: Nos 16=690m (Dam Site 13 Sub-Dam 3)
Seigmic Exploration: (10 lines), Resdivity (5 lines)
Adit: (Both Barks50m)

Ted Pit (P) & Trench(T): T: Nos1 (Right Bank), P. Nos.19

Laboratory Teds

(Graddion, Atterberg, Metilen Blue, Sand Equivd ent, LosAngds& Devd, Franklin, Alkdi Reaction)
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Tablel21 Summary of Geology around and at Respective Dam (21/26)

20, Sidi Abbou River Lebene Zonel
Province: Taounae Cercle: Ain Aicha | Commune: Beni Frassene
Topo-Map (1/50000): TISSA X: 585,000 Y: 424,700 | Z:250

Physiological Condition: Located in the southern Rif region where is usudly composed of gentle hills and plaesus,

ometimesof very rocky hillsof limestone

Geological Province: The border of Prerif and Mesorif

L ocation: Approx. 30 km WSW from Ain Aicha

General Geology: Southward is Prerif digributing Ouazzane
Ngppe and Uppe Cretaceous. Northward is Mesorif and
patly Triasscisdidributing.

Geological Structure: Basement rocks form idand arc
curving towards South, however the orientation around dam
steis nealy E-W. In the south, Intrarif Nappe forms many
hills

General Stratigraphy:

Ouazzane Nappe

Triasdc

Upper Cretaceous marl

Lower to Midd e Cretaceous limestone bars
Miocene mal

Geology of Reservoir Area: Bedrock is composed manly of Marl interbedded with Limestone River depogts and Alluvid

terrace depogts are widd y extendi nginthe reservoir area.

Geology around Dam Site: Bedrock is dightly nc‘rgisalized Limestone sometimes forming Limy Conglomerae and Limy
y

Sandgtoneof Jurass cto Cretaceous They arenor

mass ve and beddingisundear.

Geomorphology along Dam Axis RG:60 80,RD:45 90,FD:5 10m
note: RG; Slope Angleof Left Bank (° ), RD; Slope Angle of Right Aburment (° ), FD; Widthof Valley Bottom PD; Inclinationof River Bed

Geology along Dam Axis

L eft Abutment

River Bed

Right Abutment

Left Bank is overhung. In the upper
portion, rocks are weathered then joints
ae open and filled with muddy
maeids. While, lower portion is very
fresh, hard, and dosedjointsreativey.

Gravd or sometimes sands fill the
depresson of bedrock in a smdl scde
Maximum grain size of river depogtsis
20 cm, while the rock block has 2 m
sze. Bedrock is fresh, very had and

Joints ae dpping towads river dde
with gadett 50© 70°. In the
downdream dde, very big kadts exids
devdoping dong the Jint or Fault
orienting N109WA0OW,

thar jointsaredosed wel.

note: Bp; Thickness Vp; Seismic Transversal Velocity in (knsec),

| Remarksof Dam Foundation: The portion dong some discortinuity inthe Limestone develops very large kards

Watertightness

Dam Site

Reservoir

Though Limestone a& dam gte is hard and massve, patly
large kards are observed. Then careful sudy on leskage is
necessa'y.

Both Banks of reservoir area continuing from dam gte are
co of Limegone where some lage kards develop
speadly in some area. For leakage control, ther distribution
must be carefully sudied.

note: Ly Lugeon Unit

Sability
Dam Site Reservoir
Bascdly it seemsto be no problem. Bascdly sdde

Condruction Material

Rock Maerid: Limegone around dam Ste
Sand & Gravd Maerid: River depostintheresarvoir aea

Earth Maerid: Top soil digributing onthe bedrock of Marl intheresarvoir areaandinthe downstreams de

Study Level Preliminaire- en cours
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Tablel21 Summary of Geology around and at Respective Dam (22/26)

21, Sdi & Mokhi

River Amzez (Ouerrha)

Zonel

Province: Taounae Cercle; Sd Mokhi

Commune: 9d Mokhi / Timezgana
(Gdaz)

Topo-Map (1/50000): RHAFSAI X: 558450

| Y: 448,300 | Z: 257

Physiological Condition: Locatedinthesouthern sdeof Rif region.

Geological Province: Northern sde of river basin is Mesorif,
andthe southern sdeis Prerif.

L ocation: Very near Gdaz village

General Geology: Homogeneous rock fades of Intrarif zone,
which aefol % and overthrugted by the mass of Triassic to
Rliocene to the mounta n pesk ward.

Geological Structure: Generdly the areais srongly folded
andfaultswith shear zone are observed a many place.

General Sratigraphy:

L:;ggo Midd e Cretaceous marly limestone i nterbedded with
Hysh.

Upper Creteceous marl

Lower Eocene: masd ve limestoneor flint-li ke rocks

Uppe Eocene merange

Oligocene and Lower to Midd e Miocene schist, sandsone
and congomerate

Geology of Reservoir Area: Bedrock isof Marl, cdcareous Sae and Limestone Terrace deposts and Colluvid depostsare

extending.

Geology around
Cretacsous. Bedd
coarse agrossjud upsreemof dam axis

Dam Site: Bedrock is composed of layered black Limestone and cadcareous Sate of Lias to midde
ng is N6O°E,35°S dipping to the downstream. Some faults may exist crossing & aright angle to the river

Geomorphology along Dam Axis RG: 30, RD: 15, FD: 35m

note: RG; Slope Angleof Left Bank (° ), RD; Slope Angle of Right Abutment (° ), FD; Widthof Valley Bottom PD; Inclinationof River Bed

Geology along Dam Axis

L eft Abutment River

Bed Right Abutment

2 5 maes of Colluvid deposts
coves bedrock. Bedrock is massve
medium hard, and dosdy jointed black
Limetone ad cdcaeous Sae
Bedding is ddicady changing due to
srdl foldng. The thickness of
weatheredzoneis1l 2m.

River deposts cover
thicknessis2 5m.

the bedrock. Thar | Bedrock issame asLeft Bark.

note: Bp; Thickness Vp; Seismic Transversal Velocity in (Kmysec),

Remarksof Dam Foundation: Somefaultsareinferred a just upstream of dam axis crosang a aright angleto river course

Watertightness

Dam Site

Reservoir

Partly naturd hole dong bedd ng plane can be obsearved, then
careful sudy on leskageis necessary.

Since the rexervoir area is manly composed of Marl, the
waetightnessis cons dered good.

note: Lu Lugeon Unit

Stability

Dam Site

Reservoir

At jus updream Sde of Let Bark, lage dope falure is
obsrved. Sahbility dong infered fault located & judt
upstream of dam axis shdl be checked.

Itis necessry to bechecked about the dakahility of Marl.

Congruction Material

Earth Maerid: locaed a 3kmfrom dam ste
Rock Maerid: Limestone around dam Ste
Sand & Gravd Maeid: River depodts, volumeis not sufficient

Study Leve Preliminaire
Exiging Geotechnical Invetigation:
Ted Pit (P) & Trench(T): P. Nos.3
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Tablel21 Summary of Geology around and at Respective Dam (23/26)

22, N'Quantz River N'Ouantz Zonelll
Province: Beni Mdld Cercle El Ksbha | Commune: Tizi Ny (Aghbd d)
Topo-Map (1/50000): AGHBALA X: 471530 Y: 206,600 | Z:219

Physiological Condition: Located a the border of Moyen Atlas and Haut Atlas. Dam steisjus intheSdeof Haut Atles.

Geological Province: The border of Moyen Atlas and Haut | Location: Approx. 4 kmNW from Rhafsal
Atlas Centrd

General Sratigraphy:
Jurass cand Eo-Cretaceous reddish detriti c depodts.

General Geology: It is characterized by large subsdencein
the time of Jurasic and Eo-Creteceous followed by the
depositsof through continenta or sub-conti nentd.

Geological Structure: Around dam gte the draa is
monodinic dipping gently towards the downdream and [ eft
bark sde. However regondly obsarving, it isin the lar
folded zone orientingits axi s E-W, and overfolding and nearly
vaticd draa can be obsarved in the upgtream. Dolerite
intruded somewhere The large fault orienting ENE-WSW
ex(lalslts and some disoonti nuous lines orienting N-S deveops
w

| Geology of Reservoir Area: Bedrock is Sty Sandstone whichis covered by Alluvid depositsand Colluvid deposits

Geology around Dam Site. Bedrock is the aternation of red Mudsione and Sandgione of JUrassic of which the thickness of
unit layer isinthe ded metric order.

Geomorphology along Dam Axis RG: average20, RD: average 21, FD: 50 m
note: RG; Slope Angleof Left Bank (° ), RD; Slope Angle of Right Aburment (° ), FD; Widthof Valley Bottom PD; Inclinationof River Bed

Geology along Dam Axis
L eft Abutment River Bed Right Abutment
Colluvid deposts ae vey thin| Alluvid depogsts cover bedrock. They | Few meters of Alluvium composed of
digributing locdly. Bedrock is| condg manly of slt of 1.5 20min| send and gravd with some rock bloc
rhythmicdly dternating and | thickness. Terrace depodts dso develop | coversbedrock. Bedrock is same as Left
monodinic. Mudsioneis dominart. a both bank sdes composad of sand | Bank.
and gravd withsilt.

note: Bp; Thickress Vp; Seismic Transversal Velocity in (km/sec),

Remarks of Dam Foundation: The overburden of Right Bank isthick, and bedrock is composed of manly Mudgonewhich

is not S0 hard enough.

Watertightness

Dam Site

Reservoir

Permeshility seems to be low due to mainly composed of
argillaceous to pditic rocks. However, in case Limedone is
exiging, careful cond deration shdl be necessary.

Bagcdly it seems to be mlglt()tiem Hﬂwever _:jhporr(])us
Limestone exi s somewhere, may happen. Then their
digributionshdl be checked cardlf?e

note: Lu Lugeon Unit

Stability
Dam Site Reervoir
Bagcdly it seemsto be no problem. Bascdlyddie

Congruction Material

Earth Maerid: cohesvesoils being sedment onthe vdley bottom; enough volume

Rock Maerid: Limestone around thedte
Sand & Gravd Maeid: no suiteble materid

Study Leve APD
Exigting Geotechnical Invegtigation:
Ted Pit (P) & Trench(T): P. Nos5

IT-23




Tablel21 Summary of Geology around and at Respective Dam (24/26)

23, lqui N'Ouagga River Aguerd (Nokheil) ZonelV
Province: Taroudant Cercle Old Berhil | Commune: Idaou Gaild / Tdgjount (Agoumadane)
Topo-Map (1/50000): IGLI X: 187,000 | Y: 418,000 | Z: 717

Physiological Condition: Locatedinthesouthern dopeof Haut Atlas Occidentd.

Geological Province: Southerndope of Haut Atlas Occidental

L ocation: 50 km NE of Taroudart

General Geology: The area of Haut Atlas Occidentd is
composed of Precanbrian basement and Paeozoic folded in the
time of Hercyrian Orogeny and inruded by Granite In the
Atlantic Ocean Sde, Haut Atlas Occiderta cdcare exist and is
separated into two by Argana Triassc gorge which are generdly
composad of Upper Jurassic to Lower Cretaceous followed by
Upper Cretaceous to Eocere.

Geological Sructure: Damsiteislocated at the northern end of
anticling faut. The centrd area of the fault hes a basement of
Paeozoic composed of tramsgressiond |imestone, sandstone and
mudstore interbedded gypsum. Atlas Faut (WSW - ENE) is
gererdly reverse type overthrusting dominartly to North. The
contact of South Atlesic border and Cretaceous can be described
as South Atlas Lire orienting NE-SW and EW.

General Sratigraphy:

Pdeozoic basement: Tichka Granite dome surrounded by
cadcarenus aea

Lower Cretaceous muddone, marly limestone.

Turonien; dolomitic limestone bar, thin limestone and flirt.
Upper Cretaceous mainly mal, marly limestone
Maedtrichian: sandgtone

Pliocene to Quaenay: reddish mud and grave, lagoond
limestone and conglomerate

Geology of Reservoir Area: Bedrock is mainly Marl interbedded with Limestone of Cretaceous which is characterized by
yellowish to redd sh color. Fine conglomerate, Sandgtone, and Mudgtoneisd so exigting. Bedding of Cretaceous formaionsis
dipping towardsthe upstream around 25°. Terrace depodts areexiging widdy.

Geology around Dam_Ste: Dam ste is Stuated in the gorge of Limestone Bars interbedded with Marl of Cretaceous
BeddingisN75°  90°20°  25°N dippingtowardsthe upstream.

Geomorphology along Dam Axis RG: 70 90,RD: 70 90, FD: approx. 20m
note: RG; Slope Angleof Left Bank (° ), RD; Slope Angle of Right Abument (° ), FD; Widthof Valley Bottom PD; Inclinationof River Bed

Geology along Dam Axis

L eft Abutment River Bed Right Abutment

Notopsoil.
Composed of many type of Limestone,
Mal and muddone Muddore is
usudly layered very thin, while unit
layer of Limesone and Mal is 40
100cm thickness, sometimes reaching 1
2m. Many kads devdop dong
bedd ng plane and in some layers. Rock
blocs are accumulated at thefoot of diff.

Some meters of River depodts cover
bedrock probabdly sometimes reaching
to 10 m thickness. It is composed of
rock blocs, send and gravd of so many
type of rocks such as quartzite, schigt, or
granitic.

No top soil.

Bedrock is sane a Let Bank.
Limestone bars are dominant and kards
are dso obsarved & many place

note: Bp; Thickness Vp; Seismic Transversal Velocity in (knvsec),

Remarksof Dam Foundation: Kargs areobsarved a many place. Moreover, 2 groupsof fault (oneisverticd ori erting N160°
180° and pardld to water course, and another is dipping Steep orienting N100°  130°) are exigting and joints dong them
areopen, ome are sheared.

Watertightness

Dam Site Reservoir

SO many caves, cavities and holes are observed dueto kards.
Leakageisthemod consderableinthisarea

Limegone exiding in Both Banks continuing from dam dte
may have many karss so that | eakage may probaldly happen.

note: Ly, Lugeon Unit

Stability
Dam Site Reservoir
Badcdly it seemsto be no problem. Badcdly gdde

Congruction Material

S_ar;d & Gravd Maeid: Rive depostsof Faregh river (the downstream zone of Aguerd river: 15km downstream from dam
St

Rock Materid: Limestone around dam sSte

Earth Maeid: no suitale maeid

Study Leve APD
Exigting Geotechnical Invedtigation:
Drilling: Nos 7=442.5m(Dam Ste=RD 3,0D 2, RG 2)
Adit: (Right Bank 60m)
Laboratory Teds
Drilling Cores (Spedfic Gravity & Absorption, Super Sonic, Form Coef., Unconfined Compression)
River depogits(Gradation, Seveindgtu, Send Equivdent, Los Angds)
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Tablel21 Summary of Geology around and at Respective Dam (25/26)

24, Amont Abdel moumen River | ssene ZonelV
Province: Taroudart Cercle: Argana | Commune: Argana(Aoia Tazouer)
Topo-Map (1/50000): ARGHANA X: 145,400 Y: 427,000 | Z: 780

Physiological Condition: Located a the upstream of Large Abdd moumen Dam onthe river forming Argana Triassic gorge
orienting NE-SW inthe Haut Atlas Occidentd.

Geological Province: Western sdeof Haut Atlas Occideantd | Location: 4 to 5 km upstream from Argana

General Geology: Triasdc ddritic depodts, which is
continentd dong andent depression areg, extending dong the
gorge. Intheright bank 5 de, Basdt shegts are d S0 obsarved.

General Stratigraphy:
Permo-Triassic: continentd deposts
Badt dyke

Geological Structure: Dam steis locaed in the Arghama
Triasdc Gorge The draa is monodinic dipping towards the
dob\é\énsterdean Some faults orienting E-W  NE-SW can be
observi

Geology of Reservoir Area: Bedrockisdmogt same as dam site.

Geology around Dam Ste. Bedrock 1s the dtamnaiion of Sanagtone, Mudgtone, and Conglomerae of Triassc. Sanddone and
Congomerate are medum herd, while Mudgtore is reldivey soft. omej joints in Conglomerete are open. Some Mudgtone
layers havedumping structure.

Geomorphology along Dam Axis RG: 35 40,RD: 30 35, FD: approx.100m
note: RG; Slope Angleof Left Bank (° ), RD; Slope Angle of Right Aburment (° ), FD; Widthof Valley Bottom PD; Inclinationof River Bed

Geology along Dam Axis

L eft Abutment River Bed Right Abutment

Notopsoil.
The thickness of Congomerate is more
than 5m, while unit layer of Sandgtone

River depost is rddivdy few and
bedrock outcrops to and fro. Deposts
are dmog of rock blocs and cobbles

No top soil.
Bedrock is same as Left Bank. Onefault
is observed displacng formation 2

and muddoneis05 1.5m.

Bedding is monodinic (N20°E,20°9W)
dipping towards the downdream. Any
folding cannot be obsaved. Ore vay
der big fault is obsaved where
formations are displaced morethan 5m.

Sandsend Sltsarevery few.

3m. Sheared zone is very amdl. In the
lower portion of abutment, the andent
dopefalureexids.

note: Bp; Thickness Vp; Seismic Transversal Velocity in (knsec),

| Remarksof Dam Foundation: In Conglomeratelayer, some open joints are observed.

Watertightness

Dam Site

Reservoir

In Conglomerate layers, bedding planes are sometimes open,
andlayer itdf isalittle porousresulting highly permeable To

Though the Congomerae layers in the aea may be
medble, its didribution is limited in the reservoir. Then

avoid leskage the didribution of Conglomerate shal be | leakage fromreservoir may not be so significant.
carefully sudied.
note: Ly Lugeon Unit

Stability

Dam Site

Reservoir

Orerdativdy large dopefalureisobserved a Right Bank. It
isnot soold. Itsgtahility shall becarefully checked.

Some dea fault lineaments are observed in the aea The
slr(])piegatility dong these lineaments shdl be carefully
checked.

Congruction Material

Sand & Gravd Maerid: River deposts,; enough volume

Rock Maerid: Sandstone and Conglomeratearound dam sSte; not enough strength
Earth Materid: the soils digributing around theriver from right to resarvoir area

Study Leve Preliminaire- en cours
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Tablel21 Summary of Geology around and at Respective Dam (26/26)

25, Sdi Abdella River Ouaar (Souss) ZonelV
Province: Taroudant Cercle: Tamdoukt ‘ Commune: Ait Iga(Ouarhenchoucht)
Topo-Map (50000): TAMALOUK T X: 171,700 | Y: 408,600 | Z: 478

Physiological Condition: Locatedinthesouthern dopeof Haut Atlas Occidentd.

Geological Province Southen dope of Haut Atlas
Ocddentd

L ocation: Approx. 22 km from Ahad Imoulass Souk located
on the Taroundant - Tama oukt road

General Geology: In the cenrd pat, Schist of
Cambro-ordovicien forms the basement. Around anticlirg,

General Stratigraphy:
Lower Cretaceous to Turonien (Upper Cretaceous):

Cretaceous digtribute. The strike and dip around damditeis N75°
-90° (pardld todamaxis),25°  35° to the downstream

limegtone, fine conglomerae, sandsone and mudstone.
Cambro-ordovidien; shdeinterbedded with sandstone

Geological Structure: South Atlas Fault (WSW-ENE) is reverse
type overthrusting dominartly to North partly with secondal sheer zone.
The contact of South Atlasic border and Cretaceous can be described as
South Atlas Line orienting NE-SW and EW. Cretaceous is uniformly
folded and dislocated vetically by the faults orienting E-W which
influences also to Paeozoic.

Geology of Reservoir Area: Right bank dopeis generdly gertle, whileleft bank dopeis stesp. Cretaceousrock isextendingin the
reservoir area cheracteri zed red color composed of generdly brittle and high erodibility of Shae, Sandstone and F ne Congomerate,
partly interbedded with Limestore Bar someti mes suffered karst erosion Bedding is dipping towards the downstream around 30°
and schistosity isN802,30°  35°. Terrace deposits extend ma iy dongri ght bank side. River depositsarerdatively few.

Geology around Dam Site: Bedrock is manly Shae interbedded with few Sandgone layer of Pdeozoic. Doleritic dyke
intrudes obliqudy crosing river course. Limestone and Marl of Mesozoic |ye on the Pd eozoic, which are very suffered by
karg eroson. Beddi ng of Pd enzoicisN30W,20E..

Geomorphology along Dam Axis RG: 40 60,RD:30 90, FD: 15m,PD: average2.7%
note: RG; Slope Angleof Left Bank (° ), RD; Slope Angle of Right Abument (° ), FD; Widthof Valley Bottom PD; Inclinationof River Bed

Geology along Dam Axis

L eft Abutment River Bed Right Abutment

Bedrock is Shde intruded by Doleritic
dyke overlan by Dolomitic Limestone
interbedded with red deritics (fine
Conglomerate, Sandgtong, and
Muddone) wherethickness of unit layer
is in the order of certimetric to
dedmetric. Limedone is sometimes
auffered kard erosion.

Bedrock is covered by Alluvid depost
of few mees thickness They ae
composed of rock blocs and cobbles,
and sandy layers. Maximum grain Sze
is aound 1m, medum sze is 20
30cm.

10 20m thickness of Tdus deposts
accumulae a the foot undelan by
Terrace deposgts where thickness is 10
15m. Bedrock is Shde partly
schigose and interbedded with few
Sanddone Shdeis generdly very brittle
and wesk. Vey kast-erosoned
Limegtoneformsright-ganding diff.

note: Bp; Thickness Vp; Seismic Transversal Velocity in (Kmysec),

Remarks of Dam Foundation: Pdeozoic bedrock is generdly very lrittle and wesk. Furthermore Mesozoic Limestone is
vey suffered by karst eroson.
Watertightness
Dam Site Reervoir

In the caxe karet erodoned Limesone exigs in the resenvoir
area, | eskage may be happen o thet their didtribution may be
carefully checked.

Left Bank: Generdly permeshilityislow; averagdy Lu=1 2.

River Bed: Degpar than20m, Lu=3  9; Shallower portion, Lu=10 28
Right Bank Upper abument is conposed of highy karst
erosoned Limestone so that leakage may be highly considerable.

note: Ly, Lugeon Unit
Sability

Dam Site Reervoir

Both Banks areright-standi ng and Tdus depostsisexiging a
thosefoot. Ther sahility shal be checked.

Left Bank intheresarvair areais seep. Thar sability shdl be
checked.

Congruction Material

Sand & Gravel Maerial: River deposits around dam site; Terrace depositsin the right bank side of dam site

Rock Maerial: Limestone around dam site

Earth Material: Taus deposits exists at the foot of right bank lain by Terrace deposits; many rock fragments are included and day percentageislow
(Purchase Maerial): Earth Material; approx. 12 km downgream from dam site. 4 location

Sand & Gravel Maerial: 2 location; 1, 6km downstream from dam axis, River deposits of Ouaer river; 2, 30km from dam site, river deposits of
Soussriver

Study Leve APD
Exising Geotechnical | nvedigation:
Drilling: Nos8 (Downsiream Ste=RD3,0D2,RG3) Nos9 (Updream Ste=RD OD RG each3)=492.2m
Tes Pit (P) & Trench (T): T: Nosl (ngt Bank), P1: Nos6 (Updream Ste; RD Nos4, RG Nos.2), P2: Nos15
(Borrow Area= Earth)
Laboratory Teds
Dirilling Cores (Density, Super Sonic, Form Coef., Unconfi ned Compression)
P2 samples (Gradation, Atterberg, Dendty, Compaction, Direct Shear, Odometer, Permeghility)
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Table 5.1 Existing Material Data for Respective Dam Construction (1/9)

1 Neckor
-Coarse Aggregate-
Dam AxisZone
Alluvium
<Granularity>
>2mm 680 %
0.08-2mm 193 %
<0.08mm 127 %
<Permeability>
Wop: 67 %
Dinac 22 tm?
k: 1.10¥10%1.89*107cm/s
Emprunt Zone
Limon
Locality Upstream Side Downstream Side
<Density>
y: 1.61-1.78 t/m® 1.56-1.57 t/m®
<Natural Water Content>
W: 16-21 % 2-23%
<Granularity>
>2mm 7-41 % 1%
0.08-2mm 1522 % 25 %
<0.08mm 41-74 % 94-97 %
<Atterberg's Limit>
W, 37-47 % 4852 %
Ip: 18-22 24-26
<Procter Test>
P dac: 185 t/m® 1.76 t/m*
Wt 15 % 20 %
<Confined Compressive
Strength>
After Procter's Test
TUU
(o3 0.3 MPa - MPa
®: 6 -
TCD
C: 0.0 MPa - MPa
0" 11 -
TCU+U
CCuU: 00 MPa 0.0 MPa
C: 00 MPa 0.1 MPa
@ Cu: 12 17
0" 15 29
: - 04
<Compressibility
and Permesbility> Upstream Side Downstream Side
Wt Wopt2% Wt Wop+2%
w 12-16 % 12516 % 16 % 18 %
Y ey 2.12-2.26 t/m’ 2.16-2.26 t/m’ 217 ym® 221Um’
Y o 1.86-1.98 t/m® 1.86-1.98 t/m® 187 Um’® 187 Um’®
o 64-196 MPa 79-108 MPa 294 MPa 157 MPa
I 0.053-0.078 0.078-0.1 0.065 0.08
gy 15-118 MPa 15-118 MPa 167 MPa 34 MPa
lg: 0.015-0.042 0.015-0.031 0.051 0.035
K: 710%210°10° cmis | 24*107-7%10° cm/s | 1.2-48*10% cmvs | 3.3*10°-6*10° cis
Cv: 1¥10%2.65410* om®fs | 1.1*10%7*10° em®s | 557*10*cm¥s  2.6-4.45*10" cmls
<Chemical Composition> Tota Upstream Site Downstream Site
CaCO; 39 %
MgCO;, 43 %
SilicazAlumina 796 %
CaSo,, H;0 02 %
H,0 36 %
Organic Material 07 % 0.6 % 0.34 %
Reliquat 01 %
Oxidized Ferite 78 %
Alluvium
<Granularity> Upstream Site Downstream Site
>0.08mm 47 % 36 %
0.08-2mm 16-23 % 15-25 %
2mm< 71-79 % 72-81 %
<Sand Equivalnet>
Es 28-44 37-43
<Procter Test>
P et 2.091-2.258 t/m®
Wt 5.0-65 %
<Direct Shearing Test>
TEST TYPE: CNCR
Wop: 8 %
P dia 215 tm’
Cu: 0.03 MPa
[ a4
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Table15.1 Existing Material Data for Respective Dam Construction (2/9)

2 Tizi Mdllal
-Rock Material-

<Density> Sandstone/Quartzite

y 2.6 t/m’
<Porosity>

n: 18 %
<Unconfined Compressive Strength>

Qu(ory): 58.0 MPa

Quwey- 54.0 MPa
<Franklin's Test>

Is: 7.2 MPa

<Longitudinal and Transverse Wave Velocity>
Vi
(V/: Quartzite)

3750-6230 m/s
6000 m/s

Vi 2420-3900 m/s
<Dynamic Y oung's Modulus>

Egyn: 64 GPa

-Fine/Coarse Aggregate-

Alluvium
<Granularity>

>2mm 75< %

<2mm <20 %
<Atterberg's Limit>

Wi 29-39 %

Ip: <12
<Franklin's Test>

Is: 4-8 MPa
<Deval Test>

(25/50mm)

Rony: 130 %

Rowey: 9.0 %
<Los Angeles Test>

R: 24 %
4 Ain Kwachiya

-Rock Material -
Fresh Schist Altered Schist

<Density>

Dry: 2.65 t/m’ 2.36 t/m’

Wet: 2.74 t/m’ 2.72 t/m’
<Water Content>

w: 12 % 56 %
<Porosity>

n: 3 % 13 %
<Unconfined Compressive Strength>

Ou(ory)- 6.4 Mpa 6.0 Mpa

Qu(wer): 0.7 Mpa 24 Mpa
<Direct Shearing Test>

C: 0.2 MPa 0.0 MPa

Q" 23 41
<Longitudina and Transverse Wave Velocity>

Vi: 3679 m/s 2751 m/s

Vi 2127 m/s 1599 m/s
<Dynamic Y oung's Modulus>

Egyn: 2593 GPa 2885 GPa
<Poisson's Rati o>

v 0.35 0.16
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Table15.1 Existing Material Data for Respective Dam Construction (3/9)

6 Tazarane
-Rock Material-

<Density>

y 2.6 t/m’
<Porosity>

n: 40 %
<Franklin Test>

Is: Schist 2.1 Mpa
<Unconfined Compressive Strength>

gu: Schist 45 MPa

-Fine/Coarse Aggregate-

<Granularity>

>125mm 37 %

63-125mm 10 %

>63mm 47 %

>20mm 54 %

>2mm 75 %

0.08-2mm 18 %

<0.08mm 7 %
<Atterberg's Limit>

W 30-39 %

I p: 16
<Deval Test>

(25/50mm)

Rony): 8 %

Rwey: 3 %
<Los Angeles Test>

R: 26 %
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Tablel5.1 Existing Material Data for Respective Dam Construction (4/9)

7 Amezmiz
-Rock Material-
<Density> Schist/Micro Granite
Y o) 2.7 tm’
<Porosity> Schist/Micro Granite
n: 25 %
<Unconfined Compressive Strength> Schist Micro Granite
Qu(ory): 225+7.1 MPa  101.5+15.0 MPa
Qu(we): 19.9+6.6 MPa - -
<Longitudina and Transverse Wave Vel ocity> Schist/Micro Granite
Vi 3854 m/s
Vit 2256 m/s
-Coarse Aggregate-
Alluvium Zone 1 Zone 2 Zone 3
<Granularity>
<.08mm 1-9% 3-10 % 1-9%
<2mm 14-29 % 17-28 % 9-31 %
<5mm 24-40 % 25-38 % 15-38 %
>2mm 71-86 % 72-83 % 69-91 %
>63mm 18-45 % 18-40 % 30-58 %
>80mm 12-41 % 14-36 % 26-55 %
<Sand Equivalnet>
Es 68+13.8 67+17.7 50+17.5
<Atterberg's Limit>
Ip <12 <11 <14
<Rock Type>
Schist: 5/25mm 85 % 80 % 85 %
Schist: 25/63mm 54 % 66 % 52 %
Basat: 5/25mm 6 % 10 % 7%
Basat: 25/63mm 20 % 25 % 32 %
Quartzite: 5/25mm 7 % 3% 5%
Quartzite: 25/63mm 18 % - % 16 %
Granodiorite: 5/25mm 2 % 7 % 3%
Granodiorite: 25/63mm 8 % 9 % - %
<Deval Test>
R:Dry 6.8 % 10.0 % 16.5 %
R:Wet 39 % 5.2 % 5.8 %
<LosAngeles Test>
R: 25/50mm 53 % 50 % 2%
R: 16/31.5mm 34 % 32 % 27 %
R: 6.3/10mm 28 % 27 % 22 %
<Deval Test>
Rony): 7 % 10 % 16 %
Rwes: 4 % 5% 6 %
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Table15.1 Existing Material Data for Respective Dam Construction (5/9)

10 Timkit
-Fine Aggregate-
<Bulk Density> Sandstone/Quartzite
Y oy 188 t/m®
Y we: 199 tm’
<Water Content> Sandstone/Quartzite
W: 6 %
<Granularity> Sandstone/Quartzite
>2mm 3%
0.08-2mm 13 %
<0.08mm 84 %
<0.002mm 13 %
<Attergerg's Limit> Sandstone/Quartzite
W 41 %
Wp: 20 %
Ip: 22
-Coarse Aggregate-
<Bulk Density> Zone A Zone B
Y oy 2,67 t/m’ 267 tm’
<Granularity> Zone A Zone B
>2mm 81 % 87 %
0.08-2mm 17 % 9 %
<0.08mm 2 % 5 %
<0.002mm 0 % 1 %
<Sand Equivalnet> Zone A Zone B
Es:. 71 20
<Attergerg's Limit>
W 25 %
Wp: 18 %
Ip: 8
<Deval Test>
Rony): 149 %
Rwes): 75 %
<Los Angeles Test>
R 241 %
<Chemical Composition>
CaCO; 59.0 %
MgCO; 13.7 %
Silica-Alumina 250 %
SO5 0.03-0.13 %
NaCl <0.02 %
Caso,, H,0O 03 %
<Alcali-Reaction>
Dissolved Silica 68.3 mmol/l
Reduction of Alcaline 4.9 mmol/l
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Table15.1 Existing Material Data for Respective Dam Construction (6/9)

12 Tiouzzaguine

-Fine/Coarse Aggregate-
Alluvium
<Density>
v 26 t/m
<Granularity>
>20mm 521 %
>2mm 824 %
0.08-2mm 140 %
<0.08mm 36 %
0.08-0.002mm 26 %
<0.002mm 1.0 %
<Sand Equivalnet>
Es 62.4
<Deval Test>
(25/50mm)
Rony: 228 %
Rower: 5.4 %
<Los Angeles Test>
R: 241 %
<Alcali-Reaction>
No-Reaction
Terrace Deposits
<Granularity>
>20mm 0-51 %
>2mm 5-65 %
0.08-2mm 35-30 %
<0.08mm 5-60 %
0.08-0.002mm 4-48 %
<0.002mm 1-12 %
<Atterberg's Limit>
Ip NP, 7.9
<Sand Equivalnet>
Es 7.7,58.7
14 Adarouch
-Rock Material-
<Density> Fine Sandstone | Peliteand Schist| Conglomerate
y 2.6 tim’ 2.6 t/m’ 2.6 t/m’
<Longitudinal and Transverse Wave Ve ocity> Fine Sandstone | Peliteand Schist| Conglomerate
Vi 4026 m/s 3559 m/s 2857 m/s
Vi 2776 _m/s 2254 m/s 2254 m/s
<Unconfined Compressive Strength> Fine Sandstone | Peliteand Schist| Conglomerate
Qu: 47.0 MPa 22.9 MPa 9.9 MPa
<Residua Cohesion>
Cr 0.03 MPa 0.00 MPa -
<Residua Friction Angle>
or 255 22.8 -
<Cohesion>
C 0.08 MPa 0.04 MPa -
<Residua Friction Angle>
(0] 23.8 23.8 -
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Table 5.1 Existing Material Data for Respective Dam Construction (7/9)

19 Aoulai
-Rock Material-
<Franklin Test> Sandstone Pelite Schist Limestone Granite Quartzite
Is 3.5 Mpa 3.0 Mpa 3.0 Mpa 2.2 Mpa 4.4 Mpa 7.5 Mpal
-Fine/Coarse Aggregate-
Alluvium
<Granularity>
>20mm HitH %
<5mm H#HHH# %
>2mm H#HHH %
0.08-2mm HHHE %
<0.08mm 80 %
<Atterberg's Limit>
W, : HHH# %
We: HHH# %
1p: HHHHE
<Sand Equivalnet>
Es. HHHE
<Deval Test>
Rpory): 78 %
Rwes): 29 %
<Los Angeles Test>
R: HitHt %
<Alcdli-Reaction>
No-Reaction
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Table15.1 Existing Material Data for Respective Dam Construction (8/9)

23 Igui N'Ouagga

-Rock Material-
Unit A’ Unit A Unit B Gypsum
Calcareous Limestone Sandstone
Sandstone Bar with Argilite
with Marl and Marl
<Density>
y . 2.3 tm° 24 tm® 2.3 tm° 2 tm’
<Porosity>
n: 20.0 % 11.3 % 185 % 13 %
<Unconfined Compressive Strength>
Jury): 10.7 MPa 225 MPa 30.0 MPa 18.8 MPa
Epry): 10.0 GPa | 265 GPa 15.0 GPa 19.0 GPa
Quwes): - 176 MPa - 103 MPa
Eony: - 29.0 GPa - 135 Gpa
<Longitudinal and Transverse Wave Velocity>
Vo). 3581 m/s | 4383 m/s = 4714 m/s 4,560 m/s
Vion): 2483 m/s 2398 m/s 2750 m/s 2,933 m/s
Vi wen- - 3976 m/s - 4,161 m/s
Viwey: - 2308 m/s - 2,525 mis
<Dynamic Y oung's Modulus>
Egynory): 28 GPa 47 GPa 42 GPa 39 GPa
Edynwen: 46 GPa 33 GPa
-Coarse Aggregate-
Oued Faregh
<Granularity>
>63mm 19 %
>20mm 48 %
>2mm 73 %
<80y m 5 %
<Sand Equivalnet>
Es. 66
<Micoro-Deval Test>
Ruwey: 13 %
<Los Angeles Test>
R 17 %
Oued Souss
<Granularity>
Sand: 5/16mm 40+11 %
Gravel: 5/16mm 12437 %
Gravel: 16/25mm 10+2.8 %
Gravel: 25/63mm 25+5.3 %
Gravel: >80mm 9+4.2 %
<Micoro-Deval Test>
Ruwey: 7 %
<LosAngeles Test>
R 15 %
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Tablel5.1 Existing Material Data for Respective Dam Construction (9/9)

25 Sidi Abddllah
-Rock Material-
<Density>
Y o 2.59+0.07 t/m’
<Porosity>
n 3.8+2.65 %

<Longitudina/Transverse Wave Vel ocity>
Vi

3181-5355 m/s

Vi 2122-3385 m/s
<Unconfined Compressive Strength> Limestone Sandstone
QuEny): 30+13 MPa 32+17 MPa
Quwe)- 31+5 MPa 26+2 MPa
-Aggregate-
Terrace, Right Bank Talus, Right Bank
(Finer) (Coaser) (Finer) (Coaser)
<Natura Water Content>
W: 3% 3.3 % 15.1 % 1.7 %
<Bulk Density>
Y o) 157 t/m® - t/m® 1.76 m® - tm’
Y (wey: 152 tm® - tm® 2.02 tym° - tm®
<Granularity>
>20mm: 1% 68 % 1% 4%
>2mm: 10 % 90 % 5% 64 %
<0.08mm: 49 % 4% 87 % 21 %
<Atterberg's Limit>
W, -% (23) % 33 % 23 %
Ip: N.P. N.P., 8 17 10
-Fine Aggregate-
<Direct Shearing Test>
C: 20.1 kPa
Q" 24.8
<Proctor Test>
Y dmax 1.93 tm®
Wopt: 120 %
<Oedometric Test>
lg: 0.006
Ic: 0.069
(o 15
o 1.70 Pa
<Permesbility Test>
k: 6.1¥107-8.2*10° cmis
Zone 1 Zone 2 Zone 3 Zone 4
<Natural Water Content>
W: 52 % 6.0 % 5.1 % 5.9 %
<Bulk Density>
: 164 t/m® 160 t/m> 172 t/m’ 1.81 t/m’
<Granularity>
>20mm: 17 % 5% 0% 0%
>2mm: 26 % 16 % 10 % 7%
<0.08mm: 43 % 57 % 54 % 55 %
<Atterberg's Limit>
W, (24.0) % 345 % 225 % 220 %
Ip: (9.4) 9.3 8.5 8.3
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