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CHAPTER 1| SUMMARY OF PREVIOUS SURVEYS

Two comprehensive survey reports had been pubish.ed concerning water resources in
~ the Béttinah;' ILACO (1975) and Gibb {1976). T.hese reportS had been compiled, not
only using field exploration résults,’ but also drilling logs of around fifty newly sunk
exploration wells and aerial photographs of 1974 MAF contract.

" The previous surveys presented a distinctive hydrogeologic division of Hard Rock
Zone and Soft Rock Zone (in case of Gibb's notation).

Hard Rock Zone wasregarded as a poor aquiferous condition which was attributed

to the well-consolidated rocks in prevalence at the locality.

Soft__ROck. Zone was poétulated to be a aquiferous zone of potentially good

prospect.

In case of ILACO geo-resistivey soundings were extensively carried out, Sub-
surface structure was thus estimated particularly in the Northern Batinah, where
basement rock increases its depth to more than two hundred meters in somne

locality near the coast,

This structure is valid in the Southern Bz—itinah, too. So far, any exploratory bore

holes at the coast have not reached the basement even at the 300 m depth,

A very detailed study was done on the surface geology of the coastal plain of the
Southérn Batinah. The result clarified various extent of weathering and 'éventuaily
differentiated surface infiltration property of the sand/gravel plain. The old

weathered surface was found to cover more than half of the coastal plains.

: Howev_er there have not been any appreciable studies about the potentiality of the
groundwater resources in the Hard Rock Zone. Consequently a large area had been
- left void for hydrogeological survey. Unfortunately, -this situation was not

reformed even by our project,
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CHAPTER 2 GEOLOGICAL AND GEOPHYSICAL SURVEY RESULTS

' :S'tratigraph ical Sequence

Stiatlgraphlca! sequence is pronounced by varmus lithology rangmg from Prea

. Permlan to the present formation as shown in Geoioglcal log, Geoiogmai Map
~and Geologxcal Cross-section (Flg C-2-1 and Fig. C-2- 2). _
_ Clasmfacataon of lithology has to be made by considering structural features,

1arge—5caled foldmg and nappe with thrust fault of whmh control the

llthofames. From this pomt of view, the area can be divided into three ma]or

unitss -~ Pre/Early Ter_naly, Tertnary/?lelstocene, and Post-Pleistocene

~ formation as follows:

1) Pre/Early Tertiary Formation
Pre-Tertialy formations, classified into five sub-units:

Pre Permldn Formations

Pre-Permian  ----- The basement is made of dolomite,
Basement _ limestone, quart21te, graywacke and

conglomerate,

Triassic-Permian Formation

Akhdar ----  Dolomite and dolomitic limestones
Dolomite indicate the age ranging from Permian to
Triassic and are made of Mahil Fo_rrhationénd Saiq
Formation. Saiq Formation is the basal unit of
~ carbonate shelf sequence, consisting of 700.-meterw
thick Middle to Upper Permian. The facies is
composed of coral bearing limestone and dolomitic
limestone, Mahil Formation of Triassic facies
“consists of 'seyeral hundred meters of monotonous
and commonly saccharoidal dolomite in which poorly

developed stromatolitic beddings are common,
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Middle Cretaceous-Jurassic Formations
Musandam =~ --ee- Massive shelf limestones prevail, consisting of

Limestone foraminiferal wackestone and packstone
with subordinate skeleral grainstone.
Facies includes the shallow marine ovigin.

Middle Cretaceous- Perm1an Formations ‘
Musandam =~ --ee- Massive shelf limestones prevali consmtmg of

Limestone foraminiferal wackestone and packstone

with subordinate skeletal gramstone. '

Facies includes the shallow mariné origin.’

Middle Cretaceous-Permian Formations -

Hawasinah = —-=-~ Mainly pelagic sediments which are
Allochthonous composed of 12 tectonical sub-units
Unit mcludmg Hamrat Duru Group and other six

formations. Facies cons:sts of gramstone, hmestone"

turbidite, radmianan chert. and some volcanic in

general, -~ A consistent tectomc order- can be

recognized w1th1n the pile of the Hawasma umt

However, some of the  lower unit may be - mlssmg

locally, so that a formation otherwise found in a

relatively high tectonic position, may directly

overlie the lower units,

Middle Cretaceous Formations

Semail o - Ophiolite assemblage consists of
Ophiolite ~ the following rock faciess
Nappe 1) Volecanic, extrusive rock

2) Subvolcanic feeder dike

3) Hypabyssal-gabbroid rock

¥)  Gabbro ) | o
'5) Transitional rdck'bé tween gabbto

~ and periodotite
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Meastr. 1o

Tertiary

6)

Ultra_mafic rock

Ophiolite assemblage, called Semail

: Ophio'l_ite Nappe, forms Frontal Méun_‘cains,

which stand to 1,000 above sea level.

Late Cretaceous to Early Tertiary

limestones which are situated on Semail

Ophiolite Nappe with unconformity.

Facies is composed of chert conglomerate, chalk',
chalky marl with some reworked pebble and
weathered foraminiferal limestone.. The bed dips
10° to 20° to northeast.

2) Tertiary/Pleistocene Formation

.'_I'his fdrm_at__ion covers mainly the upper streamn of wadi plain and is

classified into six-sub-units as following below:

Te rr.a ce-Iil

Terrace—li

Erosional high terrace occasionally

covered by well cemented layers, In the mountain
area, terrace surface is over 50 m high above
modern wadi channel.

Typical developments are seen near Nakhal and in
the Sahtan basin. Highest surface is about over

1,000 meters above sea leve.

Middle terrace having 20 to 30 m relative héig_ht.

Extensive distribution is seen on the midstream area
and traceable over 10 km downstream area and
traceable over 10 km downs’tream'.from mountain
channel. ~ The surface slope is 1/50. Facies is
marked by the consolidated layers con.sisting of
limestone.,. serpentinite  and p'eriodotite gravel.

Surface gravel is well varnished and wind etched.
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Terrace-1 ==me-

Sandand = ~meen
Grave! Flats

Eroded Fans  ~---n ‘

Low ferrace plains remain around Hibea!,

Jamma' and Hougain. The terrace surface slope is
1/200 in average, traceable over 10 km downstream
from mountain-foot. Facies are of unconsolidated

gravel with some intercalations of sand and gravel,

Sandy flat plains remain between m'odé_rn -

wadl channels, Facles are marked by much _
amount of sand.  Surface condition is slightly
weathered and varnished. ' '

Occasionally seii dunes are developed.

These are old 'éém'posit' fans with er'oded'p.l'ain.

The largest one is seen along Wadi Al-Ma'awail.
Facies is composed of green schist, quarizite,
.br'ec(:ia, mountain limestone gravel with clay rich .

matrix.

3) Post-Plestocene Formation

“This formation mainly covers the lower rech of Wadi Plain and is classified

into the following sub-units:

Fan-l = «ceme

Ancient. = —-e--

" Channels

These are recent fans washed out from
mountain channels, Facies are of very poorly sorted

gravel of up to boulder size, -

Ancient wadi courses remain as topographical
depressions on the older fans and terrace plains.
Typical developments are seen around the

midstream'oi Wadi Bani Kh'arus and Wadi Al-Fara',
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Modern Wadi = ----
Beds

__Fluvia! ' e

Seif _Dime .

Wind Blown = -----

Sand

Silt Flat  <e—n
Coastal Dune  ==em-
Sabkha D e

"Sand Flat - —ceee

These afe active wadi channels across

the inter-fluvial plains. Facies are made of

poorly sorted gravel and sand with a few clay
component,

This is interfluvial area of modern wadi.

Extensive distribution are recognized along each

" wadi.

Many of inteljf‘l_QVial plains are pfobably similar to
the Ancient Channel,

Facies are finer than the surrounding Modern Wadi

Bed.

Seif dunes develop between Wadi Bani Kharus
and Wadi Al-Fara', Many dunes align N-S to NNE-
SSW direction, having over 20 meters height above
modern Wadi Bed, |

Medium sand to silty-sand flats overlie

silt layers at the downstream of wadi plains,

- The thickness of sand layer varies in localities,

Silt flat is composed of laminated layers of silt,
clay and granule. Occasionally saline facies of

marine origin are included,
Seif dunes or barchans develop,

Shallow sand flats overlie the extensive
Sabkha deposits.

This is shallow sand flats with shell debris and

silt layers.



Fig. C-2-1{1} Geological Log of Observation Well, BA'(

GEOLOGICAL LOG OF WELL

—

PROJECT

HOLE NO

“LOCATION

HYDROLOGIC OBSERVATION PROJECT IN THE BATINAH COAST

SITE -

WAL AHIN

BA 1

ANGLE{)REI:&?{»}P]AL _ PERPENDICULAR

FOREMAN

NEAR M1JAZ SAGHIRAH

COMMENCED]

LOGGED BY

CHECKED BY

HOLE DIA. o COMPLETED
of & & E | | o | -
S B S F| L06 | CLASSIFICATION DESCRIPTION ~ AND  STRUCTURES PRILLING TIME (min/m)
5 S ‘:_57-': i3 ) - 0 2 oW D W W
e - S
N | | 3 G P
B~ Tl osiLT Light brown to light gray silt with sand, = ] i ! i
E o8 partly consolidated by carbonate materlal i , | i . :
| 2 E 2 ___?-_g and gravelly layer contained. = H ; ‘ i ;
] 3 S
. o IR A !
£ < ! oo
1 1F 2 E i L
] - _ E J Co
5k 1 SAND Sand with gravel, graylsh sandy sediment A :
3 made up of medivin sand and granule gravel 3 l—
= E
8 30 E
0 E 271~ .14 E
—d i S R - =
e |o | E
= | of E
ERENE (S ' _ E
E ol GRAVEL Brownish gravel with sandand a few carbonatel],
= L . . fragments, the proportion of sand gradeally ==
= OO " Increase In order to-the lower horizom The =
2 o N shelf crusts are fnciuded through whole horizef
ol i
c . =
O -3
o -2
ol E {
SO U 17 5 _ . E
-'_' SAND Light grayish béach sand, medlum sand facles—;
with a few intercalation of marly clay. i )
=T
= )

w.A:Lvn\Euu‘\‘.ut'i|=-e\lni.sni\InI‘Iw'i'-lu—[.l-:f-n(\-.lr.hl,uln l.\!'.hululL‘uL}l\.U.%\\Ili\\h]'mil‘ni\]h)\]]illlnil JHI‘xln]nulhﬂl[ulnpnl

©SILT

Silt  with sand and gravel, light yellow arange

celored. The marly facles and sand/gravel . -
dominant facles interbeded.

sl e

ssbimbintradohudunbndsbonds

| i S
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* Fig. G-2-1{1) Continued

PROJECT : . | HYDROLOGOC OBSERVATION PROJECT IN THE BATINAH COAST SITE WADI AHIN
HOLE NO. © BA 1 | AHOLE TTOM T pereenpicuLAR FOREMAN
LOCATION ~NEAR MIJAZ SAGHIRAH| COMMENCED{ LOGGED BY
HOLE. DIA. | 10" COMPLETED - CHECKED BY
2l 5| 3| %] LOG | CLASSIFICATION DESCRIPTION  AND  STRUCTURES PRILLING TIME (min/m)
oo SR S BN
IEEIEMER] N I
T = . H ; i | | {
O A 2| i H { i [
- H i !
b 9 - P ’ : i |
ol o - E ! 1 ;
£ 1@ | GRAVEL Gravel with sand, derk brown gravel dominant i ' ‘ i
E 5 o facies with sand, clay and carbonate fragmen§ ! i t
E L E : ;
= o = i :
£ 0 |- -3 . i )
E o 9 — 1 i
‘§— o} __: ; !
: Polx -
|| 36F 6 R g !
N A Dark brown sand with a few carbonate- H . ;
31E._1 .ol SAND { ragnent s. 4 i
= E .
E‘ : CLAY : Light yeilow orange clay with a Hetle of ':; ' {
E Tl carbonate material, partly change to the 5 !
== ol marly facies, = i
= o i
== A :
E s E
AUE - d 4 5
E o |-
E- 0], = .
E e <l . . 5 ;
S 0|~ GRAVEL Gravel and sand with carbonate fragments, _3 :
= 8] - dark brown to black, carbonate coated gravel |
= L O are incloded, E .
— . . - 1
= lo 3 :
& ged i E
= o E
= | of, E
E- |0 - —
= | ol E
E o |F i
E Of; E
o | B
= | ol E
e o |- E
- oy’ =
N ERRR e
E o] "
E P e
= o
- o
= o]
R
c4ff | B
:H I CLAY - Light gray clay to marly clay with a few é
I _ gravel, E
82 ) :
é— | CLAY Light gray nE_arl); clay with sandy material.




Fig, C-2-1 :( 1} Continued

C-9

| GEOLOGICAL L0G OF WELL B
_PROJECT HYDROLOGIC OBSI,‘RVATEON PROJECT IN THE BATINAH COAST . SHTE WADL AMIN
_HOLE NO. PA ANGLE FRDEIAL PERPENDICULAR FOREMAN
_LOCATION kAR MUAZ SAGHIRAH| COMMENCED ) LOGGED BY
HOLE DIA 10 * COMPLETED CHECKED 8Y
oy : = N . ) o
B T 3| L0C | CLASSIFICATION DESCRIPTION  AND STRUCTURES PRILLING TIME (min/m)
BEEENSH I . DO T
£ 10 ) E L : |
= ol E I o f l P
= Pl - . . 4 T
=1 O]} GRAVEL Gravel with sand, dark brown gravel dominant £ } i |
- ol facies, matrix. fitled by medium sund clay snd: f i !
B o o carbonate material. i t ;
saf s)” ol 41 1 X
E T E !
= N N . E : i E
E I 1 R
= \ SAND Brown sand ‘imd ‘¢lay, aliernation of sand S . ! { :
= : j and clayey layers dirived from ophlolite. 3 . i oot :
HREEN = . P
= ; § ; | !
2 . \ g ! ;
2 2 3 ! : B Do
E E { -
i o \ ~=F : H
A (R k! . 4 !
g1 5 N 3901 ] i
E o E T o
E | oN] E1 Lo
E P o] GRAVEL Brown gravelwithclay, alternation facles 3 | | ;
= [0 of gravel and clay. E i
SN 5 3 ;
=D ol E
= P o 3
128 _a[? o\ E - o
E |0 o —% ; 5 b
= |6 © . b
S SR ERE :
= | o - 3 ?
: s GRAVEL Dark grayto black gravel facles with a 3]
E o 8] few carbonate and clayey material, e
= o o 3 y
3 o El ';
10 o "‘f:
E ] o E
= 10 o E
E o E
= Jo o 5
} 80 8] © ¥ ;
= | E :
= O g ' 1
N T : ;
E Of. b5 ' 1
Sl P GRAVEL Gravel and sand, sand dominant facies partly_Z | i i
S ol intetbeded especially between 81 meters and J i :
= " 33 meters, E ;
g o =
ALY N T
:., SAND Reddish brown sand, medium sand with a litt 1;;
R of carbonate material. B
(U 4 | & E
o . :
3— ol GRAVEL Gravel snd send, brown to black rounded
| = o | gravel made up of granule to pebble and i
i i - sorted clesn sand layer. . E
i E s} = ;
i : O} Bl . :
e — E —_ o




Fig. C-2-1{1) Continuad

6EOLOGICAL LOG OF WELL

PROJECT - | _HIYDROLOGIC OBSERVATICN FROJECT IN THE BATINA COAST SITE WADIL AHIN

:HOLE'-NO. __Ba AHGLEORER(?HA}AL PERPENDICULAR FOREMAN
LOCATION  NEAR MIJAZ SAGHIRAH! COMMENCED _ LOGGED BY

HOLE ‘DIA. | - " COMPLETED CHECKED BY

EFRTN

LOG | CLASSIFICATION - DESCRIPTION ~AND  STRUCTURES DRILLING TIME {min/m)
- 0 0 0 W D 0N

m
a
-
j=

g .

SNOLIYATT
- 1SSINNUTIHL

)

|

Ty

GRAVEL -- Same as abave mentloned description -~

|1|<|lh|u[l:nllnl'\luﬂ[1"4|!Iil||l|lIl|'llthul(‘r[ul|||||H|1i|"l|l“'

legdenldignboduain

'IMEIIH
bl dodialitaeldduetcbaedintn

dendpen Lo oo Tondieddod budy e et bt

ot

ujlrluEllnl!iliuilllnliIhl?llllnhrullI4bLl.ltqlnli!hITlm![lilillllflHil'lll[ll“ll\IJIIIJIW”II
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Fig. C-2-1(2) Geological Log of Observation Well, JT20A

GEOLOGICAL LOG OF WELL ]

 PROJECY HYDROGIC. OBSERVATION PROJECT IN THE BATINAH COAST |__S§TE ' WADE BANI GHAFIR
HOLE NO.. | r20a . ARGLE i3 | peRPENDICULAR | FOREMAN o 1
10 KM DOWHN STREAM : ; ——]
| LOCATION | 19 KM DOWN STRE COMMENCED | LOGGED BY
HOLE DJA. 10" COMPLETED . CHECKED BY,
Sl B Ef'_g LOG | CLASSIFICATION DESCRIPTION  AND  STRUCTURES DRILLING TINE (mtn/m)
o S = .
REEENER 0 P D K 0 O W,
— > Brown to light brown sand with silt and gravel-ﬁ
3 ol sit domlnant layer and much amount of granulg
= N gravel Intercolate.at the upper horizon. -
S A SAND :
E L
rE:_ .‘ ‘|‘ i
=R
= RN
E - ;':
*_kL;.lﬁH% _ . .
= < Granule pravel with sand and a few claye E
I3 :% Fa ° GRAVEL materlal.g ¢ ves 3
= (] . B
E o Q H
= % E
Eojols . o 3
E c}“ B GRAVEL Gray o light brown gravel layer, pebble to —:
E (o2 - - granule with sandy matrix, the alzerna:e lacless;
Sal 1< of pebble and granulc. 4]
L o E
E of. =
S (e =
- ol - -3
R & N
HE 6] O _ B
E o o o 5
i I AN . : , : : -5
= O o GRAVEL Much proportion of Himestone granule grave! 3
G ol ™ with sand and a Tew carbonete fragmens. E
E e} N brown to light brown colored facles. “?
125 a15 OF. : 3
12 f* = CLAY Reddish brown clay wtih a few granule grave!.—:;
B E TR . "1 Medium to coase sand with gravel, light browné
L,,ﬁ_k_,li;ﬁ___l. L ;_. SAND cotored fagies. E
E |2 I- g
f':;_, [¢ B EN I
E D | =
E (SN GRAVEL Light brown gravel, much amount of pebhle
£ O o ~ with carbonate fragments, ) -
22E 4o [ ~ ) E
LOe g E
= oo, 4
NS
- cl. - =
r} (o] A GRAVEL Gray gravel, much amount of pebble with K]
= . fine to medivm sand, 3z
g o :
N S :
& al. I
folo L] E
s TS i
‘ Eal A =
H el 3
- e e e e e et e A




"Fig. C-2-1(2) Continued

GEOLOGICAL L0OG OF WELL

PROJECT | HYDROGIC OBSERVATION FROJECT IN THE BATINAH COAST SITE WAD! BANI GHAFIR
HOLE NO CIT 20A ANGEIEJIQBIF%MAI:' PERPENDICULAR FOREMAN
LOCATION | 1o e o | COMMENCED | . LOGGED BY
RO Cha @y
HOLE DIA: 10" COMPLETED CHECKED 8Y
= -
< m Far] = .
X J_<>‘ 31 &) Los CLASSIFICATION DESCRIPTION AND  STRUCTURES DRILLIWG TIME (min/m)
Mf o = |~ m [ -1 . .
_é%éég ' 0 2 N D D W W
A E
é‘_ o Oi.-. GRAVEIL Gray gravel, much amount of .pebble with —;:
E. . fine to medium sand. =
. e i
S To I 3
ML AT = al - E
3 - E
- A . : H
3 sl . SILT Light brown silt with gravel . e
= a . £
= .
B 1 a B
38| IE . £
=T E
i &1 .. SAND Brown to light brown medium to coarse E
£ - :o"’ " sand. 3
=T
£, louige B
E .. iE
= e =
TN I N :
;‘-" - :\Q _.;
E E
= LN . =
= T : A
= e SAND Light brown sand with slit and gravel, the 3
= A\ . fntercalation of sandy layer at the 43 to =
;T }_\ 44 metres horizon, é
A E
I R E
E i E
£ Y E
= I E
18l 8 E SIS i
B a i
= s =
= 4 z
3 ¢ MUDSTONE Mudstone to marly mudstene with a few H
= _ﬁ' content of granule gravel. =
e ! :




Fig. C-2-1{3) Geological Log of Observation Well, BG1

GEOLOGICAL LOG OF WELL

jPROJECjﬁ_ﬁ HYDROLOGIC GBSERVATION PROJECT IN THE BATINAH COAST _ | SITE - WADE AL-FARA'

HOLE NO. BG 1 _ANGLE_FQBJZQ AL | PERPENDICULAR |_FOREMAN
_LOCATION | upsTrEAM OF AL-MUDAYQGOMMENCED . LOGGED BY

HOLE DIA. I 1 ® COMPLETED - CHECKED BY
of B & Z - T
Z| 5| 3 21106 | CLASSIFICATION DESCRIPTION  AND  STRUCTURES PRILLING TINE (min/m)
NEEIENEY ) ' D N W0 O D
N £ - T £ I

3 SAND _ Light gray sand with gravsel, fine to very fine 5 !

sand with rounded gravel

T

SAND Dark brown sand with gravel, poorly sorted
. mediun to coarse sand.

'il\nh«u m;!unsnuhmln||1-m aileps

SILT Light brown to gray, silt with send and gran
proparticn of sand to slt is a Iike gquantity.

-lu&;mlm\

SAND Gray to light gray send with gravel, poorly
sorted sand with gravel, a few carbonate and -
clayey material ,

I

e
.

Lintidunbdacbndpninsdontedtosdobio bbbl b lmbeboptodogtanlastugbin b bl

-
= s ¢
= [le :
e !
§ .:. o H
= BR 3
18 ; 7 {Q S
= 1o | o
E. a s GRAVEL Gray to white gravel with sand, and much : i
E. h content of carbonate fragments included”
= facies.
=5 © \\
S AN : .
E. | n ;
22 E 4 Ok t : i
2 ol i : i
'-\\A SAND Gray to white sand with gravel, abundaut ‘ ;
cathoaate material . i : :
24 2t --» ) '
= o
& Of 0 GRAVEL Gravel, clean gravelly facles with a few sandyZ!
= - fe) ~ particles. carbonate fragments sre common  _I|
= through the whole horizon, - H
T oop I o]
! l:ﬂ o~ _5 ! : T ‘ E
i 3 E i oo
H 20 H 3 OO 5 . i ! i
: . E : . i i
j o e? GRAVEL . Gravet with sand and carbonate material, E ot ! ; ! o
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Fig. C-2-1(3) Continued

- .
PROJECT _HYDROLOGIC OBSERVATION PgOJEC’I‘ IN.THE BATINAH COAST SITE WAD! AL-FARA!
HOLE NO. BG | 5 HM%)MAL - PERPENDICULAR FOREMAN
LOCATION | ursTREAM OF AL-MUDATQCOMMENCED LOGGED BY:

HOLE DIA. .o COMPLETED _ CHECKED BY
[53] o — .

IR A ' DRILLING TIME (win/m)

%) %l 33| L0G | CLASSFICATION DESCRIPTION AMD  STRUCTURES DRILLI min/m
. R m S .

2212 124 0 2 BV D 0D 0N
= N z 1 ‘_ i "
i 5 10 \.\ GRAVEL -~ same as shove mentioned deseription - i I E i !
3 - : C Lo
jEE; TN SAND Light gray sand, medlum to coarse sand —f i I: . !
g > with much amount of carbonate material, = P E
E . [~ e ! .
= . = 1
ME 3|0 E ; [ Lo
- - E % !
g CIN : ! :
5_. LY = i
= N a; |
= Ll E i
E b o : H o
3 Pt ‘n\ SAND . Light gray sand with gravel, a few clay and . ’
= L fine sand, abundant carbomate marerial are : i
= 3\\ contained. ]
E L | -
5 M ‘
= a8 :
= " N "
SRR
E R j
= 13 B
= - . N ] .
S R N g o
2 F o E ;
- 4 = l i Cod
= N . E N
ET LN sanp . Sand, 3 few clay and much quantity of E :
- carbonate fragments. and vary fine sand =
E. are also included, E|
o 3
£ g
46_£_ df" E
% SAND Sand with gravel, abundant carbonate ’i
= fragments, E
sof 4l E
E—- SAND Sand, clean [ine to medium sand, weH sarted%
= and facies seems to be beach sand, Z
s3fF_3l- :




Fig. C-2-1(4) Geolagical Log of Obsetvation Well, BG2

GEOLOGICAL LOG OF WELL

_PROJECT HYDROLOGIC OBSERWT |ON PROJECT IN THE BATINAN COAST SITE WADI AL-FARA'
CHOLE NO. | mG2 AGLE a0 | PeRPENDICULAR FOREMAN -
_LOCATION | pownstream oF paris| COMMENCED | LOGGED BY N
_HOLE DIA 10" ' COMPLETED CHECKED BY
) o — X ] - .
208w g, : DRILLING TIME (minfm)
! = I | LOG | GLASSIFICATION DESCRIPTION  AND  STRUCTURES _
EEs ERIER : I
E o o : ‘ E [
E- O | CRAWEL Gravel, gray colored clean gravel with a little 3 - : . i |
E o 0 ol sand. E i ; ! l '
2E 2 ) B ; : i ; 9
:i' o GRAVEL Gravel with sand, gray colored medium sand, 4 . H : '
1 O = oo ;
4§29 |0 E o E
: 19 0 E |
;T o GRAVEL Light gray gravel, clean grave! composed of j o
= [0 © granule to pebble, E
| o | .
= o © i
= | o,
E o E |
9 ; 5 O B o
s 1o N : ]
E | ON E
= ° N .
E ] O _ A -
= 1O \\ GRAVEL Gravel with clay, gravel dominant layer Is 3 e
= N at 13 meters o 14 meters and I7 meters to l
= [] 26 meters. Clay rich gravelly layers imercaia;@ .
= \ st .9 meters and between |5 meters and 18 I
E O \ meters, Reddish brown clay facies Interbed %
= the lower horizon =
E O 2
RN x .
=} ON E
L (o E
= N = E
N
= | olN E ]
BN :
= | ON E
S 10N B [’
S CIEN
| el E
£ ™,
H O \ E
BN
oo E
RECIN :
o
- o E
- o R
SECHN
: o\ 3
™ E




Fig. C-2-1(4) Continued

B ne -
| GEOLOGICAL LOG OF WELL
PROJECT . | HYDROWOGIC OBSERVATION PROJECT IN THE BATINAH COAST SITE | WADI AL-FARA’
o NGO ANGLE. FROM . - .
_HOLE _NO. I BG 2 : HORIZOATAL | PERPENDICULAR FOREMAN
LOCATION: | pownsTreaM oF paris| COMMENCED | - 1.OGGED BY
HOLE DIA, % COMPLETED CHECKED BY |
TE o I .
< Mm@ Hl - ; ' © DRILLING TIME {min/m)
g g — = LOG | GLASSIFICATION DESCRIPTION  AND  STRUCTURES :
NEEENEY B W M0 0 N
2=l o 7 s " s
- E | : i S B
= © GRAVEL -- Same 35 above mentioned description -- ,;: ! "
32§ 29 o\ E a8
;gf- SAND' Light gray to light brown sand composed of —; {:
= : medlum sand : £ :
ME b E ;
e jo. i b
= o N . : ' 4
= . GRAVEL Gravel with clay and sand, light gray to 3
= O \ ) light brown colored granule to pebble, E
o N _,; :
- 1eN R
= sl0 N =
IBE ST O E ]
:E; & é
E CLAY Brown clay with gravel E [_
= al -
4E 2 a E
- CLAY : Brown clay with a few gravel —E;
BE 2 ‘ :
“;:‘ i aﬁ CLAY ' Brown clay with granule to pebble ‘f;
1
E ON] GRAVEL © Gravel with clay, light groy to light brown =
3 \ gravelly facies, o
48 21 ON \_l
E o [ ;
B Ol ' . . . : r—
= N GRAVEL Light gray to white gravel, consolidated facie
S A filled up of carbonate material,
| of '
E o |\ E
E N E
s0f 4|0 [} e
= | ol
E O . Z
= \ GRAVEL Gravel with ctay, brown to reddish brown
E- O N consolidated facles. '—}
E o N
N |
= | ok
= o N =
L fo § 4 i_ﬁ
£ lo ¢ E
= | 0N 1
5713 710 N : ;
g T- H i
o CLAY Clay with sand and a (ew granule gravel Light:
i brown colored [acies. = l '
= = i
I___L__"___ <. = '[ J—
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Fig. C-2-1{4) Conti

- nusd

GEQLOGICAL LOG OF WELL
PROJECT HYDROLOGIC OBSERVATION PROJECT IN THE BATINAH COAST SITE. WAD! AL-FARA' N
“HOLE NO. WG 2 ARG e | PERPENDICULAR FOREMAN A

LOCATION | pownsTREAM OF DARIS

COMMENCED

LOGGED BY

HOLE DIA.

10"

COMPLETED

CHECKED BY

21vG
1113}

m
=
-
o

LOG

NCUYATTE

{w)
SOINHTIHE

CLASSIFICATION

DESCRIPTION  AND  STRUKTURES

DRILLING TIME (min/m)
- O L

i

o

CLAY

[T

Light brown clay with sand and 2 few gravel,

67

D

CLAY

g eantondrentueslo s

Reddish brown clay, a little of granule gravel 5.

" are contalned. H

|

it}

L]

T CLAY

Light brown to reddish brown clay with saad,
sandy particles are of very fine to fine sand,

RN

AT

Ha
{
|
[b
Li
-
I
e
I
[ 5
Tle

A
-

-

=
L
o

I Ii "'L““\'“'\'“[)"“5““}““3“”;““l"“i""I““l'm]'“ijﬂ“l‘*”]I'”TFT"]‘"TU“ ul\lxrfl}luliil;llﬁlnﬂliHT]TIH“[J]IIH]HH ‘n[“lll!‘l’ﬂl{hﬂ?uulnll lliqlhl‘-fﬂilu.. "‘"I"E'Fl’l[{“"J'f"l“”{li““‘wi“l'j‘“" (w}

- [_|s
=)
= L7
e
= L1

H Mya
D

i
=

MARL

welpideatrsbedigdirideoGedseti dis sl s

White to light gray marl with gravel, the
upper facies seems {6 be a conglomerate With-3)
cachonate matrix, the lower horizon mainly
consist of marlstene with a few gravel dirived=
from ophiolite,

nnFlluy!nninu[un{uu!’uuhfu,\;r.]‘nn!mv!'l.lnflu\{rrl-!l'luflriP'unillulnlﬂl;l\Lyﬂl\\\luH‘H*v(l\lﬁ\""lijﬂ'lllll‘lnﬁﬂHF’U‘H

f
!

|

‘

|
r
|

i

..M,m‘
|_bd fed
-3




=] .
3¢3
- [ . :
91 ¢ MARL -- same as above mentloned desdription --

31¥0 |

Fig. C-2-1{4) Continued

GEOLOGICAL L0OG OF WELL

PROJECT.

HYDROLOGIC OBSERVATION PROJECT IN THE BATINAH COAST

SITE

WADL AL-FARA'

HOLE: NO.

BG 2

ANGLE . FRIOM
HORIZONTAL

. PERPENDICULAR

FOREMAN

LOCATION

DOWNSTREAM OF DARL

s COMMENCED

_LOGGED. BY

o X

HOLE DIA

mt -
i

AT

i
sl
'}
-

L06

CLASSIFICATION

COMPLETED

DESCRIPTION  AND  STRUCTURES

- ISSINUDIHL

.{nﬁmﬂﬂmﬁﬂm l].lilllli tw)

ool iy bobyedophdan e

'
nirmm

.quhl>|In||[|”|l|m|!|Mmvlmnhu|]mriur!tnniu|||r||-hm|un|u

bttt

Lol bl hnd st Lol onl b i

fmi

i

i

CHECKED BY
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Figd. C-2-1.(5) Geological Log of Obsarvation Well, BF1

GEOLOGICAL LOG OF WELL

_PROJECT | wvproGIC OBSERVATIO PROJECT IN THE BATINAN COAST SITE: WADUAL-FARA' |
- HOLE NO. BF 1 Ol raniaL | PERPENDICULAR ) FOREMAN
| LOCATION | near 1HE aL-musana’nCOMMENGED |  LOGGED BY
| _HOLE_DIA o " COMPLETED CHECKED BY. | .
= S I . : DRILLING TIME (min/m}
I ! z=i LG | CLASSIFICATION DESCRIPTION  AND  STRUCTURES
fradir=] o m . o
EEEREL D N H D @ . n-
3 : ) ; i i
) — o =
SILT Light gray sandy sit, ! ' :
E— ! |
s] | E '
\ q s Light gray silt with send, 'é
SILT Light gray semi-consolldated sift with a fex;.' ..,.E.
sandy material . E
il . E
71E 1 SAND Light gray to gray sand, [ine to medium sand-‘%
g o [ Light gray to gmy- gravel with sand, much 3
8F i O GRAVEL content of granule gravel . ) 3
E 44 _ 3
- sl ST Light gray silt with granule gravel and a: few z
== A  pebble,
i : 2
E— Q
2 ol
E o |- GRAVEL Light gmy to gray gravel with sand a fe
E- clayey matecial . :
= ol ’ =
= o |- A
= E
w4 ol :
= % SAND Light gray to gray sand and gravel, iine to é
E- O medium sand granule gravel, B
= e . 5
E; - a E
19F 517" E
E. o GRAVEL Light gray to gray gravel with sand, subyounded
= o granule gravel with a few sandy particles, BE]
= s} i
20 E 2 T
£ - E
S 10 % i
= | O E ,
? o f GRAVEL Light gray gravel wlth saind, much proportion -3 )
> O of granuls gravel. 3 :
R -4 :
SR (o B I = ;
Lol ol = S
.
E Lo
: & T
B ) T i | :
H 4o = P i .
33 A PG ) AU S N M WD N




Fig. C-2-1(5) Continuad

st

GEOLOGICAL L0G OF WELL

_PROJECT .

HYDROGIC OBSERVATiON

PROJECT: IN THE BATINAH COAST

SITE .

WAD! AL-FARA'

_HOLE - NO.

_BF |

ANGLE " FROM

HOR|Z0NTAL | PERPENDICULAR

FOREMAN

"LOCATION

NEAR THE AL-MUSANA*A

MCOMMENCED

LOGGED BY

lo L

_COMPLETED

CHECKED BY

HOLE  DIA.

ERRA]

[

m
©
—
o0

NOLIYAZ

(w)

L0G | CLASSIFICATION

DESCRIPTION AND STRUGTURES

DRILLING TIME (min/m)

10 20 30 40 50 &G 70

A

SSINHIIHL

SAND

Gray sand with gravel and carbonate
fragmens mediun to coase sand.

oo v
i . :
1 d i
H . b

42

A

‘GRAVEL

7

KT e
'nfy.;/ﬁ/,,ﬁ-

Gray gravei ‘with sand, much amount of
granule gravel and a few carbonate fragme

edpatnelsptoelptodentiil eyt begeon bt e

Z

i

48

SAND

Gray colored fine to medium sand with merl
material .

| TR T A T n e I

frp

Y.

SAND

Gray fine to medium sand.

54

lnllllll!llu!lu|IHIlliNlillll'hllllllllil“\l-lll!lil- "“'|'”|E”"I'“’i.“”I“”I””]”“l””ii“"““%”” IIJl{”‘ii[l”iI”lli!illill”‘ih\i“ﬂl““il“[I“li.’“ll ]I.IIHnim]illlllilllll‘tllli!hﬂ'!hﬂ[iiiliHH{IJH UHElllii[iHlJl.lllilll‘”illl.llli‘lllillili'lﬂlll-li!ill[ (UH

SAND

Gray fine to medium sand with the
intercalation of marly material .

sl rilood st o bty b oot Lt g S T T O T o
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Fig. C-2-1(6) Continued

PROJECT HYDROLOGIC_OBSERVATION PROJECT IN THE BATINAH COAST SITE WADI_AL-FARA'
HOLE NO. 4§ wr1 ' ANOLE cimoibar | PERPENDICULAR FOREMAN. o
LO CAT[ON NEAR AL-MUSANA'AH COMMENCED LOGGED BY
HOLE DIA. s | COMPLETED | cHECKED BY |
B I = O : DRILLING TIME {min/m)
pou ;‘E:: 3 = L 0G | CLASSIFICATION DESCRIPTION  AND  STRUCGTURES .
EEIENEL: 10 20 230 &0 50 BD 70
2= 125 . .
E TN B { T
Ea I SAND E : | A
ataf i 4 : ! ; | L
3 : : ! ‘ i i ‘
= SN E: 1 : | ; , 5
. E : : i :
5 OL\ (RAVEL Carbonate coated old gravelly facies, dark : l ‘
E 0 brown ta gray granule / pebble .with sand ‘ |
3 BN and carbonate fragments., The sandy hortzons -3 b -
£ o jntercalated between 63 and 68 meters;, and i i
E . between 67 and 70 meters. 3 :
N [e B IE
=3 (S] AN A i
E 19 N 3 : =
= (G108 A H .
E Qo i ' b
= N = f
E .| OIN g i
= N : .
=4 . b =
E 1o i~ E
5 h B
3 N E
E_~ N "“:
= 0N E
— N -3
= 0 I 3
E 0\\ “?
MERLD A E
= | ol 3
- ] GRAVEL Grey todark brown gravel and sand with 5
= o e carbonate fragments, much content of granule]
Sl 0\-' to pebble and moderate proportion of medium3
E- ~ ‘10 coarse sand. 3 :
0 | -
E ~ E
3 b E
2 ) 3
9 519 B 3
| . E
g' ‘E . zj
= NS =
SR N =
3 . .
E i MARL Dark brown marl with sand, medium to coarse )
= . sand drived from ophiolite and hard calcariousg
N I I clayey layer. The alternate facies of sand s
= - and marl at the 54 to Bl meters horlzon. i ,
N (i E P
R . E .
Sl 1 | B -3 f
= (L‘E‘ E :
g £y i 0! 4
;— \,.;,T MARL White to light gray marl with sandy layer -;z ‘
- % and a few granule gravel, -3
c o L
[ :
L : < b
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Fig. C-2-1{5} Continued

e oo e e T

GEOLOGICAL LOG OF WELL

CPROJECT HYDROLOGIC OBSERVATION PROJECT IN THE BATINAH COAST SITE WAD! AL-FARA!

HOLE NO. BF | ' -ANGLEOREI:ZR(?%AL PERPENDICULAR, FOREMAN

LOCATION | nEAR aL-Musanaan | COMMENCED | LOGGED BY

HOLE  DiA. T COMPLETED : CHECKED BY

4B : ' _ DRILLING TIME {min/m)
1.0G |- CLASSIFICATION DESCRIPTION AND  STRUCTURES

ERRI

a
E]

SSINUIHL

10 20 30 40 50 60 7O

i

. {NOIIVAZ

: N
oo

i

MARL -~ Same as above mentloned description --

94

©
j

SAND "Dark brown to light gray sand with clay
and a little of granule to pebble.

VI I T

o

93

GRAVEL Drark brown gravel with sand snd carbonate
fragments, carbonate ceated old gravel with
coarse sandy matrix,

A DAV LN TR OEEE
j-/'/ S S

105

-

Imliw|a|rik\iill!ilul|ilhqulll!:illlllnml.ui[unllnl'uuilmlflllil.-lijhlllllH!(l”i““[thilﬂt-niluililIllilhilml'l“iiuu ...q.nll:lil]:lﬂl!ﬂf[ﬁxl[llll!hll’ihl]li.liim]ml n.ullnI[H;i]iIIIIHN{iiii'l-%lilililmqnm lm|:mlungn.!{;lh[‘:'rﬂ‘ilh[ili: ()
Q

‘.}quln”I.|.|!|,||!|g|||nu||”|I!u||||nluuT.|||’v|[:iw|n{lhlit>|||n[|h“r'llnI!ul]]!uhl?lill[l!lHr'll“[l}“Iuilhl!l!]lrﬂuH “ul.mimdm\lnrllillrluuhmiunlm'hwhm |!n|ll-'lIl!'|ll'!l'!!'ll'1'!"1‘|‘H’E'Hr'!|" '"'5'!"['l‘IT"I'I'”I|'"_‘lWIF“"
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Fig. C-2-.1'(6) Geological Lt)g of Observation Wall, BMET

GEOLOGICAL L.0G OF WELL

_PROJECT __HIDRQLMQBSFBM,:}IQN}E f:l:r\Epl FERCOT IN THE.BATINAH_COAST SITE | el N -Fe
HOLE NO. | - = BMeT ANGLE i3ty | | PERPENDICULAR . FOREMAN °
LOCATION | AL-MULADDAH | COMMENCED | : LOGGED BY ]
HOLE DIA } . w0 - | COMPLETED . CHECKED BY
o ol = ' ' T
S mfomp s ' . p ; ' . ‘
I B 3 S} 106 | CLASSIFICATION DESCRIPTION AND  STRUCTURES | DRILLING TIME (min/m) -
EEENER 0 DD N N O D
%— G SANDY SILT Light gray unconsolidaled sandysiit —§=
2 2 E
S sAanD Sand with granule and silt, occasionally ‘:
4E 2 . An contains carbonate '(mg_ments. . F
= 0‘\ GRAVEL Light gray gravel with clay, the proportion of 3
= o) \ clay varies each horizon, exampte for at =]
= 0\ 4 meters to 6 meters intercaltes clay layer. —
= o N 3
3 N E
N =
sf sl O :
. 10;} 1 CLAY Light gray seml-consolidated to consolidated ;
= - alay =
= a i : : E
E of CLAY Light gray clay with gravel, seml-consolidated_|
to consoildate clay with granule to pebble. E
° E
= a __E
13 3 z
E |o E
E- 0\\ E
i o N, GRAVEL. Light gray gravel with clay, semi-consolidated 3
3 ON clay with granule to pebble. E
= o N 3
= ol 5
E 4@ \ ) 3
. 4 3
= 3
= &l CLAY Clay with gravel, semi-consolidated clayey =
e a facies with a little proportion of gravel less. =
E’ than 10 mm/mm in diameter. i
E 1 a __%
" 3
=r :
nti 7 gﬁ‘ E
; :
i B i




Fig. C-2-1(7) Geo_logical Log of Observation Well, BM1

PROJECT HYDROLOGIC OBSERVATION PROJECT IN THE BATINAH COAST SITE WADI AL-MA'AWIL
T - i ANGLE - FROM , 7 .
) l-;_()_t E NO ‘ BM 1 HORIZONTA! PERPENDICULAR FOREMAN- .
- LOCATION BARKA COMMENCED LOGGED BY
HOLE DIA. | - 10" COMPLETED .| CHECKED BY
2 BT - R :
m "('-'3 - .
X 5 5| 2| 106 | CLASSIFIGATION DESCRIPTION AND  STRUGTURES ~ PRILLING TIME (min/m)
M~ == e[ P :
EFERESA : D M D DD 0D
- E E H v ) f
e 1 00
= 3 L L !
é_ SHT Silt, light gray to light brown sile with a littdel ; ; i '
= of sand. E i : X
= - i
sE-s E
= a =
= %] sAND Sand with granule and silt, light. gray to li'ghté
£ e . brown semi-consolidated silt with gravelly -3
= “la ) intercalation. =
e s E
0f sl ? E
—f;* SAND Light' gray clean sand. “§
12 2f E
13_;':_ i § SAND Lighe gray sand with clay. E
:_% SAND .Light gray clean sand, well sorted medium r.o-é
1= fine sand, portiy conteined semi-consolidated -Z
= catcarious clay, 3
mE sf E
5:: - SAND i Light gray sand with gravel. E
20E 2| 3
i— SAND Light gray sand with clay, —i
22 F 2 : E
E“ . SP;NI) Light gray ro light brown coarse sand. ';
- ' E
25 15 g i :
26 %" 1] S_[i.;T Light gray calcarious silt, __
2 LN B ! E
£ '._,_\ SAND Light gray sand with calcarious clay. =
28 | 2 N ' 3
kN SILT : Light gray silt. E
" Sr\ND Light gray mediufo sand. %
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Fig. C-2-1(7) Continuad

PROJECT | HYDROLOGIC OBSERVATION PROJECT IN THE DATINAH COAST SITE | WADL AL-MA'AWK, |
' ’ AIGLE FROM ; ¥
_HOLE NO. | o BML HORIZONTAL | PERPENDICULAR B ‘FOREMA_N .
_LOCATION BARKA COMMENGED LOGGED BY
HOLE DIA e COMPLETED CHECKED BY
=i Bl 3 ) 106 | CLASSIFICATION DESCRIPTION  AND  STRUGTURES © DRILLING TIME (min/m)
| P~ o
EE EMEE 0.0 0D O 0 O P
E - ) I + i . + ! |
3 :;“ 2t~ SAND Light gray medium sand, - 3 , Lo
- S
1;__ 1= SILT Light gray sit with sand. z ; ; '
- k BEEE
e F.o7. 0 saND Light gray to light brown medium sand, = o
e 2L E [
5 e
IR L SAND ~ Light gray to gray send with granule gravel. =
. 3 af . - sSAND Light gray medium sand, ':i
= E
3?;:; !____._;:s-, SiLT Light brown sit to sand. E
T 3
RN . E
= Q SAND Light gray fine sand with clay and a few B
= L carbonate fragments. E
10 ‘-Q
—“1F; i g o 5
aE 1 SILT Light gray silt, semi-consolidated calcarious 3
bt T facies: ::
E— Q SAND Light gray {ine to medium sand with carbon'ar&j:
- o \ material. E
JAME L :
3 RS et H
1afs sl SAND Light gray send with gravel E ‘
= N . " ) E i
a3kt <IN SAND Light gray to light brown sand with clay and 3
: L earbenre—fragme st — 5}
ola 5
5__ § :‘.'-" af  SAND Gray sand with granute gravél. especiélly at
=4 N TS 48 meters much amount of granule gravel,
E- “la
A8 G 4
PRE |
z OO . SAND Gray gravel wlth carbonate particles.
- | o ' -
E o |- 3
Of-. i
2_ ) ) é :
spi 4 olr' :
Iy
< ‘]‘:J & I
l. L _Be MARL Light brown to white marlstone with a little :
. v Lie of granule gravel. 3 i
= T ]2 =
i NEY S _; !
eI : :
E E
E a B ;
: T 18 E i
I :
! : [] @ 7
3 :;' A
i - s .
L N I
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Fig. C-2-1{7) Continued

GEOLOGICAL LOG OF .WELL

—P_ROJECT | HYDROLOGIC OBSERVATIGN fROJECT N “THE BATINAH COAST SITE WADT AL-MA'AWIL
_HOLE NO._ : oM ! ‘A"GLEOR%)&L' PERPENDICULAR FOREMAN
| _LOCATION BARKA COMMENCED | - LOGGED BY i
HOLE “DIA. e 1 COMPLETED | CHECKED BY
— — :
o B B & | . © DRILLING TIME (
o = "-.':E{"‘r;‘z:l LOG | CLASSIFICATION DESCRIPTION  AND  STRUCTURES A (minfm)
EEIENER I N
—_ 3 [.\1\ = E | 1 i 1 ' k
61 9§ : >a MARL -- Same as above mentloned description -« & ; ; i
= - 3 o
= e = . i
O E i :
-Z;—- r\[ 7 3 j !
= el 5 : g I
E_ 0 ['\1_:_. MARL Light gray to white marl with sand, facies 15 = 3
E i - rather soft than the above marly horizon. g !
e L E :
E- LB -5
E ) E
= T 3
R E
3 SR DY E ‘
S =
= ] E :
= [ . i
T E
705 Qferdl E
; l‘!“‘l a E
= e -
=2 I‘I I 3
= 3 ]
eak o E
TZ“ J‘«; i MARLSTONE Light gray to white marlstone with gravel, 'E
e ~ ] a sandycloy layers partly intercalated. -3
£ - - 3
=t 3
g L B
) 3
R 5
= L
4 i ; 0.1 :
= :
E e i
i [‘_\ H
el [' e E
A
E: F*E:J 8 E
o=
N E
g R N E
g5 st :
F _ E
t__ i | MARLSTONE Light gray to white marlstone with sandy __:
i T material. £
VA | N : :
SR
ES I ' : H
- I i ] A1, MARLSTONE Lignt gray to white marlstone whth gravel. i
R
A 1 |
: r_iﬁ ud . S U U S—
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 Fig. C-2-1(7) Continuey

C-27

- . — - = = |
o - GEOLOGICAL LOG OF WELL
PROJECT | HYDROLOGIC OVSERVATIONPROJELT IN THE BATINAR COAsT | SITE WAD! AL-MA’AWIL
~HOLE NO. _ BM i AHGLEOR‘%GEM PERPENDICULAR FOREMAN. ]
_LOCATION BARKA COMMENCED | ' LOGGED BY
HOLE DIA. o COMPLETED CHECKED BY
150 B 3 ZL L06 | CLASSIFICATION DESCRIPTION  AND  STRUCTURES PRILLING TIME (min/m)
NEEIEREY N 0 D NV 00 O W
- E & i T l ] l ) T b
- o I
g—- .L'f:[‘.' & MARLSTONE -- Same as above menticoed descrlption -- «f: 'i E | i
g— i Ly . e SRR
w8 Ly £ N A R A A T
a4 é’ . ;‘-L—i MARLSTONE Lighrgray to white marlstone with clay. ~; : : ;
e E S !
=k e R
= e MARLSTONE - |  Light gray to white marlstone with gravel, & :
= T o TR I SRR
Ry 1 :
£ H"" 7 % S :
o8 4 ° 3 ;-
E [ E i i
g >4 \,} E I ] - .
TENN S
e i—r lﬂ MARLSTONE Light gray to white marlstone with clay and = i : i
= § ‘\‘" gravel. = : : : J
S IR E 1
E- [ ‘;J\g\ = ! 1
i Ly A ; :
12 aff | @ £ : :
E 8 B ; :
3 e E i
£ :i‘ a MARLSTONE Light gray to white marlstone with granule. 73 ;
04 20T ) : ' E ‘;
SRS E |
3 3
o R ,
-
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= = N
8 : S
. E
o E o
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3 1 -
3 : f
= 3 !
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Fig. C-2-1{8) Geological Log of Observation Well, BM2

GEOLOGICAL LOG OF WELL

A_I_?_[{QAEQL_;_ |IYDROLOGIC onsuwmoms PEROIJJEST v THE BATINAH coasT | SHTE | waniat-matawie
HOLF NO L BM 2 A LHQRIZO&‘AL PERPENDICULAR ' FOREMAN
LOCATION NORTH OF AL wastt | COMMENCED . LOGGED BY
CHOLE OIA. | o 1 COMPLETED : CHECKED BY

TR " -

= mi. l“ = . - .

"'T;;‘EE:’-‘a'J% : : n WV H D O D

R E e . - Lorred : . -

' E [0 _ _ _ 3 S .
= OOQ GRAVEL Gravel with sily, white to light gray colored _; : ?
2 = 2lo ON : facies, and clay dominant layer is mucih at = !
E- 0 o Eht‘ iU\YCl hUl iLUlI- - ;; j{
- o] E %
= | O . K .
=5 o ©} CRAVEL Gray gravel with a few fine sand E T
a o P
S % o = :
= o I
S P =
1f 519 E

E o E
G\ :
=0 N
E O N GrRAvEL Gravel with fine sand and a lictle of clay E
g © material, the lower facies coatain medium sand]
[ O in matrix. =
AR\ E :
2 o E
£ 0. 3 K
Eall o -2 1 :
E|O £ .

4E 71. O 5 S S
i O-o GRAVEL .Cray gravel with send, E . I
T jo It

155 2] Ol E :
= fo 1) £ |
= ¢ -
3 00 GRAVEL Gravel with silt and sand. E
= 109 E ]

0l 4 O l__
: ook i 1

a1 ; ) fe) \ GRAVEL Gravel with sand. E
E o =
N :
? X © O\ GRAVEL Light gray to gray gravel with siit and a :;
:‘ o [N little of sand. E —
RAREN 3
5 o 3
L o 3 |
e e} -3
H N i i
= | o E
= |o E
= O\
L E

201 Bt O :
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Fig. C-2-1(8} Continueg
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PROJECT | HYDROLOGIC OBSERVATION PROJECT IN THE BATINAH COAST SITE . . WADL AL-MAAWIL
Taoie wn b ama  TANGLE _FROM ~ - ' - '
_HOLE NO. § BM2 “HoRiZQNiAL | PERPENDICULAR FOREMAN .
_LOCATION | norin of An-wasit | COMMENCED LOGGED BY k
HOLE DIA. 1o " COMPLETED CHECKED BY
e E':: ..c—,.{ g DRILL.I G TIME ( in/
=L Bl 31 S| 106 | CLASSIFICATION DESCRIPTION AND  STRUCTURES NG ° min/m)
o e DT R . .
REEIENEL | .o 2 » 0 0 @ »
g fo) : g . 1 : ! :
31 21 -0 W1 GRAVEL -- Same as above mentloned deseription -~ 7 1 1 . : :
B ' N
3 OO B i v 1
AN £ ! :
.00 N GRAVEL Gravel with sand and ctay, gray colered !‘acies_".f." ( ‘%
N ER !
31iE 4 1o DN : : :
E oh _ E P
455 o IN] ORAVEL Gravel with sandyclay and carbonate fragments,] :
N EN
= _00\ 4 :
: lo N E
= Q E
O IN] CRAVEL Gray gravel with sandyciay. <
RN =
E o N
E 0\ 3
IGN 3
L 19 N E
E OR E
CEN E
IIEN ‘
= @ - ‘
£ obN E
AREIN E _
< o™ E Lo
E o 1Y E P
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aF 110 N\ :
= Lo | ,
B o GRAVEL Gray gravel with sand, clay and carbonpate -+ r
3= .=
- O fragments, : i [
49 210 N . E
E E f
E O . . : 3
£ (@] N GRAVEL Gray gravel with sand and clay. E
=] N -
RGN
s2f 319 N E
A -
- OO ! GRAVEL Gray te light gray gravel with sandyclay =
B 0 ™ and carbonate {ragments. 3 .
_ 544§z 2 811 E
551 1 OO O]  graveL Gravel, clean gravel included large sized graveé . :
A A U (N
3 s pP—- . CLAY Brown sand and clay with a lttle of granule, 5 ;
HE S D [
g_m 5717 2= H ) : |
} . i ') ‘-,' __iE ' l
% £ OO -0 GRAVEL Gravel with siltysand and carbonate fragments,: L . i
[ Eo| of! E J |
! ot i ‘
, : ol i L
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Fig. C-2-1(8) Continued

PROJECT HYDROLOGIC OBSERVATION PROJECT IN THE BATINAM COAST SITE WADI AL-MA'AWII.
TeE NO AHGLE  FROM —— -
_-HOLE NO_- . pM 2 HORVZGHTAL PERPENDICULAR FOREMAN |

LOCATION | norrit oF aL-wasit | COMMENCED : | LOGGED BY

HOLE DIA. fo " COMPLETED . CHECKED BY
e i) =i - - .

o W@l 3 PRILLING TIME (min/m)

e g 3] =] Lo6 CLASSIFICATION DESCRIPTION  AND  STRUCTURES :

Ml =|l=ox|gm . :

§EEEREY , DD DO N 0w
= o | E Do bl
- [e] R0} . E l i
|0 |71 GRAVEL Gray grave! with sandysilt and carbonate 5 i |
L ol material . ’ E ' : . :
= o |V _ B :
= o : B : j : .
= o | I I
= o | : 1
E o N . i R
:i_— . o I ) . . _% : :
= O N1 GRAVEL Gray gravel with carbonate material, the large: :

E- 8] sized gravel are centained. H
= 0 N 4
= |- o] ' 4
= o I : - E
. o} ‘\\ ' ' E _
é_ OO\ i .
E o S [ :
N
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o [N E
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3 ol marrix, : 3
E. OOQ GRAVEL Light gray gravel with silt and a few sand, —j - .
= |0 o E j
= | o 3
3 ° E
= | o )
3 o E |
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Fig. C-2-1(8) Geological Log of Observation Well, BM3-

GEOLOGICAL LOG OF WELL h

PROJECT _HYDROLOGIC OBSERVATION PROJECT IN THE BATINAH COASE SITE WADI AL MA'AWIL
B : " MIGLE RO _ ' '
_HOLE_ WO, M3 ROMZORTAL FOREMAN N

LOCATION | UPSTREAM OF HIFR COMMENCED . LOGGED BY

HOLE DIA. Sl | COMPLETED | CHECKED BY
o B8 E : DRILLING TIME (min/m)

: )
3 ?E = 24 L0G6 | CLASSIFICATION DESCRIPTION  AND  STRUCTURES ) :
NEEENEY : 10 20 30 40 50 60 70
o B Eay S E !
:f_ SAND Reddish brown sand with granule and a few “’];: .
2 = 2 * silt, “_§ :
TTE :
2 CLAY Clay with sandy partcles, Hght gray colored = !
3 calcarlous sediments. E ]
4k ;
= o £ :
%_'_ 00 GRAVEL Gray gravel with sand and carbonate [ragments.i. !
- Q 4
| 61: 210 Iv E
= e i
ilo GRAVEL Gray gravel with clay, :
= o E
k. Q o R ] . 5
é, o | CRAVEL Gray graval with sand sod clay, z
= ool | E
= o |E &
i O E
AR =
wE 510 1) ] e
1o
SN E
o
T _
= 1 oN ' _ e
= GRAVEL Gravel with clay, gray to light gray colored 3
;_ o OQ graveily fayer filled up clayey marrix, __?
= "N |
3 OQ E
L %N E
= o N =
= oo\ =
L wE 710 O\ q ]
E; K’\" SAMND Gray to llgh[ gray samd with tauch content cf-: L
2 g —clayay—matsix : -
= N _ : E
E \ GRAVEL Gravel and sand with much amount of clay. %
= =
3 N E
< N B
i B :
0 : : _ E
el GRAVEL Gravel, gray colored clean gravel with a few .3
. o sand, H
E- \ _:E '
i GRAVEL Gray to light gray gravel with much content oBf i
" £ :\Q clayey material, <
e o -
i H O GRAVEL Gray gravel layer made up of granule gravel. 7 i x ' .
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Fig. C-2-1{9) Continued

e

GEOLOGICAL LOG OF WELL

PROJECT
HOLE. NO.

TYDROLOGIC OBSERVATION PROJECT iN THE BATINAH COAST

SITE

WADI AL MA'AWIL

BM 3

ANGLEQRE?SM’AL PERPENDICULAR

LOCATION

UPSTREAM OF HIFRI

FOREMAN

COMMENCED

LOGGED BY

COMPLETED

HOLE DIA 10" CHECKED BY
) =
o o @ &
S0 5| 3 2| LOG | CLASSIFICATION DESCRIPTION  AND  STRUCTURES DRILLING TIME {min/m)
mf, D~ .
2212 124 10 20 30 40 50 60 70
- TE {0 o ) E P
31=:_* o GRAVEL == same as above mentioned description -~ E !
R ] |
= | O E |
E jo |v E | i
= | o} E o %
E_ O -. _-; t i
= | ol g - 3 ;
= O |.-] < GRAVEL Gravel and sand, gray sand rich facies snd = _ I : ;
= o gravel dominant layer are alternately inter- = i i : ]
E o |- beded, carbonate fragments are rare through [ | ) : ; ;
£ ol the whole horizon. B i .
E o | : E !
AL R R
c ] ER Lo
E o | E : R B
E ol E H ‘ i ;
E_ = : |
e Ok s o
= i = : ] :
oo | E :
3 ol
£ G ok “;:‘ :
42 ol é :
g o > B : i
= o = ! '
= o A j
ol : . E
o [ GRAVEL Brownish gray gravel with sand and carbonate E :
O ~ fragments, E: !
° ) 3 : ;
o = - 1
= o | E Lo
5 ol 3 :
fa [k ]
__asi Ol ]
g s £
= 9] E
£ & CLAY: Brownish gray clay with sand and granute,
E 8l calcarious sediments are coatained.
E s :
HH 9 ) :
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Fig. C-2-2(1} Hydrogeological Map and Cross Section of Wadi Ahin
§ T : EL__300(rm)
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LECLOGICAL FACLES JADUIFER
3ang !
$11¢, Clay . d
. Fan deposit {Gravely Facies) ) -——— Upper Aguifer
[___ji;l —— . Harl, Hariy clay
Sand and Gravel
Terrace 1 deposit {Clayey grau.!] —————:} Middle Aquifer .
lerrace | depostt (Sandy gravel, gravel} -, ] ;
Terrace §1 deposit {Concresked gravel) —————mo——— tower Agquifer ;
Harlstore : L ;
. ——— Aquicluds
- Budetong ‘}
Limestone

Semail ophlelite

Hawssina complax (Chert, Sandstone, Limestone)}

Anuifuge

Upper Majar suber 6, {Lirestone, Harlstone)

Fre-Formian melamgrphics {Quartzite, Schist. Gozitses M
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Fig. C-2-2(2) Hydrogeological Map and Cross Section of Wadi Bani Ghafir
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Fig. C-2-2(3) Hydrogeological Map and Cross Section of Wadi Al-Fara’ .

EL 200(m)
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Harlstone

l
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Fig. C-2-2(4) Mydrogeological Map and Cross Section of Wadi Bani Kharus
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* Terrace 1 depostt {Sandy gravel, gravel} =——— .
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Ulnzstone
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I#owa;lnu complax {Chert, Sandstene, Ligestore) - hguifuge
Upper Hyjar super GP, (Limestone, Marigtone}

Pre-Permian sotamorphics (Quartzile, Schist. Gnehsex)l

C-36




Fig. Fig. C-2-2(5) Hydrogeological Map and Cross Section of Wadi Al-Ma'awil
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2.2

22,1 -

.2R252 -

Geo-resistivity Sounding

Outline of Survey

:Geé-’res‘istiﬁty_ sounding surveys were conducted with OYO ESG2 type

equiprheht, both for vertical and equi-depth soundings.

'The'.vertical:soundihgs were performed by the Wenner method along five

observation lines with seventy nine observation points aligned along wadi

courses around proposed project well sites, The observations were carried
out at about two kilometre intervals along the observation lines, and the

.'_obsérvation lines were determined by the courses that passed through the

spots such as existing observation wells and proposed pro;ect wells which

' were expected to provide clear geological information for successful

-a_nalys:s.

Equi»depth sounding was carried out along five observation lines in the

“littoral area within four kilometres from the seacoast, consisting of two

lines (ESH—'!_., 2), near Barka, three lines (ESH-3, &, &) in Sur Al-Bu Khamis

‘near Abu Abali, one line (ESH-7) in Wadi Batha near. Al-Suwaiq and two.

lines (ESH 3, 6) near Saham. The observations were conducted by both

_\Venner and Estian arrangements in ordet to cianfy sea water wedge which
was supposed to mtrude infand in the httorai area. (Location map is gwen
in Pig, C-2-3)

Method of Analysis

The vertical soundings were conducted by the Wenner's four electrode

‘method and the Sundberg standard method was adopted to analyse the

observed sounding curves in case of conformable matching to the standard

- curve, For other cases where sounding curves were straight and had

infléCtion _points, the direct matching method was applied. Furthermore,

these methods were also used to decide the boundary of deep geological

"formatlon.



2.2.3

Equi-depth Soundings were carried out by the two. arfangéfnents4 Wenner
and Eslan method, taking the unit separation’ of 10metres. This soundmg
wethod, the so-called Pa - Pu method, presumes that the underground
structure along soundmg lines would have a mass of the unit volume with a
resistivity of Au..  The specific. resistivity values calculated by. this

" hypothesis were plotted on an equi-resistivity map.

Once the patterns of resistivity distribution were drawn the geologxca!

“structure or the shape of seawater wedges was outtined,

Vertical Sourding

The vertical .so_undihgs on gravel plain were co_ndainé:téd to the depth of 100
m in order to élatify geologiéél structure whiéi\: consisted of gl'-avel' layers,
which are favourable for aquifers, and the basement rocks. ‘And other
soundings near proposed pro;ect wells were’ surveyed for the acquxsntzon of
geological mformatlon in preparation of well dnumgs As shown in Table
C-2-1, the observed resistivity values could"be_classified into four to seven
resistivity layers, baééd on presumed properties of the geoiegical '

stratigraphy in wadi deposits.

The basement rocks are composed of. Palaeoibic and/or Mesezoic

" formnation such ophnohtes and carbonate roc?s, which outcmp ‘on the -

mountain side surroundings wadi plain, According to the analysed prof;l_es
(Fig. C-2-4), the basément rocks are correlated with a very low resistivity
layer, and seem to dip downstream . steeply, therefore, the ‘wdi basin

underiam by these basement rocks may tend o extend to the httora! area.

The upper classm formatlon consists of recent wadi- gravels, terrace
deposits and *ertxary deposxts, and fills - up the wadi basin. The relation
between each !ayer is of overlappmg structure, in which tertiary deposxts_.
are covered by terrace deposits and ierrace deposits are overlain by the
recent gravels, Also the distribution of *_these layers indiéates that the

upper layer may be located nearer to the littoral strip.
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2.2

.Equi—_dppth Sounding

. The equi-depth soundings were carried out at the littoral strip within 4 ki

inland from the seacoast in order to clarify the shape of sea-water wedges.

The qpectflc resistivity, i.e. Pu value is low and below lDO ohm-m over the

whole observation lines as shown in the eqLu depth realsnwty maps (Fig. C-
2- j). At the top formation along ob_servatlon_ lines, which is made of fine

=':m;f.r.t_er"i_a_ls, the resistivity values are variable between.the coast and the

inland of cultivated area. Resiétivity -values below 10 ohm-m were
measured in the surface layers along coastside line, i.e, ESH-1, ESH-3, and

they are attributed to the high salinity of groundWater.

' _The second resistivity layer is overlain by the surface low re51stw1ty layer.
The thlckness of this layer is presumed to be 10 m to 20m according to the
' res:_stw:fc_y pattern of equi- resastlwty maps. These resistivity values are
: pésslbl_y*ﬁt_le to the semiconsolidated shore'd_eposits which are made of the
:‘arf:tern'a:tion of sand, gravel and clay, and these formations are traced

horizontally at a about 50 m depth.

' Throﬂgh the classification of resistivity pattern, the interface between

fresh and saltwater has been outlined at Barka line (ESH-1):
The observatlon line of Barka is located at 1.4 km to [.9 km from the
seacoast, where the 3.5 ohm~m contour line has been correlated with the

interface at about 50 m depth,
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Table C-2-1 Classification of Resistivities by Vertical M'eth_od

rsi-1 (Wadi Ahin Line)

Geographical Unit

tal Strip

Upstream Gravel Plain Coas
Geological Unit _ :
Wadi Gravel Deposit I ——.(phm¥m) 320 - 3950 (ohm-m). | 1000 (ohm-m)
Wadi Gravel Deposit 1T - 68 - 638 60
Terrace Deposits 2950 140 - 465 - 31
Tértiafy Deposits 1 == 11 - 52 ——
Tertiary Deposits I1I — 205 - 300 -
. . _
Bed Rock - 93 -
ESH-2 (Musana‘ah - Jamma' Line)
Geographical Unit o _ o : _
' o Upstream | Gravel Plain GCoastal Strip
Geological Unit Lo : .
Wadi Gravel Deposits I - (ohm-m) 340 - 29000 (ohm~—m) ~- {ohm-m)
Wadi Gravel Deposits 1T | - 82 - 2700 1 -70
Terrace Deposits - 12'4"_2i0 ——
Tertiary Deposits 1 - 28 - 510 —
Tertiary Deposits II - 7o 27 -
Tertiary Depésits ITL - 24 ~ 38 ——
Bed Rock - 75 - _267 ==
ESH-3 (Barka - Muslimat Line)
~._Geographical Unit o
‘Upstream " Gravel Plain Coastal Strip
Geological Unit : :
Wadi Gravel Deposits 29 - 45003 8 - 540 (ohm-m) '8~ 30 (ohn-m)
{ ochm—m) : : e
Terrace Deposits e 9 - 250 =
Tertiary Deposits — I - 19 5

Bed Rock
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Elevation

Fig. C-2-4{1) Verticai.Geo-Resistivity Soundings, Wadi Ahin Line

LOCATION MAP_QF VERTICAL SOUNDING. . (WADI AHIN LINE)

GEQOLOGICAL CROSS SECTION

1 .
e —-E——i—-t———i—-

TION MAP

O~ VERTICAL SOUNDING

O™ — OBSERVATION LINE FOR CROSS SETION

‘@) —— MAIN GULTIVATED AREA

[W87] —— WADI GRAVEL DEPOSITS

: — TERRACE TEPOSITS
[F7].— TERTIARY (EPOSS
BF]-— aasa.ﬁ:mr ROCKS
L WATER TARLE

" FACIES CORRELATION .

|Wmm'm semiconsolidated focies ' i Otsm)

i ' . 8 _ .4 3 2
fly intercoloed clay and sond layars. -4 ;
galud ed - formation,considerble omount of == - e e s S

clay materials.

#Aarly . rudsione of migsIons mtercatated gronel
dominant lgyers. B
Gabtros, ssrpentinized peridotites ond basic

aAIrusives. |
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Elevation

Fig, C-2-4(2) Vertical Geo-Resistivity Soundings, 'Hazarﬁ Line - Muladdah Line

LOCAY JON _MAP_OF VERTICAL SOUNDING (HAZAM LINE)

GEOLOGICAL. CROSS SECTION

Mo

g 0
LEGEND
: LOCATION MAP {
O — VERTICAL SOUNDING o
~ ] _ ~0r— GBSERVATON LINE FOR CROSS SECTION . ; —so
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Elevation

. Fig. C-2-4(3) Vertical Gen-ResistiQity Soundings, Musana‘ah — Jamma’ Line
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Elevation

Fig. C-2-4(4) Vertical Geo-Resistivity Soundings, Barka’ — Muslimat Line
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Fig. C-2-4(B) Vertical Geo-Resistivity Soundings, Barka’' — Khatum lina
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- Fig. C-2-5(2) Equi-Depth Geo-Resistivity'Soundings, Khawr Hammam Area
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Fig. C-2-5(3) Equi-Dopth Geo-Resistivity Soundings, Wadi Batha Aréa
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Fig. C-2-6{4) Equi:Depth Geo-Resistivity So'l.m'dings, Sur Al Bu Khamis Area
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Fig. G-2-5(8) Equi-Depth 'Gar)»Res“i'Stiv‘ity Soundings, Barka’ Area
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