CHAPTER 3 WELL HYDROGRAPH

Since 1976 DGWRI of MAF has been conducting groundwater level monitoring
© through the bore holes of approximately 60 in the Batihah Coast. The data have

been filed both for monthly mannual measurements and automatic récordings.

In addition to these data, the present project has contributed its own observation of

1984, These data have been compiled and presented as 9-year hydrographs.

When ‘these hydfogra'pbs ate reviewed, one can recognize relatively long periods of

apparent unreliable measurements,

The quality of measurement has been imnproved considerably in later part of the

hydrographs, i.e. 1983 and 1984, due to the guidance of the present project team.

Unfortunately well hydrographs in the northern project area are not available.
However, one ‘can notice two particular tendencies in the fluctuation of
groundwa:ter' tevel. In the mid-plain groundwater level changes with large
amplitudes Which sometimes exceed 10m in a period of three to six month, The
crest of the variation seems to appear once in seven to ten years. In the coastal
strip' groundwater ﬂuctuatidn_ is quite smalll and majority of the coastal.wells

shows steady decrease of the water level.
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OBSERVATION WELL HYDROGRAPH

Basin

Basin

Basin

Basin

Basin

(1976 - 1984)

PR ---- Wadi Ahin
2 =~=-- HWadi Béni Ghafit
3 —mmmee— Wédi Al-Fara'
4 ~w-- Wadi Bani Kharus
5 =—=m- Wadi Al-Ma'awil
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1. Basin 1 ~——eismm—e Wadi Ahin

Well Hydrograph Not Available.
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2. Basin 2 --=-- Wadi Bani Ghafir
Well Hydrograph of: JT21

JT22

ADG26
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Basin 3 —weemuun Wadi Al-Fara’

Well Hy&rograph of: JT13
‘ JT15
JT16
JTL7

ADG20
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4, Basin 4 ~--- Wadi Bani Kharus

Well Hydrograph of; JT10
| JTLL
JT12
3724
- JT57
JT58
JT67
JT68
DW 3.
oW 4
ADG23

ADG24
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. Basin 5 Wadi Al-Ma'awil

. WellHydrograph of: JT 5
| JT 7
JT 9
JT52
ADW 7

ADGL7
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_CHAPTER | SUMMARY OF PREVIOUS STUDIES
ON GROUNDWATER CHEMISRY

In the prevnous studies (ILACO, 1975, and Gibb, 1976) geochemlcal studies
on . the groundwater were also carried out, using ordinary ionic analy31s,
stable isotopes and radio active tritium. However, except for ionic

analysis,_ the number of analysed water samples was not satisfactory.

By the ‘ionic anaiyses they dlSCUSS‘..d the property of groundwater in
relatlon to the salt hazard in 1rr1gat10n ( Gibb, 1976). But concerning the
gtoundwater system ionic analyses were not itensively applied. Only'
preliminary ‘classification of groundwaters were done by the ionic analysis

~ without entering the ground water flow system study.

Stable- isotopes; oxygen-18 and deuterium, were analysed both in the
previous studies. However, analysed sample number was not large enough
to _de‘pict the local hydrdiogic. c:,!.cle'. However, stable isotopes were
$UCcéssfuiiy u'séd'fér the discrimination of deep-born brine water from the
seawater (Gibb, 1976). |

Tritium ané!y_sis was comparatively appreciable in clarifying the movement
of coastal groundwater. Although analysed waters were not enough in
numbé{'and in areal distribution, the resuits disclosed an important
--con_c’lusioh'that most groundwater in the coastal plain had been recharged

prior to 1950s (thermonuclear tests) {Gibb, 1976).

D-1






CHAPT};R 2 SUMMARY OF NEW ASPECTS OF GROUNDWATER SYSTEM
DERIVED FROM THE PRESENT GEOCHEMICF\L STUDY

As_ present_éd in the three attac_hed data :sheefs, ordinary ions, stable

. isotopes of oxygen-18 and deuterium, ‘and tritium were analysed,

_ Considei‘ing the origin and locality.

Ionié analysis and stable isotope analysis clearly proved that floodwater

_was d1rectly supphed by the local rain and recewed almost no contnbutlon

from the groundwater, which is otherwise predommant flood water source

" in temper_ate climate region. This result agrees with the poor infiltration

~ . at the surface of San'd/GraVél Plain. lonic composition of coastal plain

| groundwater suggested groundwater up-welling at the depth of the midplam

-when the geographlcal distribution was drawn. Stable isotopes and tritium _

analyses gave the corre_latwe results to support such phenomenon.

The origins of iarge hmestone sprmgs at the foot of Ma)or Mountains were

' 1dent1f1ed to be hlgh altitude rain through the stable isotopic analysis. This

is - agreeabke when their piezometric conditions and geologic structure of

the masswe limestone are considered.

The trltium analyms of the present work was carried out in a more

-~ intensive way than that of the previous study. Detailed sampling of coastal

groundwater disclosed that there were local recharge zones near the coast

which function to maintain the coastal aquifer to some extent. However,

the maj.ority of groundwater at the coast is of old inland groundwater,

recharged at some specific zone.






D-1  IONIC COMPOSITION OF THE BATINAH
WATER SAMPLES

D-3






LT0 €0l £r¢  can 0°7 g*0 L*0 T'L 0°8 2z/6 /€8 ITIRUDTETM 75T
0°L  $'z T ;€% ¢ L'o 7'z 0%3  ZL/6 /€3 utyytH  8€2
0°S1 B°0f YL 0°0L . 8°9 L('0 L°SE  8°9 OL/6 /€8 TRlVy N 922
rAR N AT €5 I3 2 £°1L 10 8°% €L 6 /6 /€8 3TYeZRY . GLT
0°L 02 A B L 6°€ AL L0 67 v L 0L/e /€3 yeqbnp’y  TLL
Z'0  8'Z  L°¢  tay L% 670 L0 9°Z 9L 3 /8 /€8 ITyeyn E M E9L
£°0 Ll oty g L€ 6°0  0'D 8°0 voL  YZ/€ /€8 BTYBL Y 87L
6°L 7€ 8"z a3y .ze¥ 8°0 . L°0 €°¢ 6° L o Tely* N 7¢L
Y0  9°2 z°g  tan 75 20 L0 92 9°L 9L/E /€3 ITIBUD G M 62
0°L  9°¢ 9*c Iy LY 8°0 L0 €£°¢€ z°e  zz/z /€8 | WEUyeM 8L
VAN L's  can ¥y 1z L0 07 9°L  €L/Z /€3 1TYBZEY GL -JHO -
| | (I898j WBSILS TPEM)
a3 Zeo €L I3 80 4°C  0°0 L0 L4 9L/z /€8 TTRE RN N LL
‘33 29 0" 3% €L 6°0 0°0 17O A ' ITIRUDE'M VL
*I3 . €U0 8*L . I3 - 6°0 G*'L .0°0 2°0 €L n LT oF 'R )
I3 €*0 0%z  Ca% 2L 60 00 z°0  z°4 ‘ snxeyycgM ozl
- N4 g*L 33 3°0 60  0°0 Z°0 z*L " TIMB,BY" N L4
S AL 7eLotar 300 3°0  0°0 1°0 9'9  £1/z /€3 B{IBg 0L -NWO -
; T | o - (a837y pootg)
B0 9°0 . 90 a3 YL Y3y G0 TU0 . L°9 LE/L /Y8 fnapen  zé2
L0 S0, vty ran £€°z- 20 L0 Y'GC  8°9 0E€/L /Y3 beqsny=1y | L6Z-NHO
o o . (T93BM urmy)
_.Mo.m T moum_ MOU ++m2 PR C Y LN Hd S3ed . 937S erdures  “ON’ wﬂ_mﬁmw_
(T/Dsw) woTuy | - (T/bsw) uoTIED S T |

C(TT/T) SEIIWYS TILEM HYNILVE dHIL A0 ZOHHHWO&E.OU.UHZOH ’

D-4



2z/7 /73

J

0°L L't E"€ 270 27T B0 0°0 60  L'6 TIred YLz
2T 0% 9% L0 €°7 &L L0 Y'z S8 g/ /18 (RUTRZ  LUZ
o+ S T SR Il AR £:1 9°c L0 10 €L oL LL/6 /€8 wnge Yy cee
Lo ze2 6°¢  tay 2'g 0'L 00 9°2 L L b msuel~TY 612
ZTL0T€ . LY tan w7 8°0 L0 Q'€ 1L L /6 /€8 GEUEBL  3LZ
5z vvg yer a3y *9 £°¢ L0 7U¢ 8°9  L£/8 /€@ 3TSBH-TV 212
7L 8*z  0'S  tar 9% g°L L°0 0°¢ €4 " weZBY 661
L0 0°L gy ray g 9'L 10 L*L Z*L 92/8 /€8 TQEMY-TY . L6L
70 Ltz g*y  tag. gog L't 70 L°Z g°L 6T/E /€8 msusy-TvV 7Sl
7'T €°S ¥, a3 Yeg 6' L0 L'9 L9 61/€ /€3 ATSBN-TY  B€)
70 0'L LY tay g¢ 0°z  L'C 0°L C*L B8L/E /€8 Tqery-TY - 9€1
yoy gog L*S  *a3 %Y 0"z 1°0 B'€  L°L 9L/ /€3 . BIQTH €4
AL AN 7Y ocay 00y 6°0 10 L°l €L $L/€ /€8 unqBYy LEL
6L L'z €7 cay 6°¢ zZ°L L0 0°€ 04 i i 821
01 L'Z vy t33 8¢ zTL o L*p 0°€ 69 . yRIWBL  LEL

L"L 0°E e's a3 6y v°z 10 £°¢ veL SL/E /€8 WRZRE  9ZL=NWO

| ﬁhmpwz feTB4a)

WOm _ foon. moo PN SR R S 5a s3eq 83718 ordwes toN srduesg

(T/Pswr) uoTuy

{T/bowm) uoTaed

(z**pyue]d)

(TT/2) SATIWYS ¥YIIYM HYNILVE FHI 40 NOILISOJWOD DINOI

D-5



D-6

LL g g ¢ I3 oY Z°L 1t0 9'¢€ g*L Lz/2 /78 yeIpeyy-TY 91€

veg  9*0lL LS 7€ "I £°0 8°ZL  0O"LL 02/8 /78 unfy uty Log

Y 0L £°€%  £°0 a3 g°Sz  *3I1 L0 gtLz 06 SL/8 /7B Inueyn uTy 662

L'l 9°¢ g* ¢  *I% §°¢ 1*0 1'0 9°¢ veL  LE/L /Y8 yBIpeUy-TV €62

70 6°0 L*g  tam LY ¢*L  0°'0C 0°'l 'L Ye/s /v8 breg §ge

0°L  0°t oY tan 0°Y 0 00 €£°L Ll i yelteg SLZ

7*0 Ll Ly tan veg ¢*L 0°C 6°0 6L ez/T /U8 YeuweH-TY ZLe

62 §°9 97  cag Lt ¢ L'c 20 7L ¥*9  G2/6 JEB Tely-Ty 96z

7e0 LY zZ°L 80 2 ‘a3 z'0 9% ve¢  zz/6 /€3 UTBDNOH-TY 162

z°L  §°€ 07 Iy g'z  9'T  LT0 €€ L"9  9Z/8 /€3 UEJISeY-TY uTy 86l

Z*s  0°S0L gz a3 o'tz B8°€z z'L 969 69 Li/8 /€8 UTy-1y €41

I3 £°6 Al 9°0 €0 L0 €' 0°0L YT/E /€8 BvTYeE - LY1

Zerouty p*¥ *a3 D°E 9'z 10 6°€  8'9  elL/f /€8 beyeny-Ty¥ - S|

vz ¥t9 Lty can L€ §'z o z'0 2L S99  9L/€ /e Tely-T¥  €EL-NKO
i (xesen PFutadg)

W.Om. 10 moum .miloo oM B BN gd aneq o315 oTdwes oy oidwes

(1/bow) uoTuy (1/bow) uOTIED | |

{¢**pauoy) : (TT/€) SATINVS ¥HELVM HUYNILVE FHL JO NOILISO4WOD DINOI



D-7

C£'S 9'8 9T tay o ogrtT Ll wte 0zl LU W ..oweprgs 46
0°L  1°¢  §'6 cay o 8°€ 2L it0 9% 2v. W ¥eTER-TV . 96
LTL o Z2tS 6T Iy StY €L 1tD . 6°€ L*L 0 u G6
27 6*zL 0'€ Ay 1Tg Lz L0 86 L4 6 /€ j€8 - uyseyuey Y6
zez  L°§ L€ a3 €°S 6°0 0°0 Y6 €74 . B 1
Z'L 0 9°8  £°¢ a3 §tL 6L Lt0 LY Lty . yRqQEYY 26
70 YL L€ Iy 6°C 80 0°0 60  6°9 . " 16
L°0 6% STz 3 gtT 70 L0 Lt9 VU4 ? TBTTH BUIRE 06
7°C €L TPz Iy 0°ZTL L6 20 £°L L4 8 /€ /€8 BYLRg ang 69
vte .m..w. 6°€ I z2'9 0z 1°Q £°9 .O»_h o | T "8R8
€1z 9°0€ L¢3 0T€L Y 20 Y0¥ 69 9 /€ /€8 URDDETRH-TY L8
2T€ 1L §tS A 9'E 6%0 170 §ULL . §'4 " u 98
27 0'S 9'9 a3 G°¢ 80 L0 S'iL L'l . o S8
RS A AR S AL AL S A I 1S S 1Y) w - UEDYSTUY~TY V3
*Iy g*¢ 6°2 9*0 L0 1'C '8 z*0L €2z /€8 . €ve €8
Z'L B'Z 9°% a3 6T §'L L0 LY 2t . TEgNg TMRL 2
STl YUYE €07 3y 0°S  £°2  £°0 6'05  §°B u sexegm L3
vTL 6z 6°¢ a3y YeZ $°0 0°0 §°L 2L K Tretay 08
€°¢L 16 £°0L a3 g°7  9°L 00 €°9% 2t 2/ /€8 UBATRQUUS &4 ~HHO
| | (129®H TToM)
Yos 1o Ctoom ‘00 U T~ T - sneq eats sTdues -ox sTdwes

(1/Bow) woOTUY (T/bow) uoTED

{7 *prucy) _ _ (TT/¥) SHTANYS YIIV¥M HUYNILYE FTHIL 40 NOILISO4WOD DINOI



\.
/

TONIC COMPOSITION OF THE BATINAH WATER SAMPLES (5/11)

(Contd, .5

Anion {meg/l)

CationV(meq/l).*'

Sample:No}

pH

- Date

11.0

Se'{j..

Sample Site-

4.9

7.7 16.30 0.2 0.7 3.9 tr.
1.7 tr.

6-9

83/ 3/ 9

Qudam

98

OMN -

5.2 0.4

5.9
8 ‘2

i

Al-Musana'ah

99
100
101
102
103

2.9

7.5
9.7
L9

48
34
4+3

tr.

2.2
2.7
0.8
1.7

. 0.1
0.1

5.8

6.v9

il

Sha'ibah

Ir.

8,7
La2

7-0'
743

83/ 3/10'

1.9
309

t:.

0.6

6.1

BH

Abu Abalil

8.3
3.6
7.6
9.6

3.7

tr.

6.3
3.9
5.8

0.1
0.1

0.1

7.6

7.1

1.0
4.7

3.1

tr.

1.5

4—-4— o

7.2

"

104
105

3.0

tr.

7.1

Al=Suwadi
Billah

0.3
0.7

3.0
2.8
3.7

-

6.6
3.4
3.6

6.0

7
0.9
1.1
2.5
0.9
3.5
1.9
27
3.5
0.7

0.3
2.4 0.1
2.7

Y
3.9

8.7
14.8

7.5

1

106
107

D-8

3.2

tr'-

Cal.

7.2
7.0
?'1

il

108

0.4
6.0

9.2

3.7
16.3

2.5
3.7

tr.
tr,

0.1

83/ 3/13

Abu Mohar
Ogdah

109

3.0

0.7

3

110
111

2.7
3.2
3.4

. tr.
a9
AgO

bob
6.2

091.

70“1

1

2.7
2.2

9.9
344

6.0

tr.

0.1
O..1
0.1

C.1

9.1

7.1

Eifri

112

tr.

bal

6.8
6.8
7.3

it

113

84

tr.

6.1

11
ADW19
JT22

114
115

0.2

-

1.5
biet

3.3

tr.

o~

1.3

g3/ 3/14

0.2
0.8

1.7 tr. 2.7
3.9

3.9

0.5
1.9

-

116

-

Gt‘!

3.3

6.9

Na'laman

117




ontd..6}

IONIC COMPOSITION OF THE BATINAH WATER SAMPLES (&£/11)

(meg/1)

Cation

Anion (meq/1)

Sample Site

PH Na©

Date

Sample No.

0.2 3.0

0,71

5 el
Lk
6.2

116
10.0
13.6

5.0
3.6

tr,
tr.
'bI".

7.7
7.5
7.6

609 11&3

6_.8

83/ 3/14

Na'aman

OMN-118

3.2
3.7

7 o4
91

Barka

119

3.7
3.8

3.1

0.1

0.1

6.8

1

120
121

2.2

3.9

tr.
tr.

4.1

2.5
0.7
0.7

3.3
<3

6.8
?-4

7.1

]

HT1
72

3.2

0.1

g3/ 3/15

122
123

Ooli- .

1.9
bad
20,6

0.1 R.9 3.1
Lo
47

2.1
4.8

o

L.2
1.4

1.9 tr.
tr,

002'

7.1

n

83/ 3/19

124
137
139
140

DUTCC Camp

JT52

tr.

0.7

16,5

70‘-’{-'

1.8
G.4
0.2

2.2
1.4

3.2
2.3
38.4

LT, 2.8
2.9
2.7

tr.

3.8
2.7
206

0.8
0,6

0.1
0ot

3.8
204

(2
7ok

83/ .3/20

JT5
JT10

D-9

tr.
tr.

0.6
1.8

0.1

1.3
2.8
28.7

Tad
7.1

JT57

T41

3,8

1-4
15.4

Le2
21.0.

OQ’!

JT13
‘Al-Huladdah

142

4.2
3.8

tr.

2,0 .
2.4

2.9
2.9
0.3 4.1

0.4
0.1

7.1 0.1

[

83/ &/ ¢

143
164

Barka

>

5.3

tr.,

443
6.0

3.6

3.7
3.7

tr.,
tr.

Ot

u

165

2.4
17 .0

: 26o9

502
12.3

5.2 0.1
32.6

7.. O
7.3

n

83[-8/18

H

Al-Muladdah

166

5.1

tr.

174

(83

6.9
39.5

3.6
4.0

“tr.

5.6
2004

6.3
26,7

i)

175

0.4 7.7

0.1

0.8

tr,.
tr.

7,0
7.2

n

83/ 8/20 .

11

176

6.6 - 1.5

3.6

5.1

0.9

5.7

Al-Museng'an

177




IONIC COMPOSITION OF THE BATINAH WATER SAMPLES (7/11)

(Contd..7)

Anicon

(meg/1}

(meg/1)

T

Cation

e
Mg

PH

:Samplé.No.

Cl S0

| HCO,

1 en]-

o

+t
Ca-

Na

Date

Sample Site

s

6.8

2.0
2.8

 Al-Musana'sh

2.5
5.1

7.9
10,3,

5,3
3.3
bod
3.8
3.4
3.3
2.8
3.8
2.9

3

tr,

0.1

7.2
7.6
8.3
€.5
3.6
6.4

9.1

6.8

OMN-178

83/'8/20

tr.
tr.

8.3
5.6

7.1

Sha'ibah

179

2.9

3.9
1.0
1.0

A

.0

0.1

743
7.2
7.3

}

Abu Abali

180

tr.

6.1

1.9
1.0
1.8
1.8
C.9
1.9
0.8

0.1

181
182

3.5
0.0

tr.

3.3
5.9
6.7
3.4
5.7

)

Al-«Suwadi
Billah -

tr.

001.

7.3
T3

183
184

10.9

tr.

C.3
UO'I

1.0
144
7

3.2

tr.

3.6

.(ﬁ

]

Abu

185

8.6
3.7
16.6

tr.

o1
0.1

5.2
3.9

12.8

7.2
T
7.0
7.2
7.0

1
g3/ 8/21

Mohar

Cgdah

186
187

D-10

6,7
1&4

2.4

2.8
3.2

tr.
tr.

9.7
5.1

3.8
2.0

3}

Hifri

188
189
19C
191

&4
6.7
4e3

12.4

10.2

0.7

6.1

2,6 5.0 tr. 3.7

4@6 001

3.6
1% .1

n

¥a'aman

1.4
5.1

3.6
bod

tr.

3.8

1.8

001

7.2
7OO

tr.

8.0

7.1
14.9

0.2 2.7

n

192
193
194

4a7
hal

3n6.
2.7

L]

tr,

3T
0.3 5.4

0.1

7.6
9.8

6‘5

7.0
7.2
7.5

Hifri

23.8

£3/ 8/25

Sur Baths

4o
3.8
3.5

2.5 tr.

3.8

0.1

0.1

Batha Hilal

185
196
205

003
Ted

1.6
10.2

tI‘ -

1.2 c.1 0.7
1.5

5.2

7.2

H

Khabbah

8'3

C.1

83/ &/29




(Contd..8)

IONIC COMPOSITION OF THE BATINAH WATER SAMPLES (8/11)

Anion {(meg/1l)

Cation {(megq/l)

Sample Site

Samplé No.

20

Cl

0™

- HCO

pH

Date

OMN=206

o

o

5.5 tr. 4.0

7-9
446

4.'0

007

0.1

11.5

7.6

83/ 8/29

Khabbah

4a2

13.9
5.0

3.1
3.0

tr.,

0.6

0.1

7.3
7.3
7.5
7.3
7.8

7.0 4

Mamfesh

207
208

I~

tr.
tr.

0.1

Lot

11

Al-Qalat
Oudam

544 Ted

3.2

1.7

0.1
11.5 0.3
. O.A

5.2
15.7

209

tr.

5.7
41

210
211

bad
0.7

11.1

49
2.9

tr.

0.2

i

HTY

2.3
1.9

tr.

3.5
3.4

0.4

83/ 9/'5_

213

2.0 0.1

0.7
2-5
17

2.9

tr,

1.8 0.1 0.5

4o

7-_ -'4

HT2

214,

443
3.3
4-@0.

tr.
tr.

4o7
4eb

1.6
1-5

O.j
01

7.2
7.3

83/ 9/ 7

DUTCO Canmp

JT13

216
217

2.6

1.7

3.5

5.0 tr,

1.5
0.7
0.7

206 O"1

7.5
7.5
7.4
7.6

i
7.7

83/ 9/ 9

Al-Musana'ah

JT15.

220
221

41

3.9
390
3.4

+

tr.

C.1

4 n.“

3.5
6.3

Lod
2.7
bad

0.1

2.8
6.3

2.8
3.6

(58]
[

222
223

0.2

tr.

0.5
Tel

0.7

0.2

0.1

0.1

JT17

4.0

3.5
2.9
2.0

LJ

224
225
227

83/ 9/10

ADWT -
JT5

144
0.2
0.8

o0

t?.-
tra

3.8

745
7.7
7.9
7.8

9.2
1.3

0.2 0.6 2.4
0.1

£.0
3.0

JT52 -

3.2

tr.

83/_9?11

JT68

228
229
230

2'0_
“2.6

0.2

Cet

0.1

Ovd
C0 4

2.7

Ly,

1.6
145

At

JT67
JT57

1.4

0.2 2.6

0.1

7.7




(Contd..9)

IONIC COMPOSITION OF THE BATINAH WATER SAMPLES (9/11)

Aﬁion-(meq/l}

Cation (meg/1)

Sample Site

It ™

HCO

Ng‘

pH

Date

Sample No.

_2.3

3.2 0.1

JT10

OMN =231

Oi5
3.2
3.7

2.8
el
2ok
6.4
3.6
4.2
7.0
3.6

tr,

2.-.9

0.2

7.7

83/ 9/11

3.1

tr,
Ttr.

042 2.7 )
3.5

0.1
0.1

JT12

232

6.9

7.6 11.5

7.8

83/ 9/12

235

0.5
C.3
] 004

Alehishdah

Q

tr.

3.3
2.6
4.7
5.9

45

0.7,

17.1

n

Rl

236
237

o

241
10.2

.

0.¥

bl
18.7

7.7
VA

H

n

Shubaibah
W.Faras

11.3
19.6

tr.

2.3
2.0

0.0
0.1

]

239

27.7

tr.,
tr.

48.5

7.6

240
241

1.9

3.1

306 OQ1
tr.

7.8
4

73
1C.1

*
ax

Gy

Tawi Su
DA3
Mijaz

0.2
3.2
4.2

5.3
7.2

2.9
tr. 3.1

tr.
tr.

0.3
709
5.5

4o
12.5

0.7
0.2

0.3

.1
.1

745 .

83/ 9/13
n

242
243
244
RL5
246
247

D-12

2.6
2.3
12.4

3.0
3.3
3.6
2.7
2,6
3.0
45

3.2
'502

1"

A i

0.1

2.4

7.5
7.4

7.7

Awainat
Otob

*

0.7

tr.

.

0.3

0.1

O

1.5

1.9
3.4
3,0

0.7

2.5

83/ 9/15

JI22

tr.

™~

-

0.5

G.1

2.9

7.7
7e2
7.8
6.9

JT21

248
249
255
257

0.7
0.7
1.4

1.7
2.6

tr,

1.4 0.1
1.7

3.0
21.7

ADW19
BG 1

tr.

43
3.2

24,0

0.8
1.3

0.1

83/ 9/22
&3/ 9/27
8L/ 2/21

tr.

0.1
0.4

BG2

tr.,
tr.

2.0

T4

266
267

Barka

18-5 6-9

Lo

0.6 9.8

17.4

8.0

Ogdah
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D-2 STABLE ISOTOPE (OXYGEN-18 and DEUTERIUM)
CONTENT OF THE BATINAH WATER SAMPLES

- D-15






STABLE ISOTOPE CONTENT OF THE BATINAH WATER SAMPLES (1/5)

sample No. .~ sampling site Date 60"18(Woo)6D(Wop)

(Rain Water)
“OMN- 2 Mutrah g2/ 3/29  -1.07  -0.6
3 " o ~0.79  +2.5
38w - 82/ U/18  42.10 +15.9
42 x 82/ 4730  +7.74  +42.3
43 o " .75 +27.5
gy " 82/ 3/29  -1.19  +4.5
58 Ruwi = 82/12/ 2  +2.20  +25.9
61  Mutrah - 82/12/11  -1.86  +12.5
62 we ©82/12/19  +3.10 +33.0
63 w | g2/12/20  +1.58  +25.6
64 g2/12/21  +0.44  +21.4
65 Ruwi g3/ 2/ 9 -0.60 +12.1
67 W . - 83/ 2/12 ~4.23  -25.4
68 Mutran 83/ 2/12  -4.45  -27.3
151 . Semail o 83/ 3/14  +2.44  +18.8
325 . RF 2 | 84/11/ 4  +4.16  +25.5
(Flood Water) _
LOMN- 4 Wadi Lawami g2/ 3/30 -3.29 -6.9
5 Wédi _Buhayyis' ' " ~2.01 -3.2
40 Wadi Sha'ibah = . " -2.59  -1.3
L T R | oo 2,72 ~41
70 Wadi Khuwairat 83/ 2/13 -8.39 ~43.1
71 Wadi Al-Ma'awil | " ~7.58  ~39.2
72 Wadi Bani Kharus " ~7.64  -39.2
73 Wadi Al-Fara' v —6.42  ~33.2
76 - Wadi Ahin u -6.54  ~36.6
77 Wadi Al-Ma'awil 83/ 2/16°  -3.74  -3.7
(Falaj Water) :
oMM 1€ Khatum g2/ 4/11  -1.23  -1.5
23 Al-Rustaq 82/ 4/12 . -2.50  -T.6-
45  Hazanm | 82/ 5/ 3  -2.40  -8.5
a6 83/ 3/15  -2.48  -6.3
- 127 'J'amn.laii:‘ . n —-2:. 33 +2.5

D-16



STABLE ISOTOPE CONTENT OF THE BATINAH WATER SAMPLES (2/5)

(Contd..2)

'Daye

SO—lgfqooyﬁp(Oﬁgi

Sample No. Sampling site
OMN-131 ~ Khatum | 83/ 3/16 10,14 42,9
136 Awabi 83/ 3/18  ~3.66 = -12.5
138 Wasit 83/ 3/19  -3.17 - -8.1
(Spring Water) _ o
OMH~ 1) Saiq 82/ 3/26 ~3.09  -10.9
7  'Al-Khadrah,W.Sahtan 82/ 4/ 6  -2.67  <6.
9 Al-Suwarah,Nakhal 82/ 4/ 7T -3.34 - -11.1
15  Al-Kesfah,Al-Rustagq 82/. 4/ 9 -2.84  ~9.8
48 Al-Suwarah,Nakhal 82/ 7/11 = -2.54 -10.8
51 Al-Kesfah,Al-Rustaq 82/ 7/16  -2.41  ~5.6
52 ‘Al-fdhari | 82/ 1/17  -4.86  -34.2
54  Al-Kesfah,Al-Rustaq 82/ 9/15 = -2.80  -10.7
55 'Al-Suwarah,Nakhal meoo -2.0%. =71
145 Al-Kesfah,Al-Rustag 83/:3/22 -2.74%  -12.8
(Sea Water) . | _ »
Olii~ 47 Al-Bustan 82/ 5/16  +0.96  +5.9
155  Suwadi 83/ 3/29  +2.03 +8.1
(Hountain and Wadi Strean Water) = . _
OMN- 16 Al-Khadrah,W.Mistel 82/ 4/10  =3.29  -11.2
25 Al-Mebo,W.Sahtan 82/ 4/13  -2.75  -8.8
66 HMadruj, % 83/ 2/ 8 - -4.20 -14.4
6  Maihah, " 82/ 4/ 6  L2.21 4.9
10 Nakhal o 82/ 4/ 7 -3.10  -10.3
11 Mazahit,W.Fara' 82/ 4/ 8  -2.25  -3.2
12 Al-Hougain,W.B.Ghafir W w145 4205
13 i : wo H -0.85 0.2
17 Al-Abyad,W.B.Kharus g2/ 4/11 -1.27  +0.1
20 Knefdi,V.B.Ghafir 82/ 4/12  =1.13  -1.8
21 Murji, o o L1007 4247
22 Zaba', " o Lou72
2,  Fasah,W.Sahtan 82/ 4/13 =247 -5.0
26 Yara' ,W.Fara' » . .'ei{67]':'—1.8
27 1 o u. - =1.39

“4_05._
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- STABLE ISOTOPE CONTENT OF THE BATINAH WATER SAMPLES (3/5)

(Contd- .3)

D-18

~ Sample No, Sanpling site Date 60“13f%d 8D (Oho)

OMN~ 28 Al-Muhassanah,W.B,Auf ‘182/.4/13 -2,64  -12.5

29 Bidah,W.Ahin 82/ 4/15  10.21  +45.2
30 Al-Hail, o v 10.73  +6.9
31 Haidi, 82/ 4/17  -0.46  +2.3
37  Bahla,W.Bahla 82/ 4/18 -1.71  -2.8
50 Mazahit,W.Fara! &2/ 7/13 -1.76 -1.3..

53w n 82/ 3/15, -0.23 2.6

75 o 3/ 2/13  -1.27 2.4
78  Al-Hail,W.Ahin 83/ 2/22  +2.49 +13.8

- 129 Al-Houoain.W.B.Ghafir 83/ 3/16  +0.17  45.9

(Well Water)

OMN-' 8  Afi 82/ 4] 7 -2.63  -5.9
14 s1il 82/ 4/ & = -2.04  -7.2
19 JIT20 g2/ 4/11  -2.08  -7.3

32 Maqail Girula 82/ 4/17 +1.68 +5.6

33 . ‘Wadi Faras " ' -0.64 -1.6
34 Knhishidah,W.Ahin e -1.56 =5.0
35 U " ~2.70  ~12.1
36" " L ~2.74  ~11.4
46. Slaiman,‘ff'.!fiistel g2/ 5/ 9 ~2.69 -11.9.
60  Wugbah 82/12/10 ~0.35 +2.6
79  Shubaibah 83/ 2/22  -1.11 -0.9-
80  Magail Girula " +1.50  +5.6
81 Wadi Faras n ~1.03  +0.7
82  Tawi Sufai n ~0.39  +1.6
83 oA 3 | 83/ 2/23  +0.49 .9

‘84 Knhishidah, W.Ahin " C1.17 ~1.5
85 Cow z ~2.51 ~6.0
86  Sahanm " 2,54 =5.4

87 Muladdah . 83/ 3/ 6 ~2.2h - 8.6
88w o -2.68 ~7.4

89 Sur Al-Batha g3/ 3/ &  -2.52  -9.0

' '90  Batha Hilal o L3.21 -14.2
91 L n “3.11 7 =12.1

92 Al-Khabbah f ~0.91 ~7.6

93 Al-Khabbah " 2.1 -11.3



STABLE ISOTOPE CONTENT OF THE BATINAH WATER SAMPLES (4/5)

(Contd. .4}

Sample i_\Io_. Sampling site _ 'Date §0-138 (F’/oa)ﬁD(Q/oo)ﬂ
OMN- 94  Manfesh - 83/ 3/ 9 -1.20  -4.9
95 u | o ST =508
96  Al-Qalat " e2.19 5.2
97 Owaam | I 0. TT +2.5
98 . w . | " C$1.17  -0.3
99  Al-Husana'ah ' " -3.04  -10.3
100 Al-Tarif v -2.32 ~7.3
102 Al-Musana'ah 83/ 3/10  -0.87  -5.3
104  Abu Abali . ~0.33 21.3
105  Suwadl o 40,11 ~0.4
106 Billah . ~1.93  =9.7
108 n [ ~1.87 - -6.0
109 Abu Mohar | 23/ 3/13 ~1.66 =54
110 Oqdah : W L1650 -3.8
111 n d -2.45 ~6.9
112 Hifri oo ~3.09  ~10.2
113 Na'aman v 13,33 -11.3
114 Barka " -3.10  -10.0
115 ADW 19 - 83/ 3/14  -2.93  -13.5
116 JT22 g3/ 3/15  +<2.39 - 9.5
117 Na'aman " - -_34_34: —-15..6
118w 83/ 3/14  -~2.84  -1l.2-
119  Barka - | w -2.98  =7.5
120 . - u ~1.50  =6.7
121 . 83/ 3/15 = -3.16 - 9.3
122 HT 1, W.B.Ghafir @ ~1.57 . -2.6
123 HT 2, W.B.Chafir e S -l.7h 0 -1.3
124 DUTCO Camp - X ~1.86 - - 5.6
125 JT 15 W 2,28 -6.7
139 JIT 5 | 83/ 3/19  -3.26  ~9.9
140 JT 10 83/ 3/20  -1.85 =h.h
142 JT A3 | o - -1.78 ~2.2
1453 Muladdah | W -2.04 . -6.1
222 JT 16  83/9/9 -2.15  -6.5
223 JT 17 | om0 =2.33 7.7
283 BA 1 84/ 1/13 __~0.67 +3.5
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STABLE ISOTOPL CONTENT OF THE BATINAH WATER SAMPLES (5/5)

(Contd. .5}

“Sample' No. Sampling site Date '50_13(9/00) 8D (0 700)
OMN- 288  JT 14 84/ 7/26 ~2.97 ~9.1
297 EA 3 84/ 8/14 ~0.93 +0.3
298 EA 4 n +0,92 +2.8

309 WST 24 8h/ 8/24 -2.54 7.6

302 DW 4, 20m g/ 8/22 ~2 .1k ~7.0
303 "o, hom u ~1.71 ~5.3
304 "L 60m i ~2.46  -8.6

305 ., 80m i -2.33 -8.6

- 306 ", 100m i ~2.45 ~-8.6
307 "o 120m " ~1.04 -6.8

308 moo1hom u ~0.20 _2.9

310 BA 1, 1llm 8h/ 8/23  -1.71 -6.5
311 ", 80m oo ~0.71 -3.2
312 BM 1, 10m 84/ 8/25 ~2.97 11.1
313 "L T5m i 40.19  41.8

314 BF 1, 1im " ~2.15 -9.8

315 " 90m u -~1.04 ~i.5

326 Jamma Bha/12/24 ~1.74 -h4.5
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D-3 TRITIUM CONCENTRATION OF THE BATINAH
WATER SAMPLES
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‘.I'RITIUM. 'CONC.ENTRATION OF THE BATINAH WATERI SAMPLES (1/2)

g;mplefuo;_- "Sémpling'sipe- 0™ éfid Triézum Conc. (T.U.}
(Rain Water) S
OMN-- 68  Mutrah, '83,2/12 40Q FB 590131 8.4 + 0.4

' -{Flood_Water) : _ -
OMN- 73~ Al-Musana'ah,'83,2/13 40Q EB 622258 6.4 1 0.3
(Wadi Stream Water)

OMN- 66 Madruj, Wadi.Sahtan  40Q EA 297708 7.
.78  Al-Hdil, Wadi Ahin  4O0R DB 546600 10.7

.
_ £.0.5

129  Al-Houqain, WG1 40Q EB 342043 9.1 % 0.4

134 Al-Ajal 1 40Q EB 932006  e,1 +

(Falaj Water)

0MN-126  Hazan 40Q EB 4E3040 16.7 + 0.6
127 Jamma' 40Q EB 571053  14.5 % 0.6
131 Khatunm | 40Q EA 700970  10.6 + 0.4
132 Hibra ' 40Q EB 262000 12,2 + 0.5

(Spring Water) _ .
OMN-133  Ain Al-Ajal 40Q EA 945990 1.4 4+ 0.2
135 Adn Al-Kesfsh  40Q EA 940992 6.3 + 0.3
(Well Water) _ _ - |
OMN~ 83  OA3 LOR DB 685758 9.9 % 0.5
84  Sahan LOR DB 857765 13.1 & 0.5
85  Sahanm LOR DB 856764 5.6 + 0.4
86 Sahan ' 4LOR DB 865758 0.3 + 0.3
87 Al-Muladdah 40Q EB 579260 0.5 + 0.2
g8 Al-Muladdah 40Q EB 576263  <0.2
89  Sur Al-Batha 40Q EB 4033517 0.4 % 0.3
90 Batha Hilal 40Q EB 423352 1,7 & 0.3
91 'Batha Hilal 40Q EB 420344 3.7 % 0.3
92 © Al=Khabbah - : 40Q EB 468340 <0.2 -
93 . Al-Khabbah 40Q EB 481330 0.1 % 0.2
94  Mamfesh 40Q EB 517311 0.1 4 0.3
95 ' Mamfesh. : - 40Q EB 510315 0.2 + 0.2
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TRITIUM CONCENTRATION OF THE BATINAH WATER SAMPLES (2/2)

o,

gample NOo. Sampling Site UTM_Grid | _Tri'ti:um Conc. (7.0,
OMN- 96  Al-Qalatb 40Q EB 540299 3.5 40,3 )
97  Oudam | L0Q EB 557286 2.3 +.0.3
98  Qudam . 40Q EB 562278 0.2 + 0,:
99 Al-Musana'ah 40Q EB 620266  <0.2
100 Al-Tarif 40Q EB 633261 0.7 t 0.2
101 Al-Sha'ibah 40Q EB 650255 <0.3
102 Al<Sha'ibah 40Q EB 676253 <0.2
103 Abu Abali | 40Q EB 686255 <0.2
104 Abu Abali 4L0Q EB 694249  <0.2
105  Al-Suwadi 40Q EB 738241 0.1 £ 0.2
106  Billah 40Q EB 753231 0.6 £ 0.4
107 ~ Billah 40Q EB 747235 <0.3
106  Billah 4L0Q EB 771227 1.7 + 0.4
109 Abu Mohar 40Q EB 789216 <0.4
110 Ogdah 400 EB 797212 0.1 % 0.2
111 Oqdah © 40Q EB 815202 0,7 % 0.3
112 Hifri © 40Q EB 830195 = <0.4
113 Na'aman . 40Q EB 849186 0.3 & 0.3
114  Barka’ 40Q EB 880175 0.5 + 0.3
116 J122 . 40Q EB 373221 0.7 + 0.3
117  Na'aman  40Q EB 860180 0.4
118 Na'aman 40Q EB 876193  <0.4
119  Barka . 40Q EB 899173 1.3 £ 0.3
121 Barka 40Q EB 927176 0.6 + 0.3
122 HT1 © 40Q EB 507288 - 0.2 % 0.3
123 HT2 ' 40Q EB 463236 2.4 % 0.3
130 DUTGCO Camp 40q EB 562175 <0.3
137 J152  40Q EB 935102 0.1 £ 0.3
139 JT 5 40Q EB 984114 0.4 # 0.3
140 JT10 40Q EB 781141  © <0.3
141 JT57 40Q EB 719202 <0.4
142 JT13 409 EB 620179  <0.3’
143 Al-Muladdah - 40Q EB 582280 = - <0.2
222 JT16 409 EB 542131 <0.3
223 JT17 40Q EB 511088 0,5 + 0,3
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C.HAPTER { LAND USE SURVEY

- Natural Environment of the Study Area

The desert and arid zones, accounting for about 30% of the total land in
the world, are characterized by distinctively different natural environment

in terms of agricuitural productivity as compared with humid and fertile

agricultural zone like Japan and, therefore, are endowed with little, if any,

arable land.

The gravel plains ektending over the Study Area along the Batinah Coast
are generally cc_SrhpOsed of gravels and silt that have accumulated in the
long past. The plains, partly being covered with sand dunes, are geheraliy
arid and are rarely utilized as arable land. Geographically, the zone with
an annual precxpltatlon of 0 to 250 mm is classified as Arid Region and the
Study Area belongs to this Region with an annual pFEClpltatLOH of about 100

Cmm.

- However, the southern part of the Study Area where the mountains are as
high as 3,035 m has an annual precipitation of 200 to 300 mm which

eventually turns into precious- water resources for agriculture in the

Batinah Coast.

In _additip'n,_ the Piedmont area gravel plains receive limited effective
rainfall (1 - 5 times a year) during the winter period of December to March
which allows various plants to grow and the Bedoum to engage in grazing

goats and sheep.

The agricultural production is primarily located in the belt zone parallel

. with the coastline where: the groundwater along the coast is available most

readily in the shallow underground. (Refer to Fig. E~1-1)

In the lowlands in Wé_dl riverbeds of the gravel plains grow trees such as
the acacia of arid zone and shrubs with protective thorns and other fleshy

B planfs peculiar to the arid zone.

The main roots of these trees reach deep into the ground to constantly
absorb the groundwater and, therefore, even in the summer with little

.ramfall, these trees prowde valuable green leaves to the goat, sheep,

cameis, donkeys bemg grazed in the piams

E-1



Plants in the mountain region are primarily found alongside the Wadiy in
the valley wheré the groundwater springs out, or on the cracked rocks.
Alpine shrubs are identified in the mountains upstream the Ghubrah Basm _

and on the top of the: mountains.
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L2

" Land Use Classification

Land. use in the arid ag'ricul'tura.l zone is largely.iniluenced by the
availability of water resources.

The Batmah Coast with a limited annual precipitation of 100 mm has no

alternative but to rely on the groundwater resources instead of natural

_ramfall The coastal agricultural area Is irrigated by shallow wells and

produces such crops as date, lime, mango, alfalfa and other vegetables.

One 1o two pump stations per well are installed in each farm.

As the. nur:nbér':of_ farm households increased lately, there has been a
concomitant increase in the use of deep wells. This gave rise to the
excessive pumping discharge of more than the groundwater resources can

af.fcprd' to supply. - In particular, the devélopment of newly reclaimed lands

“undertaken in the vast land along both sides of Highway No.l in the Study

Afea is likely to lead to further excessive pumping of the groundwater

resources (Fig, E-1-1).

‘These developed and. newly developed areas have been sold by the .
- goyernmént to _ihdividuals in parcels of 10 feddan (4.2 ha) per household.

T_hé number of farms registered at Ministry of Housing and Ministry of

'Agricmture in two years' from 1981 reached _approximatef.ly 12,200 with an

estimate total parcelled area of about 10,000 ha {as of September 1985).
Farms in the Study' Area are classified, from the topographic viewpoint,
into those along the coastal area that make use of the well water and those

in the mountain region that utilize the spring water and falaj.
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In terms of water use, these farms are further divided into the fotlowing

four types (Table E-1~1), which are outlined below.

Traditional belt farms along the coastal line which are irrigated through

pumping shallow wells.

Wadi Basin Area (ha)
Wadi Ahin - 540
Wadi Bani Ghafir 1,830
Wadi Al-Fara! 1,680
Wadi Bani Kharus 1,440
Wadi Al-Ma'awil | 2,090

Farms as old as a thousand years located in the gravel plains and at the

foot of the mountains which make use of spr'ihg_water_or falaj.. .

Wadi Basin. _ - Villages Area (ha) Sub«to'ta:l"(ha)

Wadi Bani Ghafir Daris . : 12.9
Wustah 19.6 3 villages 66.7
Ali 34.2 .

Wadi Al-Fara’ . Jamma 1.4

' Hazam 43.4

Shubaykah 22,7
Wishal 151 .4 -8 villages . 894.9
AL Mazahit. = 5.0 _ :
Wabal 197.4
Rustaq :327.0
Al-Awabi 76.6

Wadi Bani Kharus . Khatum 13.0° ! village 13.0

Wadi Al-Ma'awil Ali Ajal 43.7
Hibra - ' 116.4 _ _ -
Afi 137.6 - 6villages = 654.9
Muslimat C111.7 ) S
Nakhal 236.5
Tawiyah 9.0

Grand Total : - 1,629.5 = 1,630
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3)  Farms along the Wadi in the mountain r.egion' that make use of re.lativeiy
- flat land and head race. (These are on terrace fields because of canals

along the contour line that distribute spring water, groundwater, surface
water, and falaj.)

Wadi Basin . Area {ha)

Wadi Ahin 73
Wadi Bani Ghafir 231
Wadi Al-Fara' - ' 189

‘Wadi Bani Kharus 256
Wadi Al-Ma'awil 46

Total 1795

4} Newly de\iélo'ped farms irrigated by deep well along the coastal line

located in the upper stream of type-1 farms above.

' Wadi Basin . 1981-82 1983-84 “Total

 Wadi Ahin-. 620 620 1,240
Wadi Bani Ghafir 1,100 ' 440 S 1,540
-Wa‘di Al-Fara' 1,960 1,010 2,970
Wadi Bani Kharus 1,030 ' 670 1,700
Wadi Al-Ma'awil ' 1,280 1,340 ' 2,620
Total - 5,990 4,080 10,070

The present land use areas classified above are summarized below.

I. Traditional farms along the coast (1984 Aerial Photographs) 7,580 ha

2. Far'nh's_ in‘the gravel plains and at the foot of the mountains = 1,630 ha
{1981 Aerial Photographs and Field Survey)

3. Farms with head race in the mountain region 795 ha
(1981 Aerial Photographs and Field Survey)

© Sub Total | - 10,005 ha
oo Névﬁly'developed farms _ 5,990 ha
(1981 - 1982 Ministry of Housing Data) = = _
5. :Ne_w'ly'developed farms . - 4,080 ha
{1983 - 1984 Ministry of Housing Data) :
Sub Total o 10,070 ha
| Grand Total - D 20,075 ha
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The Study area has a total farmland of about 20;000 ha in the five wadl
basins, ' : ' |



{3

'pr:esé}ii Land Use

The Study Area extends in the South Batinah Coast and is traversed totally

© by five Wadl, namely Wadi ahin, Wadi Bani Ghatir, Wadi Al- Fara, Wadi Bam
' Kharus, Wadi Al-Ma' awill.

The Study At_'ea Is administratively composed of seven Wiléyaf .(which
- cortespond to a provincial government), 'namely, Barka, Musanaah, Suwayq

and Saham along the Coast as well as Nakhal, Rustaq, and Awabi in the |

“mountain region.:

‘The crop production in the Batinah Coast is constrained by extremely

anavorab}e réatura! conditions, especially veriy scarce précipitation. The

: produc’aon, therefore, cannot solely rely ~on precipitation and has no
- alternatwe but to requare pumpmg groundwater. '

’I_'hu’s,_'the area with potential groundwater resources is served by numerous
~irrigation canals 's'tr.et_ching from the water sodrce in ail directions to
_ensure maximum use of the irrigable area. The groundwater obtained,
' hos_\}re'vér', is not effec:ﬂ_Vely'uti'lized and a substantial loss is taking place in
-ﬁthe'canai' and the‘iarm, for which the following reasons are identified.

1. Lack of canform;ty in canal constructaon

2. Waste of 1rngat10n water through leakage in the canal

3.  Water management is crude and there is excessive dependence on farm

labor from abroad
4. Génef&lly rough and intensive planting of crops
5. -Contrary to the reason 4, wide areas are left unused and follow

because of unscheduled plantmg

’I‘he date farms close to the COdst!me have often been deserted because of

intensified s_ahmty In the case of Musanaah, the deserted areas amount to

_ about 26% (80 ha) of the sample area or about 300 ha.

In' addition, the villages along the coastline have, in an extensive area,

: farrhs which a‘ppear to have:been cultivated some 10 years ago or so.

These farms cover a w1de area, however, the lack of:data would not allow

the accurate estimate.
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Interviews with farmers were made in August 1985 for coastal farm owners
who have cultivated the land more than fifty (50) years in the same
location. According to the interviews, the reason for the de_ser'tion_oi'the
land is not only the salinity problem, but the lack of labor force, low crop
productivities per unit farm and lack of funds for replacement of

supe rannuated pumping facilities.

The farms are also be.ing_desérted in the mountain area and gravel pléins in
the upstream area and at other areas where 'falaj.and spring water are
made use of, There, farms are about 109 of the existing farm areas and

sometimes reach 30 to 40% In certain villages,

There are some falaj poorly ob‘erated_ and maintained ‘because these
facilities were constructed deep .in the ‘ground more than a thousand years
ago and’ there are also other falaj .whose discharge -has - declined

substantially because of the long-term changes in natural environment,

The farms with spring water or falaj under the above conditions are at
present often left uncultivated for lack of waté_r, however, I the previous
year when the groundwater resources were sulficient, 15% or so of these
farms were occasionally planted with upland crbps in eleven (11} villages in

the study area.

The following table lists the eleven villages with this type of farm.

Percentage of

"Total | oo :
: farm Uncultivated Uncultivated

Wadi Basin . Village Area (ha} Area (ha) “Area {%)
Wadi Bani Ghatir  * Daris 3 3. 23
- Wustah 20 5 25
Ali 3 5 bh
Wadi al-Fara' Wishal 151 32 21
‘Wabal 197 . 9y
Rustag 327 - 1B 3
Wadi Bani Kharus Layjah 36 7 - 19

Wadi Al-Ma'awil ~ Al-Ajal 44 13 29
Afi i3 29 21
Muslmat = 112 19 L6

Nakhal' 236 ETREE 18
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1)

2)

Sample Area

Specific land uses in the study area have been surveyed in the selected four

__Wadi-areas.. The purpose of the field survey in the sample area was

‘assesment of the present farm land use, namely, to enumerate the number

of wells and pumping stations per farm as well as the number of farms with
each different kind of crop, However, the farms were fenced with

withered twigs and batbed wire and this made the preparatio.n of land use

‘maps quite difficult. (Fig. E-1-4)

Summary of the sample area is presented below.
Saham

The cultivated land 2 km wide in the samnple area of Saham stretches

almost paralled with the coast line and Highway There are 53 farms of

totally about 100 ha in the vicinity of the mouth of Wadi Ahin, of which 13
iarms are deserted. There are 60 pumping stations, which implies a small

1rr1gated area of about 1.33 ha per station,

Intercropping of date and lime is commonly practiced and there are two

. meio_n farms far away from the coastal area. (Fig. E-1-2)

Sample Area : 100 ha
No. of Farms ;53 |

No. of.Pumping‘ Stations : 60

Irfigated Area per Station: 1.3 ha
Major Crops | -~ : Date and Lime

Al-Musana'ah

The sémpie area .of about 300 ha in Musana'ah covers the whole strip 5 kmn

_w:ide from the coast line toward the Highway and part of the area in the
- upper stream of Highway. Starting from the coastal area, it is

‘characterized by seven distinctive land-use zone as follows: (Fig. E-1- 2)

1) Outs&de the sample area, Musannah town is located on the coastal sand

dune whereas schools, pohce station, and a newly developed residential

area are located on the outskirts of the town,
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3)

2)

3)

5)

6)

7)

The area in the second zone close to the coastline is characterized by

soil wn:h a high salinity level and, therefore, locally by specxal
vegetatnon resistant to high salinity. Part of it used to be planted with
date, but it is at present deserted. (Of the total _79 farms. in the

sample area, 30 farms or about 80 ha have been deser ted)

The area in the third zone is primaﬁly planted with date and partly

with alfalfa and lime.

In the next zone, the area is mainly planted with lime and alfalfa and

partly with oid date.

The area in this fifth zone is located upstream the old national road
and is mainly planted with vegetables and partly with some other crops

like alfalfa, lime, and mango, etc.

The area in the sixth z}c_me has newly been developed upstream the new
Highway and is currently planted with alfalfa for séle_, This area is
still being developed to “introduce ¢rop rotation among various

vegetable crops.

In addition to the above six types of farm areas, there is an area
(outside the sample area further upstream from the above farm zone)
which currently lies in the gravel plains but has been fenced and.
registered at Ministry of Housing and Ministry of Agriculiure for the

purpose of further future development,

Sample Area ' 1 About300 ha

No. of Farms ' : 79

No. of Pumping Stations : 99

Errigated Area per Station @ 2.3 ha . _
Major Crops : :  Date, Alfalfa, and Vegetables

Suwayq

The sample area of 31 farms abut 100 ha in Al~5uwaiq is located on a & km

strip in between the coastline and the n‘étio_nal highway _é_md has rhainly

‘been planted with date, alfalfa and lime. Vegetables and othér'c_rdps such

as banana, mango etc. have been planted a little around the shallow well,

Alfalfa is produced on a part of 20 farms and lime trees.on 10 farms out of
the total 31 farms. (Fig. E-1-4) '
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4}

Barka

‘The sample area of about 100 ha in Barka is also located ona 5 km strip in

between the coastline and the Highway and has primarily been planted with
date for a'long time.

Aifalf_a_ for forage has also been cropped for some decades now on part of
37 farms out of the total 40 farms., Other crops produced are lime in 3

farms and some vegetables. (Fig. E-1-4)

Sample Area : 100 ha
No.of Farms  : 40

No. of Pumping Station r by _
Irrigate Area per Station : 1.6 ha
Méjor Crops _ v Dafe and Alfalfa

In the total sample area, the primary crop planted is date, and lately

alfalfa and vegetables are increasingly produced in many of the farms.

Farms near the coastal areas are often left uncultivated because the salt
accumulated in the soil would not allow a profitable date production. The
farms are usually tilled by farm labors from abroad such as Bengali and

Indians while the landowners often engage in other commercial activities.

Crop Production {incl. livestock) and Planted Area

According to the Agriculture census in 1979, the planted areas by crop in
the .S'tudy Afea_ (the whole administrative area including the Study Area)

are classified as follows: {Table E-1-6 to E-1-8)

Vegetables (Winter Crops)

Onion 72 ha
Peas 25"
Maize. 21"
Potato le™
Eggplant 13
Garlic I
Sorghum "
Tomato 7"
Pepper’ 7"

Others {Cabbage, Radish, Carrot, Cucumber)
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(Summer Crops)

Watermelon 131 ha
Melon 18 "
Okra 7 "

"~ Squash 2 "

Fruits

Date 6,195 ha
Mango 1,005 "
Lime : 604 ¢
Banana 27F "

Others {Guave, Almond, Fig, Orange; etc,)

Vegetables are cropped both in summer and winter. Winter crops. are
planted from Septe;hbéf to October after the hot period is over, and
harvested in Februéry to April' whereas summer crops are planted -in
February to March and harvested in June to August (Fig. E-1:5 Present

Cropping Patternsh

There have been an increasing nLir.nber of newly developed farm. areas in
the last few years (1931 - 84) where mainly vegetables and somne fruit trees
are planted. F_drage crops such as élfaifa are planted making use 6.f.small
strip of areas between the fruit trees, with a resul_tanf increase in gfazing

and vegetable areas.

With respect to fruit areas, date farms partiéularly along the coastline are
decreasing in number because of the salinity problem and the unit yield is
also declining due to slow repfacemenfof_ date trees over 30 years old,
Dates of poor quality, therefore, are often uséd'as animal fodder. As a
result, not only date but also lime, mango and other fruit areas are

declining.

Livestock raised traditionally in the Batinah Coast are goat, sheep, donkey
and camel. The latter two used to be raised not only for farm tasks but
also as a means of transportation. However, since 1970 with replacement

by automobiles and tractors, thé'y have become unprofitable,

In centrast, many farm households have started to caise 3 - 5 he';';id=3_ of
cattle on the alfalfa produced in their farms. Goats and’ sheep are also

expected to increase in number because these account for a large portion
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of meat consumption in the Middle and Near East, and are consumed on
ceremonial occasions several times a year. Chickens are raised on a large-

scale commercial basis, but are capable of meeting only a small fraction of
local demand,

The present crop intensity of different types of planted crops was
estimated in the farm survey on 20 farms along the coastline of the Study
Area.

In-case of the mountain region, two representative househalds were
sampled. The average farm size of these 22 sample households was about
10 feddans.

The average ratio of Planted area is as follows; (See also Table E~1-3)

Crops Planted Area
o (%)
Date 25.2
Alfalfa 15.7
Vegetable 13.0
Lime 11.0
‘Mango 7.5
~Banana 0.1
" Grape 0.1
Fallow : 27.4
Total 100.0

A field 'surfey has been carried out so as to clarity the present cropping
~intensity of ‘each crop grown i.n the coastal area of the Study Area at the
_seiected 22 sample farms. As a result, the average acréage of the farm
land owned by 22 sample farmers was found to be about 10.0 feddan (4.2
ha). The éropping intensity by crop is shown as about 25 percent for dates,
about 11 percent for lime and about eight percent for mango, totaling
about 44 percent for tree craps, with about 16 percent for alfalfa as forage
and about 13 'perceht for vegetables. The balance about 27 percent of

barbed-wire fenced arable land is left uncultivated due to iis being located

far from wells sources of water for irrigation.
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The average number of livestock per farm household is as follows;

Goat
- Sheep

Cattle |

Camel

Donkey

Average L_ivest_'ock :

per farm household

7.5 head
3.[; . L1
15
0.3 "
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1.6

(1)

(2)

Study of Present Land Use

General

The Agriculture census in 1979 has revealed the scale of farming in the
cqastal_ area Qf the Batinah Coast. About 44 percent of 'the_ farmers own
léss than 1.0 ha, about 45 percent own between 1.0 ha and 5.0 ha, about 10

percent own' more than 5.0 ha, and about 15 percent are landless farmers.
(Ref. Table E-1-4)-

" The said census clarified that almost all of the farmers in the mountainous
‘area, abd'ut 79 percent, own an average of about 0.5 ha only, with about 13
" percent owning between 0.5 ha and 1.0 ha, and only about eight percent

owning more than 1.0 ha. In total, about 92 peréent of the farmers in the

mountainous area own less than 1.0 ha ohly.

_ Recently, however, the Govemment has begun to d;spoae of nanonai land

extendmg in the upper basm of the wadi in 10 feddan (4.2 ha) parcels to
Omani citizens who ‘want to carry out farming there. The policy of the

Omani Government, thus, will increase the number of farmers owning 10

~ feddan in the area.

On the other Hahd the scale of farming land is not expected to be

'expanded in the mountainous area, and the younger sons of the Iarmmg

families (eldest sons are successors) are prone to leave their home village
where the expansion of the farm land is not expected and further irrigation

water sources are unavailable. Such infiux oi the farm children to towns

has resulted in rapid depopulation of mountainous villages.

Land dlsposal

As expiamed above, the Government has: promoted farm land disposal to
people ‘who are well- quahfied and land reclamatxon has been making good

progress in the gravei “plain. The very large acreage of these newly

‘reclaimed farm ‘land at the time of the Agriculture Census in 1979 was
.'reglstered durmg the perlod between 1981 to 1985 when the land
' development act was enacted. The reg;stered farm land was fenced with
parbed w1re and levelled for farming, and prov1ded with tube-welis and/or

houses for farm management.
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The status of land reclamation by districts is described below, (Ref. Fig,

E~1-1)
1) Saham Area (Wadi Ahin)
2)  Al-Suwaiq Area (Wadi Bani Ghatir)

In this area as well, the land_disposél has been promotéd in the upper

basin of the Wadi along the road to the villages.

3) Al-Musahaah Area (Wadi Al-Fara and Wadi_ Bani Kharus, and Wadi Bani
Ghafir)

The land reciamatxon has been promoted on both- 51des of the Al-
Rustaq Road for about 20 km distance (Al- Muladdah side) and on the

both sides of the road to Jamma- village for about 10 k_m.

¥) Barka Area (Wadi Al-Ma'awil and part of Wadi Bani Kharus)

In this district, the land rectamatlon has mostly been carrled out on
both sides of the Rustac Road about 12 km long, and alang the road to
Hatum village. On the both sides along National Highway No.l, alnost
of all the land was reclaimed and disposed of in strips 3.0 to 4.0 km in
width,

The new]y'reélaimed land has been increased in acréage along the national

highway.

As a whole, in the area along the road, 'about"i0,000"ha of the newly |
reclaimed land, almost equivalent to the acreage of the exiStin_g farm land,

have been deveidped-into farm land supported by groundwater sources.

"Sultan Decree No 5/80, Land Act” was issued in 1980 as regulation of the |
land, according to which the reclaimed farm land has been disposed of 1o

individuals since then.

Recently, farm land_diéposal has been pro'm'o_ted ";to an ext_rem'e'iy large
extént in the area along t_hé national highu)ay of the Baﬁﬁah Coaét ndt far
from Muscat, the capital of the country, On the. other hand, the
groundwater as irrigation water sources for the existing farm land has been
adversely affected by sea water intrusion in the coastal area. Under the
circumstances, the Water Resources Councxl has issued the regulatzon of

the land disposal referred to below,
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(3)

The areas where the regulation of land disposal is applied in the Study Area
are as follows,

1 The area 48 km long x 3.0 km wide along National Highway No.l
between Seeb and Barka |

2 The. area 55 km long x 7.0 km wide along National Highway No.!
between Barka and Al-Suwaiq

3  The areas where the regulation has been applied since 1981 and new
wells and aflaj. digging is prohibited within 3.5 km from existing

mother wells and aflaj.

The people who wish to have disposal of the reclaimed land should have the
foi_ldwing quallficaitons; ' '

1 . To have Omani nationality

2 - To engagé in farming themselves

3 To be adults over 21 years of age

The well-qualified persons have the right to be owners of the newly

reclaimed land, commonly of 10 average feddan, although 15 feddan (6.2

ha) is the maximum.

For the first tﬁrée yeafs after disposal; however, the said land is deemed as
rented from Government. Thereafter, the land can be owned by . the

relevant persons with approval of the Central Committee of the Ministry

of Housing. If the new land owners should not use the land for farming or

should use it for any other purpose than those applled for in the procedures,
the land OWﬂerShlp by such persons can be cancelled., When such persons
wish to dispose of the land for other purposes than farming (namely,

housmg lots, commercial lots, industrial lots, etc.), the persons should

-obtain approval from Ministry of Housing after receiving permission of the

authorities concerned and the local Chamber of Commerce.

_ Evaluation

As mentioned in the previous paragraph, the agricultural land in the Study

Area can be classified into four types of land in terms of water utilization

- patterns. The respective acreages are shown as follows;
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I Farm land in the coastal area ifrigated_ by traditional han'_deug wgllsi
7,580 ha (38.0%) '

2 Newly reclaimed and 1rr1gated farm land in the coastal area
10,070 ha (50.0%) o

3 Farm land in the gravel plain and piedmont area, irrigatéd by springs

or aflajs :
1,630 ha (8.05)

4 Farm lJand in t.he mountainous area, irrigated by water 'i'ntroduced
through channel diversions acros the wadi:
795 ha (4.0%)

Total Acreage : about 20,000 ha

Based on the above, the farm land in the coastal area ocCupi_es about 88
percent of the whole farm land in the Study Area, while that in the

mountainous area including piedmont is about 12 percent.

The agricultural land in the coastal area consists of the 'foliowing,' tree
crops land 44 percent, alfalfa 16 percent, vegetables 13 percent, ‘and the
remaining land 27 percent is the left fallow land due to lack of 1mgation
facilities. For farm land under cultivation, the date pal_ms are the major
“tree crop grown and cultivated on about 25 percent of the total farm land
in the coastal area. Date palms are mainly grown on niixed'farms. (Ref,
Table E-1-3 and Fig. E~1-20) | |

The land use in the mountaihous'ar'ea'i:hcluding the gravel plain and -
piedmont area, different from that in the coastal area, is occupied mostly
by date monoculture farms. The date farms occupy about 73 percent of the
whole farm land except for the coastal area. Vegetable ‘crop farms with
winter crops as major crops oécu.py about 17 percent, and the fallow land
about 10 percent. (Ref, Table E-1-2) ' v

The land use ratio in the coastal area is about 73 percent, while that of the-
mountain area including the gravel plain and pledmont area is about 80
percent. There is not so much multlacroopmg obsrved in the Study Area,

although a considerable number of the date-vegetable mlxed farms exist..



(4) Effective Land Use

For the existing farms_ in the coastal area, the water is conveyed through
the channels for ‘irrigating the farm land after being pumped up from
shallow. wells and temporarily stored in the concrete tanks. These
channels, mostly earth lined, have heavy leakage and cause. ineffective

water use, -

- Crop production on _the farms is ineffective as well. As a whole, it is
considered that _,thé farms are far from the planned farm management ideal
with only several bananas trees or a single date palm plénted around a
water tank. In other words, many of these farms remain as backyard '
ventures. Under the circumstances, ineffective and inefficient farming on
the existing farms should be improved by planned farm management and
providing locally suitable irrigation system and on-farm facilities so as to
‘raise the level of the farm economy in the Batinah Coast Area. It is also
deemed necessary for experis to carry out irrigation system improvement

and on-farm facilities as well as extension of improved farming techinques.

The successiul realization of effective land use will require assignment of
a task force (experts of hydrology, groundwater designing of channels,
designing of on-farm facilities, irrigation, farm management agri-extension
serviceé, etc,) to the Directorate General of Water Resources and
Irrigation and' the Directorate General of Agriculture, Ministry of
Agriculture, as well as increase in the number of the extension staff in
each’ Wlléyat extension office. Elaborate extension services should be
providéd for the farmers concerned about improvement techniques of on-
farm facilities and channel systems. The Government should take positive
measures to aid the farmers through subsidizing the costs of construction

works', éxtension services, construction of an agricultural center, etc.

The farms.in the mountainous area are small in their farming scale and
1imeted in both land and water resources. Furthermore, unfavourable
mountamous topography causes the farming works to be ineffective due to
dif ferences in elevat:on of the fle!ds. In addition, the long distance to the
markets for agrlcuitural products has resulted in their local consumption
-only In the future, therefore, the major access to the markets should be
xmproved one by one so as to break away from local consumption

gnculture to commercialized agnculture ‘with wide markets for the newly
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developed products. = In this connectioh, the Government should make a
policy to ptowde farm road networks for effertive farm land unhzatmn
under the Government as well as for stablh;?mg the soc1a1 order, '

Basically, farm roads which can handle__tractors sh‘ould be provided on both
upper and lower sides of the respective fields". * Furthermore, liana crops
like vine should be introduced in the mountainous area for .éffectivé ‘and
efficient land use. The vine will be grown on irrigablé land on Jattices on -
the mouritain side fallow land of the’ f.ieids. The farm roads should be -

constructed under the vine treliis for the best use of the land
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Interview Survey to Farmers

Recantly, the f.arms_ in the coastal area have .in'creasi'ngly given up
cultivation in acreage. An interview survey was made of the related
farmers to confirm whether the farms are given up due to inability of
cultwa'tzon by sea water mtruszon or not.

’I'h_e_: interviewee farmers were selected as those who are over 50 years of

age and owners of farms in the coastal area but rather far from the

seashpre. The selected farmers are the owners of the farms located in the
following wadi basins.

Wadi Bani -C}h.ai'ir 2 Farmers
'Wadi:Al—F‘ara' | Farmer
Wadi Bani Kharus P
wadi Al-Ma'awil P

The resuits of the 1nterv1ew survey have 1111c1ted reasons why the farmers

have given up their farms as follows.

1) In the farms located in the coastal area, the farmers have long
cultwated the dates paims traditlonally by irrigation with slightly salty
well water. For some reason, however, certain farmers in the coastal
area moved to upper wadi basin farms with good quality water

-‘resdurces, or the younger generation left the farms to look for new
.']obs in the neighbouring local towns or Muscat, the capital of the
coutry, and thus the farms in the area have been deteriorated and

given up one by one.

2)  Thus, it seems that the reason why some farms in the coastal area
have been given up is not so simple but is complicate with many

factors combined.

0 Taste of Salty Well Water

Some farmers said that they had 'mémory of increasing salt
contents in the 1rrigation water of the farms near the seashore.
The farms in the coastal area have not tradmonaliy been able to
grow cther crops except dates, and consequently, the farm
prqductlvxty in the coastal area has been inferior to that .in the
f upper wadi basin,
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3)

Sea Water Intrusion.

Salt contents have substantially increased. in the groundwater,
although the interview survey could not clarify the amount of
increase in ‘sea water intrusion to the well Wéte'r. However, the
fow productivity of the coastal area farms does not oniy result

from the sea water intrusion but has other clases.

The farms in the coastal area have. long suffered from low
profitability of farm products whsch have been adverseiy affected

by the comparatwely hlgh salt’ contents from 1rr1ganon waters. '

The time-worn :mgatlon ficilities have been left unmamtamed due

10 shortage in investment funds for repaxr.

There is a chronic shortage in labour force needed for successful’

farm management.

Cyclones, which have attacked the _cqastal area once in: t'e_n. to
fifteen years, have damaged the farms so seriousty as to in.e'\"ri'tabiy
be given up. Furthermore, there have been no facts observed to
show that the water quality was better befote in the éoast_al area

farms.
Change in Sociai Environment

It is considered that the mechanized 'ir}igét’ion with powered
pumping introduced in the latter half of 1950 has increased the

water drafted per well.

Conclusion

A decisive judgement can not be given as to'the'amc}_unt or effect of

seawater intrusion into the coastal area, since the interview survey

failed to obtain the conclusive data and information.
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Table E-1-1  Land Use Classification by Topographical Condition

(Unit: ha)
wadi  Location CO§Stal Gravel — Piedmont ES??EiiY Total
Basin u B ared plain area Lion ‘

Ma'awill Barka area 2,090 - - - 2,000.0
: Al-Ajal. - - 43,7 - “ 43,7
Hibra - 116.4 - - 116.4
AfL - - 137.6 - - 137.6
Al-Muslimat - 111.7 - - 111.7
MNakhl ' = - 236.5 - 236.5
Other - 9.0 - 46.0 55.0
Villages
~ Sub - Total 2,090 374.7 280.2 46.0 2,790.9
Bani Bilah, Bu
Kharus Abali area 1,440 - - - L,440.0
- Al-Abiyad - - - 53.5 53.5
Layjah - - - 36.1 36.1
Istal - ~ - 1.6 41.6
‘Al-Musaynaah - - - 58.0 58.0
Other _ - 13.0 - 67.90 80.0
Villages :
Sub Total 1,440 13.0 0 256.2 1,709.2
Fara Al-Musana'ah
" area 1,680 - - - 1,680.0
Jammah - 71.4 - - i1.4
Al-Hazam : - 43.4 - = 43.4
Al-Shubaykah - 22.7 - - 22.7
Wishal - - 151.4 - 151.4
Wabal - - 197.4 - 197.4
Al-Rustagq - - 327.0 - 327.0
Al-Awabi - - 76.6 - 76.6
Al-Fashah' - - - 28.8 28.8
Ang - - - 18.9 18.9
Other . - - 5.0  141.0 146.0
© Villages : - :
‘Sub Tetal 1,680 137.5 757.4 188.7 2,763.6
Bani As Suwayq area 1,830 - - - 1,830.0
Ghafir  Daris - 12.9 - - 12.9
. Al-Wustah - 19.6 - - 19.6
Ali - 346.2 - ~ 34.2
Al-Hawgein - - - 83.7 83.7
. Other - - -~ 148.0. 148.0
Villages
Subtotal 1,830 66.7 0 231.7  2,128.4
‘Ahim Khishdah area 540 - ~ - 540.0
Al-Heil - - ~ 8.4 3.4
Al-Ghozeifah - - ~ 23.5 23.5
Other - - - 41.0 41.0
~Villages o
Sub Total 540 0 0 72.9 6£12.9
Grand Total 7,580 - 591.9 1,037.6 795.5 10,005.0
Aerial Photographs 1/10,000 1981 MAT, OMAN

Source:
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hmeELZmemLmdUmhnmﬂhwﬂNmmﬁmemmMMmmMMAma-

C{Unit: ha)
Wadi Villages Dates Segignal Fallow Total
Basin- - ' : s - -
1. Ma'awail AL-Ajal 29.0 2.1 12.6 43,7
2. " Al-Hibra 76.2 40.2 - 116.4
3. " Afi 85.7 . 22.4 29.5 137.6
4, " Al-Muslimat 61.4 31.4 18.9 111.7
5. " Nakhl 184.5 8.0 44.0 236.5
Sub. Total 436.8 104.1 105.0 645.9
6. Bani Kharus ~Al-Abiyad 51.4 2.1 - ‘53,5
7. & Layjah 28.3 0.8 7.0 36.1
8. " Istal _ 31,4 10.2 - 41.6°
9. " Al-Musaynaah 50..0 8.0 - 58.0
Sub Total : 2161.1 21.1 7.0 189.2
i0. Al-Fara' Jammah 58.6 12:8 - 1.4
11. " Al-Hazam 36.0 7.4 - 43.4
12. " Al~Shubaykah 18.4 3.5 0.8 22,7
13. " Wishal 78.7 40,5 32.2 151.4
14, " - Wabal 142.2 46,4 8.8 197.0
15. " Al-Rustagq 275.3 39.4 12.3 327.0
l6. " Al-Awabi - 61.7 14.9 - 76.6
17. " Al~Fashah 24.0 4.8 - 28.8
18, n Amg. 212.8 6. - 18.9
Sub Total 707.7 175.8 54.1 937.6
19. Bani Ghafir Daris 6.2 3.5 3.2 12.9
20. " Al-Wustah 9.0 5.6 5.0 19.6
21, " A1l 10.9 8.2 15.1 '34.2
22. " "Al-Hawgq in 72.8 10.9 - . B3.7
Sub Total : 98.9 28.2 23.3 - 150.4
23. Ahin Al-Heil 8.4 - - - 8.4
24, " Al-Ghozeifah 21.0 2.5 - "23.5
Sub Total 29.4 2.5 - 31.9
Grand Total . 1,433.9 331.7 189, 4 1,955.0
Ratio (73 2) (17 %) (10 7} (1006 %)

Source: Aerial Photographs 1/10,000 1981 MAF, OMAN
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Fig. E-1-1 Present Land Use Map
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Fig. E-1-3  Present Land Use in the Sample Area {Saharn 100ha)
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Fi_g. E-1-4 Present L-é'nﬁ Use in the Sample Area (Al-Suwaig 100ha, Barka 100ha)

LEGEND

palms.

Date

Lime trees

s
EX

52

7

Bavkao

(

OO0 ha )

¥
:

100ha )

(Suwao

Mongo ‘iré,eS

Bananas

N
(]

Alfalfa

‘../egetoblzes. E

Fallow fond

New Tland

o

Well

o

Dwe lling

a

%High ﬁway' MO. |

1o, Highway No. 1

, 000

/10

Scale =







Figure E-1.6(1) Existing Cropping Calendar (1/5)
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Figure E-1-5(2) Existing Cropping Calendar (2/5)
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Figure E-1-5{3) - Existing Cropping Calendar (3/5) -
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Figure E-1-5{4} Existing Cropping Calendar (4/5)
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Figure £-1-5(5) Existing Cropp_ing Calendar (5/5)
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2.1

2.1.1

2,12

(1)

CHAPTER 2 WATER USE SURVEY

The Survey on Water Use
Objective

The Project aiins to provide fundamental data and information on the Wadi
Ma'awil and other- four wadi in order to estimate the water balance of the
Batinah Coast through meteorological hydrologlcal hyg_rogeqlogxcal
surveys on precipitation, wadi runoff discharge, and groundwater _levgl.' '

The‘objective of the survey as part of hydrological observation is to assess’

the present water use in the Batinah Coast.

Hems and Locations
The water use survey has been conducted for the following items:
Survey on Present Water Sources

This survey was mtended to 1dent1fy the locatlon, scale and water quahty

(E.C. ) of water sources such as faraj, wells, and sprmgs

Diiferent patterns of water use have been observed between, the foot of t’ne

mountain or mountainous area and the coastal plams.

The former is primarily served by a number of the faraj-or springs. These
sources are operated and mamtamed by the  inhabitants of a iaia)__-

community, The Eatter areas usually make use of ground water by'

pumping.

However, the use of a well is confined to one farm and its operation and
maintenance is taken care of by an individual househoid, resultmg in a

large number of water sources,

Under these circumstances, the survey has been condﬂé’téd in 'Zii"‘qr.ille.ig.és in
the mountain-area with resPect to the. iOC&tIOE‘I type and clischarge of the_
sources, whereas in the coastal plain area, sample sutvey areas have been
selected a Barka, Ai-Musana'ah, Al—Suwaiq and Saham to - survey the'_'
number of wells, diameter of pumps, water quality, etc. {Tabie E-<2-1, Fig,
E-2-1 and E-2-2), | | | o | |
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Fig. E-2-2 Location Map of Aflaj in the Project Area {1}
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Tabie E-2-1  Villages Surveyed i the Mountain Area

No, Wadi Village Mo Wadi Village
1. W.Al-Ma'awil W. Al-TFara 13. W.Al-Fara Wisha._l
2, e Al-Hibrah 14, " Wabal
3. " AfL 15. o Al~Rustaq
4, " Muslimat 16. " Al-Awabi
5. " Nakhal 17. " - Fasah
6. W. Bani Kharus Al-Abiyad 18, Y Al-Amq
7. " Layjah 19. W. Bani Ghafir Daris
8 " Istal 20, " Al-Wustah
9. " Al-Muhassanah 21, " Al-al1
10. W. Al-Fard Jamma 22. " Al-Houqain
il. " Al-Hazam 23, W. Ahin Al~-Hayl
12. " Al-Shubavkah 24, " Al-Chozaifah

(2) Present Irrigation System

Irrigation requirement accounts for the most of the water utilization in the
survey areas. Thus, the following observation was made to estimate the

irriga‘tion water supply.

- For irrigation water in the Mountain area, continuous observations
were made on the irrigated area, water supply and water quality at the

fotlowing falaj systems;

Falaj Village Wadi
F. Al-karid Nakhal W. Ma'awil
F. Hazam Al-YHazam W, Fara’

F. Al-Maisre  Al-Rustaq
F. Abu-Thalib " 3
¥, Awabi Al-Awabi
F. Al-Bilad  Al-Howqain W. Bani Chafir

- As for the irrigaﬁon water in the coastal area, the pumped up volume
was surveyed with a cumulative flow metre fixed to each of 20

pumping stations selected in the survey area.
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Sample wells and pumping stations were selected with a view to

meeting the following criteria,

a. Select samples uniformly from the whole arca

b. . Farm types, taking full account of the current field'condiﬁ'ons, as
follows: 1)'date palm of mono-cropping farm, 2) mixed farm of date
palm, mango, alfalfa, and 3) newly developed farin of vege'tables,'

alfalfa and young tree of date palm.
{3) The Survey of Domestic Water Use -

The survey of domestic water use was undertaken for several households .
randomly selected from the densely populated areas in Barka and Al-

Musana'ah.
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