3.6.6 '"Quéifty ahd'Age of Greundwater

The groundwater samo!1ng was made, as a part of the groundwater
mapping; for the chemical analyses on the following itens;

Ca ¢

Hg 50

Na NO

K pH
B SAR
- HCO EC

The results are shown in Table A 3 6-1 to 3.6-4 and Fig. A.3.6-8
as the tr1]inear d!agrams. Host groundwater is in the non-carbonate
harduess zone, and the groundwater evolution caused by its flowing is
hard]y reeognlzed Map 3.6-12 shows the hexa- d1a9ram of the major
ioné._ As this map shows all groundwater except the stagnant water in
the terrace deposit and groundwater in the coastal area, has a similar
water quality, and the evolution of groundwater caused by flow is not
apparent.
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3.6.7. Environmental Isotqpe

Among the existing wells and observation wells newly drilled,
14 wells were selected in the Hadi plaln to measure the 1sot0ne con-
centration in the nroundwater for ana!ys1ng ltS aqe and f]ow mechanlgm
The measurement was carr1ed out in a per:od from June, 1980 (dny
season) to January, 1981 (rainy season), at the three month intervals.

The measurement was conducted with three kinds of isotope, 3H,
222Rn and 180, Due to no rainfalls during the measurement peviod,
however, no change in the concentration of isotope could be recoanized.
fhereby,eit was immpssible to obtain the data available for tracing
one rainfall and for comparing the status in the dry season with that
in rainy séason. In particular, no time serial change in concentratios
~ of 180 could be observed 1n spite that the comnaratlve study essen-
tially required the data of concentraflon of 330 ‘

However, reglona] d1fferences in concentratlon of 34 and 222Rn
were observed as lhe character1st1( f’atures of aou1fer condltlons

varied from upstleam t0 downstream.

The regional distribution of 3H concentration can be classified
roughly into the following three aroups.

froup 1 and 2 are characterized oy low 3H values. Al recorded
values are below 15 TR and found in the Recent Wadi bed denosit.

Group 3 indicates high values of 3, more than 15 TR. It might
correspond to the distribution of the lower formation of Terrace
deposit. The 2?2%Rn concentration as well tends to show the same
reqional distribution as the 3 concentration. The 222Rn content
increases in the region where the 3l concentration is high, while
decreases in the reqion where 3H concentration is low,
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It m1ght be possib}e to ¢onsider that Group 3 located upstream
of the Wadi is c0rrelated with mlxed water of recent rainfall and
circulating water w:th amount of several hundred in order, and high
content of 22?’Rn wnth amount over 30 Bq. might be correlated with
pecullar values sh1fted from Upper Terrace dep051t or Talus deposnt,

Grbuh‘i ‘which ié observed et the downstream and characterized
by low concentratIOn, is correlated with the mixed water of stagnant
water and curcu]at1ng water that 15 marked by several scores to
hundred in order of concentratlon Phile the low 227Rn content
would be reflected by the shifted value from recent Wadi bed deposit
formlng upper part of‘Hedl_plaln.

The influence of the recent rainfall to thezqroundwater as
observed by low e]ectrlc conduct1V1ty at the junction of the wadis of
Uyaynah and Abadelah These Tow electrtc conductIV1ty ozne is reduced
in 1ts d1str1buti0n ln the dry season and the H concentration
recorded in the upper part of the Wadi also decreases slightly through
the summer season Slm1lar1v, other Tow electr1c conductivity zones
were observed near the wells of 138 and L39 in the downstream. The
3H concentrat10n ln these two wells indicated relatively high values,
althpugh loceted 1n stagnant water dominant area.

The lcw e1ectrlc ConductIVIty 2onas affected by the recent
rainfall, which exterd not only in the upper stream but in the centra)
wadi D]a1n,- suggest that the recent rain water flow is comparatively
fast to reach the seacoast within several days

The evidence of fast circulation of the groundwater would also
be shown in the result of water balance simulation and the property

of the aquifers having high permeability.

The old.staghant'Water with over 100 years of age is taken up
from the underground together with the recent rainfall or younger
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circulatine water showing several years of age in the downstream
areas.

S In the Praject Area 3H concentratlon tends to 1ncrease, whereas
222Ry to decrease thloughout the summer season near. the productlon
wells. These 1sotop1c changes would be attributed by the increase
of recent rainfall or younger c1rculatlng water derlved from forcibly
accelerated punp-up of the water in the wells.,

Around the sa1d area, the lowerlng of water table and reduc1ng
of etectr1c conductivity were observed durlnq the summer season (dry
season). Therefore, an increase in Vertlcal 1nflltrat10n would result
in much mere consumption of recent rainfall and c1rcu]at1ng water
that are not expected in recharqang from the ups tream and 1imited
quant1tat1Vely

. Recent instal]ation of the numplng fac1}1tles wlll prevent
obstractions relatlng to the OVerdraft from takwng Pplace ln the Wadi Al
Ba551erah Basin. In the near future howeVer, further lnsta]latmonof
many wells and much more cOnsumpt:on of Ilmlted c1rcu]at1ng water or
stagnant water wou]d Cause neceSSIty to 1mpose a strlngent restriction
of pumping-up of the water Furthermore, the 1nten51ve 1sot0p1c
investigation in this’ ‘area is recommended to be performed for analysing
present potent1a11ty of groundwater and monttorlng the availability
of groundwater resources
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WATER SAMPLE ANALYSIS

TABLE A.3.6-2

DATE SAMPLED

Jun./dul. 1980

£C
Micromoh/
em. {25°C

ANIONS (Meq/1)

CATIONS . (Meq/8)
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LOCAT'N SAMPLE PH
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WATER SAMPLE ANALYSIS

TABLE A.3.6-3

DATE Dec. 1980 .

B
Micromoh/
cm (25°C)

ANIONS (Meq/2)

CATIONS (Meq/4)’

LOCATION 'SAMPLE PN
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WATER SAMPLE ANALYSIS

TABLE A.3.6-4

DATE Dec. 1980

EC
Micromoh/
cm (25°C

ANTONS (Meq/ 2)
HCOs

LOCATION SAMPLE PH .
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CATIONS (Meq/%)
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. TASLE A.3.6-5  Groundwater Quality Analysis (1)

Sample ‘No.TW-4 to TH-9

I Sample No.
Description ™
Cations
Calcium (Ca)  Heq/L 0.95
o PRI 19
Magnesium (Mg} Heq/L 2.3
' PPH 28
‘Sodium (Na) Heg/L 3.8
PPH 87
Potassium {X) Meq/L 0.0§
PPH 3.5
Others Meq/t -
PPM -
‘Anions
Carbonate'(803) HeQ/L 0,43
- PP 13

Bicarbonate (HCO,) Meq/t  2.16

PP 132
Chioride (C1) Meq/L 3.1
R PPY 10
Sulphate (504) Meg/L ~ 1.5
o PP 72
Nitrate (N0,) Heq/L -
PPH -
Others Heq/L -
PPH -
SAR 3.0
PH o 8.3
EC micromhos/em at 25°C 700
£C PPH {at 25°C) 448

Boron (B)

3.6-39

_. -5

0.53
H

2.74
33
1.9
44

0.07
2.7

7 0.43

13
1.29
79
2.54
50
0.98
47

1.5
8.5

U530

339

_ ‘A;IH'_E .

0.84
17
2.6
32
4.9
113

0.12

4.7

0.43

13
2.7
165

3.5
124

89

3.8
8.3
850

544

TH-8

0.84
17

2.6
3?2
4.0
92

0.12
4.7

0.65
20
2.%6
138

3.34
118

1.4
67

3.1
8.7
760
486

L

0.84
7
2.2
27

5.3
122

0.18
7.0

0.43
13
3.83
237

2.5
89

1.8
86

4,3
8.0
860
550



Description

Cations

Calcium

Magnesium {Hq)
Sodium (Na}

Potassium (k)

Qthers

Anions

Carbonate (603)
Bicarbonate (HCO3) ﬂeq/t_ | 3.
Chloride {Ci)
Sulohate {S0,)

Ritrate (u03)

Others

SAR
PH

EC micromhos/cm at 25°C

EC PPH (at 25°C)
(8)

Boron

TABLE A.3.6-6

(Ca)_

Sample No.
Ti-10

Meq/L 1.3

PPH 26

Heq/L 2.6

PPN 32

Meq/L 6.7

M 154

Hea/L 0.14

PPM 5.5

Meq/L -

PPM -
Meq/L . 0.65
PPM -

13
PPM 191
Meq/L 5.0
PPM 17
Meq/L 2.0
PPH 96
Meq/L -
PPM -
Meq/L -
PPH -
4.8
8.0
1160
704

Groundwater Quality Analysis (2)
Sainple No.TH-10

20

:3 06"40



Sampte Ho.7 to No.1)

Bestription‘
Cations

Catcium (€a)
Magnesium (Mq)
Sodium {Na}

Potassium (K)

Others

Anions

Carboﬁaié (003)
Bicgrbonaté(ucos)
Culoride (1)
Sulphate (504)'
Nitrate (ﬁ03)
Others

'SAR
CPH

Meq/L
PPH

Meq/L
PPH

Measl

PPM

Meq/t

PPH

:MeéiL
PpPM

Hea/L
PPM
Meq/L
PPM
Mea/L
PPM

Meg/t

PPM
Meq/L
PPM
Mea/L
PPM

Sample No.
7

0.3

2.9

35
1.3
36
0.06

G.43
13

1.0
A

1.88
67

1.3
62

1.0
9.3

EC micromhos/cm at 25°C 460
CEC PPH (at 25°C)

Boron (8)

294

- 3.6"4"

8

~

T.05
21

2.4
29

3.8

87

0.09
3.5

0.43
13

2.8
1n

3.1
110

]&0
48

2.9
8.6
740
474

1.3
26

2.74
33

7.7
177
0.19
7.4

0.75
23

5.0
305

5.7
202

0.4
19

5.4
8.0
1,200
768

Groundwater Quality Ana]ysis.(3)

0.84
17

1.6

19
6.6
152

0.11
4.3

0.43
13

3.34
204

3.57
127

1.6
77

6.0
8.28
930
595

1.68

34
4.5
55
10.0

23-

0.
1.3

1.08
32

4.3
262

7.76
275

3!3
158

5.7
8.27
1,600
1,024



TABLE A.3.6-8 Groundﬁaﬁé?‘Quéi?f§ Analysis (4)

sample Mo.12 to No.16

- ‘Sample Ro.

Pescription

Cations
Calcium (Ca) Meq/[
PPM
Magnesium (Ma) Heq/l
' PPM
Sodium {Na) Meg/L
: PPM
Patassium (K} Meq/L
PPM
Others Mea/sL
PPH
Anions
Carbonate (€0,) Meq/L
PPM
Bicarbdnate_(HCO3) Meg/L
| PPM
Chloride {C1) Mea/L
PPM
Sulphate (504) Meq/L
PPM
Nitrate (NOS) Mea/L
PPM
Others Mea/L
PPM
SAR
PH

EC micromhos/cm at 25°C

EC PPM (at 25°C) -

Boron {B)

12 13 14 15
1.3 035 1.9 0.3
- 7 38 |
5.3 455 7.4 44
64 55 90 54
1.2 933 12,5 1.9
258 210 288 182
0.3 0.18 0.29 0.7
11.7 7 1.3 66
Hil R 05 T 0:36
- 15
2.7 1.3s 27 0 - 0.9
165 82 165 55
125 08 1447 9.64
443 383 521 342
2.3 +2.08  4.37  .1.87.
110 100 21- 90
6.2 5.8 5.8 5.2
7.88 8.7 8.0 8.6
1,800 1,470 2,200 1,300
1,152 941 1,408 832

3.6-42

-

16

3.2

11.6
14
26.5
610
0.46
18

Nil

6.47
398

29.6
1,050

5.8
218

9.7
8.2
4,200

2,688



Bescrintion

ggtibns

' TABLE A.3.6-9

calcium {Ca)

.Magnesidh (HQ)”

Sodiﬁm:(ﬂé)

‘potassium (K)

Dthers

Anions

Carboriate- (€0
Bicarbdndféf(ﬂcd3}

Chioride (c1)

3)

Squﬁgfe (504):

Nitrate (ﬂ03)-

Others

T $AR
P

Mea/L
PPM

 Meg/L

PPM

ﬁgqll _

PPM
ﬁéqfl
PPM
Meq/L
POM

Meg/t
PPN
tea/L
PPM
Mea/L
PPM
ﬁéq/t
PPM
Héq/L
PPM,
Héq/L
PPM

7.

4.7
94

18.3
223

52.0
1,196

1.0
39

Nil

6.47
395
62.3
2,209

7.07
339

15.3
8.4

 EC micronhos/cm at 25°C 7,500
FC PPM (at 25°C) =
Boron (B)

4,800

306'43

18

0.6
12
2.7
33
2.5
58
0.16
6.3

0;65
20
2.16
132

2.26

80

39

0.73
15

4.07
49

2.3
53

0.2
7.8

0.65
20

3.23
197

2.8

99

0.67
32

1.5
8.2
730
467

Groundwater Quality'Adélysis (5)
Sample No.17 to No.21

0.5
10

2.15
26

1.1

25
0.05

0.43
13

1.94

118

1.0

35

21

1.0
8.37
380
243

21

- 1.05

21
10.25
125
25.0
575

1.4
55

Nil

3.23
197

28.4
1,007

5.2
250

10.5
8.0
3,700
2,368



TABLE A.3.6-10 Groundwater Quality Analysis {6)

Sample No.22 to No.27

Description

Cations
Calcium {Ca) Meq/t
PPN
Magnesium (Ma) Mea/L
: PPM
Sadium (Na) Meg/L
PPM
Potassium (X) Meq/L
PPH
Others Med/L
PPH
Anions
Carbonate (CO3) Meq/L
PPM
Bicarbonate (H€03) Meq/L
PPN
- Chloride {C1) Meq/L
PPM
Sulphate ($0,}) Meq/L
_' PP
Nitrate (HO3) Meq/L
PPM
Others Meq/L
PPM
SAR
PH

EC micrémhos/cm_at 25°C
EC PPM (at 25°C)
Boron (B)

22 23 25 26
1.6 2.1 20 04
32 42 42 8
3.8 80 9:9.  2.15.
46 97 120 26
8.7 190 2.0 1.4
200 439 598 32
012  0.21  0.49 . 0.07
4.7 8.2 19.2 2.7
056 1.08 W1 0.2
16 % -
4.3 3.77  3.23 1.08
262 230 197 66 -
6.6 186  30.6 . 2.0
234 660 1,085 n
2.9 5.8 44 07
13928 2 34
- 5.3 - 85 1.6 1.2
8.45: . 8,6 8.34 8.6
1,400 2,950 3,900 430
896 1,888 2,496 275

3.6-44

27

2.6
52

9.3
19

5.6
359

.0.14

5.5

1.08

32

3.77
230

- 20.4

123

3.
149

6.3
8.1
2,800
1,792



..TABLE_$ﬂ3.Gf11 Groundwater Quality Analysis (7)

- Sample No.30 to No.38

Description

cations
Ca]ciﬁm_(Ca) Meq/L
. , PPM
Hagnesium (Ma) Meg/L
. | PPH
~ Sodium {Na) Meq/L
| | PPM
Potassium (K) Meq/L
| | PPM
Others HMeg/L
PPM
Anions

Carbonate (CO3}: Meq/L

Bicarbonate (HCOJ)' ﬁe@/t
- . PPM
Chloride {C1) Mag/L
- PPM
Sulphate (S0,)  Mea/L
P PPM
Nitrate (N0,) Mea/L
PPM
Others Mea/L
PPM
~ SAR
PH

' ,;EC micromhos/cm at 25°C__

T EC PPM ( at 25°¢)
Boron {8)

30

1.1
22
4!0
49
4.0
92
0.09
3.5

0.65
20
2.9
177
4.2
149
1.5
72

2.5
8.5

920

589

- 3.6-45

3t

3.15
63

11.55
140
29.6
681

0.4
15.6

1.0
30

4.67
285
35.2
1,248

4.16
200

10.9
8.2
4,500
2,880

0.65

32

0.6
12

4.3

52
2.2
51

0.1
4.3

20
2.8
1M

3.2
113

0.6

29

1.4
8.3
700
448

36

1}05
21
6.45
78

10.0
230
0.23
9.0

0.54
16
2.43
148
12.5
443
2.4
115

5.2
8.1
1,800
1,152

38

0‘5
10

1.75
21

0.7
16

0.05

0.43
13

1.29
79

‘1.0
35

17

G¢.7
8.7
300
192



TASLE A.3.6-12  Groundwater Quality Analysis (8)

sample No.39 to No.48

Description

Cations
Calcium (Ca) MéqIL
B PPM
Magnesium.(Mg) Meq/L
PPM
Sodium {Na)  Mea/L
PPM
Potassiom {K) HEQ[L
PPM
Others Meq/L
PPM
Anions
Carbonate (603) Meq/L
: PPN
Bicarbonate (HCO3) Meq/L
PPM
Chloride (C1) Meq/L
' PPM
Su]phdte‘(504) Méq/[
PP
Nitrate (NO,) Meq/L
: PPM
Others Meqg/L
PPM
~ SAR
PH.

EC.micrcmhos/cm‘ét 25°¢
EC PPM (at 25°C)
Boron (B}

39 a1 a6 47
0.8 9.6 0.6 0.74
17 12 12 15
2.5 234 1.8 3.2
30 28 23 40
2.3 1.9 208 4.
53 2 46 94
0.08 0.07 0.08 1.0
3.1 2.7 3.1 39
0.32  0.43 0.3 0.65
10 13 10 20
1.5 1.4 16 2.9
92 85 98 177
3.06 2.1 1.8 3.4
109 75 6 121
0.87 1.0  0.87
42 48 42 62
1.8 16 1.8 2.9
8.2 8.7 85 8.7
570 520 460 820
365 333 294 528

- 3.6-45

1.3

0.5
10

1.5
18

6.6
152
.21
8.2

0.65
20

2.6
159

4.1
145

10

6.6
8.5
900
576



- TABLE A.3.6-13  Groundwater Quality Anatysis (9}
Sample No.49 to No.102

Description

"EC micromhos/cm at 25°C

Cations
Calcium (Ca) Mea/L
PPM
Magnesium (Mg) Meg/L.
PPM
- Sodium (Na) Meq/L
: PPM
Potassium (K) - Mea/L
| PPM
Others Meq/L
PP
Anions
Carbonate (COj) Meq/L
o PPM
Bicarbonate (HCO,) Meq/L
- PPM
Chioride (C1) Meq/L
' PPM
Sulphate (S0,) Meq/L
PPM
Nitrate {NO5) Meq/L.
PPM
Others Meq/1
PPM
SAR ~
PH -

EC PPM (at 25°C)

Boron (B)

49

2.0
40

1.5

18

11.7
269
0.23

0.9

27
5.1
312

6.5
230

3.12
150

8.8
8.2
1,550
392

346"47

50

0.84

17

3.2
39
4.0
97
0.09
3.5

0.65
20

2.7

165

3.5
124

64

2.8
8.5
820
525

1

0.4

2.3
28

2.4
55
0.08
3.1

0.22

1.2
73
2.7
96

1.0
48

2.1
8.1
540
346

01

1.57 -

31

3.52
43

8.3
191

0.13
5.1

1.6
43

5.1
3N
5.17
183

1.9
91

5.2
8.3
1,350
864

102

1.89
38
7.71
94

13.0
299

0.2
7.8

1.5

45
7.8
476

9.4
333

4.4
2N

5.9

8.2
2,300
1,472



TABLE A.3.6-14  Groundwater Quality Analysis (10)

: Samp]é.ﬂo.lQB to No.105

Cations
Calcium (Ca) Meq/L
PPM
Magnesium {Mq) Meq/L
PPM
Sodium (HMa) Méq/L
PPM
Potassium (K) Meq/L:.
PPM
Others Meq/L
PP
Anions

Carbonate {003) Meq/L

pPPH
Bicarbonate (HCOS) Meq/L
PPM
Chtoride {C)) Meq/L
PPM
Sulphate {S0,) Meq/L
PPM
Hitrate (H03) Meq/L
. PPM
Others Meq/L
“PPM
SAR
PH

EC micromhos/em at 25°C
EC PPM (at 25°C)
Boron (B)

103 104
1.47 1.15
29 23
0.5 0.3
6 4
6.9 5,2
159 120
0.07  0.07
2.7 2.7
0.65 0.86
20 26
4.4 . 2.9
268 177
2.35 1.8
83 67
1.5 1.22
72 59
7.0 6.1
7.9 8.4
900 670
576 429

: 3.6"48

105

0.65
13
2.3
28
2.5
58

0.08

3.1

10

1.6

98
2.4
85

55

2-] |
8.5
580

3



TABLE A.3.6-15 Groundwater Quality Analysis (11)

WATER QUALITY ANALYSIS
Place of Hater Sampiing : No.7
Classification of Sample i Hell |
Date of Sampling o : July 15, 1980
Anafytica] Items . : . Portable water Test
Color * - | ' : More than 5°
Thfbidity=*_ '7 : More than 2°
Oddr . L : Not Abnormal
pH Value | : 8.3
ﬁitrdte_ﬂitrogeh and Nitrous
: Hitrogen_ L ¢ Less than 10 ma/lit
Chlorine lon . 61.9 ma/lit
Organic ﬂafters (Potassium
Permanqganate Consumption) ¢ 6.3 mg/lit
Bacterial Count (1 ml)* . 27,000

Bacterial Coli Group {50 m})* : ODetected

Judgement : ]hé Hater Sample does not conform to the Hater

' Stanﬁard on the above ana]ytica} items.
The Hater Sample does not conform to the Water
‘Standard only on the aralytical items with * mark.

Armonia Hitroqgen . Detected

3.6-49



TABLE A.3.6-16  Groundwater Quality Analysis (12)
| WATER QUALITY ANALYSIS

Place of Water Samp]ihg ¢ No.10
C]aﬁéifitétion of Sample : Well
Date of Sampling ' : July 15, 1980
Analytical Items ¢ Portable Hater Test
Color | _ : Less tﬁan'5°
Turbidity : Less than 2°
Odor f : Not Abnormal
pH Value . 8.0 B
Nitrate Nitrogen and Hitrous o
Hitrogen : Less than 10 mg/lit"
thlarine Ton : 121 mg/lit |
Organic Matters (Potassium - : i
Permanganate Consumption} - : 1.1 mg/lit
Bacterial Count (1 mi)* 8,400

Bacterial Coli Group {50 ml)* : Detected

Judgement: The Hatér_Sampié'daesfhéi;bbﬁ?orm;tb the WYater
Standard on the above analytical items.

The Hater Samplé'ddes n6f'tonform to the Hater
Standard only on the analytical items with * mark.

Ammonia Nitrogen . Mot detected

3.6-50



TABLE A.3.6-17 Groundwater Qualit& Analysis (13)

MATER QUALITY ANALYSIS

Place of Hater Sampling . ¢ No.l&
Classif{cation of Sample t Meld
Date of Sampling . : July 15, 1980
Analytical Items - i Portable Water Test
Color N : Lless than 5°
Turbidity - : ! Less than 2°
Odor w : Nof Abnormal
pH Value o 2 7.7
Nitrate Nitrogen and Nitrous
Mitrogen - : Less than 10 mo/lit
Chlorine Ion* L 2,063 mg/lit
Organic Matters (Potassium o
Permanganate Consumption) : 2.9 maflit
Bacterial Count (1 m})* : 2,600

Bacterial Coli Group (50 ml)* : Detected

Judgement:. The Yater Samﬂ]e does not conform to the Water
Standard on the above analytical items,

The Water Sample does not conform to the Water
. Standard only on the analytical items with * mark.

Ammonia Nitrogen : Not detected

3.6-51



TABLE A.3.6-18 Groundwater Quality Analysis {14)

WATER QUALITY ANALYSIS

Place of Water Sampling : No.1-2

Classification of Samﬁié T HWell
Date of Sampling i s July 15, 1980
Analytical Items : Portable Water Test
Color* : : More than 5°
Turbidity* : : Moré than 2°
Odor : Not Abnormal
pH Value ¢ 8.2
Nitrate Nitrogen and Nitrous ) E
Nitrogen ¢ Less than 10 mg/lit
Chlorine Ién : 108 mg/lft-
Organic Matters (?otassium | o
Permanganate Consumption) : 1.7 mg/lit
Bacterial Count {1 ml)* : 400

Bacterial Coli Group (50 m1)* : Detected

Judgement: The Water Sampiejdoes~nbticohfqrﬁﬂto the Water
Standard on the above analytical jtems.

The HWater Sample does-hbt,coﬁform to the Water
Standard only on the analytical items with * mark.

Ammonia Nitrcgeh- . Not detected

30 6"52



TABLE A.3.6-19 Groundwater Quélity Analysis (15)

—— T R E

Place of Water Sampling : HNo.34

Classificatiqh of Sample  : Hell

Date of Sampling

Analytical Items

Color *
Turbidity *
Odor

pH vqlue

Nitrate Nitrogen and Nitrous

July 15, 1980

Poftable Hater Test

More than 5°
More than 2°
Not Abnormal

8.1

Nitrogén Less than 10 ma/lit
chldrine Ion t 75.4 ma/lit
Organic Mattérs {Potassium

Permanganaté Consumption) i 1.8 mg/lit
‘Bacterial Count (1 ml})* : 30,000

Bacterial Co]i‘Grqup'(Sb ml}*  : Detected

Judgement: The Water Sample does not conform to the Water
Standard on the above analytical items.
The Hater Sampie does not conform to the Water
Standard only on the analytical items with * mark.
Armonia Hitrogen :  Not detected

3.6-53



TABLE A.3.6-20 Groundwater Qua!ity Analysis (16)
NATFR ﬂl%LITY ANﬁLYSlS

Place of Hater Sampiing ' : No.33
‘Classification of Sample : Vel
Date of Sampling . y July 15, 1980
Analytical Items ' ¢ Portable Hater Tegt :
Color | E .Less:tﬁan 50
Turbidity | : 'Les:s'the'mv'é"D
Odor 2 .Not Abnovmal
pH Va!he : 7.8
Nitrate Hitrogen and'HitFOUS N S
Nitrogen ¢ Less than 10 ma/lit
Chiorine lon : 85.7 mg/1it
Organic Matters {Potassium . | R
Permanganate Consumption) ¢ 0.9 mo/1it
Bacterial Count (1 m1)* E 54,6OG
Bacterial Coli Group (50 m)* : Detected

Judgement: The Nater Sample does not conform to the Vater
Standard on the above analytical items.

The Hater ﬁample dOES not conform to the Hater
Standard only on the analytical items with * mark.

Ammonia Nitroaen : Mot detected

3.6-54



TABLE A.3.6-21  Groundwater Quality Analysis (17)

WATER QUALITY ANALYSIS

Place of'Hatek_Samp]ing : No.l-4

Classification of Sample ¢ Well
Date of Sampling _ ¢ July 15, 1980
| Analytical ]fems ' i Portable MWater Test
Color o : Less than 5°
Turbidity--‘ ‘ : Less than 2°
Odcr‘ : B : Hot Abnormal
pH Value T : 7.7
Nitrate Nitrogen and Hitrous
Nitrogen : Less than 10 ma/1it
Chlorine Ion* : 1,149 mo/1it
Organic Haftérs (Pota§sium
Permanganate Consumption) ¢ 0.9 mg/Yit
Bacterial Count (1 ml}* . 2,500

Bacterial Coli Group {50 m1})* : Detected

Jdudgement: The Water Sample does not conform to the Water
' Standard on the above analytical items.

The Water Sample does not conform to the Water
Standard only on the analytical items with * mark.

Ammonia Nitrogen ¢ Not detected

3.6-55



TABLE A.3.6-22  Groundwater Quality Analysis (18)
WATER QUALITY ANALYSIS

Place of Water Sampling ¢ No.1-5
Classification of Sample 1 Well
Date of Sampling : : Ju]y_]S, 1980
Analytical Items : Portaﬁle Hater Test
Color : ‘Léss than 5°
Turbidity : Less:than 2°
Gdor :  HNot Abnormal
pH Value : 7.9
Nitrate Nitrogen and Nitrous - : ,
Nitrogen : Less than 10 mg/1it
Chlorine lon : 104 mg/lit
Organic Matters {Potassium
Peérmanganate Consumption) . : 0.8 mg/lit
Bacterial Count {1 ml) : 16
Bacterial Coli Group (50 ml) : Not detected

Judgement: The Water Sample conforms to the Water Standard
on_the above analytical items.

Ammonia Nitrogen I Not_détected

3.6-56



TABLE A.3.6-23  Groundwater Quality Analysis (19)

- NATER OUALITY ANALYSIS

Place of Water Sampling
Classification of Sample
Date of Sampting :

Analytical Items

Cotor
Tufbidity
Odor
pH Value

Nitrate Nitrogen and Nitrous
- Nitrogen

Chlorine Ion

Organic Matters (Potassium
Permanganate Consumption)

Bacterial Count (1 m)*
Bacterial Céli Group (50 m))

Judgement: The Water Sample

No.1-3

Well

July 15, 1980
Portable Hater Test

Less than 5°
Less than 2°
Not Abnormal

7.9

Less than 10 mg/1it
¢ 184 mg/lit

0.5 mg/1it
1,100
' Not detected

~does not conform te the Water

Standard on the above analytical items.

The Hater Sample
Standard only on

Armonia Nitrogen

does .not conform to the Water
the analytical items with * mark.

Not detected



TABLE A.3.6-24  Groundwater Quality Analysis (20)
WATER QUALITY ANALYSIS

Place of Water Sampling ¢+ No.1-1
Class’ificaﬁon of Sample | : Hell
Date of Sampling ‘ s July 15,'1980
Analytical Items : Portable Qater Test
Cotor | : Less than 5°
Turbidity i Less than 2° :
QOdor ' : Not Abnofmal
pH Value ¢ 7.8
Nitrate N1trouen and Nitrous T R
Nitrogen ¢ Less than’]O mo/lit
Chlorine fon - : 70.2 /it
0rqan1c Matters (Potassium ~‘  ’ (IR
Permanganate Consumpt1on) Lo 209 mg/lit
Bacterial Count (3} m]) t 46 |

Bacterial Colf Group (50 ml)* Détéctedf

Judgement: The Water Sample does not: conform to the Water
~© Standard on the above analytrcal items.

‘The Hater Sample does not conform to the Water
Standard only on the analytical items with * mark.

Amonia Nitregen - - Not deteétéd'?

306"58



Ptace of Rater Samplina

Date of Sampling

Analytical Items

TABLE A.3.6-25  Groundwater Quality Analysis (21}

VATER DUALTTY ANALYSIS

Classification of Sample 2 Well

Color
Turbidity
Od;r
pH Vaiue

Nitrate Hitrogen and Nitrous
Nitrogen

Chiorinellon*

bfgahié Matters (Potassium
Permanganate Consumption)

Bacterial Count {1 ml) *
Bacterial Coli Group (50 ml) *

Judgeméni: The Water Sample does
o Standard on the above

- The HWater Sample does

No.16-

1

July 15, 1980
Portable Water Test

Less than 5°
Less than 2°
Not Abnorma)
7.8

Less thanIIO ma/lit
2,091 mg/1it

2.4 mg/lit
4,400
Detected

not conform to the Water
analytical items.

not conform to the Mater

Standard only on the analytical items with * mark.

Armonia Mitroaen

306"59

Note detected



TABLE A.3.6-26  SEAVATER QUALITY ANALYSIS

Sampling Place : : Dibba Seaside, U.A.,E..

Date of Analysis ' : October 28, 1980
Anatyzed by : Takasago Technical Institute,

Mitsubishi Heavy Industries, Ltd.
Seawater Quantity - : 0.5 lit. ' '

Seawater Quality

Tukb{dity ' <1 ppm
Susnended Soliﬂ§ 3 ppm

pH 8.1 R
Conductivity ' 55,200 | :?o]cm(ét égéC)
1 - 21,000 ppm
5042' 2,QOO - * ppm

Ha® _n_,db_n e
Ca2+ ' 400, _:: pp@_ o
melt | 1,400 _—
Fe - - e ppm.

Mn “-O,QB_ ppm

Al - | | _0.2' | ppm

510, 0.2 ppn

CcoD Mn 1 ppm

108 37,500 opm
M-Alkalinity : 120 ppm

3.6-60
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SODIUM (ALKALL) HAZARD'
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3.6.8. Aquifers

In order to conduct verification of layers, sounding of the bed
rock depth and pump test of aquifers, 15 test wells have been drilled,

Fig. A,3.6-13 to 3.6-45 indicate the geological lag, resistivity
and EC Tog at the 29 wells inclusive of the above-mentioned 15 test
wells where slim sample and electric logging could be conducted. Fur-
thermore, Fig. A.3.6-46 to 3.6-48 compile the results of geological
and electric logs as well as of geoelectric sounding. Map 3.6-15 shows
the contour of the bed rock surface. As clear form these figures and
map, aquifers in the study area is basically classified into the three
major layers of gravel., talus and weathered bed rocks. The gravel
layers are further sub-divided into recent wadi-bed deposit and lower
and upper terrace deposits from the ground surface. The recent wadi-
bed deposits are, in general, an unconsolidated and well sorted coarse
and gravel layer. The maximum depth of this layer so far confirmed is
55 m.  This layer in the upper gravel plain is 15 m thick on an average,

The Tower terrace sand and gravel layer, i.e., the second layer
from the top is correlative with a gravel Tayer containing abundant
subrounded gravels cemented to some extent. Such layer crops out in
the Wadi Abadilah. Cementing carcalious materials are rarely found in
the samples obtained at wells. Therefore, drilling speed is relative-
1y Tow.

This layer has a higher electric conductivity than the first
layer mentioned above. The maximum thickness so far confirmed is 30
m.

3.6-66



It is easier to find cementing carcalious materials in the third
layer than in the second layer. The gravels contained in this layer
is slightly rounded. The Tayer is well consolidated, and has a high
electric conductivity. The outcrops of this layer cannot be observed
in the study area. The Tayer is correlative with the gravel layer
seen on masafi plateau, and should be rather called conglomerate. The
maximum thickness so far conformed is 50 m.

The talus deposits are composed of angular gravels or clayey
materials and immediately on the bed rocks. The thickness of deposits
becomes larger and larger upto the upper reach. The maximum thickness

so far seen reaches 35 m.

In the upper gravel nlain, the groundwater can be seen in the bed
rock and is lifted through tube wells though the water amount is not
large. This fact shows that gravity water exists even in the weathered

bed rock.

Out of the above-mentioned aquifer, the important aquifers for
nractical use are the three gravel layer. As recognized in TW-4, the
top most sand layer of the lTower terrace deposit shows that the Gulf
of Oman have had embaymed to the Wadi Al Bassierah, which suggests
lowering of the sea water level. The horizon might be formed in the

Wurm maximum period.
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FIG. A.3.6-13
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FIG. A.3.6-30

Cement Plant No.) (cont'd)
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FIG. A.3.6-31
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FIG. A.3.6-32

Cement Plant No.2 (cont'd)
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3.6.9. Hydraﬁlic Chéréctéristics of AQUifers _
The results of aqu1fer test are shown in Flg A.3.6-50 to 3. 5 54,
and sumnar1zed in Table below. It is con51dered that the above-

rentloned three aqu1fers have the hydraulic coeff1c1ents in the follow-
ing orders,

Hydraulic Characteristics of Aquifers

Rquifers Tran§@3§§1v1llvi_ Specific Yield Remarks
| (m/day)
Recent wadi-bed deposit 13,000 0.012
The tower terrace deposit. 1,800 0.005
The upper terrace deposit . 200 0.003

Coastal Sabkha 1,600 0.100 (for reference
o N only)
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3.6.10. :Béhavior of Groundwater

The tlme series gauging of groundwater head has Just started
in the study area, therefore, seasonal groundwater behavier and the
response of groundwater against rainfalls, etc., have not yet been
ver1f1ed at présent. It has been revealed that during June to Sep-
tember 1980 the groundwater head in the lower gravel plain decreased
at a rate of 3 cm/month to 30 cm/month. The groundwater consumpt ion
mlght_be_one of the major reasons of this decrease of groundwater
head. The‘c'(}nti"nuation of the non-recharge season in summer seem
to have affected directly this phenomenon.

As already mentioned above, the groundwatér head is abnormally
flat in the lower gravel Plain whereas it has a steep slope along
the surface of bed rock. Judging from the distribution of ground-
water quallty, stagnant ‘young water exists in the upper and lower
grave] plain. _Furthermore, three aqu1fers whose permeability is
wide]y'diffErént to each other, incline toward the sea. The ground-
water flows down diagonally in these aquifers, Taking into account
comprehen51vely all the above- mentloned, it is deemed that the ground-
vater recharged by thunder storm floods flows down more rapidly than
general ly con;ldered though further observation and study will be

required for its_VerifiCation.
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