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4.1. Hydrology
4.1.1. Introduction:
(1) Genéral

The hlstory of hydro-meteoro]oq1c observation’ in UVAE cover
only a short per10d Durlng the aqes of Truc1al States no obser-
vatory nétwork éXlst in the country A mere meteorolagic
station has been kept at SnarJah Air Force Base. In 1965 the'frucial
States have been devrded into nine hydrologic divisions.  And the
proper observations have been commenced on the meteoro]oqy and
hydrology

In 196? the f1rst water yearbook Was publ}shed as "Hater
'Resources Survey yearbook Yol.1" by the Publlc Horks Directorate.
The VOlume II of the above was made in 1970.

_ The Soil and Hater DlrectOrate of The M1n1stry of #9r1cu1ture
and F1sher1es successes tne observatlon after the independence of
the tnlrates in ]971 AnJ the first volume of water yearbook was
published in 1977. The second one of above was recently made in
1981. '

The PrOJect a.ea belongs to No 3 Hydrologlc Dlv151on, the
Banlnah Coastal P]aln. The d1v1510n lnvolves all coastal wadi
basins fac1ng to the Oman Gulf in UAE. The major wadi basin
in the: dlvis10n are Had1 Ham where Fu3a1rah the capital of Fujairah
Emirate 15, Wadi Al Bassierah, {fadi Sih.and so on.

The meteoroldglc observatlon in Wadt A] Bass1erah is made at
Dibba ¢ince 1965, Dibba Office of the ﬂ1n1stry conducts the ob-
servation after the 1ndependencea Some of records dismissed durlng

4.1-1



few years around the independence.

The meteorologic stations nearby the basin are at‘ﬁasafi, Khor
fakkan and Fujairan. The availability of records at those stations

are under same condition as Dibba.

Ho hydrolog1c observation in wadl Al BaSSIerah has been rade
so far. And the first observatory network 15 established by JICA

team in 1930.

The hydrologlc study on Hadi Al Ba531erah aims flna]ly to
evaluate the’ groundwater recharge for future Water use and’ pro-
bable flood for proposed dam design. The back-up data for the
aim are rather poor. The records on daily rainfall cbvering-a
10-year period are only reliable. The flood record which cover
some years is not available. Fortunateiy f]ood runoffs in three
occasions were observed by the team dur:ng the study peraed and -
a series of hydrogeological investigations has been proper]y made
by the team with the'significantltobperation'Of the Mihiéfry
And therefore the aforesaid aim could be achleved applylnq the
data so far available.

The hydrologic study, in these background, for a water re-
sources evaluaticn is supposed to be practlcal and convenient to
simulate the phenomena through a medel as s1mple as pOSSlb]e
structural matnematlcal medel is, therefore empioyed to 51mu]ate
flood runoff, evapotranspilation, soil retentlon and groundwater
recharge adopting the recorded ralnfalls as 1nput parameter.

Since the procedure of study and Ilnkages of available data

to. the study make a complicated connectlon, a shematic flow of
the study is given in Fig, 4,}- lattached hereafter. ‘
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{2} Hydfoiogic observatory network |
The JICA team establlshed a hydro]oglc observatory network
in Wadi Al Bassrerah basin for his own study and also future ob-

servation.

Eight"ahtomatic rain gauges have been installed at key spots
where represent the major sub-basins. S1x automat1c f]ood gauges
have been established to make available flood runof fs from the
major mountain wadis and Hadti Al Ba551erah proper. Other than
those nine groundwater gauges have been installed on the hew]y
drilled test wells to observe the water head from time to time.

TheAlocatiOn of géuges are shown in Map 4.1-1.

The actual observation by the said gauges has been conmenced
since September 1980,

4.1-4
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4.1.2. Surface Hydrology

(1) General

Any flood runoff has never been observed upto the end of 1979,
Imnediate]y after the project study started, a flood took place on
30th December. And the rainfall record and flood marks have been
surveyed by the team.

On 30th April and 2nd Hay, 1981 twlce floods Were caught by
flood gauges whlch were under operation 51nce September 1980.

The ana]y515 on the said floods toaether w:th the related
rainfalls are described below.

4.1.3. Rainfall _

The rainfall record at Dibba does not, as mentioned previously,
cover the wnole period after the gauge installation. The avaita-
bility of month and daily data is shown in F1g 4 !’2 1nc1ud1nu
those at Sharjah and Masafi.

The rainfall observation at SnarJah was commenced by Br1t1sh
Air Force in 1934.  The daily ra1nfali record howeVEr ava11ab]e
since 1945726 water year. Tais record is the !onqest one 1n UAE
and indespensable for a long term hydro]oq1c study 1n the cbuntry.

A mere rain gauge in the Project area 1s'at Dibba'ﬁhiEh stands
at an elevation of 20 m. The record of gauge is not considered to
represent the basin-wide rainfall.

Just nearby the area a gauge at'Masdfi stand§ ét'an'elevétidn

of 450 m. The record of gauge is -though to be correSpondlng rain-
falls for the upper part of the area.
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Therefore rainfall record at Dibba, Masafi and Sharjah are
analysed hereunder.

(1) Rainfall in 1980/81

The daily rainfall table of the water year of 1980/81 and
the hourly rainfall table for the period 30th April to 3rd May,
1981 are given in Table A.4.1-6 to 4.1-15 and Table A.4.1-16 to 23
attached in the end of the chapter.

The month1y table is summarized as shown in Table A.4.1-1,
The vatues in the rightmOst column of the table are the basin mean
rainfalls which are evaluated through the Thiessen Polygon method.

The ischyet illustrating the total rainfall of nine months
given in Table A.4.1-2 is shown in Map 4.1-2. The rainfalls on 30th
April and 2nd to 3rd May generated floods. The isohyets on those
days are given in Map 4,1-2 to 4.1-5,

Map 4.1-6 indicates the commanding area of each rain gauge
by the Thiessen Polygons. Table A.4.1-2 shows the rainfall contri-
bution of each rain gauge to the catchment area of the flood gauge.

Tabie A.4.1-16 to 4.1-23 shows the hourly rainfall of each basin
for the period between 30th April to 3rd Mayij.

1y The.h0ur1y rainfall records of Dibba and Masafi_are not
obtained. The data are based upon the seven rainfall records,

4,17
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{2} Correlation of rainfalis at Bibba, Masafi and Sharjah

The correlation of annual and monthly rainfalls observed in
the three observalion stations are shown in Table A.4,1-3. The annual
rainfall observed at Sharjah has a close correlation with these at
Dibba and Masafi. However; the annual rainfall at Dibba has a poor
correlation with that at Masafi. In the aspect of monthly rainfall,
Sharjah has a close correlation with Masafi. However, Dibba has a
poor corvelation with the other two.

(3) Probable rainfa]]

Fig. A.4.If3 to 4.1-8 show results of the probability analysis
of annual rainfalls and annual maximum daily rainfalis at Dibba,
Masafi and Sharjah. In conducting the analysis, a rainfall less
than 10 mm was disregardéd. The maximum annual rainfall so far
recorded at Dibba is 246.5 wmm in the hydrological year of 1976/77.
This rainfall is of the return period of 35 years. The mean annual
rainfall is 99 mm. The maximum daily rainfall recorded is 66 om
with the return pefiod of 10 years whereas the nean maximum daily
rainfall is 32 mm. The probable rainfalls at Sharjah are not widely
different from these in vibba. The probability of annual maximum

daily rainfall at Dibba through data upto 1930/81 is as follows:

Probability Rainfall
{year) -~ {r/day)
2 33
5 52
10 65
20 79
50 98
100 113
200 128
500 151
1,000 168
10,000 230
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ABLE A.4.1-3.  CORRELATION MATRIX FOR RAINFALLS AT DIBBA,
MASAFI AND SHARJAH

AHNUAL RATNFALL

Diba Masafi . Sharjah

Station -----> X m. (@ (3}
Diba (1) R 1.000 - 10.455 1 0.736

A 1.000 0.258..  0.670

| 8 0.0 57.531 30.636

Masafi (2) R 0.455 1.000 - 0.889

A 0.802 1.000 = 7.428

B 54.127 . 0.0 -0.422

Sharjah (3) R 0.736 . 0.889 1.000

A - 0.808 0.553 ~1.000

B 16.035  18.853 0.0
Y/X

R: Correiétion‘coefficient
Regression liné: Y=A*X4B -

TABLE A.4.1-4.  MONTHLY RAINFALL

Diba_ Masafi Sharjah
Station ----- > X (1) _ (2) {3)
Diba (1) R 1.000 0.646  0.679
A 1.000 0.661 - 0.556
B 0.0 4.815 14.174
Masafi (2) R 0.646 ~  1.000 0.888
A 0.630  1.000 0.782
B 19.728 0.0 13.492
Sharjah {3) R 0.679 0.888 ©1.000
A 0.830 1.008.  1.000
8 8.309  -4.353 . 0.0
¥/x

R:  Correlation cdefficient
Regression line: Y=A*X4B
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- Fl6. A.4.1-3.

EXCEEDING PROBABILITY OF ANNUAL RAINFALL
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FIG. A.4.1-4.,

NON-EXCEEDING PROBABILITY
OF ANNUAL RAINFALL
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FIG., A.4.1-6.

TIME SERIES RAINFALLS AND THEIR RETURN PERIOD

AT DIBBA
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{4) Intensity and duration of design rainfall

The Dibba station was equipped with an automatic vain gauge
in 1978. Therefore, the rainfall data on hourly intenSity and
duratioh are only available recent few years. Fig.A.4.149 shows
the relations between rainfall duration and dépth in 1978 and 1979.
The newly installed gauges recorded five basin-wide rainfall in
1980/81 year. Fig. A.4.1-10 gives the duration and distribirtion ex-
pressed in terms of percentage.

The rainfall duratiohs are, as seen those figures, mostly of
three to four hours. More than 60% of the rains falled within
four hours. In general a fainfali in a short period shows a high
intensity. Most rainfalls in this country are brought by thunder
storm accompanied with cold front, The said figures shows this
type rainfall. |

Taking account the matter mentioned above the design duration
for probable flood analysis is determined at four_hours.

(5) Rainfall distribution

Heavy rainfalls which generated floods have been recordéd only
three times in the basin. Considering from raiﬁfall patterhSIOf
those as well as others, the design vainfall distribution is defined
as shown in Fig. A.4.1-11.

{(6) Rainfall factor

The rainfalls at Dibba Station are considered not dirvectly
applicable to the basin-wide rainfall. Therefore, thé rainfall
depth applied to sub-basins in determined by multiplying the Dibba
rainfall by a certain rainfal) factor which is defined to the sub-
_basin'character. B

4.1-24



_ It is we]] known fact that the rainfall d1str1butlon in a
certatn ba51n is uswally proportional to the sub-basin elevation.
This trend is also seen in this country as shown in Map 4.1-2.

The genéral trend of fainfa]] depth to the sub-basin elevation
for the Basin is decided in accordance with the mean annual rain-
fall depths at Dibba and Masafi, as given in the below:

Station Elevation Mean Annual Rainfall
(m (rm)
Dibba 20 99
. Masafi . 450 160

Fig. A.4. l 12 shaws the said relationship in terms of rat1o to
the Dibba, the rainfall factor.

In case to estimate a basin rainfall from the spot gauge, a
deduction factor shall be applied. The USBR proposes the reduction
factors which are depended on basin size and illustrated in Fiq.
A.4.1-13, to.Wadis Ham and Bih. The reduction factors are also

adopted to the Basin.

The actual sub-basin rainfall is determined by multiplying
the Dibba vainfall by the said two factors. The total rainfal)
factors to the sub-basin are shown in Table A.4.1-5.

The verification of these rainfall factors is attempted by
comparing with the rainfalls at nine spots which have been ob-
served so far.

Table A.4.1-5 indicates among other data the ratious between the
evaluated rainfalls for the 11 sub-basins determined for the hydro-
logical analysis and the rainfall at Dibba. Fig. A.4.1-12 plots these

4-1"25



values together Hlth the correlation between the observed rain-
fall of each rain guage and the e]evatlon.

Since the observation period is not long enbhgh'sfdtiStically,

the observed values deviate to some extent but the overall trend
is that they are close enough to the adopted values.
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fi6. A4.1-10. RAINFALL DISTRIBUTION
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FI6.A.4.1-13.  REDUCTION FACTOR FOR AREAL RAINFALL
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TABLE A.4.1-5. RAINFALL FACTOR

Basfn L . ___Observed
' factor
. _ Mean Basin to Dibba Adopted
No. Hame Area  Elevation Rainfall Rainfall Factor
I N O e 0] T
hl Ab;de];h;._éﬂ o _546 120.2 124 1.39
2 Uyaynah 18 400 119.5 1.27 1.33
-'§1 i_Jéb$1 Dee 20 - 550  129.0 1.33 1.51
4 'lJSinnah:5_ 25 380 115.2 1.19 1.25
5 ' Jﬁ;ggfpﬁi n 170 127.0 1.31 1.09
;6 R J%i]f 23 310 49.9  0.5] 1.17
7 M Faya;jgi 26 440 101.8 1.05 1.35
3 | Jabal ua%m.ag 520 7.5 0.7 1.37
9 L:£R¢PL;§ .142*35 70 82.6 0.85 0.94
'ig_,'é RLGR.PL.E 26 512 0 708  0.73 0.89
fi ' Coast Sté' 10 ,i 20 95.6 0.98 0.91
.;Iptaljgéé;; !-'#,-? -250:::‘51 203 . 97.8 1.02_ L2
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~TABLE ‘A:4.1-6. DAILY RAINFALL RECORD

Wadi Al BdSs}érdb_§§§j§

Month: 9 Year: 1980

-'\{;'a'ge - : _ . Basin
- Date 1 2 3 4 5 6 /_ 8 Dibba Masafi Mean

] - - - - - - - - - - -

> - . o

5 - - - - - - - - - - -

6 - - - - - - - - - " -
7 - - - - - - - - - - -

9 - - - - - - - . - - -
L - -
1 S - -
12 - - - - i, - - - - - -
13 - - e .- .o -
14 - - - - - - - -
15 - - - - - - - - - - -
16 e - -
18 S - -
19 S - -
21 S e T T -
22 S - .o e oo e -

N4
1]
|
]
1
1
1
1
]
|
!
]
o
-‘I

v 1 1 Voot LI

24 - - 05 - - - - -

N I

D O 0o~
t 1

1 !

LI N I
! 1

] |

] ]

' 1

LI B A

[T T T T T T T

Total 0.5 MR - - - - - 0.1

Gauge : - . ; 5
: Contri- 0.1100.158 0.189 .- 0.076 0.076 0.095 0.183 0.033 0.025

bution

t
]
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TABLE A.4.1-7. DAILY RAINFALL RECORD

lladi Al Bassierah Basin

Honth:_ ¥

0

—t

™Y

Year:

— o —
PO omed DD Q0 ™ Bl N o

Total

Gauge
Contri-~
bution

[ AN S T R N I R | [ N | [ I D N A A |

LI R D A D R Y R B | I [ I B | i 1 [ I

]

|3-l|||||l|i||ll|lllllltlllIIIIIﬁw

1980

A5

NR -

=]

|

| S T N N I 2 T T T RO TR S N T S S S S T T T

L L R O S T T T T T T T W PR

[ T |

[ T A

L2 N D L R I T R N 2 T R A T T T T R S T S TR PR TR T TR

T T T T T T T O T VU T T SO SR TN Y SO T R BE SR SR

24.0 03

0.110 0.158 0.18% -  0.076 0.076 0.095 0.183 0.088 0.025
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~table 4.4.1-8. DAILY RAINFALL RECORD

Wadi Al Bassierah Basi

Month: 11 Year: 1980

P
w
-]
%4
~J

I
l

.. Gage | - _ . Basin
Daté™~_ 1 6 7 8 pibba Masafi Mean

1 - - - - -
2 - - - - - - - - - - -
3 ~ - - - - - - - - - -
5 - - - - - - - - - - -
b - - - - - - - - - - -
7 - - - - - - - - - - -
9 - - - - - - - - - - -
10 = - - - 1.0 8.5 - - - - 0.7
1 - - - - - - s - - 0.2 0.0
12 - - - - - - - - - N i
13 - - - - - - - - - - -
14 - - - - - - - - - -
15 - - - - - - - - - - -
16 - - - - - - - - - - -
17 - - 1.5 - - - - - - - 0.3
18 - - - - - - - - - - -
19 - - - - - - - - - - - -
20 - - - - - - - - - - -
21 - - - - - - - - - - -
22 - - - - - - - - - - -
23 - - - - - - - - - - -
24 - - - - - - - - - - -
25 - - - ~ - - - - - - -
26 - - - - - - - - - - -
27 - - - - - - - - - - -
29 - - - - - - S - - - -
30 3.5 2.0 7.5 NR 0. 2.0 10,5 2.5 1.0 10.0 4.1
31 / / / /. / / / / / /

Total 3.5 2.0 9.0 K 1.510.5 10.5 2.5 1.0 10.2 5.1
Gauge

'gggfg;‘ 0.110 0.158 6.189 - 0.076 0.076 0.095 0.183 0.088 0.025

4.1-35



TABLE A.4.1-7. DAILY RAINFALL RECORD

Hadi Al Bassierah Basin

Month: 12 Year: 1981

]
[=7)
f-|-
h)
W
-9
on
o
~J
Q0
}c
—t .
or.
o
o9
-
o
o
[=1]
/ =
&
o w0

Gage
a1 2 6

'| - - - - - - - - - -
2 - - - - - - - - _ )
3 - - - - - - - - . .
4 - - - - - - - - - )
5 - - - - - - - - - .
6 - - - - - - - - - )
7 - - - - - - - - - .
3 - - - - - - - - - -
9 - - - - - - - - =~ -
10 - - - - - - - - - .
1 - - - - - - - - - -
12 - - - - - - - - - -
13 - - - - - - - - - -
14 - - - - - - - - -
15 - - - - - - - : . -
16 - - - - - - - - - -
17 T YT T
18 - - - - - - . - _ )
19 - - - - - - - - .
20 - - - - - - _ )

21 - - - .- a L -
22 - - - . ;
23 - - - - - .
24 - - - - - - - - . 2
26 - - L. oD DD et
26 - - - - - - - - - 04
27 - - - - - - - - - 0.2
28 e
29 - - ..o -
30 - - - - 2 . - - - -
3 - - - - .. e -

Total 0.0 0.0 0.0 MR 0.5 0.0 0.0 0.0 0.0 - 1.0
Gauge L _ S
§32$§;" 0.3110 0.158 0.189 -  0.076 0.076 0.095 0.183 0.088 0.025
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TABLE A.4.1-10 DAILY RAINFALL RECORD

Wadi Al Bassierah Basin

Month: 1 Year: 1981

\““\Efgf _ _ B . Basin
Date . 1 2 ! 6. _7 8 Dibba Masafi Mean

.2 3 4 5. 6 7 Dibba Masafi He:

2 - - - ..o

4 - - - - - - - - - - -
5 - - - - - . - - - i, -
6 - - - - - - - - - - -
7 - - - - - - - - - - -
S
IS S O
12 D Lo .o
13 6.0 12.5 1.0 NR 0.0 006 1.0 0.0 0.2 3.4 2.4
1 oot s T T T oo
16 S- T Lo e
8 - L . ..o o oo
1 - - -
20 o .o e e - -
A -
22 oo Lo o . e e
25 e
26 ST LT oL T
29 - - - ~ - - - - - - -
30 ) - - - - - - - - - - -
31 Do DT oo

Total . 0.0 12.5 1.0, KR 0.0 00 1.0 0.0 02 3.4 2.4
Contri- 0.110 0.158 0,189 .- 0,076 0.076 0.095 0.183 0.088 0.025
bution i
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TABLE A.4.1-11. DAILY RAINFALL RECORD

Wadi Al Bassierah Basin

Month:

“\\\\ggge

Date™~-. 1

WO~ O SN —

Total
Gauge

Contri-
bution

2 Year:

2 3
13.5 0.0 0.0
6.0 0.6 0.0
0.0 1.0 1.0
0.0 20.5 12.5
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0

13.5' 21.6 13.5 NR 37.0 20.5 0.0 55.0 0.2 2.2 21488

0.110 0.158 0.189 - * 0.076 0.076 0.095 0.183 0.085 0.025

1981

=,
w.

L T T B

5 7 8
5. 0.0 6.0 0.0 0.0
0. 00 00 0.0 0.2
0 0.5 0.0 0.5 0.0
¢ 0.0 0.0 0.0 0.0
0 200 0.0 0.0 0.0
5 0.0 0.0 5.5 0.0
0.0 0.0 0.0 0.0 0.0
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7 TABLE A.4.1-32. DAILY RAINFALL RECORD

"Wadi Al .Bassierah Basin

Month: 3 Year: 1981
~..__Gage : R - Basin
Date™~. 1. 2 3 4 5 6 7. 8 Dibba Masafi Mean _
1 - - - - - - - - - - -
2 - - - - - - - - - - -
3 0.0 1.0 1.5 N 0.0 0.0 0.0 1.0 17.6 13.2 2.5
1 0.0 0.0 0.0 N 0.0 6.0 0.0 0.0 0.0 0.6 0.0
5 - ~ - - - - - - - - -
6 0.0 75 0.0 W 00 00 0.0 0.5 0.0 0.0 1.3
7 .0 2.5 0.0 N 0.0 0.0 0.0 0.0 0.0 0.0 0.4
8 - - - - . . - - - - -
9 - 0.5 - - - - - - - - 0.
10 - 0.5 - - - - - - - 04
" - - - - - - - - - - -
12 0.5 0.0 3.5 N 2.5 35 0.0 1.0 2.2 2.6 1.6
13 1.5 0.0 3.0 N 0.0 50 0.0 0.0 2.0 3.4 1.4
14 - - - - - - - - - - -
15 - - - - - - - - - - -
16 - - - - - - - - - - -
17 - - - - - - - - - - -
18 - - - - - - - - - - -
19 - - - - - - - - - - -
20 - - - - - - - - -
2 - - - - - - - - - -
22 - - - - - - - - 0.2 - 0.0
53 - - - - - - - - 1.2 - 0.1
24 - - - - - - - - - - -
25 - - - - - - - - - - -
26 - - - - - - - B - - -
27 - - - - - - - - 1.0 2.2 0.1
28 1.0 3.0 35 NR 3.0 1.0 1.0 0.0 0.0 0.0 1.6
30w L - - ~ - = - - -
3] : - - - - - - - - - 0.8 0.0

‘Total ~ 3.0 15.0 W.5 MR 5.5 9.5 1.0 2.5 24.2 22.6 9.2
Gauge BT o .
“Contri- 1 0.110'0.158 0,189 - - 0.0876 0.076 6.095 0.183 0.088 0.025
bution : - :
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TABLE A.4.1-13. DAILY RAINFALL RECORD

Wadi Al Bassierah Basin

Month: 4 Year: 1981

- Basiy

N 7_ 8 Dibba Masafi Moy §

o}
=%

-

M

N
(%]
i
o
L=}
"
==}

1 - - - - - - - - - -
2 - - - - - - - - B -
3 - - - - - - - - - -
5 - - - - - - - - - -
6 . - - - - - - - - -

7 - - - - - - - - - -
8 - - - - . - - - - ..
9 - - - N “ - - - -

k - - - : - - - - 0.2 - oo
11 - - - - - - - - - -
12 - - - - - - - s . -

13 - - - R - - - -
14 . - - - - - - - - - .
15 - - - - - - R

16 - - - R L S

17 - - - - - - - - e e -

18 - - - - - - - - -

19 - - - - - - - - - .

20 - - - - - - - - - -

21 e -

22 - o - - . - _ - - -

23 - - - - - - R - - -

24 - - - - - . - - - -

25 - - - - - - - - - -

26 - - - - - - - - - -

27 R S
28 - - 2.0 MNR - - . . - - 058
5 - N - -omo 05 - -

0 18.0 42.5 36.5 NR 17.5 21.5 21.5 24.5 38.6 12.8 2848
3t / / / / / /. / / /oo 1
Total 18.0 42.5 38.5 §R 17.5 21.5 .21.5.25.0 38.8 12.8 2.3
Gauge : o e L 5
gﬂ?f;ﬁ' 0.110 0.158 0.189 - 0.076 0.076 0.095.0.183 0.088 0.025

Ty
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TABLE A.4.1-14. OAILY RAINFALL RECORD

Wadi Al Bassierah Basin

Month: 5 : Year: 198]

Gage - S _ - Basin
S~ 1 2 3 4 5 6 1 8 Dibba Masafi Mean

|
|
|
|

v

OO
™

[= ) WV e}

- L
oL

=

-

—
-0 =
[+ K,
[ B PR

.
SW;O

‘lIlll‘llll_ll|ll!i11lll‘l"l_llll"lo

S L
=N, =)
a3
~ RS2
[= = R
oD
—

[= - R =y et
(L N Ay
PN
& d
oo
V=S
-

b

P
| I S R R |

1
| I I I A |

. o . [,
: &
wmwmmawmdﬁ/

PR T T S TR T TR TR TN S TR T TR TN SO N Y TN SN SO TN TN T S T SO B |
T T L T T T T T T T T T T T T O T R SO B Y B
I T T L D R R I T I I
P T T ST TR ST T TR T N SO TR SR SR S NN S T N
T N T T T A T T T T T T O T Y O

N R T T T T T T TR Ly T R U S Y T B
| 1 [} 1 ] ] [] ] ] i ] [} 1 ! i 1 I ] 1 13 i [} |
] (] ] 1 1 (] ] ] f ] (] 1 1 ] 1 ] ] 1 1 i ]

w—-

=]
S T T T SR SR SRR SEUE SN SENFIN SN N S (R SRR T TN SRS S N SE SR S SN SO B |
S T T T T '

UL T T T A L | | I R I B | | S S| ] Foroa 1 | [ I I B | 1

Total 4.5 35.5 46.0 R 26.0 7.5 42.5 25.5 32.8 41.8 30.0

Bauge o ; : _ _ ,
Contri- 0.110 0.158 0.189 - 0.076 0.076 0.095 0.183 0.088 0.025
bution : _
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TABLE A.4.1-15. DAILY RAINFALL RECORD

Wadi Al Bassierah Basin
Month: 6 Year: 1981

~._Gage | _ ) | Basi
pate~_ 1 2 3 4 5 6 1 8 Dibba Masafi ey §

_ ikd

1 - - - - - - - - .
2 - - - e - - - - -
8 - - - - - - - - - B}

g - - - - - - - - - -

L

1 - - - : - - - - -

12 - - - - - - - . ]

O

14 . - - - - - - - :

—
o
|
| S
1
|
[
1
i
1
|
1

16 - - - - - - - - -
17 - - - - - - - - -
18 e -
19 S - e e e e e
20 - - - - - - - - - -
21 - — e e e e
22 - - - - - - - - - -
23 - - - - - - - - - -
S
25 - - - .o -
26 - - - - - - - - - -
2
28 - - - - - - - - - -
29 - - :
30 - - - - - - - - - -

X STt s s s s - |
Total 0.0 0.0 0.0 NX 0.0 0.0 0.0 0.0 0.0 00 05f

Gauge o '
gontri- 0.110 0,158 0.189 - 0.076 0.076 0.095 0.183 0.088 0.025
ution ' L e
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TABLE A.4.1-16. HOURLY RAINFALL RECORD

Wadi AI:Bassiérah Basin
Pate: 30-4-81 '

- flauge No, : o
MR ¥ 2 3 X775 76 "7 8 " Dibba Fasafi

B 1 - _
0.0 - . - - . - - . )

0.0 - - - - 35 - - - .

10 0.0 - - - - - 1.5 - - -
n 0.5 - - - - - - 1.0 - -
.]2' 0.0 - - - - - - - - -
13 00 - 2.5 - - - 7n - _ -
14 0.0 26.5 - - 0.5 0.5 3.0 - - -
15 150 - - - 9.5 85 - 1.5 - -
6 0.0 - - - } i 3 ) . i
17 0.0 - - - - . ; - N
18 6.0 - - - - - - - - -
19 0.0 - - - - - - - - - -
20 0.0 - - - - - - - :
1. 0.0 14.0° - - - - .- - -
22 0.0 150 1.0 - 7.0 - - - - -
23 0.0 10 - - 0.5 8.0 5.0 - -
24 2.5 - - - - 10 - 1.0

Total 18.0 42,5 36,5 NR 17.6 21.5 21.5 24.5 38.6 29.0
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“TABLE A.4.1-17.. HOURLY RAINFALL RECORD

Wadi Al Bassierah Basin -
Date: 1-5-81

Gauge NO. e
5 6. 7 8, Dibba thsafi

R . 1 2. 3 4

WO w TN D L R e
]
‘
'
1
P
d.
]
o
=
.
o]
(&) ]
t
'

A T e O o B e R T e R R e |
W N e OOW 0 s S Y W NN = O
(=1 [
| 1 (] ] 1 - | 1 . ] ] 1 [}
(3} o
] ] ] ] ] ? ] It 1 ] 1 1 ]
] ] ) i [} ] 1 i t ] 1 ) 1
t 1 1 ] V 1 ] 1 ' ] 1 1 1
i 1 ) 1 1 ¥ 1 ' I | ) t '
1 ] [ ] ] ] 1 [} ] t ] I [} 1
o D D =
P T T ' 1 1 ' ' . 1
£ = oo
1 t ) 1 ' [ ' ] ] ] + ] i
| 1 1 t ] 1 ] | | 1 1 t 1
[ 1 L 1 ] ] » L] [} [] ) ) 1 [}

- L - - - - T - - . - : -

.

fotal 90 0.0 05 N 0.6 1.0 2.0 0.5 M8 228
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7 TABLE A.4.1-18. HOURLY RAINFALL RECORD

Wadi Al Bassierah Basin
Date: 2-5-8

o - Gauge No. '
L2 _§__ 4 5 6 I & Dibtha MHasafi

. ]
1
i
t
]
[}
]
+
t
i
]

=)
] L 1 ] | - I 1
Bl
1 H ] ] ¢ | r 1
¥ ] ] 1 1 } t ]
! I ] ' 1 t f ]
] 1 1 1 ' 1 ] ]
1 i { ] ] 1 ] [ §
] I [] ] 1 1 | !
i i 1 1 ] ] ] 1
I ] 1 1 I ' ] ]
1 ) ] ] [} 1 1 I

o N T T )
- 15,6 - e - - - -
- 0.5 2.0 - - - 65 - -
24 1.5 4.0 .20, - 12,5 - - - 2.5

Total 3.0 29.5 38.5 NR 18,0 6.5 0.5 16.5 21.0 19.0

'
+

4.1-45



TABLE A.4.1-19. HOURLY RAINFALL RECORD

Wadi Al Bassierah Basin
Date: 3-5-81

Gauge No. '
iR i 2 3 1 5 6 7 8 Dibba Fasafi

0.5 4.0 2.5 - 1.0 - - 3.0 - )
- 15 45 - 50 - - 4.0 - .
. 0.5 - - s - - 1.5 - .

- - Mo - - .

W N W N =
1]
[}
1
1

W NN = O W s Y D D W N e O
] ] 1 | ] | 1 t t ¢ | 1 1 1
1 | 1 [ ' | 1 1 1 1 1 ' i |
1 t | ] 1 1 1 1 1 ] 1 1 1 1
' [ [ ' ] 1 1 i i ] 1 I 1 1
| [ | ] ] ] ] [ 1 ] 1 ' 1 '
1 1 i 1 1 ] 1 ] ! ' 1 1 1 [
i 1 ) 1 t r 1 1 1 1 1 1 t |
t 1 ' 1 1 1 1 ] 1 ] 1 [ | r
' [} | J [} I | ] 1 1 1 | 1 1
[ 1 b ' ' ' 1 " ' ' ' ' ' '

24 S - oL L L
Total 0.5 6.0 7.0 KR 7.5 0.0 180 85 N -
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- TABLE A.4.1-20. HOURLY BASIN RAIMFALLS (mm)
(30-4-81 - 3-5-81)

_Date  Hour_  Abadelah Uyaynah Dam Site Al Fay  Dibba_

30 - 4 1 - - B} - -
2 - . . ] .

3 - . 3 - g}

4 - - . . _

5 - - - - -

6 - - o - -

7 - - - i _

8 - - - - -

9 - - . 1.4 0.3
10 - - - - 0.1
n - - 0.1 0.5 0.3
12 - - _ ) -
13 19.4 205 0.5 - 6.8
14 2.5 . 1.2 9.6 0.2 5.2
15 - - 2.4 13.2 6.5

16 - - - - -

17 - - - - -

18 - - - - -

19 - - - - §
%0 - - - . _
21 12.7 13.4 6.8 - 3.5
22 2.3 1.7 6.1 0.6 3.6
23 0.1 - 0.9 5.8 1.7
24 - - 9.1 0.9 0.7
Total + :37.0 - 36.8 ~ _36.6 = 22.6  _28.7
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TABLE A.4.1°21. HOURLY BASIR RAINFALLS (¢m)

(30-4-81 — 3-5-81)

Hour  Abadelah Uyaynah Dam'Site Al Fay ~_Dibba

1
2
3
4
5
.
7
8
9

10
n
12
13
14
15
16
17
18
19
20
2
22
23
24

Total

0.5

AR

0.1
2.0



" TABLE A.4.1-22. "HOURLY BASIN RAINFALLS (mn)
: - {30-4-81 — 3-5-81)

 Daté: _Hour ' Abadelsh Uyaynah Dam Site Al Fay  Dibba

2-6"" 1 0.9 0.4 3.3 - 1.7
2 140 .8 B4 5.8 5.4
3 - - 0.2 0.5 0.1
4 - - - - .
.. 5§ - - - - -
6 - - - - -
.? T - . 3 0.2 -
8 - - 0.2 - 0.1
9 . - . i
10 - - - - -
N - . i ; _
2 - ; _ . .
13 - - - - -
4 . - - - 0.1
15 ; ; : - i
16 - - - - -
17 - - - - -
18 - : - - -
19 - - - - -
20 - - - - -
21 - - - - 0.4
22 1.5 0.7 56 04 - 3.0
23 i 200 1.1 33 6.4
24 2.2 2. 31 2.4 2.7
. fotal ' 25.0 381 3.9 12.6 19.9
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TABLE A.4.3-23. HOURLY BASIN RAINFALLS {mn)
(30-4-81 — 3-5-81)

Date Hour Abadelah  Uyaynah . Dam Site Al Ffay .;Qibba

3-5 1 2.7 2.6 28 1.6 2.0
2 3.2 4.4 3.2 2.5 2.5
3 - - 0.4 0.9 0.4
4 - - - - -
5 - - L. 1.0
6 - - - 0.1
7 - - - - 0.2
8 - . - - 0.3
. _ ) ) ‘ _
10 _ - - - ]
1 . - - - ;
12 - ; . - -
13 - _ i ; ]
14 . - - - -
15 - - _ _ ]
16 ; . i _ _
17 - i _ . .
18 - } - i i
19 - i - - }
20 - - - . .
21 - _ - - _
22 - ; - . ;
23 ; . _ - )
24 - - - - -
Total 6.9 7.0. 6.5 . 5.0 4.7
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4.1.4. Flood runoff
(U'H@dﬁﬁWﬂneme@'m 1979

A thunder stonn attacked the Basin on December 30th, 1979 and
brought about the ralnfall of 19.6 rm at Dibba and 41,0 rm at
Masafl, generatlng a cons1derable fload. Based upon the field in- .
spect1on for the flood marks and the collection of information
from the lnhabltants, the peak discharges of the flood on the date

at the maJor spots of the Ba51n are estimated as shown in Tabie
A4, I 24 '

{2) Fioods taken placé on Aprll and May. 1981

- Six f}ood gauges Nhlch have been set up 1n 1980 recorded flood
runoffs on 30th April ‘and 2nd May, 1981*/ The flood staqe hydro-
graphs are shown,1n F1g.A,4.l 15 to 4.1-20.

~The ratihg cUtVe‘at:each fidod gaugeé calculated by manning
formula based on, the result of slope/area survey is shown in Fig.
A.4.1-21 to 4.1-26. The flood volume at each point calculated using
above data is given in Table A.4.1-25 to 4,1-33. Correspondence
between these flood volumes and the hourly basin rainfalls of Yable
4.1-20 to 4.1-23 is shown in Fig. A.4.1-27. The Specific runoff
and the runoff coefficients are given in Table A.4.1-34.

“As cén’ﬁe’seen“frbm:this'Table the runoff coefficient of the
basin upper than the dam site is 1% at the maximum, In the case
of the rainfall at 30th April, 1981 there was a loss of 99% or
about 36 m. . However, the flood gauges had been installed only in
two of the many flow channe!s of the Slte, and thus it is necessary
to keep in mlnd that not the whole vunoff has been lnvestlgated

The fUnOff_ééefficients of Al Fay and Zanhah basins ave markedly
larger than the above aﬂd'réaches up to 19%, The statement by the
residents of the area that the waters of these Wadis are abundant
is thus conftrmed

17: The ¢lock of the flood gauge FG-6 (at Dibba) is out of order
and records only the peak fleod stage but not the floed pattern,
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Although the runoff coeff1¢1ent of the, basins on _the right
bank system, the major tributary, 1s Iess than l% the runoff on
the left bank system rs abundant Ihe resultant runoff coeffrcnent
at Dibba, the outlet end of whole basin reached at 2%

The specaftc runoff depth of the who]e basrn gauged at Drbba
is 0.6 mm. On the other hand the speciflc depth of Hadi Al Fay
and Zanhah is 4.3 mm and that of the rtght bank systEm is only 0.2
mm at the dam site.

In comparing the left and rxght bank systems, alth0ugh the
difference in phys:dgraphy and geology is recogn1zed in some extent,
but the difference in runoff characteristics is not considered to
be so large as shown in a'*sig'nifii:aht difference of specific run-
offs. Probably it is because the actual rainfall on the two
systems was quite dlfferEnt, ie. the actual raznfa]] ‘on the rlght
bank basin was smaller than what was eva\uated It s very regret
that Ralngauge No.4 was not in operatzon. e ’ R

Table 4.1-24, Peak Discharges of Flood 0cCurred_30'De¢,, 1979

Wadi - - S A TR

Item Uyaynah Al Fay  Zannah - leba
Basin area (km?) 18 2% o 12 ‘Széﬁ
Peak discharge {m3/s) 21 % 14 i
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FI6. A.4.1-15. FLOOD STAGE HYDROGRAPH

STAGE (m)
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FIG. A.4.1-16.

FLOOD 'STAGE HYDROGRAPH

{ UYAYNAH, A=17km?)

4.1-54
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#16. 04017, FLOOD STAGE HYDROGRAPH -
' (RIGHT BANK OF DAMSITE A=122km? )
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STAGE (m)

STAGE (m)}

Fie. A4.0-18.  FLOOD STAGE HYDROGRAPH
( LEFT BANK OF DAMSITE, A~|22km2)
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 FIG. A.4.1-20. FLOOD STAGE HYDROGRAPI—L
( ASSUMED) .

{DIBBA, A=240 km?)
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i S N b i S W i ] L T R e T e el e e i g e g T, e e M T S T et Y e A e

Lk i e o S L

CUROT T

" (30-4-81)

 JABLE A.4.1-25. _FLOOD VOLURES: ON FGe1

PR

- < TIME(MIN)

STAGE(EL N}

[0
15

99,900
. 99.950

FLOOD

OYSCHARGE [ CUHEC)

VOLUME(CUM)

0.0

. 0.

7.

30 . 100.000 0.498 T 26k,
45 106.100 3.232 1678.
60 100.150 6.070 4186,
75 __100.130 e 4844 4911.
90~ "100.040 1.238 IS kY A
105 . loo.0406 1.238 1114.
120 100.000 0.498 781,
135 99.970 0,197 313.
150 99.956 0.082 125.
165 - . 99.940 _ _0.040 _ 55,
180 99.930 0.023 28.
195 99.930 . _0.023 el 2le
210 99.920 0.006 o 3.
225 99.920 0.006 5.
240 99.910 0.003 4,
255 99.910 0,003 o _ 3.
210 7 7TT99.910 ) 0.003 3.

.. 99.900

0.0

I CYIE

I

NO 1 {2-5-81)

' \ , FLOOD !
TIME(MIN) STAGE(EL.H)  DISCHARGE(CUMEC) _VOLUME[CUM)
AR D 99,900 0.0 0.

15 99,950 o 0.082 - 37.
30 100.000 0.498 261.
4% 100,020 0.816 591.
60 100.090 2.798 1626.
75 100.140 5.423 3700.
90 100.000 0.498 2664,
105 . 99.980 0.271 . 346.
120~ 99,960 0.123 177,
135 99,950 0.082 92.
150 99,940 0.040 55.
© 165 - 99.930 0.023 e 28,
. I80TTTT T T 799,930 T 0.023 21.
195 - .99.920 0.006 13. I
- 210 99,920 T 0.006 Se !
225 99.920 0.006 5e
250 99.910 0.003 4.
255 29.910 0.003 3. .
- TT270 99910 0.003 3. :
285 99.900 0.0 1. i
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TABLE A.4.1-26.  FLOOD VOLUMES ON FG-2
s T I SRR F T = 1§ -

: FLODODD
T TIMEAMIND STAGEIEL.M} = OISCHARGE(CUMEC) VOLURE ¢y
LT T 99,780 0.0 ' 0, -8
15 99.900_ _  _ ____0O.10} — 45, |
36 TTTT1060.000 0.423 236, %
60 100.000 0.423 I 46%.
75 - 100.040 ~  _ _0.608 o 464,
790 ~7100.020 o 0.512 : 504.
105 !003099_ o __7“7__00_423 o H______ﬁ'zl.
120 99,960 0.270 | 312,
135 99,920 0.149 189,
150 99,900 ~0.101 112,
165 - '99.880 . D,06Y 073,
180 T T 99,860 ] © 0.032 - 43,
195 99.850 0.023 25
TZY0T T 99,840 0,015 . 17,
1225 99.830 0.010 11,
240 99,830 ~ 0.010 _ 9.
255 99,820 - ~0.005 7.
2707 T 99,810 0,003 - 4o
285 99.810 0.003 3,
TTE00 T T 7990800 0.001 : z.
315 99.800 . - 0.001 1.
330 99.790 0.000 ’ 1.
345 99.780 c.0 .
T T T B T N
N0 2 {2-5-811}
o FLO 0 D _
TIME [MIN) STAGE(EL . M) D1 SCHARGE { CUMEC) VOLUNE{Cun e
y 0 T 49,780 T 0.0 0. &N
15 99.900 _0.101 45,
30 100.000° ' 0.423 236,
45 100.010 0.467 401,
60 100.060 0.713 531,
75 100.030 0.560 513,
~ 90 100.100 0.947 - 678.
165 100,030 0.560 618,
120 100,010 0,467 462,
135 99.960 0.270 332,
i50 99,920 0.149 189.
165 99.900 0.101 . 112,
1860 99,880 0.061 73.
Zi0 99,850 —“ 6.023 25.
225 99.840 - 0.015 7. &
230 99.830 0.010
255 99.830 0.010
— 270 99.820 0.005
285 99.820 ~ 0.005
- T30 T T T 990 0,003
315 99.810 0.003
330 99,610 0.003
345 99,800 0.001
ELY) ) 99 800 T T TToL.001
~-375 99.790 _ G000
TTA90 T T T T Y990 T T 0.000
405 99.780 0.0
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- "_‘___:—L-—-—-——-.—.__L___—.L-_.—_ S e
TAILE A.4.1-27. FLOOD VOLUMES ON FG-3

(30-4-81) T T o T
: _ A T - FLOOGO _
TIMNE(MIN) STAGE{€EL.H) DISCHARGE(CUMEC) VOLUKE {CUH)
0 99,650 0.0 0. o —
; 99,770 - 0.19%95 88.
160.000 [-062 566,
100.020 0.953 9017.
100.050 1.703 1195,
100.020 . 0.953 1195.
160,100 3,463 T 1987. o
100.070 2.317 2601.
100.030 1.174 1571.
99,990 1.391 1154,
99.980 1.201 1166,
99,920 0.920 954,
99,900 Y s e [k T, T T o
195 99.880 0.676 661. g
Z10 99,850 0.517 B 537. ;
225 . 99.830 0.423 423. -
250 99.800 0,300 325.
255 1 99.780 0.229 238. ~
g 270 T T T 99,770 0. 195 ) 9. T T
285 29,760 0.165 162. o
300 99,750 0.136 136.
31% 99,740 0.111 t1l.
330 99,730 0.087 89.
345 99,720 0.067 70. o
H 3600 T 99,710 B 0.048 52. T
375 . 99.710 0.048 - 43. o
B 390 T 799,100 0.03% ) 37.
405 99,700 0.034 30.
420 99.550 0.019 24,
435 99.699 0,019 1t
D37 R - 1 P 3 : ¥+ P + Y1 ] I 13.
465 99.680 0.011 .
%80T T T Y910 T T T T T 0003 T T 6.
11 GY-670 0,003 - 3.
525 99.660 0.001 R
B 540 997660 TTo0L00L T 1.
: 555 . 99,660 0.001 . L
‘ Tgeces0” T T T U oeT T T T T B PO
1734’.' N
i b Y67 —— —



____TABLE A.

1-28.FLODD VOLUME; ON FG-3 .. _ .

T TNO3TT T T (2=35-81) -
A S W I
TIME(HRINY STAGEIEL.M) DISCHARGE{CUHNEC) VOLUME(CUN
0 99,650 0.0 T 0.
15 99.780 0.229 103.
— T T30 T00.000 1062 581,
45 100.020 . 0.953 - 907.
[41) 100.0%0 1.438 [076.
75 "100.070 2.317 . 1690.
90 100.100 30463 2801,
105 100.120 4.288 3488.
120 100.150 5.533 7 4420,
135 100.080 2.685 3698.
150 100.030 I.17% 1736
165 100.000 1.062 1006.
130 99.960 1201 To18."
19s 99,920 0.920 954,
210 o 99,600 0.793 T71.
225 99.880 0.676 661.
250 99,840 0-470 516.
255 99,830 0.423 402,
Z70 99,800 T 0.300 325,
300 99,770 0.195 191.
315 99.760 0.165 162.
330 99.750 0.136 . 136.
345 99,740 0.111 111.
360 99,730 0.087
375 99.720 0.067
T ECTY) 99.710 0.048 o
405 99.700 - 0,034 1
420 99,700 0.034
435 99.690 0.019 - . L
7450 99.69¢0 0.019 AT,
B 465 99.680 6.001 -~ - . - 13.
480 99,670 0.003 Y SO
495 99.670 0.003
510 99,660 0. 001
525 99.660 0.001 =
540 99.660 T TToL.00Y -
555 99.660 0.001
570 99.650 0.0 T
27338,
4.,1-68
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TABLE A.4.1-29-HLO0D. VOLUME ON FG-4 = _
‘ND 4 (30-4-81} T
o o _ k FLOOD _
TIME(MIN) STAGE(EL.H) DI SCHARGE(CYNEC) VGLUME (CUH)
'ii-,. e 0 99.?70 010 O.
3 15 99.880 0.068° 31.
z 30 '160.000" - 0.45F 235,
: 45 100.020 0.569 4560,
ki 60 100.010 0.505 484.
E 78 100.000 0.453 431.
ki 90 100.000 0.453 408. o
bt 105 {00.010 0.505 431,
g 120 100.050 0.818 595,
135 100.020 0.569 624.
150 100,000 0.453 460.
165 . 99.980 0.361 B 366.
180 99.960 0.285 291, o
195 99.940 0.215 225.
210 99.930 0.182 179. -
225 99.920 0.155 152.
240 99.910 0.128 127.
255 99.900 0.10% 106.
270 99.890 0.085 86.
285 99.880 0.068 69.
300 99.870 0.052 54. o
315 99.860 0.040 42.
330- 99.850 0.029 ETH
345 99.840 0.021 o 23, o
360 99.830 0.013 15.
3715 99.820 0.009 0.
390 99.810 0.005 6.
405 99.800 0.003 4.
420 99.800 0.003 3.
435 99.790 LQ.001 2« ;
450 99.790 0.001 i.
465 - 99.780 _0.00t e
480 99.780 0.001 0.
99.770 0.0 , 0. .
. 5951.
4169 -



e TABLE A.4.1-30.—£L00D VOLUME -ON-FG-4 : :
TETTTTUUNG 4 {2-5-81) :
_ 7 Fooo o
TIHE(NINL ... STAGE{EL.M) DISCHARGE(CUMEG) . VOLUME{cun) [B
0 99.770 0.0 + 0. g
15 99.900 0.106 48, i
30 100.000 04453 252,
45. 100.050 0.818 . 572.
60 100.100 .39 994,
15 100.060 - 0.924 1042,
) 90 100.020 S 0.569 672,
; 105 100.000 0.453 460,
- 120 99.980 0.361 . 366.
135 99.960 0.285 . 291, e
150 99.9%0 0.215 225. 3
165 99.930 0.182 . r 179. i
180 99.920 0.155 152, 3
19% 99,910 0.128 _ 1217. 3
210 99.900 0.106 = 106, E
240" 99,880 0.068 . | 69. 3
255 .99.870 - 0.052 . . . 54. E
270 99.860 0.040 42, 4
285 99.850 . . - 0.029.. 31, [i
300 99.840 0.021 23, )
- 315 99.830 0.013 _ 15. 3
330 35.820 0.009 T 1o0. 4
345 99.810 0.005 - 6. 4
360 99.800 - 0.003 . 4. 3
375 99.800 0.003 3. 3
T390 _ 99,790 0.001. . . 2. g
405 99.790 0.001 1.
- 420 99.780 - 0.001 - 1. -3
435 99,780 0.001 . 0. E
450 T §9.780 To.001 T T T 0., B
465 _ 99.770 0.0 . . 0. / 4
T T T T T 5832, .




TBLE A.4.1-31, " FLOOD VOLUME' ON Fiing-"

: T NG 5 {30-4-81)
1. o _ ’ ‘ f LO 0D
Bl TIME(HIN)  STAGE(EL.M) ~  DISCHARGE(CUMEC) VOLUME(CUH)
| 99.620 : 0.0 0.
(il 15 _99.790 1.300 585, v
T30 100.000 4.524 2621.
45 100.070 65.216 4833,
60 100,060 5.95%6 5417.
5 . 100.040 ) 5.457 5136,
— 90 100.040 5.457 4911, B
10% 100.040 5.457 4911.
120 100,140 8.350 ) 6213,
135 100.100 T.047 6929.
150 100.070 6.216 5968.
165 106.040 5457 5253,
180 100.020 4,970 4692.
195 100.000 4.524 4272,
210 99.980 4,116 3888.
225 99.940 3.411 3387.
240 99.920 3.112 2935,
255 _99.900 _2.848 2682,
270 99,880 2.619 2460.
285 o 99.B60. _2.315 2220.
~7300 99,840 - - 2.000 1942,
315 99.820 1. 704 1667,
330 99.800 1.428 1409.
345 99.790 1.300 1228.
360 99,780 1.173 1113.
375 99.770 1.055 1003. 3
390 39.770 1.055 950.
405 99,760 0.938 B97.
420 99,750 0.831 196.
435 99.740 0.724 700. B
450 99,730 0.5630 609.
465 99.720 0.535 524. )
480 99.720 0.535 481.
495 99,710 0.451 444,
510 99.710 0.451 406.
525 99,700 0.3568 369. _
540 ' 98.010 0.001 166.
555 100.000 4.524 2036. _
1 570 100,430 21.238 11593.
i 585 100.250 12.820" 15326,
: 600 10G6.220 i1.541 10962.
615 100,150 .77 16,
6§30 [00.120 77 7 1.672° 1315,
645 100,090 6.762 ¢ 6495,
860 T TUUTUTYe0.0T70 6.216 5840.
675 100.040 5.457 5253.
690 100.020 4.970 4692,
705 100.000 4.524 . 4272. B
TTe0 $9.980 - 4,116 3ss8.
735 99.940 3.411 33817. el .
750 99,920 T 3,112 2935,
165 99,900 2.848 2682.
Y80 LT R 22619 2460.
—_195 99,860 2.315 2220, o
TRITTT T TG, 8h6 T T 000 1942.
{ o T ' 196555.
e T T e e e
ars
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“TABLE A.4.0-32, "FLGOD?VﬁLUHE-ON FG-5

——— _———

+

" NO S f‘ -5 311
T _ \ 3 [0 00D ;]
TIME{MIN} STAGE{EL.H) DlSCHARGElCUHECI VOLUNE (yy) I8
T D 99.820 1.7704 o,
15 99.800 1.428 1409,
30 99.790 1.300 g,
45 99.780 1.173
60 99.770 1.055
75 99.770 1.055
90 99.760 0.938
- - 105 99.7%0 0.831 "
120 99.740 0.724
‘135 - 99.730 0.630
150 99.720 0.535
165 99,710 0.451
180 99,700 0.368
195 99,700 0-368
210 99,690 0.298
225 99,690 . 0.298
250 G9.680 " 0.228
255 - 99,680 0.228
2710 99.680 0.228
285 99.570 04172
300 99,670 0.172
315 99.660 0.116
330 99,660 0.116"
345 99.660 04116
360 99.650 0.076
3715 99.650 - 0.076°
T390 99.6%0 0,037
405 99.640 0.037
%20 99.6%0 0.037
435 , 99.630 0.018 o
450 T 99.630 IR PY 3 ¥ : S
465 99.6390 0.018 .
480 99,620 0.6 T T T T
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TABLE A.4.1-33. <FLOOD VOLUME ON FG-6

—TT7T RO 6
. _ o FLODD "
TIME{MIN} STAGE(EL.H) OESCHARGE ( CUMEC) VOLUME ( CUN)
o 100.000 : 0.0 0.
15 160.150 1.44¢6 651,
- 30 . 160.300 " 4.939 2873,
4% 100.400 8.167 5898.
— 60 100.480 1t.072 8658.
_ 75 100.530 13.003 10834,
90 100.570 14.600 12421.
105 100.520 12. 609 12244,
T 120 100,470 10.698 10488,
135 . 100.420 8.871" 8806.
150 “160.390 7.82% 75130
165 -100.370 T.146 6736,
180 - 100.350 6.486 6134,
195 1100.330 5.849 5551.
210 -100.310 5.238 4989.
225 1100290 4.655 4452,
240 160,270 4,103 3941.
255 100.260 3.836 3573. .
270 100.250 3.584 3339,
285 100.240 . 3.331 3112,
300 100.230 3,094 2891.
315 100.220 2.857 2678.
330 100.210 2.635 2471,
345 100.190 2.206 2179.
360 100.180 2.000 1893,
375 100. 170 1.810 1715.
390 1600. 160 1.620 15644,
405 100.150 1.446 1380.
420 100.140 1.272 1223.
435 100.130 1.115 1074,
450 100.120 0.959 9313,
465 100.110 0.821 __BO1.
480 100.100 0.683 677.
495 . - 100.100 0.683 615.
510 100.690 0.565 561.
525 100.080 0.446 4554
540 "100.080 0.446 401,
555 100.070 0.348 357.
570 100.060 0.250 269.
585 100.060 0.250 225,
660 100.050 0.176 192,
615 100.050 0.176 159.
N 630 160.040 0.103 126,
o 645 100.040 0.103 .93, .
T 660 100.030 0.059 73.
675 100.030 0.059 53,
&90 100,030 6.059 53,
705 100.020 0.014 33,
I 7.1 100.020 0.0i4% 13.
- 135 100.020 0.014 13, _
750 160,010 0.007 e
765 100.010 0.007 6.
750 100,010 0. 007 3.
795 ° 100.010 0.007 6o
1o 106.000 0.0 . 3.
. . 1473897 )
— 451=73 :

e |
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Basin

TABLE A.4.1-34. SUMIARY GF FLOOB RUNOFF NBSERVED
ON APRIL AND MAY, 1981

[__?_,,__‘,.._.__:__ P 77“— Bl SR

_Name -

Area:

EEPIPI SPAE—

Abadelah a3

Uyaynah

(ki?)

R .

O S

Gauge | Date
S

FG-1

Daflyt-
Basin
Rainfall

" (o)

flood
VYolume

37.0 | 16.3

31.9

. m—m e hem

6.8 |

R

“Flood
ity ] mp_th
gT;OOOmijé ~{mm)

(.38

Rﬁnoff
Coeffici-

2.3-5 | 451 | 4.4, 0.2 i 0.58
e B e S R S
' FG-3 SRR ]
i F6-4 5 304 0 - | 60 | - P
s .3. S B S s [ — t
P Total ! | 365 P m.s | o2 | 0.8
| Dam Site | 122 |- DN S i S S
a . FG-3 ! R | .
.I f i ;
I b i ; ;
§ :
5 F6-4  2.3-5 { - 5.8 ; .
; S _ N B
1 Totar | 384 3.8 | 030 078
e | R e St
i ; i 130-4-1-5 : ) )
L mray | o l30-a1-8 2.6 209.2 4.77 } 18.89
P& 49 | FG-5 R S B S
:  Zanhah - E .
: S 2.3-5 1 17,6 ¢ - - -
] S S : ]
f (30-4)| 287 f147.4 | 061 2.13
! Dibba 240 FG-6 |- e 4! —4 —
] i
.

£.1-75



(3) Rainfall loss

The study on the rainfall loss is rade based on the runoff
depth described in the previous section. Table A.4.1-35 shows the
correlation of the runoff depth at the'major basin and the maximus
basin rainfall intehsity. The maximum rainfall loss of each basin

is as follows:

Basin ~ Rainfall loss

(rmm/hr)
Uyaynah 20.3
Dam site 10.8
Al Fay - 11.3

Dibba - : 6.2

{4) Unit Hydregraph

The unit hydrograph to-be adopted tb'éstimate the design flood
is made to employ the lagdtime‘dimensiOnless'gfaph method of USBR.
the facters to introduce the unit hydrogkaphs_of the major sub-
basins and others are summarized in Table A.4.1-36. The unit hydro-
graphs of the major sub-basins are illustrated in fig. A,4.1-28.

The actval flood pattern from Wadi Al fay'at‘FG-B‘is.compared
with the unit hydrograph thus eStimatéd'as illustrated in Fig. 4.1-
29. The similar patterns for both observed at estimated floods
are seen in the figure.

Table A.4.1-37 shows the dimensions of flood occured on 30th

December 1979 which are derived from the estimated unit hjdrographs
and observed peak discharges.
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TABLE A.4.1-35. RAINFALL EXCESS AND RAINFALL LOSS

date HE RERE R RORE A R St e T e
30-4 o
8 | 0.0 0.0
9 1.4 0.3
10 0.0 0.0 0.1
n. 0.1 0.5 0.3
12 0.0 0.0 0.0 0.0
13 205 0.220,310.5 0.2 10.3 0.0 6.8 0.6 6.2
14 1.2 9.6 0.2 5.2
15 0.0 2.4 13,2 1.9 11.3 6.5
16 0.0 0.0 0.0
2-5
20 0.0
21 0.0 0.0 0.0 0.4
22 0.7 5.6 0.4 3.0
23 20.1 0.319.811.1 0.310.8 3.3 0.0 3.3 6.4 WD
24 2.0 34 | 2.4 2.7
35 1 2.6 2.9 1.6 2.0
2 44 32 2.5 ' 2.5
3 0.0 0.4 0.9 0.4
4 0.0 0.0 0.0
5 1.0
6 0.1
7 0.2
8 0.3 |

RF: Rainfall, RE: Rainfall Excess, RL: Rainfall Loss
| 4.1-77



TABLE A.4.1-36.  SUMMARY OF UNIT-HYDROGRAPH ARALYSES

(PER 1 MM RAINFALL EXCESS)

Al ' Proposed

Item Uyaynah Abadilah _Ai Fay Damsite __Diba
Basin area (km?) 18.0 . 48.0 26.0 1220 %04
Length ¥ (km?) 103 155 9.5 23.0 ;g
stope? (m/km) 327 42.8 46.3 32.6 M2
Lea¥ (km) 45 6.0 4. g8g 149
Lag tine™ (hour) 1.33 1.60 1 1.18 ~2.16 3.08
Unit T time (hour) 0.5 0.5 0.5 0.5 03
Peak discharge (m?*/s) 3.4 7.8 5.4 1501 23.5
Flood volume (10° m?) 18 48 26 122 260

Notes:

1/ Length of theIIOngést wéter—tourse‘ffoﬂ'the peint of
intervest to the drainage. S

2/t Slope in meters per kilometer of the length. -

3/: Length of the water-course from the paint of intervest
to the intersection of a perpendicular from centroid
of the basin to the stream alinement.

4/: Caluculated using the following formula,

g 0.168L.{ca
Lg =G [ /s ]
C = Constant, 1.2 was applied.
X = Constant, 0.3 was used.
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FIG. A-4,1-28,

UNIT HYDROGRAPHS

mime| - DISCHARGES  (m¥sec) |
the) UYAYNAH Ar Fay [PROBOSED 118
06 B | 05| 0408] 0555 0927 0475 Q274
to| 2699 4.443] 5210| 4101| 2280
g - — | 5354 — —
24 . 1 . 12 3396 —_— _— — —_—
bIE 1400 — | 722y — —
| IBBA ' 150 2.765| 7082 3089 12.011| 7750
22 (93] — — — 15116 —
20| 1.382{ 3888 1483| 14940 17780
25| 08is6| 2166 0927] 10253| 23251
20 11— |28 — | —| —} — |23525
30| 0540, 1500] 0556 6.738|2i884
8 36| 0369 1055/ 0350| 4511|15957
e 40| 0250 ar22| 0206] 3457| 10942
_ 45 | 0171] 0500, 0142] 2637| €389
6 | |50} otiz| 0361 0091 2051 6200
e 55| 0076] 0236 1.682| 5289
N e 60 0.169 L230| 4286
4 PROPOSED | 65 o117 0937| 3647
y | DAM SITE 70 0081 0703| 2827
o 75 a527 2462
%'2 S 80 0410| 1960
O 85 0311| 1687
w - \ a0 0240, 1.368
ol0 95 0187 1.140
\ 100 Q41| 0912
: 1.0 0086/ 0620
8 ABADELLAH — 1120 0419
130 0.292
6 ’ \ | AL FAY 140 o9l
|
UYAYNAH
47‘* —
\% N
0 . __\-,m_#\%l_,_\\-up__
o 2 4 6 8 10 12 14 16 I8 20
—— TIME {(hour)—————w
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TABLE A.4.1-37.  SUMMARY OF FLOOD OCCURRED 30 ON DEC., 1979

Hadi
-~ Ttem

Basin.aréa {km?)
Rainfal1/ {mm)

Peak arrival time (hr)
Peak discharge (m*/s)
Flood volume {10° m?)
Unit depth of flobd {mm)

Runoff ratio {%)

18
26.1
2.50
21
138
7.7
29

4.1-80

Uyaynah _Al Fay

Abadilah
26 48
2.5 27.1
2.50 2;98
35 54
206 397
79 83

30

30

Diba,
260
17.4
4.00
14
161
0.6



FIG. A4 1-29.. COMPARISON OF OBSERVED AND

ESTIMATED HYDROGRAPHS
(WAD! AL FAY)

(m3 /sec)

DISCHARGE

S\ |PBSERVED

]
R
)
]
{
'.’ \.‘\‘_ -
. If \ 1 ESTIMATED
21 '

TIME {hbr)
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(5) Probable flood
The probable floods to be addpted to the proposed récharge
facilities are studied applying the probable daily rainfa]ls rain

fall intensity and duratmn. ramfa]] Iosses and unit hydrographs

which are described pr ekusly The eva'luated probable floods at

the major sub-basins are listed in Table A.4.1-38;
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TABLE A.4.1-38. PROBABLE FLOODS

Return- feriod Dam Site Al Fay “Dibba nggﬁg&_

—L——-(Y—eaF)—--

o _Area -
.'Tiﬁif 22 26 260 18

10,000 - P .3 780 3,210 490

' . 27,070 6,370 45,380 4,050

500 P 1,430 4% 1,90 290

v 16,050 3,810 27,180 2,160

200 - p 1,170~ 410 1,630 240

- S 12,840 3,060 21,880 1,720

100 Pr 1,000 350 1,390 200

_ v 10,740 2,580 18,430 3,430

50 P 830 290 1,160 160

v 8,650 2,090 14,980 1,150

30 B 4 [ 250 990 140

- 3 7,200 1,730 12,450 929

.20 P 630 220 870 120

. v 6,310 1,500 10,760 _ 780

10 P 480 170 670 90

' y 4,740 1,140. 8,180 570

5  p 340 130 480 60

oy 3,290 810 5,790 380

3 p 250 90 340 40

R v 2,269 550 3,940 240

2P 70 60 230 20

' Y 1,510 370 2,660 110

Nofes: P; Peak Discharge (m?/sec)
V; Volume (1,000m°)
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4.1.5. Hydrolegic Balance
{1) General

The water vesource in Kadi A] Ba551erah Basin at the moment
is mostly from underground. The occurence of grOundwater in the
Basin is considered to be merely from the ra1nfallf

As previously stated, the most of rainfalt is brought by a
thunder storm which is accompanied by a cold front in winter season,
and generates, in few occasions a year, f]ush floods which are
rabidiy run off the mountain wadis, flow down gravel piains.re-
charging the groundwater and reach to the Oman Gulf through the
Dibba Oasis. '

in order to evaluate the groundwater recharge in the moment
and also in future after the progect is implemented, it is necessary
to treat the said hjdrologlc c1rculat10n comprehenswvely and struct-
turally. And an application of the storage model, so-called tank
model, is very coveaient and pkactiCa]_for‘thezsaid treatment.

The storage model is develepee by:Dr, M. Sugewara andfknown
as the most convenient and eracticel'method to analyze the surface
runoff mechanism. The general concept of the model is givén in
Fig. A.1-30. | -

An unit drainage basin is represented by a serles of tanks
The rainfall and surface lnflow into the basin supply the storage
of tank. The evapotranspilation of basin i$ deducted from the
storage. The surface runoff and infiltration into ground runoff
from orifices which are set at adequate heiéhts of tank, The
runoff rate is defined by the orifice size and storaged water
head. The soil retension is expressed the storage which is inde-
pendent from the runoff orifice and finally consumed by the evapo-
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trahsbi]étioh{ The lag-gime system of surface runoff, infiltration
and gfoﬂndWatér runoff is composed by a series of tanks and parallél
group of tanks,

In ordeyr tb construct the precise structure of storage modei,
time-series hydrologic data such as rainfall, surface runoff, aeound-
water_head? etc. are indespensabie. Such data except rainfall are
véry poor in the Basin. The construction of highly precise model
is, therefore, actually impossible. However, to clarify the appro-
yimate hydro\qgic’balance,-particularly the hydrologic behavier of
groundwater, in the Basin and to make possible to evaluate the
effect of groundwater resources development, the storage model
metﬁod is émp]oyéd intrepidly‘ As the matter of fact, the result
introduged.ffom the kind of model involves an allowance in some
extent, and shall be understood the extent of allowance.

The storage model to be aﬁplied to the Basin is composed of
11 series ofjténkb’ﬂhich represent 1] sub-basins in different
nature. The series of tanks are connected each other in accordance
with the actual drainage systems. Therefore, the total model makes
a comprehensive hydro]ogic'circulation model in storage type.

1As‘alreddy stated the model. is employed to evaluate mainly
the grdundﬁater.recharge at present and also in future. The evaluated
rechéf@esgthrﬂugh the model are employed to the input parameter into
the grOundwater hydraulic model by'finite element method which is
applied to the operation studies for water allacation plans.
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FI16. A.4.1-30.
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4.1.6. Storage Model
(1) Division of basin -

To construct the storage model, the Basin is devided into 11
sub-basins considering from their characteristi¢s on topagraphy,
geology, drainage system, water use and so forth, as shown in Fig.A.
. 4.1-31. The interconnection of sub-basins is given in Fig A.4.1-
32, The diménsions, area, etc. of sub-basins are summarized in
Table A.4.1-39.

(2) Verifying daté'énd rainfall parameter of the model

The verifying data to identify the storage model are rather
poor. and as described as below:

The data on surface runoff play very important role for the
verifying model. As described in the foregoing chapter, the data
avai]ab]e in the Basin are only three occasions, on 30th December
1979, 30th April and 2nd May 1981. The data are summarized in
Tables A.4.1-40 and 4.1-41. '

Base flow -

The base flows which are small amount but seen through the
year exist in the major mountain wadis in the Basin and are used
for domestic supply and also irrigation of small date paim gardens
in wadis. Those base flows have been measured by the team several
times through the year of 1980. The annual flow amounts in 1979/
80 year of the wadis are sumarized in Table A.4.1-40. The amounts
are applied to be verifying data for groundwater runoff of the
carresponding wadi basin.
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Groundwater flow

The groundwater flow inte the sea through Dibba Oasis is deemeq
to be neg}1glb]y small since the sea-water intrusion into coastal
aqu1fer takes place in some coastal areas and another survey repo:t

g

described so.

The fact shows that the alnmst groundwater flow from the upper
reach is exploited at Dibba for the domestic and 1rr1gat10n uses.
The present groundwater use of the whole basin has been estimated
in the chapter'on hydrogeology at around 3.0 MCN/a.

This amount of'gkcundwater'ié éonsideféd'td'éqbivaiéﬁt to a
long-term mean groundwater recharge. ‘Thérefore, the mean ground-
water recharge obtained through the Stdrage'mddel'shall be met to
this amount. '

Groundwater veiocity

The groundwater veloc1ty makes very vital verlfylng datum
corresponding to the groundwater amount.,

Basing upon the transmissivity which is avai]abie from pumping
test results and hydrautic gradient availablé from groundﬁaiér table
map, the velocity is estimated at 5 km/year. on an average, This
fact is also proved by the mean'gfouﬁﬁwater age_showﬁ¥bj the environ-
mental isctopes as described previously.

Evapotranspilation

The monthly mean pan evaporation at D1bba is app]ied for the
potential evapotranspilation as, shOWn below: :

1/ Gulf A.D.C. & Lavalin Inter'l: Report on the Discovery of
Submarine Springs Using Infrared Thermal Imergery, UAE (1980}
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Potential Monthly Evapotranspiration {mm/day)

Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.

5.3 6.'4‘_”10.3 112 12,4 135 128 12.0 1.3 8.5 8.2 5.8

The‘aCtUal_eVépotranspilatioh'is variable in accordance with
the model of moisture in thé basin.  The estimated evapotranspilation
is, therefore, processed structurally in the model as explained in
the following section.

Rainfail par&meter f

The rainfall data which is employed to be an input parameter
for the modé] ave that of Dibba station upto 1979/80 year. The
missing data of the ébové is ihterpordted by the estimated values
which are derived from the correlation with the Sharjah rainfall.

As per 1980/3] year, the basin mean rainfalls which are
evaluated from nine spot rainfalls including Masafi station are
employed, Ccnsidering'the'rainfail factors to be adopted in the
model, the actual rainfall parameters are devided by 1.25, the
basin meaﬁ"rhihfdlf?factor. As the put-in rainfall for each sub-
basin is mu}tipfiEd by each rainfall factor of the sub-basin, the
total basin rainfall becomes equal to the basin mean rainfall.
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TABLE A.4.1-39. . SUB-BASINS

Sub-8asin | | ‘Area wan—st;i _
Mo Hame Csqkm o Basin  Coefficient
1 h‘ad.i. Al Abadeﬂ.a'hl (Shima]) 48:3 5 1.39
2 Wadi Al Uyaynah 8.0 5 1.33
3 Jabal Dee 1 IR 1.51
4 iadi Sinnah %0 s 1.25
5 Upper Gravel Plain ‘ ]1_.0 10 1.09
6 Rigﬁtgaank Hills 2300 10 1.19
7 wadi M Fay - 260 9 1.35
38 Jabal Haﬂﬁ | 39.0 9 .37
9 Left cravéj:Piain | 14.0 1 0.94
10 Right Gravel Plain | 26.0 11 0.89
1 Coastal Strip - 10.0 - 0.9
Total o 260.0 © hean 1.25
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{3) Structure of storage model

The StOrage model which represent a sub-basin is a series of
tanks. The lowest tank commands the groundwater or base f]ows,
and the others control the surface runof f, soil retention and
evapotransp1latlon

" The Surf&Ce.funoff'frOm the upper sub~bdsin flows into the
topmost tank of -the just down-stream sub-basin. The runoff from
the lowest tank inflows into the lowest tank of down-stream basin.

The evapétranspilation_takes place from the sterage of tanks.
When the topmost tank is empty, it takes place from the second
ténk “in case -the. top and second tanks are empty, it occures from
the thlrd one. : It does, however, not take ptace from the lowest
tank.

- The evapotranspalatIOn takes place 60% of the aforesald
potent1al value from the top tank‘ From the second tank it takes
place 30% of the remainder of it from the top tark. From the
third :‘tank_it':.takes»m%- of the remainder of the second tank,

As for the structure of 501] ‘retention,” the risers are in-
stalled for the lowest orlflce of the top to third tanks. The
water storage between the tank bottom and riser does not concern
to runoffs and is consumed only by the evapotranspilation.

The ]oweét tank of groundwater basins, the gravel plains, is
fdnétioneﬁ with the concept of specific yield. The concept is
expressed to be the limited section area of tank. It is 0.015 for
the grOundwater.tank and 1.00 for ethers.

(4) Fina] model

_ The model parameters adopted flnaliy by trial runs are shown
in Tahle A.4.1-42 to 4.1-53, Fig, A.4.1-33 and the water balance
table for 1979/80 and 1980781 which were obtained as an output for
verifying purpose is given in Table A,4.1-54 to 4,1-75. Comparison
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A.4.1-54 to 4.1-75 with the verifylng va!ues descrlbed before is
shown in Table A.4.1-76. :

The surface runoff cOeff1c1ents of the: verifylng va]ués of
1979/80 and 1980/81 for No.1 and No, 2 sub-basing differ from ecach
other and thus the middle values is adopted. As therée is not much
difference inr runoff cqefficients for the both years for No.7 and
No.11 sub-basins, a very good response was obtained. Judqing from
“the similtarity of No.5 sub-basin with No.9 and 10 sub-basins it is
not proper to use a runoff value close to the verifying value and
it is necessary to use about five times -as large a value,

In order to obtain and average grouhdwatér.recharge of about
3.0 MCM/annum from the whole basin it was necessary to make the
base flow of the mountain Wadi larger than the verifyina value,
Thls was due to the surface runoff coefficients of malnly No.1
and 2 sub- basins. Yet the simulated value can not be large than
2.9 MCM/annum. '

A schematic illustration of storage model for the Basin is
given in Fig. A.4.1-34.
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FIG. A.4.1-34,

SCHEMATIC ILLUSTRATION OF HYDROLOGIC STORAGE MODEL
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4.1.7. Present Hydrologic BaiahCe
The water balance of the past 21 years of the basihfﬁimulated
by the above-mentioned model is_Shown.in Table ;A.4.}-7?'t0 4.ln78,

The mean annual hydrolegic balance of the whole bastn (260
‘km?} for 21 years is shown in the Table beiow '

Percentage

Bepth Yolume - - Agalnst Rainfall

_(ﬁﬁj_' (MCM) . (®)
Rainfall 128 33.3 100.0
Evapotranspiration 109 28.3 85,0
Surface Runoff 8 20 6.2
Groundﬁater Recharge 1 2.9 8.8
Groundwater Runoff ] 2.9 8.8

The hydrologic balance table for the graVel pla1n is shodn in
Table A.4,1-77 to 4.1-78.
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4.1-3. Runoff Coefficient

Fig.A.4.1-35 illustrates the simulated annﬁal runoff coefficients
of the basin for the recent five year (1975/?6 to 1979/80) together
with the samé of the neighbouring five wadi bas1ns and other basing
in similar nature. They are in a w}de range from less than 1% to
25% in accordance with the amount of rainfall. A trend is, however,
shown bEIHQ 2 high value in smaller bas:ns and a tow value in Yarger
‘basins. And in around few hundreds s4.km basin lt is about 15% at
most and 10% on an average, :

The 20-year mean‘ahnuai‘rbnoff coefficient of the basin is 6%
for 260 sq.km. The value is within the trend.

4.1-140



000!

V3¥VY NISVS

0000l _000¢

| v

1JYRS Utdlsy (paidode] Ul SUISDG
UOWQ *UDUNDE ULJON W mc_mmon

(U606 ) . woH

(un bs g 1) njig

(unbs 28 ) i

(wybszg ) qonbop

(W bs G 9y g

{wbs 221 -0p =~

PO &
oM O
PO o &

PO o b
1POM o €

POM O 2

IPOM 6 |

/8

(W “5s09Z) vusissog |y 1pom

GN3I 93T

NOLLYII3Y LN3I0134300 430NN/ vINY

e O

e .ON

Ol

og

NISYE  “se-1bv “o14

1N3I13144300 440NNY

(%}

4.1-141






	APPENDIX IV. THE PROJECT
	4.1. Hydrology




