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CHAPTER 3

WORKING HOURS, WEEKLY REST, VACATIONS AND OVERTIME

WORKING HOURS

A workman shall not be employed for more than 8
actual working hours in aﬁy day, or 48 hours a week,
in all months of the year, with.the exception of the
month of Ramadan when actual working hours éhall not
exceed 6 hours a:day or 36 hours a week, exclusive of

the intervals reserved for prayer, rest and meals.

.The number of working hours may be‘raised to 9
hours a day in respect of certain categories of work-
men or in certain industries or operations where the
Wo:kman does not work continuously, such as seasonal
eéﬁablishments, hotels, snack bars, restaurants and

the like.

The number of daily working hours may be reduced
for certain categories of workmen or in certain
industries or operations of a hazardous or harmful
nature.

HOLIDAYS |
Friday, which.is tﬁe day observed as anuofficial

holiday, shall be a day of rest with full pay. The

- employer may, however, with the approval of the

Labor Office, replace this day for some workmen by
any other day of the week, provided that the numper

of working days per week shall not exceed six, and



8.3.10

8.3.11

that the workmen shall in all cases be enabled to
perform their religious duties.
OVERTIME

The employer shall pay the workman for additional
work hours an additional wage equivalent to the work-

man's hormal wage plus 50%,

Where the work is perférmed on the weekly day of
rest or on feast days or official holidays, the
employer shall pay the workman additional wages for

the regular or additional work hours.

VACATIONS

The workman who has completed one year in the -

'service of the employer shall be entitled to an annual

vacation of 15 days with full wages payable in advance.
The vacation shall be increased to 21 days when
the workman completes ten continuous years in the

service of the employer.

- The woxkman may, with the employers's consent,
defer his annual vacation or a number of days thereof
to the next following year. The workman may not

forgo his annual vacation.

The employér shall have the right to choose the
dates of such vacation according to work requirements,

or to grant the vacations on a rotational basis to

ensure the proper conduct of his business.

If the workman leaves the work, he shall be

entitled to receive pay for unused vacation days.due



8.3.12.

8.3.13

8.3.14

8.3.15

8.3.16

in respect of the period for which he has not

taken his vacation,

He shall be entitled to vacation pay for frac-
tions of the year, in proportion to that part of the

year which he has spent at work.

Each workman shall be entitled to days—off with
full pay on the holidays designated'by the Minister
of Labor, provided that such holidays shall not

exceed 10 days a year.

OTHER LEAVES

The workman may obtain leave without pay for not
more than 10 days a year, subject to the employers's

approval.

The workman shall be.éntitled to a three-days
leave for his marriage ahd to one~day leave with fuli.
pay in each of the following two cases:

1) In the event a:child is born.td him.

2} In fhe event the death of.fhe workman;s

spouse or any of his ascendants or decendants.

SICK LEAVES

An employer who employs twénty workmen or more

'shall, in case of workman's illness is confirmed by a

medical certificate issued by a competent physician

accredited by the employer, or where the employer has

no accredited physician, by a physician designated by

.the appropriate_Government'agency, grant the workman -

sick leave with full pay for the first 30 days:and.with

'thrEe—qﬁarter pay for the next 60 days in any one year.

—95—



8.3.17

8.3.18

8.3.19

8.3.20

8.3.21

The workwoman (l)shall be entitled'to take as
maternity leave the four weeks immediately preceding
the expected date of delivery and six weeks following

that date.

During her.absende on maternity.leaVe, fhe work-.
woman shall be entitled to half pay if she has been
in the employer's service for one year oxr more,.ana
to full pay if she has been in the employer's service
for three years or more, as of the date of commence—

ment of such leave.

A workwoman shall not be paid any wages during

her reqgular annual vacation to which she is entitled

‘under the provision of this Law, if she had availed

herself in the same vear of a maternity leave with
full pay, and she shall be paid half wages during the
aﬁnual'leave, it she had availed herself in the same

year of a maternity leave with half-pay.

The expenses of medical examination and the costs
of treatment and delivery shall be borne by the
employer.

The employer shall not terminate the workwoman

while she is on pregnancy and delivery leave.

(1)

The employment of women, however, is not allowed at
present in the Kingdom except in schools and hespitals.
The Labour Law, anyway, régulatéd the employment of

women and juveniles. (Axrticle 160 to 171).
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MINISTRY OF AGRICULTURE AND WATER

Department of Water Resources Development
Hlydrology Division

Riyadh

Monthly'values of

Alr Temperature °C

Name of Station

Riyadh

Observed by

MOAW

Location 24°39'  46°43' Elev. 563.8 m
No. "R-001
Year| Items |[Jan.|Feb.|Mar.|Apr.| May |JunelJuly]aug.)sep.|oOct.|Nov.{Dec.|Mean
1964 [Max.|Bbs.26,6]32.8]37.7]38.0l44.4]45,6]47,7)46.1/44.4]37.2135.6127.8138. 7
Mean|20.0127.6[31.1]33.8]40.0142.8]42.7[42.0[40.0133.3]30.6{19.7[33.6
Min.|Abs.{-5.6( 2.2]10.0]10.0[16.7120,0f22.2]20.5]17.2] 7.21 5.0l 0.s8]10.5
Mean| 3.4! 7.0114.6(16.4(22.3}23.0]/25.2[23.3]19.8l12.3] 9.4} 5.1l15.2
Max. Avr.|18.0122.8(27.2]30.2[34.2(35.8(38.6}37.5133.0{27.2123.6(17.2(28.8
M.M. Avr.|11.7]17.1022.8}25.1{31.2{32,9{34.0}|32.6129.9|22.8/20.0112.4[24.4
1965 |Max.|Abs.|35 5137 8135.6(36,1142.8146.6146.1]|46.7|46.7|40.6]34.4|30.0139.1
Mean )~ 9l26.0/30.0/29.0)39.5/42, la3.7]44.2]42.3/27.9130.5|24.7|34.6
Min.i2bs.| 1.1| 3.9} 6.1|10.6]15.0]21.1]|21.1{22.8/18.9[13.9} 8.3] -0 [11.,9
__[Mean} g 3] g.8[12.5]15.7]21.5]23.8]24.4]24.7]21.6)16.4]12.7] 6.5]16.4
Max. Avr.|-2.8122,8|27,00127,8134.4]36,4}37.2[36.2]35,8]29.8{26.4[20.6/29.8
M.M, Avr.l15.6037.4121,2122.3130.5/33.3[34.0{34.7132.3127.1{21.6{15.6][25.5
1966 |Max.|Abs.| 33 3]33.9|35.6|39.043.3]46.7!46.1,47.2]{45.4}42.8]|37.4|31.4]40.2
- |Mean|26.5|23.5[28.2]33.4|40.7[43.4]42.9]44.9t143.5[37.9{31.4[37.1132.3
Min.{Abs.} 2,2} 3,9]{ 2.8] 9.,0l17.2}21.1]21.1]23.9]20.0{15.0]"1.7] 1.7]11.6
. [Mean| 7.90] g.2] 9.8/16.8|21.5|23.7125.0[25.9]22.4[19.1(11. 7.7116.6
Max. Avr.{23.9{24.4[25.8[30.6{35.0]37.2{38.0({37.0(34.4{32.2]25,0]22.5]30.5
M.M, Avr.}17.3]15.9119.0{25,1031,1]33.5(33.9]35.4/33.0}28.5}/21.6]17.4]26.0
1967 |Max. [Abs.|30.0]31.7!133.3]37.0]43.0{45.6]46.0]43.8[44.5[39.8[34.1[28.5[38.1
- Mean; 23.4)23.5}26.6]31.6[/37.9140.6]42.3]41.2] 40.9] 36.2]26.8] 21.3] 31" 9
|Min |Abs.} 1.0|-1.1] 7.2! 6.7113.0}16.7118.2[18.5] 15.0| 9.5| 7.5/-1.5] 9.2
Mean| 6.6/ 8.2|11.9]16.5]20.6]20,9] 22,6} 21.0]18.7]14.3]13.1} 4.2]315.0
Max. Avr.[20,0{23.1{25.6|28.5[37.8]35.0} 39.8| 33.4{ 33.4]31,2{24.9|19.8/29.4
M.M. Avr.115.0[15.8/19.2(24.1/29.2] 30.7[32.9] 31.1] 29.8| 25.2[ 19.9{ 12. 7] 23.8
1968 |Max.|Rbs.| 99, 5| 29,0] 35.8| 35,0/ 39.4 43.8| 46.0 45.4| 44.8] 37.6] 34.5] 30.3[37.6
Mean| 5o,5|29,3]29.8[30.5[36.1| 40.0[ 42.71 43.1[40.2[ 35.1] 29.4] 34.5] 32.7
Min.iAbs.j-3.5 -1.5] 6.0l 8.7]13.6/18.0018.9/17:9[14.4] 9.5] 4.6/ 1.6] 9.2
_iMean} 4.4) 5.7/331.5/34.6[20.7 21.2}22.7/20.7]18.2]313.3[10.9] 8.5 14.4
Max. Avr.j318.5120.8!25.1{26.2)31.2 34.5] 35.1] 34.2 32.9] 26.8] 24.2[ 22.0] 27.6
M.M. Avr.}13.3012,9120,71 22,51 28.4] 30.6] 32.7] 30.9{ 28.2{ 24.2] 20.2} 46.6] 23.2
Abs. : Absolute maximum or minimum (extreme values) during the month
Mean - :  Sum of values, number of values
Average @ 1/2 (bighest value + lowest value)
Max. Avr.: Highest average during the month

M.M, Avyy.. Monthly mean average sum of daily avérqge( nunber of daily average

— 98 —



MINISTRY OF AGRICULTURE AND WATER

Department of Water Resources Development
Hydrology Division

Abs, -+ Absolute maximum or minimum {(extreme
Sum of values, number of values

Mean CE

Average 1/2 {highest value f lowest value)
Max.- Avyr.: Highest average during the month
M-M. Avr.:

Riyadh
Monthly Values of Air Temperature °C
Name of Station Riyadh
Observed by M.O.A.W.
Location 24°39'  46°43' Alt. 564m
"No. R-001
Year|  Items Jan.|Feb.|Mar.|Apr.| May June; Julyf Aug. | Sep.} Oct.} Nov.| Dec:| Mean
1969 {Max.|Abs.|27.1 30.5038.2(39,7046,0[47.2 45.8]45.7143.8140 5|35 .0l%a 4
| Meanl19.9122.8132.8133.3140 1144 4432 el aa 6141 0137 4lo5 0lo5 giaa 3
Min.|Bbs.i 1.4] ol 7,90 o 0l15.1116 5118.4l18 1l1e 5 1100 2.9l 2 5
: Mean| o9.9| 7.0l14.6]16.8]19.7]20.7 22.7)22,1118.5113.6] 9.5] a.9
Max. Avr.i231,8{21.5128,5130.0!37.0]35.4137 0l s 1l32.1139.8!27 al20.0
M.-M. Avr.114.7]14.7(23.6]25,1]29,9[32.5033. 2132 & 29.8125.5117,2116.2124.6
71V [Max. | Abs.157.6131,2 36,4141, 744.745.0]46.01 46. 1142 7] 39l olao o
. _yMean}n1.2125.3]28.8 36.3139.7142.23143.4{42,9/39.4|34.5]30.8l22.5
Min. | Abs.|-3.6] 3.5] 4.6] 9.0l15.0[17.0[20.2118.0l14.4] 7.5 7.0 -3.8
___Mean) 5.81-8.2111,0115.6119.6120.6]22.2121.6li8.2114. 11 o 51 - 4
Max. AVr,119,2122.2125.1(30.432.7]33.2]34.6]45.5131 9100 21{21 al23 4
MM AvE113.5107,1019.9126.0029. 6131 5[32.8]32 2o aloa 2lon 0lid =laa o
1971 Max.:Abs, 27.8133.0434.0 38.0143.0143,7145,5]45.8143.0137_7134.1129. 8
' Mean|22.1:24.4 128.61031.2(39.240.0{42.8(42.9(39,7134.0(28.0 .92 1
|Min.lAbs.] 0.21-0.8] 2.0710.9[16.5(17.2119.018.8|13.0| 8.5] 4.5 ~-3.9
. IMean| 5.1} 6.4 110.8[16.1|21.8(21.4[22.9(21.7[18.1[12.2] 9.5] 5.1
Max. Avr.|17.2123.2125.5(30.0(34.0{33.836.0(35.0132.8126.0|22.8 20.1
M.M, Avr.[13.615.4 |19.7123.7:130.5.]30.7[32.8132.3128.9 (23.1 [19.2113.623.¢
1972|Max. | Abs. 126.0[30.0 [33.7137.2 143.3]46.5 [47.0 4601425136 0132 o los =
. Meani19.1121.7 126.7 |30.8 [37.3 143.7 |42.9]43.2 ]40.5(36.4 [27.6 118.6 132.4
Min |Abs.[~-0.8{-1.2 | 5.6[11.0 |16.5{19.5]17.0{18.014.511.0] 3.8]|-3.0 '
Mean} 6.1] 5.8 12.3.136.6 [20.5[22.722.0(21.518.4113.9 11.016.3
Max. Avr.[19.6 |21.6126.2°128.1 [33.8(36.2{35.0!36.0[33.1|28.2124.0 |19.8
M.M, Avr.|12.613.8 19.5[23.7 28,9 [33.2(32.4[32.3]29.5125.1 |19.3 [12.5 123.4
1973 |Ma¥- |ADS.31.2 |34.7 ;38.3 42.5 146.5 [45.5 |45.3 |46.0 45.5140.5 134.0 130.8
Mean|20.0 |26.6 [29.7 [34.8 140.5[42.0 43,1 [44.3]42.0]35.6 [27.1 [21.3
[mMin.abs.[71.7.] 3.5 [ 5.0 [13.5 17.8 |18.0 1.0 [23.0117.5 9.014.5| 2.5
: Mean| 3.8 9.3 013.9119.2 122.622.7 [24.5 |26.4 [22.5 14,2 8,616,5
Max. Avr.]19.6 [26.0 8.8 [32.9 [36.8 |36.0 [35.8 |29.0 [36.2 [31.0 23.5 (19,0
M.M. Aavr.|11.9 18,0 P1.8 [27.0 131.6{32.4 |33.8 [35.4 32.2 p4a.9 17.8[13.9 P5.1
' ' values} during the month

Monthly mean average sum of daily average, number of daily average




MINISTRY OF AGRICULTURE AND WATER

Departmeht of Water Resources Development
Hydrology Division

Riyadh

Monthly Values of

Air Temperature  °C

Name of Station Riyadh
Observed by M.O.A.W.
Location 24°39'  46°43' Alt. 564m
No. R-001
vear| Ttems |Jan.|Feb.|Mar.|Apr.| May |June|July|Aug.|Sep.|Oct.} Nov. Dec.| Mean
1974 |Max. | Abs.[30.0033.7132.0]42.0143.5146.0145.5147,0143.0,38.0 36.0131,010
Mean|20.0(22.6|25.8(34.8138.9 143.0 42.9143,5140.4134.6130:2121.0] _
Hin.|Abs.|-2.51 0.5 8.5]10.0 |15.2[17.5]17.7[18.0]17.0) 6,0] 5.5} 1.5}
T Mean| 8.0] 8.5114.0/16.8(19.9122.3]23.4 22;6-19}0 13.3} 8.0] 8.8
Max. Avr:(22.025.2|25.5(31.0133.5 36:2|36.8(37.2(32.5128.0(23.4(22.2
= M.M. Avr.|14.0115.6 (12.9{25.8|29.4132.7 31.1033.0.[29.8124.0]19.1119.4
To75 |Max.|Abs.|28.0 [31.0[37.5}40.0 [45.0]45.0146.045.0143:0 41.0134.0128.0
Mean]20.1(23.3{27.8]29.9140.3141.6]44.3 42.,0140.9.33.4129.1120.1
Min.|#bs.|-1.7| 3.2} 2.7] 9.0 [18.0|16.0]22.0[20.0/17.5] 8.04 6.01 4.0
Mean| 6.3 9.4 ]11.6116.0.(21.4[22.2 23.9123.820.7.]12.9 ‘9.6] 9.4
Max. Avr.[19.8123.5]27.21{30.8|33.5i36.2 37.0 36.0 33.0130.5 22Q2‘2l.4-
M.M. AvE.|13.2 |16.4 119.7 |22.9 [30.8131.9134.1.(32.9130.8]23.2119.4114.8
976 |Ma%- | Abs.|28.5[31.0 [31.0 [37.4 143.6 144.2 44,0 145.0 144.0140.6 /32.0 29.8
Mean|21.9 |20.5 123.4129.4 |38.3 [42.5 41.6°142.5139,5136.5 27.31125,1
Min.|Abs.] 5.2 4.0} 9.815.0{17.0:j12.0{12.4117.4116.0 [12.4 7.4| 4.0
Mean| 9,2110.5 §15.6117.6 |23.0 22.7:25.0.22.8 20.3418.8111,5]1 8.9
Max. Avr.|20.5 |25.0123.6]29.5 [32.2[37.0(36.937.2136.0 |30.5]21.9 22.0
M.M. Avr.|15.615.5:19.5[23.5 [30.732.6]|33.3(32.6.129.92 127.7 19.9 {17.0
577 |Max. | Abs, |25.0 [30.0 37,4 |41.0 [44.0 |44.8 |44.0]45.0 |44.0 138.8 |34.8 31.6
: Mean|18.7 [26.1 30.5.[31.8 ¥40.3 |41.9 |42.0 {42.8 39.4.[34.04{29.7 |24.5
Min |Aabs.l-2.01 4.2 §5.0[10.018.018.61]18.8118.8 15.2 113.8 4.9 1.4
Mean!| 6.5 | 6.8 13.6 [16.4 [22.0'122,2.|22,6 |22.9]19,6 [17.8 10.9:/10.6
Max. Avr.[l7.2 [20.4 28.0(31.4 33.0 [35.5 |34.535.5 {33.2[29.7 |25.4 23.3
‘IM.M. BAvr.[12.5016.5 P2.1|24.1 |31.2[32.032.3 {32.9129.5 25.9 J19.3.117.5
1978 Max. | Abs. 31.0 33.0 B35.5 [42.0 |42.5 44,5 |46.2 144.0°]43.0 137.5:133.5:131.8
. Mean(24.5 [27.2 29.4 [35.2 39.4 {41.0[42.9 41.7.139.4 |35.3 [27.8 |25.7
Min.|Abs.| 2.2 | 6.0 | 6.0:12,0.15.0 16.5 {20.0 [19.0 }15.0 11.0 | 5.0 | 4.2
Mean| g 2 ho.p h2.6 0.0 00.6121.926.4123.01o. s ha6l9aka.3
Max. Avr.{22.5 23,5 p8.0 34.1 [33.8]35.2 [38.4 35.4 [32.6126.5:122.8 122.0
M.M. Avr.f16.4 19,0 P1.0 [27.6.130.0131.4 [34.6 ]32.4 29,6 j24.4 EE.S 17.0
Abs. Absolute maximum or minimum {extreme. values) during the month
Mean sum of values, number of values '
average 1/2 .(highest value + lowest value)

Max. Avr.®
M.M, Avr.:

nghest average during the month

Monthly mean average sum of daily average; number of dally average
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MINISTRY OF AGRICULTURE AND WATER

Department of Water Resources Development
Hydrology Division .
Riyadh

Monthly Values of

Alr Temperature °C

Name of Station Rivadh
Observed by M.O.A.W.
Location 24°39' 46°43' Alt. 564m
No. RhQOl '
Year} . Items ° Jan.  Feb. Mar.|Apr.| May | June July Aug.{Sep.| Oct.|Nov.|Dec.| Mean
1979 |Max.[Abs.129.47133. 0]39.0 42.2144.8145.5(46.0{43.544.0 41.0|33.8 30.2
; .;' MQan 23.0128.7129.9136.4]39.4({43.9{42.1 42,2140.8134.8/29.4]{20.4
Min., Absﬂ l.Q 2,1[.3.0/11.0(15.6]|21.0{21.0]21.0 16.2|12.2] 2.0; 0.0
o ..jMean| 7.0 9.7 11.9]15.2]21.2124.9 23.5123.4119.6[14.8| 8.8] 6.2
| Max. Avr.j19.9]26.6]29.5/29.6135.1 38.07136.4|36.2(33.2{28.8{22.0]|21.6
| M.M. Avr.(15.0{19.2)20.9 25.8]30.3134.4132.8/32.8/30.2]24.8 19.1]13.3)
1980 (Max. | Abs.|31.0]31.7]41.2[43. 0228
- L |Mean|20.4]|22:6(31.2(36.1[37.8
Min.|abs.[-1.7] 1.0| 1.4[12.4]12.2
- jMeani 5 4110.2/15.0{18.5 12.4
Max. Avr.|23.5]|25.1]|30.0[35.9|31. 7
MM, Avr.i32.9)16.4023.1127.3]28.6
Max.|Abs. \
Mean}
Min.{Abs.|
. | Mean]|
Max. Avr.|
M.M., Avr.| .
Max.|[Abs.[.
- | Mean
Min.|Abs.
1 Mean
Max. Avr.
“|M.M.: Avr.
Max. | Abs.
. Mean{ .-
Min.|Abs.] "
4 Mean
Max. Avr.
M.M. Avr.
Abs. : - Absolute maximum or minimum (extreme values) during the month
Mean :  Sum of values, number of values
Average : 1/2 (highest value + lowest value)
Max. avr.: Highest average during the month :
M.M. Avr,. Monthly mean average sum of daily average, number of daily average
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MINISTRY OF AGRICULTURE AND WATER

Department of Water Resources Development
Hydrology Division

Riyadh

Monthly values of Precipitation  mm

‘Name of Station ‘Riyédh

cbserved by M.O.A.W.

Location 24°34' - 46°43' Alt. 563m

No. R-001

Year Jan. |Feb. |Mar. Apr. Maijune July| Aug. Sepf Oct. |Nov. Dec. Total
1964 [69.6]20.1] 2.0 0.7l 0.3]0 ["ofo To |0 0,1171,5]164.3
1965 -1 6.2] 0 0.537.60. 0.0 | olo 1o lo 112,71 0:.]:57.0
1966 | 3.5|12.5]1.0l10.0] o Jo 4 oo Jo -} o |0 }10.1]27.1
1967 0.4) 2.3]12,9/36.2119.8} 0 olo Jo |o jis.0f 0 1955
1968 0 |31.204.1]a3.7i38,8l0,7 | 0 | Q. 0 3] 1.8 5.41125.7
Total : I G :
1969 §15.2] 3.117.619.6| 4.,9] 0" 01,31, 10 . 140 1.9 0 1123.4
1970 7.2 0:14.2]0.2] 0 {0 0 |0 0 0 | o [0.3]12.6
1971 | o | 0.2.]16.4(72.7] 0.5]0 0|0 0. |0 0 |.0.5]90.3
1972 [27.1]0.5[48.6124.0{ 3.6 | 7 0 lo 1o |o 186.7010:0]120.5
1973 8.3 T | 0 }11.114.8/0 3,900 0 0|0 126.6]54.7
] : : . A 2
Mean - : . : i .
1974 3,21 3.732.1[1.415.7] 0 g |0 0 g. o :1a.2]170.3
1975 [15.8] 5.0 #3.5{35.7|1.0]0 0.0 0 0 {0 |22.,00123.0
1976 5.8 20,9 58.5[59.416.0f 0 0 19 0 0 |1.5014.51176.6
1977 7.2 5.6 7.417.8]0 0 1{o o .o o ]4.2}143.2
1978 0.212z.0] 0o p7.0]l o0 |0 010 0 0 o | 0. ]29.2
Total :

Mean . :
1979  I21.0! o0 [8.3]|1.319.7]0 0 1o 0 Q 0 3.4:1 53,7
1980 f17.6|34.6[3.4] 0 |6.0]0 i -

Total

Mean

Mean Values for Total Period of Observation
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MINISTRY OF AGRICULTURFE, AND WATER

Hydrology Division

gtation: Riyadh

Rainfall Intensity

R-001

Station No:
Rainfall in mm :
: : - ' : Total
Yeaxr | Date Max1§mm Intensity for Durations Indicated Duration
1o min |20 min |30 min| 1 he | 2hr | 3 he | 6 he | 12 he Total tn Hours
1963 | 9-5 10 10 11.5 11.5 2
10-5 2 2 2.5 [ 4 6 6 5
1964 | 5-1 4 7 9 10 11 13 13
61 6 |12 |a1s 23.5 | 38.5 | 51.5 | 24
12-12} 3.5 3.5 4 4.2 5.6 7.3 |13.0 24
15-12 9 11.5 | 13.5-| 14.0 | 14.8 | 17.0 | 19.0 | 21
16-12 7 8 9 11.0 | 20.0 | 21.0 | 24.5 | 16
1965 114-14 1.5 1.5 0.5
15-14 12.0 ] 20.0 | 20.5 | 21.0 | 22.0 22, 6
16-14 6.5 | 8.0 | 8.0 8 2
21-11 7 8 8 10 10 4
1966 | 8-2 2 3 4.5 | 4.5 | 6 7 24
9 : 1 1.5 2.5 | 3.0 3.5 3.5 9
1967] 3-2 1.0 | 2.5 2.5 2.5 3.0
28 0.5 | 1.0 1.0 2.0
29 | 2.0 2.0 4.0 | 4.5 L4510
5-3 | 2.0 2.5 2.5 2.5 1.5
12-4 7.0 | 10.0 | 13.0 | 14.5 | 15.5 | 16.5 | 16.5 8
13-4 | 2.0 3.5 | 3.5 3.5 3
14-4 4.0 | 5.5 5.5 | 1.0
19 3.0 3.0 0.33
22-11} 4.0 4.0 0.17
26 4.0 4.0 0.5
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MINISTRY OF AGRICULTURE AND WATER

Hydrology Division

Rainfall Intensity

Station: Riyadh Station No: R-001
| Rainfall in mm
- . Total
Year | Date Maximum Intensity for Duration$ Indicated Duration
. S — in. Hours
10 mwinl20 min |30 min| 1 hxr§ 2 hr |. 3 hr 6 hr | 12 hr | Total '
1968 [10-2 3.0 5.0 | 5.5 | 7.0 10.0 | 12 12 7
11 4.0 | 4.0 | a5 0.5 | 14 19
7-3 3 3 0;17
8-4 1.5 1.5 1.5 3.5 | 11
9-4 11 14.5 | 17.0 | 19.0 19.0. 2.5
11 6.5 7.5 11.5. 11.5 1.5
2-2 3.5 4.0 4.5 4.5 2.0
13-5 | 7.0 70 | 8.0 9.5 | 9.5 | 14.0 | 16.0 15.5 16.5 8.0
25 2.5 2,5 0.5
26 3.0 3.6_ 0.5
31 2.5 3.0 4.0 4.0 1.0
li968| 4-1 3.0 5.0 | 6.5 10.5 | 12.5 | 18.5 19
6 4.5 4.5 | 5.5 5.5 2
9 3.3 3.3 3.5 3.5 5.6 5.5 6.0 19
15 3.0 5.0 s5.8| 8.0 | 12.5| 12.5 | 12.5 '8
17 2.0 | 2.0 0.17
24 2.5{ 4.0} 4.5 10 11 | 13.5 ] 14
29 25| 281 a0 25| 5 5.0 7
19-2 1 1.3 1.3 1.3 2 2.0 4.5
15-3 1.0 1.2 1.4 1.7 2.5 2,5 | . 12
19 1.5 | 1.5 | 3.0 3.0 | 5.0
18-4 | 1 1 2.4 2.6 | 2.6 3.2 3.2 6
1970 21-1 | 2 2 2 2 4 4 - 4 4 4.5 -~ 10
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MINISTRY OF AGRICULTURE AND WATER

Hydrology Division

Rainfall Intensity

station: Riyadh Station No: R-001
Rainfall in mm
E E : - Total
Yeaxr | Date Maximum.lntgnsity fo; Durations Indicated Duration
10 min |20 min30 min| 1he | 2he | 3he | 6 he | 12 he Total wn flours
1971 23-3 '_1;5 2.5 3 4.5 1 5.0 5.5 6.0 6.0 5.25
30 0.7 | 1 1.2 | 1.7 3.0 3.0 2
8-4 7.0 10 15 21.0 | 25 26 26 2.5
0. |14 16.5 | 18.6 | 19.0 | 20.5 20.5 2 ‘
12 6.5 7 7 11 11 2.75
1972 =1 1 1 1 1.8 2 2 3.25
16- | 2 2.8 | 3 3 5.5 | 7.5 ] 8.5 8.5 3.5
27~ 4 5.0 6 6 6 6 11.2 11.2 4.0
J11-3 | 1.5 | 22| 2.8| 3.5 3.5
|13~ 1 - 0.33
14”. 2 2.5 | 3.0 | 3.5 3.5 1
21— |3 _ 3.5 4 7.5 7.5 | 11 17.8 | 17.8 11
22— 5;0 6.5 | 10 13.5 | 13.6 13.6 1.75
14-4 | 4 4,0 0.17
1é | 2 2 1
25 2 3 4 5 8 .8 4
1973 25—12 1 1.5 2.2' 3.5 4 73| 8.5 8.5 5.25
1974 22—5 2.6 3.8 4.8 5.0 2.25
1975]29-3 | 5.5 10,0 | 31.0 18.5
| 1154' 3.0 1 a0 4.5 1.0
13-4 3.0 | 6.0 9.0 9.0 1.0
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MINISTRY OF AGRICULTURE AND WATER

Hydrology Division

kainfall Intensity

Station; Riyadh Station No: R-001
Rainfall in mm
: - : e Total
Year| Date Maximum Intensity for Durations Indicated- _ Duration
o - - e o ' ~—— in Hours
10 min |20 minl30 min{ 1 hr { 2 hx | '3 hr | 6 hr | 12 hr | Total
1976 |22-2 | 3.8 5.0 | 5.6 5.8 12
13-3 | 5.0 5.6 | 9.8 9.8 5,32
20~ 5.0 5.2 5.6 | 10.8 10.8 2
27- | 4.0 4.6 6.4 | 7.4 | 12.6 | 12.6 8.1
8-5 | 1.8 2.0 3.6 7.2 6
1977{ 7-1 [10.0 11.6 |11.8 B 11.8 10.5
26-3 | 1.0 1.3 | 1.5 | 2.0 | 2.7 | 3.3 5.7 | 5.7 4.1
21-12 | 1.5 2.3 2.3 | 2.2 3.1 4.2 4.2 1.0
978 | 8-2 [ 1.0 18 | 1.8 | 2.6 | 2.8 4.0 | 4.6 4.6 2.0
j29-4 | 6.6 10.2 110.4 |11.8 | 14.2 | 14.2 |15.6 |15.8 [15.8 3.5
ho79 |10-1 | 2.0 3.0 3.0 3.2 3.4 4.0 5.0 5.4 2.0
22-1 | 8.0 9.7 10.0 10.0 0.3
13-3 | 1.2 1.6 1.6 1.6 2.6 4.0 4.0 1.2
6~5 | 3.0 4.0 4.8 6.8 8.0 8.2 | ‘8.2 [11.2 |13.4 4,0
9-5 | 4.7 5.0 5.2 5.4 5.4 5.4 5.8 6.1 6.1 1.0
1980 9- 1.4 1.8 2.2 2.8 3.0 5.4 5.4 2
23-1 {5.2 5.2 5.2 |5.2 5.2 6.4 6.4 5
10-11/p 4.0 4,0 4.2 4.4 6.8 6.8 7.2.113.8 23;2 7.5
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~ MINISTRY OF AGRICULTURE AND WATER

Department of Water Resources Development
Hydrology Division
Ri.yadh

Monthly Values of | - Mean Wind Speed  ¥m/hr
Name of Station Riyadh

Cbsexrved by M.0,A.W.

Location 24°39' 46°43' Elevation:563.8nm

No. . . R-001

- Year [Jan. |Feb. [Mar, |Apr.| May |June|July|Aug.|Sep.|Oct. [Nov. |Dec. |[Total

1968 1~ (5.8
1969 -

1970

11971

o o kn b
oo b e
oo ov i
ovie lo jon
Gt fun
B

11972

Total

- Mean -

1973

1974
1975

1976

RS NELS LN CR N |
O~k (O
5 [
>
i [l [ B fta .
da o o o
b |
PUSETFSR L0, PN )
O{RIO D]~

o |0 oy s
~jwi o kel |

1977

.-Total -

‘Mean

1978

o

1979

1m|e

W s
O |

11980

Total

Mean

Total
Mean

Mean Values for Total Period of Observation
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MINISTRY OF AGRICULTURE AND WATER

Department of Water Resources Development

Hydrelogy Division
Riyadh

Monthly Values of wind  (km)
Name of Station Riyadh
Locgtion
NG.
Year Items Jan |Feb |Mar Apr. May {Jun |Jul Aug |Sep |oct [Nov {Dec
1968| Prev. Wind Dir. (se) fnw. |nw Janw |ww NW_ | NW | NW SE. _N
M.M. Average - (5.8 6.5 | 6.3 6.4 |6.6 | 6.8 4.4 |3.8]4.0 4.4
Max. Wind Speed £30.0p30.5|32.5{25.5| 27.5| 24,00 19.5/19.0! 18,0/ 16.5
pir. of Wind sw | ww | we | ww|ww |ww e NE 5 SE
rime Of Max. 1100( 1800] 2300] 1500 1400| 1400 1400| 1400} 1100f 1000
_ 1200| 1900| 2400{ 1600| 1500{ 1500{ 1500{ 1500{ 1200[ 1100
Date of Max. 221 231 10 31 30 | 164 15| "2 [ 17 24
1969 Prev. Wind Dir.|sE se| n| N Jwan) I~ | sel sel se
M.M. Average 5.1 5.6 6.6] 5.5 15.6) 4.0 3.404.3 3.8
Max. Wind Speed|23.5 28.0| 26.0 30,5 (16.0 15.5 117.0[17.0/17.0
Dir. of Wind _ |sE Ng | SE | 9 sy NE |nE - lsw |sE
rime of Max. 1200 300 | 600 [2100 1500 1300 | 1100} 1200f 900
1300 400 | 700 | 2200 1600 1400 | 1200} 1300} 1000
Date of Max. 19 231 2 9 25 5 30! 8 30
1970|Prev. Wind Dir.|Var |SE SE_|NE NE _|NW .| NW | NW N N -5 5
M.M. Average 5.4 |5.5 |5.6 6.0 |6.5 |6.3 |6.0|5.5 |4.9 |4.1 [2.9 | 4.4
Max. Wind Speed|21.5|18.5[20.5]25.0]/26.0]/22.0{19.0 17.5/17.0}16.5|15.0] 20.0
Dir. of Wind M | ¥ | N | 8- |'n | n | 8- |ng |ww |nw |sE |sE:
. : 1100|1800] 900] 1900] 2000 1400|1000} 1200 1500} 1100 1000| 700
Time of Max. 1200{1300{1000{ 2000|2100] 1500{ 1100} 1300{ 1600} 1200| 1100 800
Date of Max. 22 {22 |5 |19 f 1 [23.0l28.00 1 {9 |22 27] 12
1971|prey. Wind Dix.| SE | Wi | SE | ws | Var| nw | sk | sw | E | ww | NE | sw
{M.M. Average 5.0 [5.7 |6.0 {7.0 |5.5 7.1 [6.3 |5.1 |4.6 {4.2 [3.7 ]5.0
Max. Wind Speed|22.0{30.0]25.0]28.0 25.0]23.0/23.0}21.0]16.5/22.0|14.5] 22.5
IDir. of wina |SE | N [N | 8w | N | N |-NE |sw | SE |mw . |nE |var
Time of Max.  |1400] 9001300]|2100]|2100|1300{1100|1200|1300 jaob.laoo'izoo
1500]1000[140012200]2200}1400}1200]1300]1400]1000]1400}1300
Date of Max. 21 |13 |27 1 a J22 |24l 32| 24 18] 2517 | 10
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MINISTRY OF AGRICULTURE AND.WATER

Department of Water Resources Development

Hydrology Division
Riyadh

— 109 —

Monthly Values of Wind Sp.  (km)
‘Name of Station Rivadh
Locdtion
No.
Year| - Items Jan |Feb |Mar Apr | May |Jun Jul [Aug |Sep [Oct !Nov |Dbec
1972 Prev. Wind Dir.|vVar |sw s |ew | sk Var [ Var | NW | sWw | sw | sw | sw
M.M. Average 1'5.6 16.0 [6.8)6.0 |6.6]4.816.6|4.3|3.9]3.2 3.9] 5.0
Max. wind'SpéEG 22:0(20 125 116 |25 |22 j25 lis {17 |14 24,9.17.5
Dir. of wind SW |sw S |Var |Var {Var |sw | var | sw | sE 'SW Var
rime OF Max. 1200f 1400f 1200] 1400 1500| 0100 1200 1300, 1300 13001000 N400
e 13001 1500 1300| 1500] 1600 0200| 1300| 1400} 1400 14001100 1500
Date of Max. _ [29 | 7 } 1 4 23] 17{ 9 [ 12| 5 | 16| 3 | 3 | 28
1973'Prev:.Wind-bixﬂ SE [SE |SE |SE Var1:Va£ Var | Var S. Var | Var
M.M. Average | 4.8|5.2 6.8/6.016.3(6.8{7.26.3|5.23.9]4.0
Max. Wind Speed| 20.0|:26.0| 26.0| 21.0| 30.0 21.0} 32.0] 11.0] 21.5 17.5| 21.0
Dir. of Wind | SE |vVar SE |sE |mw |ww | ¥ [var|nE [N |w
Time of Max. 1100[ 1200} 1200{ 1300 0900} 1400] 1800] 1700, 1200| 1500 1200
1200 1360} 1300 1400} 2000] 1500] 1900f 1800| 1300 1600| 1300
|Date of Max. 15 122 {31 |26 5 (19 |24 |5 110 2 |23
1974[Prev. Wind Dir. Var {SE |SE S {SE |var |ww |vVar | sw s 18y | var
M.M. Avérage_ 6.0 |5.4 5.6 |6.104.915.3|7.014.804.213.6]3.0]4.6
Max. Wind Speed|29.0{17.5/28 |21.5/31.0l20.0{21 |19 |1is 21 |13.5 17
Dir. of wind N. |NW [NW s |var |ww |ne [nw {sw |sw |aw | w
“ Timé of Max. '1200| 1500} 1200| 1800} 0260 900 h400 | 1500 1300] 1500] 1300 0700
F ' 1300] 1600] 1300] 19004 0300} 100 | 1500| 1600] 1400| 1600| 1400] 0800
Date of Max. 18 l28 |17 | o 9 2 [25 }19 5 17 23 |23
1975/ Prev. Wind bir.|Var |sw _ Var | SE SW_|Var |SE |X x lww Ix Var
M.M. Average 5.1 |5.105.7]5.2 |5.4 7.1 15.4 | x X 4.4 ] x Is5.0
Max. Wind Speed|24.5|23.0] 23.0[ 20.0[ 28.0( 29.0] 15.5| x x |19.0| x |is.5
Dir. of Wind = |ww s |nw {ww NE_| N lww [x X _|NW X _INW
Time of Max. 1300} 1300( 0900f 1300| 2300| L500{ 1600{ x |1400f  |1500
B 1400| 1400{ 1000{ 1400] 2400{ 1600 1700 1500 1700
Date of Max. |24 |24 3 |o22 5 9 |21 |x X |12 | x 10




MINISTRY OF AGRICULTURE AND WATER

Department of Water Resources Development
Hydrology Division

Monthly Values of Wind Speed’ (km/hr} and Directidn -
Name of Station Riyadh

No. | r-o01

Location 24°39' - 46° 43"

Altitude 563.8m

Year Ttems Jan. |Feb. [Mar. Apr. May {June{July]Aug. Sep.|Oct. |Nov, Dec:

1976|Max. |speed| 18.0] 19.0[19.0[ 25.5 23.5 25.0 22.0| 21.0| 23.0/'16.5/19.0{ 19.0;

pir. |™W |SE |NW |NE ] NW . Var.'Var; NNW Var. SW‘ SW .| SwW
Time | £200] 1500] 1500f 0800 2000] 1400 1300] 1700 T200[ T200] T000 L300
ime | 5000l 1600] 1600 0900 2100| 1500 1400 1800{ 1300/ 1300 1100 1400

pate |10 |27 {10 j11 | 27|26 [ 1 |1 |15 |18 |28 |26
Mean 4.3]7.016.1}14.8]5.3]6.6 7.8 1 7.2 5;5 3.8.14.113.4

Pre.W.Dir.| SE |SE |SE |Var.'SE |Var. var.| NW | Var.| var.]sw- [ Var.

1977|Max. | sSpeed| 22.5 19.5 25.0] 20.0] 23.0| 31.0| 18.5| 16.0{ 17.5/ 18:0 165 22

NW Var.; SW | Var. SW 'Var.‘Var; Vay.| NNW | NE NNW | SE

. 1300 1700[ 1000} 2000 0300 1000 1600] 1200 1590_2000 1200} 1200
Time | 4400l 1800| 1100 2100 0400 1100; 1700, 1300| 1600| 2100| 130¢] 1300

Dir.

Date |28 |24 |26 |24 |23 |26 |22 | 4 |14 |23 117 113

Mean - | 5-7]4:3|6.0]8.2]5.4[{6.2{7.0|4.9 4.2 4.4 | 4.6 4.8
Pre.W.Dir. Vai. Var.| Var.| Var.| var. Var; NNW. | Var.| Var.| Var.NNW | SE

1978|Max. |Speed| 27.0] 25.0]24.0) 23.0 23.0] 22.00 22.0 - l1s.0/- |21.0017.5

bip. | MW | NNW | var.| Nnw | sw | NNW | nmew w |- |ww |[sE |

pime | 0200 1700[ 2100} 2004 1100/ 1500 0900 1300[ - | 1200 1100

' 0300 1800[ 2200 2100 1200 160¢ 1000 -1 1400 - | 1300] 1200
Tate 126 128 B [Z& (31 |24 | 3 TI5 1= [ & | 1T

Mean 4.514.6|5.916.2|5.6|7.7[6.5| |50~ |4as6]4:2
pre.w.bir, | Va¥:| Var.| Var.} var. SE NNW | NNW NNW | -~ .| NNE | SE

1979|Max. |speea| 23.0| 18.0[ 22.0] 22.9 26.9 22.9 23.9 18.0 14.5/11.5 14.9 19.5

pir. | sE |varvar.se |w |var|var|w |me |se |sw |var.
. 1100 1200] 2300 110( 0500 1500 120q 1900, 010G 1104 10002400
ime | o060 1300] 2400 1204 1004 1600 1300 2000 0200 1204 1100 0100

Date | 9 |28 |27 [14 5 |25 |10} 28 |16 |15 |29 |30
4.4|5.2|5.8[4.6]5.9|5.6]8.2{4.3]3.5][3.2}2.914.9

St | Var.| Var. SE | SE | NNW | NNW | NWW | Var. SE. | Var. var.

Mean

Pre.W.Dir.
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MINISTRY OF AGRICULTURE AND WATER

Department of Water Resources Development
Hydrology Division

Monthly Values of | wing Speed_(km/hr) and Directio
Name ‘of Station = | Riyadh

No. : ~ R-001

Location - 24°34' 46043

Altituge 564m

"IYear Items Jan. Feb. Mar._Apr. May ) June|July Aug. [ Sep. [Oct. |Nov.{Dec.

1980 Max. | Speed| 21.q 25.0 23.9 20.4 21.d
o Dir. | MWW |sw |sE |w

Time | 0104 2304 1004 1204 2006
02042400 1109 130d 210(

24 |25 [ 9o 271 4

__|pate _ _ _
Mean | 4:0{6.2|6.0[5.7] 5.2
Pfe;w;bif; SE | SE |SE | SE | NE
1981Max. Speed
Dir.
Time
. Date
-Mean
'Pré.w.Dirf
1983 Max. |speed
1 Dir.
Time -
Daté
Mean :
Pre,W;bir.
1983 Max. | Speed
 Ipir.
Time
ﬁaté
Mean
Pre.W.Dir.
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MINISTRY OF AGRICULTURE AND WATER

Department of Water Resources Development
Hydrology Division

Riyadh

Monthly Values of Mean Soil Temperatiure °C SCM

Name of Station | Riyadh 0900 hr

Chserved by M.0.A.W.

" Loéation 24°37' 46°43' Alt, 563 m

No. R-001 '

Year |Jan. |Feb.|Mar.|Apr.| May |June July{Aug.|Sep. [ Oct.[Nov. |Dec.|Total
19796 {13.5]14.2]16.9 33,71 99,31 33.4]24.7] 34,2 31.7 27.2| 26.0|15.3
1977 {11.4]15.1(21.1]25.5[31.8}34.67 o o : v
1978 13.8{15.0120.7127.2[31.5{33.4]36.1| 36.11 30.3| 26.0[19.7
1979 14.7{117.5121.8[22.032.7|37.7{37.3|36.7133.7/27.9120.7|14.6
Total
Mean
Total
Mean-

Total
Mean
Total
Mean

Mean Valuss for Total Period of Cbservation
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MINISTRY OF AGRICULTURE AND WATER

Department of Water Resources Development
Hydrology Division

Riyadh
Monthly Values of 'Meép*Soil Temperature  °C 10cm -
Name_df Station Rivadh 0900 hr
Observed by M.O.A.W.
- Location 124°37' 46°43' Alt. 563m
No. . R-001
"Year |Jan. Feb, Mar. Apt. May June July| Aug. Sep._Oct.-Nov; Dec. | Total
1976 - 113.7114,5117.1 22.8]29.1[32.8(34.0133.5[3L. 1120 13771550
1977 ~111.1114.620,.9(25.2130.8133.6| : ' _
1978 114.1]15.2]20.5(26.7[30.5|32.4(35.2]34.6 29.9124,3118.9]
1979~ [14.3/16.0120.3126.5/30.5(35.1(34.8{34.0(32.1]126.3 19.6(14.1
Total
Mean
Total
Mean
Total
. Mean
Total
Mean

Mean Values for Total Period of Observation
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MINISTRY OF AGRICULTURE AND WATER

Department of Water Resources Development
Hydrology Division

Riyadh

Monthly Values of | Mean Soil Temperature °C 20cm

Name of Station Riyadh . 0900hr

Observed by _ M.O.A. W, .

Location .24°37'  46°43' Alt. 563m

No. R-001

Year |Jan.|Feb.|Mar.|Apr.| May |June|July|Aug.|Sep.|Oct.|Nov. |Dec.Total
15576 "TTI5. 5[ 16.5118.6 24.1[30.91 33 7] 35.9] 35. 8] 32,9] 29.8} 22.5|18.0
1977 13.816.9]22.7| 26.6| 32.4} 35.2[ ~ | ]
1978 16.6].17.4122.2128.1]|31.4] 34.0| 36,5} 35.3| 32.5] 26.5| 21.1|.
1979 16.5/18.3]22.3127.8/31.4] 36.2| 35.8] 35.3]33.2[ 28.7( 22.8| 16.8
Total

Mean

Total

Mean

Total

Mean

Total
Mean

Mean Values for Total Period of Observation
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MINISTRY or AGRICULTURE AND WATER

Department of Water Resources Development
Hydrology Division
Riyadh

Monthly Values_of. Mean Soll  Temperature °C 50cm
Riyadh 0900 hr

Name of Station

Cbserved by M.0.A.W.

Location 24%37'  46°43' Alt. 563m
No. R’_"_OO].

Year Jan._Feb; Mar;iApr. May {June|July|Aug. |Sep.}Cct. |Nov. [Dec. | Total
1976_ .-17;_ 18,118, 91.25,20.30,9].35,01 37.20 36,7 34.4] 31.5| 25.2 20.7
1977 . {16.9/18.823.3/ 27.5[32.5[35.5 | . |
1978 _18;4Pl9.3 21.9/27.8| 31.4 34.4 36,2 36.2| 34.0 28.9 23.6
1979 18.6| 19.9123.3].28.3] 31.2| 36.0| 35.8 35.7| 34.2 30.6 25.4| 19.8
" Total
Mean °
" Total
Mean |
" Total
- Mean
) Toﬁalg
_Mean

Mean Values for Total Period of Cbservation
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MINISTRY OF AGRICULTURE AND WATER

Depaxtment of Water Resources Development
Hydrology Division

Riyadh

Mdnthly Values of | Mean Soil Temperature °C 100cm

Name of Station

Riyadh 0900 hr

Observed by

M.Q.A,W.

Location 24°37'  46°43' Alt., 563m

No. R~00L

.Year Jan. Feb. |Mar. |Apr.| May June|July| Aug. | Sep. Oct. Nov. |Dec. | Total
1976 50.2118.5120.8124,1028.4132,4134.1135,0133,5]31.,5{27,7123.0
1977 20.8120,6024.3126,1130.0132,5 TR IS NS ' '
1978 21.4 20.9122.5126.0129,8131.7]33.3 34,8133.21 30,1 26,1
1979 21.1121.4123.3126,5(.28.9132.9133.4 33.7133.3130.8 27.4123.0
Total

Mean

Total

Mean

Total

Mean .

Total

Mean

Mean Values for Total Period of. Ghservation
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MINISTRY OF AGRICULTURE AND WATER

Department of Water Resources Development
Hydrology Pivision

Riyvadh
Monthly Values of |Solar Radiation (gm cal./cm?‘/d,)

Name of Station Riyadh
Obsexrved by M.,0.A.W.

‘Location 24°34'  46°43' Alt. 564m
NG. R-001 .
fgeax- Jaﬁu Feb: |Mar. Aprf-May June; July|Aug. [Sep.]| Oct. |Nov. |Dec. | Total
1964 | OBSFRVATIDN STARTED] ~— | 5] 622 | 595 1 571 [ 470 | 3551388
1965_ 305: 368 514f_517 590 | 591 [.607 | 565 | 580 | 459 382 | 323
1966 1295 {364 |452 | 485 | 582 | 608 | 602 | 583 | 555 | 487 | 411 | 444
1967 . 1399 4281476 | 531 | 641 1702 | 724 | 703 | 595 [ 464 | 313 | 338
1968 345 ) 396 1501 | 516 | 467 | 586 15921 571 1 524 | 489 | 397.° 335
Total o :

Mean - ' R 1 ..

1969 280.) 429 |1 479 | 477 | 586 | 611 | 589 [ 586 | 537 502 {.350 {343
1970 368 1439 1475:1-526 | 543 | 542 | 565 ] 520 [ 478 407 | 373 | 306
1971 | 351 | 411 [ 480|479 | 470 1560 | 550 | 530 | 522 .| 504 - 397 | 371
1972 352.1.454 1463 | 480 | 518 | 544 | 545 | 516 | 505 | 460 | 368 | 294
1973 386 | 411 | 466} 461 | 480 | 543 | 511 | 458 [ 443 | 435 | 400 | 277

“Total . -

‘Mean | . o _ T ‘
1974 264 325_ 320 { 484 {476 | 484 [ 512 ] 501 | 508 438 | 337 | 242
1975 | 288 | 372 | 448|385 | 460 | 491 | 517 (485)] 440 | 460 | 354 | 216
1976 . 299 { 356 [ 394 | 498 | 557 [ 592 [ 575 581 | 516 I 427 [ 380 403
1977 418 | 541 | 524 724 | 7131434 1 6091 513 | 4531 328
1978 359 1 429 |558 | 537|713 | 70316661677 | 633 5391 382 | 303
Total ' :

Mean

- Total
Mean
Mean Values for Total Périod of Cbservation
1965/72 338 | 411 | 480 501 550.] 593 | 597 572 537 | 472 374 | 344
1965/73 3431 411 § 4781 497 | 542 | 587 | 587 | 559
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MINISTRY OF AGRICULTURE AND WATER

Départment of Water Resources Development
Hydrology Division :

Riyadh

Monthly Values of Radiation Integrator ml

| Name of Station Riyadh
Observed by M.O.AW. -
Location 24°39' 46°43' Elevation 563.,8m
No. R-001
Year |Jan. |Feb.|Max.|Apr.| May June | July|Aug.|Sep.|Oct. |Nov. Dec. | Total
1564 : T o ' C o 34332318 ¢
1965 . |28L11 3281 (5393 [4987]|6508]653.3|6952|6537]5985] 5505|3992 1312461603
1966 | 35293915 |5439]5265|6903] 70507184 €900]6280[ 5471|4201 1483466971
1967 |4159]|4153{5298|5935/7764]|8406]|9009| 8694|6851| 5130|2781 {3246 71426
1968 | 3350] 350614954 | 5304 |5586]6723[7029]6302]5769] 4313|3751 3231159818
Total : ' '
Mean - i . ) . I - - : S
1069 1235414156 |5353|5149]6736]7673[6994]6950| 601415698} 3334332663622
1970 |3033]3916|5195(5670]6022]|6666[6830|6790(5692{49101 3714309261590
1971 13677]1289]5450]5232{ 5766|6539 [6835]6626|5897] 5874} 4249333063756
1972  [327.3|4542 |508414953[6216]6584 | 69911:7032]| 6528 5676 3422259362858
1973 1350.7| 4079 | 5415 | 564665646844 (6841171056241 5609| 372024406411
Total ' ' ' '
Mean - : ) ) : . _ . -
1974 282] 373| 423] 639| 626] 646} 663| 622] 601] 508| 3541 183
1975 223 291| 486! 472] 653] 714 746 687 553].507| 358| 236
1976 334 350| 4211 568| 657| 693 728 691| 6251 533|: 364]| 345
1977 456( 549| 551} 521| 577/ I |
1978% |11.9014.4117.2119.2122.2{23.0]|22.4}21.7{19.7[18.4[11.3
Total '
Mean ) i o )
1978 | 368] 420]-478] s519] s82| 598 586f 571| 530] 503| 355] 360
1979 341 470] 534| e21f e67] 675] 579! 644| 599 487] 392 312
Total
Mean

Mean Values for Total_Period of Observation
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MINISTRY OF AGRICULTURE AND WATER

Départment of Water Resources Development
Hydrology Division

Rivadh
Monthly Values of | Mean Sun Shine Hour
Name of Station Riyadh _ '

Chserved by M.,O.A.W.

Location
No. . R-001,

- Year (Jan.[Feb. |Mar.|Apr. May:JUne July;Aug. jSep.|Oct.|Nov. [Dec. | Total}f.
97T 1. 1. T 9p1] 899} &0z 1080 1085107410577 978 814 793 g
1972 1 7081 915| 835 82| go2filoez2]1124l1066 1050| 928| 740| e54] g8.97
1973 790| 8l9| 914| 848] 956[1078|1045|1016] 9891 644 840 a36
1974 | 643] 794| 6961002 gos 1072 11075{103611010| 859 768| 496
1975 546| 679 858] 76711024[1092]1130[1057] 989 9151 8461 529
Mean [ -1 oo pe : R o ' C
1976 . | :7.6| 8.4] 7.5['8.7[1013[1L76/1101]1073 1038] 928{ 838] 8.3
1977 °{-8.4110.4| 8.5 8.9]10.8[/11.8/11.9 11.4|10.4| 9.4] 9.4110.6]1C.14
1978~ | 8.8| 8.0] 8.1| 6.7| 9.9[10.8] 9.4[10.9110.2} 9.8 8.3] 8.5
1979 _7.61.92.2] 8.4} 9.4] 9.2] 9.6[10.5/10.7(10.0| 8.9 9.8] 7.1
Total -

Mean -

Total

Mean
Total
Mean

'Méan'Values £or Total Period of Chsexrvation
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MINISTRY OF AGRICULTURE AND WATER

 Department of Water Resources Development
Hydrology Division

Riyadh
Monthly Values of Relative Humidity %
Name of Station Riyadh
Observed by M.0,A.W.
Location 24°39' 46°43' Elev. 563.8m
No. R-001
Year| Items Jan.|Feb.|Mar.|Apr.| May | June| July] Aug.{Sep.{ Oct.|Nov.| Dec,|Mean
1964 Max.] Bbs. 41 | 94 82 100
Mean|' 31. 140, 4 54..4 82 i}
Min. | Abs. 17 |15 |21 |16
- |'Mean 19:. |20 128 |38 |
Max. Avr. 32 163 |60 192
_ M.M. Avr.p , ‘ f25 |30 141 |60
1965/ Max.[Abs.[ 100 [80 |60 |100 | 28|24 |22 |38 [27 -]75 |80 |64
- |Mean| g4 [s52 |33 |53 |23 |18 |15 119 |19 |31 |58 |54
Min.] 8bs.| 18 g | 8 g |3 6 51 4 6 | 7 113 |14
: Mean| 34 |20 210 |72 tb-7 172 1 8 8 |11 |23 [24:
Max..dvr.| 78 165 |43 |80 {28 |15 |15 |27 120 -148 |59 |44
M.M, Avr.lgo- |36 |24 137 115 f12 |31 114 134 f21 140 [39
1966/ Max.|Bbs.1g2 |90 [100l100 134 |23 (19 [46 34 |58 |55 |78
- |Mean| 5y |5 156 |46 |20 |14 14 |19 122 |36 |40 |49
Min.jAbs.] 314 [12 7 7 3 1.3 3 .71 2 8 110 | 6
Meani 24 |24 |29 |21 8 6 7 9 {11 (18 |21 |24
Max. Avr.| 70 |64 174 |73 |22 |16 {14 |27 ‘|24 [39 |40 |57
M.M., ave.l38 41 43 [233 l14 10 {11 J14 J1e 27 |31 [36
1967 Max. |aAbs.l 79 [ 88 |90 [74 |83 |53 {68 |49 |47 174 |90 1100
Mean| 48 |55 {44 |44 |'51-133 {40 |40 I38:}150 |73 {88 }
Min [Abs,.| 1l |13 0 5 10 12 (12 |15 9 1.9 |15 |15
Mean| 21 |25 (16 |16 J12 [14 {16 |18 |14 |16 |31 | 30
Max. Avr.| 63 |59 (68 [sL |55 |36 |48 [34 |32 |50 |78 |70
.M. Avr.[ 34 [40 |30 [30 (34 (23 [29 |29 [26 |33 |52 [59
1968{Max. [Abs.| 88 [100 |86 |100197 179 {50 |52 [56 [69 |92 |100
Mean| 67 |84 |58 |75 |64 [44 (36 |38 [39 [48 |76 |87 |60
Min.{Abs.| 11 (12 J11 J11 [17 f10 [10 |11 [11 11 J1e |20
iMean| 22 [ 33 §17 |23 {22 |15 (14 |14 115 |16 [ 23 |31 }20
Max. Avr.| 58 |85 : |56 [66 [60 |52 [234 136 |36 |44 |68 |68
MM, Ave. {45 |59 138 [49 {43 {30 |25 J26 127 [32 [45 |59 |40
Abs. : Absolute maximum or minimum {(extreme values) during the month '
Mean :  Sum of values,. number of values
Average ¢ 1/2 (highest value + lowest value)
Max. Avr.:! Highest average during the month

M.M. Avr.. Monthly mean average sum of daily average, number of daily averége
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MINISTRY OF AGRICULTURE AND WATER

Department of Water Resources Development
Hydrology Division

Riyadh

Mohthly'Valﬁés of Relative Humidity %

Name of Station Rivadh

Obsexrved by M.O;A.W.

Location - _24°39' 46°43' Elev. 563.8m.
No. ~_ R-00],

_Year' ‘Items '_Jan: Eéb.-Mar. Apr.) May | June{ July| Aug. Sep.| Oct.{ Nov.| Dec.|Mean

1969_Max,.Abs. 100 1100 195 187 |73 42 |37 31 |41 151 91 |90
©_|Mean[o5 192 162 [56 |45 |35 |28 |22 29 134 |70 |75 Is3
Min:|abs.|28. |- 9 | 9 l10 [10 [10 7 7 6 7 111 t1s
IMeaniso 129 119 |16 |14 |12z l13 8 9 1o l28 |22 |19
tMax, Avr.|99 184 |63 |60 {45 |27 |26 |22 |24 37 169 |s1
M.M. Avr.173 <60 [40 [36 30 |24 |20 |15 19 |22 [48 148 |3s

1970|Max.|Abs.[100 |87 |93 066 |54 |38 140 |31 58 188 [96. |9s

_fMeanl7g |60 |50 143 [35 131 [29 |25 |20 lsa 80 . [84 |50

Min.|Abs:l10 [12 ] 7 |13 113 |12 [12 8 110 l11 TJ22 [23

p. jMeanlb2o 121 17 [17 Ti6 14 Tia |11 13 (22 (28 |37 |20
Max. Avr.|74 |55 el ‘[41 [39 l26 |28 |26 |35 |cg. 64 | 76

M.M. Avr.l54 141 134 [30 [25 [23 [21 |18 |21 140 54 . {60 |35

1971 |Max.|Abs.[99 194 180 |85 |58 |40 |38 |48 |37 |55 102 oz _
Mean| 82 |64 - |57 |60 {43 |26 [30 |32 131 140 |80 lés 4o
Min.[BAbs.}22 118 " J14 |17 16 10 |14 [13 |12 |13 |17 117
_IMean[34 127 137 130 |21 1i5 116 |16 |15 T1is [2& 30 123
Max, avr.]71 166, (68 |64 [43 (29 |27 |33 |28 |38 62 |89’
MM Avr.|58 145 (42 145 132 21 |23 |24 |23 [29 |44 |49 |38
1972 Max.|Abs.|95 193 |88 [84 |70 |48 |36 [38 |43 |58 lso |a6
- Mean|79 167 |63 |66 |49 [36. |30 [31 [34 |42 |69 162 |52.3
Min |Abs.|23 [20 114 |18 }16 |12 [13 [12 [13 |12 |15 118
Mean{38 129 |31 130 . 123 115 115 (14 [15 |16 |28 |38 |24.3
Max. Avr.|73 |67 |70 [66. [46 |35 |26 [28 f20 l39 169 [e9
M.M. Avr.|58 |48 147 |48 {36 |25 |22 |23 |24 |29 |49 150 [38.3
1973 [Max. [Abs.[93 . 188 |63 176 |60 |37 [49 |32 |32 |52 |68 [oz
{ - [Meanl65 |44 [35 |38 |34 |25 |28 |22 |24 |40 |a7 &7
Min.|abs.|16 |12 [12 |13 |13 [12 (|13 |11 4 |12 {13 J12
. |Meanj28 124 420 (20 |17 [14 f1s 13 12 f[1e I22 |33
Max. Avr.[66 (67 {49 [62 |41 |26 [37 |23 |22 |38 laos |sa :
M.M. Avr.147 i34 30 29 [26 |20 122 [18 {18 [28 |34 [50 |30

Abs. . - Absolute maximum or minimum {extreme values) during the month
Sum of values, number of valués

Mean ¢

‘Average 1/2 (highest value + lowest value)

‘Max. Avr.:. Highest average during the month _

M.M Avf . Monthly mean average sum of daily average, number of daily average
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MINISTRY OF AGRICULTURE AND WATER

Depaxtment of Water Resources Development
Hydrology Division
Riyadh

— 122 —

Monthly Values of Relative Humidity %.
Name of Station Rivadh
Observed by M.O.A.W,
Location ' 24°39" 46°43' Alt. 564m
No. R-001
Year Items Jan. | Feb,.|Mar.{Apr.; May | June Julyj Aug.|Sep.| Oct.jNov.|Dec. Mean
1974|Max.|AbS-{og Igs_loz. lm8g [9s l=30 [35 lar 147 les [an lae
. Mean|70 |58 83 |51 157 |29-7123 130 133 |-40° 162 76
Min.|Abs.[15 | 9 |15 | 8 |11 o | g8 |10 | 8 | 8 l14 112
[Mean| 39 |23 |30  [i5 (17 (12 |12 {14 |14 |14 l20 {33
Max. Avr.| 94 |62 |78 |55 167 126 (24 129 [32 142 [58 |90
M.M. Aave )55 41 |56 (33 137 {21 118 122 123 127 |41 |54
1975|Max. |Abs.[96 196 196 196 |79 43 142 |52 |62 180 196 .87
IMean| 75 {77 |49 {84 149 |30 |31 |31 136 145 |73 |70
Min.|Abs.[17 9 8- 112 | 9 {13 ‘|12 12 10 ‘11 9 A7 o1 l2
Mean| 30 {26 20 23 |16 114 115 |16 157 F17. |24 -1 30"
Max. Avr.|88 |75 |87 |84 147 129 |31 136 |41 |56 |64 |80 "
. [MM. AveE |52 |51 |35 |54 |33 |21 123 123 |26 [31- 148 |50
1976 |Max.|Abs.| 96 |96 |96 |96 |96 |41 |27 |27 |36 [5L ]99 197
Mean| 84 77 74 84 53 124 120 20 [ 26 437 77 135
Min.{abs.| 8 [15 [10 |12 8 6 | 7 7 8 |10 [13 |15
Mean| 26 26 |26 |22 16 .8 9 9 112 |12 26 126
Max., Avr.|75 71 178 71 57 25 7117 |18 24 33- 170 |74 |
M.M. Avr.]55 {51 50 53 35 16 - |14 (14 (19 {25 |52 |51.
1877 Max.|Abs.{97 {98 88 97 196 {146 34 |54 {38 197 93 97
" I'Mean| 86 71 151 53 149 28 125129 |31 |60 82 89
Min | Abs.[15 7 112 9 18 19 12 9 111 .14 |11 |14
Meanl|27 |17 |16 14 14 12 113 13 13 |25 .28 |34
Max. BAvr.} /6 60 56 |56 56 29 25 37 128 |76.- |70 |82
M.M. Avr.| 56 |43 34 {34 [32 20 19 |21 [22 T42 |55 ls2-
1978 |Max. {Abs. {27 |97 |97 96 |97 l44 |62 133 145 70 - 100 100
Mean] 76 80 56 56 138 {30 33 124 |30 44 -] 72 81
Min.}labs.] 14 9_ '8 13 8 11 9 8 |11 112 7 T&8~T
Mean] 24 22 i8 20 112 J15- |16 12 114117 25 |21 .
Max. Avr.]74 |81 |59 |[59 |56 30 |37 2331 146 73 [ 69
M.M. Avr.| 50 51 37 38 {25 |23 24 118 22 30 {48 151
Abs. Absolute mekimum or minimum (extreme values) during the month
Mean sum of values, number of values. '
‘Average 1/2 (highest value + lowest value)
Max. Avr.: Highest average during the month
M.M. Ayy,: Monthly mean average sum of daily average, number of dally average




MINiSTRY OF AGRiCULTURF AND WATER

Department of Water Resources Development
Hydrology Division
Rivadh

Relative Humidity

Monthly Values of %
Name of Station Riyadh
Obseived by M.0.A.0.
Location | 24°39' 46°23' Alt. 564m
NG R-001
Year Items . | Jan.|Feb, Ma;l Apr. May-| June| July} Aug. Sep.|Oct.|Nov.| Dec.| Mean
1979|Max.[Abs 1100 1100 100 [100 100 154 1’54 143168 [76 |89 |68
o I Mean| 90 77 143 49 40 | 38 24 30 41 52 66 71
Mingabs.l 8 |10 14 [ 2 o [ 316 7 T8 [ s s 15
o Mean| 18 17° 117 |13 6 12 10 10 13 16 14 25
|Max. Avr.] 72 63 |81 62 60 33 36 |30 144 {54 50 76 .
MM Avr Ut 54 47 1 40 3% 23 25 17 20 27 34 40 43
1980{Max | Abs.{ 98 (100 100 | 70 92 :
o . |Meani g0 |77 |63 [43 |37
Min{Abs. 74 113 | 8 | 6 |16
fMeanj 22 123 |17 13 9
tMaxs Avr,[83 |73 159 [a4a3 50
M.M. Avr.[51 |50 |40 |28 |23
Max.lAbs.| - |
- [Mean
Min.|abs.
. | Mean
Max. Avr.
|MiMy - Avr
Max.|Abs.
- IMean
Min- [ Abs.
Mean!’
Max. Avr.
M.M. Avr.
Max. | Abs.
i - | Mean
Min.]abs.
" |Mean
Max. ‘Avr,
M.M. Avr. . .
Abs. = : Absolute maximum or minimum (extreme values) during the month
Mean : .Sum of values, number of values :
Average ¢ . 1/2 (highest value + lowest value)
Max. Avr.: Highest average during the month _
M.M, Avr.: Monthly mean average sum of daily average, number of daily average
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MINISTRY OF AGRICULTURE AND WATER

Department of Water Resources Development

Hydrology Division

Riyadh

Monthly Values of Evaporation mm

Name of Station Riyadh

Observed by M.O.A.W,

Location 24°39'  46°43' Alt. 564m

No. R-00L '

Year |Jan. |Feb.|Mar.|Apr.] May [June|duly Aug. Sep.-OdtL-NQv; Déc, Total
1964 . _ b ‘ ‘ o 142 + 740
1965 95 1135 {233 1222 1326 1366 14051357 132012431343 1126 297}
1966 132 1148 1242 | 260378 14131462 | 428 13221 244 1154 111221 3305
1967 1124 1145 |204 1243 |282 | 3671385 | 350 1264 1203.1104 { 87 {2758
1968 104 | 98 |202 [ 203 (224 12881330 (315 250 1721223 98 1.2407
Total . . - 4 - h1441 f
Mean | .. . . : e e o 2861
1969 - 1 68| 97 1194 |223 3191369 1401 [357 1270 1197 114 | 90 12699
1970 93 1134 1195 | 276 {342 354 1355 326 1251 {186 1117 | 81 12710
1971 1103 [142 [202 {216 |275 |336 {351 |316 |258 1201 1120 ] 86 |2606
1972 79 [133 [178°1186 1308 330 [351 |315 |268 [192 1104 [ 70 |2514
1973 89 1144 1233 1293 1325 1374 1380 | 393 1316 {216 {113 | 67.2944
Total | ' - ' e - 13473
Mean | . K ' o R S 2695
1974 89 1126 {152 1277 1296 |340 [381 [310 [278 1187 [104 | 82 '}2622
1975 80 {114 1227 1188 |343 |396 |370 | 384 |284 [225 {116 | 87 || 2814
1976 112 |151 |163 {218 |360 [452 [528 [467 |376 1269 {163 [119 {3378
1977 108 {171 253 313 |364.[/416 [402 [387 |309 |249 1148 3124 ]|3244
1978 126 §128 1221 1287 1362 1414 1392 [379 [3311 |206 [148 |144 13118
Total 3 - '
‘Mean : o ‘ . ‘ -
1979 118 [161 1233 1289 [340 1416 |471 1403 |297 1304 [216 {146 13402
Total

Mean

Mean Values_for Total Period of Cbservation

- 124 —









7.2

FokE MR 0 B

Y Y FTOTRKEAXOWCHEEL HERY BT 5,
TKM@%KEKOVTM,UmeiTK &%“Hbmﬁﬁﬂwlbmﬁr 2k BREL
Oun%ﬁﬁ%7zm—0kbfﬁﬁ?ao

T

20-0©

=

g‘p

fis)
B

e

U PR ETHREART KRB YN« » b

19804295 290
Aow5—4 AFn CEREEY v ¥ FARE 7 uoxst)
Sy s AcmpA—Td (KEWREE 0 @k )

VhmwT AT ed  (CEAR Ao )
TZFZ 79X e Ar ¥V, (Foozspt=ir—vy—)
Fo- Y ra~xAfEt (AHBR 9 v Yk )

BE B, M-, EWEW, B B, JE B, R

W%, R M, BE B

AR =N TAY A2 (3 oFAEBKE)

REE® I & o ” ”
ERERELRHY BT 50 0BG AMEL S & L L CHmy Bl AN
mi*ﬁk?ﬁﬂﬁwzﬂﬁkﬂn%ﬁ,%HuTK%E7p9:9+®;y

A DIBRYT D, FARLE S r s b Ox s YL 144 CTEE20

&) v, BEE A T 3 Y AORKEFT o T b, FABHEIHHEY 1 4
ﬂzkﬁﬁﬁofvzoV+A?x@imié&uvrmf@Am9m3mA
D5 % 200,000 A28k AL\ B, ok o B A S B4 3004/A-A
mﬁmﬁﬁ®ﬁ Kgu&m&ﬂAwm5t$ﬁbft% AL WL,
ACHEV I AR T D, IR O T A LB ST 40,0000/ 1€ 7L AL
E%ﬁsumm@ﬁf&éoﬂﬂﬁﬁuBODkiUSSKobfﬁaﬂﬁ,
BO DICoW T 300m, L0 8 0 FIRAEH 60m/ £ % atifhk L Tu b, |
Lo L SEBR00 MUBH BRAT 2 1C 75 0 B T Bo T D 8 0SB IE OB AT
e S Rk, |
KE?—&M&@%@@&ﬁ;%%%ﬁ?wﬁm&vf

*1b%ﬁﬁ,m%ﬁﬁﬁﬁﬁ%%bMEG%ﬁﬁﬁo
Tﬁﬂ@ﬁﬁﬂm@ﬁbmﬁbBﬂﬁmﬁmﬁu&moLMFWW?@ﬂmﬁPﬁmaLf@@%@&faau

—125—



F-—E2OhBHLD W

pH

BOD

88 |
DS OEL DKEREL 2,000 m2/L 05 3,000m,/L THD 5,
TDSOBAETBICAL 5, FABBBR A — - n — FICHEBHR, 08
K~OEBHRERMELEML O3, BEOTRALE FoBiEKcBEL 2 e —
AT COMBER I, MEA YR ER > CHIET A EBAF~EREYE L,
ﬁ@&#ﬁ&ﬁim<ﬁéaEQEKOVT@M®E$%%HTwﬁbOTK
MLFIS OBV ST BN FEIW X A2, 198 14FKBEONRE 40,000,774 2
& 80,000 ne/d ~, 1983 4RI 200,000527d &3 5,
200,0000'/d DUEBCELESHNO S 5~ b RVED S5 T 400,00022/7d &
T %, .
BEHAXKELTBOD, SSOEAEBALATAY, FALES s
?r®%ﬁwmn%Kbo%ﬁ%mmBongssﬁﬁi&vmeKME@
KEF—x 0 LTREFICID>» L Lﬁr‘;vk@ﬁﬁﬁ%ﬁﬁz%ﬁ%o _

7.2(1) UP FHOTkE

D K N 4

Uy FJ:“F?J(ié’i\\*i®T7K1”§‘%BF3.i)§ﬁﬁﬁﬁ§ﬂg%‘ﬁ AH, FTOTIERTH LMD OUIE
FIRTEOLRD T By | ERAK )

Project Manager

Plant Chief . |Network
Manager Administration Managexr
' Office
Operation Electric Mechanical Chief Tnspection| |Maintenance
Supervisor Engineer Engineerx Chemist _ Foreman Foreman
40 30 60 5 15 10 50

~126—



2. M BBV

2.1 FARHEEH

T A B O D B 6 7 B,

(® Batha #8# (7 2,.000) |
HOHRBEESD S OC, HEFAL D,

® Kharj ##t (& 1,000) .
HORMEED, BB Batha BEIC AT b,

@ BAELWHEEh T,
Hanifa?ﬁ:ﬁ(ﬁ 2,300) _
HOMBEED, RARBECH b,

22 FTABEO®RE

HEROPME L O PV O

VAT R O
kK& wb® PVCIAmviavsy—
COMG R PAHEAIRT B,

Ba, TAHEREOBMBEYELICRT,

—127—






\

FOUHA T.P
b

S "GEQ P
\

i : A
SEWAGE TRUNK LINES |
THE-

"chYiOF“RT?ﬁDH ‘

THE KINGDOM OF SAUDI ARABIA

Scale 1:63.000

 3Km

— 128







1.20-@ vYR-NTFRQIESE

2 & H . 1980497300

m B #F DI 252 (Fooaezbs 23— 4—)
Aﬁw4r«yFﬁi(%w7o&sxﬁ)
ST A AT g

WO E MR M, MBS, WEEW WS, HLEB, R
CEE %, ORI B, S %

B 1T #H  Aw—n e TaAved s (Y F 4 BKE)
FHE®, NE OB

= vk ~TKLEBOBPEBEEY R T,

vk — o F KRS | |
HAE, Vv FTE— 0T AKMIRIEC, 0B A E L T\ B,

n ;| O
T 40,000 n/d
19814 80,000 md

19834 200,000 n/a
@ WEse—(M28f) | |

Tk A2 ) - vk EOTBNE > PR, DEORLES LG — # v 715 - BT
.;Eﬂwfaglﬁmwﬁaﬁlu;—wxayfiﬁzﬂxﬁﬁiﬁzﬁmﬁme
%2t1—?zﬂy;{+ﬁf—waﬁiﬁﬁﬁ |

| WRHEA — BH

Fh, BUKEL v 7B L0 a— A& v 7 b OHH AN BERAE 7 o XKD L5
b T Bo | '
B A v > WAL A Y > GARIR > T < ~FER

P %Ithvxﬁyﬂﬂ¢ﬁﬁEm,%Zt;—vﬂﬂy?H%%WE@@C&T@éo
@ BOKFKOFEWLREO BE %, MEMLS 5 2F » 2 BICETT 5,

—129—



Influent

Screén &
Flow Meter

Grit Removal &
Aaration Tank

Pumpiﬁg
Station.

Sludge
Pumping
Station

Drying
Beds

Disposal
Off Site

PHT:

SHT :

Final
Effluent

Pumping
Station

Primary
Sedimentation
Tank o
Primary
Biological
Filter

Secondary

‘Biological

Filter

Primary
Humus
Tank

Secondary
Humus

Tank

Fig.2: . Flow Diagram of Manfouha Sewage Treatment Plant

“with Alternating Double Filtration System
{1 series only)

— 130




@ M E B (REHE )
88, BODOBREXS0
@ KR O HE
RE 57,000 n’/d
BE 420000074
S 450004 (FAREEREH25%)
£7, 198041 H~8 A% COMAED Y KICRT,

8% AMoH ML 45200~52600 /4
(H3&B)

4 A o B 28 © 47,000~61,200 #Sd
(B4 2R )

4A6~T HOMMESD 1,125~ 320044
(Bs&®’)

6 KEOHBL _
198041 A~8 A ¥ COBERERYRILFET,
© HATEKOKBE(HG~148H)

X 23~32C

pH 6.8~17.9

ss - 180~832m/¢
BOD 102~432m/8

COD(Cr)  440~1740m 2

ce 250~ 69 0m,/L
NH~N  352~74m/2
DS 1,930~3130m/2

BEENSE 2160 ~4470 ps/om
® MmAOKE(HM15~228K)

X R’ 23~31°T
pH 71 ~81
88 49~154m/2
BOD 34~138m/t

COD(Cr) 270~520mg 2
NH,~N 211 ~82m/4
TDS 1,350~ 2,34 0m/2

—131—



B C o Pl A

A TF ok AL oK

pH 7.2 7.5
TR HE (ps,/om) 3,050 5,95 0
WoOBE (/L) 707 600
ce ' 565 520
8i0, 50 50
NH, (100) (100)
NO;+ NO;, <ot < 0.1
CN < 0.05 <0.05

(m/d)

650001

OIL £ . ; r , . ,

F ¥ } 4

1 2 3 4 5 6 7

m_
o

M3 WATAEOHMZS (19804 )

—132—



(al/d)
4000+

3000

2000 _ A0 T

© 1000+
' ' o BiE

] —
123456789 1011121314151617 181920212223 2425262728 29030 ()

4 HATAKEORMES (198044 A)

(w0

3000+

© 20007

1000+

o=

0 2 3 450678 91011121314161617181920212223 0 (&)

5, JEATAEOMEZED (19804 4F6A~74)



T emp
()

324
314
304

294

AR
264

250

Co24¢

2 é_ i t 6 5 § (A

M6 WA TAKED ARZS (19804 )

BE
Tty

&

2 é 1 5 3 '} é(’g)

B 7. WA TFAKEO AMERD (19804 )

—134—



88

(mp/2)
800

700
600 +
5001
40? K

T 3001

200
&i:‘
1 2 3 4 5 4] 7 8 A
B8 WMATFTKKED AEIZH (19804)
BOD
(mg7 8

4001

3004

B

100+

3 4 5 6 7 8 A

[y
o

B9 WATFTAKED ARIZES (10804 )

—135—



cOoD

(mg/ ¢ )
17004

16001
15001
1400
13004
12001
1100

10004

clep

9001

800

3 : 3 It
1 i — t

} t e
1= 2 3 4 5 6 7 8 B

B10 MATFAKED AMZS (198 04)

6001

3001

2 3 4 5 i 7 8 A

B11l WMATKKEDAMZES (19804 )

—136—



NH, - N/ 2)

80+

60
50+
40%-.
. O';[j . , . . . L
1 2 3 4 5 G 7 8 A

12 WA TAKED DEZD (19804 )

BA1 3 MATAKKEOAMES (19804)

—137—



E. C.
{ pasm)]
s
4000
=]
ik
3000
2000;_7 . .
0'1—:"’ 1 " ' 1 ' " L 1
1 2 3 4 5 6 7 8 A
B14 WAFKKEO BMZH(19804)
Temp
(C) |

301

95 ]

1 2 3 4 5 6 % 'éﬁ

15 FAKMEAKED H D (19804 )

—135—



pll
_ 5 A
8.01 O : , 0 o .
) P 0 0
i 0 0
1 RN - o i
»
7.0
G‘TW . L L ~— ' . N
i 2 _ 3 4 5 6 7 s A

B16 FAMEAAED ARZES (19804 )

o

ik

1 oz 3 4 5 6 7 3 H

- 17 TFAMBEAKED AHMZE (19804)

-—-139-—



Bon |
(mg ¢ )

100-

St

4 Y

M18 FAMEAAED BRIZE (19804 )

CcoDm/ 2 )

Qw L. L . :

1 2 3 4 5 G 7 " 8 A

Bl19 TFrkmBAKAKEOBEZE(19804)

—140—



NHy ~N(mg ¢ )
. 804

M2 0 FAMEAKED BRZS (19804 )

+ 4 ——- — — —+ ———
| 2 3 4 5 6 7 8 A

M2l FROBEKAKEDBHRZES (10804 )

—141—



S CEIT[(mp/ 8 )
500+
py

400
3001 -

A |

orL + } ! i $ + +

1 2 3 4 5 6 7 8 B

P22 TFTRORBEAKEOAMZER (19804 )

—142—



PSR | IO | PO T

SAUDT 'Amsm KINGDOM ' N N} P H e
RIYADI WATER & SCWAGE DEPARTMENT AUl 5y lamy oL Bk
RIYADR WATER WORKS _ Al ol il it 3,00 oy,
OPERATION AND MAINTEMANCE PROJECT IR ON
LABORATORY. -
/4 bl

b 50 5% A i o i

REPORT OR BA.C'fERIOLOGICAL EXAMINATION OF WATER
N .-

Dute snd time of collection —mvsom el B e e e e e 0O,clock
Flace of ¢ollectlan == —memvemmme o e o e e e e e o
Wnter temperatute at Collechlon e i et e e s °n
Gafe and time of commencing examination -w—-mew—<mwe—— L3 A i T P 0,clock
Water temperatute at arrfval ab laboratory —ees— oo
Besidual free chlovine at sampling POENE e e e et e e e i e e p.p.m
RESULTS : ;—tlalt
Total number of bacterial ( 357C) oo e e e per .
Porsumptive test of coliform DACEEETA oo oo sl s oe e i it e s s s
Mot of coliform bacteria ( 357C) mmmommmmmmsmo oo s o oo per 130 mi.
MPH of faecal coliform bacterla { 4°C) = mmmmrosmmromm s e per 100 wl.
Persumptive test of faecal BLreptocoCel ——mm o e e et =
HIE 0f FA@CAL SETEPLOCOERL =mm e = oo ot o oo e ot e e i et per 100 ml.
. - .
REFORT ' ‘ -’_““u__
: . HIE R Rt .
According to the results the water .L‘—S LN i _1"‘”‘ R
: NS | BN P
has been found ro be: o : R S (SRSt
Accuptable s _ J ‘(’"‘-—‘*—"-*"—"’“——1_ Lo
- I
Possibly acceptable ‘ o : l e \J"S"" .
- . r
Unacceptable ) ] J & Lo
. . - - - 1
Fer ‘usc as drinking water DR Ly o¢' Jlnz ol

%143.__



RIYADY WATER & SEWAGE DEPARTMERT
RIYADR WATER WORKS,

Ay Sy wad | AT‘.L,_,),;._“ et i

- )
U‘. L_q—_')—u [} L‘!_‘-dj 4 Lm LI T LY )

‘OPERATION & MAYNTENANGCE PROJECT. el b el ;1-,1,_._.,,_&}_‘., s iyhale, et
LABORATORY {”‘_‘—“L‘,‘i‘: |
'RESULLS OF WATER ANALYSTS '
$ITE : i ‘ frts B
DATE : . . ‘
PLACE OF i
SAHMPLING ;
Temperature A "C i ‘}
Cdour ) ) . ___A.!
Taste ! . d
pil : _ | i
Havdness ~ Total _ mEg/1 _:' . . '
- Calcium - ! __._,..i!
- tagnesium -t }> . :
Alkalinity - Total - : : I
- . Phenolphalefn = ="~ _ F _ l::‘::ﬂ
Conductivity ) usfcm } . ’
Salinity ' mg/1 ! ' ";
Colour mapt/1 ]
Turbidicy NTU . .
Sediments _ ug/l : | ' ...
Kin 04 demand . : . -t . )
Ammoniuvm =M= : ' .,.:::f
Nitrite as MO, _ . [
Bitrate as NO., ~t- !
Sulphate == H-""%
Chlofide - : . o d
Fluoride e ' {
. o
Phosphate as P04 = ’ _-,
“Silicate as $102 - _ : ] 1
Alumipum. e ) ’ i“Hi
Iron™ = _._.,..i
l‘langaﬁeae . - :!
Fr?e Chlorine =M Lo
free Carbon Doxid.e == g
Hydrogen Sulphide = 'm—;
Dissolved Oxygen % i
Marble Teat pH 7 "‘”-;
- TH. : mEq/1 B i e -t-
- TA L . l :
Qm m3/h B
Lime mEa/1
Soda -= Chief Chemist _ JUSSS. Y |



7.2(2)

BibBAEO~RE LT, V7 Vili L TFAEAL BHBAEM, Ly Y Y Bk bbb TR
5 KB PAEL 1o, |

© =k —~BKB

= vx’?%wkiﬁ |

vz A A ERIKH

A BT B

7 p Bk

Rif, FZ DRBMIRO L HD ChH 5,

® © e ®

1.20-0 U7 RBLFAEARKTOD x5 b Ei - 8 mig
M OB 19804£10H1H

OB B EnAyl L ACANY A FavasbexUe— UEEYa—s—

Frxs b
;\A-‘\f%A'B'U?ﬂ ?'fl/ﬁ'ﬂﬁ: mﬂ7’§y!~. %jj
.‘E/\){‘_’)F' S‘ Bf,;ﬁ""}:/ %E'ft%&%

HOE E KW B, Wik, EWES B OES, HEES, SEREE
B K, R B BB 7 |
B 1 & vr?ﬂb-'7111*‘/149‘(#‘77*4}%&%),/}\ﬁ %%(JICAMF%’%%)
1) @ABORIRE |

T | . 1,200 %/
=k ~EAKIE | 1,800 ni/h
| A2 240020
PAEE - & 1,800 »/h
A R 1,200/
Yo7 — y EKE 2800 n %
2) TR vE .
BN M & 7 %~ 5 P kWh
PRE (FaEn A n) 5.5_151‘\# 4 [/ L
w0 " K EEL e
A OF 4 — A L

—145—



9 (AkR)
h B
tk s
M A

WA L5000 7 A
W 200 #
B DAL M

M EAEH 119,000,/ B (10 7A=708sLT)

#3300 6 T2 |
% RS i
D E L S L

3) ROFZ v bl R e oM _
M) B LSRRI B o 12 2, BHTR BB L, BEBEL .
{.:) FUAFREE y7‘.!fcﬁ§z[%$> D AT b, |
) BEEHEA R FAEMR I IR CE v b,

4) BB (HEBOO2K) 2EHL, $AOBERKEL .

5) TRESTHARMRT S5 OES R B, -
© HBAKBOLVA 7Y

@ Bz

@ HBABONEMERY 2 1

7.2 (2)_—@ Tk — NIk R

#

B

A 198049A300

# JJ’~‘/°-7.)I/77<"?U(7°§':/_}--'?:‘ﬁ—y’—v—)

TN A w Ko T

S R OB, mEE—, 'E?lfﬁ-?fi‘%, BH E, %ili %, &WE

& F~—n e TR (VT 4 EmkE)

E

1) MIEE 175 T CREB T o e,

2) ROM27 7 v IIEEML TV 5D, €50 — 4 ORAT D o Clds s
WHb D ote ROML 5 v b bBEHKOMES S D, R D & o C o

oy,

LEdoT, ROFZ Y bRV ERR I F A AAEOBTRETRSH), 7752
YHAEEL TV B,

—146—



3)

4)

5)

7 —
RFF - FFa ] oLy mm| BT - [
B
WIEE .
FLIHAKTS 1 L8000 m N
B2WKS 5+ 2400 nish

ks, AEFIREKOWEINLL400 p2/h RRL Tl fog
X H

g F

H =N IR 7 4 AR .iif B &
pH 8.0 (8.0) 9.1 8.6 (8.6)
TDS (mg, 2 ) 11.0 _
(mg,/ ) (550) | (6086) | (245) | (240) (331.2)}
(03003 . :
Bl
Ca .(g78) 7.2 1.9 1.7
(360) (85) | (85)
Mg (3/4) 38 _ 3.0 31
(190) (185)
WA 275 118 | 108
(mg,/ 4 (1375) (150) | (54)
P 7oA B 023 | 001
"2,/ ¢) (11.5) [(05)
B 11400~ |
(S, om) 1500 (1700)
. (1800)
CeqHvmgn | 220 (250)
(CLELT) | (225)
80, (45) €200
N—-NO, (m27¢) | 202 234

—147—

B () NDOKERHEEROEE AN L HPEMTE b,



6) HRTEAR
BFakE229000/d=9542m/h & LT

E- S Kg.7d ng /2
5 4 % 2881 1258
PR 4255 185.8
BRER -~~~ ¥ 168 7.3
w = 50 2.9
7) B #
I
Switchgear
RO No.l RO NO. 2
Plant Plant
Pumping Reservoir

No.l Cold Lime

No. 1

Reservoir _
ing :
_ 7 “Hpowe- Filter
S v e
. Thickner S
' Thickner Q O Q
. _ ,

: No.
No.2 Cold Lime Filter B ?;;Sgi

Chemical
Storage

WA AINE S 5 ¥+ DRBIT L LT, RAEEIILEAT v+ 77—
SR CE By

8) =% //&ZLL”? :
AT v ORI F—r~BIHL B, L, FREID AT v o kHT 5 EE

AHC B D, E I EHEV b O T,

—148—




9)

ROFZ v+
%1f§yrm%ﬂufwaﬁ,ﬁ@%mﬁﬁ%mLfbmma@caf&o
to(kﬁb,i&v~ﬂ—m%ﬁﬁmﬁ#bfb6&iﬁfﬁb,ﬂ%»@
WREE L4 0 0t /h & RL TV i) o
ﬁZfayruj%vlv»%mﬁﬁfnv%ﬂ%%b.%%ﬁf%ot;
ROBBI DUCTR—GHIBIEL, b ok 75y L kD Epe T i P
R '

ST a— A 8BXL000m 2EL BN, 1 AR TFROMY 14080

%91_}'/7?]‘6?&9‘(\"%)0

—F— 00 00 00 00
00
10 8
140
00
¥ _ 500 0O

oo oo

L

! 75 : I

1.200—-® <wLXHkiE

b Bk p¢ m

i

1)

2)

3)

19804104818
SLY e A Boe ‘)7:{?'., EFAAyFE 8B :)_ﬁ»—.—j."/
R B, FE REZE, NEERGE, BB R, R % BB ¥

ﬁv—»-?»v;4ﬁ(#¢?4ﬁﬁ%)

7 op—

vk ~BABERAL,

Fas=

id
,200x/h

THl

K A

R R AFCE o, BEMOMT BB L5 REERRD A
DG b, '

—149—



| om g Bk # 1k
pH 7.1 9.3.
Caco, 210
BFEA4 (m/L) 300 “ 275
810, (mg,/2 ) 45 20
BRAGEE (p o) 1,710 1,940
K OB O(T) 47
1) EREAE
.ﬁ A A 126 ~130 ppm
Yy = ¥ 182~220 ppm
TR 4.7 ppm
w # 0.8 ppm
5 B

fuyfvfﬁV%%EA%ﬁ%K#ot@T%ﬁKiikhﬁ,%W@ﬁ&
—ﬁﬁ.ﬂ%ﬂ%ﬁ%ﬁkL(ﬁﬁﬁ%%ﬂ%bf%ZOmx4mM8Mﬁ)
BELEHBE I,

RO

ScChemical
Storage

\
i Waste _
ftzkthE b Water Reservoir
- RBRaH Tank

—1

00—



6)

7)

8)

'm

Aoy _
xﬁv?@%ﬁb,ﬁﬁE%MLT%1h®£ywiﬁﬁyfw~ﬁmmL1
Whe Hy FOEEIL, 60,000m D L Ch b,

ROFZ v+

RERE IR, ok,

B £ #

)7 F IR B POHICH D, BEICEARD S & & G EETH b,
WA AR KM R U & P\ TR |
WRHK BB CH B L ETDSHBC & ok [ TR 2T AER~
@ﬁm%%mpvatwf&aa@ﬁ%ﬁgotg
ROBEHADHUEERKBO 7 « v A £ CRAERL CTHHAE, TAELR
%ﬁéhtbtbo |

ROZ 53 b IEDW CREKBHHER — RIS\ L 5 o b,

‘2%£L1,%ﬁ@@ﬁmukuvrmﬁAvxﬁiwmmE%Tﬁwﬁ?o

- IH - B

BLREEE  (ps om) 2,400
aE (mg,/2) 20
4B E 7 ) -
CaCQs & LT _ : 429
EEAAY (1 ) 465

1.20—@ Yz A4 3KS

\h

H

i

¥ I

&

B
=

i

1)

19804F10H418

ENAF o8 BT o _

WE B, Mk, HGEE, HEEoH, ATERAx, @A %
R %, BE OB

Fw—n e TATeA 7 (Vo F 4 H8KE)

FBABEY vy HEBOEBHCH D, BH vk -, < U XTEKE

PHEMLCEY, A-FHK LB 0LBEIND, _
WHIIT 2 A PSR RIETH B 2%, BEEE 0BT ICET 0@ shbhi,

—151—



T7.2(2

[5_};%
-[-ﬁ

1
3

% =

2)

3)

4)

5)

A5y o 2kmiz MR 5 7~V ICEEL T B, TAREER 7 = v ABE
THBIN TV D, o '

A Bk BIC K EHH B ORRRDOOR S RTH 0, OB D KERE b
L TT TV B,

g — '

vk, w XK LR Lo

REER

L8 00#h

x A . |
UVFWLTK%QH.Twaﬂ@EMﬁT&U#Mmﬁbnkwotﬁ
HoBABLEDTF — 2 FHEMI N\ B,

i B

AR B O D,

ﬁﬁﬁmmﬁ77/»%ﬁﬁfaa¢nw R K T, Pﬂﬁkl07m/xf
B ¥ Rk 2R Ch B, |

77 = v ECORHLmOBEDNTHELHW, 2~ AR +HLEE LD R b,

~@® N - NFHKIS

#
#

=

1)

2)

1980410848

W B, fE—, B LB, NERSE, BE %
A % EE B |
Fwone TV xd 7 (F0F 1 EKE)

u7Fm®@%swmK%bvvwxofﬁﬁ%ﬁéhﬁﬁﬁkzb,E#F
DARAMLIRC > = 4 1 v BARB~, BIF ORI 714 £ DI < & — 8
KBP~EKL T By

DA =
[BHE = £ 1 S BAS)
(BHFE — [RE%E] - [GRER — [FAB] - [<or—BKB|

~ 152 —



3)

4)

IR |
B F A 720w h

CWHA K '230wz4mm%(%ﬁ)

v

1TRH6EY7 7L, vmx4v%m%®%@§fﬁﬁLTVbtw,f
— FRAFTEID o,
ﬁﬁ'@%/?U/?ﬁﬁklb%%ﬁﬁ@#%ﬁ&@ﬁbf&bo

E e h W % | 5 B B
oH 8.0 104
LEE (meq/L) 131 9.1
(mg, L) 653 456
BH#EA 4w (mgrL) 200 215
S0, f
BLRUEHEE (ps/em)

5 * o ff

ﬁ@m%mﬁvvymvym—»?ﬂﬂﬁ%bm@xﬁ%ﬁbrxb,ﬂ#ﬁ
FOREUBAF ~OEBBIEA S D, '

1.20-® HATH@Kig

Bl

B

G-
7

e

=]

1980410 A5 H
f7r77—7/-7»#7—/()vrm %#nyﬁﬁm%wMﬂw)

Forvwr-avy)g (Fiiarz=vo=7, 797%/)
ﬁﬁ %, gﬁﬁ% # kB2 8, A3 ﬁ ﬁm ﬁ wE

AN IR R
¢v—w-7»/149(#¢74ﬁﬁé)

'uvrﬁﬂtkﬁ%7mmmmgu 1m9¢#6ﬁ@&%ﬁb ﬁﬁ%a

ROﬁ%ﬁlﬁﬁkh5u&?%otcU?%ﬁlb?ﬁ%floomhhﬁ
ﬁﬁﬁﬁb,MEKQﬂ%HEﬁﬁKTﬁW“£KLTL6t®;kf%éo
tbfﬁyrmét,u+rﬁmmgﬂénkR07§y+¢%%m&%Lf
BT 5 S T B BIFAD B LU KRN LR R A L
»ﬁmRO@mﬁL;ﬁbmmﬁmﬂéﬁ%L{TDsmmw/aE&@K&

—153~—



L s L T By : o .
VBRBHIZ 2 75 v ik, SHE, HEME, MNAEREKRY A, B

1,

ROZ 5 v 1, BHEREFR, WbEFKE BEMCBTShEs, 1

kBN T SRR b b, BBEARSHERERMVR (T LEW
CHRBETERL 77/ Thoks b1 77 b ARLABCENCHAEL
BECAKHEL AANNIKESHEB LY, 77 -5 0RLILELL
HHEEETRUEIRHLDTH o',

4, HERE
5 RO#H

. Rfle®E
Z3mssn{bn
'T:"/-:‘- - ﬂ'l@\{‘ﬁl
BiEHo&En e -
Yourrza-b,

%#ﬁﬁ%z%m%ﬂtﬁﬁﬁb,ﬁ%fm%T%o
AR 585C~75C '
8HX 45 0’/ K, %mﬁomﬁzszm@m
5ER1EFM, H£728004h
wE v —#K (Na,CO3)  360m/%

A K 130mg,/2

BER -2 ¥ 30mg/ L
(g REme T ) '

2.4 MW, OOOkVAXTD, 416kV,60
ﬁﬂyswuqu—g 55374-—b%®o_
{/J—»mmmaa@yvaz/uwﬁ ﬁﬁ@xﬁ;akﬁﬁ%%
thgﬁﬁ&ﬁh%n,E%d%TQEEXA—X%%f,4/756
Hrhb, KRTOREA~— 23, —BAOBEIS25m{bVORBIEH

LTvb 2 BB bhi,
o O
@,
e
-

;E‘?;L -

Ragim

OOOO
Q00000

y,

O

—OOOC000.
00000000

oooocoo

2B 8 : 3&A

HE_FS Eaggz ~ - A

- 154 -



6. R v 7 EERYIE, PUMPE QUINARD M 64
At 246bar b gL |
36 barddh o 2s
TOEERE BERIENeY L ORBERBD TR NCLE DI L, 451 DROY
6 0 % OBERECEEL 7o,
Ro@%ﬁmﬁé L2~ 1.4 kWh, nf

& Kk 21120 DS LAT0ng e
R UK 1,950 » TDS 500~550m,/2
S ek "

K E ROEBEK pH6.6
HFE»L OBRFRK pH?
8 25 vuoNB '

O BAFBHFEBECTO T 0 e 2 THELIE AT » 213, H100mX200
m/EOEFRCEBBE S By MR ~BE L, (i3
ﬁ%?éosgom@@i5%'

@ BIEHAR, 750 2 PEEREBORHMOBEARIEL T 5 - o &
ETHh o,

 MOERBOBEEEL RO LB TH B,

Dl 7

7.3 fI5EbERF
B BE AR | |
ﬁﬁ%ﬁmx&5ﬂ;vﬁ®ﬂ$%b@$ﬁm&@@£%$ﬁaLfﬁbtﬁ,%@ﬁﬁf—ﬂ

BRI 5, |

BE, BHGUEMNLLEEZE, TONEYAREEATCTRLLOT, BEYEEL I,

'/ﬁﬁ§ 

W) 9A28F 19804 HLALYBREFRMAE
@ 108 B8H1980&F HLELLEERKRME
(8) 2B TH1981% HbabERIRRME

— 155 —






OPEM_LAND ]

GROUND STRUCTURE [ e |
SUBSOIL CONDMONS i
G e e e e e )

BOUNDARY WALL

+ 600

FENCE PDSTS T-BEAM m‘m»s,;,L
CfC=< 1500 mm

’% B 11 1/c%menD MATERIAL FOR PARTS OF
M Y b ‘ EMBARKMENTS TC BE TAKEN
o438 NETTING 2mm ¢}, FROM THIS KNOLL
P & GALVANIZED | ~
g o
od L
:zl-- g' 1 a -
E§ g _ﬁ_,,g;b?%———m?"
¥y EY LR
z % = e ¥
3F 2 LRl .
= )
+ 590 % - . 8! H
°'_ nyd mero B !
W 225 mm (37) CONCRETE PIPE ——7—* .
a
-ﬂ
=
o FENCE POST
> - SCALE 1: 20
+ 585 . . AN i
B . o = =B -
LONGITUDINAL MEASURE| m |3 4 % = % %
- (=3 o ol o ol
: 5] q = {9 W
PPE TOP ELEVATION m s 4 S L
: : 2 B .__w 5
S10PE N T 2} 3
L DIAMETER ) -
SCALES 1:2000
1:100
TREATMENT PLant s 7
MENT Prant sive
- OUTLET
SLeGE N MaIn
SEE o Pump NOT UN Tais conra
DRG ™A -2 ACT)
WASTE WAfER tanx
. : K
AN Stubge THICK
(MOT N ThyS comsﬁ‘gfﬁ
J -PLAN
1’ T ed SCALE 2000
i |
+586.00 I F'
{
e
P L I A { ”
-~ , ]
~ ~ ! |
P}' ~ - 4 j
- ~ SCALE 1:100
/ ~ oL 5 om
BLERASSSS o L e — i == - i —. — ke 4
/ SCALE 1:1000
T— - o 50 100 m
SCALE 1:20 k 4 1
' 1] 3 m
2B sttt ok == SCALE 1:2000
0 a
SCALE 11100 bt s 200 m

GATE SET GUT BY -
THE ENGINEER

-FENCE SEE SETAIL

| ‘mEcomrp DRAVAT

i DAT : . B Lun '\rj

' ¢ i g e e cLe

! ¥ | S )
Lk T o

-z
TV T

P Y S

Tf‘lf“- < -——-A' e i ——— e
Rl -

IR R AR I -

B

RIYADH WATER TREATMENT

AND DISTRIBUTION SYSTEM

il

FIRST STAGE _ TREATMENT PLANIS

MANFOUHA

SLUEGE LAGQON PIPELINES

YATTENBYGGNADSBYRAN

COHSIAING  BNCMNETS A0
n

GATE SLOPE (53.590 4

: :F '.L.w L\fi:m- IF 'J

s 11

HFEREHCE OF TEVISON OATE 3iGH POSTROR 333 - STOCRHOLM S - TWEDE

DRAWING 1D
VB8-10654 - MA~ '293)\

w ‘ ﬂmﬁ, AFIROVEC DATE

FEGR. 19¢8




-
| I !
_________ N N N bl e : , J
d ! i
il (%] 1} [H N ]
AN : : - ; - g
! I !
l! f 1
() (5 == L e ———
\\ /;’ ;4_-‘- . gr li
\ B f 1 o ' {
NN N i O sme s | 3
% "\ et ;: . I i
~ hNCT | . H i
\\ \\ // Al ' H o TR NS A—
\‘ \ " ! | i - 1 I
. AN 1 ' H H |
N N . X HEXISTING BOUNDARY NAuL
. A | A | |
.. \ X g 1 P |
\ i cfEifE FLTERS
\ ZULLDING
.\‘|! : _J ¥ .
- ] L : NASTE MATER TINK
~ Ry
~ y !
- 1\
AN \
A N i E - . R 7
N HERI TS PREZ. 2 ATrAS :
\\ MCAL =~ .
S BAE \—)
-~ ] . .
N -_
[ ] ) l / .
t . \ ~ €230LNG —
. \ - TOWERS SN
J—\]’f’ ! ) ; \\\
_____ _-.\\. :
i 5 f
i : i ' ;
i . B
l Ila:e ‘n; wur ™ ™
{ ! : ' - 1
e A - — —
! : i
_ A GENERA, oAy 1978 ee”
LEGEND UTE NO REFERENCE OF REVISION. | DATE sacﬂ.] AP
i EIIE‘;T!NG BUILDINGS RIYADH WATER TREATMENT AND VBB
~ DISTRIBUTION SYSTEM - THIRD STAGE| arsercecin
RECORD DRAWING R o soves TREATMENT PLANTS presgent i
A_| GENERN . Tssgs[en.ca [crzox? ::J FUTURE BUIL3INGS SQH]:EHSES?)YNS GENERAL LAYOUT ::auﬂné'}:m;
RL. REVISION. DATE |DESIGNER | SGM r 1?%'5——-’““—
BIOKAT :ﬁg&% € MANIAS RESCERT Lt 13482
Egm;iﬁg“”s :::li qflf—tﬁ-?" V.B .8 pare’ | W D d 0 X 9 30w A TS
AST ARLEN — .
e A e e : b SCALE 1:500 DATE 7E3 37} SyioB




A H
v
i —
4 I
—_— ' — 1{—
. | —
3 BN
P - S
s !
R ~ t
g R
- N U
T FOAMED PLASTIC :
B
T:' —_— - =
H -
HE&YY DUTY. COVER (24 TONS YO BE) .
FLAT BAR 5045 mm (PROVIDED & THE EMPLOYER}
BOLTED YO THE VAIVES a
WEDGE — ¥ -~ SPLASH PLATE —
L ¥ PLUG VALVE o
- - -
s —GUARD  HowsE: |CCNCRETE SUPPORY ]
\BELOW THE VALVE
- ﬂi — A - DRAINAGE —_
3rdee T T R T ssﬂm\emm $ D208 %
M-Fence see oeta s e x AIR RELEASE VALVE ]
L - SCALE 1:20 ' g ]
- . T
C/ g'—*-' - —_—
PLAN _i h .
SCALE 1:2000 : DETAIL
[ E*Z*F- 3 : A-A
plled .
{ ! ﬁ. .
1y A ] .. — DRANAGE
"_ub‘(l 1 2
1 b - =
2 .
- S £ -1 R
_ N [ " o A \ . I | ./ A
FENCE PCSTS T-BEAM 76:75:8 5’(}’ ) L e K [ b
- Ll - o '_; £ 3 I .
C/C< 2500 mm o (‘,.(S, e L, S -3-# — : ' J |
L L A . ! .
A 331 150 50 o i ; :
S NETTING 2mmg| | . - 2 HEAVY DUTY COVER : / \ \
‘GALYANIZED | - T - [2¢ TONS TO BE} : . .
§ I " ™. {PROVIDED BY THE} ; . T
" : EMPLGYER) : / I SLUCGE THICKENER
: ' _ H _ NOT @M  THIS CONTRACT
ll.‘l_.'t4 EER b : .
i r‘_:t%’K% b 1 . - “
' 1] > - i —————
a4, & : : Y250
. b A Hy emm #@00 e . B A E — —s .
J»‘% :H 1 S ~mm ¢ /D 250 ‘;; m mm /@290 *k *11 ' g3 57100
e X P A e —— ——— b i AT T
¢ 2 = B . /1‘// T i l r §52050 !j
FENCE POST S S s e aaill r—— ASIEIEBAIIR A ANANAR S S SIS B
SCALE 1.20 ‘ _ s SR L0 mm @200 S | :
WASH - 0UT VALVE (1NOQ WITH 3 VALVES - Lommms r o180 12mm § Q200 “fe \ _
SCALE 1:20 1NO WITH 2 VALVES) - 50 g =+ zgmm CONCRETE LAYER
\uz mm # (@ 200 %k le'mrn'i@ 200 ¢
I 8-B FOUNCATION FOR CLARIFIED RECORD DRAWING
- T WATER RETURN PUMP {FLOAT GUIDED} - i MR
gm0 _ A e e F ends - SCALE 150 RATE | BIOK A T
o 2 AR F R NS CONTRACTING €0
ks -~ {L b . \,!: \ e L _
C - - ~ - 1
. . -~ T N. SKIALAS
T~ .
few o ~— N/ .
- _——— § T
- iy
- s, b eaes | sen 120 o o [ ] RivADH Water TREATMENT
P ~ . CONCRETE SHALL FULFHL TPEH%N%TE::SQ FBRHE’.EASSICEHEHI SHALL BE UL 1 f"‘" I N R ST S
~. SULPHATE RESISTING | ROANCE WiTH 854027 : bk I I FIRST STAGE _TREATMENT PLANTS
= BLINDING CONCRETE SHALL BF OF CLASS I NOT (ESS THAN S0mm THCK SCALE 1:50 A e S ENT PL
REINFORCEMEN?  SHALL BE DEFORMED BARS OF MIGH TEWSLE BILLET STEEL EXCEPT : SUN KRN SO . e MES
FOR STIRAUPS WHCH SHALL BE OF MILD STEEL 1K ACCORDANCE ° " 2 Fm _€_{ 3 _[GATE GUARD HOUSESIOPE|S3891 2% | SLUNGE LAGOON DETAILS
WITH §S 795 THE CONCRETE COVER TO ALL REINFORCEMENT SHALL B 3 JNOTE RATBAR ______|51488] Egb VATTENBYGGMADSBYRAN
BE MOT LESS THAK 30mm . SCALE 1:100 - BEWFORCEMENT _____ 0968 COMMUATIHG EHGINELES AND. AICHITECTS.
SECTION C XHTS BETWEEN ROOF SLABS AND WALLS TO BE PANTED WITH ASPALT ? H o A e e e o QFJW[ Sochd
SCALE 1:100 AES BOTH FLANGES OF EACH VAVE TO DE SECURED BY Two Tig SCALE 12000 A | {0OuBLING SF SLUDGELINE 130 968, 7 .
BARS 6mm ¢ TO FLANGE OF ARCHOR PIFE Py : 100 0 urr | no TEFLHCE OF HRILON Dm' HGN POSTROL Sl + STOCKHOUA § - SWEDIN
9 bt bt et ] DELCHED Fas AFRGVED | DATE © DEAWRG HO
L ﬁ“ﬂ) Fear 1988 VBB.10654-8%-294C







1.3 THALERERCHRNUEORERCHRS SR |
BRI 260 UC, B &V o Fq L%ik%? EO T 3ﬁ@dﬂ’ﬁébﬁﬁ$&ﬁwﬁp}z St b
Chb ORBIICE, SEOWEOREE L1 ok FEE S v,

COBRE, AHEOHEBKRAYPRFCRB I AR, KO TRBELELbOLBbAS

DC, CREELOE SEHT Do |
O, BHMEEOW LB v 7 4 BAE~REShEHETFIE ANBEAE, 26

OTHR, HEY, i, BMEASREL LG, ARShLRRT 2 LUK HALRICH

LI HmE &L &% i, |

—159—



Annex to the Minutes dated September 28, 1980.
At the site survey, foiiowing matters are

proposed and'agreed by the both parties:

1. List of Attendants |

2. Schedule

3. Scope of Feasibility.study

4, step_of Works

5. Method of RO Brine Reject Treatment

6. Tentative Report (see next chapter)

7. Questionnalires
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Annex l: List of Attendants

1.

JAPANESE DELEGATION

Masaru Ikai

Masahiro Mivazaki

Keiichi Kato

Koh Tsuda
Shigeru Itoi

Yo 'Makahashi
Junzo Hori
Gennosuke Incue

Hisao Ogasawara
Japanese QObservers

Naotoshi Osada

Takashi Komori

MOAW

H.E. Abdulla Al Gholaikha

Mohamed Aquil Khan.

Amer Hossein

Omar Al-Sheikh

Delegation Leader,

‘Water Re-Use Promotion Center

InduStriai Water Division.
Ministry of International Trade
and Industry

Japan International Cooperation
Agency (JICA)

Water Re-Use Promotion Center
Water Re-Use Promotion Center
Water Re-Use Promotion Center
Water Re-Use Promotion Center
Water Re-Use Promotion Center

Water Re-Use Promotion Center

Deputy Japanese Representative
for the Secretariat to the
Saudi-Japanese Joint Committee
Resident Representative

Ri,adh Office :

JICA

Deputy Minister for Water Affairs

MOAW

Deputy Director General
Projects Fxecution Department
MOAW

Assistant Director General

. Water Resources Development

Department

MOAW

Civil Engineer

Projects Execution Department
MOAW
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Ann

ex 2: Schedule
Date Schedule Person to Meet
Sept 26, Fri|Leave Japan
" 27, Sat{Arrive in Riyadh _
n 28, Sun{Visit to Min. of Agr. & Water H.E. Al Gholaikha
Explanation of scope of work,
step of works, site survey and
tentative report '
" 29, Mon|Visit to Water & Sewage Authority
(WSA)
Samc explanation as above _
" 30, Tue|Visit to Manfouha Sewage Treatment| Mr. M. El-Baker
Plant ‘ .
Visit to Manfouha Water Treatment
Plant
Oct 1, Wed|Visit to Water Division, WSA
Visit to Malez Water Treatment
Plant
" 2, Thu
" 3, Fril|
" 4, Sat|Visit to Haiyr Pretreatment Plant
" 5, Sun{Visit to Salbukh Water Treatment
_ Plant
" 5, Mon|Visit to Sewage Division, WSA
Visit to Shemessy Water Treatment
Plant : S _
w7, Tue|Pigeonholing of obtained data &
preparation of interim report .
" 8, Wed| Explanation of interim report ‘H.E. Al Gholaikha
v 9, Thu
" 10, Pri _
" 11, Sat (Resérved for the above
explanation)
" 12, Sun|Leave Rivyadh
n 13, Mon|Return to Japan
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Annex 3: Scope of Feasibility Study

1.

Asseeement and investigation of RO brine reiject disposal

(1} Disposal into the municipal sewage pipeline

(2) Disposal into the sewage treatment plant

(3) Water reQuse program

(4} Proposition and evaluation of effecﬁive concentration
method of RO brine reject

Selection of disposal method

‘Planning

{1) Conceptual.design of selected method

(2} Cost estimation

{3) Economical analysis

Conclusion

(1) Conclusion

(2): Proposal and ccmment

Explanaﬁion of the result to -the Ministry of Agriculture.and

Weter, the Government of. the Kingdom of Saudi Arabia
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Annex 4: Step of Werks

.1; JOn the spot survey in Riyadh
(1) Meetings
(2) Visits to plants
(3) Interim reporting
(4) Confirmation of figures (data)
2. Works in Japan
(1) Analysis
(2) Planning.
{(3) Evaluation
(4) Drafting of final report
3. Explanétion of draft of final.report to the Ministry of
Agricultﬁre and Water, the Government of the Kingdom of

Saudi Arabié
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Annex 5: Method of RO Brine Reject Treatment

1. Evaporation pond in the suburbs
2. Deep well injection
3. Concentration by eiectrodialysis (ED) process
3.1 ED process followed by evaporation pond in the‘subUrbs
J.z ED pfocess followed by evaporation ﬁond in the RO plant
site |
3.3 ED process followed by Evaporator/Crystallizer
3.4 ED process followedrby déep well injection .
4. Concentration by reverse osmosis (RO) process
5. Disposal into municipal sewage pipeline

6. Recovery of valuables
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Annex 6: Tentative Report

TENTATIVE REPORT ON
FEASIBILITY STUDY OF
RO BRINE REJECT TREATMENT IN
THE KINGDOM OF SAUDI ARABIA

(DOCUMENT NO. SAJ/RO-101)

SEPTEMBER 1980

JAPAN INTERNATIONAL COOPERATION AGENCY

TOKYO, JAPAN
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Annex 7:

Questionnarie (1) -- Water Treatment Plant in Riyadh

Questionnaires

1,

——
Name of gizgg?ty Cperational Record Expansion Program
1] 3 3
Plant (m3/day) (m3/day) {(m°/day by year)

Maximum | Minimum | Average
Malez
Manfouha
Shemessy
Haiyr
2. Quality of treated water
Items Plant- Malez Manfouha Shemessy
Total dissolved solids (TDS), mg/1{ 1,100 900 800
Chloride, €1, mg/1 270 180 170
sulphate, SO " mg/1 450 370 300
N 5
Calcium, Ca , mg/l 40 40 40
meqv./l 2 2 2
. 2+
Magnesium, Mg ', mg/1 36 36 36
meqv. /1 3 3 3
Total hardness, meqv./l 5 5 5
Source: Proceedings of Nice Int'l Congress in 1979

3.

Capacity and expansion program

Layout drawings, both present & expansion program
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ouestionnaire (2) -- Sewage Treatment Plant

1.

Man fouha Sewage Treatment Plant

Year of completion:

Design capacity: : ‘mB/day'

Operational record: Maximum m;_ H%“mB/day
Minimun . mB/day
Average m3/day

Expansion program: m3 by )

“{Year)
m? by

Planned plant

Location:

Design capacity: m3/day

Quality of influent, both design & operational recoxd

a) Temperature: / 1)
b) pH: ' / . m}
¢) BOD: / o
n)
d, SS: 7/
o)

e} n-Hexan

Extract P)
Substances: /
S q}
f} Iodine
consumed: / r)
g) Phenols: / s}
h) Cyanide: /. _
: t)
i) Alkyl Hg: /
j) Organic P: / u)
k) Ca: _ _/

Layout drawings, both present & expanéion program

Pb:

/

{6 valence):

Ag:

Total Hg:

Cr:

‘cu:

in:

~ I~ N NN N

Fe
{soluble):

Mn
{soluble):

F:
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Questionnaire (3) -- Sewage Re-Use Program

1. Capaclty and expansion program

Design
Name of Capacity
Plant (mg/day)

Operational Record
(m3/day)

Expansion Program
{m3/day by year)

Maximuam

Minimum

Average

Quality of reclaimed water, both design & operation record

a)
b)
<)
d)

e}

£

g)
h)
i)

i)

k)

Temperature: / 1)
pH: / m)
BOD: / n)
Ss: / 0)
n-Hexan Extract P)
Substance: /
q)}
Tadine consumed: /
r}
Phenols: / .
L : s)
Cyanide: / '
Lo t)
Alkyl Hg: /
' u)
Organic P: Vi
/

cd:

Fe (soluble):

Ph:

Cr (6 valence):

AsS :

~ ™~ I~ I~

Total Hg:

Cr:

Cu:

an:

Mn (soluble):

N "~ ~ T~ ~ ~~

P

Layout drawings, both present & expansion program
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Governmental Office in ‘harge of

uestionnaire (4) -- . N
© Water Administration .

1. Basic Plan of Water Resources bevelopment:

2. Potable Water:

3. Induétrial Water:

4. Aérichltutal Water:

5. Sewzxge:

6. Organization Chart of the above

7. Law and Regulation related to Water Administration:

8. Budgetary System:
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Questionnaire

Bearing capacity in the Riyadh area
Boriﬁg log.of deep well more than 1,000 m in the Riyadh area
Permeability.cbefficient of.aquifer
'Atomoépheric'pressure in ﬁhe'Riyadh area
Wind velobity and direction in the Riyadh.afea
Evaporation rate in tﬁe Riyadh area
Topographical map of the Riyadh area
_Available utilities and their‘unit prices
1) Electric power
2) fuel .
3) Steam: Fressure (kg/csz), Temperature (°C), Quantity (kg/h)
4) Water (for cooling):
Quantity (m3/h), Temperature (°C), Quality
5) Chemicals _

(1) Hydrazin
{2) Coagulation aid
{(3) Biocide

(4) Na2C03

(5) NaOH

{(6) NaCl

(7) st‘.o4

{8) Nézso4
Labor

1) Cost per hgur

2) Cost per year

3) working day per year
Depreciation

Formula used by MAW and WSA
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7.3

Annex to the Minutes dated October 8, ;980.
After the site survey following matters are

confirmed:

1. Actual Schedule of the Jabaﬁese-Delégation

2., List of Attendants

3. Réferenées obtained by the Japanese Delegation

4.  General Conditions

5. Summary of Interim Report
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Annex 1: Actual Schedule of the JAPANESE DELEGATION
Date Actural Schedule
Fri., Sept. 26| Leave Japan
Sat., " 27 | Arrive in Rivadh
Sun., " 28 | visit to Ministry of Agriculture and Water
(MOAW) to explain scope of work, step of works,
-8ite survey and tentative report '
Mon., . " 29| Visit to Water and Sewage Authority (WSA)
to explain the same items as above
Tue., " 30} Visit to Manfouha Sewage Treatment Plant
' Visit to Manfouha Water Treatment Plant
Wed., Oct. 1] Visit to Water Division, WSA
Visit to Malez Water Treatment Plant
Thu., " 2
Fri.'-, " 3
Sat., " 4 | Visit to Haiyr Pretreatment Plant B
Visit to Shemessy Water Treatment Plant
Visit to Water Division; WSA, to receive data
Sun., " 5| visit to Salbukh Water Treatment Plant-
Mon., " 6 | Visit to MOAW to receive data and to discuss
1 general conditions _
Visit to Sewage Division, WSA, to receive data
Tue. " 7| Visit to MOAW to receive additional data

’

Preparation of interim report

—173—




Annex 2:

1.

List of Attendants

JAPANESE DELEGATION

Masaru. Ikai

Masahiro Miyazaki

Koh Tsuda

Gennosuke Inoue

Japanese Observers

Naotoshi Osada

Takashi Komori

MOAW

H.E. Abdulla Al Gholaikha

Mohamed Aguil Khan

Amer Hossein

Omar Al-Sheikh

Delegation Leader,
Water Re-~Use Promotion Center

Industrial Water D1v151on
Ministry of Internat10nal Trade
and Industry

Water Re~Use Promotion Center

Water Re-Use Promotion Center

Deputy'Jépanese Representative
for the Secretariat to the
Saudi-Japanese Joint Committee

Resident Representative

Rivadh Office

Japan International Cooperation
Agency

Deputy Minister for Water Affairs

MOAW

Deputy Director Generdl

- Projects Execution Department

MOAW

Assistant Director General
Water Resources Development
Department

MOAW

Civil Enginéer

Projects Execution Department
MOAW
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Annex 3: References obtained by the JAPANESE DELEGATION

1. Water treatment facilities

1.1 Water treatment plants

(1)

(2)

Quality
Month:
Plants:
Items:
Range:
Results
Month:
Plants:

ITtems:

of treated wétef

Augﬂsﬁ 1979

.Malez, Shemessy and Manféuha

pH; toﬁal hardness, total alkalinity
Minimum, average and maximum

of water analyéis {average)

August 1979

Malez, Shemessy and Manfouha

Temperature

pH

Hardness (TTL Ca, Mg)
Alkalinity (TTL Phenolphtalein)
Chioride

Conductivity'

KMnO,. demand

5
Manganese

Aluminium
Free Chlorine

Dissolved oxygen.

Checking point: = Parsh Flume

Befdre'filters*
Aftér pumps
‘Note: * Items from Chloride to

dissolved oxygen are not
incicated.
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(3)

(5)

(6)

(8}

Capacity and expansion program {design capacity) in m3/h
Malez: 1,200 |
Manfouha: No.l -- 1,800 (plus 600'from Hayir)

No.2 -- 2,400
Shemessy: .3,600 |

Haiyr: . 900

Available utilities and their unit prices

Electric power: SR 0.07/kWh
Fuel (diesel oil): SR 0.055/liter
Prices of chemicals

Coagulant aid (polyelectrolité)ﬁ SR-Zl,OOG?ton

Na2C03: SR 1,030/ton

H,S0,: SR 1,050/ton
Operator

Cost pex yeaf: SR 100,000 (approximate)

Working days per Year: 365

Depreciation |

Déprediation or amdrtiéation is not appliéd
Drawings |

1) General:laYout of Malez Plant

2) General.lay6Ut df Shemessy Plant

3) General layout of Manfouha Plant
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1.2 Salbukh RO Plant (verbal information)

(1)

(2)

(3)

Capacity (m3/d)

Design: 60,000

Maximum: 65,000
Minimum 55,000

Average: '60,000

Quélity of permeate water

' Brine
Ttems Raw | Softened| Permeate| Reject
TTL dissolved solids mg/1 |1,300 1,300 75 10,000 -
12,000
Chloride, C1~ Y ' - -
mg/1 300 200 14-15% 3,000
300 _
Sﬁlphéte; 3042— mg/1 375 475 20 500
. 2+ -
Calcium Ca2 mg/1 450 70 40 600
. meqv/1 2.5
. + o '
Magnesium, Mg2 mg/l| 225 140 14 ago
mqu/l
Silica mg/1 22- 8 trace 80
_ 28
TTL hardness mg/1 14
meqgv/1 6.8 (6.6)* 5.5

*: read from meter

_ _ - _ g
TTL operating volume (m™/h)

After cooling:
RO feed:
RO pérmeate

Brine reject:

2,824
2,112
1,950

195
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2. Sewage Treatment
j2.l.ﬂMaﬁfouha Sewage Treatment Plant
(l). Capacity (m3/d)_
Design: 40,000
Maximum: 57,000
Minimun: 42,000
Average: 45,000
(2) .Check items of effluent quality
-BOD and 58
(3} Reduction ratic of BOD
80% (designed and operational record)
(4) Expansion prdgram
80,600 ﬁ3/d_in 1881
200,000 m3/d in 1983
(5) OQuantity of influent
1) Mohthly maximum; minimum and average
2) Daily maximum, miniﬁuﬁ and average
3) 'Héurly change”
(6) Quality Of efflueﬁt
1) Effluent standard
None
2) TDS'varia£i6h of éfflueﬁt
2,000 to 3,000 mg/1
2.2 Sewage pipeline
(1) Drawings
(2)"Pr§files
1) Trunk line
2) Branch line connecting water treatment plant

and trunk line
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Annex 4:

General Conditions

l. Sewage

(1)

(2)

CITL volume: 80,000 mS/d in 1981

200,000 m>/d in 1983

Quality of influent énd effluent

Items Influent Effluent

TDS 910 -~ 3,130 1,800 - 2,340
BOD 207 - 269 77 - 95
SS. 333 - 4690 82 -~ 117 -

pH 7.2 - 7.8 7.2 - 8.0

2. Re-Use

(1)

(2)

Standard of effluent from sewage treatment plant:
None
Object for re-use

1) 'Agriculture

2) Ground water increase by injection

3) Industry

3. Design basis of RO brine reject treatment method

(1)

(2)
(3)

Quantity of RO brine reject (m3/d)
1) Malez: 2,230

2) Mahfouha:. 6,800

3) Shemessy: 3,310

Recovery ratio: 90%

Salt rejection: 97%
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4. Weather conditions
Data in’ _
Items Tentative Report Présent Data
Temperature
Minimum -4°¢ ~5.6°¢
Maximum 52°C 47.7°C
Relative Humidity
Winter 100-16% 100-6%
Sunmer 51-5% 68-2%
Highest Total Daily Rainfall
Maximum 57 mm/d 51.5 mm/d
Annual Reainfall
Minimum 15 mm 12.6 mm
Masxtimum 230 mm 176.6 mm
Wind Velocity .
Maximum 128 km/h 32 km/h
Wettest Month March - April November -
February
Driest Month June - October Jﬁne_— _ :
' September
Evaporation rate 3,000 mm/y 2,890 rm/vy
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Annex 5: Summary of“interim Report
1. Disposal method of RO brinerreject
{1} Manfouha
1)  Concentration by electrodialYSis {(ED) folloﬁéd bf
evapofator/crystallizer
*  Construction coét: 17 million USS$
*  Required areary 2,450 m2
2) Cbncentration by ED followed byrevaporatibn'pond
* Construdtion cost: 10 million Uss
* Required area: : 188,0b0 m2
(2) Shemessy
1) Concentratibn by ED followed by_evaporatof/erYstallizer:
* Construction cost: 11 million Uuss

¥ Reguired area: 1,200 m2

2) Eﬁaporation pond in the suburbs
* Construction cost: B:million Uss
* Reqﬁired area: : 150 m2 (in plant site)
420,000 m2 {present lagoon)
(3) Malez
Disposal into.séwage pipeline

2. Schedule

11980 1981 |.1982 | 1983 1984 1985

ment plant .

Method ——Xear

ED plant in o

Manfouha (P) i (C) (O]

ED plant in' - O oo
Shemessy o (P) {C) (0)
Brine disposal Ol

from Malez

{Reference)

Expansion of B I S S

Sewage treat- | 80,000 m3/d 200,000 m3/d

(P)=Preparation; {(C)=Construction: {0)=0Operation
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7.3 (3) Annex to'the-Minutes'dated_February 7, 1981.

1. Attendants to the Meetings
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ANNEX T

Attendants to the Meetings

MOAW Side:

H.E.

Mr.
Mr.

Mr.

Mr.

Mr.

Mx.

Mr.

Mr.

Mr.

Dr. Abdullah
Al-Ghulaikah
Mustafa Noori
Amer Husein

M. Aguil Khan

Mosa Robaian

‘Musfir Al Kalthan

Ibrahim Saqabi
Fahad Maréhdnd
Omar Al-Sheikh

Abdullah Sadhan

JICA Side:

Mr.

Mr.

Mr.

Mr.

Mr.

Mr.

Mr.

Masarun Ikai

HirOyﬁki Maki

Akira Nishimura

Susumu Akiyama

Michio Hirano

Naotoshi Osada

Takeshi Komori

Deputy Minister for Water Affairs
MOAW (partly attended)

Director General,
Water Resources Development Dept.

‘Assistant Director General,

Water R. D. Dept.

Assistant Director General,
Projects Execution Dept.

Assistant Director General,
Water Resources D. Dept.

W.R.D. Dept.

Project Executién'Dept.

W.R.D. Dept.

Team Leader'

JICA Study Team

Deputy Director
Industrial Water Division

Ministry of International Trade
and Industry

JICA Study Team

Representative for the Secretariat
to the Saudi-=Japanese Joint Committee

1st Secretary, Embassy of Japan/Jeddah
Deputy Representative for the secre-
tariat to the Saudi-Japanese Joint
Committee .

Resident Represehtative

Japan International Cooperation Agency
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