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2.3 Meteorology and Hydrology
2.3.1 Observation Stations
(1) Meteorological stations

Meteorological factors have been observed since the early 1920s. The only rainfall and temperature
are available up to the early 1970s. The whole Lebanon can be divided into 8 climatic zones; North
Lebanon, Central Lebanon, South Lebanon, Nerth Mount'ain, Central Mountain, Inland Oronte,
Inland Litani, Inland and Hasbani. There were in the past 150 historical stations in the whole
Lebanon, of which 15, 35, 14, 8, 36, 11, 24 and 7 stations were distributed respectively in climatic
zones mentioned above. However, all of these stations were destroyed during the civil war
unfortunately.

In 1998, the new meteorological network system has been introduced by the Meteorology
Department under the Ministry of Transport and Public Works supported by the Government of
France, and up to now, 48 new meteorological stations have been reconstructed or rehabilitated. Of
the total 48 new meteorological stations, 7, 6, 5,4, 9, 4, 3, and 1 stations are distributed skilfully in
the respective climatic zones with an average coverage of 270 km’ per station. Five stations (Rayak,
Abde, Sour, Kafar Chakhna and Lebaa) are being operated and managed by Lebanon Agriculture
Research Institute (ARIL) under the Ministry of Agriculture.

These new meteorological stations are controlled by the telemeter system and main computer
system is located in Beirut International Airport. At the big meteorological station such as Beirut
International Airport, Beirut Golf, Zahle, Baidar, Rayak, Abde, Sour and Tripoli, complete set of
climatic parameters including temperature, humidity, rainfall, wind (velocity and direction), air
pressure, quantity of cloud, sunshine time, solar radiation and evaporation are available.

Considering that the long-term historical data of precipitation, especially, are available only up to
1974, installation of meteorological station is recommendable to be made at the same location as
they were, so that the combination of old and new sets of observed data at the same location could
be & base for analyzing complicated phenomenon of climate over the country.

“Meteorology Network System in Whole Lebanon” has been progressed since 1998 by the
Meteorology Department located in Beirut International Airport Building. The systems are working
for 24 hours and also staffs are available on a three-shifi-a-day basis.

(2) Hydrolometric stations

River water levels and discharges have been measured in Lebanon since the early 1930s. Such flow
records commonly cover the period from the date of opening of the station up to the early 1970s.
River discharge data covering the period up to mid 1980s are available in a few stations. Most of
stations, currently under operation, resumed their operation at around 1990. Water levels are always
measured in terms of analogue chart record with occasional staff gauge measurement for
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calibration of its rating curve at majority of the stations..

Discharge measurements are conducted by the Hydrology Department of the Litani River Authority
(LRA) in Beirut in association with its regional offices in Tripoli, Chtaura and Saida, covering the
entire Lebanon. Measured records are then transferred to its Beirut office for post processing.

In the past before civil war, LRA was managing 81 gauging stations in total, of which 70
hydrological stations were equipped with automatic recorder. . Out of the total 81 stations, recently
since 1998 up to present, 41 stations have been rehabilitated and 6 stations have been newly
constructed. Accordingly, antomatic water level data are available currently at 38 stations. At the
same time, LRA conducts direct measurement of stream flow that is less or equal 8-9 m3/s at all
stations with the interval of 7days/15days for the purpose of calibration of rating curve to convert
river water level into discharge.

As aforementioned, there operated 70 hydrological stations before the civil war in Lebanon. There
are long period of almost 15 years from 1975 to 1990 where hydrological observation data are
almost missing. Currently 41 stations of which were reconstructed and 6 were newly constructed
for operation. Even for last 10 years from 1991 to 2000, available data are scattered depend on the
stations. Since the accurate and as long data as possible are the foundation for evaluation of
potential and available water resources based on which a proper plan of water resources
development and management is formulated, accumulation of such data is important and urgent.
And one third of the area of Lebanon is not yet covered by hydrological observation system. It is
therefore recommendable to set up a program of construction of hydrological observation station
and then to speed up the installation work of hydrometric stations.

At present, collected data from hydrological stations are transferred to Hydrological Department of
LRA for further processing. HYDATA system, introduced by UK support, is used to convert water
levels into discharge and to compute daily flow hydrograph, flow duration curve, flow statistics
such as mean flow, peak flow, highest daily mean, lowest daily mean, and a mean flow and runoff.
The HYDATA system is not provided in a form of source statements of program, not allowing
modification. Accumulated data in the HYDATA system are therefore unusable for other data
processing or analysis. This system is recommendable to be replaced by others.
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Table 2.3-3 List of Rehabilitated Hydrometrlc Station (53 stations)

No| Region | St No River Station Frequent | Time Equipment [Completion Date
of Measurment Type
i| North 101  {Nahr el Kebir Arida Concrete | 15 days Monthly SIAP 1998
2F (3 102 |Nabr el Chadra Chadrs Bridge Steel 15 days Monthly OTT 1998
3 104  [Nahr el Kebir Sez Mouth 15 days Monthly OTT 2002
3 105 |Nahr Oustene Beit El Haji “Weekly Monthly OTT 2002
5 106 [Nahr Oustene Halba Bridge Concrete |  Weekly Monthly OTT 1998
[3 108  [Nahr Arqua Hakour Concrete Weekly Monthly SIAP 2001
7 111 |Bared Sea Mouth Weekly Monthly SEBA _ 2003
8 112 [Nahr Abouli Kousba Concrete | Weekly | Half Month oTT 1998
9 115 |Nahr Rachaine Zgharis Steel Weekly Monthly SIAP 1998
10 117 |Nahr Aboual Abou Samra Concrete Weekly Monthly OTT 1998
11 118 {Es Asfour Bxza Bridge Ja
12 119 {Nahr El Jouz Beit Chlala Iy
13 120 [Nahr El Jouz Sea Mouth Steel Weekly Monthly SIAP 1998
14] Mount 221 | Afga Spring Near the Spring Steel 15 days Monthly OTT 1998
15] Lebanon 222 |Nahr Roueiss Majde] Bridge Steel 15 days Monthly OTT 1998
16 (15 223 INahr Ibrghim Sea Mouth Concrete |  Weekly Monthly SIAP 1998
17 224  {Moughara Hrajel Weekly Monthly OTT 2002
18 226  |Nahr el Kelb Daraya Concrete | 15 days Monthly OTT 2001
19 228 |Nahr el Kelb Sea Mouth Steel Weekly Monthly SIAP 1998
20 229  |Canal Dbaiye Before the Tunnel Steel Weekly Monthly SEBA 1998
21 230  {Canal Dbaiye After the Tunnel Concrete | Weekly Monthly OTT 1998
22 233 [Nahr Bemrut Dachounieh Concrete |  Weekly Monthly SIAP 1998
23 234  |Nabr Beingt El Bacha Bridge Steel Weekly Monthly _SEBA 1998
24 236  |Nahr Safa Wadi sitt Steel 15 days Monthiy SEBA 1998
25 237  |Nahr Abouzibli Rach Maya Steel 15 days Monthly SIAP 1998
26 238  |Nahr el Damour Jisr el Kadi Concrete 15 days Monthly SIAP 2001
271 239 {Nabr el Hamam Before the Cormection of the Two river |Steel Weekly Monthly SIAP 1998
28 240  |Nahr el Damour Sea Mouth Concrete Weekly Monthly SEBA 1998
29] Bekaa 345 |Nahrel Assi Hermel Bridﬁe Steel 15 days Monthly OTT 2001
30| (19 346 | Yammone Spring __|Entrance of the Tunnel Steel 15 days Manthly SEBA 1998
31 351 IMahr Chamsine Anjar Steel 15 days Monthly SEBA 1998
32 352 {Nahr el Ghazail Anjar Steel 15 days Monthly SIAP 1998
33 353 |Amjar (Spring) Anjar Steel 15 days Monthly SEBA 1998
34 El i Kfarzabad A
35 354  |Nahr Ghazeil Roed of Damascus Concrete | Weekly Monthly OTT 1998
36 356 |Nahr Berdaouni Road of Damascus Concrete |  Weekly Monthly OTT 1998
Kl 360  |Wadi Delm Qabb Elias Steel 15 days Monthly SEBA 1998
38 Yahfoufa Ain E] Sikeh Jay
39 363 [Nahr Litani Jibjanwine Bridge Concrete | Weekly Monthly OTT 1998
40 368 |Nahr Litani Qillya 15 days Monthly OTT 2002
41} South 473 {Nahr Awali Bisli Stect 15 days Monthly OIT 1998
42 (13 475 |Nahr Awali Sea Mouth Concrete | Weekly Monthty SEBA 1998
43 476 | Saitaniq El Lemon Velley 15 days Monthly &L
44 478  |Zahrani El Akhdar Valley 15 days Monthly OTT 2002
45 479  ]Zahrani Deir el Zahrani 15 days Monthly OTT 2003
46 489  |Nahr Litemi Khardaly 15 days Monthly SEBA 2002
47 490  |Nahr Litani Ghandourieh Steel 15 days Monthly OTT 1998
48 492  |Quasmieh Canal After Canal Inlet Steel Weekly Monthly SEBA 1998
49 493 [Quasmieh River Sea Mouth Steel Weekly Monthly OTT 1998
50 496 {Hasbani Fardiss Bridge 15 days Monthly SEBA 2002
51 499  |[Hasbani Wazzani Spring A
52 501 |Ras el Ain Reservoir {North the Canal Stecl _Weekly Monthly SEBA 1998
33 502 [Ras el Ain Reservoir [Near the Sea Steel Weekly Monthly SEBA 1998
*) Note: 47 Stations are completed (As of June 2003)
A: 6 planning station will be installed until end of August in 2003 OTTO Germany
Dsata Source: Litani River Authority SIAP Germany
SEBA Ttaly

2-19




Supplementa! Report — Chapter 2

¥e [{e_|St |2¢ |ev (€6 10 0E62 YINOW 695 anouieq anowed]  obe ¢ oF
¥Z (66 _|GC |vG [0V (56 |Sb_ 0LL UORORUUS) IV WewweH (3 anousaq BEZ m BE
0__|¥E |G |8v_|a¥ 1g¢ |0GE 08l 3Bpug 1Pey [ NOUIE() anGureq BEe ® 8t
81 |8€ [GE [0 [¥¥ |66 [L¥¥ 0ce Wiejd eRACWISEY g5 nog aRoureq i€e ) 3
Z)L_[6€_Ge |8v |2y ot 816 00y Ko[jeA TS &3 Bjes 83 ANGWEQ 9Ee ©) 9¢
0l 008 SHpUE eways. ) Jipeys 13 L) CEe ¢

¥ 0Lie adpug eyseq 3 yuRg yuRgl ™ yee ® e

9¢ ¥ [GE |81 |0G €€ [2h1 0602 Gomnoyseq Wy wiegl  gee 0 £t
8v_[9¢ ot [re |0 _|EE [002 06l IR Uoaeo) JegY| wRg waRal gee 3
9¢ [Z¢ _Ge [8v |16 |¢€ |oie 0Zzl SBpUE U9 [P sey UGWEGH [ e 12 } i€
8% L€ |GE |a¥ |GG e jpuun] Jayy aKieqQ [eue) 9| Oge © (3
Bv_|9€ 1GE 8% (GG |66 | _ [euun 8J0;og okieqq jeueg aedM[_ 62e &) 62
8v 8¢ GE [ev |96 |CE [0z G162 YINoW #og 9PN 13 ] A © 8¢
T SUORIH—{FURD [8AUS) a)ep G 4 _ [F3
v ¢k |GE |8t [IG |ec 059 oerl wAeieq R E] gy 9ze © 92
OF [e¥ |GE |ve |96 |e€ 009 G99 BAeIE( unopJeH |3 qeM]  Gee - 73
0_[L¥ |SE [ve_[0_ IS [00Z) 0L PTeIp YeIeUENoN 13 e ¥ee () e
81 [t¥ GE |8¥ [¥_|¥E |9 90z¢ YINOW €35 wyeig) UZE © £2
) |¥S |GE |ev [0 |vE [00LL 9001 33pug [PPTep ssyenoy i3 wiueiqy zeg 43
8v |65 (GE |8¥ € |vE 002l 008 Buudg Jeoyy Juudg ebjy WINjeIgy ize m Y7
0S (0¥ |GE |0€ [91 |VE |1 0681 YIOW €35 znof 13 znof| (g [e) 0z
OF (8% |Gt [8v (Pl |vE |866 0L GjEMg o1eg Znop 13 s Y v 6l
~ SIE 0FF oBpug ezizg SIS 3 anojsy| s8Il v gl

9¢ |16 Gt |8v (P2 |¥E |62 099¥ BIWES oGy 1y Aoqy iy noqvl 1] () Lt
9f |eS iGe |8¥ |£Z |ve |6S 086 €Hoa7 yanor A7 Y — 81
05 |6G (GE 0¥ |vZ |VE [19 0720Z oBpug sHoyiZ ouIRYOBRY Y noqy Sil © Gl
Fuudg 13y FuLdg euiaydey iy noqy il ¥i

81 [1G (GE |9€ [12 |vE |G6}) 0¥l efeieq Y noqy v noqy] il — El
05 [1S_[GE |01 |02 |vE |ove 0zl Bqsnoy Iy noqy iy noqyl — Zil © i
bZ |85 [GE |G |62 |¥E |GO 092 ANoW 695 poieg| polal 111 o T
8 [t [9¢ |81 v |¥E [0IC o0F ouRII| poieg polegd]  0il 0}
2L [L_[9¢ |zt [£z |vE |06E 0191 HEEqED YOIWYIIN porg| 6ol — 6
Of €9t |0 iee [vE |6L 020} nNo%ey ey eyl g0l %) 8
81 |9 [9F |¥G [0€ |wE [G8¢ 06L 187 SSBNOH 3 2] T L
18 001 a3pug eqeH SUBN0IS0 suenosol 901 [e) 9

L [0 |9¢ [8v [e€ |¥E [16 020} TBH i3 veg SURNo10 ouenow0| 60l g
{INOW €95 Gey 3 2] 2

0ess Iy} (3 einoN o E] 1G9 £01 ) £

9¢ 61 |9c |8¥ |t |bE |€GE GIg o¥pug EIpeqd ASliEA €IPEYD G 201 © 3
0_ 1Sl |9¢ |oc [ov |vE |0Ge oLer ] Iqey @ aiGoy 10} (5] !
SpmiBucT | opmineT (W13 | (ewhvo UGREIS oAy uiseq ON WORTIS_ Peweliiqeyey  ON

APIOENY AT 1UE)I] JIPUN UORE)S [6IIZ0[0IpAH JO ISIT (Dy-€'7 AqEL

2-20



Supplemental Report — Chapter 2

(£00Z 1snBny ~ ounp) uoRejiqeyes pauveld 9 v

(£00Z SUNP ~) 49P1000. YdRIBOIPAY INBLIOINE LM LONELS PAISHIGRUSY L )
9 [el |G [ep (E1 [EE |O [ANOW 895 Buudg uly |9 sey uly |o Sed 208 © 18
G'¢ jO¢ |6 |ov e} |EE |0 jeues yoN uly @ say uly o sed| 10§ © 08
g% |Z6 |GE |9 19} |BE |¢1le 0925 JuLdg iuezzepm weqsey UEGSE) 66¥ v [
ZI |66 |GE |0 |é¢ |66 |oveP 08y ofpug Sipie uegser weqsey 36 [<) 8L
¥G |OF |G |¥G |12 |E6 |O'L6¥ iweqsey 210599 AojjeA sipae Ueqsey S6¥ il
8% |1F |GC |8V |2 |EE |08YG 0°0vE Fuidg eAequey 610598 wegsey BqSeH ¥6b — 9L
00 0¢Sle IO eog ) ] - © GL
¥S |02 GE |2v |6} |EE |92 0'SL 9U] [€UBD) IOV oAnusey [sue) e Z6¥ <) (7
0621 0681 ey s10)8g sAunopueyy |3 wean 16¥ r £l
0041 0'980C yaunopuey e DL 06¥ © L
¥G |2¢ |SE 8} |6} (EE |2 65 0808 | Aep ey e e 68% Q n
8% [1E |GE {08 |6C (Bf {0EI¥ ¢l beuligl JeeN As)jep, ouLgeZ| e | 98V 0L
— 0'6EE Sy beuue JeaN Aajiep sAIydry wein S8 69
2l €€ |SE |9E |22 |6€ |O6bF ¥Z beuuep 18N Rajjep aAisnobep ey [ 89
By Ve (GE |¥C |¥C €€ |008S 8% UBSEY) I9)I9L)] JEON KSjiEA iy ey £8P 19
8¥ |GE |Gt |¢b |G¢ |EeE |08eL 801 UeSELY| Y9EU) JHON Ko|[eA 8j8S—53 e | 287 09
L'SYE 08l Weq unopejAep Rojie A (elleq Jex)y penosey [§ nody 18¥ 9
21 |12 [GE |¥G 182 € [0€ 086 LANOW €35 ueHez eijez 08Y B 9
8v |82 |Gt |vG |SZ |€E |97108 099 iueJyez |9 JivQ iiesyaz UeIYE7 6LV m £9
8% |06 (GC |0E |vZ |66 |0k 0Ly AS|iEA JepY (3 eIye7 wRage7 BLY © 29
g |6z (Gt |0E |IE |eE 0T 0801 3o €95 bilejies BUEHeS Liy 19
O (P2 _1GE |2V |ve |€€ |SE 0208 ANO €65 ey Ijemy GLy © 09
7% |6C |Gt {b¢ |G |6F |868E 0'¢Ze usig i[emy By eiv © 65
[0 [8¥_/Se 2v [8¢ |ec 0058 orilL Tye] 1og A3{[eA qoQ-pP3 IUBQSEH 0l% 86
¥Z |£G |GE |98 |1E €€ OGOl'L 0v9 HnoYeLy Asife A Siroery ueqsey 69¢ — I
8% |6€ (GE [¥Z |92 |66 0125 00891 A0 uey) ey 80C © '
¥0I8 0GYS | WigQ unoetep ey 1ueyy Gog S
¥Z |i¥ |G 12} |2t (86 [L2L8 vl Weq unoeJep W40 493 ey ¥98 ¥G
0Ekb'l o8pLg GURIUET qof auiuer gnop: ey £0¢ © £9
Z¥ |6 |SE {8 |OF |6€ |E 658 0SyE L Yeinosuey e e 298 - S
80 |6v |GE |vZ |LY |EE |OPI6 061 EERLD] Aoj[eA waaQ p3 uey] 09¢ © 1S
81 (1 |GE |2} |8Y |Gt |0016 072 peoy snosewe( AayeA eaneiyd) ey 6G€ 08
@ |25 |t |84 |I¥ |E6€ |0068 0¢2 peOY SNOBEWE() jejep ey 168 - 13
Zv 66 |Gt |¢v |9p |EE |0'998 0Ll pecy snosele(q iuinoepIog ey 0GE © T3
8% (€S |¢ |0 (OF |ef |0'998 0'8L8 pecy snosewe( ey ey cGE } iy
0 |56 |GE Zb Sy |et |0£98 0'8Z1 peoy snoseweQ L) e ¥GE ©_ oy
81 |05 _|G€ |8v |e¥ |Et [¢6L8 1eluy Jefuy [eue)d IUEIF] £5E cy
ZL |G (66 |0 |vP 168 |8 LB Jefuy [PRezyY e | 766 MF v
9e (LG |GE |8p |¥¥ |E6 |SOL8 Fuudg Joyy uiStweyy S iugi] 166 © o
o9 uo:ubcw jouun § ﬁov_n._v w_._tnw yaunowwe A oyt mv
§v 122 |9 ¥ |02 (¥E |0GBS 0422t a8pug jeWioy LTy 1S5y GHe lwf 13
@pMIBLo] spnIneTy {wyd @UDVYD uenels ARy uiseg 'ON Uonais pejedjiqeys, oN

KyaoAY J9AR 0BT JIPUN UoKE)S [BNS0[0I0pAH JO ISIT (TH-€°7 AI9EL

2-21












Moun‘t Lebanonﬁ










Supplemental Report — Chapter 2

Figure 2.3-3 Major Rivers and Its Watershed in Lebanon
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2.3.4 Surface Water Quality
(1) River and Lake

The water quality of surface water is influenced by the human activities such as industries,
agricnlture and domestic life. Industrial activities release various chemical effluents into water
areas. The use of pesticides and fertilizers in agriculture causes the deterioration of the composition
of the water of rivers and lakes. The domestic wastewater increases the concentration of biological
and chemical parameters of water quality.

In Lebanon, the wastewater from the factories discharges directly into the water areas without any
treatment. The sewage network has not been developed in nationwide. The existing wastewater
treatment plant does not have any sufficient function (The Ghadir Treatment Plant located in the
south part of Beirut is in operation with only primary treatment).

In 1999 AUB (American University of Beirut) Water Resource Center conducted the water quality
survey for 9 rivers in Lebanon to assess the impact of waste disposal on water quality. The results
from 65 sampling sites showed generally high concentration of BODs (154 mg/] as highest), fecal
and total coliform. This indicates that untreated domestic sewage is directly discharged into surface
water areas. Table 2.3-8 shows the mean recorded values for BOD;s and Nitrate (NOy"). The high
figures of Nitrate (NO5) of El Kebir and Abou Ali are suspected to be caused by the agricultural
lands (greenhouses) located along the rivers.

Table 2.3-8 Water Quality of Nine Rivers in Lebanon measured in November 1999

Name of River BOD; (mp) NO; (mg/h)
Litani 79 1.7
Ibrahim 22 11
El Kebir 4.1 33
El Kalb 263 1.1
El Jacuz 6.6 19
Al Damour 14 3.0
Al Bared 47 14
Al Awali 7 1.4
Abou Ali 69.7 7.3

Source: 2001 Lebanon State of the Environment Report, MOE

There are several reports which discussed the water quality of the surface water in Lebanon. One of
them is “Environmental Master Plan for Litani River and Lake Qaraoun Cathment Area” conducted
by the Swedish Consultant MVM in May 2000, and another “Evaluation of Water Quality of the
Qaroun Reservoir Lebanon: Suitability for Multipurpose Usage” prepared by Dr. Mey Jurdi et al. in
2001.

MVM conducted the water quality survey for the Litani River and the Qaroun Lake between
November 1998 and May 2000. The results for the survey are shown as follows.
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The organic matters were assessed by the values of COD, The Litani River was highly affected
by organic matter originating from the sewage. This was confirmed both in the upstream and
downstream of the river. The effluent from the city of Zahle was evident, where the COD
value of the river water was caused by the sewage sludge. Also, the factory such as
sugar-refinery and untreated sewage water could be suspected to canse these high values of
COD.

As for chemical substances, two substances were notable. For example, Gammahexachloro
Cyclohexan showed higher concentrations from Barr Elias and downstream. An industrial
impact from the Barr Elias or Zahle area could be suspected. Hexachlorobensene showed a
leap in concentration in the Jobb Janin area. This might be an impact from an agricultural
pesticide or an mdustrial outlet.

The metal concentrations showed a pattern of lower concentrations in the upstream part of the
Litani, with an increase in concentration from the densely populated area of Zahle-Barr Elias.
After that the concentrations were diluted downstream towards the Lake Qaraoun. Copper was
an exception with continuously somewhat higher concentrations in the downstream area of
Jobb Janin. Mercury was also an exception with the highest concentrations in the upstream

area and the downstream area, with lower concentrations in between the areas.

According to “Evaluation of Water Quality of the Qaroun Reservoir Lebanon: Suitability for
Multipurpose Usage”, the suitability of the water quality of the Qaroun Reservoir was examined for
drinking water and general domestic use, irrigation and livestock, fisheries, recreational activities,
and industrial use in its 3 zones (Zone I (upstream side of the lake:6 points), Zone II (mid of the
lake: 6 points), Zone III (downstream of the lake: 6 points)).

Table 2.3-9 shows the summary of the suitability of Qaraun Lake for each water use.

Table 2.3-9 Summary of Suitability of Qaroun Lake for Water Use

Water Use Major Parameters Applied Standards / Guidelines Suitability
Drinking Water & | Fecal Coliform (FC) / | US EPA Drinking Water Regulations (US | Water use for drinking water is subject to
General Domestic | E. Coli. EPA, 1999), filtration or disinfeciion.
Use WHO Guidelines (1996), EEC Standard | Most water should be extracted from the
{1980) mid of the lake.
Irrigation & | SAR*], Electric | Ayers, R.S. and Wescot, D.W.*Water | Suitable for irrigation use and drinking for
Livestock Conductivity (EC) Quality for Irrigation™, FAQ Lrigation and | livestock
Drainage Paper No,29
Fisheries DO (Dissolved | US EPA1986; Harvey 1989 Acceptable to maintain fish population.
Oxygen), Temperature, Howewer, further fishery studies should be
pH, Ammonia conducted.
Industrial Use Faecal Coliform WHO guideline, AWWA Guideline The results of faecal coliform comply with
the guidelines. However, the continuous
manitoring is necessary.

Remarks: *1: SAR (Sodium Adsorption Ratio)=NaACa+Na)/2
Source: “Evaluation of Water Quality of the Qaroun Reservoir Lebanon: Suitable for Multipurpose Usage™ prepared by Dr. May Jourdi
et al., Jounal of Environmental Monitoring and Assessment
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(2) Coastal Water

Various contaminated waters discharge into the coastal area as their final outfalls. The domestic and
industrial wastewater in the coastal area, agricultural runoff, leachate from the open dumpsite of the
solid waste and the illegal dump of the ballast water cause the water contamination of the coastal
water.

The water samples of 30 separate locations were surveyed by the AUB Water Resources Center in
2000 along the coast from Tyre to Akkar. According to the survey, high concentrations of heavy
metals such as nickel, copper, chromium, lead and arsenic were identified from the seven samples
near the industrial areas.

Table 2.3-10 shows the results of the survey compared to the background figures taken at the spot
of 2 km off the coastal of Chekka. The concentration of chromium shows the highest value in Dora
industrial complex. The tanneries of the area are suspected to cause such concentration. The
locations of power plants also shows the comparatively higher temperature compared to the figures
of the background. The thermal discharge from these power plants are suspected to cause the
higher temperature.

Table 2.3-10 Water Quality of Coastal Water near Industrial Areas

Location Concentration (ug/l) Temperature
Arsenic Lead Zinc Chromium °C

Background 5.1 2 38 2 28.8
Al Ghazieh 14 2 32 35 29.7
Jiyeh Power Plant 7.7 17 19 24 313
Dora Industrial Complex 51 2 24 100 29.1
Zouk Power Plant 47 2 17 81 30.3
Selaata Chemical Plant 10 2 96 36 287
Chekka Cement Plant 13 2 26 23 295
Akkar Future Popes Industrics 13 3 23 33 29

Source: 2001 Lebanon State of the Environment Report, MOE

ECODIT-IAURIF conducted the water quality snrvey in the major coastal areas of Tripoli, Jounieh
and Beirut. Table 2.3-11 shows the resuits of the survey of the 10 stations based on fecal coliform
per 100 ml applied in the WHO/UNEP/MAP (1994) interim criteria for recreational waters (which
shall not exceed 100 for FC50 and 1000 for FC100). Table 2.3-11 shows that the high concentration
of fecal coliforms near the large cities such as Jounieh and Beirut are cansed by the discharge of the
domestic and industrial wastewater into the coastal areas.
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Table 2.3-11 Bacteriological Water Quality of Coastal Water

Stations 1 2 3 4 5 6 7 8 9 10
FC50 8 763 492 213 18 58 43 1000 22 1000
FC90 44 1000 1000 1000 109 122 92 1000 210 1000

Remarks:

FC50: 100 fecal coliforms per 106 ml in 50 percent of the samples
FC100: 1000 fecal coliforms per 100 ml in 90 percent of the samples

Station: 1 (Batroun}, 2 (Nahr Ibrahim), 3 (Tabarja), 4 (Maameltein), 5 (Green Beach), 6 (Lagoon), 7 (Kaslik),
8 (Antelias), 9 (AUB), 10 (Ramlet el Baida)

Sonrce: Regional Environmental Assessment Report on the Coastal Zone of Lebanon - Fimal Report,
ECODIT-IAURTF, September 1997
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2.4 Hydrogeology
2.4.1 Hydro-geological Setting of Lebanon
(1) Hydrogeology general

The unique hydrogeological settings of Lebanon are relatively highly precipitation, calcareous and
karstic foundation underlying, and steep mountain slopes covering almost whole country. By these
settings, the nation is liken to a “water pot” having many holes around the side and bottom. That
means, there is a big storage capacity in the pot (groundwater storage) but heavily leaking, so that
remaining water in the pot (available water) is always scarce. The leakage from the side holes
means springs and they can be exploitable at the downstream, but the leakage through the bottom
holes, which means groundwater flow out to the sea or submarine springs, are quite difficult to
exploit.

The pot with big capacity is the calcareous and karstic rocks underlying and/or cropping out
everywhere in the country. The rocks have quite high infiltration ratio when they outcrop and have
also very high effective porosity to store groundwater. Further, they have many sinkholes and karst
caves which suck huge volume of surface water into the ground, store and run down (a kind of)
groundwater through underground channels. They flow-out to the ground surface again as springs
or pour into the sea uselessly. Thus, the foundation of the country has huge groundwater storage
capacity with almost enough precipitation but the volume of available water resources is in chronic
shortage.

(2) Stratigraphic classification and aquifers

Around three-forth of the country is underlain by the thick sedimentary sequence from Jurassic to
Recent. The stratigraphic classification from a hydrogeological point of view is shown as Figure
2.4-1. Total thickness of them exceeds some 7,000 m in total, from the practical basement of
Jurassic Limestone to Alluvium (Hydrogeological Map of Lebanon, 1/200,000. 1967). As shown in
the figure, the major part of the sequence is highly permeable rocks such as limestone, dolomite,
and sandstone. These highly permeable rock layers consist aquifers, and the minority of impervious
or hardly permeable rocks in between them form aquicludes working as confining layers. The thick
sequence of the foundation is, thus, classified into four (4) major aquifers and three (3) aquicludes
separating the aquifers.

The most excellent aquifer in Lebanon is said as the combination of Cretaceous bedding limestone
and Eocene calcareous rocks of both massive and coral limestones. The aquifer used to yield more
than 1000 lit/sec of groundwater. The second excellent aquifer is the base aquifer consisted of
Jurassic limestone which used to yield in between 100 and 1000 Lit/sec (Hydrogeological Map,
mentioned above), followed by the Tertiary sedimentary rocks and the Quaternary deposits. The
uppermost aquifer, the Quaternary Aquifer, is phreatic and the lower three aquifers are mostly in
confined condition. However, these aquifers also have phreatic groundwater when they crop out
directly to the ground surface.
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