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• Monitoring of Water Resources

• Groundwater Balance & WEAP Model

• Water Resources Management Options

project component 3
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Data AvailabilityData AvailabilityData Availability GroundwaterGroundwater

•• Insufficient and inadequate Insufficient and inadequate meteorologicalmeteorological stations/stations/datadata (not heated (not heated 
> no snow data)> no snow data)

•• No No groundwatergroundwater monitoring > no water levels > no GW modelmonitoring > no water levels > no GW model
•• Spring dischargeSpring discharge monitoring stations not adequately designed, maintained   monitoring stations not adequately designed, maintained   
and monitoredand monitored

•• Surface waterSurface water gauging stations not adequately designed and maintainedgauging stations not adequately designed and maintained

►► lack of funds and stafflack of funds and staff

Water resources assessment needs monitoring system for all waterWater resources assessment needs monitoring system for all water balance balance 
componentscomponents
•• rainfall / snowrainfall / snow
•• spring dischargespring discharge
•• runoff (surface water)runoff (surface water)
•• groundwater abstractiongroundwater abstraction
•• irrigation water use (return flow)irrigation water use (return flow)
•• domestic water use / losses (return flow)domestic water use / losses (return flow)

►► no data > no correct water resources assessmentno data > no correct water resources assessment
►► wrong water resources assessment leads to wrong planning !wrong water resources assessment leads to wrong planning !
►► failed investments in the water sectorfailed investments in the water sector
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Current Planning in the Water SectorCurrent Planning in the Water SectorCurrent Planning in the Water Sector

None of the Components of the Water Balance is monitoredNone of the Components of the Water Balance is monitored
Water Resources Availability was never assessed correctlyWater Resources Availability was never assessed correctly

wrong Information leads to wrong Planningwrong Information leads to wrong Planning

??
water strategy prepared by GIZ November 2011

interaction
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Meteo StationsMeteo StationsMeteo Stations

5 new stations with heating
for snow detection

modified FAO map
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Jeita old systemJeita old system

Proposed new systemProposed new system

monitoringmonitoring

Spring MonitoringSpring MonitoringSpring Monitoring

Current BGR monitoring:
500 m upstream of boat moorings
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Jeita Grotto (+500)Jeita Grotto (+500)

Multiparameter probesMultiparameter probes
parameters:parameters:
Water levelWater level
TemperatureTemperature
ECEC
pHpH
ORPORP
DODO
(ammonium)(ammonium)
(ISE)(ISE)

Telemetric data transferTelemetric data transfer

Spring MonitoringSpring MonitoringSpring Monitoring

Assal spring

Daraya tunnel

Labbane spring
Kashkoush springJeita spring

- multiparameter probes
- gauging stations (weir, ADCPs)
- direct discharge measurement

(> 300 dilution tests) 

+ADCP
+ADCP

old system, 
not functioning
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WL - Q correlation Jeita

y = -12.396x5 + 211.83x4 - 1420.6x3 + 4658.9x2 - 7417x + 4538.5
R2 = 0.9487

y = 22.778x - 64.278
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Acoustic Doppler Current Profiler (ADCP) Jeita

Measurement of spring flow every 20 minutes
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Spring DischargeSpring DischargeSpring Discharge
Why does discharge rarely fall below 1 mWhy does discharge rarely fall below 1 m³³/s ?/s ?

Jeita - Discharge (calculated)
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Water level
comparison Jeita - Kashkoush

2

2.5

3

3.5

4

4.5

5

5.5

6

01/09/10 02/03/11 01/09/11 01/03/12 31/08/12 01/03/13 31/08/13

W
L 

Je
ita

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

W
L 

K
as

hk
ou

sh

Jeita Kashkoush

Jeita:              0.9  -    65 m³/s
Kashkoush: 0.1  - ~15 m³/s

Analysis of flow characteristics (slow flow / fast flow componenAnalysis of flow characteristics (slow flow / fast flow component)t)

Jeita fast recession
Kashkoush slow recession
(larger share of slow flow component)
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Spring DischargeSpring DischargeSpring Discharge Assal springAssal spring ADCP

Multiparameter probe

BGR measurements

LRA measurements
monthly using old type propeller

existing spring captures not suitable 
for discharge measurements
• long straight line segments with no turbulent flow
• no variable impoundments (e.g. for irrigation)
• only one discharge point
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M ont hl y  D i sc ha r ge  Assa l  S pr i ng
( moni t or i ng of  mai n spr i ng)
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Spring discharge depends on how much, when, where and in which form precipitation falls

discharge behavior in C4

early rainfallearly rainfall

late rainfalllate rainfall
as snowas snow snowmeltsnowmelt
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Labbane spring: flow between March/April and end July (snow melt)
Use for irrigation starts in mid May
2013: almost no rainfall in October and November

Chabrouh dam almost empty in February 2014

June 2014
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Response time to rainfall events
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Turbidity Measured at Dbayeh Treament Plant
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Surface water dataSurface water dataSurface water data

Proposal for installation of streamflow gauging stations atProposal for installation of streamflow gauging stations at
•• Daraya (Nahr es Salib)Daraya (Nahr es Salib)
•• Daraya (Nahr es Zirghaya)Daraya (Nahr es Zirghaya)
•• Jeita/Kashkoush (Nahr el Kalb)Jeita/Kashkoush (Nahr el Kalb)

Parshall flume weir Daraya (Nahr es Salib)
LRA station 226 Daraya 
(Nahr es Salib + Nahr es Zirghaya)

Unsuitable location and profile
Highly turbid flow
Difficult calibration
No maintenance
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unsuitable location and profile
highly turbid flow
difficult calibration, outdated
no maintenance

turbulent flow

uncontrolled outflow

LRA measurements cannot 
give proper results

Afqa

section not straight
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Surface Water AvailabilitySurface Water AvailabilitySurface Water Availability

Monthly Average Runoff Nahr el Kalb at Seamouth and at Daraya
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Different Availability in Subcatchments
Daraya: flow pattern similar to Jeita spring
Seamouth: earlier peak (more rainfall-dependent)

Seamouth: 170 MCM/aSeamouth: 170 MCM/a
Daraya:        97 MCM/aDaraya:        97 MCM/a
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Surface Water AvailabilitySurface Water AvailabilitySurface Water Availability

170 MCM/a170 MCM/a

97 MCM/a97 MCM/a

S Nahr el Kalb not part of Jeita GW catchment
No inflow from C4 infiltration 
Less dependent on snowmelt (lower elevations)
More direct runoff – less GW recharge
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Isotope dataIsotope dataIsotope data
Jeita - dO18

-53.00

-48.00

-43.00

-38.00

-33.00

-28.00
18/11/2010 26/02/2011 06/06/2011 14/09/2011 23/12/2011 01/04/2012 10/07/2012 18/10/2012 26/01/2013

Kashkoush Jeita Afqa Rouaiss Assal Labbane

- deuterium/oxygen-18
- tritium/helium
- CFC (chlorofluorocarbon)

D/18O ~ 1,000 analysesD/18O ~ 1,000 analyses
- 6 springs
- rainfall – 6 stations @ diff elev.
- snow sampling campaigns
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• SpringsSprings (every 2 weeks): Afqa, Rouaiss, Assal, Labbane, Jeita (daily), 
Kashkoush;

• RainfallRainfall (every 10-15 days): 6 stable isotope rainfall sampling stations: 
Jeita Grotto restaurant (92 m), Sheile reservoir (471 m), Aajaltoun AIS 
(821 m), Raifoun BGR office (1036 m), Kfar Debbiane municipality (1307 
m), Chabrouh dam treatment plant (1591 m); 

• SnowSnow (10 cm depth intervals and integral samples): approx. 20 sites 
during 2 sampling campaigns (February 2012, February 2013).

Stable Isotope SamplingStable Isotope SamplingStable Isotope Sampling
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Stable isotope rainfall samplersStable isotope rainfall samplers

92 m92 m
471 m471 m

821 m821 m 1036 m1036 m

1307 m1307 m

1591 m1591 m

decrease in heavy isotopes with increasing elevationdecrease in heavy isotopes with increasing elevation

First comprehensive Stable Isotope study in Lebanon
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decrease in heavy isotopes
with increasing elevation
composition different for 
every storm event

average composition of springs
Avg catchment elevation:
Afqa 2013 m
Rouaiss 1914 m
Assal 2067 m
Labbane 2171 m
Jeita (J4) 1021 m
Jeita (all) 1629 m

C4 springs
J4 springs
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Spring SamplingSpring SamplingSpring Sampling

all springs - δD

-53.00

-48.00

-43.00

-38.00

-33.00

-28.00
18/11/2010 26/02/2011 06/06/2011 14/09/2011 23/12/2011 01/04/2012 10/07/2012 18/10/2012 26/01/2013

Kashkoush Jeita Afqa Rouaiss Assal Labbane

snowmelt snowmelt

© BGR 2013

Jeita

C4 springs

Kashkoush

Average elevation of Jeita catchment 
is higher than Kashkoush
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Stable isotope dataStable isotope dataStable isotope data

1019 m

Average catchment elevation 
of Jeita spring: 1300-1600 m

Average catchment elevation 
of C4 springs: 2000-2300 m171.3166.41,5411,701307.1C4+J4Jeita

--1,2961,01986.7J4Jeita 

14.6-1,9002,1719.5C4Labbane

21.524.21,8072,17414.6C4Assal

89.4-1,6131,91965.8C4Rouaiss

131.2123.21,6132,012101.5C4Afqa

Mean 
Discha

rge 
WEAP 
model 
[MCM/

a]

Mean 
Discha

rge 
Measur

ed 
[MCM/

a]

Mean 
Rainfall 
[mm/a]

Mean 
Elevati
on [m]

Size 
[km²]Aquifer

GW 
Catchm

ent

3030--40% contribution from higher elevations40% contribution from higher elevations

average J4 elevation
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Spring SamplingSpring SamplingSpring Sampling

• Pronounced seasonal variation of δ18O and δ2H with fast 
response to snowmelt
• Significant difference between Jeita/Kashkoush and C4 
springs
• Response of C4 springs fits with catchment elevation
• Difference in composition between Jeita and Kashkoush 
spring points to lower average catchment elevation of 
Kashkoush spring
• Jeita spring must be fed by significant contribution from 
higher elevations (30-40%)
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0,95.03E-056.91E-112,99 ±0,2419.09.2010Kashkoush

1,54.24E-055.81E-113,27 ±0,2318.09.2010Assal

1,74.20E-055.82E-113,26 ±1,3218.09.2010Labbane

1,64.97E-056.85E-113,00 ±0,1817.09.2010Daraya 
tunnel

0,94.85E-056.65E-113,03 ±0,3117.09.2010Jeita

Years ccSTP kg-1ccSTP kg-1TU

Helium/
Tritium 
Age

Helium-4Helium-3TritiumDateLocation

Helium - Tritium
Chlorofluorocarbons (CFC) and SF6 samples from
Jeita, Daraya (Jeita siphon terminale), Assal, Labbane and Kashkoush springs 

Other Environmental TracersOther Environmental TracersOther Environmental Tracers Special Report No. 15
(GEYER & DOUMMAR, 2013) 

mean GW residence time 1-2 years
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Groundwater Flow MechanismGroundwater Flow MechanismGroundwater Flow Mechanism

recharge in 
Upper

Cretaceous 
aquifer
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J: ~172 MCM

L: ~14 MCM

A: ~24 MCM

Q: ~123 MCM

K: ~70 MCM

Upper Cretaceous: 
81% GW rechargeJurassic: 

59% direct GW recharge

R: ~97 MCMinfiltration (23%) into 
Jurassic aquifer

surface water
infiltration zones

groundwater investigations by BGR have permitted for the first tgroundwater investigations by BGR have permitted for the first time ime 
to assess the available water resources in the Jeita catchmentto assess the available water resources in the Jeita catchment



Protection of Jeita SpringProtection of Jeita SpringProtection of Jeita Spring

WEAP Model WEAP Model -- ConceptConceptWater BalanceWater BalanceWater Balance

MSc Schuler (2011)
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WEAP model WEAP model WEAP model 
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C4 contribution:
68 MCM/a
39% of Jeita’s 
discharge

J4 contribution:
66 MCM/a
38% of Jeita’s 
discharge

23
%
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Aquitard 
contribution:
40 MCM/a
23% of Jeita’s 
discharge

Afqa & Rouaiss 
spring 
contribution:
50 MCM/a
29% of Jeita’s 
discharge

32

Water BalanceWater BalanceWater Balance
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Annual natural Annual natural 
flows in the Jeita flows in the Jeita 
GW catchment GW catchment 
[MCM][MCM]

Hydrogeologi
cal Unit

GWR 
in %

SR in 
%

ET in 
%

Upper Aquifer 
(C4)

81.3 0.0 18.7

Aquitard 
Complex

7.0 80.8 12.2

Lower Aquifer 
(J4)

58.7 20.0 21.3

Water BalanceWater BalanceWater Balance
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Water Balance for the Jeita Groundwater Catchment using WEAP 
(Schuler & Margane, 2013)

77.844.610.72.04.524.423.49.9ET  in MCM/a

163.60.00.00.00.00.035.2128.4R in MCM/a

377.9309.296.816.133.5139.553.415.2GWR in MCM/a

619.3353.8107.518.038.0164.1112.0153.4P in MCM/a

1,9142,1712,0672,0131,0191424mean elevation asl

405.8215.065.89.521.7101.686.7104.1area in km2

Total C4RouaissLabbaneAssalAfqa
Total

Upper Aquifer(C4)Lower 
Aquifer 

(J4)
AquitardWater Balance 

component

P - precipitation, GWR - groundwater recharge, ET - evapotranspiration, 
R - runoff, MCM - million cubic meters
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Water Resources ManagementWater Resources ManagementWater Resources Management

MAR dams for Jeita spring
(increased spring discharge during dry season)

storage dam – outflow during water shortage only

Proposed Storage & MAR Dams Proposed Storage & MAR Dams 
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Proposed 
Dams

Elevation
[m asl]

Dam crest 
[m]

Storage 
[MCM]

Surface area 
[m²]

Catchment 
[km²]

Rainfall 
[mm/a]

Rain volume 
[MCM/a]

Kfardebian 720 100 7.3 224.7 91.0 1,565 142.4

Faitroun 1,115 65 6.6 460.0 80.1 1,596 127.8

Boqaata 900 80 4.1 198.0 16.8 1,442 24.2

Baskinta 1,035 100 6.0 157.7 28.5 1,659 47.4

Zabbougha 635 100 3.0 105.0 46.9 1,454 68.2

Daraya 320 100 9.0 235.2 222.0 1,494 331.7

WEAP: MAR dam scenarioWEAP: MAR dam scenario

36

Water Resources ManagementWater Resources ManagementWater Resources Management
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Very highMAR > Faouar 
Antelias spring

6.0Baskinta
Lowstorage9.0Daraya
Very highMAR > Jeita spring4.1Boqaata
HighMAR > Jeita spring3.0Zabbougha
Very highMAR > Jeita spring6.6Faitroun
HighMAR > Jeita spring7.3Kfar Debbiane

Infiltration 
capacity

FunctionStorage [m³]
met by runoff

Proposed Dam

Water Resources ManagementWater Resources ManagementWater Resources Management Proposed Storage & MAR Dams Proposed Storage & MAR Dams 

MAR – managed aquifer recharge
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Optimized Use of Water ResourcesOptimized Use of Water ResourcesOptimized Use of Water Resources

Surface water: 

Capture of (rain)water and flow over aquitard (diversion): until March/April
Small-scale rainwater harvesting possible on aquitard 
► storage in ponds at high elevations (1300 – 1600 m), agricultural use 

Managed aquifer recharge (MAR) to reduce the water shortage periods in the 
domestic water supply of the Greater Beirut Area (October-December)
► storage in dams at medium – high elevations (March-July), 
dam capacity (live storage) 3-7 MCM
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Storage volume and GW infiltration of Kfardebian Reservoir in MCStorage volume and GW infiltration of Kfardebian Reservoir in MCMM

Total infiltration: ~ 18 MCMTotal infiltration: ~ 18 MCM

39

Kfar Debbiane MAR damKfar Debbiane MAR dam

Jeita: increase of 
annual discharge 
by 10% to 189 
MCM/a

Water Resources ManagementWater Resources ManagementWater Resources Management
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WEAP Climate Change Scenario

40

• Modeling period: 2010 to 2040
• Based on the A1B scenario (*)

- Most commonly used
- Based on: Beirut, Cedars, Dahr el Baidar and Zahleh

• Selected forecasts until 2040:

(*) MINISTRY OF ENVIRONMENT (MoE) (2011): Lebanon’s Second National 
Communication to the UNFCCC. Republic of Lebanon, Ministry of En-
vironment, 191 p.; Beirut/Lebanon.

Precipitation (%) Temperature(°C) kc
Summer Winter Summer Winter Summer Winter

-15 -20 +2 +1.75 +4.4 +3.1

Water Resources ManagementWater Resources ManagementWater Resources Management
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Results WEAP Climate Change ScenarioResults WEAP Climate Change Scenario

41

Discharge of Jeita Spring: Reference vs. Climate Change Scenario in MCM

Climate Change: Jeita 
discharge 129 MCM/a

-25%
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Snow cover on the C4: Reference vs. Climate Change Scenario in mSnow cover on the C4: Reference vs. Climate Change Scenario in m

-46% snow cover

Water Resources ManagementWater Resources ManagementWater Resources Management

Results WEAP Climate Change ScenarioResults WEAP Climate Change Scenario
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• Approx. 40%40% of Jeita’s annual discharge comes from the C4
• Approx. 28%28% of Jeita’s annual discharge comes from Afqa 

and Rouaiss Spring
• Large quantities of water resources are unused: 141 MCM141 MCM

direct runoff per year
• Potential for MAR: Increasing discharge at Jeita Spring

→ however, uncertainty about fast flow/ slow flow component
• Climate Change could severely impact water resources 

availability:
- snow cover will be reduced by 46%
- discharge of Jeita will decrease by 25% in 2040

WEAP Conclusions
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Thank you for your Thank you for your 
kind attentionkind attention

Dr. Armin Margane – Project Team Leader
Raifoun, Saint Roche Street
armin.margane@bgr.de +961 70 398027

www.bgr.bund.de/jeitawww.bgr.bund.de/jeita


