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Ouiline project component 3

* Monitoring of Water Resources
» Groundwater Balance & WEAP Model

» \Water Resources Management Options




patarAvaiaiity, Groundwater

* Insufficient and inadequate meteorological stations/data (not heated
> no snow data)

* No groundwater monitoring > no water levels > no GW model

» Spring discharge monitoring stations not adequately designed, maintained
and monitored

e Surface water gauging stations not adequately designed and maintained
» lack of funds and staff

Water resources assessment needs monitoring system for all water balance
components

* rainfall / snow

» spring discharge

* runoff (surface water)

» groundwater abstraction

* irrigation water use (return flow)

» domestic water use / losses (return flow)

» no data > no correct water resources assessment
» wrong water resources assessment leads to wrong planning !
» failed investments in the water sector




Current PlanninghnitheVaternSector:

None of the Components of the Water Balance is monitored
Water Resources Availability was never assessed correctly
wrong Information leads to wrong Planning

Renewable water resources per capita are already slightly below scarcity

threshold, with expected decrease in the coming years
Current Water Balance for Lebanon
[BCM fyear) ~
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- multiparameter probes

- gauging stations (weir, ADCPs) |

- direct discharge measurement
(> 300 dilution tests)

~ old system,
not functioning
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Acoustic Doppler Current Profiler (ADCP) Jeita
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Why does discharge rarely fall below 1 m®/s ?

Jeita - Discharge (calculated)
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Analysis of flow characteristics (slow flow / fast flow component)

WL Jeita

Water level

Jeita: 0.9 - 65m’s comparison Jeita - Kashkoush
Kashkoush: 0.1 - ~15 m?/s
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SpringDischarge Assal spring

existing spring captures not suitable

for discharge measurements

* long straight line segments with no turbulent flow
* no variable impoundments (e.g. for irrigation) LT
 only one discharge point

Multiparameter probe
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Spring discharge depends on how much, when, where and in which form precipitation fallg

discharge behavior in C4
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D SpringDischarae

Assal (C4)
percentage of
annual discharge
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Jeita spring: quick response to rainfall in J4 = rapid transfer of pollution
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Turbidity Measured at Dbayeh Treament Plant
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Proposal for installation of streamflow gauging stations at
» Daraya (Nahr es Salib)

» Daraya (Nahr es Zirghaya)

o Jeita/Kashkoushi (Nahr el Kalb)

LRA station 226 Daraya

(Nahr es Salib + Nahr es Zirghaya) Parshall flume weir Daraya (Nahr es Salib)




LRA measurements cannot
give proper results

unsuitable location and profile
highly turbid flow

difficult calibration, outdated
no maintenance
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StableNsoetopersampling

» Springs (every 2 weeks): Afga, Rouaiss, Assal, Labbane, Jeita (daily),
Kashkoush;

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

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




Stable isotope rainfall samplers

decrease in heavy isotopes with increasing elevation
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Average elevation of Jeita catchment
IS higher than Kashkoush

all springs - 6D
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EJeita

30-40% contribution frem higher elevations 191’le
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SprRgrSampling

« Pronounced seasonal variation of '80 and &2H 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%)




Special Report No. 15
(GEYER & DOUMMAR, 2013)

ertherEnvircnmentaidiracerss

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

Location

Tritium

Helium-3

Helium-4

mean GW residence time 1-2 years

Helium/
Tritium

TU

ccSTP kg

ccSTP kg

Jeita

17.09.2010

3,03 +0,31

6.65E-11

4.85E-05

Daraya
tunnel

17.09.2010

3,00 +0,18

6.85E-11

4.97E-05

Labbane

18.09.2010

3,26 +1,32

5.82E-11

4.20E-05

Assal

18.09.2010

3,27 +0,23

5.81E-11

4.24E-05

Kashkoush

19.09.2010

2,99 +0,24

6.91E-11

5.03E-05
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WEAP Model - Concept

Hydrological balance of the Jeita Spring catchment
conceptual basis for WEAP
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Water balance of the Jeita GW catchment using WEAP
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WaterBalance

Annual natural
flows in the Jeita
GW catchment
[IMCM]

Hydrogeologi GWR SRin ET in

cal Unit in% % %
(o))

Complex
(J4) ' |

all numbers in MCM/a

Precipitation Groundwater Evapotrans
recharge piration

P C4 (snow) BGWR C4 BETC4

B P AT (rain) B GWR J4 BET J4
P C4 (rain) GWRAT ETAT
P J4 (rain)



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

Lower Upper Aquifer(C4)
Water Balance Aquitard Aquifer

: 1424 1,019 | 2,013 | 2,067 2,171 1,914
mean elevation asl

P in MCM/a 153.4 112.0 | 164.1 107.5 353.8
e ) 2 ) ) T )

P - precipitation, GWR - groundwater recharge, ET - evapotranspiration,
R - runoff, MCM - million cubic meters
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WEAPR: MAR dam scenario

Proposed | Elevation Dam crest | Storage | Surface area | Catchment
Dams [m] [MCM] [m?] [km?]




mWaterrsikesourcesihVanagement Proposed Storage & MAR Dams

Proposed Dam Storage [m?] Infiltration
met by runoff capacity

Daya | 90 [sorge  [tow

Baskinta MAR > Faouar | Very high
Antelias spring

MAR — managed aquifer recharge




OptimizedUseroiVVaterRESOURCES

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




WaterkesourcesiVianagement

Kfar Debbiane MAR dam
Storage volume and GW infiltration of Kfardebian Reservoir in MCM

10
= 5
= i B =
£ 0 . ' | |
AR B BN
L -5

..............................................................

by 10% to 189
-15 MCM/a

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

| oss to GW J4 mmET mmQutflowto downstream EEInflow from upstream —Storage

B e T 39




WaterResourcesiianagementsy

WEAP Climate Change Scenario

. 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.
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Resulits WEAP Climate Change Scenario

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

Mggll Climate Change: Jeita
discharge 129 MCM/a
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WaterkesourcesiVianagement

Resulits WEAP Climate Change Scenario
Snow cover on the C4: Reference vs. Climate Change Scenario in m

100

50

-46% snow cover

-100
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m Reference show melt 2010 ® Climate Change snow melt 2040
m Reference show accumulation 2010 m Climate Change show accumulation 2040
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WEAP Conclusions

« Approx. 40% of Jeita’s annual discharge comes from the C4

« Approx. 28% of Jeita’s annual discharge comes from Afga
and Rouaiss Spring

« Large quantities of water resources are unused: 141 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
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