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* Jlasks
e Description of Project Area
* Project Results related to
- Component 1 (Wastewater Sector)
- Component 2 (GW' Protection Zones, Awareness)
- Component 3 (Monitoring Quantity/Quality, Balance)
- Component 4 (Improved Jeita Spring Capture)
and Conveyor)




ProjectiACtivities

Goal: Majer Risks for the Drinking \Water Supply. in the Greater Belrut
Area are reduced by Implementing measures te pretect the groundwater
contribution zone of the Jeita Spring from poliution.

1. Integration of water resources protection aspects into the
investment planning and implementation process in the
wastewater sector (geoscientific advice in wastewater sector)

2. Integration of water resources protection aspects into landuse
planning (delineation of GW protection zones)

3. Collection and use of monitoring data concerning quality and
guantity of, water resources

4. Support of the partner institutions concerning the implementation
of urgent protective measures
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~ 75 % of Beirut's water com__eé from Jeita
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patarAvaiaiity, Groundwater

* Insufficient and inadequate meteorological stations/data (not heated
> no snow data) (previously >100 stations, now 35 stations in LB)

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

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

» Surface water gauging stations not adequately designed and maintained

» lack of institutional capacity, funds and staff

Water resources assessment needs monitoring system for all water balance
components

e 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) ~

GW: Groundwater
W Surfoce Woter

Total Raimfall amd Snow

=== Water Lost

—— A ater Flow g‘l

Across Boundaries

‘ Resources Remaming im Lebanon \
interaction ‘ e
> urface Flow

Renewable Water Resources
(m?/capita/year)
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Snow is the lifeline of Lebanon & =~ % 4

> shit of Q‘Fographlc snow line
‘ wqﬂter shortage in dry seaso




Where does Beirut’sidrinkingpwatericomeifriomi—a
Groundwaterrecharge
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High karstification in
Cretaceous limestone
(Faqra)
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\ Groundwater'System Based on new geological map prepared by BGR
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IiSpecificiEroblemsis Jeita Catchment

 High rainfall (on average 1450 mm/a)

* highi level oi karstification
» high infiltration /' low: retention capacity
» high spring discharge peaks during January to April (up to 60 m?/s),
low flow’ during dry season (min. 1 m®/s) > water. shortage in Oct/Dec

* high GW_ ilow velocity (up to 2,000 m/h)

* rapid and uncontrolled urban expansion (approx. 200.000 inhabitants)
P severe detenoration of water guality over the past decades

Viain pellutien seurces:

» wastewater (no WWTPs yet)

s waste (often illegal disposal)

* gas stations (54 inside GW catchment; 30 near catchment)

* guarries; (sandstone, cement, decoration stone)

 Jeita — Dbaye water conveyor (up to 140 yrs old)

E
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controlled by
- structure (base) and
- tectonics
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- multiparameter probes

- gauging stations (weir, ADCPs) |

- direct discharge measurement
(> 300 dilution tests)

~ old system,
not functioning

:ﬁ"’” b
Eabbane spring

Kashkoush spring
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parameters:
\Water level

llemperature
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+ADCP 4., Telemetric data transfer Assal spring



Assal — Monitoring by ADCP & multiparameter probe

1540 m asl

ADCP : every 15 min multiparameter probe: every 20 min
I

E




- Spring Monitoring Jeita — Monitoring by ADCP & multiparameter probe

Long-term average: 172 MCM/a

water year 2010/11: 115 MCM ~265%
water year 2011/12: 183 MCM i
water year 2012/13: 162 MCM
water year 2013/14: >44 MCM
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Flimaterdatal

Installation of meteorological stations at
» Sheile (463 m)

» Agjaltoun (621 m)

o Kfar Debbiane (1307 m)
» Bakeesh (1416/m)

» Chabrouh dam (1591 m)




sWaterscarncity 20445

Reporting to all parties (CDR, MoEW, WEBML) every 2 weeks:
* rainfall water year 2013/14 compared to WY 2012/13
» spring discharge (Assal, Kashkoush) same period

Rainfall in WY 2013/14 only ~40% of rainfall in previous WY

Cummulative Rainfall
Water Years 201213 and 2013/14
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spring discharge Assal since 07/2010

discharge only ~35% of discharge in previous WY's

status 01.07.2014 Monthly Discharge Assal Spring
(monitoring of main spring)
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spring discharge Assal since 10/2012
ADCP data

Assal Spring
Flow (ADCP) - rainfall Beirut airport
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spring discharge Kashkoush since 07/2010

discharge only ~25% of discharge in previous WY's

Monthly Discharge Kashkoush Spring
25,000,000
water year 2010/11: 54 MCM
water year 2011/12: 84 MCM
water year 2012/13:66.4 MCM — —
water year 2013/14: >15.3 MCM
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Without pumpage

” ” Kfar Debblane
IPE s ARRINL R B P _B aata’ Lot






Environmental Impact Assessment

SIEE.
i probable former cave
collapse area

L‘Jata raten. kbps - from net 0.00% 1 e
jE! qps 0.00, rate 0 kbps, avg latency:0.00 ms, min 0. {JD"‘ns max 000 n% o G el
Net response size: gr avg size 0.00 kB, max size 0.00 KB, -'q-0.00 kB - |GGCI kB -t 0.00 KB £d0.00 {A=%
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Data basis: BGR, Landsat 7 (2000); 2013
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. for Jeita, Afga, Rouaiss,
GroundwaterProteclion i Zones As_sa'_ _a"d Labb_ane_ Springs
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Jeita - dO18
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Stable isotope rainfall samplers

decrease in heavy isotopes with increasing elevation
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First comprehenswe Stable |sotope study in Lebanon
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Mean Mean
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rge rge 0)0 Ole|l=
Measur | WEAP
GW Mean Mean ed model
Catchm Size Elevati Rainfall [MCM/ [MCM/
ent Aquifer [km?] on [m] [mm/a] a] aj
Afga C4 101.5 2,012 1,613 123.2 131.2 g
Rouaiss C4 65.8 1,919 1,613 894 Rouaiss Labbane
Assal C4 14.6 2,174 1,807 24 .2 215 qua Assal
Labbane 2,171 1,900 g T
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Special Report No. 15
(GEYER & DOUMMAR, 2013)

OiherEnvirenmentaliNiracers

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

Location

Tritium

Helium-3

Helium-4

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




75 2000

768000 776000
1 1

T, T e e e

Water balance of the Jeita GW catchment using WEAP
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J4 contribution:
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WaterkesourcesiVianagement

745000

outflow during’

N

750000

R

water 'ShOﬂaéé 3nly 3

-"_Boqaata danii:

Proposed Storage & MAR Dams

760000

Baskinta dam .
o g

755000 760000

3765000

3760000




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




WaterkesourcesiVianagement

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

10

ion: <

&
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—

Flow in MCM
&)

-10 annual discharge
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
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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

. L N S [—

30 ;;;;;

25

20

15

10

Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug
M Jeita Spring 2010 M Jeita Spring 2040
I 45




WaterkesourcesiVianagement

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

100
50
0 I I | | I
Sep Oct Jun Jul Aug
-50
ARO
100 46% snow cover
-150
> earlier water shortage
“““mReference snow melt 2010 ® Climate Change snow melt 2040
m Reference show accumulation 2010 m Climate Change show accumulation 2040
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WEBNIENWaterdSuppiyiSystem

85% in winter

£ ABO/ i a‘

485% in summer | ;e [ esrouane 10 000 H et

E . ] Lt

=

: L1

3 Trop plein Jeita Source de Jeita Metn : 20 a 25 000 H
«4— 600000H H : 300 000 18 000 E

(jan/fev.) E : 100 000 & 115 000

Source Quachqouch ‘—{ 1forage F8: 2000 E | -
25000 & 30000 E 7 - . s

.

Trop plein Qachgouch
= 100 000 H

H:
Irrigation @ 15 000 E E:

¥

Faour Antélias

Actuel (2007)

12 000 (100 000 ?)
8000 (30 000 ?)

[m*/d]
H - Winter Stockage A

Beyrouth

:

Recharge Nahr el Kalb
15 000 & 18 000 E m
4 LIk

Usine de Dbave

Maoghada : 10000 H et E

.‘_
Canal Wata : 22 800 H et <

12 000 E (septfoct)

3.1 m3s {

2 forages (Mahr El Kalb): 9000 E

A

2 forages
(Antélias) 9000 E

y

[ Forage Moghada 4500 E

Chamville : 3600 Het E
Ville de Dbayé : 3000 H et

E - Summer Réservoirs
85 000
A A
F
-
Forages Beyrouth
H: 30000
E: 30000
o
h 4
Distribution
Conduites vers Beyrouth Beyrouth
Hiver Eté H : 280 000
= 500: 60000 25 3 30 000 E: 180000 a
* 1000: 50000 25 a 30 000 195 000
* 1200: 130000 &5 3 70 000
- \
Forages
Damour



|~ 3 forages ]_' Ke n . . N ol [m3/d]
X A H = Winter ( Stockage )

Nahr El Kalb

C CA CA . CJ
Trop plein Jeita Source de Jeita _ EIE:? ro l.ltlll
«— 600000 H H : 300 000 E Summer Reservoirs
(jan/fev.) E : 100 000 3 115 000 : : 85 000
.\5 y
i 2 # -‘
Source Quachqouch 1 foraa Forages Beyrouth
25000 & 30000 E ] l i conveyor very old (140 years), H: 30000
leaky, capacity insufficient, £: 30000
Trop plein Qachgouch - c : g
> 100 000 H g only one line (high risk of damage
r'y A . - /’l
) 4
Recharge Nahr el Kalb ] Distribution
| 15000218000 E ) TUNNEL Conduites vers Beyrouth Beyrouth
max 250 000 Hiver Eté H: 280 000
= 500: 0000 25330000 E: 180000 a
TOO mUCh Water w1000 : &0 000 25 3 30 000 195 GG“

200 130 000 £5 & 70 000

running off unused { 2 forages

(Antélias) 9000 E

[ 2 forages (flahr El Kalb): 9000 E

no space for extension, capacity

capacity insufficient, : . ﬂ
: : : insufficient, no treatment of ages
only one line, no repair possible | mour

) ] organic constituents, :
(high risk of damage) lab capacity insufficient 35 000
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. = There is only one conveyor line

& P in case of damage Beirut may be
out of water for months

- : Conveyor must be protected from flooding

an enter
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Dbaye treatment plant

116 years old
cannot be expanded (no space)
only sandbed filters (only part
, no treatment of organic cons
/ and heavy metals "
possible formati
laboratory not

e W
N n L
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WEBNENWYaterrSupplyiSystem=mwwhatsshiouldierdones?

: : ___» 30-50 Mio USD
* Improve capture off Jeita spring

 Establishia new: raw water conveyor (pipelines/new tunnel) /
with increased capacity (7 m=/s)
(2 separate lines because one line could be damaged; redundancy)

o Establishidam with medium, capacity (Daraya dam: 9 MCM)
to overcome water shortages at end of dry season

* Do not allew illegal connections and illegal uses (“irrigation”)
* [ncrease capacity of treatment & improve treatment process
 Establish water quality monitoring & increase laboratory capacities

» Reduce water losses in Beirut
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G onciusionsy

The geological stucture and tectonics are virtually unknown
» a Geological Survey should be founded

The amount of groundwater available and the boundaries of GW catchments
have never been studied. There is no institution that has the capacity to
cover all aspects of water.

» a Water Resources Agency should be established to deal with
- water resources monitoring (quality/quantity)
- water resources assessments
- water resources protection
- demand management and allocation
- planning of water projects

Wastewater is the main pollution source, but still no agency wants to deal with it.
» a National Wastewater Authority should be created, responsible for:
- planning and implementation of WW projects
- operating and maintaining WWTPs
I
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- Jean Abi Rizk - Dr. Joanna Doummar (tracer tests,

- Eng. Renata Raad micropollutants)

- Philip Schuler - Dr. Tobias Geyer (He/3H isotopes, CFC)
- Elias Saadeh - Prof. Martin Sauter

- Rony Tabet

BGR STE: Partner institutions:

- Dr. Kai Hahne (geological mapping) - Eng. Ismail Makki / CDR

- Dr. Anke Steinel (WW BMP & standard) ~ Director Planning

- Dr. Jobst MaBRmann (WEAP model) - Dr. Fadi Comair / MoEW

- Dr. Paul Kéniger (stable isotopes) Director Water Resources

- Leo Stdckl (hydrology) - Eng. George el Kadi / WEBML
- Dr. Rebecca Bahls (tracer test) Technical Director

- Dr. Annalena Hesshaus (tracer test) - Eng. Maher Chrabieh / WEBML
Director Dbayeh Treatment Plant

- Dr. Paul Souaid / WEBML

Director Water Lab




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