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Technical Cooperation Project

Management, Protection and Sustainable Use
of Groundwater and Soil Resources
In the Arab Region

The Arab Centre for the Studies of Arid Zones and Dry Lands (ACSAD),
Federal Institute for Geosciences and Natural Resources (BGR)

Aim of the project

Development and application of a
user-friendly
efficient
Inexpensive
easily sharable
water planning and management tool
and its
dissemination and institutionalisation
towards a
better integrated water resources management

in the Middle East (and beyond)




Decision Support System (DSS)

> Support for decision makers in badly structured decision

» Interactive method for solving problems
» Decisions are not automated

» Expert knowledge, experiences and judgments of decision makers
have to be incorporated

» No general and all-encompassing instrument for solving problems
It generates no solution independently
and solves problems not completely

Basic structures of a DSS:
- Data component, databank
- Model-/method-component, database of methods
- Dialog component




Decision Support System (DSS)
for Integrated Water Resources Management (IWRM)

socio-
economic
development

water demand
resources
system

oriented

Tasks of a DSS for IWRM

* Analysis of the present water management in a
complex interacting system
« Evaluation of future scenarios, taking into account

- change of water demand and resources
(climate change, socio-economic development, ...)

- different water management options
[Koudstaal et al. 1991]
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The early beginning...
selection of a suitable DSS

- easy to use

- free of charge
e catchment scale
CALSIN

RIB AS\N\

GOLDSIM .
Aquarius
Aquatool

MIKE-Basin
\Waterware
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Water Evaluation And Planning System
as a Decision Support System

Integrated watershed hydrology and water planning model

GIS-based, graphical drag & drop interface.

Physical simulation of water demands and supplies.

YV V V V

Additional simulation modeling: user-created variables, modeling
equations and links to other models.

Y

Scenario management capabilities.
» Watershed hydrology, water quality and financial modules

» The data structure and level of detail may be easily customized to
meet the requirements of a particular analysis and to reflect the limits
Imposed when data are limited.

» Developed by Boston Center of the Stockholm Environment Institute,
WWW.Sei-us.org




Precipitation Evapotranspiration
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balance in a catchment
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WEAP DSS for IWRM

- standard procedure -

System Definition

Configuration of the hydraulic system

Scenarios » Analysis of the future water balance
Demographic and economic activity - Consideration of uncertainties, e.g.
Climate change climate change, population growth
- Evaluating of water management
activities, e.g. new pipelines, new
irrigation techniques

Water management

* Sensitivity studies

l ~ » Change of groundwater
Evaluation ' Eeasms  Storage .
Charts, tables, maps » Change in stream flow
| > Demand coverage

' » Costs, . ..
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WEAP-MODFLOW Linkage

-

Groundwater is the main water
resource in the Arab Region

Detailed information about
groundwater drawdowns and flows
are of special interest

Groundwater flow model is needed! T Elver

4 Main River

]
© Catchment g
’ Irrigation
Demand

Reservoir

Demand  \yaste Water
Site “City” " Treatment




WEAP-MODFLOW Linkage

-

Groundwater is the main water Precipitation ___ Evapotranspiration
resource in the Arab Region ——

Detailed information about
groundwater drawdowns and flows
are of special interest

Catchment

Groundwater flow model is needed!

4 Main River East River :
ey ' Catchment &
N e — Irrigation
Deman

Reservoir

Demand ' \waste Water
Site “City” " Treatment

WEAP

Hydraulic Head

GW Repharge / / / / / / / REC/ Storage Volume
Abg{j‘:rt'g?as:te /S Jrv/rv/ . /) D;\J/ . / Spring Discharge

Groundwater Flow

Linkage

i, . cooml] 7 /0 A
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WEAP - DSS - Enhancements

Initiated by the ACSAD-BGR project

Integration of a 3d groundwater flow model

Irrigation

Surfaceyrunoff
- = MR
Enhanced soil water balance model o

(integrated in WEAP)

recharge

Ground-
water

INPEaniVes
l"‘ll I'lﬂ'

3d particle tracking model
(integrated in WEAP)

LSS L

Water demand: 1500 m?d
Salinity: < 1 g/L

max 50 m*h
4

Optimization of abstraction rates A
and pumping allocation
(developed by Issam Nouiri, INAT, Tunisia)




Software Concept
Software needed to setup a WEAP-MODFLOW DSS - so far

[ L L L) [ [ SRS
¢ JROIRY e
fRY RN JRV/RV/RV /RS

East River

Main River

O Catchment

Irrigation

L VEVEVEVLTAY AV
LILETANDLY A

Demand - \aste Water
Site “City" " Treatment

- WEAP / « MODFLOW2WEAP
* Cropwat * ArcGIS

 Access

- WEAP

« GMS/PMWIN * Excel

« MODFLOW / MODPATH  Text
Editors




Software Concept
Software needed to setup a WEAP-MODFLOW DSS - so far

“© Catchment frigation 'MW"'W'
D JRV/RYSJRv/RY/RY/RY/ S

Demand Waste Water
Site “City" " Treatment W’MM"'
- y

racipitation Evapotranspiration _____—pring_ :
- WEAP B / F. g
o ¥ y
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hd
. -

Substituted by MABIA,
integrated in WEAP
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< No topic in workshops,

€ integrated in WEAP
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. LinkKitchen WEAP Area: LinkKitchen Example | MODFLOW: Zabadani_26tm (o = |
‘ " 1434 of 3505 selected EE @R o

- mopFLow g

St_Head L1
St

LinkKitchen

* GIS-comparable user interface — no GIS software/license required
* Optimized for the setup of the Linkage File — no more, no less

* Intuitive handling

*NO more typing errors

« Comprehensive data-file management — no more orphaned files

« Automated, direct data transfer from/to WEAP

Recharge SP4
Recharge SP5

X: 221947 Y: 3737856 |7
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WEAP — MODFLOW applications
In the Arab Region encouraged by the

- Lebanon
Tunisia Jeita
Haouaria Aleppo
Morocco Kairouan y Palestine ® Zabadani

Berrechid Zeus-Koutine Eocene Aquifer ®
Haouz Western Aquifer »

Jordan
Azraq

Corridor Wellfield

ACSAD Member Country
® DSS Application Area




Pilot Study

Zabadani Basin Syria

* Northwest of Damascus
* Area 165 km?2

SNy ZABADAN |5




Drinking water
Damascus




Hydraulic Climate Soil Landuse
System

rivers, canals, temperature types crop type
tranmissions, precipitation layers irrigation
runoff cloudiness water capacities

linkage

RESULTS

/
MODFLOW

Demands Resources

domestic river head flow
industrial hydrogeology
demography inflows

\_ FD groundwater flow model )
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THEMATIC MAPS:

Soil Water Holding Capacity

Water Holding Capacity

per 10 dm of profile depth

I-m—‘- mm

Arab-Garman Technical Ennpumtmn

Landuse Classes by aerlal Photos
4|:| Cretaceous - Meogene - undevelioped
unimigated terraces

s - undevellopped
- undevelloppad
built up densly
8 forest
I irigated temaces
|:| unimigated terraces




MWEAP: D55_Zabadani2005-2017_modified
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Scenarios

Planning scenarios 2005 — 2050

O) No change, reference

Precipitation and temperature based on the average o d 1961-1990

A) Demand change
Increase in water abstraction for domestic use until 2020

B) Drought cycle
Considering 4 consecutive drought years (2011-2014)

C) Climate Change
Decrease of precipitation and lateral GW inflow, increase of temperature
IPCC climate scenarios A2, A1B, B1, (16 modeling groups)
C1) average of all results
C2) worst case




Water Demand and Water Usage

M\lg7 MCM

Irrigation
52%

2050
| Scenarlo C2

A
202 5\.. v
Scenario A

O (Reference)
A (Demand Change)
(Drought)
(
(

B
—— C1(CC average)
—C2

CC worst)




Water Balance

Surface runoff

ZsgegezerazansTazaren:
B 28 e B BB,
25000280000 TA0008

Scenario C2: Climate Change, worst case
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M Irrigation
80 4 Evapotranspiration
M Runoff
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Groundwater Head
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Some Conclusions

Since groundwater is the main resource in the Arab region, a‘
approach (groundwater-surface water) is essential '

The WEAP-MODFLOW DSS is a powerful tool to investigate water
relevant problems in the framework of IWRM.

The DSS is a free software for developing countries

It has successfully been applied in many areas in the Arab region and
IS used today in several institutions there

Even if the WEAP-MODFLOW DSS is relatively simple, several
weeks are needed to setup a new model together with well educated
counterparts and work on the results with decision makers

A new tool, LinkKitchen, has been developed, which simplifies the
WEAP-MODFLOW coupling
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