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EXECUTIVE SUMMARY

The purpose of the LRBMS project is to set the ground for improved, more efficient and sustainable
basin management at the Litani river basin through provision of technical support to the Litani River

Authority and implementation of limited small scale infrastructure activities.

The project is composed of the following four components:

e 1: Building Capacity of the Litani River Authority (LRA) towards Integrated River Basin Management
e 2: Water Monitoring of the Upper Litani River
e 3: Integrated Irrigation Management

— 3a: Participatory Agriculture Extension Program (PAEP)

— 3b: Machghara Plain Irrigation Plan
e 4: Risk Management

— 4a: Qaraoun Dam Monitoring System

— 4b: Litani River Flood Management Model
As part of the component 3a, the irrigation system from Canal 900 was assessed. Canal 900 withdraws
water from Qaraoun Lake for a large irrigation scheme of 2000 ha located in the southern parts of the
Bekaa valley. Three pumping stations of different size deliver water to laterals through regulating
upstream reservoirs. However, the off—farm irrigation system has been found unable to deliver
simultaneously water to all farms with sound adequacy. Nowadays, only 1/3 of the planned irrigated area
is being supplemented with water from Canal 900 although Structural & operational improvements were
implemented on canal 900 networks with the support of Litani River Basin Management Support
(LRBMS) Program with the aim to increase the extent of the irrigated area and improve the
supply/demand flow balance within the project area.
Direct deliveries from Canal 900 will alleviate the limited capacities of the three pump stations and allow
an increase in the area served by the Canal 900 system. They will also lower operational costs by
significantly reducing the energy needed to pump water from the canal to the reservoirs.
The evaluation of the hydraulic performance of Canal 900 pressurized irrigation network at the light of
the newly constructed gravity diversions along the Canal in Joub Jannine and Lala was made using a
simulation model, EPANET 2 (United States Environmental Protection Agency).
EPANET was chosen to perform these simulations since it is widely used world-wide and notably in the
US where it is the model for the majority of networks models. EPANET is freely available on Internet,

and is maintained and regularly updated by the Environmental Protection Agency. Due to its friendly-



user platform, the model offers a series of scenarios and options that can be adopted under different

water/pressure conditions.

Simulations of the Canal 900 irrigation system

Afirst set of simulations were made in order to evaluate the actual behavior and the maximum capacity of
the actual systems consisting of the three sub-networks constituting Canal 900 irrigation system (i.e. K1,

K2 and JJ-KL) and their related branches which were added separately. Two simulations were made:

e The first one based on the effective farms” demand experienced over the last growing year (2012) as
being noted down by Litani River Authority (LRA),

e and the second based on a maximum velocity of 2 m/s in all the pipes constituting the network.
The main goal of this work was to simulate the hydraulic behavior of Canal 900 and analyze the hydraulic
operational features (i.e. pressure/flow/friction) along them. The results are as follows:

e The actual irrigated area ranges between 640 ha and 800 ha which is equivalent to about 85% of the
pumps capacity.

e The maximum irrigated area if additional pumps are to be added ranges between 1520 ha and 1900 ha.

Simulations of the Diversions

The specific objective of this work was to simulate the two gravity diversions in Lala (ILL) and
JoubJannine (J]), with relation to the flow/pressure of water flowing into them and delineate the irrigated
areas served by the two gravity diversion systems. An ultimate objective was to evaluate whether Canal
900 off-farm irrigation system was capable to deliver water to the designed farms adequately and
efficiently.

Gravity water supplies at specific points along Canal 900 irrigation conveyor were revealed in previous
studies conducted by Litani River Basin Management Support (LRBMS) Program as corrective measures
to balance between the increasing farmers’ demand and limited supply of the initially designed hydraulic
system. This considers branching into the current irrigation pipelines of the gravity diversion pipelines
conveying water directly from the Canal into Lala and Joub-Jannineirrigation sub-networks. Then, the
deliberated gravity served sub-networkswere hydraulically split into one (LL) and two (J]) irrigation zones
that are supplied with water from the gravity diversion facilities, whereas the rest of the areas receives
water from the already existing upstream reservoirs.

For that, we assumed first two simulation scenarios: (1)simulation based on 50% of the totaldemand of
the initial design flow and (2)simulation based on 75% of the total demand of the initial design flow. For
each scenario, three options were taken; (O1) area served by the gravity diversion that is located in the

lower part of the designed irrigation area; (O2) area served by the gravity diversion that is located in the



upper part of the designed irrigation area and (O3) area served by the gravity diversion is distributed
adequately between the different sectors. For the three above-mentioned options, nodes with less than 30
m of head pressure and pipes with more than 2 m/s of water velocity were identified.As a result of these

simulations, it was deducted that:

e The adequate distribution between the different sectors in each diversion can lead to a larger total flow

(03).

e The capacity of each diversion is related to the pressure constraints which are also related to the
irrigation type to be adopted.

Based on the results of the above mentioned simulations, it was decided to test the capacities of the
diversions for the suitable flow if drip irrigation is to be adopted. Two pressure constraints for each
diversion were tested at 15 m and 20 m of pressure head.

The results are as follows:

e For a minimum pressure of 15m, the projected irrigated area from the two diversions ranges between
285 ha and 355 ha which is equivalent to an addition of about 45% to the Canal 900 network capacity.

e For a minimum pressure of 20m, the projected irrigated area from the two diversions ranges between
230 ha and 285 ha which is equivalent to an addition of about 35% to the Canal 900 network capacity.

Conclusion

The simulation on EPANET showed that the introduction of the diversions can increase the irrigated
area from Canal 900 from a range between 640ha and 800ha to a range between 1150ha and 1440ha.

It should be noted that in practice, several other factors related to losses inside the networks, lack in the
management system, non permanent peak demands, electrical power cut-off... can affect the above
mentioned figures.

The model built can be used by the LRA in order to simulate the behavior of the system at the beginning
of the irrigation season in order to assess the water availability and the pressures on nodes based on the

real time demand.
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General

Canal 900 withdraws water from Qaraoun Lake for a large irrigation scheme of 2000 ha located in the
southern parts of the Bekaa valley. Three pumping stations of different size deliver water to laterals
through regulating upstream reservoirs. However, the off—farm irrigation system has been found unable
to deliver simultaneously water to all farms with sound adequacy. Nowadays, only 1/3 of the planned
irrigated area is being supplemented with water from Canal 900 although Structural & operational
improvements were implemented on canal 900 networks with the support of Litani River Basin
Management Support (LRBMS) Program with the aim to increase the extent of the irrigated area and
improve the supply/demand flow balance within the project area.

Therefore, the evaluation of the hydraulic performance of the current system and introduced gravity
diversions should be performed taking into consideration the effective demand of farms experienced
over the last period. Particular emphasis should be placed on the conveyance capacity of main gravity
pipeline running from the main reservoir to network branches.

The EPANET software, a computer program that performs simulations of the hydraulic behavior within
a pressurized pipe network, was used to perform the above reproduction. The main functions of this

software are:

Tracks the flow of water in each pipe

Tracks the pressure at each node

Calculate the height of water in upstream tanks/reservoirs
e Computes friction head loss (using Hazen-Williams, Darcy-Weisbach, or Chezy-Manning formulas)

e Simulate water quality within the network

EPANET is designed to improve the understanding of skilled staff on the system performance analysis.
It runs under Windows and provides an integrated environment for editing network input data, running
hydraulic and water quality simulations, and viewing the results in a variety of formats, including network

maps, data tables, time series graphs, and contour plots.






1. Scope of Work

The present work is undertaken within the frame of Component 3 (Integrated Irrigation Management) of

LRBMS Program with the aim to:
e Analyze the hydraulic operational features (pressure/flow/friction) of Canal 900 system:

— Simulate the hydraulic behavior of Canal 900 irrigation system with the actual water demand (2012
subscriptions) and based on a velocity constraint of 2m/s. All branches constituting the system, i.e.
K1, K2 & JJ /KL, included separately.

— Add the gravity diversions in K2 and JJ as separate branches.
— Simulation and delimitation of the additional land that can be irrigated from the diversions.

e Evaluate whether the system has been capable to deliver water to the designed farms with adequacy

LRBMS-MODELING OF NEW GRAVITY DIVERSIONS FOR CANAL 900 NETWORK 1



2. Simulations of Canal 900
Irrigation system

The delimitation and subdivisions of Joub Jannine and K2 irrigation networks are shown in figure the

figure below:
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The hydraulic Behavior of Canal 900 irrigation system was simulated twice. All branches constituting the

system, i.e. K1, K2 & JJ/KL, included separately:
e With the actual water demand (2012 subscriptions).
¢ And based on a velocity constraint of 2m/s.

The results of these simulations are illustrated in Appendix A for the actual water demand and in
Appendix B for the 2 m/s velocity constraint.
The following table illustrates the results in addition to the corresponding irrigation area in reference to

the irrigation water demand (1 1/s/ha and 1.251/s/ha):

LRBMS-MODELING OF NEW GRAVITY DIVERSIONS FOR CANAL 900 NETWORK



Zoncs Actual Demand Capacity (2 m/s)
1.251/s/ha 1.001/s/ha 1.251/s/ha 1.001/s/ha
J1 42 53 192 240
12 42 52 162 203
113 82 103 58 73
774 23 29 103 129
1J5 67 84 95 119
KIL1 61 76 234 292
KL2 55 69 163 204
Total JJ KL 373 466 1008 1260
K21 24 30 36 45
K22 11 14 57 71
K23 43 54 33 41
K24 107 134 183 229
Total K2 186 232 309 386
Total K1 79.2 99 200 250
Total 638 797 1517 1896

In addition to the two simulations, the irrigated area for several total flows in reference to the pumps

capacity is illustrated in the table below:

Zones Total 100% of pumps capacity 85% of pumps capacity 75% of pumps capacity
Area
1.251/s/ha | 1.001/s/ha | 1.251/s/ha | 1.001/s/ha | 1.251/s/ha 1.001/s/ha

N 148 58 73 49 62 44 55
JJ2 217 85 107 73 91 64 80
713 172 68 85 58 72 51 63
74 191 75 94 64 80 56 70
JJ5 194 76 95 65 81 57 72
KL1 161 63 79 54 67 48 59
K12 137 54 67 46 57 40 51
Total JJ KL 1220 480 600 408 510 360 450
K21 58 22 28 19 24 17 21
K22 59 23 28 19 24 17 21
K23 79 30 38 26 32 23 28
K24 239 92 114 78 97 69 86
Total K2 435 167 208 142 177 125 156
Total K1 267 83 104 71 89 63 78
Total 1922 730 913 621 776 548 684
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3. Simulations of the Diversions

In order to simulate the behavior of the diversions under different operation conditions, several demand
distributions and values were simulated:
e Diversion K2

— 3 distribution options for a total demand equal to 50% of the design flow.

— 3 distribution options for a total demand equal to 75% of the design flow.

e Diversion J]J
— 3 distribution options a total demand equal to 25% of the design flow.
— 3 distribution options for a total demand equal to 50% of the design flow.
The results of these simulations are illustrated in Appendix C for the diversion K2 and in Appendix D
for diversion JJ.
The following can be deducted from the above mentioned simulations:

e The adequate distribution between the different sectors in each diversion can lead to a larger total flow
(Refer to option 3 of each simulation).

e The capacity of each diversion is related to the pressure constraints which is also related to the
irrigation type to be adopted.

Based on the results of the above mentioned simulations, it was decided to test the capacities of the
diversions for the suitable flow if drip irrigation is to be adopted. Two pressure constraints for each
diversion were tested 15 and 20 m. The details of these simulations are illustrated in Appendix E for the
diversion K2 and in Appendix F for diversion J]J.

The following table illustrates the results in addition to the corresponding irrigation area in reference to

the irrigation water demand (1 1/s/ha and 1.25 1/s/ha):

Irrigated Area for a Irrigated Area for a
Minimum Pressure 15 Minimum Pressure 20
Zones m m
1.251/s/ha | 1.001/s/ha | 1.251/s/ha | 1.001/s/ha
JJ4 107 133 93 117
115 118 147 97 121
K22 59 74 38 48
Total 284 355 228 286
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APPENDIX A Simulation of Canal 900 irrigation system based on the

actual water demand (2012 Subscriptions)

A.1: ]J-Joub Jannine and Kamed El Lawz Network

Figure A-1 ] — KL Irrigation Networks

Figure A-2  J] — KL EpaNet Model
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Run was successful

Figure A-3  ]JJ — KL Successful Run

Day 1, 12:00 AM
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Figure A-4  J]J — KLL Nodes with Pressure below 30m
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Figure A-5  ]] — KL Pipes with Velocity above 2m/s
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A.2: K1 Network

Figure A-6 K1 Irrigation Networks

Figure A-7 K1 EpaNet Model
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? Run was successh.

Figure A-8 K1 Successful Run

Day 1, 12:00 AM
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Figure A-9 K1 Nodes with Pressure below 30m
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Figure A-10 K1 Pipes with Velocity above 2m/s
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A.3: K2 Network

Figure A-11 K2 Irrigation Networks

Figure A-12 K2 EpaNet Model
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Run was successtul.

Figure A-13 K2 Successful Run

Day 1, 12:00 AM
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Figure A-14 K2 Nodes with Pressure below 30m
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Day 1, 12:00 AM
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Above -

—
T ibems found

Figure A-15 K2 Pipes with Velocity above 2m/s
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APPENDIX B Simulation of Canal 900 irrigation system based on 2 m/s
velocity constraint

B.1: Joub Jannine and Kamed El Lawz Network

Fun was successful.

Figure B-1  JJ — KL Successful Rum

elociy -

Find Links with - x
Below i

4 Submit
524 items found

Figure B-2  J] — KL Pipes with velocity below 2m/s
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Figure B-3  J] —kL
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B.2: K1: Network

Run was successful.

Figure B-4 K1 Successful Rum

Firnd Links with A
WVelocity -

Below
168 items found

Figure B-5 K1 Pipes with velocity below 2m/s
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Figure B-6 K1 Nodes with pressure above 90m

LRBMS- MODELING OF NEW GRAVITY DIVERSIONS FOR CANAL 900 NETWORK



B3: K2 Network

Fun was successful

Figure B-7 K2 Successful Rum
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295 iterns found

Figure B-8 L2 Pipes with velocity below 2m/s
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Figure B-9 K2 Nodes with pressure above 90m
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APPENDIX C Simulation of K2 Diversion based on percentage of design

flow

Figure C-1  Diversion K2

Figure C-2  Diversion K2 Irrigation Networks
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Table 1 Diversion K2 Flow Repartition

K2-Diversion

Node

Demand
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Figure C-3  Diversion K2 EpaNet Model
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Figure C-4  Diversion K2 — Static Pressure Graph
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C1: K2-50%-Options 1,2 & 3

Day 1, 12:00 AM

HHAA

Base Demand hd
tove ]
,E‘i Subrnit
[ 1ziemsfownd

: ﬁ
o

o

Figure C-5  Diversion K2 Demand Based on 50% Flow — Option 1
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Figure C-6  Diversion K2 Demand Based on 50% Flow — Option 2
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Figure C-7  Diversion K2 Demand Based on 50% Flow — Option 3

Find Nodes with A
[Fresse =]
[Beow -]
,3[1— Subrmit
[ iemsfound

o0
Tom  l0ie_

28T 1998 o
\\\'mﬂi 17.31 2352 007
3378

2419

5307 3494 FOE

2495 25497

Figure C-8  Diversion K2 Demand Based on 50% Flow — Option 1 — Nodes with Pressure
below 30m
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Figure C-9  Diversion K2 Demand Based on 50% Flow — Option 2 — Nodes with Pressure

below 30m
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Figure C-10 Diversion K2 Demand Based on 50% Flow — Option 3 — Nodes with Pressure

below 30m
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Day 1, 12:00 AM
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Figure C-11 Diversion K2 Demand Based on 50% Flow — Option 1 — Pipes with Velocity above
2m/s
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Figure C-12 Diversion K2 Demand Based on 50% Flow — Option 2 — Pipes with Velocity above
2m/s
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Day 1, 12:00 AM
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Figure C-13 Diversion K2 Demand Based on 50% Flow — Option 3 — Pipes with Velocity above
2m/s
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K2-75%-Options 1,2 & 3

Day 1, 12:00 AM
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Figure C-15 Diversion K2 Demand Based on 75% Flow — Option 2
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Figure C-17 Diversion K2 Demand Based on 75% Flow — Option 1 — Nodes with Pressure

below 30m
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Figure C-18 Diversion K2 Demand Based on 75% Flow — Option 2 — Nodes with Pressure
below 30m
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Figure C-19 Diversion K2 Demand Based on 75% Flow — Option 3 — Nodes with Pressure
below 30m
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Figure C-20 Diversion K2 Demand Based on 75% Flow — Option 1 — Pipes with Velocity above
2m/s
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Figure C-21 Diversion K2 Demand Based on 75% Flow — Option 2 — Pipes with Velocity above
2m/s
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Figure C-22 Diversion K2 Demand Based on 75% Flow — Option 3 — Pipes with Velocity above
2m/s
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APPENDIX D Simulation of Joub Jannine diversion based on percentage

of design flow

Figure D-1  ]] Diversions

Figure D-2  Diversion JJ1
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Table 2 Diversion JJ1 Flow Repartition

JJ-Diversion
i
Node Demand 25%

O1 02 03
901 8.4 8.4
902 6.3
903 8.4 8.4
904 8.4
905 9.7 9.7
906 9.7
907 4.2 4.2
909 9.7
914 6.2 6.2 6.2
915 4.2 4.2
921 8.4 8.4 8.4
922 4.2 4.2 4.2
923 4.2 4.2 4.2
925 6.3
926 6.3 6.3
927 4.2
928 4.2 4.2
1005 8.4
822 13.8 13.8 13.8
823 2.1 2.1 2.1
801 6.3 6.3 6.3
802 4.2
803 6.3
804 4.2 4.2
805 6.3 6.3
806 10.5
807 8.4 8.4 8.4
808 9.7
809 9.7
810 6.3
811 6.3 6.3 6.3
812 13.8 13.8 13.8
813 20.6
814 20.6 20.6
815 20.6
816 5.5 5.5 5.5
817 5.5 5.5 5.5
818 11 11 11
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JJ-Diversion
1
Node Demand 25%
o1 02 03
819 55 55 5.5
820 13.8
821 13.8 13.8
824 13.8
825 13.8 13.8
826 8.4
827 8.4
828 4.2 4.2 4.2
Total 394.8 200.3 194.5 194.1 104.2 105.3 105.4
Percentage 50.7 49.3 49.2 26.4 26.7 26.7

Figure D-3  Diversion JJ1 EpaNet Model
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D1: JJ1-50%-Options 1, 2 & 3

Day 1, 12:00 AM
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Figure D-4  Diversion JJ1 Demand Based on 50% Flow — Option 1
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Figure D-5 Diversion JJ1 Demand Based on 50% Flow — Option 2
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Figure D-6  Diversion JJ1 Demand Based on 50% Flow — Option 3

Figure D-7
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* inalysis for Pipe Networks
* Version 2.00.12

Analysis begun Mon Feb 182 le:ZE:31 ZO0LZ

Analysis ended Mon Feb 18 16:22:31 Z013

l

Diversion JJ1 unsuccessful Simulation Report Based on 50% Flow Demand
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Figure D-9  Diversion JJ1 Demand Based on 50% Flow — Pipes with Velocity above 2m/s
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D2: JJ1 25% - Options 1, 2 & 3
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Figure D-11 Diversion JJ1 Demand Based on 25% flow — Option 2
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Figure D-12 Diversion JJ1 Demand Based on 25% flow — Option 3
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Figure D-13 Diversion JJ1 — Static Pressure Graph
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Figure D-14 Diversion JJ1 Demand Based on 25% flow — Option 1 — Pressure below 30m
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Figure D-15 Diversion JJ1 Demand Based on 25% flow — Option 2 — Pressure below 30m
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Figure D-17 Diversion JJ1 Demand Based on 25% flow — Option 1 — Velocity above 2m/s
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Figure D-19 Diversion JJ1 Demand Based on 25% flow — Option 3 — Velocity above 2m/s
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D3: Diversion JJ2

Figure D-20 Diversion JJ2
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Table 3 Diversion JJ2 Flow Repartition

JJ-Diversion

Node Demand
510 8.4
511 8.4
512 8.4
513 6.3
514 6.3
515 11
516 11
517 11
518 8.4
519 9.7
520 11
521 8.4
522 8.4
523 8.4
524 9.7
101 5.5
102 4.2
103 4.2
106 9.7
107 11
108 5.5
621 4.2
622 6.3
623 7.6
624 2.1
924 6.3
601 9.7
602 8.4
603 8.4
604 8.4
605 8.4
606 8.4
607 9.7
608 4.2
609 2.1
610 6.3
611 6.3
612 9.7

46

JJ2
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25%
01 02 03
8.4 8.4
8.4 8.4
6.3
11
8.4
11 11
8.4
9.7 9.7
5.5
4.2 4.2
9.7
5.5 5.5
4.2 4.2
7.6 7.6
2.1 2.1
6.3 6.3
8.4
8.4
8.4
8.4
8.4 8.4
9.7 9.7
4.2 4.2
2.1 2.1
6.3
9.7




JJ-Diversion

12
Node Demand 25%
o1 02 03
613 9.7
614 7.6 7.6 7.6
617 8.4 8.4
618 8.4
619 8.4 8.4
Total 333.9 249.4 258.9 248.9 167.8 170.3 166.8 104.9 104.7 104.9
Percentage 74.7 717.5 74.5 50.3 51.0 50.0 314 314 314

Figure D-21 Diversion ]2 EpaNet Model
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Figure D-22 Diversion JJ2 Demand Based on 50% Flow — Option 1
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Figure D-23 Diversion JJ2 Demand Based on 50% Flow — Option 2
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Figure D-24 Diversion JJ2 Demand Based on 50% Flow — Option 3
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Figure D-25 Diversion JJ2 unsuccessful Simulation Report Based on 50% Flow Demand
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Figure D-26 Diversion JJ2 Demand Based on 50% Flow — Nodes with Negative Pressure
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Figure D-27 Diversion JJ2 Demand Based on 50% Flow — Pipes with Velocity above 2m/s
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Figure D-28 Diversion JJ2 Demand Based on 25% flow — Option 1
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Figure D-29 Diversion JJ2 Demand Based on 25% flow — Option 2
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Figure D-30 Diversion JJ2 Demand Based on 25% flow — Option 3
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Figure D-31 Diversion JJ2 — Static Pressure Graph
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Figure D-32 Diversion JJ2 Demand Based on 25% flow — Option 1 — Pressure below 30m
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Figure D-33 Diversion JJ2 Demand Based on 25% flow — Option 2 — Pressure below 30m
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Figure D-34 Diversion JJ2 Demand Based on 25% flow — Option 3 — Pressure below 30m
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Figure D-35 Diversion JJ2 Demand Based on 25% flow — Option 1 — Velocity above 2m/s
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Figure D-36 Diversion JJ2 Demand Based on 25% flow — Option 2 — Velocity above 2m/s
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Figure D-37 Diversion JJ2 Demand Based on 25% flow — Option 3 — Velocity above 2m/s
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APPENDIX E Simulations of K2 diversion for the 15m and 20m
maximum pressure constraints

E.1: K2 —15m

Fun was successful
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Figure E-1 K2 — 15m Successful Rum
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Figure E-2 K2 - 15m Pipes with velocity bellow 2m/s
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Figure E-3 K2 - 15m JJ2 — 20m Nodes with pressure below 15m
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E2: K2-20m
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Figure E-4 K2 — 20m Successful Rum
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Figure E-5 K2 —20m Pipes with velocity bellow 2m/s
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Figure E-6 K2 — 20m Nodes with pressure below 20m
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APPENDIX F Simulations of Joub Jannine diversion for the 15m and

20m maximum pressure constraints

F.1: JJ1

Run was successful

Figure F-1  JJ1 — 15m Successful Rum
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Figure F-2  JJ1 — 15m Pipes with velocity bellow 2m/s
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Figure F-3  JJ1 — 15m Nodes with pressure below 15m
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F2: JJ1 - 20m
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Figure F-4  JJ1 — 20m Successful Rum
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Figure F-5  ]J1 — 20m Pipes with velocity bellow 2m/s
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Figure F-6  JJ1— 20m Nodes with pressure below 20m
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F3: JJ2 - 15m

Fun was successful

Figure F-7  JJ2 — 15m Successful Rum
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Figure F-8  JJ2 — 15m Pipes with velocity bellow 2m/s
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Figure F-9  JJ2 — 15m Nodes with pressure below 15m
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F4: J]2-20m
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Figure F-10  JJ2 — 20m Successful Rum
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Figure F-11  JJ2 — 20m Pipes with velocity bellow 2m/s
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Figure F-12  JJ2 — 20m Nodes with pressure below 20m
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