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ABSTRACT

The main aim of this study is to highlight how the Alana River Basin (ARB) will meet future water
needs and optimal monthly water distribution policies. The Water Evaluation and Planning System
(WEAP) model was applied in order to determine the ARB and the operation plan policy using data
for the past 16 years (2000-2015). The model result determined that the current regulations and
practices regarding water use and pollution patterns are inadequate. An ideal scheme has been
developed and implemented for various scenarios such as domestic water needs, irrigation water, and
tourism. Four scenarios have been considered in this study, which are basic scenarios, a higher
population growth scenario, a severe flow requirements scenario, and a scenario of adding dams.
Comparisons show that the demand for water from April to September is high due to the agriculture
season and the high temperature. The maximum demand for water is 3 million cubic meters, which
occurs in August, while the proposed dam provides only 2 million cubic meters. In addition, the
maximum demand for domestic water is 0.4733 MCM and the minimum is 0.36978 MCM, which is
roughly the same level of water demand for every month. Accordingly, the government should start
supplementing the Gali Bale dam. However, it is not a sufficient dam to cover the water demand, so
the construction of additional dams is strongly suggested.

Key words: alana river; integrated water resource; water demand; water pollution; WEAP model

CoAly iy 1317-1304:(6) 52: 2021- 412l &) 31 a glal) Adaa
Y g g 3yl
ba el s ® 2aa) gy (e ! iy s lsd)) !
LSSy palaa LgiSa —Aliblaal) Galaa (i DsiSac aghaddl) e

L@l sl [ Sl Aliblae ulaa Al
bl Gal [0l = ol £3ka Arala ¢ pslall A8 claslpal) pud ?
Glad- Jal [ Ajral) draly ¢ Al 48 chadil) Aaaia acd’

ERALLIPA|

Gy ¢ Apbiiaal) Lulad) claliadd (ARB) WY1 g pass 4li 488 o pgdal) badod g8 Al 038 (e (s yl) Cingd)
Aad Ll ARB 3aa3 Jal ¢ (WEAP) sbuall Jashaddy Judad 5 andl alii gigal (sl ad . fhall 430l slaall ayjs
Alaial) A0l cluglaally zilslll o zagadl Ao Gass (2015-2000) Lualal) 16 ) clgiad) cliby aladialy Jadal)
@V oliag Aliiall oliall cilaliial Jia Ailida cilhgylivd e habia Lty pghai o8 ABS 8 Cighil) Llaify oball aladiuly
Sl ¢ oY) A galll gliaa ¢ Apalu) Glagg bl Ay ¢ Aahal) o3 A Clagy o dag)l B B a3 L Aallly
priga e e Jadiia ) dul a obal) o qllal) o el el . agaad) ABLa) gl ¢ lal) (38 clallaia
aad) gy Wby ¢ bl B Giany Mg ¢ casa e (e 3 ol o qllall el aal) jly Bal) Aoy plisly A
aally casa jia gale 0.4733 Ldiiall olual) o il aly) aad) ddy ¢ ) ) ABLaYL Ladd cesa jia Ggile 2 yal)
b Aagsall fag of Gy ¢ M B8y L e JS ol o cullal) sgine udl Gl gag ¢ caSa e Gsale 0.36978 S
Al agae o L) Bady ) QM ¢ slaall Ao allal) dbail UGBS 1aew (ad 5gd ¢ I pag oy (gl e JlaSindd

WEAP s tolsall diglhi colual) o cullall ¢Alalsia dila 3)lga Y] jgd :dalidal) culalsl)
Received:13/9/2020, Accepted:14/12/2020

1304



Iraqi Journal of Agricultural Sciences —2021:52(6):1304-1317

Sharef & et al.

INTRODUCTION

Iraq is currently facing a freshwater scarcity
due to the rapid growth of population and
development in the region (3, 7, 10). Many
reasons have led to the water shortages in the
region such as neighboring country’s policies,
those that share water resources with Iraq,
climate changes, and mismanagement of water
(9). Irag has limited source of water. With
increasing population, it's important to manage
the water in a proper way (2). A
comprehensive strategy is needed to conserve
and develop our water resources (18). To build
a strategy, several factors could be considered
such as the availability of water, its quality,
location, distribution, and variation in its
occurrence, climatic conditions, nature of the
competing demands, and socio-economic
conditions (8). To deal with each of them,
every effort is made to optimize the use of
water, to make a high level of continuous
production possible. Our goal is to increase the
agricultural production per unit area. At the
same time, provision must take to protect the
environment against point and non-point
sources of pollution (11). The importance of
this study is on one hand, to redistribute the
amount of water demand between all water
sectors such as agriculture, livestock, tourism
and environment and on the other hand is to
distribute the river water flows among the
irrigation projects for villages that located in
this basin. The main aim is to implement
strategic plans in the ARB for controlling
water shortages and reducing water pollutions
as well as creating a water balance for
agricultural water use, domestic water use, and
environment and tourism purpose. For that, the
WEAP model was used to develop different
scenarios, which help to the better
understanding of integrated water resource
management for the future.
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MAERIALS AND METHODS

Study area

Alana river basin locates at about 80km to the
northeast of Erbil governorate between (N36°
36" 31.88” N) and (44° 24’ 28.39" E). It
belongs to Khalifan sub district within the
Soran district area. The location of the river
basin is shown in Figure.l. Generally,
Khalifan district is a mountain area with
elevations from 650m to 2200m above sea
level. Figure 3 shows the digital elevation map
of Alana river basin boundary and elevations
of the area. The catchment area is
approximately about 75000 hector. There are
63 villages in the ARB with a population about
28573 people during 2016, 72% of population
gathered in Khalifan, the 10% of the rest
distributed in 11 villages of sub-catchment and
18% in 20 villages of main catchment (14).
The climate of the region is warm in summer
and cold in winter. Generally, rain and snow in
north Iraq are changing from year to year,;
depending on the geographical and climatic
conditions. The amount of precipitation has
significantly affected the water level in the
river and springs (9). The mean annual
precipitation for the period of 2000-2016 in
the study area is 794 mm (14). The average
temperature of ARB in winter is 1.6°C and in
summer is 27.8°C. Normally, precipitation is
starting from October until the end of April
depending on climate change. Precipitation
almost is between (600-1000) mm and snow
(0.5-1) meter (14). In the summer, maximum
temperatures in the lowland areas exceed 40°C
and dust storms are a common phenomenon.
Evaporation rates are high in summer due to a
combination of high temperatures, the absence
of clouds (high radiation) and low air
humidity. Summer maximum day
temperatures reach 42°C in Erbil (average of
the months July and August) Relative
humidity during the summer months ranges
between 20 and 30% in the low lands and is
less than 50% even at the highest
meteorological stations (1).



Iraqi Journal of Agricultural Sciences —2021:52(6):1304-1317

Sharef & et al.

.

-

Figure 1. Alana River basin

The source of drinking water in the town of
Khalifan is groundwater, which is pumped into
the network, and there are also two springs
connected to the public water networks (15).
In the far south of the city, there are three
wells close together and considered as an old
wells. Moreover, three wells drilled by the
FAO and located at the southern boundary of
the town. The Kani Rash and Kanible spring
lie in the southeastern part of the town with a
distance of approximately 7 and 10.8 km,

1306

respectively (16). Water flows by gravity to
the corresponding reservoirs. The spring Kani
Rash delivers water to a reservoir in the center
of the town. There is a concrete reservoir in
the east of the city at a distance of
approximately 900 meters, and it is connected
to the Kani Ble water network and feeding on
it. Also, Kani plnga, Kani Bnawsha, Kani
Baran located in Malakan used for different
uses. The water system and water supply pump
stations is shown in figure 2.
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Figure 2. ARB water system and water supply

The shallow part of the soil is characterized by
hard rock components in which it is hard for
farming purposes. Furthermore, the deeper
part of soil is changing from a location to
another location (13). In addition, the valley
and the plain area is useful for agricultural.
The soils are recognized as chestnut soil, dark
brown soil, and black soil. Also, in semi-
mountainous area and most of the plain area
are covered with red soil and brown soil (6).
The main crops in Khalifan area are:

1- Field crop: Wheat, barley, chickpea and
other legumes.
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2- Vegetable crops: Includes dry onion,
sunflower, tomato, tobacco, potato, cucumber
and other vegetables.

3- Fruit crops: Includes walnut,
pomegranate, apricot, fig and grape.
Agriculture in the Alana basin is produced
either by rain or irrigation projects.
Furthermore, all land belongs to a farmer
means its private agriculture and one important
point is there is no security food within the
area. The total area irrigated 3100 ha, the year
2016 and Catchment area around 75,000 ha.

cherry,
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Figure 3. Digital elevation map of ARB badoundary

Methodology

The Water Evaluation Analysis Planning
(WEAP) model was used for analysing and
evaluating the water resource planning and
management for the study area. This system is
developed by the Stockholm environment
institute for the evaluation of planning and
managing of water resources (17). WEAP
model could be use in both municipal and
agricultural system. Moreover, it can tackle a
wide range of issues such as water
conservation,  water demand, reservoir

44"100°E 44°200°E
N 1

operation, ecosystem requirements, and cost-
benefit analyses (4). A Digital Elevation
Model (DEM) has been prepared using Arc
view GIS. First, river basin boundary was
outlined as a precondition for hydrological
model. Second, create a flow accumulation
grid for the study area, it then added to the
Alana (DEM) map. Finally, create an outlet
point for the catchment area and delineate the
watershed (5). Upon completion, the new
watershed map will be added to the map
document as shown in Figure 4.
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Figure 4. ARB raster geographic digital datasets in (geo-reference)

1308



Iraqi Journal of Agricultural Sciences —2021:52(6):1304-1317

Sharef & et al.

The map will be imported to WEAP program
then water supplies for agriculture, domestic
and environment will be delineated. Four
scenarios were used for running model such as
reference, flow requirement, high population

method as shown in Table 1 Preparation of
rain data, crop type, soil type and crop pattern
is essential to operate the CROPWAT unit.
The result will be three calculations (CWR,
irrigation schedule, and chart types), the water

and dam added scenarios. Crop Water balance method used to calculate crop
Requirements (CROPWAT) are used to schedules in CROPWAT, the incoming and
calculate water quantities and irrigation outgoing water flow from the soil type. (12).

Table 1. Hlustrates the crop water(CROPWAT) requirement in ARB

Total crop water requirement in mm/ month
Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep
534 0 0 0 255 952 3625 6863 8247 6388 3523

Oct
1710

RESULT AND DISCUSSION

Agriculture Water Data Use by WEAP

The estimated annual amount of water for
agriculture water use sectors in ARB are

summarized in Table 2. In 2010, the irrigation
land in ARB was 3100 hectare according to
MOA&WR survey (Table 2).The agriculture
water demand was 3500m°/ha/year.

Table 2. lllustrates the agriculture land and water demand from (2010-2032).

. Agriculture Water L Annual Total Agriculture Water
Year Land Extend Ratio ’ Demand Irrigation Land Requirement Mgl LLION CUBIC
per 5 Years m? /ha/ Year ha METER
2010 0.178 3500 3100 10.850
2015 0.173 3500 3652 12.781
2020 0.167 3400 4284 14.564
2025 0.162 3350 4999 16.746
2030 0.161 3300 5809 19.169
2032 0.0644 / 2 Year 3250 6744 21.918

Table 3 shows the growth ratio, current and
future domestic water requirement (15).

Table 3. Population growth and domestic water req. (2010-2032)

Growth Indoor Water Outdoor WR  Total WR Domesyc Water
- ARB 3 Requirement
Year  Ratio per . Demand Demand DJemand m
5years opulation e apida m® /cap/da [cap/da MILLION CUBIC
piday piday piday METER/Year
2010 0.178 22183 0.35 0.11 0.46 3.72
2015 0.173 26021 0.35 0.11 0.46 4.37
2020 0.167 30522 0.3 0.1 0.4 4.46
2025 0.162 35619 0.25 0.1 0.35 4,55
2030 0.161 41390 0.22 0.1 0.32 4.83
2032 0064per  an5 0.2 0.1 0.3 5.26
2 years

The Gali Ali Bag waterfall is the outlet point
of Alana river basin. Table 4 shows the annual
flow of the river. The minimum flow at outlet
point was recorded 0.66 m* / s in August 2010.
Therefore, the 0.66 m® / s could be used as a

base for environmental flow requirement (14).
Table 4-6 and figure 5 show average water
requirements for different water uses
(agriculture, domestic and environment).

Table 4. Annual environment flow in the station of Gali Ali Bag waterfall

Year , Annual Environment flow
M°/Sec. MILLION CUBIC METER
2010 0.66 20.814
2015 0.66 20.814
2020 1 31.536
2025 15 47.304
2030 2 63.072
2032 2 63.072

1309



Iraqi Journal of Agricultural Sciences —2021:52(6):1304-1317

Sharef & et al.

Table 5. Water consumption annually

Water consumption MILLION CUBIC METER
Year Agriculture Domestic Animal
2010 14.564 4.46 0.28
2015 12.781 4.37 0.239
2020 14.564 4.46 0.28
2025 16.746 4.55 0.327
2030 19.169 4.83 0.38
2032 21.918 5.26 0.441
Table 6. Water consumption per day
River Basin Item Average water requirement / day
Population 360 (l/capita/day)
Cattle 30 (I/animal/day)
ARB Sheep and goat 10 (I/animal/day)
Horses 35 (l/animal/day)
Poultry 0.5 (I/bird/day)

Water Consumption in 2018

m Water Consumption Animal

B Water Consumption
Domestic

Water Consumption
Agriculture

14.564,75%

Figure 5. Water consumption chart

Regarding the surface water available are
comes from rainfall around 1200 mm/year, the
average depth of snowfall around 1 m, there
are three mainsprings and 9 small spring in the
area, the average water flow around 1m? /sec,
as well as the dam, proposed to construction
in the ARB with reservoir capacity 2 million
cubic meters (MOA&WR, 2016).

Scenarios run model

Figure 6 shows four scenarios for the study
site. The model shows that there is water
storage about 80 million cubic meters for each
month without changing in groundwater
storage. This indicated that the groundwater is
high in storage during months of a year. From
March — May the inflow shows more than 15
million cubic meter (Figure 6). In addition, the
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river shows significant flow from January to
May and October to December. Moreover, the
flow of river water is low during summer
months (June- September). In the supply
requirement (Figure 6C), in July-September,
water supply for different users are more than
3 million meter cube per month due to high
water demand. Figure 6D revealed a shortage
of water demand which is starting from April
to September. The most significant shortage
was observed in August for flow requirement
scenario. Therefore, each scenario has a
shortage in water demand mostly in inflow
requirements scenario due to 0.66 million
cubic meters per second of environmental
water flow to Gali Ali Beg.
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Figure 6. Four scenarios groundwater, inflow, supply req. and unmet demand

The annual of unmet water demand for the
flow requirement scenario is 6.268 million
cubic meters (Table 7). For high population
growth, the annual unmet water demand is
0.55 million cubic meters. Thus, the growth in
population resulted in more demand and water

shortage. While in the reference scenario, the
unmet demand is 0.55 million cubic meters.
Finally, in reservoir added scenario there is
annual unmet water demand 0.15 million cubic
meters because of having a dam with reservoir
capacity of 2 million cubic meters.

Table 7. Four scenarios with unmet demand

Unmet demand for all scenarios (million cubic meter)
Scenario J F M A M J J A S O N D Sum
Flow 0 0 0 015 039 056 128 21 1.8 0 0 0 6.28
requirment
Higher 0 0 0 0 0 0 002 025 028 O 0 0 055
population
Reference 0 0 0 0 0 0 002 025 028 O 0 0 055
Reservoir 0 0 0 0 0 0 0 005 01 0 0 0 0.15
added
[ai'scenarios =
F Il Flow Requirement
Wl Higher Pepulation Growth
Il Reference
1.0 ¥ Il FReservoir Added

Mallion Cubic Meter

01

A My

June

Y

Scenario reference

In this scenario, the basis for the actual
reference data is used as a base for running
other scenarios. The annual population growth
ratio calculated as a normal case 3.4% after
inserting all data required by the software. The
output result is the water supply cannot cover
the demand for domestic water and
agriculture. Figure 8 and 9 show supply
delivered for the agriculture sector is 2.8

Aagen

Figure 7. Four scenarios with unmet demand
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million cubic meters while for domestic is 3.2
million cubic meters due to the priority of
domestic water use. According to Figure 9, in
scenario reference, there is a maximum supply
requirement 3.42315 Million cubic meters in
August and a minimum is 0.36978 Million
cubic meters in each from January to March
and October to December because of rainy
seasons.
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In the flow requirement Scenario, should
consider that the minimum water flow to the
Gali Ali Bag waterfall is 0.66 meter cubic per
second as environment water flow
requirement. Table 8 shows that there is unmet

"
Juty

Segtember October November Decamber

Aupast

Figure 9. Scenarios reference with supply requirement

demand. Meanwhile, water is enough for the
domestic purpose, but there is a shortage of
water for agriculture. For Khalifan city water
demand is enough to all-purpose except
agriculture has unmet water approximately is
100 million cubic meter.

Table 8. Flow Requirement Scenarios with Unmet Demand

Scenario flow requirement per year unmet demand (million cubic meter)

Khalifan city 0 0 0 0 0

Sum

0

Demand site 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032
Agriculture 6.01 6.87 6.76 7.33 732 6.77 6.76 591 591 6.75 6.76 7.32 6.76 100.29
0
6.01 687 676 733 732 677 676 591 591 675 6.76 7.32 6.76 100.29

Sum

0 0 0 0 0 0 0

As seen in Figure 10, the water shortage is
occurring in agriculture demand. Moreover,
for domestic demand water is enough to fit all
necessary fully but for agriculture water
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demand increase from 1.5 million cubic meters
in 2017 to 7.3 million meters cubic in year
2032.
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Figure 11 in the flow requirement scenario,
shows monthly shortage demand. Also,
demand water increase from April to
September and other months are zero due to
the rainy and snowing season. As seen the
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Figure 10. Flow Requirement scenarios with unmet demand yearly

maximum water shortage is in September by
the amount of 2.1 million cubic meters.
Meanwhile, 2.1 million cubic meters of water
reduced for agriculture, but for domestic, the
demand is enough for daily life.
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Figure 11. Flow requirement scenarios with unmet demand monthly

High Population Growth Scenario

In this scenario, the rate of growth takes to
account 3.4 that are according to the ministry
of planning. After running the data, the result
gave unmet demand. As seen in the water
demand is zero, but there is an 8.707 million
cubic meter shortage in the agriculture sector.
Also, the water is not enough for supplying
water in agriculture. In a high population
growth scenario, as shown in Figure 12, there
is water unmet for agriculture in each year
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2017,2021, 2022, 2023, 2024, and 2031. The
maximum shortage will happen in 2023 and
2024. Therefore, the government proposes to
construct a dam in 2025 to reduce that
shortage which agriculture is facing in. Also in
the monthly flow requirement scenario, water
shortage showed in July, August, and
September. The maximum shortage is 275
thousand meters cubic, which happens in
September, and the minimum shortage is 15
thousand meters cubic, which happens in July.
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cubic meters at an elevation of 993 m, the

Gali-Ble dam designed by the Ministry of
Water Resource, and the final design used in
this scenario. Gali-Ble Dam stores 1.8 million

height of the dam is 27m, freeboard is 2 m.
Table 9 and Figure 13 show (Elevation-Area-
Storage).

Table 9. Elevation-Area-Storage for Ble Dam Reservoir

Elevation (m) Area (m?) Storage (m°)

961 0 0

965 1667 1689
971 18012 56652
977 47648 254160
981 71377 492888
987 115974 1059283
991 140519 1580169
993 151387 1875399

After designing the Ble dam for 2 million

cubic meters, there is a shortage of water

demand for agriculture in August and

September. Moreover, the capacity of the dam
which designed by the ministry of water
resource is not enough for agriculture.

994
992

Elevation [m]

0

9 points

Figure 14 shows significant water shortage in
agriculture demand, there are water shortages
in August and September. A maximum
shortage occurs in September by the amount of
100 thousand meters cubic due to no rain and
use water for agriculture. Moreover, besides
the government proposed a dam with a

Figure 13. Elevation-area-storage for Ble Da
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1
Volume [Million m*3]

capacity of around 2 million cubic meters, but
there still be a shortage in future in spite of
having other sources of water. However, the
result shows that the proposed dam capacity is
not cover the agriculture need. Therefore, we
propose to add an extra dam at least with a
capacity of 2 million cubic meter.
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Figure 15 revealed that there is a water
demand for agriculture which is zero from
January to March and from October to
December zero due to the winter season and
using less water for agriculture. Starting from
April to September, water demand is high due
to agriculture season. The maximum water
demand is 2.94984 million cubic meters,

[£i Demand Sites_~|

un
Ml <halifsn City

Saptambar Dctobar Nevamber Decamibar

Figure 14. Reservoir added scenario with unmet demand monthly

which occurs in August, while the proposed
dam only supplied 2 million meters cubic.
Also, for domestic water demand maximum is
0.4733 million cubic meters and the minimum
is 0.36978 million meters cubic, which almost
has the same level of water demand for each
month.
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Figure 15. Reservoir added scenario with water demand monthly

The results of the model indicated that the
water supply required for the high population
growth scenario is much more than other
scenarios due to continuing the growing rate of
population. Nevertheless, the unmet water
demand in inflow requirement scenario is
much more than other scenarios due to flowing
of water to Gali Ali Bag waterfall
continuously and the water flow should be at
minimum of 0.66 meter cubic per second. In
scenario reference, significant shortages were
seen in all sectors because this scenario was
relied on the current situation, in which is no
availability of reservoirs. In addition, the
model of this scenario suggested that the
priority was given to the domestic water
supply. Thus, the only shortage was seen in
agriculture sector with the amount of 540,964
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million cubic meters. The area will be faced to
water shortages in the years of 2023 and 2024
because the dam will not yet be completed.
The WEAP model concluded that, in winter
seasons the water is available for all sectors
including agriculture, industry, domestic, and
animals while in summer seasons, the water is
not enough for all sectors. Thus, constructing
the dam with a capacity of 5 million cubic
meter in villages of Zelakan and Ble, is
necessary for integrated water resources
management for the basin. The proposed
location of dams is shown in figures 16 and
17. The problem of drought is still standing in
some Vvillages, especially those situated on
high elevation lands and those villages that
situated far from the main river.
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CONCLUSION

To sum up, the obtained results from WEAP
software showed that the Alana river flow was
low during July to October in terms of quantity
and quality due to climatic and human activity.
Hence, this made a significant environmental
problem and then would result in a remarkable
problem for agriculture, animals and tourism.
Furthermore, the results also indicated that the

-

Figure 17. Location of pInning dams and recommended dams
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increasing population leads to extra water
demand, expanded agriculture land, water
shortages and environmental pollution in the
area. The main source of pollution is the direct
disposal of humans and animal wastes. No
precautions have taken to prevent pollution
within the basin boundary. Furthermore, some
recommendations are proposed for the area:
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a- It is recommended to extend farmer land
also tourists should be conscious about the
proper use of water and avoiding disposal of
wastes into the river.

b- Establishing on-site disposal systems such
as septic tanks in the villages upon the main
river. Avoid of construction of public
buildings such as mosques nearby the bank of
the river.

c- Constructing high advanced sewerage water
treatment in Khalifan sub-district, which
evacuates the wastes of this town to the main
river at the lower part of the town.

d- Proper use of nitrogen fertilizers in the area
and prevent leaching of these additives with
runoff water and water infiltration.

e- Prevent the establishment of animal
breeding fields and devoting yards for cattle
nearby the banks of the river and near the
springs.

f- On the contrary, there is plenty of water for
irrigation at most of the villages of Khalifan
basin. Accordingly, the lands are intensively
cultivated. Some villages also face the
problem of water shortage in this valley,
such as the upper part of Binawy and the
lower Jolamerg.
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