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Abstract

The present research has managed the water resources of Alana valley by using Water
Evaluation and Planning (WEAP) software which was developed rapidly during recent drought
years by Stockholm Environment Institute. The WEAP can model demand and supply and
build different scenarios that may occur, and it is supported by Geographic Information System
(GIS) layers, all climatic data, hydrologic data and any other data available from previous
studies and models to give a clear view about Integrated Water Resources Management
(IWRM).

WEAP program results shows that annual runoff in normal year was about (69.8
MCM), for Non-agricultural demands represent only 7.3% of all demands, and total demand
was (8.8 MCM), about 75% of non-agricultural demands represented by Khalifan village. Even
though the irrigation demands are high, but only 10% of all arable area are irrigated which is
(486ha) and the rest depend on rain or are not cultivated. This area requires reservoir or system
of reservoirs with capacity (5SMCM) at least to satisfy all demands during summer, which now
depend mostly on groundwater resources.

Keywords: Integrated Water Resources Management (IWRM), Water Evaluation and Planning
(WEAP), Alana Valley, GIS, FAO, quantity and quality scenario simulations.

Introduction

Integrated water resources management (IWRM) is the process of formulating and

implementing shared vision planning and management strategies for sustainable

water resources development and utilization with due consideration of all spatial and temporal
interdependencies among natural process, human and ecological water usest™ 2!t

The demand for water in the developing world, of which the Middle East is a part, has
grown significantly over the past thirty years, as the result of an accelerating population
growth. In the Middle East the average annual population growth is currently 3% and, as a
result, scarce water resources of the region are being severely drained since water for irrigation
is competing with water needed for domestic and industrial use in the rapidly growing
metropolitan areas. The result is that there is a growing gap between food production and
population size in all of the countries of the Middle East. In the Tigris-Euphrates system, for
example, both Turkey and Syria are engaged in enormous agricultural development in order to
provide for their expanding populations. Another factor affecting water availability throughout
the world in general, and in the Middle East in particular, is poor water management and the
increasing politicization of agricultural policies which encourage water waste and inefficient
irrigation systems [Nurt<ilot,

Life, Economic and social developments are not possible without sufficient water of
right quality, The quantity of fresh water available is invariant with time, (IWRM) leads to

" Cited from M.Sc. Thesis



using water in best way, and IWRM should start at local levels (fields, farms and villages) then
regional levels (catchments and river basins) 5%,

Scope of the Work

In order to develop an integrated water resource management simulation model using
Water Evaluation and Planning program (WEAP) version 21 for Alana valley, which can be a
step toward understanding water resource management issues, environmental and socio-
economic impacts of various water resource management practices, this is trying to develop a
clear picture through linking the demands and supplies in a model by different scenarios that
can help to understand the real situation in the area and the predictions due to future changes
like reservoirs adding, and possibility of increasing downstream requirement.

Field Works

Field works are done by visiting all villages and checking boundary of catchment area
by GPS instrument. All official places in the area under study were checked for any statistical
data available. Different kinds of people from the villages had been met and interviewed, and
notes about all aspects of life in the area under study were taken. GPS instrument used to locate
Demand sites, Sources of water, and track the new road to the sub-catchment (Malaccan's
Valley).

Samples of water from all sources (springs, river sections and wells) has been taken to
obtain (DO and BOD) tests at the sanitary laboratory of the civil engineering department. Flow
measured by using section of river and current meter for main and small springs, it has been
measured by other methods like stopwatch and floating object or directly collecting a volume
of water in a specific time.

Model Simulation

Simulation model by WEAP software is prepared; Field data is processed to be used in
WEAP. Shape files and accurate mapping by (GIS) and (MaplInfo) software prepared for the
catchment and sub-catchment then used in WEAP. Integrated scenarios by using WEAP
program are prepared. The FAO's software (CropWat4 version 4.3) been used for obtaining
reference Evapotranspration and check other crop related data. Results from WEAP scenarios
are analyzed and discussed, see conceptual model Fig.(1).

Description of the area under study

Alana Valley is in Kurdistan region located in north east of Hawler(Erbil) governorate,
lies between Northing N(36.4227° and 36.625°), Easting E(44.66° and 44.36°) as shown in the
Fig.(2) .

Generally Alana valley is mountainous area with elevations from (650m) to more than
(2200m) above mean sea level. The approximated total catchment area is about 231km2 (92400
Dunams) and contains one sub-catchment of 86.3km?2 (34520 Dunams) and this sub-catchment
called (Malaccan’s Valley). Totally there are 32 villages in the Alana valley with population
about (22183 people) and number of families are (3207 families) so average family members
estimated to be approximately (7) due to above data ™!, 729% of population clustered in
Khalifan, the rest 10% distributed in 11 villages of sub-catchment and 18% in 20 villages of
main catchment, the data of all villages and its population are listed in Table (1).

The slope of the lands are mostly steep slopes except some agricultural lands along the
bank of the river having less slopes, from map the total length of Valley is 36km and difference
in elevation is 1550m, average slope is 4.3%, generally the slope of sub-catchment area is
steeper than that of the main catchment.

This area contains a lot of beautiful scenes and good recreational locations like the well
known one (Fall of Gali Ali).



Alana River with two other rivers (Balak and Sedakan) compose a (Rawandwz River)
and then flown in to Greater Zab, which is one of the main branches of (Tigris), and proposed
Bekhma Dam lies on Greater Zab at 3km away from Alana valley.

Data process

Mean monthly and annual rainfall extrapolation were made by geo-statistical method of
U. S. Weather bureau equation Y>*®" for estimating the missing data of the centre of Alana
valley by using the average monthly rainfall data of neighborhood gauging stations like
(Khalifan, Rawandz, Soran/Diana, Shaglawa, and Salahaddin/Pirmam) the distances of Alana
from these places taken approximately from GIS maps. Result of interpolation shown in Table

().

Evapotranspiration from Pirmam station data obtained by (CropWat4) software which
uses FAO's Penman-Monteith equation, the final results are shown in Table(3), and variation of
ETo is presented in Fig.(3).

Rainfall Runoff using FAO Crop Requirement

According to WEAP software the FAO Crop requirements are calculated assuming a
demand site with simplified hydrological and agro-hydrological processes such as
precipitation, Evapotranspiration, and crop growth emphasizing irrigated and rainfall
agriculture. Non-Agricultural land classes can be included as well. Surface runoff found by
rational method also to compare results %21,

Precipitation intensity, catchment size and land cover are very important in determining
of runoff volume. Catchment area obtained from ArcGIS9.2 software, land covers obtained
from general survey work done at 2000 under the supervision of FAO, 15 villages of this area
also surveyed as shown in Table (4) and this survey obtained from Ministry of Water
Resources/General Directorate of Planning and researches, the data of Table (4) has been
transferred to percents (%) in order to represent all Alana Valley including evacuated villages
in that time, also runoff coefficients obtained for each cover type!™™ as shown in the Table

(5).

Water Year Method in WEAP

According to WEAP software the water year method allows use of historical data in a
simplified form and exploration of the effects of future changes in hydrological patterns. The
water year method also can be used to test the system under historic or hypothetical drought
conditions, so climate changes will be more understood and can be presented in one scenario
but not used in reference scenario. Hydrologic fluctuations are entered as variations from a
normal water year (The Current account year is not necessarily normal water year). The water
year method requires data for defining standard types of water years (water year definitions), as
well as defining the sequence of these years for a given set of scenarios (water year sequence).

A water year type characterizes the hydrological conditions over the period of one year.
The five types that WEAP uses are: Normal, Very Wet, Wet, Dry, and Very Dry, as presented
in Table (6).

Demands

All demands (Municipal and Irrigations) are considered separately according to
available data (FAO 2002) and other field investigations, in real there are regions who share
same resources of water and have nearly same social habits, because of that we modeled
demand sited according to the 7 region; Malakan, Sharsina, Tarinan, Bla, Bnawi, Alana, and
Khalifan. Table (7a and 7b) represent demands.

Scenario Development
The purpose behind collecting and integrating information regarding water resources by
WEAP in a model was to develop different scenarios, which will help decision making.
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1. Reference Scenario

In reference scenario the actual data been used and is the base scenario for other
scenarios and any sub-scenarios that required. The objective of reference scenario is to help
people learn what likely could occur if current trend continue and to understand the real
situation better. In this study the start year is 2002 were most data available (FAO works) and
2008 is last year with data gathered from Khalifan district and villages, but for sub-models
regarding future, the simulation continued to 2015 by offsetting.

2. Quality Added Scenario

DO and BOD built in WEAP models been used with temperature modeled by WEAP,
and quality of demand sites been entered according to minimum requirement for each use. By
this scenario we will be able to find out the impacts of water quality on the water supply. By
this scenario it is possible to determine whether if water treatment plant is required and where
it supposed to be added in the SYStem. The specifications for water quality use for municipal
used by Iraq specification ™M&°°" ‘and for irrigation purposes as specified by Scofield M&s°0,
3. Groundwater Added Scenario

There were a lot of illegal wells in the area under study, and this scenario was more
helpful to find out the estimated amount of groundwater withdraw to satisfy the demands. Also
by this scenario the impacts of groundwater on other supplies will be detected.

4. Reservoir Added Scenario

Gali-Bla Dam data from Ministry of Water Resource final design report been used in
this scenario, and this scenario will give two possibilities, one of them is the possibility of dam
existence and how it affects the management, and the other possibility is to estimate amount of
water surplus to be used in increasing irrigation land and supplementary irrigation.

A Gali-Bla Dam store (0.95MCM) at elevation of (987m), total height of the dam is
(27m), free board is (2m) and remained (25m) is maximum storage level height. Table (8)
shows (Elevation-Area-Storage) as presented by Narin-Company.

5. Climatic Change Scenario

The reference scenario is used to generate sub-scenarios of climatic changes like used
basically by WEAP as water years (Very wet, Wet, Normal, Dry and Very dry) to obtain runoff
in different cases and check its results with other scenarios.

6. Advanced Irrigation Options-Scenario

Type of irrigation application and it's irrigation application efficiency will be very
considerable in IWRM because most of water available goes to agricultural demands, and this
scenario will simulate the irrigation by advanced irrigation options like drip and sprinkler rates
of water use, and in these methods the irrigation application efficiency is very high comparing
to conventional methods!® S ™M "and by this scenario we can find how much more arable
lands can be irrigated if such methods used.

7. Downstream Requirement Scenario

One of objectives of this study was to find the problems and probable solutions for flow
decrease in Gali-AliBeg fall in recent years, which is the main downstream requirement in the
area as recreational location in summer, and in this scenario the proposed Gali-Bla reservoir is
also compared to find its usefulness for this fall.

Rainfall-Runoff

From water year method scenario and for different climatic sub-scenarios with monthly
rain for different water year type, the runoff from precipitation for the main and sub-catchment
was as shown in the Fig. (4), in normal case the main catchment runoff was 49(MCM) and sub-
catchment runoff was 20.9(MCM) and normal year runoff on monthly basis shown in both
Fig.(5)

The rainfall runoff relation for Alana valley was as shown in Fig.(6), equation (1) is
equation of runoff , then this relation compared with another curve obtained by runoff data
from Khalifan gauge station as shown in Fig.(7).

From the Fig(6) : a= 10/211 and b=6.8
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Municipal Demands

Municipal demands were 7.3% for current account year. From the reference scenario,
increase of population is rapid according to existing data and exceeds 12%, and even if this
rapid increase of municipal demand continued till 2015 the water demand still not significant
which it reaches 3.3MCM annually, Fig.(8) shows the curve of all municipal demands from
2002 to 2015

Irrigation Demands

The total irrigated area is (486ha) and this represents (10%) of all arable lands available
in this area, and most of these lands beside the bank of river, other arable area when used
depend completely on rain fed. From the reference scenario based on the irrigation rate of
(16680 m3/halyear) the demand was 8.IMCM without losses annually, but with losses it
reaches 10.133MCM and maximum requirement is 2.2MCM on August as shown in the
Fig.(9), and these demands shared by all 18 canals in the area.

If the proposed Gali-Bla reservoir used the unmet demand difference will be only 510.7
thousand cubic meter on May and other months will be same as shown in Fig.(10), and that
means the amount of water in this reservoir which is less than 1IMCM is not enough to be used
instead of groundwater with current irrigation application rate.

Calibration of the model

Half of Normal year for Khalifan rainfall data was used for calibration of the model.
Data were used to calibrate the model was of years (2002 to 2005) used for calibration of
runoff coefficient for the normal year.

The model was applied on the rest of Khalifan gauge data (2006-2008), Fig.(11) shows
the calibration of model by gauge station data in normal year, were the annual runoff was (50
MCM) by gauge station and (47.6MCM) from the model at same location using runoff
coefficient values (0.27) with correlation obtained (R=0.87). After applying the model in
second part of data as shown in Fig.(12) the annual runoff was (44.5 MCM) at gauge station
and by the model it was (54.43MCM)

Conclusions

1. Runoff for Alana valley in normal years was (69.8MCM), and for dry years was
(41.4MCM) and these results had been used by WEAP as part of inflow to the river
catchment area, and from the simulation it divided to two parts in order to separate the
area of proposed dam in sub-catchment and normally the runoff was (20.9MCM) and
for dry years (12.4MCM).

2. The total catchments municipal demands represent only 7.3% of demands which it was
(0.6MCM) in 2002 and (1.4MCM) in 2008. It is concluded that the management of
surface water will cover needs of municipal demands, but it requires water projects for
the regions that suffer from drought and completely depend on ground water like
villages in Sharsina region.

3. Irrigated area is (486ha) represents only 10% of all arable area available which requires
more than (BMCM) of water without losses. results from advanced irrigation scenario
show that irrigation area can be increased to about 3times if more efficient method of
irrigation used. Most of canals are unlined and by length represent more than 70%, and
total annual losses predicted to be about (2MCM).

4. Generally proposed Gali-Bla reservoir will not hold a significant amount of water and
for each month of summer only (0.2MCM) should be released and this amount only can
be considered with advanced methods of irrigation.



5. Gali-AliBeg fall represents the only downstream requirement as recreational place in
summer. This fall cannot be improved by Gali-Bla reservoir even if (1m®/s) considered
as its requirement, the storage of reservoir will not be enough for June.

6. Quality constituents like DO, BOD, and TDS was considered in the quality input data
of WEAP and it didn't affected the system because the intakes are from upstream of
Alana region and away from point source pollutions of the villages or directly taken
from springs.

References

1. A. Castelletti and R. Soncini-Sessa, “Topics on System Analysis and Integrated Water Resources
Management”, Elsevier/2007, U.K.

2. FAO, Ministry of water resources internal report: “Water Contamination, Demand, And Management for
Alana Watershed-Erbil Governorate”, FAO Presentation in Irag, Erbil Water Resources and Irrigation Sub-
Office, Zab Center-Erbil July 2002.

3. G.S. Ghuman, “Design of typical irrigation and drainage project”, Republic of Iraq, Ministry of Irrigation/
State organization for land reclamation, general establishment of design and research 1986.

4. Jack S., and David P., “WEAP User Guide”, Stokholm Environment Institute U.S. Center September 2007.

5. Joseph S. S., Francoise R. R., Mark E. F., and Robert J. Y., “A User's Guide To CALMET Meteorological
Model”, Version 5, Earth Technical Institute- Concord - MA / January 2000.

6. Lmno engineering Website “www.Imnoeng.com/hydrology/rational.htm” pdf. link:
http://www.co.mecosta.mi.us/CDC_Rules/Appendix%205.4%20-
%20Rational%20Runoff%20Coefficients.pdf .

7. Maysoon Khalil Askar, “Forcasting model of water mineralization for Iraq river ” M.Sc. thesis Baghdad
University 1992.

8. Nurit Kliot, “Water Resources And Conflict In The Middle East”, Published in the Taylor & Francis e-
Library London and New York, 2005.

9. S.K.Jain and V.P. Singh “: Water Resources Systems Planning And Management” Developments In Water

Science Vol.51, First Edition, Elsevier Science London 2003, PP.766-789.



Table (1) Villages and population of Alana valley (FAO 2008)

Coordinates Average
Mame of Mo, of Ersons . % of Water
No. Village M E Families g per Populzation population resources
family
Alana 36.5432 | 44.4424 | 126 5.35 674 o4 | TMERTESR
= EBardok 20 AT | 4.5 4 S 0o 2] 018 S{pTineg
3 BlsUpper 0. 50EE | H.EETT 4 =i 3T 0T Spring
4 Blslower | 36.5251 | 44.4376 | 75 7.87 520 zEe | -Poneriiser
Project
Le=
& Bnawi 305020 | 44,4722 ] 586 BB 2.61% WelkWater
Project
[:] OashiiLoka o 51T | 44.3554 [:] [ %] 47 O15% Spring
i Sorasher Jo.qniE | 44900 ] 2. 11 4o [ Hpring
23 Harwiakawn 204705 | 4. 4357 =] .55 ] i Spring
=] Jolsmeang 2o DEIE | 444137 =] o0 Dl iR Hpiring
L] Fandor 2o 45 | 445342 L] ] 210 055 River
Spring R Ve
i1 Khalifan 56104 | 444054 2184 724 15850 T1.63% Water
Projects
TZ Malzccan 0. 4503 | 445554 105 354 403 1.55°% Spring+Rver
| B Nalaccanizaru | P48 | 440137 2 o4E [:35] = Hpring
14 Rimawezh 36 5544 | 444224 81 b D 405 1.83% De=p Well
Li] Sharsina 2o 458 | 44 4522 L L] 1T T4 Oesp Well
il Sanks 20 4557 | 444373 TZ 7.0 Bh 035 =mall Spring
1 =harkan Jooion | 44 4EEE = [ st T.15% Hpring
18 Taraws 20 4TS5 | 44 4TES T g ki) O.T5% Spring
12 | Tannandhwsre | 245470 | 4450002 o7 [ :3 ] 1435 Hpiring
20 Tannani=aru 20 4TEE | H4.5ATE [:34] B35 T Z.2070 Spring
21 Tutmars | 36.4513 | 44.4301 | 45 4.84 218 nssw | TWERTesR
i FaniRash I0EEIT | M 4EET TZ D 5] 0.3T% Spring
] HanFisan 20 0018 | 44, 4508 ] 0] =4 [N Hpiring
L] Kanmwaiman 20014 | #3757 1] [4] [
e} Lelskan o 56T | 4. 4505 i} 4 5T T 0.50% Spring
20 Srakok Joaatlda | 444720 iz .14 ] 050 S{pTineg
Z1 Guwrgar 0. 5155 | 44 45T 13 [: %7 1] 04T Spring
i) Hhandor Joosdl | 444724 11 [R5 %] [ Hpring
i) Faniler 0 AELE | M4 TR 3 T.5T 3 0. 105 Spring
20 Ashoksn 20 D207 | 44 4357 4 O] 3 2145 Hpiring
31 Berokan o B | H3TTE LI .00 115 0.5 Spring
el Hutak 2o 4EET | 44543 3 o.BT 20 0.05% Spring
TOTAL 3207 6.852 73183 10:0. 0%

Table (2) Alana Rain data obtained by U.S weather bureau equation for interpolation.

Month Enﬂfn} Enﬂﬁw} Enﬂﬁw} EEnSnﬁ} Erﬂﬁw} pXidX? | pPidP? | pSoidSo? | PsidS? | pRIdRZ | 3P/d | pA (mm)
Jan | 1423 | 1204 | 1585 | 556 |1304| 176 | 017 0.22 046 | o0s2 | 3so | 12932
Feb | 1853 | 1148 | 1607 | 1402 | 1739| 229 | o016 0.55 047 | 103 | 456 | 16946
Mar | 1457 | 872 | 1207 | 996 | 1696 | 180 | o012 0.39 035 | 100 | 374 | 13825
Apr | 1046 | 697 | 1157 | 1208 | 1349 129 | o010 0.47 034 | oso | 305 | 11303
May 347 | 256 | 224 | 217 | 545 | 043 | 004 0.08 007 | o032 | oss | 3331
Jun 08 | 15 | o5 | 21 | 00 | 001 | o000 0.01 000 | o000 | 002 | 078
Jul 13 | 14 | oo | oo | 00 | o002 | o000 0.00 000 | ooo | ooz | 964
Aug 15 | 00 | oo | oo | 00 | o002 | 000 0.00 000 | ooo | ooz | 068
Sep 21 | 24 | 00 | oo | 00 | 003 | o000 0.00 000 | ooo | ooz | 112
oct 300 | 364 | 214 | 257 | 192 | 048 | o005 0.10 006 | 011 | oss | 3950
Nov 750 | 638 | 1007 | 813 | eas | 083 | o009 0.32 020 | o058 | 226 | 8336
Dec | 1108 | 790 | 1238 | 617 [1205| 137 | 0411 0.24 036 | o077 | 202 | 10737

Annual | 8429 | 6019|6243 | 6087 | 9198 | 1041 | o083 538 241 544 | 2191 | 809.83




Table (3) average climate data and ETo results for Pirmam station data by

CropWat4 program.

[ L] CropWat 4 Windows - [Text Editor {C:\CROPWATWAREPORTSVAVETO. TXT]]

File:

3112010 CropWat 4 Windows Ver 4.3

Climate and ETo {gra=s=) Data

Data Source: C:~CROPWATU-CLIMATE-AVETO.FPEM

Country @ Irag Station ;. Pirmam
Altitude: 1088 meteri=s) above M. 5. L.
Latitude: 36.62 Deg. (Horth) Longitude: 44.22 Deg. (Ea=t)
Month HaxTenp HiniTemp Humidityv Wind Spd. SunShine Solar Ead. ETo
(deg.C) {deg.C) [0 {Em-d) {Hour=) (I m2-d} {mmd )
January 2.3 1.9 71.2 181 .4 7.0 10.4 1.17
February 9.4 2.3 70,9 213 .4 6.9 12.7 1.63
March 14.1 6.3 64.0 241 .9 2.4 17.5 2.719
Lpril 19.5 11.1 61.0 259 .2 2.8 20.19 4.10
Mo 26.1 16.5 15 .1 234 .1 9.7 23.19 5.93
June 1.7 22.0 ar.1 243 .6 9.8 24 .5 7,33
July 36,3 25.6 35.0 213.4 1i0.0 24 .5 7.70
Augus=st 36.5 25.2 a5, 7 208 .2 9.4 22.3 7.13
September al1.8 27.1 36.8 197.9 2.4 18.5 5.77
C-tober 25.4 15.5 6.7 193 .5 7.8 14. 6 3.73
Novemnber 15.4 g2.2 60,3 184.0 6.8 10.8 1.90
Decemnber 10.3 1.5 70.5 166.8 6.7 9.4 1.12
hverage 22.1 13.8 52 .19 211 .4 8.3 17.5 4. 119

Fen—HMon equation wa= used in ETo calculations with the following wvalues
for Angstrom's Coefficients:
a = 0.25 B =0.5

C ~CROFPWATW-REPORTS-AVETO . THT

Table (4) Alana valley villages surveying.

Area of Non- Natural N
village Name \';.:ifr:‘g]le ?I:an'?;r ?I:an-?zl;! Olr;;;;d ';l':;:;]t P[aksr:;;e RETL‘::;;H'
malakan 13.75 3.25 1.625 3 2.25 3.6 0.025

kander 11.5675 2.5 2.835 0.225 2.75 3.25 0.0075
bardok 1.9075 0.25 1.4175 0.02 0.1375 0.075 0.0075
Harutakon | 7.25 15 275 0.61 1125 1.25 0.015
Bnawi 18.28 2.8 7.6 25 2.875 2.5 0.005
bla 19.575 2.25 12.6225 0.15 2.75 1.8 0.0025
Gurgar 5.4 1.155 1.545 0.675 1.25 0.75 0.025
khandol 3.4625 1.4 0.5625 0.1875 0.875 0.4325 0.005
Kanipisan 2.25 0.3875 0.9725 0.15 0.21 0.5 0.0075
Alana 14.1525 3.75 T.3775 0.25 1.5 1.25 0.025
Kanirash 3.4725 0.9 2.5 0.0075 0.0625 - 0.0025
Jolamerg 16.6425 5.5 T.72 0.3125 0.8475 2.2375 0.025
Tarinaa 4.14 0.75 2.1075 0.0575 0.45 0.75 0.025
Birokan 3.8325 0.925 1.3025 - 0.725 0.875 0.005
Dashtiloka | 2.98 0.75 0775 | 0075 | 0625 0.75 0.005
Total 128.663 28.0675 53.7125 8.22 18.4325 20.02 0.1875

Source: FAO Land survey-2000/ Ministry of Water Resources.
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Table (5) Land covers and runoff coefficients.

Land cover Percent Runoff Coefficient Area Weigl'_ltt_ed Runoff
type Area coefficient
Arable 21.815% 0.41 8.9%

Non-Arable 41.747% 0.3 12.5%
Orchard 6.389% 0.25 1.6%
Forest 14.326% 0.32 4.6%

Natural Pasture 15.560% 038 5.9%

Residential 0.146% 0.75 0.1%

Total 100.000% 33.7%

Table (6) Indicating the water year method by definition factor.

Annual rain Water year definition the average annual rain definition factor %
(mm) ranges (mm)
Minimum=
350 4 V.Dry 350.4 10 422.35 0.55
4946 Dry 422.36 to 566.55 0.77
638.75 Normal 566.56 to 710.8 1
782.9 Wet 710.81 to 855.00 1.23
Maximum=
927 1 V.Wet 855.01 to 927.1 1.45
Table (7a) Average water requirement per day and annually 4°!
Average Water requirement
ltem
I/ltem/day llyear m®/year
capita 100 36500 36.5
cattle (heads) 20 7300 7.3
Sheep & Goat
(heads) 10 3650 3.65
horses (heads) 45 16425 16.425
birds (bird) 0.5 182.5 0.1825




Table (7b) Summary of the water duty for the existing canals in the area

under study FA©-200%
Area Water Duty at .
Canal No. E{Er:r?dri]t?al:-n L’j;g:lth Irrigated Head regulator Dlsﬁt‘:?rge
(ha) (lisiha) :

1 Unlined 36492 28.584 2.1383 G61.15
2 Unlined 3537 34117 2.1394 72499
3 Unlined 2037 10.055 17732 17.83
4 Unlined 1077 3463 14785 512
] Unlined 1280 5455 137727 8987
G Unlined 1077 G.368 17730 1128
T Unlined 18949 17.391 2.0491 35.64
a Unlined 1063 8.857 1.8990 16.82
g Unlined 1563 a.187 1.4560 11.82
10 Unlined 1616 G.900 1.4565 10.05
11 Lined 2950 72622 1.5936 11573
12 Lined a051 67.613 1.3484 9117
13 Unlined 7174 89.476 1.7555 157.08
14 Lined 243 10.842 17580 19.06
15 Unlined 2216 31.262 21016 G50
16 Unlined 4123 52.096 1.7556 9146
17 Unlined 845 6.046 1.7958 10.86
18 Lined 25496 26486 17388 46.08

Total: 43582 849.671
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Table (8) Elevation-Area-Storage for Gali-Bla Dam.

Elevation (m) Area (m?) Storage (m?3)
961 0 0
963 97 36
965 1667 1683
967 5471 8595
969 11881 26008
971 18012 56652
973 27030 102150
975 37598 168073
977 47648 254160
979 58785 361989
981 71377 492888
983 85612 651613
985 101247 840018
987 115974 1059293
989 129266 13073.7
991 140519 1580169
993 151387 1875399
GIS &GPS Climatologic Previous DO & BOD

/

data

4

daTa studles

//

tests

£y

Ground Water

Processing Data to be used
inWEAP

Human

Modeling by WEAP
Surface Water l Agriculture
Scenario Analysis
Industry

Conclusions and Decision

Livestock

Fig. 1 Basic Conceptual Model of IWRM for Alana Valley
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Fig. 2 Alana Valley General Map.
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Million cubic meters

Million cubic meters

i CropWat 4 Windows

File InputData Schedule Tables Graphs SaveReport  Options  Window Help

Climate Data Graph
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I i
¥ [ Avg Temp.
6 74 AT =
5 i
Air Humidity
4 ‘s
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~
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i
T— ETo
| | v Show ETo
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Fig. 3 Variation of ETo by CropWat4 software.

I SubCatchment
B main catchment

Dry Normal V.ory V. Wet Wet

Fig. 4 Runoff from precipitation by WEAP for different year types.

January February March April May June July August September October November December

Fig. 5 Monthly runoff for normal year type.
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Fig.6 Rainfall /runoff correlation for Alana valley.
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Fig.7 Rainfall /runoff correlation by WEAP and Khalifan Gauge station
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Fig.8 Municipal water demands increase in reference data.
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Fig.9 Monthly irrigation demand.
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Figure (5.11): Unmet demand when reservoir exist or not exist.

I 35\ Xalifan Gauge Station
I 36\ Reach

Janvay  February March Al May June auly August  Sepember  Ocober  November  December

Figure (5.17): Calibration of the model by Khalifan gauge station
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Figure (5.18): The comparison between modeled and gauge station

after calibration (2006-2008).
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