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Current paper proposed a new technique to reduce evaporation from small dams reservoirs by
minimizing the surface area of a reservoir during maximum evaporation losses period. A mathe-
matical relationship linking the depth of water with the surface area of the reservoir has been
formulated, and its integration can be used to estimate conservable water quantities. Reducing
the water level in the reservoir to the minimum permissible level before the dry months has re-
duced the evaporation losses by 65% and 51% for the two scenarios. These two scenarios have
been conducted by assuming that the dry months start with the presence of the water level in the
reservoir at a height of 14 and 12 m, respectively. On the other hand, evaporation losses during
drought months have been decreased by 24%. By this technique, it can be possible to obtain wide
areas suitable for agriculture, contributing to the economic and social development of the region.
Also, Depth index(DI) suggested in this study and defined as the ratio of volume of the water in
the reservoir to corresponding surface area, to compare the location of the best dam among the
13 proposed dams in Wadi Houran by reducing evaporation losses. The results of this index
showed the best location was at DI=10.901 in DM 7, and the worst is at DI=2.425 in DM 8.

© 2014 Published by Anbar University Press. All rights reserved.

1. Introduction

Water is a crucial element for the survival of life and
as a result of the increasing demand for it and great
development of civilization, water scarcity issues
have been significantly increasing. It is worth men-
tioning that evaporation losses are the greatest chal-
lenge on water harvesting in arid zone. This is due
to the wide bare soil area, lack of vegetation and the
frequency of small rainfall events that allow bare
soil to return water to the atmosphere [1].

One of the basic components of the hydrologic
cycle is evaporation, which is essential to water bal-
ance studies, water resources management and irri-
gation system design [2]. Evaporation is considered

a main requirement for planning and designing any
water project in this region. Taking into account the
actual values of evaporation would reduce massive
water wastes [3]. The evaporation process from
dams reservoirs and lakes establish a great loss in
water resources, especially in arid and semi-arid
regions, such as the Iraqi Western Desert. In arid
regions, evaporation can represent up to 25 to 30%
of the total consumption use of surface water be-
cause evaporation is a large part of the water budget
in these regions [4]. High temperature and irregular
rainfall create threats on small dams. Due to the
evaporation phenomenon, water losses about 40%
of stored water in existing dams all the times [5].
The evaporation losses from Mousl dam and Had-
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itha dam account to more than 2 billion m3 per year

[6].

The evaporation volume is varied linearly with
the surface area of the reservoir, that mean a reduc-
ing of reservoir surface area by 20% is followed by
reduction in evaporation volume by the same ratio.
[7]- Many methods were proposed to reduce evapo-
ration losses from reservoirs by managing one of
the evaporation causes as reducing the wind impact
and the water temperature. Several techniques were
suggested to control evaporation losses last dec-
ades, as wind breakers or using of floating synthetic
mono-layers on the surface of the water [8]. The use
of floating material is of high cost and may affecting
the water quality [9]. [10] Presented a review of
published researches from 2014 to 2018 in which it
was focused on the used techniques for evaporation
reduction from water surfaces. These techniques
include; the physical methods, chemicals methods
and Biological methods. In Algeria, presented a
study to evaporation reduction from water reser-
voirs by a thin chemical film are placed on the sur-
face water and know the effect of this technique un-
der arid conditions. The results indicated that evap-
oration rate was reduced overall up 16 and
22%][11]. [12] Presented a study to reduce evapora-
tion losses from 16 Tishreen dam reservoir. The
results show that the most environmentally friendly
and it do not affect the composition of water, and
suitability for different uses is the air bubbles meth-
od or water bubbles, which reducing the annual wa-
ter loss by 7.6%. Recharging ground water by 31.54
cm/year means feeding aquifers by 28 Mm3/year,
and therefore these Recharging will sustain the wa-
ter resource quantity and quality in the Wadi
Houran[13].Current research is proposed some ide-
as to minimize evaporation losses from small dams
reservoirs, and managing utilizing this saved water.

2. Study Area

Wadi Houran is the greatest valley in the west-
ern Iraq desert, about 450 km from Baghdad [14]. It
extends from the Irag-Saudi borders to the point
where it meets the Euphrates River near Haditha
city between the longitude 39°00"00" to 43°00"00'
East and the latitude 32°00"00" to 43°30"00' North
[15] [Figure (1)]. Its catchment area is 13,370 km?,
but there is only one weather station at Al-Rutba
city located in midstream of the valley average an-

nual rainfall is about 115 mm [16]. Evaporation
depth for Wadi Houran is ranging between (1600-
1900) mm per year and more than half evaporation
value occurs in summer months, June, July and Au-
gust [17] as shown in Table (1). A small dams series
(SDS) in Wadi Houran was designed to store the
largest amount of rain water [18]. In current study,
first dam in the series (dam number 1) is located in
Downstream and chosen as a case study, as shown
Figure (2).
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Figure 1. Location of study area

Table 1. Evaporation depth in dry months

Dry month Evaporation depth (mm)
June 3775
July 420.7
August 402
Total 1200.2

Figure 2. Location of Dam No.1

3. Methodology

Two scenarios were adopted on the assump-
tion that the dam reservoir contains different



water level before the beginning of the dry
months, which are 14m, and 12 m, and a set of
low-cost methods was proposed to reduce
evaporation losses from reservoirs by decreas-
ing the surface area of the reservoir at summer
months. The surface area of the reservoir can be
reduced by reducing the water height in the
reservoirs to minimum possible elevation and
using this water by planting summer crops. This
is done with the following steps:

1. Reduction the water level in the dam reser-
voir to the permitted level before the
drought months (June, July and Aug.), the
planting summer crop is done through the
following steps:

1.1. Formulating the relationship connects be-
tween the water level and the surface area
of the reservoir as shown in the figure (3)
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Figure 3. Location of Dam No.1

1.2. Integrating the relationship extracted from
the previous step to obtain the saved vol-
ume of water and as follows:

hy
dv = f (S.4).dh €Y)
h

i

The integration result is:
a b
vs= s (hf —hi) +5(hf —hf) +c(hy = b)) ()

Where:

VS: the saved volume of water (m3)
S. A: the surface area of reservoir (m2)
hs: the final water level of the reservoir (m)
h;: the initial water level of the reservoir (m)
a, b, c: constants

e Planting summer crops:

The irrigated area is calculated by the formula:
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ar= 2 (3)
P.C(ton) = Al(ha) * RPC(w"/h a) 4)
Where:

Al: the irrigated area (m?)
VS: the saved volume of water (m3)
GDI: the gross depth of irrigation (m)
P. C: the productivity of crop
RPC: The rate productivity of a crop
2. As for the drought months (June, July and
Aug.) , the area that can be planting is found

as follows:
Y = Hstorage — Hpin (5)
Hmin = HD + :8 (6)
Vy
Al = — 7
GDI 7
Where:

Y: the water level between Hgyyrqg¢ & Hppin (M)
Hstorage : the level of water at the end of May month
(m)

H,,in: the minimum level of the water in the reser-
voir (m)

Hp: the level of dead storage in the reservoir (m)

B: the coefficient for irrigation (m)

Al: the irrigated area (m?)

Vy: volume of storage between Hytrqge & Hmin (M3)
The value of Vy is calculated by interpolation from
reservoir volumes data based on the value of Y.

e DepthIndex (DI)

This index introduced in this study and defined as
the ratio between the volume of potential storage
(V) generated by the realization of dam to corre-
sponding surface area at a certain elevation. These
parameters (storage capacity, water surface area)
are used to generate this index as shown in the fol-
lowing equation:

|4
S.A
Where:
DI: depth Index (m)
V: Volume of water storage (m3)
S. A: Surface area of the reservoir (m?2)

DI = ®

The main factor associated with the evaporation
process from the reservoir are the water surface
area and the depth of water, so this index was taken
into account when evaluating the present research.



4. Results and Discussions ample, Scenario A, the value h;= 14m and hy= 8m.

The first step in the methodology is to reduce the By applying equation (2) we get the saved volume of
reservoir level to the permissible limit (8m) before water (V).
the months of drought (June, July and Aug) and find When performing this step, the surface area of
the saved volume of water. This is done through two reservoir is reduced by different percentages. These
scenarios that were imposed in this study, which are percentages are found by dividing the surface area
A and B on the assumption that the dam reservoir at height h; by the surface area at height h; and sub-

contains the water at a height of 14 and 12m, re-
spectively as shown in Figure (4). Using the equa-
tion (2), the saved volume of water is determined

tracting it from 100%. The table (2) shows the re-
sults of reducing the surface area of two scenarios.

after determining hy, h; for each scenario. For ex-

Table 2. The results of two scenarios to reduce surface area

S.Am? Re- S.A reduction

scenarios h; m hf m a b c VS m3
duced ratio %
A 14 8 9,532,901 1,622,224 65
11744 8920.4 34424

B 12 8 5,254,787 933,943 51
From the above table, the percentage of surface area method is applied to the 13 proposed dams, assum-
reduction ranges between ( 51% - 65%), which is a ing that a little difference between reservoirs areas
good percentage to reduce evaporation losses to the and storage volumes exists, annual Maize produc-
maximum level possible. This saved water (VS) is tion can range between (67000 - 120000) tons. It is
used for for planting Summer crops. a huge quantity needed to develop the region eco-

¢ Planting Summer crops: nomically.
The benefit that can be obtained from using the +

reservoir A 3
saved volume of water (VS) from the previous step ' \
by planting Summer crops before the drought %
months. For example, the Maize crop grow between
1-April and 23-August and the gross depth of irriga-
tion (GDI) of this crop is (1325)mm [19]. Using the
equation (3), the irrigated area is calculated by di- B
viding the saved volume of water (VS) for each sce- \
nario by GDI for the Maize crop and to find the 5
Maize productivity. The equation 4, is used where

the rate of productivity Maize (RPC) = 13 ton/ha
[20]. Table (3) shows the results of irrigated areas

1244 QI om il

Figure 4. Contour map of the reservoir to irrigation with the two

for the two scenarios before drought months. . . .
scenarios, A-scenario A, B-scenario B

Table 3. The results of three scenarios to irrigated area

The second step in the methodology is to reduce

sce- 2 Maize

VS md Al'm Al ha evaporation volume in the drought months, crops
narios productivity ton are grown that extend from 1st June to 15t September
A 9,532,901 7,194,642 7194 9352 such as growing a cucumber crop with a GDI = 682
B 5,254,787 3,965,877  396.6 5158 mm [19]. The irrigated area and the crop produc-
tivity during these months is calculated by using
equations from (4) to (7), as below:
The resulting irrigated area ranges between 396.6 1. The minimum level of the water in the res-
and 719.4ha and the amount of Maize that can be ervoir (H,;,) was calculated by using the
produced ranges from 5158 to 9352 tons. If this equation (6), which depends on the (Hp)
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value, that is equal to (6m) and the value of
(B) assumed in this study is about (0.8m).

2. The value of the water level between
Hstorage & Hmin (Y) was calculated by using
equation (5), which depends on the level of
water at the end of May month (Hssrage)
and the minimum level of the water in the
reservoir (H,in)-

3. The value of the volume of storage between
Hstorage & Hmin (Vy) was found by interpo-

lation for the data of reservoir based on the
value of (Y).

4. Using equation (7), the irrigated area (Al)
was calculated by dividing (V) by (GDI).

5. To find the crop (cucumber) productivity,
use equation (4), where the rate of produc-
tivity cucumber = 9.5 ton/ha [21].

The table (4) shows the results of irrigated area and
to reduce the surface area for the reservoir during
drought months.

Table 4. The results of irrigated area and to reduce the surface area for the reservoir during drought months

S.Am? S.A reduction Cucumber productivity
Vy m3 Al m2 Al ha
Reduced ratio % ton
223,582.7 209,398 24% 327,833 32.8 311.6

From the above table, The percentage of surface
area reduction = 24%, which is a good percentage
for the production of cucumber crop during the dry
months in an amount equal to (311.6 tons). If this
method is applied to 13 proposed dams in the study
area, assuming a few differences between reservoir
areas and storage volumes, the production of cu-
cumber crop is about (4050.8 ton).

Planting summer crops results showed is very
suitable for use, in addition to huge reduction in
evaporation losses, and a large area for agriculture
is obtained, resulting in a distinctive appearance of
the dam. On the other hand, the cost of pumping is
taken into account, so we suggest using solar pumps
and putting them on boats to adapt to the water lev-
el variation in the reservoir.

Depth Index (DI)
In this study, the Depth Index (DI) was suggested to
find the best location for the

dam. This index was applied to 13 proposed dams
distributed 5, 5 and 3 on Down-stream, Mid-stream
and Up-stream respectively, by dividing the maxi-
mum storage volume by corresponding surface area
of the reservoir at a certain elevation.

As shown in Table (5). The best location is the max-
imum DI ratio because increasing this ratio is fol-
lowed by minimizing relative surface area because
the inverse relation between DI and surface area.
That mean maximizing DI is minimizing relative
evaporation losses.

The best location is at DI index 10.901 in SDM7 and
the worst one is at DI 2.425 in SDM8 and the value
of this index ranges between (3.517-5.436), (2.425-
10.901) and (2.653-6.605) in Down-stream, Mid-
stream and Up-stream respectively.

Table 5. Dams sites classification by using Depth Index DI

Location The
Zone dam X v DI . bes.t
ocation
DD1 801589.42 3751862.87 5.3 6
DD2 795696.36 3753254.76 4.2 10
Down- DD3 792641.59 3755930.26 4.4 9
stream
DD4 787030.84 3753892.00 3.5 11
DD5 77627195 3755417.36 5.4 5
DM6 703665.45 3715753.51 5.1 7
DM7  697148.83 3713864.72 10.9 1
Mid- DM8  688448.86 3711313.10 2.4 13
stream
DM9  678287.45 3705445.63 5.03 8
DM10 675037.20 3698392.33 8.1 2
DU11 603172.71 364733519 5.9 4
Up - DU12 593659.41 3632095.23 6.6 3
stream
DU13 591303.88 362236495 2.7 12

5. Conclution

1. The saved water volume can be estimated
by integrating the proposed nonlinear rela-
tionship between the water level and the
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surface area of the reservoir (SA = a(WL)?2 +
b(WL) + c).

2. Minimizing water level in summer months
can reduced the evaporated water volume
by about (51 - 65)%, that help in develop-
ing the region.

3. Proposed method can optimize the water
level to minimize evaporation losses since
the Western desert contains 12 small dams
by different storage volumes.

4. The optimal small dam location can be se-
lected using depth index that introduced in
this study because minimizing evaporation
losses. The best location is at DI index
10.901 and the worst one is at DI 2.425
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