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This research, using the CE-QUAL-W?2 hydrodynamic model, investigates and
simulates the dissolved oxygen (DO) parameter in the Ekbatan dam reservoir
under the influence of thermal stratification and temperature changes. Ekbatan
Reservoir plays an important role in providing drinking and agriculture water
in Hamedan city, so checking its water quality seems essential. The results
show that the CE-QUAL-W2 model simulates well the temperature changes of
the reservoir by considering the volume and geometry of the reservoir and
meteorological parameters. Due to the fact that dissolved oxygen is affected by
thermal stratification, the relationship between these two parameters has been
investigated and the possibility of evaluating water quality through thermal
stratification of the reservoir has been presented. The results show that thermal
stratification in Ekbatan reservoir has periods of thermal stratification change
and is complete in summer, while complete mixing occurs in autumn and early
winter. These changes also affect the DO stratification in the reservoir. With a
68 percent increase in temperature, the DO concentration decreases by about
37.5 percent, and with a decrease in temperature, the DO concentration
increases in the same proportion. In addition, the research results show that
changes in air temperature have a significant effect on the concentration of DO
in the reservoir. The change in temperature leads to a decrease in the density
of water and a decrease in the solubility of oxygen in water, which in turn
leads to a decrease in the concentration of DO in the reservoir water, and this
issue is widely considered in environmental studies and water resources
management.
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Figure 1. Flowchart of reservoir modeling process

Table 1. Main equations governing the model

Type Equation
oUB 0UUB 0WUB on gcosaB [*dp 1 0BTy, 1 0B1y,
X-Momentum —_— = i - _ - Z it
o + ox + o7 gBsina + gcosaB ox P) | ox z +p o > oz +qBU,
. oUB 0UUB 0WUB on gcosaB [%dp 1 0BTy, 1 0B1y,
Water Quality Transport —_ = i — - put st
Q Yy P! a + ox + o7 gBsina + gcosaB o ) | ox z > ox +p oz +qBU,
1
z-Momentum 0 = gcosa — il
0
state p = F(Ty, ®rps, Pss)
- dUB O0WB
Continuit, T
Y dx * VoVA qB
Free surface B, o _20 thBd fh Bd
"ot " ox), o oor T ) 9P

Where, n = water level (meters); W and U = Average speed in the longitudinal and vertical directions (meters per second), respectively, B = Width of
control volume; t = Stress at xx and xz (Newtons per square meter); @ = Slope; g = Inlet flow to control volume (cubic meters per second); Ty, =

Water temperature (degrees Celsius); @ = Contaminant concentration; D, ¢ D, = Respectively heat dissipation coefficient and pollution in the
longitudinal and vertical directions; g, = Water inlet (infiltration) or outlet (seepage); B, = Width in level (meters), and sq = Input or output
pollution from other sources (cubic meters per second).



Al Wil g w135 00aw [ CE-QUAL-W2 futo j/ oaldiu! b 5 ULST [ j5%0 55 Jabmo (3 ST (5l Juto

il Sk Y Y

5 iy 0 Lo )l o)Ll ol oSy Sy (93900 lagie 3 o slod Jlganl i 4 ()l b
Do Syl canaY sl g Ol 4wl 1 yus sl cuw gled Slius .l e oise i YT Jlas)
Jolds (JalS ) (saa 5 )3 dgdie (e 0 ol bS] Sl glo atidly BMST Jdoay (Y ol
Zhang et al., 2022; ) cosl (ssrodgn) @Y 5j 5\ (Goedlie) ¥ ole Hossordn)) 4Yg) )l 4 4w
2022; ) ol JSSI JB e Joloee (5T clale @lpuss o o (Sl ganaY ol gl (Yigzaw et al., 2019
JSs e Y (IS clasuio b aalgs a3y ol w4 adlae ol > a5 (Yigzaw et al., 2019
S b o il5al b oS olKin 0yl ol I ewitune 5l do 5500 5 Lod ] o 03l Liales ()
Aimd )13 b oo ) OF o laeat VT e85 5 i A0l 0 S )3 Sl ol o pnSo 5 Moo GllS ]
Wb o pials Ol 3 5S> cud il b o il Los a8 Sloj 01> Lege (i85 Lod 35 DO b abasly p
o5 53 ST 5 ol 53 50 39S &1 e ol (S (5l e il DO e S5 e
@59 Algige do (30 53 bod s oS psbots )l o (slapgrtins p ite Db o 39 SLeS
5385 b dilaie Al (slopgicun p g a3 i 8l cov ) Jglore (e e 5 aosi VT 13

Heat exchanges with the surrounding air
aiegaie
¥ ' '
. . '

. v Solar radiation ‘)

fav.n.n

Epilimnion
(High oxygen concentration, low temperature changes, hot)

Metalimnion
(Variable oxygen concentration and temperature)

Outflow
Hypolimnion

(Cold, lack of dissolved oxygen and

significant concentration of dissolved

organic matter and nutrients)

Floor sediments /

Figure 2. General specifications of different reservoir layers
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Table 2. Location and specifications of Ekbatan Dam
Dam specifications

Longitude (UTM) 280385 Meters
Latitude (UTM) 3848678 Meters
Total capacity 39 Million cubic meters
Dam basin level 1935 Meters above sea level
River bed level 1897 Meters above sea level
Normal level 1970 Meters above sea level

Figure 3. Location of the basin of Ekbatan Dam in Hamedan
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Table 3. Calibration errors of reservoir volume compared to observational data
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Figure 4. Calibration (a) geometry of Ekbatan dam reservoir and (b) water level of the reservoir
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Ay il g w125 0w | CE-QUAL-W2 Juto jf aslites] b 5 STy joo 43 Jploxo (3 juusST 5 jlaw Jto

] ) g 3 Date: 12020
]gs;egmentSG Date:7/February/2020 IMUSUEWH“SG Date:8/October/2019 1960 i Segment53 Date:3/June/2020
1970
AME=0.42 mg‘ﬂ AME=0.61mg/I ——a— Simulated M[E:D.ng([
1985 Loss | === Observed 1965 1
1 |
\
1045 \ 1 [ 1960 4 A
\ 1950 L 1950 ! '
: e % ll 1055 \
- ] 1
7 1040 1 g -’ £ 1045 1 ! T 1950 1
g i z ! £ ! H '
T ' = 1 H
1 £ 1040 4 = |
.g, h = [ o140 { 1 & 1ot |
_‘Sn 1 = = I s
P10 b s | ! E i 3 1040 \
m ~~ 1935 1 @ 1 =
! Sl g ' 1035 4 1
1930 1 w 1 !
1030 : i 1301 1 1930 4 !
) 1925 | —%— Simulated : !
Simulatd i 1925 | —e— Simulafed
—— — = — Observed 1925 T — = = Observed
Lo |7 = = Ohserved 1920 . . 0.0 500 1000 1920 :
50 200 150 .00 5.00 550 6.00 650 Dissolved oxyg]jetn (milligrams per q.l]] 500 . 10.00
Dissolved oxygen (milligrams per Dissolved oxygen (milligrams per liter) er) Dissolved oxygen (millgranis per
liter) Titer)
(@ (b) © (d)

Figure 6. The results of dissolved oxygen calibration
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Figure 7. Thermal stratification in cross section for Ekbatan reservoir in (a) November 2019, (b) February 2019, (c)
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Figure 8. Temperature depth profile in (a) November 2019, (b) February 2019, (c) June 2020 and (d) September 2020
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