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1- Dynamics Reservoir Simulation Model (DYRESM)

b

e CE-QUAL-W2 Jito 31 eslisel L 1, o
2 s 13 aallias 3550 Yo) B Yo oA sladle
LB ol 250 S ekl (giledde
5oy Case 5 S 1y LS Bl S sy Il
Sl w5 L AS e wd ab el
Sl o e ol o3 w85 S Sl
@ O Ges L Y Sl alss 5 Sl slaan 5o
O &S oSS O CuiS 35 5 ol L
3 Sl st gileas (MY) ae LS
CE-QUAL-W2 Ui 5,05 b J jloms 5] e
slo) ool gl sl 5wl 3
5 SL 00 el Ol Juab 53 Sl sy
CE-QUAL-W2 Jie 55 aslie & (T++A) 0lSan
Sl seaY gileas ¢l SNTEMP
D53 388 ekl wallls pl mlS sl
S5 Sl (8) wils CE-QUAL-W2 Ju
s s CE-QUAL-W2 Je 5l eslizal L (Y++A)
Lals ol catS ileddle 3 dde gla alil
s sy & (T10) JLdaml 5 L3 5LS (4)
O3B 5o o seas LI o33l ol > gdoa
e 3l 3t i Lo OT austls e
Sl VL Sl iman S 5l
22 Sl sy ssas BO addlle
Jol s L8 eslinad A LST O S
Sl e Jule gy L8 (gsde Jde
Ope 2 Jol8 DU gl o3Y (550 Olsee 02
Lo 93 0 DU oy b e 0L 0
SalS LS s S asie (oY oL
3G AeS Ol ot 4 0l Gooy glan Olse
Plowasl Kaisl b e w0 52505 855
Sl o me LY 33k 0T At 53 5 Ak e
OLen 5 g slezel () 55 dal I
Jdbe Lawg 1y sls 2 el e Ope (Yo))



o) ¢ Sdlo o

Qads o s o sl e csle sl
oo sllge A (V) sl SOl ol 2l
s oo okl Olegd opt Ol el
03 )l 8 e ey 5 oSS
S bbb Sl S sas p S e kS olllas
ol S Sldlas Cgr S J 5 col g O
gl bl ess e calsee gla el )L L
Qo slge JS sl O3S edle eyl
oY s s aY 5o ol guaY (sl
Sllas ST s cpimmen (23S 13 axdllas 54
adllae sy oY Bl 5l 5558 sladn L
Ao > T S addlles pde cpl by Ll S 13
S50 3llee Ao S Olallles oS 5 3 Ol sblee
CakS hags ol s sl 5l S 3 axdlas
Sl sty bld gl sl dw Oy O
Jae 3l eslizad b« oye Olmlydl Olewl o Sl

b S 13 axlass 50 CE-QUAL-W2

g, 9 dlge

Ol s C;U axdllas 5 g0 adlaie taallas 3 g0 adlate
Slaml Gllge wlisgy ab) o8 Obmbdl
S PR F G P INS POUN CR
S T sl s s W ke Lae
sl 5 2l bl o beasie Gl 45 pers
R E Y N WORRGIN B -V S - R Gt
SreshS o 5o s ollge dltay; s 5o sl
03 SWlar CamBae o)l I3 sLlge el o8
il Yo 5 aids 8 5 s $0 Sl s Jsb
5 oaads BN 5 A VN (GUl e S s 30

(1 JS8) ot gl o 436 Y

oy

093 Jsb s et Ol oS sls olis ol zass,
e ls QLIS oL S Sl v/80 sl sleans
e St o Ot LIS L]
CE-QUAL-W2 Sle s 4 il 1y Ao 3 0 5l 50
o (YA 0L 5 L olo, (M) sl oL
Lol o Ao (&S 5 ol suaY )
@l ezl CE-QUAL-W2 53l 5 5l eslic
o33 Sy sy Sk ol rasn 5l el
oo Clia syl &S Gl O 5 Sl guaY
Al S el el o Jgb 4 Jl
345 Cj\ O e e 5 33, gar sl s, g,8
34V, Hm 38 Sl am s Yo Ot d e
o s Uoes el o immas (Y5
oS Ll fad s s S sdalie LY
b s YL sy s uT sl Ml
Jab 3 s chad O > ol sluaY
2N 2l aes 108 AL WelS Olies
Sl saaY L Olgar osd uaY s
(YWV) O 5 o (V) by Opse s
Jrle gl IS ey Jxs 3 gileda
Sanbanxi ' o Sliw Oy Gas Sl sduaY
e G 51 s s ol sl i3 andllas 3 4
R A S eslanal gdagy Salysgdea
5 TCCT Cilsn (sla g5l o O o (S5l
Sty 2o oL 5 ol ol
ui S &S L;al_(ua sy ol c,l:., syl
b o Sl TCC 3l 5eoml (Pr) ok ylsess
osba e s s bz L Dl
Sl Gl S sl o Jals cx S
OF 55 a5 il o 2als Tam 5 b e ial5l I
S NG, Pr=v/oll s ool solul sl

1- Sanbanxi
2- Temperature-Control Curtain



AN (£) 0 ks (F7) sl S o of cdlin sl iy 4yl

West Azarbaijan Province Basin . ¢ o\,,u_\i,si bl ad >

Ol o
Nakhchivan
S5 :

Turkey

5 Dbuls
East Azarbaijan

International Boundary Ll oy j 4 s

Provinces Boundary lul e wimma
Basin Boundary oy 50 .
Province Center bl }5,‘ .

River FHEYY) e

Lake =i W

Dam ds )
Aras Basin

el g
Urmia Lake Basinasy,) xb)s «25> @

Zab Basin Sl b s>

Slws S

. Kurdistan

Figure 1. Geographical location of Mahabad Reservoir Dam.
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Figure 3. Effect of the windfall during reservoir mixing.
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Figure 4. Effect of EXH2O in reservoir layering.
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Figure 6. Effect of BETA coefficient during reservoir layering.
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Table 1. Final value of surface coefficients of calibration in Mahabad dam reservoir.
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Figure 7. Calibration of the thermal layering of the Mahabad dam reservoir (section 21).

hY)



AN (£) 0 ks (F7) sl S o of cdlin sl iy 4yl

Yd}k}bwwtsua}j/\dg.i)bbi

sl 0l eJJJT

Sl A0 (63 LAL g0 5l aale £ oy S sl Je

(S Jan Sileand 53 dbs (oo slas Y g
Table 2. Validation error in model simulation of thermal profile.
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Figure 8. Verification of the model to simulate the thermal profile for the section21.

ol 03,50 5 2 > & Hsboles Ll taas oL
Lo g dalsss 50K Laesls folS 5oy el
5 bl glaller 51 ole iledie T oS
s Gkl enss o plnsl 5 (613 g
wlagileesla b ajlge 3l pan 53 55 (S CYslee
Colg s bacpl den oS ol ol Boae Jde
5 e slaesls o Ol sl 4 e
e @L:j 3l eslasl U .,u.sjfda ol (g sluwdnds
23 0lg o s S SHIA K 5V K8 5 S Je
oLl o Oy oSG8 IS (6 St G

"

Joon & s Jo mialy Sl ol il

S e o Jlasl o das e 0L 3l >
e 33 BlSe GISE 5 el bl
S el i (Sl e bl e e
w bl s (S (K3l Cunss
e A Gl 00 5 e Fhe e ke
Wl [y ol L5 Shalie 5 ms st slassls
Sle Jlis aa SL Y Jsdr 4 4y Lol
) apde o dde s o Gllae glax
C3y Mg e 35 cpl S Lol Cewsts g

O ol oY (olwand 1y die b



ol)Ked g (Sl duao

By L Ol e 1 -+ Rl S 5,8 S
WL VS oo pegs 4 b e sloses o SN
Glos 4 by e laesls Lax 5 L oS 00 51 Js
55,8 o Dpge e Ol 3 Ol (O e
VY Vs s ¥y, Sl s s
B JET=N cvr Vi et 0 VU TGO B U OB S
53 Ul b O 5 eaps damMa B o sSee

25,5 s JalS bt L Ol s Jsb
s TDS giluand 53 Jhe srwioe
Sl A0 (65— A0 o) anls & oy lsla Joe
e 25 5 OLE (VY wdae) aalllan 5550 i
g ol oS e O S8 s Jus

sl e

FeS b s eddg s d s b Hlsl 5l luaY
Oy 4 (S35, lalald b8l 5 1aa OUS
@ len Syl am s S slesls e g al LASS
AR R S S T
2305 w¥sy Sol e ams Ol ey 35
slosls o 3l A8 L s v 5l S il a3 VT s Y
(Sl S Oles b Lo ol st
WYy Ges atbyan, Sgosba LS e S
55 oS Lot slepdl s uS e Iyl
22 O Oy Jsb 3 5 @8 Dm0
S ol 5l diles aSt S e 15 bolest| Il
ke g3 bl Cgedse B 1A
) ;.j Sl am s Olieay 53 3l 1B s
33,00 sl pl b L,\.N)L;aﬁ_}:\)_fdﬂu a3t
(6lsy oY) o Sae oY O35 55 &S

135 T 1345 130 | 130

BB i 1335 +— I' 1335
z 1335 - 1335 - I
El ol 1330 + 1330 +
= i
% i: 1325 22 - 1305 £ : = - 135 . 125 ——F— = I
53] ¥ Frpod | 0 B l—model | 1320 W —model | 120+ | =—model
Y 315 . 1315 £

i d i £ 135 ——H—— 315

105 135 1310 +— ‘ 1310 |

200 30 m W W 00 30 0w w3
Al 28 b J o ol 51 U8
TDS(mg/1)
Al ch.é.a Sl TDS (gilwacd ) shiet Jbo prwiome -4 IS
Figure 9. Verification of the model to simulate TDS for the section 21.
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Table 3. Model validation error in TDS simulation.
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Figure 10. Changes in dissolved oxygen during simulated periods in Mahabad Dam reservoir section 21.

oSl 5l ezt glaesls 3l eslizad L G s S
Ak Gl el 500 o sbles St s
&S bl A sl (Y 55 8 bl S
g_.)T Sles das o 13 f:l}wd B g.j); S8 s
GL:J k;..é;)b.g O D)\)AMJ‘)JASJJJL:JA
Shils sllge duw O35 &S das o 0L dlol>

T4

S (5 5 o
g CE-QUAL-W2 Jus 3l ags cpl 5s

533 8 el sblgs e Oipe Gl e
plnil oSa () 248 238wt Ol JS I
s gla el 4 s Jde Canls 3JUT
3 eaddae 53 5L S S W5 S uw)k\ff:l}

e ol sl 8 St e sl s



YA (£) 8,lows (Y1) als S 5 of Clin ol iy} 4 i

.,\..:_5) 5 o3y df'-‘ BE L;)‘J} L;.x\m_\! )\ JS;LZA
Gl S il oles Ol s Se O ol i
Ogiadser Y 3 Jol>= oY Ol &
oY 4 ool (TDS) 51 NL chale L (Y 3)
Lol Q\)JJ J‘)}o SRR V'ij‘;Lfd 4;-‘).‘1 v_:l.ajﬁ
slllat Jodsr 4 4= L A e olis s
Sle 3w d= o VL s (TDS) chle Sl
J::tj 2 Cﬁ&,« Yoo cuf.;'r B sz))u.s k_é)Lﬁ.A
BECIN- N g P I PTG |
05 Jglees O5St Clale (Vs dalse 340
Jsb 5 &S ol sl Sa sl gb 55 (DO) O
L bl SRl Gas LI L gdoaY Ol)ss
S OLS ) @S e kY S
G el Glea s gl s 4V, Cales
35S opl el s Gb 3l s slaaY
5 Sl Y Doy e 4wl Wl
Col b glaa¥ L JBs Y O Lls byl
Jsb 53 e O35 Slasl 5 Jgoes 05081 0l 53l
Lyl 5l &8 cul S5 ow p'XI Ssd e Olies)
Lyl o (Y 53 Oscad s 5o 50l Loyl U Ol
5 My el s el O Slesl s O
Lfb .Jb; EJT)J Cj..]aﬂb &)jﬁbjomw
S el CT (6, K0 515 Catbe a4 e s L
Jlsh @ bgpe oS Bald o S s 055
Al Df&u =t Bl bl il e Oleasls
el s gyl O 0s e S
Olhss Jsb 53 a5l s > uT ol pl by

Ve

Al 5l Gl S ol Sl ganeY S
s mola ea gl SRl L 5 olepsys b
4 Ol Lulgl 5 5 el Uy O35 53 Sl
£ 3505 5 Okl Jumd 3 LIS L) e 25 2
o a8 IS e Jle s sl
O3pen 53 JolS Lokl ole 3l 53 oS5 5b ol Ll
Bl 53 sl dew 45 Gl OT 517 as e 5
Jsb s O by S sba ol ol Bl o
el A e 5 3l S Sl am s b 5 4 Ol
SlonY)  wliw;  gdoaY &S sy, .l
boCasdly opl e 55 O 53 5 (LS
03 sl b Solm Jsn Ol OlS e
S o0l Js e sdalie osta bals e
3l ad BLET Ol a3 e Vb Ol
Oemed (s 35 ghua Y opl ples ksl L
ol 3 Gl Y 5 Gl LY e Nl
b o ol S Sl ampn Y-V spu- s S
S O L3 Ol 5 0350 St 3Ll ple
Sy Jhe (8 s Bl 1wl guuaY
Ss L3S Il O Jsb o s la
55 edel sy ol gla by e 45 0T
o et a by ol b
YES YY) i 5l eel s =B e e ol
T (LI S S GV [ - R Y LU
FA el s ol el gl S G
Cond s Ol $lp s sduled Wi o & A3k e
O j5s ;i-i’ Coleay L e sl e
03 Sln L s cl sl ad S B s cdu S
oMo (0 .ol 4 S 13 ey 3yse (S33e8 A
chle Sl Gae 3 sl Lo leand
0533 b )3 0 O g.j 03 Jsle Sl IS
Of b oS co,8 13 o 5y5e eddgiluans
Gos 53 (TDS) chle ol 85 Ol LS pslas



o) ¢ Sdlo o

1.Afshar, A., Kazemi, H., and Saadatpour,
M. 2011. Particle swarm optimization
for automatic calibration of large scale
water quality model (CE-QUAL-W2):
Application to Karkheh Reservoir, Iran. J.
Water Resour. Manage. 25: 2613-2632.

2.Choi, J.H., Jeong, S.A., and Park, S.S.
2007. Longitudinal-vertical hydrodynamic
and turbidity simulations for the prediction
of dam reconstruction effects in Asian
Monsoon Area. J. Amer. Water Resour.
Assoc. (JAWRA), 43: 6. 1444-1454.

3.Cole, T.M., and Wells, S.A. 2015.
CE-QUAL-W2: A Two-Dimensional,
Laterally Averaged, Hydrodynamic and
Water Quality Model, Version 3.72.
Department of civil and environmental
engineering Portland state univeristy
Portland, publication. 797p.

4.Diogoa, P.A., Fonsecab, M., Coelhoa, P.S.,
Mateusa, N.S., Almeidaa, M.C., and
Rodriguesa, A.C. 2008. Reservoir
phosphorous sources evaluation and water
quality modeling in a Tran's boundary
watershed. Desalination, 226: 200-214.

5.Ebrahimi, M., Jabbari, E., and Abbasi, H.
2015. Simulation of thermal stratification
and salinity in dam reservoir using
CE-QUAL-W2 software (Case study:
Baft Dam). J. Civil Engin. Urban.
5:1.07-11.

6.Etemad Shahidi, A., Afshar, A., Alikia,
H., and Moshfeghi, H. 2009. Total
dissolved solid modeling; Karkheh
reservoir case example. Inter. J. Environ.
Res. 3: 4. 671-680.

7.He, W., Lian, J., Yao, Y., Wu, M., and. Ma,
Ch. 2017. Modeling the effect of
temperature-control curtain on the thermal
structure in a deep stratified reservoir.
J. Environ. Manage. 202: 1. 106-116.

8.Heyidarzadeh, N., and Motiece Nejad, A.
2014. Investigation of  thermal
stratification of dams and feasibility of
using simple mathematical models. 8"
National congress on civil engineering,
faculty of civil engineering, Babol, Iran,
8p. (In Persian)

9.Huang, Y., and Liu, L. 2008. Sensitivity
analysis for the identification of important
parameters in a water quality model. 2™
International Conference on Bioinformatics
and Biomedical Engineering, ICBBE.
Pp: 3131-3134.

\A|

10.Kiani Sadr, M. 2017. Simulation of
thermal layering and dissolved oxygen
concentration using the CE-QUAL-W2
model. (Case study: Garshah Dam). J.
Quar. Wetland Ecol. 9" year, 32: 39-52.
(In Persian)

11.Kianoush, B., and Ahmadyar, D. 2016.
Evaluation the effect of thermal layering
power on the efficiency of artificial
mixing in the dams' reservoirs. J. Hydr.
Sci. Res. 10: 4. 17-33. (In Persian)

12.Ma, S., Kassinos, S.C., Fatta-Kassinos, D.,
and Akylas, E. 2008. Effects of selective
withdrawal schemes on thermal stratification
in kouris dam in Cyprus. Lakes &
Reservoirs: J. Res. Manage. 13: 51-61.

13.Nazariha, M., Danaie, A., Hashemi,
S.H., and Ezad Dostdar, A.H. 2010.
Prediction of thermal layering in
Bakhtiari  construction dam using
CE-QUAL-W2 model. J. Environ. Stud.
54: 11-18. (In Persian)

14.Rezaei Brandgh, H., Salmasi, F., and
Sahebi, F. 2018. Study of thermal and
qualitative layers of Tahm dam in Zanjan
using CE-QUAL-W2 software. J. Water
Soil Cons. 25: 1. 127-145. (In Persian)

15.Sabeti, R., Jamali, S., and Hajikandi Jamali,
H. 2017. Simulation of thermal stratification
and salinity using the Ce-Qual-W2 Model
(Case Study: Mamloo Dam). Engineering,
Technology and Applied Science Research.
7:3. 1664-1669.

16.Saeedi, P., Mirakhorli, Sh., Aeini, Sh.,
and Mehrdadi, N. 2012. Two-dimensional
simulation of the thermal regime of
Shahid Rajace Dam reservoir. 6"
National Conference on Environmental
Engineering, Tehran University, Faculty
of Environment. Iran, 8p. (In Persian)

17.Soleymani, Sh., Bozerge Hadad, A., and
Sadatpour, M. 2015. Simulation of
thermal layering and determination of
the sluice gate Karkhe dam reservoir
using the two-dimensional model
CE-QUAL-W2 2™ conference on new
findings in environmental and agricultural
ecosystems, University of Tehran, New
energy and environment research center.
(In Persian)

18.Wurbs, R.A., and James, W.P. 2009.
Water Resources Engineering, 3 Ed.
Prentice-Hall, Inc. The USA. 840p.



ciences and Natural Resources

J. of Water and Soil Conservation, Vol. 26(4), 2019
http://jwsc.gau.ac.ir
DOI: 10.22069/jwsc.2019.14971.3010

Numerical Modeling of Thermal Stratification and Water Quality
in the Reservoir using CE-QUAL-W2 Model

*M. Salehi', Z. Khani Temeliyeh?, N. Parchami’ and Z. Ahmadpour®
'Instructor, Scientific Member of Dept. of Agriculture Engineering, Payame Noor University, Tehran,
Iran, Ph.D. Student of Water Resources Engineering, Dept. of Water Science and Engineering,
University of Urmia, *M.Sc. Graduate, Employee of Regional Water Company of Piranshahr,
*M.Sc. Graduate, Dept. of Water Science and Engineering, University of Urmia
Received: 04.23.2018; Accepted: 07.08.2019

Abstract

Background and Objectives: One of the main issues in water quality management is the
determination of thermal layering followed by nutritional levels in reservoirs of dams and other
water structures. Determination of thermal stratification is done using qualitative models. To
select a water quality model, there should be an exchange between the complexity of the model,
the reliability, the cost of operation and the time available. Determining the parameters of a
nutritional index such as total phosphorus and total nitrogen concentration in the lake, the average
and maximum chlorophyll a concentration, and the amount of dry algae using these equations
requires the least qualitative data and less time and cost compared to complicated computer
modeling. In the current study, water quality of Mahabad dam reservoir located in West
Azarbaijan province was investigated using CE-QUAL-W2 model, which is an efficient software
for the analysis and qualitative analysis of water reservoirs and lakes. According to the results, the
Mahabad Dam reservoir has a roughly strong summer stratification, which begins in late April and
reaches its peak in August, with the onset of autumn and a decrease in the amount of incoming
radiation to the stratified reservoir, leads to mixing so that in December, the complete mixing
takes place in the reservoir. In terms of the Total Soluble Solids (TDS) level, it can be stated that
the trend towards depth changes is rising, so that the maximum concentration is throughout the
year at the bottom of the reservoir. The changes in dissolved oxygen relative to the depth of water
in the reservoir are also reducing; these changes start from June and continue until last summer so
that the concentration of dissolved oxygen in the substrate reaches zero during this time of year,
which eventually produces unpleasant color and odor in the reservoir.

Materials and Methods: Mahabad storage dam is a dike dam on the Mahabad River, west of
Mahabad city in the West Azerbaijan province. Mahabad Dam has a trifling capacity of 197
million cubic meters and 172 million cubic meters of useful capacity. In addition to supplying
drinking water to Mahabad, more than 12 thousand hectares of agricultural land in the city are
under its coverage. The dam also has a hydroelectric power plant. Construction began in 1968
and the dam was completed in 1970. In this research, a two-dimensional CE-QUAL-W2 model
was used to simulate nutritional (eutrophic) in Mahabad Dam. Then, the geometry of Mahabad
Dam reservoir was introduced to the model. For this purpose, it was produced cross-sectional
profiles along the reservoir's line at specified intervals and obtained information by measuring
the profiles at depths of two meters using the topographic maps of the dam reservoir and the
AUTOCAD software, collecting data entered to depth gauge. To investigate the sensitivity
analysis, the following items were used: 1. Windscreen coefficient (WSC) 2. Light-to-water

* Corresponding Author; Email: salehi.mostafa6@gmail.com

vy



penetration coefficient (EXH20) 3.Temperature Sedimentation Coefficient (TSED) 4. Solar
absorption coefficient (BETA) 5. Viscosity coefficient of vortex Horizontal (AX); Horizontal
Swing Diffuser (DX); Friction Coating Friction (FRICC).

Results: The results were summarized as follows after the accomplished research. The
coefficient of wind cover during the layering process has a significant effect on the temperature
variations in the sublayer. As the wind influences on the lake, thermal inequality moves toward
mixing. During the complete mixing of the reservoir with an increasing coefficient, the
temperature of the water decreases to 4 degrees Celsius. But, the effect of this parameter during
the mixing of the reservoir is not significant. The thermal difference between sublayer and the
top layer is 2 to 3 degrees Celsius. Since the mixing season occurs in cold seasons from year to
year, so the light, the high parameter will not affect the increase in reservoir water temperature.
Therefore, the effect of the parameter can be ignored during the mixing phase. As the BETA
coefficient increases, the reservoir flows goes toward mixing. Since this coefficient does not
place a noticeable error in the thermal profile. The results of calibration of the model with
respect to the thermal profile show that applying suitable coefficients for sensitive and effective
parameters can be used to better the environmental conditions governing the region, including
hydrological, hydraulic and meteorological conditions effective into the software environment.
It is effective and can play a significant role in the better implementation of output and
observational data. With the escalation of thermal layering, salinity layering also occurs, and the
peak of this layer occurs simultaneously with the thermal layering in August, and after that, as
the summer progressively decreases the degree of salinity and ultimately the reservoir will be
fully mixed in terms of salinity in the first autumn.

Conclusion: In this study, the CE-QUAL-W2 model was used to simulate the eutrophication in
Mahabad Dam reservoir. The results show that the reservoir of Mahabad Dam has a summer
layering cycle, so that by end April, with increasing air temperature, the thermal layers were
gradually found in the reservoir and peaked in the middle of summer. By passing the summer
season and entering the cold seasons, the layered formation is gradually adjusted so that it
occurs completely in the reservoir in December. Mahabad Dam is located in a cold climate so
that winter temperatures fall below 4 °C. Therefore, winter layering (inverse layering) is
expected to occur in the reservoir. Also, the amount of variation in concentration (TDS) at depth
is influenced by the thermal layering in the reservoir and the process of its variation is the
reversal of temperature variations. The concentration of dissolved oxygen in water (DO) is also
expected to decrease as the depth increases during layering.
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