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Introduction

Due to the increase in population and the inappropriate temporal and spatial distribution of
precipitation, the implementation of dam construction projects is essential. This, along with the
increasing abstraction of water and discharge of wastewater and sewage, has caused the river
ecosystems to be negative affected by dam construction projects. In dam construction, more attention
is paid to the needs of drinking, agriculture, and industry, and less to the environmental flow of rivers.
In order to maintain the ecosystem, however, it is necessary to determine the environmental
requirements of the dams downstream.

Methodology

There are various methods for determining the environmental flow of the river, including hydraulic,
hydrological, comprehensive, etc. The use of a combination of modern sciences and other conventional
methods in this field has been widely used. In this study, taking into account the environmental needs
of downstream and using the new integrated hydrological method of Tennant and simulating the river
BOD parameter using Qual-2k model and solving game theory (calculating the Nash function), the
optimal amount of environmental flow of the Karun river was estimated under three different
guantitative and qualitative scenarios.

Results and discussion

The study area of the Great Karun River is in the place of Qir Dam to Farsi Hydrometric Station at
the foot of Ahvaz. To determine the optimal flow, first the upper and the lower limits of the
environmental flow were determined by the tantalum method and the aquatic flow, and then the
pollution-river movement process was simulated using the Qual-2k model. (This is one of the latest
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models in the Qual series, which can simulate water quality changes in a one-dimensional way across
the river (Noroozi, 2018). The results were then applied to game theory dispute resolution theory (Nash
function). Tenant first introduced the natural flow of the river, then introduced an average of 10 to 60
percent of the annual average as the environmental flow(Tennant 1976).

The average annual natural flow of the Great Karun River is 512 cubic meters per second, according
to data taken over 25 years. Therefore, the amount of environmental flow based on the introduced
percentages is between 51.20 and 302.70 cubic meters.

In the hydrological method of the basic aquatic flow, the environmental flow is equal to the
minimum monthly average of the river flow. From the data about the input current to Gotvand dam,
the monthly average was taken. The lowest monthly average of 302.70 cubic meters was considered
as the ecological flow of the aquatic base stream. In order to take into account the tenant method and
the basic flow of aquatic animals, between 50 and 350 cubic meters per second was selected to ensure
the environmental range.

Qual-2k calibration was then performed. Hydraulic properties and general river information, and 6
quality parameters (DO, BOD, COD, N-NH4, N-NO3, P-PO4) were used for calibration. After
calibrating the model, the model was evaluated to determine the accuracy of the simulation and the
degree of confidence in its results. Due to the degradability of the BOD parameter, it was used to
estimate the river flow.

After simulation, BOD diagrams were obtained for different values of the release current. With
these diagrams, the contact length of the contamination and the average value of the concentration at
different distances can be obtained.

Conclusion

The importance of environmental protection has led to many studies in estimating the need for
environmental water. To this end, researchers have developed ways to meet the water needs of
organisms. A large part of these methods is devoted to hydrological methods. Today, new methods
such as combining hydrological methods and game theory have many applications in estimating
environmental needs. The superiority of this method over other methods is in considering other
objectives of dam construction such as hydropower and agricultural requirements in determining the
environmental needs of the river. Accordingly, in this section, the environmental needs assessment of
the Karun River was estimated. In the Karun River’s range from Bandaghir to Farsiat station, in
addition to Dez Dam, the release of Gotvand Dam also affects the flow of the river. In this regard, first
by using the hydrological method of tenant and the basic aquatic flow, an environmental interval was
determined and then by using game theory and estimating the Nash function for different values of
release flow, the optimal value of the environmental flow in each scenario was obtained.

In order to determine the optimal release current for the Karun, first an environmental range was
determined using the hydrological method of tenant and aquatic base flow. The next step was to
determine the optimal river flow using game theory in different quantitative and qualitative scenarios.
For this purpose, 3 scenarios were defined, and in each of the scenarios, different weights were
considered for quantitative and qualitative purposes. In the first scenario, the weight is the same for all
the goals; in the second scenario for quantitative goals (meeting the needs of the environmental flow,
providing the downstream needs and average concentration) the weight is 1.5 and 2 times larger; and
in the third scenario for qualitative goals (reliability and contact length) the weight is assumed to be
1.5and 2 times larger. Different values of the released current were obtained for each scenario. Hence,
the discharge values of the Karun River were obtained to be 243/67, 221/22, 205/45, 265/76 and 277/77
cubic meters per second for different scenarios, respectively, for the weighted coefficients of 1.5 and
2. As can be seen, as the weight of quantitative and qualitative objectives increases, the optimal release
current decreases and increases, respectively. By changing the weight of the goals, the amount of
current changes significantly. Changing the weight of the goals is an important issue in optimization
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and is effective in managers’ decision making according to the social, economic, etc. conditions of the
region.
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Table 1-Annual average flow of Karun river (Malasani station) in statistical
period 1992-2016 (m°.s™)

1992-2009 2010 2011 2012 2013 2014 2015 2016 Average
Annual average 594 239 258 295 313 300 299 393 512
(10%) Tennant 59.40 23.92 2588 29.53 31.38 30.00 2991 39.36 51.20
(60%) Tennant 356.40 14352 15530 177.18 188.29 180.00 179.49 236.14 307.20
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Table 2- Summary of monthly discharge statistics of Malasani station to determine the
environmental flow interval.1992-2016

August July June May April March Month River
335 340 367 440 806 794 Average Karun
February  January  December November  October  September Month River
619 619 598 518 381 302 Average Karun
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Table 3- Qualitative status of monitoring stations and its comparison with relevant standards

Amount Parameters

parameters Standard
station
Years parameters Malasani Zergan Ahvaz Drinking Agriculture
2013 DO(mg/L) 7.8 7.63 7.5 5 2
2016 DO(mg/L) 7.41 6.73 6.1 5 2
2013 BOD(mg/L) 2.84 2.78 3.04 5 50
2016 BOD(mg/L) 2.6 2.34 1.87 5 50
2013 COD(mg/L) 18.84 13.59 21.67 10 100
2016 COD(mg/L) 19.86 16.89 22.87 10 100
2013 N-NH4(mg/L) 0.63 0.59 0.64 15 5
2016 N-NH4(mg/L) 0.71 0.69 0.87 15 5
2013 N-NO3(mg/L) 5.6 5.53 6.09 10 10
2016 N-NO3(mg/L) 59 5.45 6.04 10 10
2013 P-PO4(mg/L) 0.01 0.02 0.02 0.2 2
2016 P-PO4(mg/L) 0.02 0.03 0.03 0.2 2
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Fig. 2- Examining the changes in the measurement data with the simulated model A: DO, B: BOD,
C: COD, D: N-NH4, E: N-NO3, F: P-PO4 in 2013
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Fig. 3- Examining the changes in the measurement data with the simulated model A: DO, B: BOD,
C: COD, D: N-NH4, E: N-NO3, F: P-PO4 in 2016
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Table 4 -The results of calibration and verification

arameters Calibration 2013 Verification 2016
P RMSE(ppm) MSE(ppm?) R? RMSE(ppm) MSE(ppm?) R?
DO 0.88 0.078 0.91 0.94 0.096 0.90
BOD 0.75 0.085 0.90 0.79 0.097 0.92
COD 2.12 0.095 0.86 2.36 0.098 0.87
N-NH4 0.098 0.093 0.88 0.097 0.098 0.93
N-NO3 0.95 0.087 0.90 0.94 0.096 0.89
P-PO4 0.056 0.087 0.89 0.068 0.099 0.88
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Table 5- Summary of the results of simulatin

g the BOD parameter in the minimum and maximum

discharge mode

Karun river
Distance(km) 2 5 10 20 30 40 46 54 60 70 75 80
Bod(maxflow)mg/l 1 11 14 12 1 09 2 204 19 15 13 129
Bod(min flow) mg/l 2.5 2.7 4 3 25 22 5 72 65 5 48 47
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Table 6- Summary of the results of the mean changes in concentration and contact length for
different flows

Karun river
Discharge m3 / 50 80 110 140 170 200 230 260 290 320 350
S
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Fig. 7- Average concentration and contact length  Fig. 6- Average concentration and contact length for
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Table 10- Summary of results from the definition of different scenarios
Discharge Contact Average .
(m¥/s) selected length(km) concentration
(mg/l)
Scenario 1 243 198 2.164
Scenario 2 factor of 1.5 221 196 2.286
Scenario 2 factor of 2 205 195 2.512
Scenario 3 factor of 1.5 265.76 199.01 1.891
Scenario 3 factor of 2 277.77 199.46 1.783
Canddy pdlae ol (gilulay by lde > iolisl 0 0gMe oo s (459 (S Blanl &y gyl ol )0 Ipgw (S99 sl
A...f‘;o L&.u u.u.half lam}.m clale 9 u‘.ul)ﬁl L)""l‘“ J}.‘o LSI)" D—\AT LSI)" L)“"’ ‘5:)..0 é.:l.:)l_\n.o A 030y ‘505 dl.&.halb).:l).: 999 1/5 l.:
Joo (6039450 ) Iy OT 019;&" o &b Oa)f A (g Gygo D WA dobre et j ojl )0 (gLl b > alisee polde
o2 b a8 Caliseo Clanl cy @dly 55 b b aylas ol )5 S g oanlin (12) 5 (11) o JSs o 5 ol Ol olis
ook 4 38l5 pae gosge S o 1y ] o dla See 3 905k ol )3 el Cawdas 43l S yi0 277 4265 (ol
Glaal I S, g 45 505 s g (bl 4y T 5313 0,L51 3,90 ol gilolny b ys e WS Ty ilidl LaS Gl e 4
i deob s aoMs (7) Jgioy iS5 Loyl ol oSan |, Ol g Ol o ial33l el oyl e S o i (il 5

ol 01b 03,91 Ciliseo (slagy )l a8 Slal s coyps il bl oan YT slge clale



125

111-126 - 1400 Ju.4 o Lz 44 o 55 ST (mdige 5 p5le
(3855 | Jobs bt dws 5 5 sl (gly il S5 mi
250 il 5 Sholedey Ll 552 )l sl it (s5lsley ol o pskito &
S3lS e intio Sbluy Cupte y3 45 Slogile I (S Y 5 cols So5ge)hd by 5l edlatul b aecium ) ojb S5
@ ($39y9 S SO b g 485 i 53 Wb (e g g Sy o B csins 5 435 e s b ol
ashia 3 93,5 oo Slptiy ol o5 e 4y aix 2 &, 5 oS il (clagy s ;5 Waes3l a5l oolizl b wilssy,
Shotend (sloJdo 1 oslisl b B9y Canmjlae g9y 5 Sy 5 oS L5 iy g s dus plate ol (sl gt S
b dise slde OISl (86 slaat o 3)50 5 b g dvule 53 5 0ol Ll (clyyie e ieS g (oS CBlual 4y ooyl
05 b g dnoloms o bmdin ob & 4095 b Ol 4dias Jgine Gl pod sl by gy Sl pla3 sl Jsl g2 ks
22,5 dualome dige (s3lley by ol & Gl g ks 3 5 it 99 9 U5 59 allas oS Cilanl
plos! dilate (slaailing) 1503 sl )18 cpl 935 o0 Sy V7 o gl A4S a5 50l 95 9 15 5 dlas LS Glal
25 plogl dilate ol (slp IS (6 pSa0m S5 i o] oy 005 (55loly oy ) iliske 3lie gl
Foa &g, Cmlaima Sgute 3 Ll o o a8 31 SV $Bgy sl ol palie 939 15 Sjs ey gl 5 gyl
2 5685 33,5 (oo lagey sl Looaty VT 5 oo s 3l ] sty 4l s aeinyia 277 5 265 205 221 243 )
5 odlazal b sgrge iy (ilodd g oat VT g oxo i 5 oS lanl 359 il L 33,5 e alis Mo oS s lon
dhage ol sz B9y 5 o b lodend sl s g b Galil g il e dtte il oy Wles
D9 Ai g duloe Blie (slagy )l )3 (g5lula) oS gguxe JSB 4 )by )i alluee CBlual 59 55 pui b

Silwdians Jd e e K ilinl 039 9 e S o

1298 9 < 5 slerl kil 4 g b glpde pSpreal 3 5 Mk

sall e i Gp g ol lojlo jl dlie Bty s ol 385 Oj s -l 5o dilaie . g (golail
gled oo (0,8 9 S5 el g Lol sl 35551 Yl Cpon]

References
1- Ardakani, M.R. (2002). Ecology. Tehran University Press 2 nd ed, Tehran, Iran. (In Persian).

2- Asgharpour, M., 2002. Group decision and game theory, operations research and attitude. Scientific
Journal of Tehran University, 5(1), pp.47-52. (In Persian).

3- Bagherian Marzouni, M., 2013. Evaluation of assess the self-purification power of simulation resultswith
Qual 2 k model, case study: between Mollasani to Farsiat. Msc.Thesis, Shahid Chamran University of
Ahvaz (In Persian).

4- Harsanyi, J.C. and Selten, R., 1988. A general theory of equilibrium selection in games. MIT Press
Books, 1.

5- Herrera, I.A. and Burneo, P.C., 2017. Environmental flow assessment in Andean rivers of Ecuador, case
study: Chanlud and EIl Labrado dams in the Machangara River. Ecohydrology & Hydrobiology, 17(2),
pp.103-112.

6- Karamooz, M. and Karachian, R. 2005. Planning and Quality Management of Water Resources Systems.
Amirkabir University of Technology Publications (Tehran Polytechnic), Third Edition, Tehran, Iran.

7-Khosravi, M., SiadatMousavi, S. M., Yari, S., and Azizpour, J. 2015. Field Observation of Flow in the
Karun River. Journal of Hydrophysics, 1 (1): 33-39.

8- Noroozi, H., Radmanesh, F., Pourhaghi, A. and Solgi, A., 2018. Multi-Objective Optimization in
Determine the Environmental Flows of the River. Journal of Watershed Management Research, 9(17),
pp.14-25.

9-Pang, A, Sun, T. and Yang, Z., 2013. Economic compensation standard for irrigation processes to
safeguard environmental flows in the Yellow River Estuary, China. Journal of hydrology, 482, pp.129-
138.



126
DOI: 10.22055/jise.2020.34662.1927 s S5V cla syl Al eslimal 01, 5 OLE

10-Park, S.S. and Lee, Y.S., 2002. A water quality modeling study of the Nakdong River, Korea. Ecological
Modelling, 152(1), pp.65-75.

11-Rivaes, R., Rodriguez-Gonzalez, P.M., Albuquerque, A., Pinheiro, A.N., Egger, G. and Ferreira, M.T.,
2015. Reducing river regulation effects on riparian vegetation using flushing flow regimes. Ecological
Engineering, 81, pp.428-438.

12-Shaeri Karimi, S., Yasi, M., Cox, J. p., and Eslamian, S., 2014, Environmental Flows, in Handbook of
Engineering Hydrology, Ed. By Eslamian, S., Taylor and Francis, CRC Group, USA.

13-Tennant, D.L., 1976. Instream flow regimens for fish, wildlife, recreation and related environmental
resources. Fisheries, 1(4): 6-10.

14-Wu, M., Tang, X., Li, Q., Yang, W., Jin, F., Tang, M. and Scholz, M., 2013. Review of ecological
engineering solutions for rural non-point source water pollution control in Hubei Province, China. Water,
Air, & Soil Pollution, 224(5), p.1561.

15-Yin, X. A, Yang, Z., Zhang, E., Xu, Z., Cai, Y., & Yang, W. (2018). A new method of assessing
environmental flows in channelized urban Rivers. Engineering, 4(5), 590-596.



	15-1218
	16-1218
	استفاده تلفیقی ازروش‌های هیدرولوژیکی و نظریه بازی‌ها در تعیین جریان� زیست محیطی رودخانه کارون بزرگ
	August
	July
	June
	May
	April
	March
	Month
	River
	335
	340
	367
	440
	806
	794
	Average
	Karun
	February
	January
	December
	November
	October
	September
	Month
	River
	619
	619
	598
	518
	381
	302
	Average
	Karun
	Fig. 3- Examining the changes in the measurement data with the simulated model A: DO, B: BOD, C: COD, D: N-NH4, E: N-NO3, F: P-PO4  in 2016
	شکل ۳- بررسی تغیرات داده‌‌های اندازه‌‌گیری باشبیه‌‌‌‌سازی شده مدل   DO :A، BOD :B، COD :C،  N-NH4 :D،�N-NO3 :E،P-PO4  :ّF در سال 1395
	Verification 2016
	Calibration 2013
	parameters
	R2
	MSE(ppm2)
	RMSE(ppm)
	R2
	MSE(ppm2)
	RMSE(ppm)
	0.90
	0.096
	0.94
	0.91
	0.078
	0.88
	DO
	0.92
	0.097
	0.79
	0.90
	0.085
	0.75
	BOD
	0.87
	0.098
	2.36
	0.86
	0.095
	2.12
	COD
	0.93
	0.098
	0.097
	0.88
	0.093
	0.098
	N-NH4
	0.89
	0.096
	0.94
	0.90
	0.087
	0.95
	N-NO3
	0.88
	0.099
	0.068
	0.89
	0.087
	0.056
	P-PO4
	_Toc29778625
	درجدول (6) خلاصه نتایج حاصل از تغییرات متوسط غلظت و طول تماس به ازای جریان‌های مختلف نشان داده شده است.
	Fig. 4- Simulation of river BOD in minimum and maximum long-term flow.
	شکل 4- شبیه‌سازی BOD رودخانه در حالت‌دبی حداقل و‌ حداکثر جریان بلند مدت
	جدول 5- خلاصه نتایج حاصل از شبیه‌سازی پارامتر BOD در حالت حداقل و حداکثر آبدهی
	Table 5- Summary of the results of simulating the BOD parameter in the minimum and maximum discharge mode
	Karun river
	80
	75
	70
	60
	54
	46
	40
	30
	20
	10
	5
	2
	Distance(km)
	1.29
	1.3
	1.5
	1.9
	2.04
	2
	0.9
	1
	1.2
	1.4
	1.1
	1
	Bod(max flow) mg/l
	4.7
	4.8
	5
	6.5
	7.2
	5
	2.2
	2.5
	3
	4
	2.7
	2.5
	Bod(min flow) mg/l
	_Toc29778627
	Fig. 5- Average changes in concentration and contact length for different currents
	شکل 5- تغییرات متوسط غلظت و طول تماس به ازای جریان‌های مختلف
	جدول 6- خلاصه نتایج حاصل از تغییرات متوسط غلظت و طول تماس به ازای جریان‌های مختلف
	Table 6- Summary of the results of the mean changes in concentration and contact length for different flows
	Karun river
	350
	320
	290
	260
	230
	200
	170
	140
	110
	80
	50
	𝐷𝑖𝑠𝑐ℎ𝑎𝑟𝑔𝑒 𝑚
3

𝑠
	1.8
	2
	2.3
	3
	3.5
	4
	4.3
	4.7
	5
	5.3
	5.5
	C (Mean)mg/l
	190
	180
	178
	173
	172
	170
	167
	165
	162
	158
	155
	L (km)
	/
	Fig. 6- Average concentration and contact length for Dez River
	شکل ۶- متوسط غلظت و طول تماس برای رودخانه دز
	/
	Fig. 7- Average concentration and contact length for Karuk River
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	اهدافی که ذکر شد با هم�دیگر در تضاد منافع هستند. به این صورت که با در نظر گرفتن یکی از آن‌ها ممکن است، دیگر اهداف در وضعیت مطلوبی قرار نگیرند. برای اهداف تأمین نیاز جریان زیست�محیطی، تأمین نیاز پایین‌‌دست و متوسط غلظت بیشترین جریان رهاسازی از سد مطلوب است. اما برای اهداف اطمینان‌‌پذیری ذخیره و طول تماس کمترین جریان رهاسازی از سد مطلوب است. استفاده از نظریه نش می‌تواند برای رفع اختلاف‌های موجود مورد استفاده قرار گیرد.
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	سناریوهای وزن‌های نسبی اهداف
	پس از تعیین حداقل سطح قابل قبول ‌‌و نرمال‌‌سازی داده‌‌های اهداف مورد نظر، باید برای هر کدام از این اهداف با توجه به اهمیت آن�ها وزن‌‌های نسبی تعیین نمود اهداف به دو دسته کمی و کیفی دسته�بندی شده است و به هر کدام از آن�ها با توجه به سناریوهای مختلف، وزن�دهی شده و مقدار آب�دهی بهینه محاسبه شده است اما با توجه به اینکه وزن‌‌های نسبی به شرایط بسیاری از جمله شرایط اقتصادی، اجتماعی، اقلیمی و غیره بستگی دارند، بدون انجام مطالعه�ها نمی‌‌توان مقادیر دقیقی برای وزن‌‌های نسبی اهداف تعیین نمود. لذا در ادامه، سه سناریوی مختلف که در آن وزن‌‌های نسبی با توجه به مسائل کمی و کیفی تغییر می‌‌کنند، تعریف می‌‌شود تا بتوان حالت‌‌های مختلفی را بررسی نمود. بدین ترتیب با تعیین وزن‌‌های نسبی اهداف، نتایج تابع نش در هر سناریو به‌‌دست آمده و تصمیم‌‌گیری در مورد انتخاب سناریو مناسب به مسئولین امر واگذار ‌می‌شود.
	سناریوی اول: در این سناریو برای تمامی اهداف وزن یکسان در نظر گرفته شد. با در نظر گرفتن این سناریو، به ازای مقادیر مختلف جریان رهاسازی در آبدهی‌های مختلف و BOD‌های حاصل از شبیه‌‌‌‌سازی، مقدار تابع ضربی نش محاسبه‌ ‌گردید (شکل ۸). ‌در هریک از شکل‌ها، مقدار جریان رهاسازی شده متناظر با بیشترین مقدار تابع نش به�عنوان حالت بهینه این سناریو در نظر گرفته شد. مقدار این جریان243 مترمکعب بر ثانیه محاسبه گردید. با محاسبه مقادیر غلظت BOD با استفاده از مدل QUAL-2K در آبدهی و کیلومترهای مختلف مقادیر غلظت متوسط در طول کل مسیر رودخانه محاسبه گردید. متوسط غلظت برای رودخانه 164/2 میلی‌گرم بر لیتر و طول تماس نیز 198 کیلومتر به�دست آمد. این مقدار جریان رهاسازی می�تواند،  وضعیت رودخانه را در حد خوب تا عالی نگه دارد. می‌توان گفت که این مقدار جریان رهاسازی برای منطقه مورد مطالعه مناسب ‌می‌باشد. با تأثیر�گذار بودن سد دز در تأمین نیاز بازه دوم و تأثیر آن در محاسبه تابع نش، برای رودخانه کارون جریان رهاسازی شده 243 مترمکعب بر ثانیه محاسبه شد. با توجه به اینکه در حل تابع نش، سد گتوند به�عنوان سد اصلی و سد دز به�عنوان سد فرعی در نظر گرفته
	سناریوی دوم: در این سناریو به اهداف کمی، تأمین نیاز جریان زیست�محیطی و تأمین نیاز پایین�دست و متوسط غلظت، وزن نسبی معادل با 5/1 و دو برابر با اهداف کیفی، اطمینان�پذیری و طول تماس داده شد. در این سناریو مقدار تابع ضربی نش برای مقادیر مختلف جریان رهاسازی در بازه زیست�محیطی محاسبه شد. (شکل�های 9 و 10). مقدار جریان بهینه رودخانه کارون بزرگ برای ضرایب کمی 5/1 و دو برابر 221 و 205 متر مکعب بر ثانیه به�دست آمد. در این سناریو هر چه وزن اهداف کمی افزایش پیدا کند، مقدار جریان رهاسازی شده کاهش پیدا می‌کند. علت آن ذخیره آب برای اهداف کمی مسأله است. با افزایش ضریب وزنی اهداف کمی، علاوه بر کاهش در مقدار جریان رهاسازی شده، مقادیر به�دست آمده برای طول تماس کاهش و غلظت متوسط افزایش پیدا می‌کند.
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