Journal of Marine Science and Technology

In Press / DOI: 10.22113/JMST.2023.395062.2524

? Available Online: http://jmst.kmsu.ac.ir
=l Original Article e

S —
—_—

Estimation of the minimum environmental flow of the river using
hydrological and hydraulic methods (Case study: Beshar watershed)

Shiva Mohammadi Shamsabadi, Hakimeh Amanipoor * , Sedigheh Battaleb-Looie ?,
Sayed Hussein Roshun 2

1. Department of Geology, Faculty of Marine Natural Resources, Khorramshahr University of Marine
Science and Technology, Khorramshahr, Iran.

2: Watershed Management Engineering Department, Sari Agricultural Sciences and”Natural Resources
University, Sari, Iran.

* Corresponding Author Email: h_amanipoor@yaheo.com
Received: 29 April 2023 Revise Date: 11 June 2023 Accepted: 14 June 2023

Abstract

In this study, to investigate the hydrological regime and determing the environmental flow requirement of
Beshar River at the Pataveh hydrometric station, hydrological methods (Tennant, Tessman, flow duration
curve shifting) and hydraulic methods (wetted area) were used. For this purpose, the river flow data were
used in the statistical period of 1998-2020« First;:the"homogeneity and normality of the data were checked
with the Run and Klomogrov-SmirneVv tests. Then the hydrelogical characteristics of the stream were
calculated in the IHA software. Finally, the environmental flow (EF) for the desired station was obtained
with the above-mentioned methads. The results’of this research showed that the flow rate has decreased for
at least one to 90 days and the continuous pefiod for the minimum annual flow has increased, which can be
a threat to the life of plants and animals of'the Beshar river ecosystem if the increasing trend continues. The
environmental flow for semi-saturated and dehydrated periods by using Tennant's method were determined
at 3.99 and 11.97 m3/s, respectively. Also, the environmental flow by the Tessman method indicated that the
environmental demand is particularly important in the low water season and the first half of the full water
period, and this amount.of flow should be maintained to prevent the destruction of the river ecosystem. In
the FDC-Shifting method, the environmental flow requirement (EFR) in Class A (normal), 69.60%, in class
B (slightly’ changed)»50.10%, in class C (relatively changed) 37.80%, in Class D (largely changed) was
29.70%¢ in class E (severely changed) 24.20% and in class F (critically changed) 20.10%. Based on this, the
FDGC<Shifting class C ‘method with an EF of about 72.54 cubic meters per second was selected as an
environmental.component: The environmental flow series in class C showed a decrease in flow rate over
time. Based on the hydraulic method of the wet environment, the amount of environmental flow required
was found to be about.20.6% of MAR.

Keywords: Environmental Flow Requirement (EFR), Hydrological, River Ecosystem, IHA, Beshar River.

INTRODUCTION

Rivers are crucial components of watersheds, directly and indirectly influenced by human activities. While
watersheds rely on rivers as waste disposal systems to maintain their ecological balance (Sun et al, 2018),
excessive human interventions, such as dam construction, water transfers, and agricultural water abstraction,
have caused significant disruptions to river flows, altering seasonal patterns, flood frequency, and overall
river health. Therefore, analyzing and predicting river flows is essential for the efficient management and
utilization of freshwater resources, particularly in preserving riparian ecosystems and maintaining their
ecological integrity (Trenberth et al, 2017; Liu et al., 2017).

MATERIALS AND METHODS

The research process was organized as follows:
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A) Data Collection: River flow data spanning 24 years (1997-2020) was collected from the Pataveh
hydrometric station.

B) Initial Data Analysis: To facilitate the initial analysis of flow rate data, missing data for specific years
was repaired and supplemented.

C) Flow Analysis: Flow analysis and frequency analysis were performed using the Hyfran hydrological
analysis software.

D) Environmental Flow Determination: The IHA software was employed to determine the hydrological
characteristics and parameters of hydrological changes in the flow. This research utilized both hydrological
methods (Tennant, Tesman, and transfer of flow duration curve) and hydraulic methods (wetted
environment).

RESULTS AND DISCUSSION

The analysis of flow characteristics revealed that the number of days with minimum_annual flow and
maximum annual flow were 240 and 47 days, respectively. Furthermore, there were an average of 1.8 low
pulses per rainy year and 3.8 high pulses per rainy year.

Results of the Tasman analysis determined the environmental flow requirement for different months,
highlighting the crucial importance of maintaining environmental flow during the low watérsseason and the
first half of the high water period to prevent river ecosystem degradation.

CONCLUSION

-Tennant's method yielded environmental flow rates of 3.99 and/11.97 cubic, meters per second during the
high and low water periods, respectively.

-Tasman's method indicated that the environmental flow/requirement isparticularly important during the
low-water season and the first half of the high-water periad.

-The flow duration curve method, on the other hand, calculated the environmental flow for six environmental
management classes, ranging from 69.6% in class A (natural) te 20.1% in class F (critically changed).

-The study concluded that management class C, with an enyironmental flow requirement of 72.54 cubic
meters per second, was most suitable for the stadied river.

-The wetted environment method further supported this finding, suggesting an environmental flow
requirement of approximately 20.6% of the average.annual flow.

-The study emphasized the importance of considering the environmental flow requirement while managing
rivers to preserve their ecelogical integrity and ensure the well-being of human life. By incorporating
environmental flow intg'river engineering practices, we can safeguard the future of both human and riverine
ecosystems.
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Table 1- The EFR by Tennant.method for,the Pataveh hydrometry station

Tenant:imethod for EFR assessment

Flow condition

EFR of the Pataveh hydrometry
station (m®/s)

April-September

October—March

April-September  October—March

Flushing flow 200 200 79.84 79.84
Optimum range of flow 60-100 60-100 23.95-39.92 23.95-39.92

Outstanding 60 40 23.95 15.96

Excellent 50 30 19.96 11.97

Good 40 20 15.96 7.98

Fair or degrading 30 10 11.97 3.99

Poor_er minimum 10 10 3.99 3.99

Seveére degradation 10> 10> <3.99 3.99<

Gl (p9y (ol 2 09U 8Bl )3 jUly ailhsg) (Jasnoams 5 5l Y Jga
Table 2- The EFR by Tessman method for the Pataveh hydrometry station

Month MMF (m?/s) EFR (m?¥s) Month MMF (m?¥/s) EFR (m?%s)
October 14.34 5.73 April 80.67 32.26
November 21.00 8.40 May 39.68 15.87
December 40.41 16.16 June 21.41 8.56
January 52.37 20.95 July 15.53 6.21
February 76.00 30.40 August 13.70 5.48
March 93.03 37.21 September 13.41 5.36
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Table 3- The EFR by FDC-Shifting method for the Pataveh hydrometry station

EFR

EFR (m?/s) for Pataveh station
ClassA ClassB ClassC ClassD Class E Class F

14943  108.01 72.54 51/05 37.67 29.47 39.92

0Ly Agh5 odia JUBI g, b jliy 4539, e s 0 U a0y £ Jgao
Table 4- The EFR by FDC-Shifting method for the Pataveh hydrometry station

%EFR (% of MAR)
ClassA  Class B Class C Class D Class E Class F

EFR (m?¥s) fof Pataveh station

69.60 50/10 37.80 29.70 24.20 20.10 39.92
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Fig. 2- Environmental flow duration curve and transverse shifts using the FDC Shifting method at
Pataveh station
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Fig. 3- Management class C to determine the EFR by the transfer method of the continuous flow
curve at the Pataveh station
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