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Hydropeaking flows are known to affect badly downstream fish habitats. This study investigates the impact of natural flow regime on downstream fish habitat in a reach regulated by an upstream dam. For this, the physical habitat simulation is used. A 13.4 km long reach downstream from the Yongdam Dam is selected for the study area. Three dominant fish species are selected as target fishes. The Nays2D model and the habitat suitability index model are used for the hydraulic and habitat simulations, respectively. In order to construct dam operation scenarios for the natural flow regime, the Building Block Approach is used. Two hydrological methods by considering the magnitude and duration of the inflow and by averaging the inflow over each month are used. The weighted usable areas for dam operation scenarios and hydropeaking flows are computed and discussed.
1 Introduction 

The upstream dam, in general, changes downstream flow regime dramatically, i.e., from natural flow regime to hydropeaking flows. During the relatively short period of hydropower generation, the downstream reach is exposed to a pulsating flow, and parts of the downstream reach become dry during the recession period. Previous studies have revealed that hydropeaking adversely affects the downstream habitat [1, 2]. Specifically, hydropeaking flows reduce habitat availability and suitability for certain aquatic species downstream of a dam [3, 4]. 
This study investigates the impact of the natural flow pattern on downstream fish habitat in a regulated river in Korea using the physical habitat simulation. The study area is a 13.4 km long reach of the Geum-gang River, located downstream from the Yongdam Dam, Korea. The Nays2D model, a 2D shallow water equation solver, and the habitat suitability index model are used for hydraulic and habitat simulations, respectively. To evaluate the impact of the natural flow pattern, this study uses the annual natural flow regime and hydropeaking flows from the dam. It is found that the natural flow regime increases significantly the composite suitability index in the study reach. 
Then, using the Building Block Approach [5], the scenarios for modifying dam operations are presented in the study reach. Both Scenario 1 and Scenario 2 are proposed by using the hydrological method considering both magnitude and duration of the inflow and averaging the inflow over each month, respectively. It is revealed that the natural flow regime embodied in Scenario 1 and Scenario 2 increases the weighted usable area significantly, compared to the hydropeaking flows. In conclusion, the modifying the dam operations by restoring to the natural flow pattern is advantageous to fish community.
2 Methods
2.1 Study area and fish monitoring
The study area is a 13.4 km long reach of the Geum-gang River, located downstream from the Yongdam Dam, Korea. The study reach is regulated by the upstream dam and the average slope of the study reach is 1/7,460. The discharge released from the dam is constant and is ceased to zero during the periods of hydropower generation and recession, respectively.
A field monitoring revealed that three fish species are dominant, namely Zacco platypus, Coreoleuciscus splendidus, and Opsariichthys bidens [6]. They account for 70% of the total fish community. Specially, Opsariichthys bidens is an indigenous species in the Geum-gang River. The three fish species are selected as target fish species for the physical habitat simulation.
2.2 Physical habitat simulation
The Nays2D model is used for the hydraulic simulation [7]. The numerical model solves a 2D shallow water equations. The hydraulic model is validated for a discharge of Q = 13 m3/s in the study reach. The roughness coefficients in the range of n = 0.035 – 0.062 are used, resulting in relative errors in stages less than 0.3%. 
The habitat suitability curves are used for habitat simulation [8]. The method in [9] or [10] is used to build the habitat suitability curves for each target fish species. The habitat suitability curves provide values of habitat suitability index from 0 to unity, representing the most suitable and worst habitats, respectively.
3 Results and discussioN
Figure 1 shows the change of the weighted usable area with time. For comparisons, the weighted usable areas for the natural flow, hydropeaking flow, Scenario 1, and Scenario 2 are provided. Scenario 1 and Scenario 2 are generated by the Building Block Approach, in which the hydrological methods are used by considering the magnitude and duration of the inflow and by averaging the inflow over each month, respectively.

First, it can be seen that the weighted usable area by the natural flow regime is greater than that by the hydropeaking flows for all target fish species, except for the flood season. This is due to that habitat suitability decreases as the flow depth and velocity exceeds certain values for all target fish species during the floods. However, the simulation results indicate that the hydropeaking flows degrade the quality of available habitats for the target fish species in the study area. Furthermore, in the figure, the weighted usable areas by Scenario 1 and Scenario 2 are greater than those by the natural flow regime and hydropeaking flows, except for the flood season.  Quantitatively, Scenario 1 and Scenario 2 increase the weighted usable area for the target fish species by 19.6% and 19.1%, respectively, compared to the case of hydropeaking flows.
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(a) Zacco platypus
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(b) Coreoleuciscus splendidus
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(c) Opsariichthys bidens
Figure 1. Change of weighted usable area with time
4 conclusions
This study investigated the impact of hydropeaking flows on the downstream fish habitat and proposed the scenarios for dam operations that mimic the natural flow regime. To construct the scenarios, the Building Block Approach [5] was used. For the quantitative evaluation of fish habitats in the river reach, the physical habitat simulation was used with the Nays2D model and the habitat suitability index model for the hydraulic and habitat simulations, respectively. A study reach downstream from a dam in Korea was selected as a study area, and three fish species such as Zacco platypus, Coreoleuciscus splendidus, and Opsariichthys bidens were selected as target fishes. It was found that the hydropeaking flows decrease the weighted usable area significantly compared to the natural flow regime. Furthermore, dam operations following the natural flow regime increased the weighted usable areas by about 20%. 
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