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Introduction

There are two types of hydropower harvesting methods: conventional and unconventional. In the
conventional method, the potential energy of water is harvested using a dam or barrage. However, in the
unconventional method, the kinetic energy of flowing water is extracted using hydrokinetic turbines. Resource
assessment is a pivotal step in developing hydrokinetic energy sites. Power density (power per unit area) is used
to estimate the theoretical hydrokinetic power of a site. Flow velocity and cross-sectional area are the two
variables that constitute the power density. Researchers use various methods such as numerical simulation, direct
velocity measurement, or indirect velocity calculation using discharge data to conduct resource assessment. In
the latter method, the Manning equation is used to convert the discharge data into velocity values. While this
method is straightforward for canals, given their fixed and known geometry, it is cumbersome to calculate the
hydraulic radius in rivers. To overcome this challenge, numerous researchers have proposed the utilization of
hydraulic geometry (HG) to estimate the width and depth of a river reach, and then calculate the hydraulic radius
based on these estimated values. The main objective of this study is to present and implement a fast method for
assessing theoretical hydrokinetic power using the HG and the Manning equation.

Materials and Methods

In the present study, two hydrometry stations (Gachsar and Siera-Karaj) were selected in the Karaj dam
watershed in Iran to implement resource assessment based on HG. A computer code comprising the following
four steps was developed in Python using the Google COLAB environment.

1. Data Preparation: The monthly-averaged discharge, Manning roughness coefficient, and slope were
collected and imported into the code. The roughness coefficient could be determined directly or indirectly. In the
present study, it was considered to be 0.045 for the Karaj River according to the literature review. ArcGIS
software and the Digital Elevation Model (DEM) were used to extract the local slope of each hydrometry station.
For this purpose, the stream network of Alborz province was first extracted, and then the longitudinal elevation
profile was measured using the 3D Analyst tools.

2. Discharge Data Processing: The flow duration curve (FDC) is one of the computational tools used by
engineers to describe the hydrological regime of watersheds. FDC is a graphical representation of the cumulative
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distribution of flows. In the present study, an all-time record FDC for each station was constructed, and fitted
with five different probability distribution functions (PDF). The results of PDF fittings were evaluated by
different goodness-of-fit indices, and the best PDF was selected.

3. Calculations of HG and the Manning Equation: The HG formulas were used to calculate the width and
depth of flow using the reconstructed FDC from the previous step. These values, along with the roughness
coefficient and slope, were used to calculate flow velocity using the Manning equation. After obtaining the flow
velocity values, the power density was easily computed.

4. Generating Outputs: In the final step, two categories of outputs are generated: (1) duration curves for
width, depth, flow velocity, and power density, and (2) theoretical and turbine-extracted energy diagrams.

Results and Discussion

The goodness-of-fit indices for PDF fitting indicated that the log-normal PDF is the most suitable distribution
to describe the FDC with a coefficient of determination of 0.99. The calculated average discharge (Qso) for the
Gachsar and Siera stations was 2.34 and 7.68 m3s, respectively. These values are consistent with findings from
previous studies. The results of the Manning equation calculations revealed that the flow velocity does not differ
significantly between these stations (8% higher at Siera). The base flow depth at the Gachsar and Siera stations is
less than 1 m. Therefore, as indicated in the literature review, axial flow (propeller) turbines are not suitable for
installation in these rivers because they need to be fully submerged and require at least 1 m of depth. Overall, the
use of wide and short turbines, such as Savonius turbines, is suggested in the Karaj River. The energy analysis
results show that the maximum monthly theoretical energy at Gachsar and Siera equals 38,500 and 125,500
kWh, respectively. However, considering a turbine with a 1 m? swept area and a power coefficient of 0.2, the
maximum monthly extracted energy is limited to 940 and 1,142 kWh at these two stations.

Conclusion

This study presents a fast method for the theoretical assessment of hydrokinetic power, which was applied to
two hydrometry stations in the Karaj dam watershed. The results of HG calculations revealed that the base
velocity (Vo) of 1.34 and 1.49 m s is present at the Gachsar and Siera stations, respectively. According to the
available depths at these stations, the use of wide and short turbines such as Savonius turbines is suggested. Each
individual Savonius turbine with a unit swept area at Gachsar and Siera is estimated to extract a maximum
monthly energy of 940 and 1,142 kWh, respectively.

Keywords: Flow duration curve, Hydraulic radius, Manning equation, Monthly energy, Probability
distribution
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Table 3- Steps for extracting local slope of hydrometry stations using ArcGIS software

Sllos
Operation

Sl es
Toolbox Step

axdlland 50 03900 DEM aiiss Jlgsl 6
Importing the DEM map of the studied area

oy Je Bl slagsailyy sy gl joliaton Fll 5 4

Executing the Fill command in order to correct the unusual heights of the

digital model
Ol Caa e jslateas Flow Direction gy 1y

Executing the Flow Direction command in order to determine the flow

direction

Oby> zess dlxe Holaieas Flow Accumulation jgies 1y

nanl ol 4Sus gl sl

Hydrolo
4 9y Extraction of the stream network

Executing the Flow Accumulation command in order to calculate the

accumulated flow

lanl )l 48s 2l el gl aliwl d> G s  Map Algebra g (ol
Executing the Map Algebra command and determining a threshold limit to

extract the stream network

olKiun] Cawd iyl 9 YU 3 elis) Jobo by !yl (sl 3D Analyst ;I ool
Using the 3D Analyst to extract the longitudinal profile of height upstream and 3D Analyst

downstream of the stations
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Extraction of the longitudinal
elevation profile
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1- Flow Duration Curve (FDC)
2- Cumulative Distribution

3- Ranking

4- Exceedance Probability
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Table 4- Probabil

ity distribution functions
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Table 5-Goodness-of-fit indices
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Table 6- Summary of the articles in which the hydraulic geometry proposed by (Allen et al., 1994) was utilized
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Geographical zone Geometrical parameters Research objective Reference
Js90 a5l3g; jusol dsg> Bos g 2y Mo iy Jdo S dawgd Gerlinger & Demuth,
Moselle River basin Width and depth Development of a flood forecasting model 2000
Giukgl Wi df;;anﬁélz h Monthly and daily variations of continental Fiedler & Doll, 2010
P water storage and flows
@ (U 0ios 5 IS ) sdio Slge (53935 )b €55 (e
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. . Differentiating between rain, snow, and glacier Scherler. 2016
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Fig.3. DEM analysis results of the Alborz province and
the extraction of local slope for Gachsar and Siera
hydrometry stations
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Fig.4. Analysis of All-Time-of-Record data for Gachsar and Siera-Karaj stations: (a) Discharge histogram, (b) Flow
Duration Curve (FDC)
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Fig.5. Results of PDF fitting: (a) Histogram and PDFs of Gachsar station, (b) Observed and fitted FDCs of Gachsar
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Table 7- Values for goodness-of-fit (GOF) indices for the fitted functions
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GOF Indices Distribution
: Log- . Log-
Normal Gamma Gumbel Weibull normal Normal Gamma Gumbel Weibull normal
R? 0.840 0.97 0.90 0.97 0.99 0.80 0.97 0.88 0.98 0.99
RMSE 0.111 0.048 0.089 0.050 0.030 0.127 0.040 0.097 0.037 0.026
MAE 0.095 0.039 0.075 0.037 0.024 0.108 0.035 0.081 0.030 0.022
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Fig.6. Results of the hydraulic geometry and Manning equation calculations: Duration curves of (a) width, (b) depth, (c)
velocity, and (d) power density
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