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ABSTRACT  
 
The problems of continued sedimentation in a Dam Reservoir beyond the calculated dead storage 
escalates manifolds with the ageing of dams and can hamper operations due to reduced active capacity. In 
current times – the estimated sediment load often changes owing to anthropogenic activities upstream 
resulting in higher erosion of banks and transfer of sediments into the upstream water flow. While there are 
several ways to mitigate early sediment accumulation like sediment sluicing, periodic flushing, creating 
sediment bypass channels etc, the more prominent modern day method remains periodic reservoir 
dredging. Unfortunately – this often creates a secondary issue of dredged material disposal. 
 
In this pilot project, an integrated approach to circular sediment management was adopted in Dakpathar 
Barrage under UJVNL at Uttarakhand in India. Apart from assessment of ground data and mathematical 
modelling, environmentally friendly sediment handing techniques using geotextile tube containment and 
re-using removed sediments through dredging has been successfully implemented here 
 
 
The PP Woven geotextile tubes were designed for accelerated dewatering of fine sediments as well as for 
containment to ensure long term performance as a structural unit for strengthening and stabilization of 
downstream left bank – which had suffered damage during previous flood incidence.   
 
 
 
 
 

 
 
Fig. 3. Filled Geotextile Tube as River embankment on 
downstream side of Dam 
 
 
Direct re-use of dredged sediment within the hydraulic project using geotextile tube technology as a 
building element is an effective sustainable model for circular system and contributes to SDG#6, SDG#9 
and SDG#12. 
This also has the potential for developing a Value Engineering Revenue model to offset dredge cost by sale 
of retrieved sand– a valuable construction resource, wherever possible 
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1 INTRODUCTION  

Dakpathar Barrage lies across the Yamuna 
River at the Dakpathar village of Uttarakhand. It is 
located about 2.3 km downstream of the 
confluence of Tons River and Yamuna River. Its 
main purpose is to divert the river flow towards a 
power channel for hydroelectricity generation. It 
was built in 1965 as a concrete structure controlled 
by gates. The barrage has a length of 516.5 m and 
consists of 25 openings controlled by gates. 6 
gates are located at a lower sill level than other 
gates, which can serve as an under-sluice. The 
head regulator is located just upstream of the 
barrage at the left side. It consists of 6 gates to 
control the discharge diverted into the power 
channel. The discharge diverted through the power 
channel is 198.2 m/s. There are two power plants 
located in the downstream reach of the channel. At 
7.8 km of power channel, Dhakrani powerplant is 
located which utilizes a head of 19.8 m to generate 
a power of 33.75 MW. Dhalipur power plant lies 
further downstream at 13.6 km, which generates 
51 MW power by utilizing a head of 30.48 m. 
The presence of the Dakpathar Barrage creates a 
shallow reservoir just upstream of the barrage. The 
influence of the reservoir extends about 2 km 
upstream of the barrage. As the barrage is not a 
high water retaining structure, the water depths in 
the reservoir are not so 
deep, with maximum water depth of about 4 m. 
The Google Earth layout of the Dakpathar 
reservoir is shown in Figure 1. The figure also 
shows the inflow system (Qin1, Qin2 and Qin3) to 
the reservoir and the outflow through the power 
channel to Asan Barrage. In addition, the figure 
illustrates the outflow to the downstream of the 
barrage through Yamuna River. The inflow to the 
reservoir comes from three sources: Yamuna 
River, Tons River, and outflow from tailrace of 
Khodri Powerplant. The Khodri Powerplant is 
located about 400 m upstream of the barrage, 
which releases the discharge diverted from the 
Tons River for hydroelectricity generation 
 
 
 
 

 
 
 
Fig.4 An overview of the barrage and the inflow and outflow 
system (Image: Google Earth) 

2 HYDRAULIC DATA 

The discharge data is available as a daily time 
series of outflow from the barrage for the period 
from April 2004 to March 2013. Since only outflow 
data is available, inflow to the reservoir is 
estimated based on the same outflow data, 
assuming minimal impact from storage and release. 
This assumption is justified by the fact that the 
barrage operates as a run-of-river type. 

Figure 5 presents the annual hydrographs for the 
years 2005 to 2013, with the average annual 
hydrograph shown as a dotted line for comparison. 
The maximum inflow recorded in 2013 is used in 
morphological modeling, along with an additional 
200 m³/s inflow from HEP-Khodri. 

 

 

Fig.5 Hydrograph of the Yamuna River at the Dakpathar 
Barrage (2005 to 2013) 
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3. TOPOGRAPHY/BATHYMETRY DATA 

 
The reservoir’s topography is derived from two 
sources: a bathymetric survey conducted in 
November 2017 and Google Earth elevation data for 
mostly dry areas not covered by the survey. The 
processed data has been analyzed to assess bed 
level patterns, including shoals and deeper 
channels, and has been used for modeling 
purposes. 
 
The reservoir capacity curve, based on available 
data, is plotted in Figure 6. 

 

Fig.6 Storage-Level relation of the Dakpathar Reservoir 
 

4. RESERVOIR CAPACITY CURVE 

 
As part of this study, a bathymetric survey of the 
reservoir bed was conducted alongside sediment 
sampling at multiple locations. This survey is 
critical for selecting appropriate dredging sites, 
ensuring minimal impact on hydropower 
operations, and maximizing dredging efficiency 
based on sediment type. Figure 7 displays the 
sediment sampling locations, along with the types 
of sediment collected. The grain size distribution 
data from all samples has been combined to 
determine an average sediment grain size 
distribution, represented in Figure 8 with a dashed 
line. 
 

 
Fig.7 Location of sediment samples in the Dakpathar 
Reservoir (the placemarks with dark brown colour indicate 
rocky areas). 

 
Fig.8 Grain Size Distribution Curve of the sediment 
samples 
 

5. SEDIMENT HANDLING OPTIONS 

Based on sediment sampling results, a sediment 
type map has been generated (Figure 5). Several 
dredging locations have been proposed 
considering technical, operational, morphological, 
and environmental factors. The identified dredging 
sites include: 

Dredge-I: Located approximately 100 m upstream 
of the barrage, extending along the central 
reservoir section to enhance smooth flow towards 
the canal intake. 

Dredge-II: Positioned about 300 m upstream of the 
barrage within the left-side channel. 

Dredge-III: Situated on the far-right side of the 
reservoir, just upstream of the barrage. 

Corresponding dumping sites have been 
designated to serve purposes such as check 
dams, bank protection, and island filling. A notable 
approach involves utilizing dredged sediment to fill 
geotextile tubes for various applications. 

Five dumping options have been identified: 

Dump-I(a), Dump-I(b), Dump-I(c): Geotextile tube 
alternatives for Dredge-I sediment. 

 

Dump-II: Designed for island filling upstream of the 
reservoir. 

 

Dump-III: Intended for geotextile tubes placed 
downstream to aid in bank protection. 
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Additional considerations for dredging and 
dumping include water depth suitability, proximity 
between sites, minimal turbidity, and high sand 
content. Figure 9 presents reservoir depth 
measurements for various locations, while Figure 
10 details a multi-criteria analysis evaluating 
dredging and dumping options. Following this 
analysis, specific sites were eliminated, and final 
selections were made (Table 1). The chosen 
dredging and dumping combinations were 
determined based on technical factors, including 
the feasibility of transporting dredged material 
through a 1 km pipeline. 

 

 

Fig.9 Dredging and dumping options in the Dakpathar 
Reservoir. The figure includes water depths  at these 
locations and the distances from dredging to dumping 
locations. 

 

 

Fig 10 details a multi-criteria analysis evaluating dredging 
and dumping options 

 

Table 1 : Scenarios of dredging and dumping. 

 

6. MORPHOLOGICAL MODELING 

 

A numerical model was developed using the 
open-source Delft3D software to assess sediment 
handling scenarios. A quasi-3D morphological 
model was coupled with the real-time control 
(RTC) toolbox to simulate water and sediment 
dynamics while replicating dam gate operations. 
Three sediment fractions were defined: silt (d50 = 
0.017 mm), sand (d50 = 0.19 mm), and gravel (d50 
= 11.0 mm). 

 Silt is categorized as cohesive sediment, 
also referred to as “mud.” 

 

 Sand is non-cohesive sediment that can be 
transported as both bedload and 
suspended load. 

 

 Gravel is non-cohesive sediment with 
transport limited to bedload only. 
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Boundary conditions were established using the 
2013 hydrograph for the upstream flow. The 
downstream outflow boundaries were set at the 
Yamuna River’s endpoint in the model domain and 
at the hydropower channel. Since no data was 
available for the downstream power channel, a 
QH-relation was derived through model 
simulations. 

To account for the differences in sediment 
transport characteristics, the Delft3D model 
incorporated distinct transport formulas for each 
fraction. The Partheniades-Krone equation was 
applied to silt, while the Ashida-Michiue equation 
(1972) was used for sand and gravel based on 
prior regional studies. 

 

Fig 11 The modeling  domain. The upper plot shows the 
computational grid, while the lower  plot shows the grid 
with projected bed topography of the study area. 

 

7. KEY FINDINGS: 

 

 Dredging increases storage capacity but may 
enhance sedimentation due to reduced flow 
velocities.  

 Artificial baffles and traps (e.g., geotextile tubes) 
may hinder flushing efficiency by altering the flow 
field. 

 Scenario Analysis: 

 

 S1 & S3: Reduced suspended sediment during 
low flow but negatively impacted high-flow flushing 
efficiency when dumping within the reservoir. 

 S2: Preferred for minimizing turbidity and ensuring 
safer dredging, particularly at Dredge-III. 

 Dredge-I: Effective for deepening reservoir 
channels and reducing suspended sediment but 
may not be optimal for flushing when combined 
with Dump-I(a). 

 

After consultation, Dredge-I and Dredge-III were selected 
as dredging sites, while Dump-III was chosen for sediment 
disposal. The client opted to protect the downstream left 
bank due to erosion damage from the 2019 flood. 

8. SEDIMENT HANDLING 

Sediment removal was carried out using hydraulic 
dredging with a submerged dredge pump operated 
from a floating pontoon. The IHC TT pump was 
equipped with jet nozzles to fluidize sediment 
before suction. A 700 m HDPE pipeline 
transported dredged material into geotextile tubes. 

Approximately 3,500 m³ of sediment was removed 
from Dredge-I and deposited downstream to 
protect the left bank. This process also improved 
water depth along the deeper channel linking the 
Khodri-HP tailrace to the hydropower intake, 
reducing turbidity in low-flow conditions. 

 
Fig 12 The sediment handling. The left image shows the 
pontoon on the reservoir, the middle image  shows the 
pump used to suck the slurry; while the right image 
illustrates the downstream  left bank erosion and fence 
destruction occurred during the 2019 flood. 

9. SEDIMENT REUSE: BANK PROTECTION 
WITH GEOTEXTILE TUBES 

 

Geotextile tubes were utilized for bank protection, 
leveraging dredged sediment as a sustainable 
construction material. Engineering models, 
including consolidation and strength analyses, 
were used to design embankments, breakwaters, 
and other hydraulic structures. 

 

Fig 13 Dredging, transport and dumping arrangement. 
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10. DESIGN OF GEOTEXTILE TUBE BANK 
PROTECTION STRUCTURE 

After selection of the most suited location to build 
with the geotextile tubes, the structure was 
engineered in detail. 

The most important elements for the engineering 
were the properties of the dredged material, the 
specifications of the geotextile tubes, the geometry 
of the building site, water levels and hydrodynamic 
conditions and the final design of the bank 
structure. Each element was engineered and 
design with the NETICS design tools and specific 
software which resulted in an integrated approach 
where all design aspects like dimensions, strength, 
durability and functionality were optimized. A 
sketch of the bank protection structure is depicted 
in Figure 13, which provides an illustrative 
impression of the design approach. 

 

 

Fig 13 Design of bank protection structure using geotextile 
tube. 

 

11. MONITORING & EXECUTION: 

 

Field measurements confirmed that sediment was 
evenly distributed within the tubes, ensuring 
optimal performance. Tube height conformed to 
design expectations, with the first tube reaching 
approximately 1.8 m and the second tube 0.8 m. 
Height reduction after filling was consistent with 
predictions. 

12 CONCLUSION 

Non-woven geotextile covers were applied to 
enhance durability. 

Performance monitoring of the geotextile tubes will 
continue to assess long-term effectiveness in bank 
protection. 

The integrated Circular Sediment Management 
(CSM) approach demonstrated sustainable 
sediment reuse and optimized dredging-dumping 
strategies for reservoir management. 

 

 

FIG 14 Geotextile tube along the eroded bank, downstream 
of the barrage. 
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