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❑ Sediment-induced problem at Channel reservoir of THC is significant and 

serious (there is no specific data and information about the problems at other 

off-channel reservoirs).

❑ There are two major impacts, viz. (i) a large deposition near the spillway and 

hydropower intakes leading to poor functioning of the hydropower and clogging 

of undersluices, and (ii) large deposition along the reservoir (mainly along 50 

km upstream of the dam) leading to significant storage loss (of about 63%).

❑ Handling the problem near the dam area requires local sediment removal 

using appropriate dredging technology including some manual work.

❑ Handling the problem of storage loss and improving water availability most 

likely requires combination of multiple measures given the large amount of 

deposited materials. For the comparison: About 200 million m3 of sediment is 

dredged annually in whole Europe (25 mln. m3 in The Netherlands).

Synopsis (1/3)



❑ First screening of reuse options at THC reveals following possibilities to be 

explored and discussed: (i) Manufactured topsoil enhancement and fertilizers 

for agricultural use; (ii) land reclamation and land filling; (iii) construction 

materials/ engineered structural fill; (iv) river management, habitat creation and 

restoration.

❑ Since the volume is very large, the only removal option may not be feasible 

technically, economically and environmentally. Therefore, feasibility of another 

option (in combination with sediment removal with beneficial reuse), viz. 

enhancement of existing as well as creation of new off-channel reservoirs, 

should be considered as well (to increase water availability).    

❑ One of the critical problems is disposal of dredged materials, so the sediment 

removal may only be viable if the reuse options are sustainable. It appears that 

there is availability of good space to create the disposal and treatment facilities 

(this is not always the case in other countries). 

Synopsis (2/3)



❑ It is important to quantify and analyse the physical, biological and chemical 

characteristics of deposited materials to assess their suitability and to select the 

processing and treatment methods and techniques. The analysis will dictate the 

(i) contaminant adsorption; and (ii) realistic beneficial use outcomes. 

❑ An integrated approach is required considering optimal use of water, efficient 

agricultural methods and practices, minimizing water loss/use and pollution as 

well as catchment/river/land-use management in complement with 

establishment of proper water and sediment monitoring, information, forecasting 

and reservoir operation systems including regular R&D activities.

❑ Since the THC is a transboundary complex with multiple users, the involvement 

of all stakeholders as well as close cooperation between two countries are very 

important criteria for the selection and execution of optimal measures for its 

rehabilitation and management.  

Synopsis (3/3)



Part 1

Study of information on the operation of the 

THC and its current state 



Introduction - Nexus and reservoir sustainability 



Annandale et al. (2016)

Reservoirs - An integral part of water resources and flood 

management



Irrigation

Hydropower

Water supply

Flood management

Aqauaculture

Ground water 

recharge

Navigation

Recreation

Primary 

functions

Secondary

functions

Nexus and reservoir sustainability (1/3)

Water-Food-Energy 

(WFE) Nexus



WFE + Environment (WFEE) as an integral part of reservoir sustainability

People 

(Social)

Planet

(Environmental)

Prosperity

(Economic)

Nexus and reservoir sustainability (2/3)



Connection to Ecosystem Services (EC) and Sustainable 

Development Goals (SDGs)

Nexus and reservoir sustainability (3/3)

Activities and 

interventions in 

the river basin 

Measures to 

minimize 

adverse impacts 

and enhance 

sustainability

Ecosystem services

Irrigation

Drinking water

Energy

Ecology and habitat

Tourism and recreation

Inland shipping

Flood/drought management



Sustainable reservoir management - A part of integrated river basin 

management

Giri (2018)

✓ Inter-state

✓ Transboundary

Technical part of 

the NEXUS
Governance part 

of the NEXUS

Integrated and Participatory Management (IPM) (1/2)



An example framework of integrated multidisciplinary knowledge base 

platform for supporting integrated management

Giri (2018)

Non-structural component

Integrated and Participatory Management (IPM) (2/2)

Non-structural component



Important for feasibility 

assessment of the 

rehabilitation measures!

Applicability to THC
Interventions

Measures

Ecosystem services

Irrigation

Drinking water

Energy

Ecology and habitat ?

Tourism and recreation ?

Inland shipping ?

Dams, weirs, embankments

Reservoirs, collectors

Water supply/irrigation

canals, connection channels 

Sediment management, beneficial 

reuse

Catchment/river management

Optimal reservoir/canal operation

Monitoring, information and forecasting 

systems, R&D

Integrated and participatory 

management 

Ground water recharge ?

Optimal irrigation method and  practice



Revisiting the sediment-induced problems at the THC



Understanding of the system (1/12)

Amu Darya River

➢ The largest river in Central Asia, with a catchment area of 

534,739 km2 and length of 2,620 km.

➢ A transboundary river shared by Afghanistan, Kyrgyzstan, 

Tajikistan, Turkmenistan, and Uzbekistan

➢ Flow contribution from Tajikistan (=72.8%), Afghanistan 

(=14.6%) and Uzbekistan (=8.5%). Three major tributaries: 

Kafirnigan, Sherabad, and Surkhan Darya (also Vakhsh, 

Zeravshan). About 61% of the drainage lies within 

Tajikistan, Uzbekistan and Turkmenistan, while 39% is in 

Afghanistan.

➢ The annual flow volume of the Amu Darya is 73.6 km3 with 

a storage capacity of 24 billion m3

➢ Almost 80% of the Amu Darya is regulated by over 35 

reservoirs with a capacity of over 10 million (billion?) m3 -

two main reservoirs, Nurek and Tuyamuyun, and several 

other reservoirs on the Karakum, Karshi and Amu-Bukhara 

canals along the main river and tributaries. Amu Darya River Basin | Amu Darya Basin Network

Amu Darya - Wikipedia

Verify these information! 

http://amudaryabasin.net/content/amu-darya-river-basin
https://en.wikipedia.org/wiki/Amu_Darya


Uzbekistan

Turkmenistan

Boarder line

Understanding of the system (2/12)

A multipurpose complex

✓ Irrigation

✓ Water supply
✓ Hydropower

Amu Darya



Channel reservoir

VTotal = 2340 million m3

VLive = 2070 million m3

Tuyamuyun Hydro-Complex (THC)

Caparas reservoir

VTotal = 960 million m3

VLive = 550 million m3

Sultansanjar reservoir

VTotal = 2690 million m3

VLive = 1630 million m3

Kushbulak reservoir

VTotal = 1810 million m3

VLive = 1020 million m3

Right-bank 

canal

Left-bank 

canal

Amu Darya

Spillway

Hydropower

Amu Darya

Understanding of the system (3/12)

Embankment



Salient feature of headworks

▪ Commissioned year – 1980

▪ Full Rerservoir Level (FRL) = 130 m

▪ Minimum Drawdown Level (MDDL) = 120 m

▪ Original bottom level near the dam = 110 -112.5 m

▪ Spillway length/ height = 141 m/ 34 m (Head = 24 m)

▪ Spillway (with 8 gates) capacity = 920 m3/s (each

gate?)

▪ Undersluice capacity = 8700 m3/s

▪ Spillway crest level = 120 m

▪ Sill level of undersluice = 110 m

▪ Earthen dam height/ length = 34 m /900 m 

▪ Earth dam crest level = 134 m

▪ Hydropower = 25 MW*6 turbines = 150 MW

Understanding of the system (4/12)



Understanding of the system (5/12)

Headworks and reservoir connection



Spillway and dam

Understanding of the system (6/12)



Undersluice

Understanding of the system (7/12)



Hydropower intake

Understanding of the system (8/12)



Understanding of the system (9/12)

Canal intakes



Land use map (2020)

Understanding of the system (10/12)

THC



Thanks to M. Ikramova

Channel reservoir

Takhiatash hydrostructureThe THC to Takhiatash along 

Amu Darya is regulated by the 

THC, including the irrigated 

area, namely Khorezm region, 

Beruni and Turtkul DC 

(Karakalpakstan) as well as 

Dashkhouz (Turkmenistan)

Understanding of the system (11/12)

Irrigation activities in Uzbekistan and Turkmenistan, served by THC



Irrigation activities in Uzbekistan and Turkmenistan, served by THC

Understanding of the system (12/12)

Collectors 

Total irrigated area = 751 607 and 273 734 hectares in Uzbekistan and Turkmenistan respectively! 



➢ There are good amount of data and information related to flow and sediment transport that 

provide system understanding and processes relevant to the problem of THC and Channel 

reservoir in particular. 

➢ Good measurement and analysis of sediment-induced problems, particularly related to 

storage loss that provide clear and quantitative idea about the problem. 

➢ Some outcomes require reanalysis to evaluate their consistency.

➢ These data and analysis are important to prepare sediment removal plan.

➢ The most important data (physical, mechanical, chemical and biological characteristics of the 

sediment, deposited in the reservoir) is still missing (there is a 10-year-old measurement of 

chemical properties, but there could already be quite some changes during this period). This is 

very important for the selection and analysis of the sediment removal, processing and reuse 

options and technology. There is an ongoing measurement campaign.  

On available data and information and their usability

Reviewing available data and information (1/3)



On flow and sediment yield

➢ Annual flow volumes 

➢ The annual sediment load (only 

suspended?!) approaching the dam:

o Low-flow year = 30-40 million ton

o Average-flow year = 70-90 million ton

o High-flow year = 150-170 million ton

o During average-flow years, the total 

annual(check!) suspended sediment 

flux is 81.5 million ton, 95% of which 

occurs during higher flow (snow-

melting) period. Whereas, during high-

flow years, the annual flux is 129.7 

million ton (out of which 122 million 

ton during snow-melting season) 

Annual flow volumes at Darganata (155 km upstream of the dam) 

В годы средней водности суммарный объём стока взвешенных наносов в створе Дарганата составляет 81,5 млн. тонн, из которых 95%

приходится на половодье; в многоводные годы сток наносов составляет 129,7 млн. тонн, в период половодья – 122,0 млн. тонн.

Reviewing available data and information (2/3)

Decreasing trend of annual flow due to upstream withdrawal? 



On flow and sediment yield

Flow Sediment transport

Inflow at Darganata (155 km upstream of the dam) and outflow at 

Tuyamuyun (5 km downstream of the dam)

Reviewing available data and information (3/3)



➢ There is a good amount of data and information to quantify storage loss and its feature.

➢ The dead storage level is 120 m (as live storage data shows zero values below this level).

➢ The analysis based on 2021 measurement shows the loss of the reservoir volume by 1477 

million m3 (original volume = 2340 million m3, whereas current volume = 863 million m3)

Reservoir storage loss - General

Courtesy: M. Ikramova

Assessing magnitude and specifics of the sediment-induced 
problems at THC (1/11)



➢ The storage below the level 125 

m is fully lost in 2021, which is 

about 40% of the total volume 

(including dead storage which is 

about 11% of the total volume)

➢ The storage loss within 125 –

130 m is about 39% of the total 

loss (i.e. 61% of the total loss 

occurred below 125 m level).  

➢ The dead storage was almost 

fully lost already in 2008.

Reservoir storage loss – Vertical variation

Dead storage

Reservoir level – capacity curve reveals followings: 

Storage loss at FRL (130 m)

Assessing magnitude and specifics of the sediment-induced 
problems at THC (2/11)



➢ It is to be noted that the spatial (longitudinal) distribution of sedimentation between 2008 and 

2021 differs noticeably showing the propagation of sediment deposition from upstream 

towards the dam. 

➢ In 2008, 68-72% of deposited volume was in Reach 3 (upstream reach) and only 11-13% in 

Reach 1 (near the dam). Whereas, in 2021, 55% of deposited volume was in near the dam 

(and only 8% in Reach 3). 

Sedimentation

Dam

Inflow

km 30.7 km 50.6 km 82.5

11-12% (in 2008)

55% (in 2021) 

17-20% (in 2008)

37% (in 2021) 

68-72% (in 2008)

8% (in 2021) 

Reach 1 Reach 2 Reach 3

Reservoir storage loss – Longitudinal variation

Assessing magnitude and specifics of the sediment-induced 
problems at THC (3/11)



➢ The plot shows the spatial distribution of 

sedimentation volume along the reservoir in 

2008 and 2021 revealing large volumes near 

the dam in 2021 (that appears to be moved 

from the upstream during last 13 years) – 812 

million m3 (comparing to 118 million m3 in 

2008).  

➢ It is reported that about 79% of the material is 

deposited within first 40 km upstream of the 

dam, whereas 21% is deposited within another 

40 km reach (in 2021). 

Reservoir storage loss – Longitudinal variation

Assessing magnitude and specifics of the sediment-induced 
problems at THC (4/11)



As reported, there is about 

12 m of deposition layer in 

front of the hydropower 

intake (as per 2021 

measurement).

On sedimentation near the dam

Courtesy: M. Ikramova

Original reservoir bed (in 1987)

Reservoir bed in 2021

Full Reservoir Level (FRL)

Assessing magnitude and specifics of the sediment-induced 
problems at THC (5/11)



Type and characteristic of deposited materials at reservoirs

Assessing magnitude and specifics of the sediment-induced 
problems at THC (6/11)



Type and characteristic of deposited materials at reservoirs

Assessing magnitude and specifics of the sediment-induced 
problems at THC (7/11)



Type and characteristic of deposited materials at reservoirs

Assessing magnitude and specifics of the sediment-induced 
problems at THC (8/11)



Type and characteristic of deposited materials at reservoirs

Assessing magnitude and specifics of the sediment-induced 
problems at THC (9/11)



Type and characteristic of deposited materials at reservoirs

Assessing magnitude and specifics of the sediment-induced 
problems at THC (10/11)



Chemical analysis

Assessing magnitude and specifics of the sediment-induced 
problems at THC (11/11)

Indicated values for salinity and 

metals are acceptable to consider

the materials clean, however: 

✓ The data is 10 years old.

✓ No information on number of 

samples taken, which depth and 

the top 5% values to evaluate the

accuracy.



Part 2

Screening of the possible technical measures 

based on the review and global practices 



Management of sediment induced problems 

considering beneficial reuse



Medium/High/Extreme LowSediment Problem

Asset 

Management Tool, 

developed under 

dam safety project 

in India

General practices on managing sediment-induced problems in 

reservoirs (1/13)

Giri et al. (2019)

Type of  problems

Source of  problems

Magnitude of  problems

Reasons of  problems

Natural or/and human-

induced, e.g. mismanagement



Sediment 

bypass tunnel

Dredging

Sediment Flushing

Sediment check dam

Diversion weir Afforestation

Sediment Replenishing

Excavating

Trucking

Density current venting

Sediment Routing

Sediment yield reduction

Sediment Removal 5

Source: Japan paper

Sediment yield 

reduction 

(catchment/land-

use/river management)

Sediment routing

Sediment removal or 

redistribution

General practices on managing sediment-induced problems in 

reservoirs (2/13)



Shihmen reservoir (Taiwan)

Existing and proposed sediment management measures in 

Shihmen reservoir and expected results of their implementation 
Real-time measurement of 

sediment concentration using 

Time Domain Reflectometry 

(TDR)

Chung and Lin (2011) 

General practices on managing sediment-induced problems in 

reservoirs (3/13)



Lin et al. (2017)

Muddy reservoir during typhoon
Multifunctional desilting tunnel

Shihmen reservoir (Taiwan)

General practices on managing sediment-induced problems in 

reservoirs (4/13)



Dam Rehabilitation and Improvement Program - DRIP (India)

Rehabilitation of > 250 dams 

and reservoirs in 7 States

More than 5000 large dams in India

Kunda Palam (Tamil Nadu)
Pillur (Tamil Nadu)

Maneru Bhali – 1 

Uttarakhand)

General practices on managing sediment-induced problems in 

reservoirs (5/13)



 

Reach I Reach II 

Reach III 

Sediment management with removal and land filling
Sediment removal plan

Sediment reuse plan

Dam Rehabilitation and Improvement Program - DRIP (India)

General practices on managing sediment-induced problems in 

reservoirs (6/13)



An integrated approach to sediment management  - A pilot case of Dakpathar

barrage (India)

Data collection, field measurement and analysis

General practices on managing sediment-induced problems in 

reservoirs (7/13)



Screening and analysis of dredging options (morphological modelling)

An integrated approach to sediment management  - A pilot case of Dakpathar

barrage (India)

General practices on managing sediment-induced problems in 

reservoirs (8/13)



Selection of dredging equipment and execution

An integrated approach to sediment management  - A pilot case of Dakpathar

barrage (India)

General practices on managing sediment-induced problems in 

reservoirs (9/13)



Geotube filling and used for bank protection downstream

An integrated approach to sediment management  - A pilot case of Dakpathar

barrage (India)

General practices on managing sediment-induced problems in 

reservoirs (10/13)



J-Power, Deltares

Sakuma reservoir (Japan)

Sediment management with beneficial reuse (replenishment for habitat 

suitability and reuse as construction materials) 

General practices on managing sediment-induced problems in 

reservoirs (11/13)



Miwa reservoir (Japan)

Average inflow and outflow of sediments (with sediment management)

General practices on managing sediment-induced problems in 

reservoirs (12/13)



Miwa reservoir (Japan)

Change in the allocation of reservoir capacity

General practices on managing sediment-induced problems in 

reservoirs (13/13)



Sediment management considering beneficial reuse

Several challenges related to social, 

technical, environmental and legal aspects! 

➢ Engineering uses

➢ Agricultural/product uses

➢ Environmental enhancement

Sediment is a resource and not the waste!Problem to 

Opportunity

Practices on beneficial reuse of sediment (1/19) 



4D management, challenges and constraints – Volume Driven

Time - Duration, regulatory timeframe, permitting 

window, volume of accumulation

Space – Project-limited working site access or area to 

accommodate sediment processing, project logistics 

Distance - Sediment disposal, beneficial use sites, 

transportation logistics, legal aspects

Innovation - “If you always do what you’ve always 

done, you will always get what you’ve always gotten”

• Hybrid ApproachesStern et al. (2021)

Practices on beneficial reuse of sediment (2/19) 



-A department store for Environmental 
Services
www.envitech.fi

1. LHJ office

2. Weighing station

3. REF-facility

4. REF Storage 

5. CRT-Finland Ltd

6. Cool-Finland Ltd

7. Hazardous waste 

storage

8. Oil processing

9. Inert waste

10 & 13. Niska & Nyyssönen Ltd

11. Landfill

12. Composting field

14. Landfill water pumping station

15. VAPO power plant

16. Envor Biotech Composting facility

17. Envor Processing paper and cardboard 

recycling

18. Envor Recycling glass and plastic 

recycling

19. Envor Group office and truck wash

20. Suomen Erityisjäte Ltd contaminated 

soil

21. J Syrjänen Oy construction waste

22. Suomen Uusioaines Oy glass recycling

Why not for beneficial use of sediments?



Sheehan et al., 2009; Giri et al. (2019)

Land reclamation, land filling

Manufactured topsoil enhancement and 

fertilizers for agricultural use, forestry

Combine with Food Waste/Compost

Construction materials / polymers 

landscaping contouring

Engineered structural fill 

River management (bank protection, 

sandplugs, earthen dams, dikes etc.)

Beach nourishment, shore protection

Habitat creation and restoration

Capping, filling for abandoned mines/ 

quarries

Sediment is a resource and not a waste!

Practices on beneficial reuse of sediment (4/19) 



Topsoil for 

Eco 

Restoration

Topsoil for Landscaping

Gravel from Crushed Cobbles

Sediment / Polymer

Pavers

Sediment / Polymer 

Landscaping Blocks

Sediment / Polymer

Belgium Block Curb

Sediment / Polymer Structural 

Block

Sediment / Polymer

Decorative Block

Polymer / Sediment

Spray Coating

Green Roof Sediment in Vegetative Layer

Monotech Wall Panels

Sediment in Monocrete Shell

Sediment / Polymer

Wall Panels

Polymer/Composite 
Research
BASF Corporation
SUNY Stony Brook
Brookhaven National 
Laboratory
USEPA Region 2/ORD

Sediment / Polymer

Floor Tiles

Sediment Based Products

(after Stern, 2005)

Doug Reid Green - BASF

Practices on beneficial reuse of sediment (5/19) 



They’re making people 
every day, but they 
ain’t making any more 
dirt – Will Rodgers

• Topsoil is being depleted avg/yr 18X faster than what is being 
built up in nature

• Takes 2000 yrs to build up 2.5cm of topsoil

• Lost to erosion, overuse of inorganic N fertilizers and farming 
practices

• US/California
• CA agriculture depleting as much as 2.5cm TS every 25 years. 80x 

faster than nature

• Developing Nations – 36x
• Foods grown in nutrient deficient soils / nutritional values re 

decreased / disease - malnutrition

• China – 54x

• At this rate 48 years of topsoil left*
• C.J. Barrow. Land Degradation, Cambridge U. Press. (1981)National Resources Inventory. Soil 

Conservation Service. USDA, Washington, DC  (1992)

• Nutrition Security Institute, Bellevue, Washington (2006)*

Practices on beneficial reuse of sediment (6/19) 



Sand
BioGenesis Sediment 
Washing Process

Manufactured soil compared against residential/non-residential soil criteria 

Montclair State University Manufactured Soil and 
EcoMelttm Sustainable Landscape Demonstration (2010)

Passaic River, NJ

39.3%

42.6%

12.3% 5.8%



Sediment disposal/storing facilites

Compartmentalized - Renewable

Confined Disposal Facilities (CDF) 

(for contaminated and non-

contaminated sediments)

Open water

Upland confined placement

Near shore placement

Land reclamation

Practices on beneficial reuse of sediment (8/19) 



Practices on beneficial reuse of sediment (9/19) 



Practices on beneficial reuse of sediment (10/19) 



Practices on beneficial reuse of sediment (11/19) 



Development of artificial islands (Japan)

Practices on beneficial reuse of sediment (12/19) 



Pneumatic Flow Tube Mechanism

Soft sediment is broken into “plugs” by compressed air. Plugs reduce 
pipe surface friction, easing flow. During transport, cement and 
sediments are mixed by the turbulent flow within the “plug”.

(Kitazume 2002)

Air Flow

Fluid Flow 
(Sediment)

Stabilized 
Sediment

Addition of Stabilizing 
Agent (e.g. Cement Slurry)Addition of 

Compressed Air

Turbulent Mixing/ Transport           Creation of Sediment Plugs Introduction of Stabilizing Agent

Sediment 
(Slurry) Input

Direction of Flow

Practices on beneficial reuse of sediment (13/19) 



PFTM: Process Equipment 

Pipe Transport of 
Stabilized Sediment

Diffuser 
Discharge

PFTM2000 Mixing Tool - 2,000 CY/day (8-hr shift)

PFTM Cyclone Discharge Diffuser

Untreated 
Sediment – In

Compressed 
Air – In

Cement 
Slurry – In

Practices on beneficial reuse of sediment (14/19) 



Barge-mounted PFTM Operations
Mobile Operating Sediment Engineering System (MOSES)

PFTM 
Mixing Tool

Material Discharge 
and Trans-loading

Vibratory 
Screener

Sediment Handling

Cement Silos and 
Slurry Batch Plant

Practices on beneficial reuse of sediment (15/19) 



PFTM: Processed Sediment

0 to 72 hours after placement

Freshly-placed PFTM Processed Sediment (8% 
Portland cement)

Dredged Sediment Prior to Stabilization

Practices on beneficial reuse of sediment (16/19) 



Stabilized Sediment Beneficial Use Applications

Practices on beneficial reuse of sediment (17/19) 



TECHNICAL ISSUES FOR REUSE

Practices on beneficial reuse of sediment (18/19) 



TECHNICAL ISSUES FOR REUSE

- 77 -

Practices on beneficial reuse of sediment (19/19) 



Management of sediment-induced problems at THC: 

First screening of possible measures and challenges



Significant sedimentation along the Channel reservoir, 

particularly within 50 km upstream of the dam leading 

to significant storage loss (about 63% of total storage)

Possible sedimentation problem in other reservoirs, 

i.e. Kaparas, Sultansandjar and Koshbulak (no 

quantitative information!)

Affecting agricultural and 

drinking water supply

Affecting energy 

production

Significant sedimentation in front of the dam leading to 

poor functioning of hydropower  

Characterization of the sediment-induced problems at THC



Screening sediment handling measures

Management of sediment-induced problems at THC (1/28)

Structural Non-structural Recurrent

Sediment bypass 

channel/tunnel
Replenishment

Off-channel reservoir(s)

Dry excavation

Dredging (hydraulic, hydrosuction, 

air lift, mechanical-lift (bucket, 

clamshell, dragline, backhoe), 

agitation dredge

Rennovation/adaptation

of undersluices

Sluicing and flushing

Storage relocation

Operation optimization

Dam heightening

Monitoring and 

forecasting system

Combination of measures

Water conservation/ 

water loss reduction

Replacement project

Improving/adapting

irrigation practices

and methods



Sediment removal options

Dredging

Hydraulic

Hydro-suction

Air-lift

Mechanical-lift 

(bucket, clamshell, 

dragline, backhoe)

Diver-assisted

dredging near the dam

Agitation dredge

Management of sediment-induced problems at THC (2/28)



Sediment removal options

Management of sediment-induced problems at THC (3/28)



Sediment removal options

Management of sediment-induced problems at THC (4/28)



Sediment removal options

Hydrosuction (syphon) dredging

Courtesy: Sedicon

Moris and Fan (1998)

Management of sediment-induced problems at THC (5/28)



Sediment removal options

Welp et al. (2017)

Water Injection Dredge (WID) – Generating density current and transporting 

Management of sediment-induced problems at THC (6/28)



Sediment removal options

Giri et al. (2019)

Management of sediment-induced problems at THC (7/28)



Sediment removal options

Courtesy: M. Ikramova

Management of sediment-induced problems at THC (8/28)



Transportation

Disposal

Disposal Facilities

Trucking/shipping

Slurry pipe

Beneficial reuse

Conveyor

Pneumatic transfer

Transportation and disposal options

Management of sediment-induced problems at THC (9/28)



Transportation and disposal options

Source: J. F. Brennan
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Transportation and disposal options
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❑ Sediment removal with beneficial reuse options (with a possibility of establishment of 

production unit/industries in the area)

✓ Topsoil enhancement for agricultural use, fertilizer, afforestation

✓ Construction materials/products

✓ River management (bank protection, sandplugs, earthen dams, dikes etc.), river ecology, 

habitat creation and restoration

✓ Downstream continuity and bypass (replenishment, sediment bypass tunnel/canal/new 

flushing channel etc.)

A first quick glance and propositions 
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❑ Additional reservoir(s) to increase storage capacity

✓ Rehabilitation and extension of existing secondary reservoirs at THC

✓ Construction of additional reservoir(s)

❑ An integrated approach considering optimal use of water, efficient agricultural practices,

minimizing water loss (e.g. in irrigation canals) as well as catchment/river/land-use

management in complement with establishment of proper water+sediment information, 

forecasting and reservoir operation systems, rules and regulation

A first quick glance and propositions 

Social, technical, environmental and economic feasibilty of 

proposed measure(s)
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Rehabilitation and improvement of agricultural lands

✓ Loss of agricultural lands due to water scarcity

✓ Salinization of topsoil that requires regular washing before cultivation

Existing issues

Use of removed sediment for the improvement of agriculture

✓ Enhancement/rehabilitation of topsoil (maybe regularly as an alternative to washing 

the topsoil as being practiced presently)

✓ Use of suitable materials as fertilizer

✓ There is also work that has been conducted utilizing the introduction of food waste 

with sediments to create a topsoil. At least in the US, 90% of food waste goes to 

landfills. 

✓ A liquid solid separation sediment washing process could also be employed that 

provides a dewatered filter cake in the end step. Material would need a front-end 

screener before going into the system to pull out debris (detritus).
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Manufacture of building materials

✓ Road construction, bank protection, riprap, 

construction blocks/bricks etc.

✓ Geotechnical applications that involve sediment 

stabilization with CKD (Cement Klin Dust), furnace 

slag (if available) and Portland cement. The uses 

are focused on roads, paths, engineered fill and 

many of the applications.  
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Reuse for river management and improvement measures 

✓ Sediment management measures at Ruslovoe reservoir (e.g. dikes for sediment trapping)

✓ Embankments and sandplugs if required
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Sediment disposal/storage/treatment

✓ There appear to be enough space for 

creating confined and upland disposal and 

treatment (e.g. ripening) facilities that could 

be outside or even within reservoir extent.

✓ Who are the landowners and what are 

logistic and legal constraints?

✓ Sustainability of sediment disposal and 

treatment facilities
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Increasing water storage outside of the Channel reservoir

Construction, enhancement of 

additional reservoirs

Digital Elevation Model (DEM)

SRTM 30 m Dam location

Amu Darya

Depressions
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Increasing water storage outside of the Channel reservoir

✓ Possibility of the construction of additional reservoirs near the Ruslovoe reservoirs (in both 

Uzbekistan and Turkmenistan sides) shall be considered for feasibility study given that there are 

some depressions suitable for the purpose (within the range of 25-30 km).

✓ There was already an effort (and even partly built infrastructures as we understood!) to construct the 

additional reservoir at Uzbekistan side. 

Rehabilitation and 

enhancement of Kaparas, 

Sultansanjar and 

Kushbulak reservoirs!

Construction, enhancement of additional reservoirs

≈ 25 km
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≈ 15 km

≈ 52 m

Construction, enhancement of additional reservoirs

Management of sediment-induced problems at THC (20/28)



Construction, enhancement of additional reservoirs

> 15 km

≈ 25 m
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Construction, enhancement of additional reservoirs
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Sediment bypass channel/tunnel
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Downstream replenishment

Sediment replenishment in Isar River, Germany (Courtesy: S. Hartman)

✓ For maintaining downstream sediment balance

✓ Relatively small amount of sediment

Sumi et al. (2010)
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Sluicing and flushing

Important to maintain the sediment management efforts

Proposed reservoir operation mode (M. Ikramova)
An example of flushing sequence (left) and corresponding 
variation of discharge and sediment concentration 
(Annandale et al., 2016) 
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Dam heightening

Not preferable 

for THC!
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Non-structural measures

✓ Improving irrigation practices and methods

✓ Reducing water losses at the reservoirs and canals (due to sedimentation, seepage, evaporation)

✓ Establishing monitoring, water information and forecasting systems

✓ Establish Integrated and Participatory Management (following NEXUS approach) – this is 

important given that THC is a transboundary complex, and addressing the problems requires 

participation of all involved stakeholders, authorities and countries. 

✓ Investing on regular Research and Development activities

Required for future management and mitigation as well after the rehabilitation
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Challenges and constraints

Time - Duration, regulatory timeframe, permitting 

window, volume of accumulation

Space – Project-limited working site access or area to 

accommodate sediment processing, project logistics 

Distance - Sediment disposal, beneficial use sites, 

transportation logistics, legal aspects

Innovation – Acceptance to innovative approach and 

new technology 
Stern et al. (2021)

Social, technical, environmental, economic, and legal constraints! 

Transboundary disputes!
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Thank you!!!



Supplementary slides





Practices on beneficial reuse of sediment (1/?) 

https://youtu.be/-eMPqPHy4k0




