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Summary

Within the scope of this assignment, we first have carried out a comprehensive review of the
previous studies and data available as well as a rapid analysis of the sediment-induced
problems at the Tuyamuyun Hydro Complex (THC). The review of the current state of the
THC watershed system has revealed that the sediment-induced problems at the Channel
(Ruslovoe) reservoir of the THC are rather severe and need to start being addressed. This
has been in the making for the last 40 years. The sedimentation of the reservoir has resulted
in not only storage loss but also has increased the risk for the safety of the populace and the
in-water dam structures. A large layer of sediment deposition near the hydropower and
irrigation intakes and spillways has resulted in the malfunctioning of the hydropower and
irrigation structures and facilities as well as in increasing risks of flood and sediment hazards.
There is also a significant storage loss leading to a water stress induced situation affecting
the livelihood of more than 5 million people being benefited from the THC in the region (in
Uzbekistan and Turkmenistan). Hence, by inaction, this resource can ultimately be lost.

We have categorized the problems as per their impacts and the urgency to address them.
Accordingly, the measures have been characterized in two categories based on their types
and scale. The 1st-category problem is related to the large deposition near the headworks
(intakes and spillways) adversely affecting the functionality and safety of the structures (e.qg.,
hydropower and canal operation) as well as the safe flood passage. Consequently, the
problems must be addressed urgently. Particularly for addressing this problem, we have
proposed a technical concept and framework that details a comprehensive sediment
management program with the beneficial reuse of sediments. The concept includes four main
components: (1) sediment removal in the Channel reservoir and canals (i.e. major operation
& maintenance measures) in conjunction with sluicing and flushing (i.e.; supplementary
measures); (2) erosion and sediment inflow management in the Tuyamuyun catchment, the
river, tributaries, and the Channel reservoir (i.e. mitigation measures); (3) a commercial pilot
campaign for potential options of beneficial reuse of removed sediment (i.e.,. the scoping and
prefeasibility assessment); and (4) establishment of monitoring, information, forecasting and
early warning systems for water (quantity and quality), sediment (quality, quantity and reuse)
and reservoir morphology (i.e. non-structural adaptive measures). These first-tier measures
do not require a very large financial investment (compared to the losses that the THC has
been suffering from for last few years). Additionally, within this category, we have proposed to
assess a storage recovery measure that includes a technical assessment of the possibility to
increase the maximum reservoir operation level by 1.5 - 2 m (i.e., from the current level of
130 m to the level of 131.5-132 m). Most likely that this will require certain soft structural
measures to strengthen and enhance some part of the critical structures (i.e, embankments,
spillways). Moreover, this measure should only be adapted in conjunction with the proper
sediment management program.

The 2nd-category challenge is related to the storage loss of the Channel reservoir itself
(almost 1.5 billion m3) due to significant sedimentation. Addressing this problem requires
large-scale storage recovery efforts or alternative structural solutions. We have proposed
several options to consider for their feasibility assessment, viz. (i) capital dredging in the
Channel reservoir with beneficial reuse of sediment (Option 1); (ii) construction and/or
extension of the off-channel reservoir(s) (Option 2); and (iii) renovation/reconstruction of the
structures (e.g., dam heightening, replacement) (Option 3). All these options require a large
amount of technical, engineering, and financial resources. Moreover, a comprehensive and
careful feasibility and impact assessment should be carried out before the selection of any of
these measures.
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It should be noted that the implementation of the measures to address the 1st-category
problems will eventually be useful to assess the feasibility of the large-scale measures to
address the 2nd-category problems, thereby to help facilitate proper decisions that can
sustain an environmental management program.

In regard to the beneficial reuse of removed sediments from the Channel reservoir, we have
proposed some potential options for the THC for further consideration, viz. (i) manufactured
topsoil production and/or improvement and fertilizer production for agriculture and
afforestation; (ii) creation and restoration of ecological zones that support livelihood functions;
(iiif) establishment of commercial industries for producing building materials, landscape
design, engineered fill (structural and non-structural) and environmental applications; and (iv)
river and reservoir training structures (bank protection, berms, sand plugs, earthen dams,
etc.) for flow and sediment management. We have suggested to carry out a commercial pilot
campaign (as a part of comprehensive sediment management program) to assess the
technical feasibility for their real-world application. This should also include market drivers
and cost-benefit analysis as well as the detailed impact and risk assessment (social,
economic, and environmental).

One of the important components related to addressing both 1st- and 2nd-category problems
is the non-structural adaptive measures. These measures are associated with the regular and
systematic monitoring in the catchment and the reach scales (contributing to the THC). The
monitoring and measurement should include various processes and parameters in various
spatial (from catchment to river, tributaries and reservoir reaches) and temporal resolution
and frequency. However, only monitoring and collection of data will not add much value if
they are not properly managed, stored, analysed, and utilized for the purpose of further
improvement and adaptation of the measures including sustainable management of the THC.
Moreover, the data should be used to establish an information, forecasting and early warning
systems in conjunction with some prediction methods (e.g., empirical, data-driven) and/or
physics-based computational models. These systems can be used not only for the
dissemination of the information but also for decision-making processes during critical and
extreme situations.

In this report, we have also provided several examples of global practices and references that
could be useful while selecting and designing the measures for the THC. However, there is
no one generic method and technique. Thus, the proposed solution(s) and measure(s) should
be designed specifically as per the local/ regional situations at the THC based on a
comprehensive investigation on social, technical, environmental, engineering, and economic
feasibility and impacts. This is most important since there will be a significant volume of
sediments over the long-term (10-15 years) that will need to be removed and a long-term
sediment management program put in place to keep the THC at steady state over time to
come. All the selected measures and interventions should be properly studied for their
adverse impacts that may lead to water- or sediment-induced hazards and risks affecting not
only the THC but also downstream reaches, infrastructure, ecosystem, and habitants.
Furthermore, it is important to reveal and explore properly the constraints and challenges for
an optimal selection of the measure (or a combination of the measures). It should be
emphasized that the benefits and feasibility of the 1st-category measures are obvious as they
are urgent and inevitable. The important aspect is to assess the impacts and safety issues
during the assessment, planning, design, and execution of the measures. Regarding the 2nd-
category problems and the measures, at first, there should be a high-level scoping study
based on a preliminary exploration and discussions with the stakeholders on the possibilities
to acquire financial and technical resources. All potential 2nd-category measures require a
comprehensive feasibility and impact assessment in case they are considered after the
scoping study. The feasibility and impact assessment are beyond the scope of this study.
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Nevertheless, we have briefly outlined the impacts and prefeasibility of all the proposed
measures in a generic way that can be applied and specific to the THC complex with follow-
up assessments. We have also attempted to complement the proposed measures with the
Nexus approach and reservoir sustainability that eventually contributing to the Sustainable
Development Goals (SDGS).
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1 Introduction

1.1 Background

The Tuyamuyun hydrocomplex (THC) was constructed in the lower land reach of the Amu
Darya River in 1980. It is a transboundary complex located in the territories of two countries —
Uzbekistan and Turkmenistan. The THC is an important asset for their joint multipurpose
water utilization (mainly drinking water, irrigation, and hydropower) and management. The
THC has four interconnected reservoirs — one in-stream reservoir, referred to as Channel
(“Ruslovoe”) reservoir and three off-stream/filling reservoirs, namely the Kaparas, the
Sultansanjar and the Koshbulak reservoirs. In the THC, there are more than 30 major
hydraulic structures — dams, spillways, embankments, intakes and canals. The total design
storage capacity is 7.8 km? (Olsson et al., 2011).

The THC has been selected as a site for a transboundary technical assistance demonstration
project by the Ministry of Water Resources of the Republic of Uzbekistan and the State
Committee of Water Resources of Turkmenistan. The objective of this project is to promote
regional water and energy cooperation focusing on innovative and technical solutions,
particularly for the management of the sediment-induced problems at THC due to very high
sedimentation in the Channel (Ruslovoe) reservoir located in the Amu Darya river. The scope
of the pilot assignment also includes the exploration of possibilities for beneficial (innovative)
beneficial reuse of removed sediment from the reservoir by dredging. This should be an
important component to consider while preparing the holistic management/mitigation plan to
work through with the problems induced by a large magnitude of the deposited sediment in
the reservoir (almost 1.5 billion ms).

1.2 Objective of the assignment

The main objective of the assignment is to propose implementable and possible technical
solutions to the sediment-induced problems at THC. To achieve the objective, it is required to
carry out a quantitative assessment of sediment-induced problems at THC due to the large
sedimentation in the Channel reservoir including the review of current practices and studies
that have been and being carried out. One of the important aspects as a part of the solutions
is an investigation of the possibility of beneficial reuse of the removed sediment. The activity
also includes a demonstration of documented international practices that could be of
relevance for the region in general, and for THC in particular- realizing that every project site
differs and comes with it their own environmental, social, economic, and engineering
challenges.

There are two main aspects of the assignment: (i) assessment of the sediment-induced
problems (quantity and quality), and (ii) management of the sediment-induced challenges
considering beneficial reuse of sediment. It is to be emphasized that handling the sediment-
induced problem in the in-channel reservoir, particularly with large and long-term
morphological changes, is a challenging task. Proper handling of sediment-induced problems
requires detailed and careful assessment and analysis considering technical, engineering,
economic as well as social and environmental feasibility and impacts. Consequently, this
study assesses both structural and non-structural solutions as possible alternatives to
particularly large-scale sediment removal plan that may not be efficient owing to social,
economic, environmental, and large-scale engineering constraints and impacts in a project of
this magnitude.
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1.3 Tasks and approaches

1.3.1 Review task
This task is related to the review of the available information and reports associated with the
THC. There is already a considerable amount of project documents and materials that helps
to carry out a comprehensive assessment and analysis of the current state at the THC, its
operation, and other past and ongoing activities. Moreover, there are data and technical
reports on reservoir sedimentation (quantification of temporal variation of storage losses for
several years) as well as analysis of mechanical and chemical properties of the deposited
sediment in the Channel reservoir (lkramova M., 2021; Shirokova Y.l., 2022). The quality of
the data, especially the chemical classification of the sediment, could not be assessed. Also,
we did not go into detailed chemical classification of the sediments. These reports also
include forecasting methods for reservoir sedimentation as well as preliminary
recommendations on technical solutions for reservoir operation and sediment beneficial
reuse. Furthermore, we have briefly reviewed and presented several global practices on
sediment management and beneficial reuse that could be relevant to start the solution
formation discussion for the THC.

1.3.2 Recommendations for management of sediment-induced problems at THC
This task is focused on screening of options and alternatives (recurrent, structural, non-
structural) for handling sediment-induced problems at THC due to the significant
sedimentation of the Channel reservoir. Based on a thorough review of the problems,
analysis of sediment characteristics, quantity, and quality in the Channel reservoir in
complement with the discussions with various stakeholders and reservoir authorities, the
recommendations for all potentially possible options and alternatives of the measures and
solutions are made. The proposed methods and options are also based on the review of the
state-of-the-art global experiences and practices.

1.3.3 Development of concept(s) for the potential reuse of sediment at THC
The focus of this task is to develop a set of recommendations with all possible options for
beneficial reuse of sediments from the Channel reservoir based on the suitability of the
deposited sediment, local situation as well as existing global practices. We develop a site-
specific approach and a set of recommendations relevant to the THC based on a
comprehensive analysis of the problems in complement with gathered information and
findings on international good practices and experience. These recommendations should be
used for technical, social, economic, engineering, environmental feasibility and impact
assessment.

1.34 Participation in discussions and brainstorming to develop a cost-benefit analysis on
technical solutions
As per the scope of the assignment, the expert from the Global Nexus Secretariat is required
to develop a cost-benefit analysis on proposed technical solution(s). We have closely
cooperated with the project stakeholders and have provided our inputs, comments and
suggestions as required. Besides, we have an active participation in workshops, knowledge
sharing, discussions and brainstorming on various aspects of the project related to
sedimentation problems at the Channel reservoir, proposed technical solution(s) including
beneficial reuse, their impacts and feasibility of further actions.
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1.4 Organization of the report

Chapter 1 of the report is a general introduction. The review and study related to
understanding of the system and the problems at THC are included in Chapter 2, in which we
have characterized the problems that have to be addressed.

Global practices and examples on managing sediment-induced problems, beneficial reuse of
sediment as well as other structural measures related to dam rehabilitation are included in
Chapter 3. A rapid screening of possible measures including beneficial reuse of sediment,
which could potentially be applicable to THC, to address sediment-induced problems is
described in Chapter 4 (i.e. an overview of options is given in chapter 3 going into more detail
in chapter 4). It also includes a succinct description of preliminary recommendations on the
combination of measures and alternatives for THC. In Chapter 5, we discuss the feasibility,
impacts, benefits, and constraints that are associated with the proposed measures and
solutions. The Chapter also briefly includes some description about principles of Nexus and
Sustainable Development Goals (SDGs), and how the measures at THC can contribute to the
these goals. Chapter 6 focuses on general conclusions and recommendations. The report
also includes appendices with relevant supplementary information.
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2 Study of information on the operation of the THC
and its current state

2.1 Introduction

Amu Darya is the largest river in Central Asia (Figure 2-1), with a catchment area of 534,739
km? (however, this has reduced to 309 km? as river flow from Zeravshan and Kashkadarya
does not reach Amu Darya anymore) and length of 2,620 km. The drainage of the river lies
mainly in four central Asian countries, namely Tajikistan, Uzbekistan, Turkmenistan and
Afghanistan. The main tributaries are Pyanj, Vaksh (the Amu Darya starts, when the river
Panj flows into the river Vakhsh), Kafirnigan, Sherabad, Surkhan Darya, Kunduz (left
tributary). As per some report, the annual volume of the river is about 78,4 km? with a storage
capacity of 29.8 billion m® (there are different numbers in various sources). The river is
significantly regulated (about 80%) by over 35 reservoirs with a capacity over 10 billion m®
(Dukhovniy et al., 2018). There are two large reservoir systems, namely Nurek and THC.
There are other reservoirs and canals (e.g., Karakum, Karshi, Amu-Bukhara) along the main
river and tributaries.

Commissioned in 1983, The THC is situated in the downstream reach of the Amu Darya
River that divides two central Asian countries — Uzbekistan and Turkmenistan. It is a
transboundary hydrocomplex with a vital importance for the surrounding region of both
countries. It is a multipurpose hydrocomplex contributing to irrigation, water supply and
hydropower that are very important for the livelihood of the 5.3 million people in both
countries. The surrounding region is a desert area with mostly bare and sparse vegetation.
The land-use and land-cover (LULC) map of the area is depicted in Figure 2-2 that shows the
extent of the agricultural lands. The total agricultural production is about 117 billion UZ Sum
being around 53% in crop sector and 47% in livestock sector (as recorded in 2018, reported
in UzNCID, 2020). It is important to note that there is another large hydrostructure
downstream of the Tuyamuyun in Karakalpakstan, namely Takhiatash (Figure 2-3) with the
capacity of more than 10500 m%/s (UzNCID, 2020). Some facts and figures on water
resources as well as reservoir sedimentation issues are presented in Appendix 1 as well.
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Figure 2-3 Takhiatash hydrostructure, located downstream of Tuyamuyun, in Karakalpakstan (UzNCID, 2020)

2.2 Reuvisiting the sediment-induced problems at the THC
221 Study area — THC and its functions
2211 Reservoir complex and headworks

The hydrocomplex with all in- and off-channel reservoirs and the headworks are shown in
Figure 2-4. The Channel reservoir is in the main river Amu Darya. There are three off-channel
reservoirs on the left floodplain, located in Turkmenistan (the borderline between two
countries passes almost along the middle of the Channel reservaoir).
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- Channel reservoir
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Figure 2-4 The reservoir complex (left) and the headworks (right)

The headworks include the spillway (Figure 2-5), the undersluices (Figure 2-6) and the
hydropower plant (Figure 2-7). It also includes intakes of left- and right-bank canals as
depicted in Figure 2-8 and Figure 2-9 respectively. The presence of the undersluices implies
that the headworks is equipped with a flushing facility. The bottom of the undersluices,
hydropower and canal intakes are at the same level, i.e., 110 m. Some salient features are
outlined as follows:

* Commissioned year — 1980

* Full (operating) Reservoir Level (FRL) = 130 m (maximum/forced level is 131.5 m)
e Minimum Drawdown Level (MDDL) =106 m

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

+ Spillway length/ height = 141 m/ 34 m (Head = 24 m)
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+  Spillway (with 8 gates) capacity = 920 m®/s (each gate)

+ Spillway crest level = 118m (Figure 2-5)

» Undersluice capacity = 8700 m®/s

« Sill level of undersluice = 110 m (Figure 2-6)

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

» Earth dam crest level = 134 m

* Total hydropower capacity = 150 MW (25 MW?*6 turbines).

The headworks also includes a lock for the passing of ships (however this is not clear). There
are also other structures such as intake structures for the connection with other off-channel
reservoirs.

Figure 2-5 A longitudinal section along the spillway
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Figure 2-6 A longitudinal section along the undersluices
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Figure 2-7 A longitudinal profile along the hydropower plant

Figure 2-8 A longitudinal profile along the left-bank canal
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Figure 2-9 A longitudinal profile along the right-bank canal

221.2 Agriculture, aguaculture, and drinking water supply
Agriculture is a major sector that utilizes a large part of storage water resources in
Uzbekistan, e.g., 2018 data shows more than 90% of water withdrawal was used for
agriculture (UzNCID, 2020). There are also activities by farmers related to aquaculture in the
complex area (supported by the authorities).

THC to Takhiatash hydrostructure along the Amu Darya river is regulated by the THC
Authority, including the irrigated area, namely Khorezm region, Beruni and Turtkul DC in
Karakalpakstan (Uzbekistan) as well as in Dashoguz (Turkmenistan) as shown in Figure 2-10
(the irrigation systems in Turkmenistan and Uzbekistan are depicted in Figure 2-11 and
Figure 2-12). The total area, irrigated by THC, are 782,257 and 273,734 hectares in
Uzbekistan and Turkmenistan respectively (different sources provide different values). There
are collector systems to return the water.

The supply of drinking water is one of the important functions of THC. For the drinking water
supply, mostly the storage of Kaparas reservoir is used. It provides the guaranteed water
supply of about 0.15 km? (as per 2011 record).

Figure 2-10 The area, irrigated by THC, in Uzbekistan and Turkmenistan
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Figure 2-11 The irrigations system in Turkmenistan, covered by the THC
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Figure 2-12 The irrigations system in Uzbekistan, covered by the THC

2.2.1.3 Flood management
The Tuyamuyun Hydro Complex controls the flow of the Amu Darya and regulates the
seasonal hydrological regime of the river also considering downstream hydrocomplex
Tahiatash in Uzbekistan. It is not clear whether flood management is considered well in the
reservoir operation regulation. Due to the high water demand for irrigation, water supply and
hydropower, there may be no storage allocation for flood management. Nevertheless, the
reservoir must be able to manage the flood discharge under extreme hydrometeorological
conditions.

222 Analysis of hydraulic and sediment data

2.2.2.1 Data availability and usability
A brief outline about data availability and usability is as follows:

» There are a significant amount of reliable data and information related to flow and
sediment transport that provides system understanding and processes relevant to the
problem of THC and Channel reservoir.in particular.

« There are good measurements and analysis of sediment-induced problems and
morphological changes, particularly related to storage loss that provide clear and
guantitative idea about the problem.

e Some outcomes, presented in previous studies, require reanalysis to evaluate their
consistency including data objectives relative to the THC.
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« These data and analysis are important to prepare a sediment management program as
well as sediment disposal with beneficial reuse plans.

+ The most important data (mechanical and chemical characteristics of the sediment,
deposited in the reservoir) is still missing (there is a 10-year-old measurement of
chemical properties, covering a limited set of pollutants in reference to USA and EU
sediment standards). 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 beneficial reuse options and ultimately, technology selections.

2.2.2.2 Flow and sediment yield
Based on a review and rapid analysis of available data on flow and sediment transport
characteristics, some key facets are outlined as follows:

« The variation of the annual-averaged discharge (inflow to the reservoir) is depicted in
Figure 2-13. This shows that it varies between 400 m%/s and 2000 m¥%/s, revealing a
decreasing trend during the last 15 years.

» The variation in annual volumes of water inflow at the Channel reservoir for the last 42
years is depicted in Figure 2-14. Following aspects can be inferred:

— The difference between maximum (wet year) and minimum (dry year) annual inflow
volumes during this period is almost four times (with max and min inflow volumes of
about 54 km?® and 13 km?, observed in 1991 and 2021 respectively).

— The average annual inflow volume during the period between 1979 and 2021 is about
31 km3,

— The variation in reservoir inflow volumes reveals a decreasing trend during the last 15
years. This could be due to the larger water retention/withdrawal in upstream reaches
and catchments. This must be explored in detail as this is an important aspect for
optimal management of sediment-induced problems in the Channel reservoir (some
of the reasons appear to be the increased water retention and diversion in upstream
catchment, e.g., Karakum as well as shrinkage of glaciers).

- Based on available data, the monthly-averaged flow volumes and sediment loads are
calculated at inflow and outflow locations of the Channel reservoir, depicted in Figure
2-15. A few important observations are as follows:

— The inflow and outflow of water volumes do not differ much, whereas inflow and
outflow of sediment loads differ significantly. This implies that a large amount of
sediment is trapped in the Channel reservoir despite the release of the considerable
amount of flow through the reservoir. This can be attributed to the fact that the
Channel reservaoir is rather long (at present ~80 km) and is in a flat area. Therefore,
the sediment settles in the reservoir due to the backwater effect even when the
outflow discharge is almost equal to the inflow.

— The peak flow volume is observed in July, whereas the peak sediment load is
observed in May. This can be attributed to the catchment characteristics generating
large volumes of sediments during the start of the high-flow period (which is May).
This can be explored further in more detail as this is important for sediment
management efforts.

— The major volume of sediment loads is transported during the snowmelt period, i.e.,
from May to August (more than 70% of total annual loads).

« The variation of monthly-averaged sediment concentration at upstream and downstream
of the Channel reservoir also shows a large difference revealing the outflow of
significantly more clear water (Figure 2-16). This also demonstrates the effect of the
reservoir on sedimentation. The peak concentration at the upstream is found to be in May
(thus, the sediment load as mentioned above).
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« Some previous studies show that the sediment load varies based on the hydrological
feature of the year, e.g., the annual sediment load is found to be 30-40 million tons during

low-flow year, whereas it is in the range of 150-170 million

tons during high-flow year (the

value we calculated above is valid for the average-flow year).
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Figure 2-13 Variation of annual-averaged discharges (the reservoir inflow)
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Figure 2-14 Variation of annual volumes of water inflow at the Channel reservoir
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Figure 2-15 Monthly averaged variation of water discharges (upper plot) and sediment loads (lower plot) at
the inflow and outflow locations of the Channel reservoir
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Figure 2-16 Monthly averaged sediment concentration at upstream and downstream of the Channel reservoir
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2.2.2.3 Morphological changes at Channel reservoir

There are sporadic measurements of the Channel reservoir bathymetry (Ikramova M., 2021).

The most recent measurement was carried out in 2021. Some characteristic features of

morphological changes at the Channel reservoir based on the measurements are:

» The reservoir level-capacity curves for three (3) selected years (including initial and
recent years), depicted in Figure 2-17, shows significant storage loss even at the FRL
(130 m). The total storage loss is about 1.48 billion m?3, i.e., 63% of total initial storage
volume (i.e., 2.34 billion m?3)

» The storage below the level 124 m is almost fully lost in 2021 (the design dead storage
level is - 120 m). The storage loss at this level is about 31% of the total initial storage
volume (including dead storage, which is about 11% of the total volume). The storage
loss between the levels 124 m and 130 m (FRL) is about 32% of the total initial storage
volume.

« The dead storage was fully lost already by 2008 (Ikramova M., 2021).

- Based on the available data, as depicted in Figure 2-18, it can be inferred that the larger
amount of sediment was deposited at the upstream reach (= 720 million m3) and rather
less near the dam area (= 120 million m®). However, the deposition near the dam area
significantly increased in 2021 (= 812 million m3). This implies that a large part of the
upstream deposition (if not all) of 2008 was propagated to the dam area in 2021.

«  About 200 million m® of sedimentation is deposited within the reach of 10 km upstream of
the dam as revealed by the measurement of 2021.

« We also attempt to quantify the sedimentation area along the reach near the headworks
(within 10-15 km) by using Aqua Monitor - an automated online tool, based on advanced
satellite image processing, developed by Deltares, to quantify the changes in areas with
water occurrence between any selected years. The tool can be used (with care) to
guantify morphological changes (sedimentation and erosion) in large rivers and
reservoirs. The morphological change between 2008 and 2022 along the Channel
reservoir, particularly near the headworks, is depicted in Figure 2-19. It that shows a large
extent of sedimentation within the area. This appears to be consistent with the ground
measurement. The tool cannot detect the changes below minimum water level since
satellite images do not capture them. Nevertheless, such tool is useful for the rivers and
reservoirs that become almost dry during low-flow period.

» A comparison between longitudinal profiles in 1981 and 2021 reveals large deposition
along the Channel reservoir reaching almost 15 m of deposited layer near the dam
leading to a significant change in the reservoir bed slope (as shown in Figure 2-20).

» The storage loss during 1981-2021 is consistent with the sediment balance between
reservoir inflow and outflow (describe in section 2.2.2.2 above).

It is evident that the Channel reservoir has been suffering from sedimentation since the
commissioning. The severity of the problem could have been avoided if the efforts were
made at least in 2008, when a large amount of deposited sediment was still in the upstream
reach (there appear to be earlier measurements as well). There could be some earlier efforts,
but there is no information regarding any sediment management actions that were made
earlier. It could be useful to know if there were any such efforts, and why they did not work
and/or addressed. This information could be helpful in now moving forward.
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Figure 2-17 Reservoir level-capacity curve for three years (including initial year 1981)
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Figure 2-18 Comparing the storage loss along the Channel reservoir between 2008 and 2021
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Figure 2-20 Comparing longitudinal profiles between the initial (1981) and recent (2021) bed levels along the
Channel reservoir (Ilkramova, 2021)

2224 Sediment composition and beneficial reuse potential
Two different field campaigns were carried out during 14 to 24 June 2021 at the Turkmen
side (the level near the dam was 126 m), and from 5 to 15 August at Uzbek side (the level
near the dam was 125 m (Uzbek side) to measure the mechanical and chemical
compositions of the sediment and water (Shirokova Y. |., 2022). The measurements were
carried out in the laboratory based on the samples of the deposited sediment and water in
selected locations along the Channel reservoir. Some facts and figures as well as some
remarks are outlined based on a review and rapid analysis of the measured data:
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« Sediment and water sampling locations are limited with the lower half of the reservoir
(i.e., near the headworks and off-channel areas). However, there is no information about
the sample depth. It is also not clear which guidelines are considered for sediment
sampling strategy. The mechanical and chemical compositions of sediment may differ in
upstream area. It is important to consider them in future since the sediment from the
upstream part of the reservoir could be removed (dredged) and beneficially reused as
well.

- Based on the measurement data, we made a plot of the fraction content of all the taken
samples of deposited sediment along the Channel reservoir (mostly at the lower reach)
as depicted in Figure 2-21. Also, the grain-size distribution curves are prepared for some
samples (Figure 2-22). The following aspects can be observed:

— Most of the samples has a large content of the size fraction of 0.01-0.05 mm (more
than 45% except three samples).

— One sample shows the high content of coarser fraction, viz. about 39% of size
fraction 0.1-0.25 mm and 37% of size fraction higher than 0.25 mm. Whereas, all
other samples hardly contain the size fraction larger than 0.1 mm.

— The median diameter (Dso) varies within the range of 0.003 mm to 0.2 mm. However,
it is within the range of about 0.01 mm to 0.02 mm for most of the samples.

— The clay content in the samples was measured separately from the sand fractions. It
is found to be varying largely in the samples, i.e., from 2.4% to 82%. The minimum
clay content (2.4%) is found in the sample with the coarsest fraction (with a Dso of
about 0.2 mm). Whereas the maximum clay content (82%) is found in the sample with
finer fractions (with a Dso of about 0.003 mm).

» There are 13 water samples taken from the reservoir to measure the sediment chemical
concentration (mostly along the lower reach of the reservoir as sediment samples). The
result is depicted in Figure 2-23, showing that the sediment concentration varies from 0.7
g/l to 3.85 g/l

+ Chemical analysis of the sediment and water samples reveals the following (some
laboratory results are presented in Appendix 2 based on the report of Shirokova, 2022):
— There are no harmful (toxic) and/or hazardous substances and contamination in any

of sediment samples. Moreover, the samples contain useful trace elements such as
iron, copper, boron, magnesium, zinc, manganese, cobalt, molybdenum.

— The determination of humus and the total content of nutrients (NPK values) as per the
accepted method in agrochemistry reveals that the sediment samples can be
categorized as "poor" and "very poor".

— The chemical composition of the water samples reveals that they have very good
properties, e.g., pH 6.9 to 8.0; EC less than 1dS/m, TDS less than 1g/l (except for
one sample). This implies that the water is suitable for drinking and other domestic,
industrial and irrigation purposes and continue to be protected..

— A comparison of MPC (Maximum Permissible Concentration) and the actual content
of heavy metals in the sediment samples reveals that the presence of heavy metals
does not pose any danger as per all the indicators in all the samples (except for one
clay sample). The actual content of harmful elements is below the MPC, for some
elements by 50-60 times.

— Given the results of the chemical analysis, it can be concluded that the sediment is
appropriate for all kind of beneficial reuse (biotic and abiotic).

- There was also some experimental investigation on potential beneficial reuse of sediment
from the Channel reservoir (carried out by Central Asian Institute for Ecological Research
in 2022). Some of the facts and figures about the investigation are presented:

— The laboratory experiment is related to the applicability of the sediment from the
reservoir for construction materials (bricks in this case).

— Three different types of samples were taken from different regions and depth of the
Channel reservoir, as reported (Figure 2-24).
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— Chemical analysis was conducted for all three samples. The result is presented in
Table 2-1. Some indicators differ significantly for three samples. All the indicators are
under the allowable norm.

— Various experiments were carried out. The bricks were made without any additives
and/or binders. (Figure 2-25).

— The recommendations are made for considering the sediments for other uses as well,
e.g., for agricultural and animal husbandry use.

— The experimental outcomes require further rigorous investigation for large-scale
commercial implementation and valorisation.

* The sediment samples were taken from the upper layer of the reservoir bed. Given that
the deposited layer is significant (up to 15 m near the dam) and there appears to be
underlayers with older deposition, only the compositions and quality of the upper or
surficial layer may not be representative for all deposited sediment. Therefore, it is
necessary to assess the samples from deeper layers. This must be considered in future
endeavours and project designs.
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Figure 2-21 Sediment fraction content in different samples (the bars with the same color for all fraction sizes
denote one sample — 16 sediment samples were taken along the reservoir)
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Figure 2-22 Grain-size distribution curves for some selected samples at the Channel reservoir
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Figure 2-23 Sediment concentration (turbidity) in water samples (13 water samples were taken along the
reservoir)
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Figure 2-24 The samples, taken for the laboratory experiment (left - soil from the reservoir bottom; middle —

sandy soil, right — clayey soil) (Central Asian Institute for Ecological Research, 2022)

Table 2-1 Chemical composition of three above-shown three samples (Central Asian Institute for Ecological
Research, 2022) — the table alongside (right) shows the tested elements, translated in English

NOKA3aTENb HJl Mousa 1 Mousa 2 Mousa 3 1 |pH
pH, MCwM/cMm 7,99 791 7,69 "2 | ot producs (matal
HedTenpoaykTsl, Mr/Kr <50 <50 <50 3| chloride [mgikg]
IER Xnopurp-vion, Mr/kr 30,5 88,5 4857 4| Nitrate mikg]
A HvtpaT-voH, Mr/kr 130 8,66 12,8 <30 5 | sulphate [mgikg)
I Cynodat-voH, Mr/kr 987 140,1 1573 6 | Fluoride mokgl
DTOpUa-WOH, MI/Kr 2.8 3, 4.6 <10 "7 | Phosphate makal
AN GocdaT-voH, Mr/kr 40,1 34,7 <30 "o | Ammonamotal
I Avmvionmi, Mr/kr 29 26 <20 "o | Fotassim gkal
I Kanum, mr/kr 6 13,2 <20 [P P ——
HaTpwia, Mr/kr 73,05 136 862 TN P ——
Maru#, mr/kr 24,5 32,6 237 P S
Kanbuw, mr/xr 107 130 g7 2 cocmbeid
IR AniomuHni, Mr/kr <50 <50 <50 13 | Auminium (mohal
MapraHet, Mr/kr 100,0 2,535 2,510 2,485 14 | Manganese (mgke)
MonuéaeH, Mr/kr <10 <10 <10 _15 | Molybdenum [mgikg]
Kagmui, mr/xr 0,5 < 0,05 < 0,05 <0,05 _16 | Cacmium mgkg]
AN Ceurew, mr/kr 6,0 <05 <05 <05 17| Lead(mghkal
KoGansT, Mr/kr 50 <05 <05 <05 _18 | Cobaltimghal
IEEM Xeneso, Mr/kr <05 <05 <05 19 | Iron mglkg]
Hukenb, mMr/kr 4,0 <05 <05 <05 20 | Nickel [mglka]

Megs, Mr/Kr 30 <05 <05 <05 21 | Copper [mgikg]
B Py, Mr/kr 2.1 < 0,005 < 0,005 < 0,005 22 | Mercury Imhk]
XpOM, Mr/Kkr 6,0 <05 <05 <05 23 | Chromium fmghkg
LlV\HK, MF/KF 23,0 <05 <05 <05 24 | Zinc [mg/kg]
MnoTHLIA ocTaTok, % 0,084 0,09 0,734 =25 | solid residue [mgikg]
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Figure 2-25 The ready sample product (bricks), made using the samples of the Channel reservoir sediment
(Central Asian Institute for Ecological Research, 2022)

2.2.2.5 Reservoir operation
Based on the available data on the reservoir level and volume variation at the Channel
reservoir during 2015-2020, the following facts and figures can be outlined (see the report by
M. Ikramova, 2021 for the details):

» The variation of reservoir levels, depicted in Figure 2-26, shows that the FRL is not
reached during most of the period, particularly during drier years. As the analysis of the
discharge data revealed (see above in Figure 2-13 and Figure 2-14), the last 15 years
were relatively a lower-flow period showing decreasing trends.

* The FRL was never reached in 2020. This indicates towards even more of a serious
problem regarding water availability given the fact that the reservoir has lost almost 60%
of its total initial volume by 2020. This means that the reservoir should be filled up quicker
and the FRL should be reached even with less inflow discharge.

* The variation of monthly-averaged flow volumes during 2015-2021 (partly) can be seen in
Figure 2-27. It reflects the reservoir level variation. However, we can see that for the
(same) FRL in 2015, 2017 and 2019, the volumes show a decreasing trend. This can be
attributed to the storage loss due to the sedimentation.
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2.2.2.6 Water losses
It is important to quantify the water losses from the reservoir due to other reasons. The water
balance calculation, made by M. Ikramova (2021), reveals the following facts and figures:

« The water losses due to evaporation and transpiration at THC. Moreover, the impact of
filtration was also quantified.

« The analysis showed that after commissioning the Channel reservoir, depending on the
actual operation regime, the annual evaporation losses reached the value as much as
250 million m3. The losses are found to be high for a long time during high-flow years
due to the high reservoir level during longer periods. Whereas the losses are minimal
during low-flow years due to large drawdown.

« The water losses due to the ffiltration is found to be significant during high-flow years.
Whereas, in low-flow years, an influx of filtration flows was observed that can be
attributed to the deep drawdown. The maximum observed annual inflow and outflow
volumes, caused by the filtration in the Channel reservoir, are up to 130 million m® and
280 million m® respectively.

+ The annual water losses appear to be significant and comparable to annual storage
losses due to the sedimentation. This fact should be taken into account while considering
the management of sediment-induced problems. More rigorous observation and analysis
should be conducted to precisely quantify the water losses.

It should be noted that there is no data and information on water losses at the canals due to
seepage and sedimentation.

2.2.3 Economic loss
A rapid calculation was carried out by M. Ikramova (2021) on the economic losses due to the
decrease of agricultural and hydropower productions. The calculation shows an approximate
annual loss of 37 million USD and 6-16 million USD due to the loss in agricultural and
hydropower productions respectively. The agricultural and energy loss in 2021 was
calculated as 59 million and 16 million USD respectively. The details of the calculation can be
found in M. Ikramova (2021).

It should be noted that these are the financial losses apart from other losses and impacts that
we have mentioned above, i.e. (i) loss of agricultural land, water supply leading to
deterioration of livelihood of the people; (ii) environmental problems/impacts (deterioration of
river ecology, water quality, habitats); and (iii) safety of the people and infrastructures (e.g.,
flood safety, malfunctioning and complete blocking of the intakes).

2.2.4 Data uncertainties and inaccuracies
All the reviews and rapid analysis is made based on available data, reports, and information
provided. There could be uncertainties and inaccuracies in data and outcomes due to a
variety of reasons. Some of them can be outlined as follows:

» Inaccuracies in reservoir volumes due to the coarse resolution of the measurement. For
example, there is more than (1km) one-kilometer interval between the measured cross-
sections that may lead to the missing sandbars or deep areas between the measured
sections (depending on how they are selected).

+ The measurement and sensitivity approaches and techniques that are used for different
measurements during different periods (e.g., bathymetry measurements that are carried
out initially and other years) may cause some inaccuracies.
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« Other aspects such as consideration of insufficient number of samples along the reservoir
and their frequencies, e.g., only surface sediment sample from the location where the
deposition layer is large; one-point water sample for turbidity measurement as it may
change significantly over the water depth; inappropriate period of measurement or
difficulties in measurement during high-flow conditions etc. can also lead to imprecise
guantification and interpretation. In general, not following clear international guidelines
and standards for the sampling strategy, sample site selection, sample taking, sample
homogenisation, sample preservation and accredited analytical methods introduce
uncertainty in the quality of the chemical data.

» Measurement artefacts and errors can also lead to inaccurate assessment.

2.3 Characterization of the sediment-induced problems and impacts at the
THC

THC is a multipurpose hydrocomplex being used for agriculture, energy, water supply,
aquaculture, and flood management. Based on the review and analysis of the data and
information, presented above, we can infer that the sediment-induced problems have created
significant adverse impacts on various aspects and functions of the THC. Consequently, we
can categorize the problems and impacts, as described hereafter, that can be of help to
further categorize the measures and solutions accordingly.

231 1st-category problem: Functionality and safety of the structures at headworks
The measurement in 2021 shows that there is a significant sedimentation (=12 m thick
deposited layer as depicted in Figure 2-28) in front of the hydropower and the canal intakes.
The problem has led to poor functioning of hydropower plant affecting the energy production
and plant efficiency. The further deterioration by situation will lead to the malfunctioning of the
hydropower plant. Furthermore, the large sedimentation front has propagated towards the
intakes of the irrigation canals. The condition is rather severe particularly at the intake of the
right-bank canal leading to malfunctioning of the canal. The situation will get worse given the
fact that the intake is located at the inner bend of the river that is more prone to
sedimentation. A sandbar is visible even in an image, depicted in Figure 2-29.

Such a large deposition in front of the headworks is also very risky for safe flood passage that
may affect not only structures but also the area and the populace. Hence, the problem must
be addressed urgently in a holistic engineering evaluative careful manner.
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Figure 2-28 Schematic sketch of the deposition layer near the headworks (M. Ikramova, 2021)
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Figure 2-29 The hydropower and canal headworks (Google Earth image)

2.3.2 2nd-category problem: Reservoir storage loss
As it has been revealed from the measurement of 2021 (as shown in previous section), there
is large depositional area along the Channel reservoir, particularly within 50 km upstream of
the dam. This has resulted in the storage loss of about 1.5 billion m® at the Channel reservoir
(this is about 63% of total storage). Apparently, the large sedimentation at the Channel
reservoir has started to create the problems for other off-channel reservoirs as well. However,
there is no data and information on the problems at the off-channel reservoirs.

The loss of storage implies less water supply for agricultural and drinking purposes. There is
already a problem with abandonment of some agricultural lands. Moreover, the reservoir
condition will deteriorate further if no measures are taken, thereby resulting in large social
and economic (adverse) impacts for the area affecting the livelihood and economy of the
people and region.

The significant loss of the reservoir volume is also quite risky in terms of flood safety since
the flood regulation is almost impossible at present as there is much less storage to
accommodate the design flood. This may lead to the hazard in case there is a large flood in
the river that should not be excluded.
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2.4 Concluding remarks

In this Chapter, a thorough review of the past and current state of the THC has been carried
out. It is evident that THC has been suffering from severe problems induced by the
sedimentation in the Channel reservoir already for a few decades. The problems have
created various impacts in terms of functions and operation of the hydrocomplex. Based on
the type and magnitude of the impacts, we have described the problems in two main
categories to differentiate them in terms of required resources and urgency. The 1st-category
problem requires urgent planning and action (as to not lose the resource which is the THC
itself) as well as the short-term need to address critical infrastructure (deterioration and
eventual replacement) including regularity that can be executed speedily within the limited
investment and resources. The second problem requires proper scoping study, large-scale
planning, feasibility study, basis of design, and execution with a long-term strategy
(demanding large investment and resources).

This has been done to further categorize the measures and solutions that will help to
prioritize them based on the possibility to acquire necessary financial and technical
resources.
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3 Management of sediment-induced problems at
THC

3.1 Introduction

Based on our review and rapid assessment of the sediment-induced problems at THC
(particularly in the Channel reservoir), we consider three main aspects while proposing the
measures/solutions to deal with them, viz.:

1) Strengthening functionality and safety of the hydropower and canal headworks
2) Improving the situation with water storage and availability
3) Enhancing reservoir sustainability and adaptive approach(s)

The first aspect requires an urgent action plan due to the concerns related to the functionality
and safety of the hydrocomplex. The measures to deal with this aspect are mainly related to
regular maintenance, monitoring and adaptation. This would not require a large investment
and technical resources (in fact, the maintenance measures should already be in place for
the operational day to day activities for such a large complex).

The second aspect is associated with the longer-term large-scale measures and
interventions. These measures have a good potential of being feasible and effective,
particularly to deal with the storage loss problem at Channel reservoir. However, they require
proper project scoping studies in complement with careful and detailed feasibility and impact
assessments given the requirement for large financial and technical resources endeavour.

The third aspect is related to no-regret measures and programs that are required to maintain
and adapt the implemented measures as well as to enhance the long-term sustainability of
the complex. All the measures and solutions should be in line with the sustainability criteria in
parallel with the Nexus approach.

Herein, we have concisely outlined the possible measures based on a quick screening, and
subsequently developed preliminary recommendations for the measures/solutions at THC
considering the aspects, mentioned above.

3.2 Screening possible measures for THC

Based on the review of existing data and information as well as rapid analysis of the
challenges and the conditions at THC, we have outlined some possible measures that can be
applicable to manage the sediment-induced problems. The measures are classified as
recurrent, structural/soft structural and non-structural measures as shown in Figure 3-1.

There could be variable combinations (hybrid approaches) of proposed possible measures.
The choices for the solutions should be based on: (i) type, magnitude and urgency of the
problems to be addressed (e.g., safety of the structures and inhabitants, rehabilitation of the
reservoir(s) for storage gain, sustainability of the hydrocomplex); (ii) availability of financial
and technical resources (including engineering constraints); (iii) social, economic and
environmental impacts and benefits; and (iv) regional specifics and constraints (legal,
transboundary aspect) among others.

35 of 145 Management of sediment-induced problems at Tuyamuyun Hydro-Complex (THC)
11207781-002-ZWS-0001, 30 August 2022, draft

Deltares



Dredging (hydraulic, hydrosuction, [ Off-channel reservoir(s) ] [ Operation optimization ]
air lift, mechanical-lift (bucket, (

clamshell, dragline, backhoe),

agitation dredge

Rennovation/relocation ‘ Water conservation/
of structures and HPP water loss reduction

- Raising reservoir water ‘ Improving/adapting
Dry excavation level irrigation practices and
Sluicing and flushing

/Establishing monitoring,
information and
forecasting system

Downstream sediment

] methods
replenishment l

iy

\a

Long-term sediment

Combination of measures is required!
management program

Figure 3-1 Possible measures to manage sediment-induced problems at THC
3.21 Recurrent measures

3.21.1 Sediment removal and disposal
One of the very important measures required to address the problems at Channel reservoir is
sediment removal and disposal and/or placement. Given the problem, conditions and
resources, the sediment removal measure can be categorized in two parts (i) maintenance
dredging; and (ii) large-scale sediment removal (capital dredging) in complement with a
sediment disposal and long-term management plan considering beneficial reuse (in both
cases).

1) Maintenance dredging plan

Regular maintenance dredging as a part of a comprehensive sediment management program
should be immediately considered. This is inevitable for the Channel reservoir so as not to
deteriorate the existing function of the hydropower plant and off-channel reservoirs as well as
to avoid endangering the civil/mechanical structures, thus, to restore the energy production
capacity and the safety of the plant infrastructure itself. This measure should include following
activities (but not limited to):

» Set-up a regular maintenance dredging program for removing the sediment deposition
near the dams, hydropower and canal intakes in combination with a comprehensive
sediment management program

« Acquiring equipment for excavation and dredging (with Operation & Maintenance (O&M))
long-term contract(s) and capacity building of local authorities)

» Piloting beneficial reuse alternatives preferably with commercial scale experience of
dredged sediments that is appropriate in the region such as for engineering/geotechnical,
agricultural, and ecological — habitat restoration use

+ Implement a protocol to test if sediment is suitable for beneficial reuse.

2) Large-scale sediment removal and disposal plan

This measure is a major activity associated with capital dredging in conjunction with large-
scale beneficial reuse of sediment. This measure may include following activities (but not
limited to):

« Target and strategic removal of sediment up to 500 million m? in the shortest and most
efficient (cost included) possible period. This is a multi-year capital program campaign.

« Conducting project scoping, stakeholder identification, financing (investments), high-level
planning and proposal, pre-feasibility assessment
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« High-level planning and proposition for large-scale beneficial reuse of removed sediment
such as developing commercial productions units/industries, creation of ecological zones
and green development in the nearby areas

3.21.2 Sluicing and flushing of Channel reservoir

Sluicing and flushing operations are a prerequisite to maintain and enhance the effectiveness
of the sediment removal measures proposed above. A general example of possible flushing
sequence is shown in Figure 3-2. A preliminary proposition on reservoir operation rule for the
Channel reservoir was made in one of the previous investigations. An operation rule was
proposed based on monthly-averaged reservoir level for high, medium, and low flow years as
reported by M. Ikramova (2021). This should be studied in more detail in conjunction with
maintenance measures as a part of a comprehensive sediment management program, which

should also include proper social, economic, and environmental, and engineering impact
assessments.

It should be noted that the sluicing and flushing operations require the release of
considerable amount of water. Therefore, the optimal approach for the reservoir operations
should be carefully studied so that the refilling of the reservoir can be done without losing the
water volume. This can be performed better in complement with some non-structural
measures such as the establishment of a monitoring system in the catchment that enables
reservoir inflow forecasting with sufficient lead time. Subsequently, it can be combined with
the dam operation (that can be done using hydraulic computational models with dam

operation).
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Figure 3-2 An example of flushing sequence (left) and corresponding variation of discharge and sediment
concentration (Annandale et al., 2016)

3.2.1.3 Downstream sediment replenishment
This measure is related to the transport and disposal of removed sediment from the reservoir
to the downstream area. The sediment is disposed of in a planned way on the part of the river
where the sediment can be transported by the flow during a high-flow period. The measure
can be a part of the comprehensive sediment management program, and could be useful,
particularly given the fact that the riverbed along the downstream reach has been suffering
from degradation after the construction of the reservoir (although we do not have data, but
only a statement in the report by lkramova M., 2021).
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Also, the replenishment along the downstream reach can be used for creating ecological
zones (a tentative proposition is depicted in Figure 3-3).

It should be noted that this measure may not be much of a benefit given the sediment
characteristics (very fine materials) and the condition at the downstream reaches of the Amu
Darya that might be adversely affected due to the transport of replenished materials creating
high turbidity as there are canals and headworks in the downstream reach. Secondly, the
replenished material might be consolidated quickly during dry season. This might not even be
required in case proposed sluicing and flushing operations are effective. In any case,
downstream sediment management when the transport is increased is crucial. Therefore, this
requires very careful and detailed consideration.

of ecological zone can be considered.

3.2.2 Structural (soft and hard) measures

3.2.2.1 Raising the full reservoir level (FRL)
As a soft-structural measure, it is proposed to consider the raising of FRL (without raising the
dam height) as an option to increase the reservoir storage. It is proposed to raise the level by
2 m maximum. As per the design, the FRL is 130 m (Figure 3-4). Given that there is 4 m free
board (as the crest level of the dams and embankment is 134 m), it is proposed to raise the
FRL to 132 m (max). This is also given the fact that, 131.5 m is considered as a maximum
level (the level, referred to as “forced level” that should be used in extreme situation and
should not be maintained for the long period) as per the design. As an example, we found
from the data (considering that the record is reliable) that the reservoir level had reached 132
m in August 2004 (as depicted in Figure 3-6).

The proposed increase in the reservoir level may result in a noticeable increase of storage in
the Channel reservoir (as can be inferred from Figure 3-6 that shows the extrapolation of the
level-volume curve, although this has to be investigated properly to estimate the gained
storage precisely). Moreover, there could be potential to increase the storage in other off-
channel reservoirs as well.
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This is proposed to be considered as an alternative to the capital dredging program.
However, this requires very careful analysis given the possible adverse impacts and risks.
Some impact and risk could be minimized by implementing some structural strengthening.

For the consideration of this measure, following aspects shall be considered:

« Comprehensive dam stability and safety assessment

« Exploration and investigation on some structural strengthening to mitigate the risks

related to structural stability

» Development of optimal flow operations and sediment management strategy and

program

» Detailed assessment of the condition of other off-channel reservoirs
»  Proper monitoring and maintenance (e.g., dredging, flushing) program
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Figure 3-4 Schematic sketch of design levels in Channel reservoir
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Figure 3-5 Observed reservoir level in August 2004 when the level reaches 132 m

Management of sediment-induced problems at Tuyamuyun Hydro-Complex (THC)
11207781-002-ZWS-0001, 30 August 2022, draft

Deltares



Reservoir level-volume curve

132 8
131 - o

130 et

129

128

127

126

125 ——2008
124
123
122
121
120
119
118
17
116
115
114
113
112

—1981

—2021

Reservoirlevel (m)

o

200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400

Reservoir volume (milliom m?)

Figure 3-6 Reservoir level-volume curve

3.2.22 Additional off-channel reservoirs
This structural measure is another alternative to capital dredging that would compensate the
loss of storage at Channel reservoir with additional off-channel reservoirs. Our rapid analysis
based on freely available remote-sensing data (Figure 3-7) and images shows that there are
areas where it could potentially be possible to build additional off-channel reservoir(s) at both
sides of Channel reservoir (in Uzbekistan and Turkmenistan). There are some areas with
significant depressions (Figure 3-8) that can be used for the water storage. However, this
requires proper and detailed analysis and feasibility assessment considering technical (e.qg.,
geotechnical, geological), environmental (including ecological) and social aspects.

Elevation (m)
-86-75
75-80
I 80-85
85 - 9%
E9%0-95
95 - 100
3100 - 105
[J105-110
=110-115
[ 115- 120
B 120- 125
I 125- 130
Il 130-135
I 135- 140
N 140 - 145

Figure 3-7 Topography based on SRTM data showing some depressions near the THC
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Figure 3-8 Bed profiles along some selected sections of the depressions (based on Google Earth) that could
be used as off-channel reservoirs

3.2.2.3 Renovation and/or relocation of (hard) structures
Another option for the hard measure that is worth considering as an alternative to capital
dredging or off-channel reservoir(s) is renovation or relocation of the hydro-structures. Two
options can be considered for their technical, social, economic and environmental
assessment, viz.: (i) relocation of headworks and the hydropower plant. This is a drastic and
significant change that may be less preferable at this stage and more suitable for future
consideration; and (ii) heightening of the dams/embankment (e.g., using smart fusegates),
which can be a part of solution in combination with the proposed soft measure on increasing
the FRL above design level (as described in section 3.2.2.1) as it may require structural
strengthening. The implementation of the measure (particularly relocation) requires
comprehensive project scoping, substantial financing, proper feasibility, and impact
assessment. Nevertheless, there are global practices in the regions where water availability
and flood safety are vital for the people and their livelihood. Some pictorial examples are
depicted in Figure 3-9 and Figure 3-10.
There are global examples, briefly presented in section 5.3 (Chapter 5).
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Shuparo (left image — received from Y. Shimizu) and the Maruyama dam upgraded by Shin-Maruyama (right
plot - https://doi.org/10.20965/idr.2018.p0585)

Figure 3-10 Heightening of Roseires dam in Sudan (left image-
http://pf.bbrnetwork.com/Projects/Manager/media287A-INFOslider medium.jpg) and a profile of Zhushou dam
heightening in China (right plot - https://www.intechopen.com/Chapters/71980)

Non-structural and supplementary measures

Non-structural measures are important in combination with any recurrent and/or structural
(soft and hard) measures for an effective management, adaptation, operation, and
maintenance of the rehabilitation efforts. The measures are also necessary for the prevention
and mitigation of adverse impacts in the future. We can categorize two types of non-structural
measures, viz. (i) improving reservoir operation considering sediment management, and (ii)
improving technology, practices, monitoring, and management.

Improving reservoir operation considering sediment management

For all proposed measures above, it is necessary to analyse and optimize the reservoir
operation strategy as an integral part of a comprehensive sediment management program.
Optimization of the reservoir operation rules is required to deal with the changes due to the
implementation of measures. Secondly, most of the proposed measures that are related to
the increase of storage capacity will increase sediment-induced problems as well. Therefore,
the optimal reservoir operation strategy must be developed to minimize the sediment-induced
problems in complement with some recurrent measures (like maintenance dredging, sluicing
and flushing, sediment replenishment) to maintain the effectiveness and sustainability of the
measures.

Improving technology, practices, monitoring and management

Since most of the proposed large-scale measures (particularly related to gaining the storage)
require significant technical and financial resources, there are other indirect measures that
would help to partly address the problem associated with water stress and losses. By this
way, it would be possible to optimize the efforts required for large-scale measures. Such
indirect (non-structural) measures can be outlined as follows (but not limited to):
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- Improving agricultural practices and methods that require and/or minimize less water
resources

» Implementing technology(s) for minimizing water losses at the reservoirs and canals (due
to sedimentation, seepage, evaporation)

» Establishing water/sediment monitoring, information and forecasting systems/sediment
management program development to effectively deal with the water and sediment
related challenges, thus, to improve the situation regarding water and structural safety

« Catchment and river management to reduce sediment generation and transport (as a part
of a comprehensive sediment management program)

» Regular investment on Research and Development supporting local research and/or
academic institutions as well as commercial pilot activities as they are an integral part of
the measures to address the problems and adapt the solutions (i.e., knowledge- and
information-based adaptive approach) — this also helps to create jobs, facilitate economic
development (including regional investment) and revitalization and enhance capacity
building.

« Establishing Integrated and Participatory Management (following Nexus approach) — this
is important given that the THC is a transboundary complex with multipurpose water use,
thus addressing the challenges that requires participation of all involved stakeholders,
authorities and countries.

More description and examples are provided in section 3.5.6.

3.3 Screening of possible options for beneficial reuse of sediment at THC

Given the fact that the magnitude of the problem is rather large, i.e., significant volume of
deposited materials in Channel reservoir, most of the large-scale measures would not be
feasible without proper disposal methods, placement strategy and operational techniques.
The solutions associated with sediment removal will only be effective in synergy with the
options for disposal and placement opportunities including beneficial reuse from an economic
point of view and as a social-economical driver for the region.

Based on our review and rapid analysis, the following potential options of beneficial reuse of
removed sediment have been shortlisted for THC for further consideration:

Manufactured topsoil improvement and fertilizer production for agriculture and afforestation
Creation and restoration of ecological (habitat) zones that support livelihood functions
Establishment of commercial industries for producing building materials (including the
addition of polymers), landscape (ecological) design, engineered fill (structural and non-
structural) and environmental applications

River structures and training (bank protection, berms and engineered fill to raise surrounding
area elevation, sand plugs, earthen dams, etc.) for flood management and resilience

All the proposed options require comprehensive impact and risk assessment (social,
economic, environmental) in conjunction with appropriate recurrent and/or structural
measures.

331 Manufactured topsoil improvement and fertilizer production for agriculture and
afforestation
Application of sediment for top-soil improvement is a well-established practice in the case
that the quality of the deposited materials allows for the same. This is also appropriate for the
area around THC as well given that it is a desert-arid region. Moreover, recent laboratory
tests on the chemical and mechanical properties of the deposited material (shown above in
section 2.2.2.4) shows that they can be appropriate for various value-added beneficial reuse.
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This can also be inferred from some already developed green/agricultural lands along the
Amu Darya river and Channel reservoir (Figure 3-11) that the top-soil improvement with
amendments could be possible.

We also came to know that there was already some practice by local farmers to use the
sediment from the reservoir and canals as fertilizer. Consequently, the deposited sediment
can also be used as fertilizers in a large-scale and more systematic way for agriculture,
afforestation, and green development (sustainability) efforts. Natural topsoil is a non-
renewable resource. This option of beneficial reuse can also be useful to improve the
situation with abandonment of agricultural areas (due to water stress situation) in
complement with the measures to increase water availability.

Figure 3-11 Green agricultural land along Channel reservoir at Amu Darya river

3.3.2 Creation and restoration of ecological zones and livelihood
One of the advantages of the location is that there is availability of a large area within and
around the THC (Figure 3-12) for creating confined and upland disposal and treatment (e.g.,
ripening) facilities. A large part of sediment disposal facilities can be converted and designed
to facilitate ecological zones, creation of new habitats (and improving existing ones) and new
landscape contours. Given the large desert area around THC, there is a potential for creation
and restoration as ecological zones for nature and livelihood. A large volume of sediment
could be reused in this way by dredging and side-casting the sediments to produce these
ecological zones.

There are some good practices around the world that could be the examples to learn from
(presented in section 5.4 (Chapter 5).

Figure 3-12 Large area around the THC (left image) and along Channel reservoir (right image) to be used for
land improvement using removed sediment
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3.3.3 Establishment of industries for producing building/engineering materials
Sediments is a very useful resource for producing building materials. There are already some
small-scale experiments on reuse of deposited sediment at Channel reservoir for producing
bricks (briefly presented in 2.2.2.4). Therefore, there is a potential even to establish
production units and commercial industries in the region. This requires more detailed
assessment in the homogeneity of the sediments to keep producing large volumes of bricks.
There are ample examples of such application of reusing removed sediment (although mostly
from rivers and coastal areas, and not much from the reservoirs). It is critical to understand
the existing market needs/drivers and product forecasting to not over-saturate the existing
market. The advantage of this brick making manufacturing is that it does not need an
investment of a high temperature oven since the sediment characteristics form a hard clay
product.
Some examples are presented in section 5.4 (Chapter 5).

3.34 River training and guiding structures
The measures and works related to sediment removal (e.g., dredging) from the Channel
reservoir, as proposed in previous section, must be properly maintained, and managed to
minimize the morphological impacts and risks. This may require additional work and earth
structures for training and guiding of the river within the reservoir and upstream reaches. This
is useful (and even required) for the purpose of flood and sediment management. Moreover,
the disposal facilities may require some structures (like dikes, berms and embankments). For
constructing such structures, the removed sediment can be used as well.

3.4 Development of preliminary recommendations for the solutions at THC

Based on the first screening of the possible measures, presented above, we propose a
preliminary recommendation for a set of possible best-case implementable measures and
solutions that could be considered for further analysis and assessment (cost-benefit analysis
as well as social, environmental, and engineering impact assessment). We have attempted to
distinguish the measures in two categories. The first category of the measures is urgent and
essential that are supposed to be investigated, designed, and executed as soon as possible
since the resource (THC) is being immediately affected. The second category of the
measures are large-scale endeavours that require more careful assessment as well as large
interdisciplinary technical and financial resources. The first category of the measures would
require fewer technical and financial resources compared to the second category of the
measures (large-scale). We have also tried to briefly outline the advantages and
disadvantages of each proposed measure. They are described hereafter.

3.4.1 Urgent and essential sediment management and storage recovery program
The current state of the affair at THC reveals that the problem is rather acute and is affecting
the THC and the water resources in real-time — it is happening now. Therefore, it requires an
emergency action plan for the development and execution of a sediment management and
storage recovery program.

It is proposed that the program includes a combination of measures and a pilot case, viz. (i)
regular maintenance dredging; (ii) technical assessment of raising Full Reservoir Level (FRL);
(iii) regular flushing and sluicing; (iv) a pilot case on beneficial reuse of removed sediment;
and (v) non-structural measures.in the most impacted areas of the THC — including the
impacts on the dam hydropower infrastructure affecting energy production.

34.11 Regular maintenance dredging
A well-planned regular maintenance dredging program is urgently required so as not to
deteriorate the existing function of the hydropower plant and canal intakes. This is needed to
restore the energy production (plant efficiency) and irrigation functions.
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More importantly, this is required to ensure the safety of the structures and safe flood
passage to avoid any possible hazards and downstream disasters. These measures should
be in place as part of a holistic sediment management plan and executed regularly in
perpetuity during the whole reservoir life in complement with other soft and recurrent
measures.

The maintenance dredging should be carried out near the hydropower and canal intakes,
spillways, and the intakes of the off-channel reservoirs. For this purpose, the following
activities are proposed to be carried out:

» Planning of a first-tier sediment removal program aiming at removal of at least 1-2 million
m?3 annually (that can be increased with time, experience, and production rate efficiency)

« Carrying out (i) comprehensive technical assessment for safe and efficient sediment
removal; and (ii) social and environmental impact assessment

« Execution of the sediment removal plan by acquiring equipment for excavation and
dredging in complement with 2-3 years (as required) of O&M agreements with the
professional dredging firm(s) that includes capacity building of local peoplepower. This
includes developing long-term, seamless, and efficient contract mechanisms.

Advantages

+ The main advantage is rather obvious as the urgent measure related to maintenance
dredging is inevitable for avoiding safety problems and proper functionality of the
hydraulic and hydropower structures. What is the short and long-term costs to the
resource and infrastructure of not performing this task in a timely manner?

» Creation of regional employment and capacity building opportunities related to reservoir
sediment management and optimal and efficient sediment removal using various types of
dredging technology (hybrid where applicable).

» The experience will be useful for evaluating the effectiveness and feasibility of larger-
scale capital dredging (proposed as one of the possible measures for technical,
economic, and environmental feasibilities)

« Relatively lower financial investment (comparing to the loss of the resource)

Disadvantages

« The reservoir bed may be in a quasi-equilibrium state. Any disturbance without a proper
planning and engineering study may have adverse impacts on headworks, embankments
(erosion, failure) and other off-channel reservoirs

+ If alarge layer (or depositional lens) of sediment deposition in front of the headworks
(about 12 m) is not removed properly and gradually in a well-planned manner, it may
trigger retrogressive erosion and/or slope instability/incision leading to collapse of a large
layer and sediment volume blocking the intakes and creating more risk to the safety and
functionality of the hydraulic structures, canals, and hydropower plant.

» Risk and impacts of sediment removal and dredging operation are described in next
Chapter.

3.4.1.2 Regular flushing and sluicing of the reservoir
The Channel reservoir has facilities for the sluicing and flushing (there are undersluices/low
crest spillways, designed for downstream transport of near-bed sediment). The regular
flushing and sluicing plan of Channel reservoir should be prepared, executed, and adapted in
complement with the maintenance dredging. Furthermore, controlled sediment replenishment
along the river reach downstream of the dam that can be transported during higher flows
should be considered as well. Following activities can be outlined (but not limited to):
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« Carrying out (i) comprehensive technical assessment of sluicing and flushing operations
for safe and efficient sediment removal and downstream transport; and (ii) social and
environmental impact assessment (see next Chapter for detailed technical and impacts
assessment)

» Establishment of an optimal reservoir operation rule considering regular flushing, sluicing
and maintenance dredging operations based on their impact assessment and efficacy

« Assessment and establishment of non-structural measures to support the safety, efficacy,
and adaptation as well as for mitigating the adverse impacts of the flushing and dredging
operations

» Consideration of sediment traps in strategic areas to catch sediments that are mobilized

» Technical and environmental assessment of controlled sediment replenishment along the
downstream reaches

Advantages

« Sluicing of a reservoir during sediment-laden high-flow period allows quasi-natural
transport of sediment through the reservoir, and at the same time release of high-
concentrated flow resulting in decrease of sedimentation in the reservoir (usually this
should be a normal practice as a part of reservoir operation of any reservoir)

» Regular and planned flushing operation (with pressure or drawdown method) of the
reservoir helps to maintain at least the area in the vicinity of the headworks (e.g., in front
of the canal and hydropower intakes in case of the Channel reservoir)

» Regular sluicing and flushing are necessary in combination with required maintenance
dredging (proposed above) for its effectiveness

» Controlled downstream replenishment has an advantage over the flushing (at least during
initial period of maintenance), particularly considering the severe condition of the channel
reservoir in which the deposited layer is rather large even near the spillways and intakes.

» Relatively lower financial investment

Disadvantages

« Due to the large deposition in front of the intakes/undersluices at Channel reservoir, it is
most likely that the flushing operation will be difficult without proper maintenance
dredging

» Flushing may not be much effective for a long and wide reservoir like Channel reservoir
other than as a maintenance measure in combination with other measures (e.g.,
dredging)

» Flushing operation will not help to increase the storage for such a large reservoir with an
existing problem like in Channel reservoir

« There will be a risk of unexpected hyper-concentrated sediment mass transport
phenomenon due to large sediment deposition in the reservoir that may affect the
hydropower plant as well as downstream canals and headworks that could be risky (there
is an example)

+ Downstream replenishment requires transportation of the sediments. The volumes cannot
be too large to avoid any downstream impact (given that most of the deposited sediment
is fine grained materials)

« There is also a risk of collapse (slope failure) of the sediment deposition layer during
flushing/sluicing operation in front of the spillways leading to severe consequences such
as blockage of hydropower and canal intakes

» Sluicing and flushing may need modification in reservoir operation rules (as it appears
that there is no proper consideration of sluicing and flushing operation in channel
reservoir)

» The effectiveness of the flushing depends on available time and flow volumes, sediment
characteristics, dam facilities and condition (which is not that favorable at the current
condition)
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3.4.1.3 Raising Full Reservoir Level (FRL) above design value
It is proposed to carry out technical assessments of the impact of raising the FRL of Channel
reservoir above the design value by 1.5 to 2 m, i.e., raising the FRL from current level of 130
m to 132 m (max) given the crest level of dams and embankments is 134 m (as there will still
be a freeboard of 2 m). This measure may help to increase the reservoir storage to 500-700
million m® (a detailed study is required to estimate the volume above the FRL properly).

Following activities should be carried out to ascertain the pertinence of the proposed
measure:

» Precise estimation of storage above the current FRL

» Detailed dam stability assessment given the fact that increasing the FRL higher than
design value will affect the structural stability

» Detailed investigation of the requirement of additional structural interventions to
strengthen and enhance the stability of the dam and embankments that could be required
due to the reservoir level rise

+ Optimization of reservoir operation rule as well as proper sediment management plan and
measures given the fact that the increase in the reservoir level may lead to alteration of
storage allocation as well as increase in sedimentation

» Proper investigation of the effect of the FRL raising on the condition of other off-stream
reservoirs in conjunction with an assessment of the potential of their enhancement and
storage increase

Advantages

» Likely gain of significant storage of Channel reservoir without major intervention(s)

» Possibility to gain storage of other off-channel reservoirs as well if the conditions are
favorable/feasible (requires careful assessment)

» Relatively lower financial investment

Disadvantages

« There is a risk of a stability problem for the dams, spillway, and embankments due to
additional hydraulic load (this requires careful study).

» The increase in reservoir level leads to the increase in inundation extent in upstream
reach.

» The measure may require additional strengthening and reinforcement of the structures

« This may increase the sedimentation, thus requires additional sediment management
measures.

- The increase in the Channel reservoir level may adversely affect the off-channel
reservoirs and structures.

» This measure would require changes in reservoir operation strategy.

» The capacity for peak discharge buffering is partly lowered (only 1-1.5 m of free board
remains).

3414 Pilot cases on beneficial reuse of sediment
Since all afore-mentioned solutions/measures require sediment removal (e.g., maintenance
dredging), with anticipated high dredging volumes we propose to consider a pilot campaign
on beneficial reuse of removed sediment. This is also given the fact that the reuse of
sediments at THC is one of the integral components. Already some efforts have been made
so far that are related to laboratory testing of mechanical and chemical properties of the
deposited materials at Channel reservoir as well as a first test on reuse of the sediment for
construction materials (bricks).
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For the pilot case, we propose to test a few options of beneficial reuse for their technical,
environmental, and economic viabilities as follows:

» Production of construction materials (bricks, blocks, road construction, engineered fill)

« Manufactured top-soil improvement and fertilizer additions for agriculture

« Creation and restoration of ecological zones

* River training and sediment management measures within Channel reservair, e.g., bank
protection and river training using geobags filled with removed materials; flow and
sediment management using sand plugs, and earth dikes for capturing sediment and
diverting flow.

All these options require the following aspects (but not limited to) to be considered properly:

« Suitability/usability of the removed materials (also for the sediment from lower deposition
layers as well as from different spatial locations along the reservoir)

» Assessment of demand and supply (regional and national market assessment and
economic drivers)

» Estimation of required volumes

» Investigation of possibilities for industrial set up

» Dewatering, transport and storage methods and their impact assessment

» Sediment sustainability aspects of developing these products to off-set non-renewable
resources

Advantages

» Beneficial reuse of removed sediment (focus on circular sediment management)

» Solution of the problems related to the disposal of a large amount of removed sediment
volume

« Availability of enough space for disposal and processing for the reuse options

» Creation of regional industries and innovative business incubators, new jobs,
employment, and skills

e Social, economic, and environmental development and restoration

» There is global experience in the production of these beneficial reuse products and
engineering technologies (geotubes. The THC will not be the first and will benefit from
what has been done globally — hence not needing long-term verification of proposed
alternatives.

Disadvantages

« Adverse environmental impacts (e.g., during transportation and processing)

« Unknown quality and usability of the deposited sediments in the reservoirs, particularly in
lower layers (that were deposited a few decades ago)

» Potential ecotoxicological (habitat restoration) and human toxicological risks (agricultural
use) when chemical sediment quality is not meeting (international) standards

» Sourcing other additives for manufactured soil production

» Relatively larger technical and financial investment and efforts (depending on the
magnitude of reuse)

« Availability of water, required to maintain top-soil enhancement and ecological restoration
efforts

« Transboundary disputes and reluctance
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3.4.15 Non-structural measures
Non-structural measures are important to consider together with all proposed recurrent and
(soft) structural measures and solutions. This should start with an inventory of available non-
structural measures and systems given the fact that some of the measures, efforts and
initiations could be already in place.

We can categorize the non-structural measures as essential and desired measures that may
help to prioritize in case there are limitations on their materialization/application.

i) Essential measures
The essential measures are outlined as follows:

« Establishment of water and sediment monitoring, information and forecasting systems

« Development of a sediment management program

« Optimization of reservoir operation rules considering all other measures and interventions

» Regular investment on Research and Development activities in cooperation with local
and regional knowledge institutions/commercial pilot activities

+ Community and public education with respect to understanding the resource and how to
take care and nurture it for future generations. This included public involvement in
monitoring and reporting systems.

The essential measures and programs are necessary for regular monitoring and assessment
of the effectiveness and impacts of the recurrent and structural measures. Such regular
monitoring and assessment also help to manage and adapt the measures to improve and
optimize their effectiveness as well as to minimize the adverse impacts.

ii) Desired measures
The desired measures are outlined as follows:

« Improving agricultural practices and methods (also by improving proper coordination and
synergy of other ongoing and/or envisaged efforts and programs related to these
aspects)

» Implementing (innovative) real-time technology(s) for minimizing water losses at the
reservoirs and canals (due to sedimentation, seepage, evaporation)

+ Establishing Integrated and Participatory Management (following NEXUS approach in
terms of both technical and governance aspects): This is important given that THC is a
transboundary complex with multipurpose water use, thus addressing the problems
requires optimal use of water resources as well as participation of all involved
stakeholders, authorities, and countries.

The desired measures would help to minimize the challenges and impacts, particularly
related to dealing with water-stress problems and find a way to compensate the storage loss
by saving the water resources based on other measures and endeavors.

3.4.2 Large-scale measures and interventions
Besides regular (emergency) measures for maintenance and management of sediment-
induced problems at Channel reservoir, described above, we also propose a few large-scale
measures (including structural measures) for further consideration. We propose three options
that can be weighed against each other in terms of their technical, social, environmental,
engineering, and economic feasibilities and associated impacts. Since these measures
require much more resources and investment, very careful and detailed planning,
preparation, and studies must be carried out.
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For such measures, a high-level analysis should be sufficient at this stage to trigger the
discussions with the donors (national/international) regarding the potential investment
strategy/program as well as exploring possibility for preparing project scoping statement and
terms of reference. International interest and participation should be encouraged since there
is a wealth of expertise and equipment in dredging/earthworks riverine construction.

A set of possible options is briefly described hereafter.

3421 Option 1: Capital dredging in Channel reservoir with beneficial reuse of sediment
Capital/or new work dredging implies the removal of a large amount of sediment from the
Channel reservoir (unlike the maintenance dredging) with an aim to gain some part of the
storage in complement with utilization of a large volume of removed sediment for beneficial
reuse. A first proposition for the measures is as follows:

+  Removal of up to 500 million m?® (but not limited to) of deposited sediment in Channel
reservoir within the period of 5 years (the volume of sediment to be removed should be
optimized in complement with the analysis of reservoir inflows based on historical data
and future expected scenarios).

» Large-scale beneficial reuse of removed sediment, particularly for the development of
ecological restoration project (like Desert Green Economy Pilot Initiative)

Advantages

« Noticeable storage gain

+ Availability of a large amount of sediment for beneficial reuse, particularly for setting up
regional development programs, industries, incubators, and enterprises (investments)

» Possibilities for the ecological restoration of the area, initiatives for desert development
leading to social, economic, and environmental development and restoration

+ Based on the large volume of sediments that need to be removed in this campaign, there
would appear to be multi-national interest in working under a long-term contract scenario
with internal corporate investment.

Disadvantages

» See also pilot cases on beneficial reuse of sediment

+ Large financial investment

» Significant technical efforts and requirements

« Large intervention leading to adverse morphological impacts and risks

» Noticeable investment and efforts for pre-feasibility and impact assessment

- Significant efforts, human resources, and skills, institutional set up for monitoring,
management, and adaptation

» New procurement and contract mechanisms that were never regionally done before

» Unfeasible without large-scale beneficial reuse and/or placement areas adjacent to the
THC

+ Transboundary dispute, hurdles, and reluctance due to large-scale initiatives

3.4.2.2 Option 2: Construction and/or extension of the off-channel reservoir(s)
There are some large depressions in nearby areas (revealed by our rapid and remote
exploration of the area, shown above). Consequently, following structural measures are
proposed for further investigation and assessment to create 0.5-1 billion m® additional water
storage:

» Construction of additional off-channel water reservoirs near the THC (in Uzbekistan
or/and Turkmenistan), considering the availability of depressions suitable for this (within
the vicinity of 25-30 km).
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- Enhancement/extension of existing off-channel reservoirs

» This measure should be considered as an alternative to capital dredging, but in
complement with sediment management and maintenance

» Design of sediment traps as a part of holistic sediment management program

Advantages
« Significant storage gain
« No large morphological intervention in Channel reservoir

Disadvantage

« Large financial investment

» Significant technical efforts and requirements (although there are already off-channel
reservoirs, hence the experience is there unlike capital dredging)

» Morphological and ecological impacts on the main river due to significant amount of flow
diversion

» Problems related to geological/geotechnical conditions, e.g., seepage, safety and stability
leading to ineffectiveness, hazards, and risks

+ Transboundary dispute, hurdles, and reluctance due to large intervention and water use

3.4.2.3 Option 3: Renovation/relocation of structures
As a possible alternative to the capital dredging and off-channel reservoirs (that could be as
costly as a new dam project), we propose to explore the structural measures such as
enhancement or even relocation of the headworks and hydropower plant given that such
practices do exist as shown in section 5.3 (Chapter 5). One of the following measures can be
considered for a prefeasibility assessment:

« Heightening of the dams and embankments to raise the FRL (this measure shall be
assessed in complement with the measure related to raising current level of FRL above
design value, proposed in section 3.4.1.3)

* Relocation of the headworks and the hydropower plant

Advantages

« The heightening of the dams will increase the storage significantly (>500 million m?3)

» Relocation of the headworks might also resolve the problem related to storage loss as
well as structural safety and sustainability (almost with the similar cost as required for
capital dredging or construction of new off-channel reservoirs)

« The measures can still be combined with sediment management with beneficial reuse.

Disadvantages

» Large financial investment

« Significant technical efforts and requirement, particularly for relocation of the structures

* Morphological and ecological impacts of dam relocation

» Increase of inundation area at the upstream due to the increase in the reservoir level that
may lead to some social and environmental problems

« Sedimentation problem due to dam heightening that requires additional sediment
management and dam operation strategy

- Problems related to stability of the structures due to dam heightening and associated
risks (due to increased hydraulic load)

« Transboundary dispute, hurdles, and reluctance due to large intervention, particularly for
relocation of the structures
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3.5 Development of a technical concept of sediment management with
beneficial reuse at THC

3.5.1 Background
We have proposed various possible structural, recurrent, and non-structural measures to deal
with sediment-induced challenges at THC. In this section, we focus on the development of a
sediment management program that includes sediment removal and beneficial reuse. We
consider here a 1st-category problem and corresponding measures as proposed in section
above. The sediment removal from the Channel reservoir as a recurrent maintenance
measure is inevitable due to the high risk associated with functionality and safety of the
hydro-structures at headworks (e.g. hydropower and canal intakes). Therefore, we have
attempted to prepare a preliminary technical concept for sediment management with
beneficial reuse for THC. This proposition is merely a preliminary technical concept based on
rapid analysis of limited data and information. Therefore, it will require further enhancement
based on detailed investigation and studies including feasibility and impact assessment.

3.5.2 Technical concept
A schematic flowchart regarding a basic technical concept on a comprehensive sediment
management program at THC is depicted in Figure 3-13. The concept includes four main
components, viz. (1) sediment removal in the Channel reservoir and canals (major
maintenance measures) in complement with sluicing and flushing (supplementary measures);
(2) erosion and sediment inflow management in the Tuyamuyun catchment, the river,
tributaries, and the Channel reservoir (mitigation measures); (3) pilot campaign for selected
options of beneficial reuse of removed sediment, namely building materials, fertilizers, top-
soil enhancement, river and reservoir training measures (as a part of scoping and
prefeasibility assessment); and (4) establishment of monitoring, information, forecasting and
early warning systems for water (quantity and quality), sediment (quality, quantity and reuse)
and reservoir morphology that are required for regular revision and adaptation of the
sediment management program (non-structural measures) .
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Figure 3-13 A basic technical concept of a comprehensive sediment management at THC with beneficial
reuse

We briefly describe each component hereafter.

3.5.3 Sediment removal plan and execution
The sediment removal plan includes two main maintenance activities, viz. (i) sediment
removal from the Channel reservoir and canals using appropriate dredging technology as a
major maintenance measure (requires an urgent action and execution); and (ii) sluicing and
flushing as a supplementary measure in conjunction with dredging.

3.5.3.1 Maintenance dredging plan and technology
Since the proposition is to address a 1st-category problem, the maintenance dredging should
be carried out near the hydropower and canal intakes, spillways, and the intakes of the off-
channel reservoirs. As a part of the sediment management effort to reduce the inflow from
the upstream, some part of the upstream reservoir reach can also be dredged and partly
used as a sediment trap with regular removal. A detailed design shall be made for this.

To start with a maintenance dredging plan, the tentative sediment volume to be removed (at
least at the initial couple of years) as well as appropriate dredging technology should be
defined. The first recommendation (describe in section 3.4.1.1) is to consider 1-2 million m? of
annual dredging volume for first years. This t can be increased with time and gained
experience. Since this should be permanent maintenance activities, the dredging technology
(appropriate equipment) should be acquired by the THC authorities. This should be done in
complement with 1-3 years of Operation & Maintenance (O&M) agreement with the
technology developer(s) or professional dredging firm(s). This also implies developing long-
term, seamless, and efficient contractual mechanisms with the professional dredging firm(s)
including capacity building of local people.
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Some of the options for dredging technology/equipment that could be appropriate for the
sediment removal from a reservoir is depicted in Figure 3-14. The selection of the appropriate
equipment depends on the hydraulic and morphological condition. The condition can be
varying based on the season and with time in case a good amount of deposited sediment is
removed regularly. At the Channel reservoir, a large part of the reservoir is rather shallow.
Moreover, it is most likely that there must be dry excavation (by mechanical means) as well,
particularly during dry period (and upstream part). The reservoir area near the headworks
(spillway, canal, and hydropower intakes), where the dredging should be carried out urgently,
where the depth can vary from 2 to 4 m at the current condition. However, given that there
could be up to 15 m of deposited layer, the depth will increase if the dredging is carried out
properly in complement with upstream sediment management. Therefore, the equipment
should be selected accordingly. It appears that there must be multiple types of technology(s)
given the magnitude and severity of the problems (described in section 0). Some appropriate
dredging equipment are depicted in Figure 3-15, Figure 3-16 and Figure 3-17. As it can be
seen from the specifications of some of these technologies, the sediment removal production
rate depends on the type and conditions of the deposited materials as well as pumping
distance (there are some useful graphs showing these relationships, depicted in Figure 3-17
and Figure 3-18 for two different technology).

Figure 3-14 Various dredging technology for sediment removal from a reservoir based on hydraulic and
morphological condition (provided by Royal IHC)
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Figure 3-15 Amphibious multipurpose Watermaster — applicable for dry areas to the depth up to 6.5 m; the
pumping rate is 600-900 m3¥hr (with 10-30% of solids) with max. pumping distance up to 1.5 km. The
production rate is very much affected by various conditions, e.g. soil condition, pumping height and distance,
presence of debris or stones, operators experience, etc. (https://watermaster.fi).
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Figure 3-16 The SediCon Dredge is a hydrosuction system that uses the available water head between the
reservoir and the outlet of the discharging pipe, for pumping out water and sediments (so, it does not require
energy). Typical average capacity range from 50 m? cohesive sediments per hour for 200 mm dredges and up
to 1000 m? per hour for sandy materials dredged with a 500 mm dredge (www.sedicon.no).
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TYPE OF DREDGER POWER DIAMETER DEPTH CONCENTRATION
Beaver® 30 I 250kwW 300mm 6m 20%
Beaver® 40 409kwW 400mm 8m 20%
Beaver® 45 N 764kW 450mm 10m 25%
Beaver® 50 [N 1,258kwW 500mm 14m 25%
Beaver® 65 DDSP I 1,706kW 650mm 18m 30%

Figure 3-17 The production rates for various types of IHC Beaver cutter suction dredgers (provided by Royal
IHC)
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Watermaster Classic V with P250 submersible cutterpump
Outputs are calculated with
= max 20% volumetric concentration of in situ solids

internal diameter of discharge pipe 258mm

final elevation at the end of the pipeline is 3m

outputs are given as max in situ solids (m3) / effectivepumping hour (h)
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material varies from free flowing, easily excavated material to compacted andjor
difficult excavations. when estimating actual outputs, the nature of the material pipeline length, m
and job conditions must be considered.

Figure 3-18 The production rates (assuming 20% of solid in total pumping volume) of Watermaster (Classic V)
for various sediment type and pumping distance.

An example of selecting possible equipment and tentative estimation of the unit dredging cost
for the Channel reservoir based on some parameters, assumptions, and possible
requirements (volume(s) to be dredged, production target) is shown in Table 3-1. Note that
this only includes the base dredging operation (with assumptions for costs of
fuel/crewing/pipeline etc.) and does not include any other costs (such as costs incurred
because of local law/legislation, mobilization / demobilization, overhead, local site
preparation, further disposal/processing of dredged material, survey etc.). As thisis only a
quick scan and analysis, an in-depth analysis is advised to further investigate the data and
project requirement to elaborate further on the dredging requirements and costs incurred.
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Table 3-1 An example of a preliminary selection of the equipment and tentative estimation of the unit cost for the dredging at the Channel reservoir (provided by Royal IHC)

Project location :

coordinates:

Tuyamuyun Hydro-Complex Turkmenistan
41.211768°, 61.405978°

water depth in dry season [m]:
water depth in wet season [m]:
dredging layer {m]

elevation up to {m}

max pumping distance [m]

material type

Volume to be dredged [m3]:

Phase 1 volume to be dredge year 1:
Phase 2 volume to be dredge year 1:

Operational indicators:

5

10

12

4 Standard value, no details provi-a;d v -\ M
500 Assuming disposal of material is possible onshore close to dredginé area

MEDIUM FINE SAND

2,000,000.00 Maintenance dredging close to the dam (length of channel to be dredged unknown)
20,000,000.00 Capital dredging to 10km upstream & downstream of the dam

Operational hours per day [h] 24 Working 2 shifts of 12h each
Effective pumping hours per day [h] 16 Taking into account (minor) delays for crew change, cutter operation etc
days per week 7
week per year 40
operational factor 0.75
ANNUAL PRODUCTION TARGET PHASE 1 [m3] 2,000,000.00
TTPump 30-250 Beaver 45 Beaver 50 Beaver 65
standard version extended ladder*
estimated production according to given parameters [m3/oh] 350 700 1000 900 1500
annual production [m3] 1,176,000.0 2,352,000.0 3,360,000.0 3,024,000.0 5,040,000.0
time to close the project (2MLN m2 to be dredged) [year] 1.7 0.9 0.6 0.7 0.4
dredging depth [m] 10 10 14 172 18
price per unit [Euro/m3] 1.81 1.98 1.66

* standard dredging depth extension is -2m, but can be further extended to reach -17.0m. Additional analysis is advised with regards to the pump performance and the material to be pumped
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3.5.3.2 Sluicing and flushing operation
Some general descriptions on sluicing and flushing operations have been provided in section
3.2.1.2. Under the current condition of a large deposition near the undersluices and intakes, it
is risky (and maybe even not possible) to carry out active sluicing and flushing operation.
Consequently, before any flushing operation and planning, the sediment must be properly
removed from the areas near the dams and intakes. The dredging should be carried out in a
way that the exposed slope of the deposited layer should not be steep to prevent collapse of
deposited layer (e.g., during sluicing or flushing, or even just under the hydraulic pressure
during full reservoir level). There is a proposition for reservoir operation to facilitate the
sluicing of the incoming sediment and flushing (as shown in Figure 3-19). However, this
appears rather rough that requires proper analysis (e.g., using hydraulic and sediment
modelling). The sluicing and flushing operation will be required and useful to improve the
effectiveness of the sediment removal efforts and to maintain the functional requirement near
dam areas in future as well. Nevertheless, these operations should be planned and studied
properly before their execution. There are several examples about how to perform it. The
operations should be carried out and monitored carefully to avoid any unforeseen impacts
leading to hazards and risks for the intakes, hydropower plant and canals.
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Figure 3-19 Proposed reservoir operation based on monthly-averaged reservoir level for high-, average- and
low-flow years (M. Ikramova, 2021)

There are ill examples of sediment and ecological disasters due to flushing operations that
were carried out without proper investigations on quantity, quality, and conditions of
deposited sediment. For example, the flushing of a reservoir in India ended up with a huge
sediment disaster. The deposited amount was large, thus the slurry during flushing got highly
concentrated. It behaved like a fluidized sediment mass (or like hyper concentrated turbidity
current). Moreover, there was an unforeseen trouble with the clogging of the undersluices
(apparently due to the hindrance, induced by some debris), which led to the mass of
sediment bursting towards the powerhouse (which is located on left side of the spillway
similar to the t THC). The powerhouse area was covered with large volume of sediments, and
thus the power generation had to be stopped for a considerable period.
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Figure 3-20 gives some impression about the aftermath. There is another ill example of an
ecological hazard caused by the flushing of a reservoir. The incident caused by the
uncontrolled flushing of Kallarkutty reservoir in Kerala without proper assessment of sediment
quantity and quality. The flushing operation resulted in an ecological disaster causing
pollution of the downstream reach of the river Periyar, and thus obstructing the water supply
for several months as well as affecting the aquatic life (Giri et al., 2019). Some other
examples are presented in section 5.2 (Chapter 5).

during flushing operation at Pillur reservoir in India (Giri et al., 2019)

3.54 Sediment reuse pilot campaign
Another important component of the proposed sediment management program is the
development of a sediment reuse pilot campaign. The beneficial reuse of removed sediment
will make the sediment removal option more efficient and sustainable. Since there is not yet
much clarity about the feasibility of the reuse options, it is proposed to prepare a plan for a
sediment reuse pilot campaign. There are some results of small-scale testing and
experiments, but such a pilot campaign will help to determine the technical, economic and
environmental feasibility of the beneficial reuse of removed sediment from the Channel
reservoir and canals on a larger scale. The ability to commercially scale-up these beneficial
use options is critical.

3.54.1 Sediment reuse options
For the pilot campaign, the following sediment reuse options shall be considered:

i) Manufactured top-soil enhancement (improving agricultural area and creating ecological
zones)

i) Fertilizer production

iii) Construction material (bricks, blocks, engineered fill) production

iv) Training/guiding earthen structures (e.g., embankments, dikes, sand plugs) for
constructing disposal facilities, guiding flow and sediments in the reservoir and river

The options can further be prioritized based on additional information, conditions as well as
technical and financial resources and convenience for the pilot campaign.

3.5.4.2 Transport, disposal, treatment, and processing
Confined or unconfined disposal facilities ((U)CFD) shall be built for the placement of
removed sediments, their treatment and processing, e.g., dewatering and testing facilities
depending on the selected reuse options.
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At a first glance (exploring Google Earth), we see a couple of areas for the pilot campaign as
shown in Figure 3-21. These areas are near to the headworks, i.e., and near the major
maintenance dredging area in the reservoir. Consequently, the transport distance is less,
thus enabling to use a slurry pipe and return flow after dewatering (an example is depicted
Figure 3-22). The part of the (U)CFDs can be developed as agricultural and ecological zones.
Part of the placement area can be used as a processing staging and production area (i.e., for
fertilizer and construction materials).

Figure 3-21 Two possible areas (indicated by green polygons) for disposal, treatment and processing near the
headworks (further detailed in-situ investigation is required)

9. PIPELINE FLOAT
10. BOOSTER PUMP
11. COARSE SEDIMENT SETTUNG

1
2.
3
4.
S.
6.
7.
8.

Figure 3-22 An example of dredging, transport, disposal (at CFD) and dewatering set-up (Source: J. F.
Brennan)

The Pneumatic Flow Tube Mixing (PFTM) for sediment processing and reuse
Stabilization of soft sediments similar to what is found in the THC to produce a structural
and/or non-structural beneficial use product that has the consistency of a stiff clay engineered
fill material could be of value as part of a beneficial reuse program. The PFTM system is a
rapid construction technique for stabilizing, transporting, and placing reclaimed dredged
materials, soft soils, and mud, which allows for their beneficial use as structural and non-
structural fills (Figure 3-23 and Figure 3-24).
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It can be used on land or offshore (within rivers and canals) and is especially well suited for
the reclamation and processing of contaminated (or non-contaminated) dredged materials
from large scale navigational and remedial dredging projects. Prior to the development of this
method, stabilization of dredged sediment and soils required special mixing plant vessels or
cumbersome on-land processing plants. With the PFTM System, on-site pneumatic
conveying capabilities, requiring ordinary equipment and facilities, can be used to simplify the
mixing process within a small footprint. The process itself is enclosed in a tube to minimize
spillage, and odors. It has also been shown to eliminate the expensive and environmentally
problematic disposal of dredged sediments while simultaneously providing an economical
and effective beneficial use application for engineered structural fill purposes.

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

Addition of
Compressed Air Fluid Flow
(Sediment Stabilized
Sediment

Air Flow

Sediment
(Slurry)
Input
Direction of Flow Creation of Sediment Plugs | Introduction of Stabilizing Agent Turbulent Mixing/
> Transport

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”.

Figure 3-23 PFTM mechanism (Kitazume, 2002)
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Figure 3-24 PFTM process equipment
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0 to 72 hours after placement

Dredged Sediment Prior to
Stabilization

= 7.5% Portland cement  7.5% Portland cement 5% Portland cement
Freshly-placed PFTM Processed
Sedimm (8% Portland cement) Immediately after mixing After 24 hours After72 hours

Figure 3-25 Processed sediment using PFTM

The PFTM process produces a high-quality beneficial reuse fill (i.e., uniformly amended with
Portland Cement or other binders like furnace slag or cement kiln dust)) that can be used for
both environmental and structural purposes. Beneficial reuse or disposal/placement options
are project specific and can include, brownfield development, bulkhead backfills, landfill
covers, sub-base in roadway construction, coastal protection (berm construction) and shallow
ground improvement as well as land reclamation. The PFTM system has processed over 20
million cubic yards (=15.3 million m3) of sediment in Japan for the construction of airports and
land reclamation projects in the marine environment. This cement stabilization process can
be operated on land or barge, with the ability to process and pump stabilized sediments up to
3000 feet (or further with booster pumps) for structural and non-structural beneficial reuse. A
schematic of a barge mounted PFTM mobile operating system is shown in Figure 3-26.

M= g
s s

)

Figure 3-26 Barge-mounted PFTM Operations: Mobile Operating Sediment Engineering System (MOSES)

Developed in the early 2000’s in Japan, the method has been used extensively in projects of
all sizes and scopes including offshore reclamation for the construction of the Tokyo Haneda
International Airport Runway, Osaka International Airport, Nagoya International Airport, and
within numerous harbors in Japan (Figure 3-27). The stabilization process is entirely
enclosed from the time when it is loaded until the stabilized material is discharged from the
system. The PFTM System received dredged materials similar to other stabilization systems;
a scow containing dredged material is brought to the process location. The scow is unloaded
via excavator and loaded into a grizzly and sediment size separator.
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Due to the small size of the PFTM System (less screening is necessary for larger systems)
the grizzly will require a 2-inch vibrating screen underneath in addition to the standard 6-inch
bar screen.

The PFTM System mixes sediments with designated binders in a pipe via compressed air,
during transportation from a source to the final placement site. The mixture of soft sediment
and binder (cement) forms many separated mud-plugs in the pipe, and these are thoroughly
mixed during transport via turbulent flow (short distance) generated within the plug. The soft
sediment stabilized with binder has rapid increase in strength, and the strength of stabilized
sediment can be easily controlled by changing the amount of binder and water content of the
sediment through a real-time computer monitoring system. The sediment mixture deposited
and cured at the site can gain relatively high strength rapidly so that no additional
sediment/soil improvement is required. Transport of soft sediment in a pipe without any
amount of air requires high pressure to compensate for friction generated along the inner
surface of the pipe. When pulses of compressed air are injected into the pipe together with
soft sediment and the binder, the mixture is separated into small plugs. The plugs are then
pushed to an outlet. The formation of plugs reduces the friction along the pipe’s inner surface
and can considerably reduce the air pressure required for transport. The air pressure
required for transporting sediment depends upon many factors such as sediment properties,
injected air volume, pipe diameter and length. In the current practice, an inlet air pressure of
400 to 500 kPa is used. The plugs are transported at speeds exceeding 10 m/sec in the pipe
resulting in turbulent flow within the plugs due to the friction along the inner pipe surface
which mixes the sediment and binder. PFTM has been used for a variety of sediment types
with varied effectiveness. It has been shown to work well for fluidized highly organic, silty clay
sediments with water content in the range from 50% to 200%.

Deep-sea treatment barge Sand compacion ship

thy

B
£

g
‘]] \ .' Casing pipe
improved p
Kansai International Airport Soft Seabed Improvement Work Vessels Chubu International Airport
El Dredging = B :;’(“"“':uc = B ggmtd =» [ Plug Flow Mixing =) [FJPiacement
Adding Solidification: | | Adding Solidification
Pumping machine addition method | ! Lme addition method
Alv-Pumm / Solidification 7
i Heiwis ﬁ .‘3&. : uppiy Barge _ | " conveying pipe Placing Bargq, 3
LR ) e b
_— \ — = = 1
A * -
T /@///\ RS

Figure 3-27 Examples of artificial island in Japan (upper images), built using PTFM technique (lower image
shows the workflow and features of dredged sediment recycling system (Giri et al., 2019, internet source)

3.5.4.3 The examples of dredged sediment placement facilities
One of the key requirements for the beneficial reuse pilot campaign is the preparation of the
dredged sediment placement facilities, e.g., confined or non-confined disposal facilities
(CDFs). The facilities may be an upland or in-water structure. We demonstrate here a couple
of global examples and practices that could be useful to consider for the THC.
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However, the design, execution, and monitoring of the pilot sediment placement facilities at
the THC should be very specific based on detailed investigation of various local conditions
and nuances (technical, economic, social, and environmental). Some other global examples
are shown in 5.4 (Chapter 5).

1) Great Lakes dredged material placement facilities (USA)

The US Army Corps of Engineers has constructed several sediment disposal/placement
facilities around the US Great Lakes since the late 60's for the disposal of contaminated and
non-contaminated dredged materials from various navigation projects. They are located in
several areas around the Great Lakes/harbors and ports. They are constructed at upland
sites, in open water, near the shore and as CDF (Figure 3-28). A Fact Sheet for one of the
CDFs at Toledo Harbor in Ohio is described. Hr - Island 18 (see the reports, prepared by Hull
& Associates, provided with this report):

« Island 18 (also known as Grassy Island) is an in-water facility in Toledo, Ohio, located in
Maumee Bay northwest of the mouth of the Maumee River.

» Local sponsor is the Toledo-Lucas County Port Authority.

« CDF area: 150 acres with a total capacity of 5,000,000 y2 (3.8 million m3)

» CDF constructed in 1961-62 as part of new work project (cost not available). Dikes
subsequently raised for disposal of maintenance dredging. New dikes constructed in
1977 on top of existing fill at a cost of $5,000,000 USD.

» Dike design is an earthen dike using new work dredged material and previously
maintenance dredged material

» Dredged material placed in CDF from hopper dredge by pipeline.

» CDF dewatered by discharge from overflow weir and dike seepage to Lake Erie.

+ Effluent treatment by primary settling and filtration in dike core.

« Water quality impacts evaluated during pilot program (US Army Corps of Engineers
Buffalo District 1969).

» Local sponsor plans to use site for recycling of dredged material.

It was extended in 1994 (Toledo Harbor Site 3 — Cell 2 CDF) as shown in Figure 3-29. Here
are some facts about the extended CDF:

» Toledo Harbor Site 3 — Cell 2 CDF has an area of 155 acres, with a total capacity of
5,300,000 cubic yards (around 4 million m3).

« Testing and analysis have indicated that the majority of the Maumee Channel sediment is
suitable for open lake placement making the future need for CDF capacity very limited.

« Non-Federal interests may use this disposal facility if it is determined that the capacity to
be used by the non-Federal interest will not reduce the availability of the disposal facility
for Federal navigation project purposes, that the material is environmentally acceptable,
and after payment of a tipping fee.

» Direct transportation access to the CDF is available via road and water.

There is a whole list of CDFs in the report. Some of them are listed in Table 3-2, which
provides some features and tentative costs of the facilities. The full list is provided in the
report.

A CDF can serve as a storage facility for large volumes of dredged sediments from the THC.
It provides needed storage capacity for Capital and maintenance dredging to proceed.
Dredged material that is placed in the CDF can also be mined out for beneficial use
alternatives thus extending the longevity of the CDF.
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Great Lakes Harbors Current Dredged Material Placement Methods

Percentages by volume (1098-2014)
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Figure 3-28 Great Lakes harbours (left) and the dredged material placement location and methods (courtesy:
D. Romano, 2015)
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Figure 3-29 One of the Great Lake CDFs (extended in 1994) at Toledo harbour - Island 18

Great Lakes Dredged Material Center for Innovation

This is an exemplary endeavor that can well be adapted for the THC as well. This specific
program on piloting beneficial reuse of dredged sediment was started in 2016 by the Toledo-
Lucas County Port Authority with the support of a 2.5 million USD grant provided by Ohio
Healthy Lake Erie Fund including cooperative partnerships between the Ohio EPA, ODNR,
Port Authority, City of Toledo and US Army Corps of Engineers. The impetus for this project
stems from the fact that dredged material disposal in Lake Erie ceased in 2022 and upland
placement was needed. Dredged sediments need to be considered as a resource and not as
a waste.

The Port of Toledo dredges about 6 to 8 million m? of material dredged annually from the
shipping channel. This is a research project that is supposed to help to explore the beneficial
reuse of dredged materials (that otherwise simply disposed of at in-water sites). The program
evaluated dredged material placement, materials handling, dewatering, the use of the
dredged sediments as interim cover for crops, soil amendments, and other testing, operations
and maintenance activities necessary to plan for the full-scale implementation of the
beneficial use of dredged materials for agricultural and blended soil product purposes (Hull &
Associates, 2018). This also demonstrate as an example of public-private partnership.

As per the report by Hull & Associates (2018 - see the report for the details), This grant was
provided for design, permitting and construction of various cells (Figure 3-30) associated with
following research activities and investigation:
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« Agricultural Technology Field Testing Area: Four 2.5-acre cells to demonstrate and
analyze the feasibility of enhancing agricultural fields with dredged material. The cells can
be used independently to evaluate various treatments or amendments, consolidation
rates, plantings, etc.

» Edge-of-Field Treatment System Research Area: An underdrain tile system installed in
the cells to drain water into an edge-of-field treatment system. This water management
and treatment system can support future nutrient runoff reduction research.

- Blended Soil Production Area: Dredged materials can be blended with other materials,
including leaf compost from the city of Toledo’s composting facility. A Materials
Certification Program is supposed to be established to ensure that appropriately prepared
dredged material-based blended products are acceptable for unrestricted public and
commercial uses.

» Mooring Area: Improvements may be made at the riverfront for a dredged material
offloading area.

» Site Access and Infrastructure: Potential improvements include an access road
upgrade/extension, water and sewer extensions, and security fencing and gates.

Some other facts are outlined as follows:

- Dredged material is supposed to be transported from barges to the cells by hydraulic
means where the material will be consolidated and dewatered using the drainage system
and edge-of-field treatment system.

« A mooring and bulkhead structure may be constructed to accommodate hydraulic or
mechanical offloading.

» The facility is initially supposed to accommodate approximately 100,000 cut cubic yards
(76,000 m3) of dredged material.

+ Ramped up production of blended soil product could facilitate a significant volume of
material leaving the site once the Material Characterization Program is established and
placed dredged materials are dry enough and ready for processing.

- Dredged materials were anticipated to be placed over the two years. Future site activities
and analyses were anticipated to extend beyond the completion date of the Healthy Lake
Erie Fund project.
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Figure 3-30 Various cells for the placement of dredged materials
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Table 3-2 Some of the CDFs at Great Lakes (Hull & Associates, 2018)

Initial
Design CDF
Size Capacity” | Percent Caonstruction | Existing or Planned Uses After
CDF Name' Mavigation Projects Served | State T}.'pe3 ‘Year Built| (acres) (cu wd) filled® Authorirys Cost’ Filling Status
Sebewaing Harbor Sebewaing Harbor MI U 1979 9 54,000 100{Sec 123, PL 81-611 $1,300,000{airport expansion last used in 1988
Sebewaing Harbor - Marina Site Sebewaing Harbor MI U 11 Provided by sponsor active
St. Clair River and Channels in
St, Clair River - Dickinson Island Lake St. Clair MU 1975 174| 2,000,000 71|Sec 123, PL 91-611 $5,072,000| wildlife area active
St. Joseph Harbor - Malleable Site S5t Joseph Harbor MU 1978 15 35,000 100 $173 474|private land material removed from site
St. Joseph Harbor - Whirlpool Site St. Joseph Harbor M |U 19786 14 25,000 100|Froject specific D&M 5638, 000(tranfer site last used in 1999
last used in 1978, although
Toledo Harbor - Island 18 Toledo Harbor OH |l 1961 150| 5,000,000 92| provided by sponsor $5,000,000(wildlife area capacity still remains
Toledo Harbor - Riverside Park Toledo Harbor OH |U 1951 150 100|Project specific O&M last used in 1961
Toledo Harbor - Site 3 Toledo Harbor OH |L 1976 242| 11,100,000 98[Sec 123, PL 91-611 $18,400 000|wildlife area active
Toledo Harbor - Site 3 Extansion Toledo Harbor OH [L 1994 155 5,300,000 0|Project specific D&M 54 800,000(wildlife area active
§297,796,474]

Legend

1 - CDF name is that most commonly applied, not necessarily a formal title

2 - Federal navigation project from which material was dredged

3 - CDF types (L = in-lake site attached to land; | = in-lake island; U = upland site)

4 - Planned capacity of CDF at time of construction

5 - Percent filled, based on adjusted capacity estimates

6 - Authority for COF construction. Bayport CDF expanded by non-Federal sponsor with local funding and grant from EPA

T - Contract cost for CDF construction, not inflated to current value. Does not include planning and design costs. Some earty COFs were developed by non-Federal
interests for limited or one-ime use, and construction costs are unknown.
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2) Confined Disposal Facilities (CDF) in the Slufter (The Netherlands)

The Port of Rotterdam must conduct regular maintenance dredging with an annual volume
removal of 12-15 million m2. A large amount of the dredged sediment (mostly clay and silt) is
contaminated that must be disposed in a CDF. De Slufter is a nearshore CDF close to the
Port of Rotterdam (Figure 3-31). Started as a diked, subaquatic nearshore CDF 25 m below
sea level in 1987, twenty years later it's been filled to sea level and in the future will be filled
to 25 m above sea level. At present, sand separation and clay production for beneficial reuse
are taking place. This could offset some costs (Pianc Working Group Envicom 5).

Some more facts and figures about the CDF De Slufter are outlined as follows:

* Operational since 1987

« Partnership between the Port of Rotterdam Authority & Ministry of Infrastructure and
Environment. The CDF is managed by the international dredging company Boskalis.

« Area approx. 260 ha (2.6 km?) and storage capacity is 150 million m?3

« Sediments are from two major rivers (Rhine and Meuse), placed into the CDF

« Contaminated sediment is also stored.

» Energy-producing windmills are installed on the dikes.

» Upon completion of the embankments, special grass was planted to prevent erosion. On
the seaside of the facility a recreational area was created, compensating the loss of
existing recreational facilities. On top of the embankments an inspection road (approx. 6
km long) was built with public viewing points into the pit area.

« South of De Slufter a nature reserve was created, which gradually became vegetated and
attracted various species of birds.

« Dry parts of the facility are frequently used as breeding grounds by birds (seagulls, ducks,
and other shore birds). This can sometimes impede operations on the site.

* A monitoring system was installed to check the mobility of the contamination.

* Dredged sediment from Belgium and Germany is also stored (interest from other
countries, namely UK, Sweden, Denmark, Ireland)

» The total cost of constructing the facility was about 68 million €. Operating costs run at
approx. 9 million € per year and are independent of the quantity of material that is
disposed of. The costs of the discharging barges or dredgers are not included in this
figure. The costs of keeping the equipment on site up-to-date, after treatment and the
execution of several tests are also omitted. All included unit costs shall remain well below
4.5 €/m3. The average cost of treating sandy materials by using the mechanical sieve was
11 €/tds. Use of the sedimentation basins added 2.7 €/m? to the total cost.

Figure 3-31 A top view of De Slufter (left GE image) and sedimentation basin and clay production fields (right
image - Pianc Working Group Envicom 5)
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3.5.5 Erosion and sediment inflow management

3551 Catchment erosion and treatment
Catchment degradation is one of the main reasons for high sediment yield, transport, and
deposition. As found in previous studies (Rakhmatullaev et al., 2013), in Amu Darya basin,
the land degradation resulted in desertification, loss of biodiversity, land salinization and
overgrazing of land. In Uzbekistan, the common forms of erosion are mainly wind and
irrigation. As reported in Rakhmatullaev et al. (2013), wind erosion is particularly dominant in
desert regions of Khorezm, Bukhara and Karakalpakstan. The erosion by water and irrigation
has increased due to the improper irrigation methods and to the increase of irrigated areas on
steep slopes. In addition, the main contributing factors are deforestation and overgrazing
(UNESCO, 2000). Nowadays, wind erosion has dramatically decreased by 50% against the
1980s due to preventive action plans by vegetation strips around irrigated areas but the
specific losses of humus layer over a season due to erosion can still reach 80 t/ha (UNDP,
2007). Similarly, it was reported (UNEP, 2005) that about 75% of the total number of
mudflows in the CA region occurred in Uzbekistan. Various mitigation measures have been
used in Uzbekistan such as the implementation of vegetation strips, terracing on steep
slopes, implementation of engineering erosion preventive structures and the application of
conservation tillage techniques (Rakhmatullaev and Le Coustumer 2006; Rakhmatullaev et
al. 2008b). Dust clouds in eastern Uzbekistan are largely loess related, but in the west dust
material is raised from the drying Aral Sea bed; this is mainly composed of clay minerals
agglomerated material and can carry on dangerous pollutants (Rakhmatullaev et al., 2013).

One of the options of beneficial reuse of removed sediment from the Channel reservoir can

be used for desert greening, afforestation, and improvement along the reservoir (e.g., using
low-water-demand trees and shrubs - Figure 3-32) will also help to reduce the wind erosion.
Several erosion and sediment transport control methods and soft measures can be used for
reducing the sediment yield from upper catchment and tributaries (Figure 3-33).

Figure 3-32 Desert greening for wind erosion control
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Figure 3-33 Some examples of (soft-structural) catchment and river sediment management measures

3.5.5.2 Erosion and sedimentation management in river and reservoir
The transport of the sediment due to riverbed and bank erosion as well as propagation of
deposited sediment at the upstream reach also appear to be the cause of sedimentation at
the reservoir (particularly near the dam). For example, a large amount of sediment deposition
was found at the upstream part of the reservoir in 2008 that eventually propagated towards
the dam in 2021 (see section 0). This means that apart from the sedimentation due to the
settlement of suspended patrticles, the transport of bedload from upstream reach of the
reservoir towards downstream (towards headworks) is also a major problem. This can be
minimized by trapping and/or diverting them at the upstream and removing on time so that
they are not transported downstream towards the dam and intakes. The erosion and
transport of sediment from upstream part can be managed by using some soft erosion control
and trapping structures (e.g., using the deposited materials). This should be studied and
designed in a proper way. Moreover, some baffles and guiding soft structures can be built
along the reservoir to redirect, trap, and remove the sediment to reduce the downstream
transport. Sediment traps can possibly also work in this environment.

After the maintenance dredging near the dam area is performed, it is necessary to prevent
the transport of bedload towards the intakes. This can be done using various soft structures
such as eco-friendly bottom screens and barriers. However, the effectiveness of such
measures should properly be studied. An example is shown in Figure 3-34.
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Figure 3-34 Sediment management and monitoring measures at Miwa dam in Japan (Kantoush et al., 2011)

3.5.6 Monitoring, information, forecasting and early warning systems
The regular and systematic monitoring in the catchment, river and reservoir reaches is an
important component. The monitoring and measurement should be comprehensive that
includes various processes and parameters in various spatial (from catchment to river and
reservoir reaches) and temporal resolution and frequency (Figure 3-35). However, only
monitoring and collection of data will not add much values if they are not properly managed,
stored, analyzed and utilized for the purpose of improvement and adaptation of measures.
Moreover, the data should be used to establish an information, forecasting and early warning
systems in conjunction with some prediction methods, e.g., empirical, data-driven and/or
physics-based computational models. Such real-time early warning systems can be used for
not only dissemination of the information but also for decision-making processes during
critical situations.

There are already some observation stations along the Amu Darya and at the THC for
collecting regular data associated with rainfall, flow, reservoir level and sediment transport
(concentration). Also, the reservoir bathymetry has been measured a few times. However,
there is not much information on the spatial and temporal resolution of the observation, how
automated the data collection and management systems are as well as the quality and
frequency of their processing, analysis and utilization. This must be explored first. There are
advanced measurement instruments for automated and real-time observation (e.g., for high-
frequency observation of rainfall, water levels, discharge, sediment concentration). Also,
there are several tools and information systems (open-source) that can be applied for not
only management and dissemination of the data and information, but also to incorporate
prediction methods., Models to be used as forecasting and early warning system such as
Delft-FEWS (Forecasting and Early Warning System), developed by Deltares are also
employed. The system Delft-FEWS can incorporate all kinds of data from various sources
(e.g. freely available global data, ground data in real-time or standalone mode) in an
automated way. The tool also includes various statistical analysis packages and tools, and
the possibility to incorporate prediction methods and models (Figure 3-36). The Delft-FEWS
are being widely used not only as an information and operational system but also as a
forecasting and warning system in both standalone and real-time mode.
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Figure 3-35 Some of the quantities that should be monitored and measured (Giri et al., 2019)

For the case of THC, such a system like Delft-FEWS can be adopted first to automatize the
monitoring, data management and analysis part (e.g., for rainfall, water levels, discharges,
sediment concentration data). Subsequently, the catchment hydrology and overland erosion
models (conceptual and/or physics-based), the river flow and sediment transport models as
well as a reservoir operation and morphological model for the Channel reservoir can be
developed and incorporated in the system. This is to be used for operational and prediction
purposes that will be very helpful for adaptation of the sediment management measures as
well as for decision-making processes. A few examples are shown in Figure 3-37 and Figure
3-38.

Similarly, in a sediment management handbook (Giri et al., 2019), an approach has been
described that includes procedure and required reporting and documentation related to
development of a Reservoir Morphology Information System (RMIS). This is based on good
practices and the longstanding experience of US Army Corps of Engineers on setting up the
Sediment Studies Work Plan (SSWP) for rivers and reservoirs (USACE, 1989; Pinson et al.,
2016) as well as US Geological Survey on setting up Reservoir Sedimentation Survey
Information System (RESIS) (Ackerman et al, 2009).

Having such a system is required and very useful for the THC regardless of what kind of
measures (maintenance or/and large-scale) are implemented. This is an important non-
structural and adaptation measures that will help to deal with the problems related to flow
(flood and drought) and sediment management at the THC.
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Figure 3-38 An example of Delft-FEWS application for hydrological, reservoir inflow and dam stability
monitoring and prediction in Bhadra catchment and reservoir (India)

3.6 Concluding remarks

Based on a rapid screening of measures and reservoir management of sediment-induced
problems, we have proposed two categories of the measures/solutions to address the
sediment-induced problems at THC, namely (i) urgent and essential sediment management
and storage recovery program; and (ii) large-scale measures and interventions. All these
proposed categories of the measures have been practiced in different parts of the world
(although the problems were not always related to sediment-induced problems in the
reservoir) — most of them are related to large-scale earthworks, sediment removal capital
projects. Nevertheless, given the specifics of the problem and the region, the measures and
solutions that will be suggested upon should be THC specific. With that said, there should be
an understanding that there are large scale examples that could be implemented and thus
“not reinventing the wheel”. There are global dredging and marine contractors that have this
type of experience.

The first category of the measures is very important and crucial to address the problems
associated with not only storage loss, but also safety of the complex and the
people/community. Therefore, most of these measures are no-regret measures and do not
even require detailed cost-benefit analysis. However, proper assessment of technical, social,
engineering, and environmental impacts is required for proper planning, design, and
execution of the measures so as to avoid/manage any risk involved.

The second category of the measures cannot be considered quickly as they require project
scoping as well as proper feasibility and impact assessment considering technical, financial,
engineering, and environmental aspects. The proposed measures require large investment,
thus more exploration, negotiations, and proper planning.
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These activities can be carried out in conjunction with the execution of the first category of
the measures that can eventually be adapted in case the second category of the measures
are implemented.

We have eventually proposed a technical concept on a comprehensive sediment
management program that includes sediment removal and beneficial reuse. The technical
concept has been prepared for a 1st-category problem and corresponding measures. We
have presented some technical solutions and examples related to sediment removal
(dredging) and sediment reuse (mainly focus on their placement and disposal). This
proposition is merely a preliminary technical concept based on rapid analysis of limited data,
information, and global practices. Therefore, it will require further enhancement and specific
refinement based on detailed investigations and studies including feasibility and impact
assessments.

A combination of recurrent, soft, and hard measures in complement with non-structural
adaptive measures will be the best choice. The non-structural adaptive measures are very
important to monitor and maintain the effectiveness and sustainability of the rehabilitation
work with an adaptive management approach. Besides, supplementary measures such as
catchment and river management and treatment to reduce sediment generation and transport
should be an integral part of the comprehensive sediment management program.
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4 Feasibilities, impacts, benefits, and constraints

4.1 Introduction

It is evident that the sediment-induced problems at THC are rather acute. We have
categorized the problems and possible measures and solutions in previous Chapters. The
measures and solutions are rather complex technically and economically. Moreover, they
might cause various adverse impacts as well. Consequently, it is important to carry out
feasibility and impact studies considering social, economic, and environmental aspects. It is
also important to assess the benefits and constraints for an optimal selection of the measure
(or combination of the measures). It is also possible that during preliminary screening and
high-level project scoping, a rapid pre-feasibility and impact assessment is made. In the case
of the Channel reservoir, the 1st-category problem must be addressed urgently, thus the
feasibility of the measures is obvious. The importance is to assess the impacts and safety
issues to plan, design and execute the measures in a proper way. Regarding the 2nd-
category problems and the measures, there must be a high-level scoping study at first based
on a preliminary exploration and discussions on the possibilities to acquire financial and
technical resources. It will require a comprehensive feasibility and impact assessment in later

stages.

4.2 Technical, economic, environmental, and social feasibilities and
Impacts

421 Approach and methods

It is useful to have a rapid pre-feasibility and impact analysis during screening of the
measures and solutions. This may not always be possible due to lack of enough data and
information. Some general aspects related to the approach and methods for feasibility and
impact assessment can be outlined as follows:

» Generally, when there are information and data to some extent, it is possible to carry out
a tailored analysis for a particular reservoir to have sufficient ideas about the pre-
feasibility and impacts of the possible measures and solutions. This is the case with THC
as the problem is clear. Moreover, a part of the measures is obvious and inevitable.

« Comprehensive feasibility and impact assessment are not always a simple task as it
requires complex investigations, such as rigorous field measurements, complex analysis
using advanced tools and methods such as process-based hydraulic and morphological
modelling, economic analysis and modelling, environmental and social impact
assessment.

» As a part of pre-feasibility assessment, outline of all associated impacts can be
considered as a first approximation (usually the impacts are obvious, but only their
guantification and associated risks are not fully known). Some experience of ill and good
practices and incidents can be useful to consider, particularly when the impacts are not
that obviously foreseen.

« There must be a tailored approach despite some common aspects that can be borrowed
from global experience since the feasibility of a solution is based on regional and societal
factors and importance that cannot always be evaluated in a generic term.

» There are also legal constraints related to the measures and solutions that must be
investigated and analysed.

« There are also options and considerations to mitigate or minimize the adverse impacts.
This may require comprehensive and integrated studies.
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In regard to the economic feasibility, there are various approaches and previous experiences
that can be taken into account. For example, there is a recently published paper (Harrington
et al., 2022) that presents development of a regionally downscaled economic model to
assess the impacts of the management of dredged sediments on Gross Domestic Product
(GDP) and jobs created. The model is validated and applied using real project data from
sediment management projects in Ireland and Scotland. The model allows the quantification
and comparison of the direct, indirect and induced benefits of a range of sediment
management options and projects yielding key information for project planning and decision-
making purposes. The model user can economically assess and compare various potential
sediment management options. The model can be used for impact analysis considering the
economic aspect of sediment management projects with the potential to facilitate and inform
stakeholders across the sediment management sector. (Harrington et al., 2022). A flow chart,
presented in the paper, showing the model structure with inputs and outputs are shown in
Figure 4-1. The further details can be found in the paper.

Please note that the economic analysis is beyond the scope of this assignment.
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Figure 4-1 The economic model structure with inputs and outputs related to the management of dredged
sediment (Harrington et al., 2022)

4.2.2 Rapid assessment of proposed measures
The main objective of this assignment is to propose some possible measures and solutions to
the sediment-induced problems at THC based on available (similar) global practices. The
comprehensive feasibility and impact assessment are beyond the scope of this assignment.
Therefore, we only briefly outline the positive and negative impacts of each measure that can
also provide an idea about the feasibility. This can also be of help for a first cost-benefit
analysis, particularly for the solutions of the 1st-category problem.

Some of the apparent impacts (positive and negative) of the proposed measures to deal with
sediment-induced problems at THC are outlined in Table 4-1. Based on this, a rapid pre-
feasibility assessment is made by indicating ‘High’, ‘Medium’ and ‘Low’ feasibility of each
measure (as shown in Table 4-2). It is to be noted that we have considered beneficial reuse
of reservoir deposits as a part of the measures for impact and pre-feasibility assessment.
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Table 4-1 Possible negative and positive impacts of the proposed measures

Measures

Impacts: Negative (-) / Positive (+)

Social/Safety

Environmental

Economic

Maintenance

1) Vulnerability and risks
(retrogressive erosion, bed
and bank slope stability etc.
during execution and
transport) (-)

1) Air (dust), water (turbidity),
noise pollutions (-)
2) Disturbing aquatic life and

1) Temporary loss of
water and energy (-)
2) Moderate investment

dredging/ . . wildlife (-) (+)
excavation g; Eﬁ)ﬁggﬁ?r f(tir)lcnonallty ) 3) Green energy (+) 3) Beneficial reuse of
Y 4) Large dredging volumes to sediment (+)
4) Safety of structures hande (-) 4) Hydropower gain (+)
5) Employment and capacity ydrop 9
building (+)
1) Vulneraplllty and_ risks 1) A|r (dust)_, water (turbidity), 1) High investment (-)
(retrogressive erosion, bed/ noise pollutions (-)
. . L 2) Temporary loss of
bank slope collapse etc.) (-) 2) Disturbing aquatic life and
oo L water and energy (-)
. 2) Water availability (+/-) wildlife (-) .
Capital h . . 3) Beneficial reuse of
; 3) Hydropower functionality (+) | 3) Sediment reuse for .
dredging . ) sediment (+)
4) Flood safety (+) ecological restoration (+) N
4) Irrigation and water
5) Safety of structures (+) 4) Green energy (+) )
. 8 supply benefits (+)
6) Employment and capacity 5) Large dredging volumes to 5) Hydropower gain (+)
building (+) handle (-) ydrop g
. 1) Water loss (-) 1) Altered downstream flow, 1) Temporary loss of
Flushing, } 3 .
sluicin 2) Downstream flood and erosion, sedimentation, and energy (-)
sedimegn’t sediment hazard (-) turbidity (-) 2) Water loss (-)

replenishment

3) Water availability (+)
4) Hydropower functionality (+)

2) Downstream sediment
transport continuity (+)

3) Low investment (+)
4) Hydropower gain (+)

Raising FRL

1) Stability of structures (-)
2) Upstream inundation (-)
3) Water availability (+)

4) Flood safety (+)

1) Upstream and downstream
hydraulic and morphological
impacts (-)

2) Sedimentation (-)

3) Green energy (+)

1) Low investment (+)
2) Irrigation and water
supply benefits (+)

3) Hydropower gain (+)
4) Beneficial reuse of
sediment (+)

Additional off-
channel
reservoir(s)

1) Landscape intervention (-)
2) Vulnerability and risk
(geotechnical, flood etc.) (-)
3) Flood safety (+)

4) Water availability (+)

5) Employment (+)

1) Hydraulic and
morphological impacts (-)
2) Land-use change (-)

3) Agqua life and ecological
restoration in desert (+)

4) Green energy (+)

1) High investment (-)
2) Irrigation and water
supply benefits (+)

3) Hydropower gain (+)
4) Beneficial reuse of
sediment (+)

Dam
heightening

1) Stability of structures (-)
2) Upstream inundation (-)
3) Water availability (+)

4) Flood safety (+)

1) Upstream and downstream
hydraulic and morphological
impacts (-)

2) Sedimentation (-)

3) Green energy (+)

1) Moderate investment
(+1-)

2) Irrigation and water
supply benefits (+)

3) Hydropower gain (+)
4) Beneficial reuse of
sediment (+)

Dam relocation

1) Upstream inundation (-)
2) Vulnerability and risk (-)
3) Water availability (+)

4) Hydropower (+)

5) Flood safety (+)

6) Employment (+)

1) Upstream and downstream
hydraulic and morphological
impacts (-)

2) Ecological impact (-)

3) Green energy (+)

1) High investment (-)
2) Irrigation and water
supply benefits (+)

3) Hydropower gain (+)
4) Beneficial reuse of
sediment (+)

Beneficial
reuse of
sediment
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1) Vulnerability and risks (e.g.,
contamination, sediment
consolidation, quality) (-)

2) Employment and capacity
building (+)

3) Societal development (+)
4) Agricultural development
()
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2) Industrial effluent (-)

3) Land-use change (-/+)

4) Desert green restoration (+)
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2) Water loss (-)
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Table 4-2 A rapid pre-feasibility assessment of the proposed measures

Feasibility
Measures Overall assessment and remarks
Technical Environmental Economic
Malnten_ance dredging/ High High High ngh feasibility (proper des!gn and
excavation impact assessment is required)
Capital dredging Medium Medium Low Moderate feasibility (additional

investigation is required)

Flushing, sluicing,
sediment High Medium High
replenishment

High feasibility (proper design and
impact assessment is required)

Moderate feasibility (additional

Raising FRL Medium Medium High investigation is required)

Add|t|or_1al off-channel Medium Medium Medium !\/Ioder_ate_feagblhty (addltlonal

reservoir(s) investigation is required)

Dam heightening Medium Low Medium !\/Ioder.ate'fea'smlllty (addltlonal
investigation is required)

Dam relocation Low Low Medium Low feasibility

Ben.ef|C|aI reuse of High Medium High ngh feasibility (proper des!gn and

sediment impact assessment is required)

4.2.3 Possible preventing measures and conditions

Proposed non-structural and supplementary measures and conditions should be considered
and implemented to minimize the negative impacts of the solutions to the sediment-induced
problems at THC. Some of the possible impacts and corresponding preventive measures and
conditions are presented in Table 4-3. These impacts are related to all proposed measures
(described in previous section). All non-structural measures, outlined in section 0, must also
be considered as preventive measures against all possible impacts and risks.

Table 4-3 Possible preventive measures and conditions against negative impacts

Possible negative impacts Preventive measures and conditions

1) Comprehensive study and analysis for quantification of the impacts before
the executions (e.g., using morphological models, analytical methods,
satellite imagery, supported by expert judgement — valid for all the measures)
2) Regular measurement and monitoring during and after the executions of
the measures, e.g., monitoring of upstream sedimentation, bathymetry
changes (at key locations), bank and toe conditions, downstream turbidity
(e.g., during flushing and replenishment), downstream morphological
changes

3) Proper morphological analysis and maintenance dredging near the dam
before carrying out flushing

4) Investigations on existence of upstream and downstream infrastructures
such as water supply systems, irrigation intakes, dams and barrages,
recreational spots, settlements for consideration of measures for their safety
5) Regular (or real-time) measurement of turbidity to control the
environmentally hazardous quantity, make use of balance between sediment
and flow release during flushing, for example additional flow release from the
spillway or other outlets during flushing operation to dilute the downstream
flow and reduce the sediment concentration and hazards

6) Proper measurement of sediment quality (also in deeper layers of
sediment deposits)

7) Hazard and risk analysis (e.g., sediment hazards) including Emergency
Action Plan

8) Development and execution of a comprehensive sediment management
program (including catchment treatment and river management plan and
measures to minimize sediment inflow)

Upstream and downstream
sediment transport and
morphological impacts (due to
all proposed measures)
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Possible negative impacts

Preventive measures and conditions

Retrogressive erosion, collapse
of the deposited layer (due to
sediment removal/dredging)

1) Proper planning and design of sediment removal activities

2) Quantification of upstream retrogressive erosion (computation, expert
judgment) — this is particularly important if there are river and reservoir
infrastructures nearby like bridge, embankments, earthen dams)

3) The effect of sediment removal near the dam and intakes should be
properly studied, designed, and executed in a proper way so that there is no
slope failure/collapse (e.g., removal sediment from the layer maintaining
milder slope)

4) Bed and bank stability analysis

5) Hazard and risk analysis (e.g., blockage of the intakes) including
Emergency Action Plan

6) Regular measurement and monitoring

Increase in upstream inundation
and sedimentation (due to
raising of reservoir level and
dam heightening)

1) Quantification/computation of the inundation extent

2) Thorough investigation of social and environmental impacts and preventive
measures (compensation, relocation, restoration)

3) Quantification/computation of reservoir sedimentation

4) Study and development of operation rules and scenarios

5) Hazard and risk analysis (e.g., dam break impacts) including Emergency
Action Plan

6) Development and execution of a comprehensive sediment management
program (including catchment treatment and river management plan and
measures to minimize sediment inflow)

Environmental and social
impacts, pollutions, hurdles and
disturbances (during
dry/hydraulic dredging, trucking,
slurry transport, disposal as well
as due to some other measures)

1) Dredging and disposal activities should not disturb water supply and
irrigation, otherwise proper arrangements for alternative options shall be
made.

2) The operation must be carried out in systematic manner with regular
cleaning, water sprinkling and repairing of the site and the transport route.
3) Site clearance and tidiness is strictly required to have less of a visual
impact of dredging and disposal activities.

4) Equipment and vehicles used for transportation of dredged materials must
meet prescribed emission norms, e.g., they shall have Pollution Under
Control (PUC) Certificates.

5) Noise impact (due to equipment as well as transportation) must be
avoided. Also, environmentally friendly equipment should be used.

6) Trucking should not disturb regular transportation (clean operations)

7) Protection of aquatic life shall be ensured.

8) Specific plan with eco-restoration should be in place.

9) Health and safety of workers should be taken care of.(health and safety
program)

10) Effect of reservoir depletion must be assessed properly, such as effects
on wildlife.

11) Regular monitoring of the dredging and disposal activities to ensure
effective regulatory compliance of all stipulated conditions.

12) Comprehensive social and environmental impact assessment and action
plan

Threatening safety and stability
of structures (due to raising of
reservoir level and dam
heightening)

1) Detailed stability analysis (computations) of dams and embankment under
the changed hydraulic loads

2) Opting for safer techniques, like.g., Fusegates for dam heightening

3) Hazard and risk analysis (e.g., dam break impacts) including Emergency
Action Plan

Hydraulic, geotechnical, and
geological safety and impacts
(due to additional off-channel
reservoirs)

1) Comprehensive study and analysis of hazards and risks due to additional
water bodies, flow diversion and losses

2) Comprehensive geotechnical and geological investigations to assess the
suitability of the measure

3) Hazard and risk analysis (e.g., dam break impacts) including Emergency
Action Plan

Sediment quality and quantity,
water losses, disposal (related
to beneficial reuse of sediment)

1) Proper and more comprehensive investigations given the unknown
sediment quality and condition, particularly in deeper levesl of reservoir
deposits as they can be contaminated and/or consolidated

2) Proper estimation of usable sediment volumes including regular availability
in future as well (i.e., proper study of sustainability of sediment reuse options)
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Possible negative impacts Preventive measures and conditions

3) Comprehensive analysis and estimation of required water for the reuse
options (e.qg., for ecological restoration, top-soil improvement, building
materials)

4) Comprehensive studies and investigations assisting proper planning,
design and execution of transport, disposal, and processing of removed
sediment

5) Hazard and risk analysis including Emergency Action Plan

4.3 Contribution to the principles of Nexus and Sustainable Development
Goals (SDGs)

The functions of THC are explicitly associated with water, food, and energy security. The
functions are linked with the ecosystem services in a basin scale and must consider the
social and environmental aspects as well. Consequently, the Nexus Water-Food-Energy +
Environment (WFEE) shall be considered as an integral part of the sustainable management
of a hydrocomplex.

Water-Food-Energy Ecosystem-Climate Prosperity-Safety
(WFE) (EC) (PS)

Biodiversity and ecology

Agriculture Industrialization/development

Environment Flood management

Hydropower

Water and soil quality

Land management

Water supply

CO2 emissions Recreation and tourism

Public health

Aquaculture

Socio-economic benefits

(for people and planet)
(for people and economy)

‘ Environmental benefits J

Social benefits
(for people and safety)

[ Social, economical and environmental sustainability ]

Figure 4-2 The Nexus WFEE with a broader consideration for the reservoir sustainability

All the proposed measures and interventions to improve the situation of THC explicitly or
implicitly contribute to the Sustainable Development Goals (SDGs). This should be taken into
account while conducting the feasibility and impact assessments. We have attempted to
describe the interlinkage between Nexus and SDGs through the measures associated with
sustainable management of THC in a form of a chart, depicted in Figure 4-3. Another
important aspect related to the sustainable management of THC is the governance on a
basin scale. There must be a proper connection between the technical part of the Nexus with
the governance part as an essential sustainability criterion. This implies that the sustainable
management is linked with the Integrated and Participatory River Basin Management
(IPRBM). This is succinctly presented in Figure 4-4.
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Figure 4-3 Linking Nexus and SDGs through the measures and interventions: Applicable to the sustainable
management of THC

Technical/thematic part of - - G
River basin management overnance part
the Nexus 9 of the Nexus

Integrated Participatory
Water use/ river-basin functions Water governance and management

Agriculture
Hydropower
Drinking water supply

Multipurpose, Interstate, federal, regional and
Pl ot multidisciplinary local authorities
Water users and stakeholders
Technical support units and
departments, academic and
Public, private, research institutes, think-tanks

Inland transport
Aquaculture
Ecology
Ground water
Tourism and recreation communities

Figure 4-4 Integrated and Participatory River Basin Management (IPRBM): An essential sustainability criterion
(relevant to THC)

4.4 Constraints and challenges

There are several challenges, constraints, and limitations with respect to the handling of
sediment-induced problems as well as beneficial reuse of removed sediment. Like every
hydro-complex, the THC may have its distinctive constraints and challenges. These aspects
are important to explore already in the preliminary phase of project scoping. In general, the
constraints and challenges can be categorized as: (i) physical; (ii) social and environmental;
(iii) economic; and (iv) legal and others.

4.4.1 Physical constraints and challenges
Some possible physical constraints and challenges are outlined as follows:

* Magnitude and severity of the problems (e.g., volume of the sediment, scale of the
deposition, quality of the deposited materials)

+ Condition of the deposited materials (e.g., strongly consolidated materials are difficult to
remove)

» Duration, permitting windows, regularity timeframe

» Availability of space and advanced technology for disposal facilities and recycling
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« Lack of commercial industries for processing, treatment, and beneficial uses (particularly
in nearby areas)

» Inappropriate size and feature of the structures and the reservoir to implement some
measures (e.g., dam heightening)

» Inappropriate hydrological, geological and geotechnical conditions to implement some
measures (e.g., off-channel reservoirs)

« Accessibility (transportation, infrastructures) and project logistics

« Lack of market and/or oversaturation for products as secondary raw material (e.g.,
building materials)

« Limitations for beneficial reuse due to standards for the products — public and industry
perception

» Future degradation and unfavourable changes (e.g., decreasing inflow or increasing
erosion due to upstream catchment degradation and interventions)

4.4.2 Social and environmental constraints and challenges
Some possible social and environmental constraints and challenges are outlined as follows:

» Social (safety, functionality) and ecological impacts and risks due to the large
interventions and changes (e.g., for farmers, fishermen and other inhabitants)

+ Social resistance and unwillingness for new things and interventions

« Pollutions (air, water, noise)

« Contaminated or poor quality of deposited materials

4.4.3 Economic constraints and challenges
Some possible economic constraints and challenges are outlined as follows:

» Availability of the investment and willingness of the investors (e.g., private and corporate
investors, donors)

» Budget limitation (e.g., for the state authorities)

« Ambiguous economic viability and justification

« Financial risks (loss or reduction of benefits, e.g., due to possible extremes, hazards,
failures, economic instability)

» Innovative contracting mechanisms and multiple and integrated procurements

4.4.4 Legal and other constraints and challenges
Some possible legal and other kind of constraints and challenges are outlined as follows:

- Legal aspects and regulations in specific countries, particularly related to sediment
removal and beneficial reuse (they may be considered as mining activities and
interventions)

» Stakeholders’ priorities and interests (hydropower, irrigation, water supply, flood
management)

«  Strict regulations, e.g., reservoir operation rule

« Lack of acceptance to innovative approach and technology

e Transboundary disputes

« Political will

- Differences in perception of urgency i.e. “I got this” = “Do nothing”

4.5 Concluding remarks

In this Chapter, we have concisely described about the aspects related to feasibility and
impacts of the proposed measures to deal with sediment-induced problems at THC. We have
attempted to outline the outcomes of the rapid assessment of feasibility impacts.
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This could be a starting point towards a comprehensive assessment, particularly when there
will be further clarity and preference on the proposed measures. We have also outlined the
possible preventive measures and conditions that should be followed to mitigate/minimize the
adverse impacts of the interventions. Furthermore, we have attempted to interlink the Nexus
(associated with the functions of the THC) and the Sustainable Development Goals through
the proposed measures and interventions to demonstrate their contribution to the
sustainability criteria. Additionally, we have also touched upon the necessity of integrated and
participatory basin management as a sustainability criterion applicable to THC as well.
Finally, we have briefly described several constraints and challenges that must be considered
and properly addressed during the selection and further assessment of the measures.
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5 Global practices and examples

51 Introduction

The presentation of global practices is not the scope of this assignment. Nevertheless, we
present here some of the practices and references that could be relevant to the management
of sediment-induced problems at the THC.

Reservoir sediment management is a complex process, particularly for large reservoirs and
their watersheds due to technical, economic, environmental and safety requirements as well
as legal constraints in some cases (particularly related to sediment removal and beneficial
reuse). Sediment depositions in reservoirs are of global concern. Many years and decades of
non-action and/or assessment has exacerbated the situation whereas large volumes have
impacted either the structural integrity and/or operations of dams, reservoirs (including
storage loss), or hydroelectric plants. We have included some of the examples of sediment
removal not only from reservoirs but also from rivers/canals to demonstrate the technical
possibility of sediment removal, e.g., dredging that could be relevant for the THC due to large
volumes that need to be dredged.

We have also included some examples of beneficial reuse of sediments. Since not all
reservoir sediment management cases include sediment treatment and beneficial reuse (due
to various conditions and constraints including safety and legal aspects in some countries),
we have considered for the cases with sediment treatment and beneficial reuse regardless of
whether it is sediment from the reservoir or from rivers, lakes, and coastal areas. There are
experiences around the world regarding sediment treatment, processing and beneficial reuse.
The global experience and practices reveal that beneficial reuse of sediments (particularly
soft and/or contaminated) often requires some treatability studies (specifically for
geotechnical beneficial use applications) and pilot applications before it can proceed to actual
implementation. Therefore, some existing experience and practices of such pilot cases could
be useful.

Although global practices and experience provide very useful information and ideas that can
be adapted, it should be emphasized that the management of sediment-induced problems
and potential for beneficial reuse of sediment should have a tailored-made modified approach
that is technically, socially, economically and environmentally appropriate for the THC
conditions.

5.2 Management of sediment-induced problems in reservoirs

There are several guidelines and manuals that describe the approaches and methods related
to managing sediment-induced problems in reservoirs. One of the recent guidelines include
the handbook, prepared by Deltares (Giri et al., 2019) under the Dam Rehabilitation and
Improvement Program (DRIP) in India. A schematic chart with the actions, procedures, and
tools to deal with sediment-induced problems is depicted in Figure 5-1. The chart also shows
the relevant Chapters and sections in the Handbook (freely accessible). More specifically,
Figure 5-2 provides an impression about the sediment management options and strategies.
Brief descriptions of some global examples of reservoir sediment management is provided
hereafter (most of them are adapted from the handbook). The handbook (Giri et al., 2019)
includes more cases and examples.
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Figure 5-1 A schematic chart with the actions and tools to deal with sediment-induced problems in a reservoir
(Giri et al., 2019)
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Figure 5-2 Reservoir sediment management options and strategies (Randle et al., 2019)

5.2.1 Shihmen reservoir (Taiwan)
Shihmen reservoir is located in the middle of Dahan River in Taiwan. The dam was
commissioned for exploitation in 1963. The dam height is 133 m, crest length is 360 m. The
design storage capacity of the reservoir is 309 million m® at the Maximum Reservoir Level
(245 m) with the design effective storage capacity of about 252 million m3. The length of the
reservoir is 16.5 km long and the surface area is 8.0 km? (at FRL). The reservoir is very
important considering the fact that it is used for multiple purposes, i.e., power generation,
irrigation, urban water supply, flood protection and recreational use. Most of the presented
information, facts and figures are based on a recent publication by Lai and Wu (2018). This
case shows how the dam structures can be modified in conjunction with several sediment
management options to deal with the sedimentation problem.

a) Reservoir sedimentation problem

* The sedimentation rate, observed during last two decades, shows the higher value than
the design estimate. The major reason was the combined effect of two extreme events,
namely a typhoon in 1996 and an earthquake in 1999.

* There were a larger number of landslides and surface erosion as an effect of the 1999
earthquake.

« There were more than 100 check dams in the upstream reaches (about 35 million m? of
sediment storage capacity). All these check dams almost fully filled up after a typhoon in
1996. Only during this typhoon, about 8.7 million m? of sediments were transported into
the reservoir.

* The bed level near the dam increased by about 25 m during the period of 1964 to 2005,
and the reservoir lost about 35% of its storage capacity (as observed in 2009).

+ Coarse sediments deposit at the upstream part, formed a delta. The fine sediments move
towards the dam mainly due to the density current near the bed. The turbidity layer
appears on the surface only when the typhoon is very large.
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« Alarge typhoon in 2004 led to the interruption of the water supply for 18 days, affecting
more than one million people. Moreover, it has been reported that this typhoon brought
about 27.9 million m?® of the sediment load into the reservoir, leading to the loss of about
11% of the reservoir capacity.

» After these events, various sediment management studies have been carried out as well
as various options to deal with sedimentation problems have been proposed. A sediment
bypass tunnel is one of them as a part of long-term sediment management strategy.

b) Sediment management measures

« There was only a spillway for flood release with a maximum capacity of 11,400 m®/s. An
additional flood diversion outlet with the discharge capacity of 2,400 m%/s was constructed
in 1984.

» Other facilities that are usually used for sediment release are the powerhouse intake, the
permanent channel outlet and the Shihmen intake (as shown in Figure 5-3).

» Several modifications and rehabilitation of the facilities have been carried out since 2006
for increasing sediment release capacity, such as rehabilitation of the permanent channel
outlet as it was clogged, modification of the powerhouse intake to use one of the two
penstock pipes exclusively for sediment sluicing (which allows increasing the sluicing
capacity from 137 to 380 m®/s) as shown in Figure 5-4

« As a next phase of sediment management strategy, new bypass tunnels have been
proposed. Comprehensive studies have been carried out to assess the technical,
economic, and environmental feasibilities and impacts. Figure 5-5 gives an impression
about the function and operation of the bypass tunnel. A detailed modelling study has
been reported in Lai and Wu (2018).

» There is also real-time monitoring system to detect the turbidity current in the reservoir,
which allows to sluice them by opening the gate right in time. The measurement
technique is called Time Domain Reflectometry (TDR) for automatic monitoring of
suspended sediment concentration over the depth (works with solar power). The details
about this technique are given in Giri et al. (2019).

- Catchment management, forecasting and decision support systems, that are very useful
for sustainable reservoir management, are in place as well..

» Figure 5-6 provides a good impression about the existing and proposed sediment
management options and their effectiveness.

Some relevant studies can be found in Tsai et al. (2012) and Lee et al. (2016).

* Flood diversion

L G
a Permanent,channel P 4

- Shimeniintake g bt :
g Rowerhouse intake

Figure 5-3 Location of existing outlets that may be used for sediment release (Google Earth image)
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5.2.2 Sediment management in Sakuma reservoir (Japan)
Sakuma dam is one of the dams in a cascade system in the Tenryu River basin. The geology
of the basin is characterized as fragile; thus, the sediment load is rather high particularly
during flood season. The dam is a concrete gravity dam with a crest length of 293.5 m, dam
height of 155.5 m, reservoir volume of 1.12 million m3. The dam was completed in 1956. The
water used for power generation at the Sakuma Power Station is reused for power generation
at five hydropower stations located downstream (Sakuma No. 2 Hydropower Station, Akiba
Nos. 1, 2 and 3 Hydropower Stations, Funagira Hydropower Station), agricultural and
industrial purposes, waterworks, and for maintaining normal discharge of the river (personally
provided note by Chigasaki Research Laboratory J-Power). The Electric Power Development
Co. Ltd. (EPDC) has implemented a sediment management plan for the reservoir to reduce
the level of sedimentation to the riverbed level of 1970. One of the reasons for this is to
reduce the flood impacts at the upstream reach. A schematic sketch, depicted in Figure 6 1,
provides an impression about the approach. As it can be seen in the figure, the reservoir is
divided in three reaches, namely upper, middle, and tail reaches. The implemented sediment
management plan is outlined as follows (see also Figure 5-7):

1) Flow-induced sediment transport within the reservoir: This is to create the condition for
sediment transport from the upper and middle reaches to the tail reach portion by
lowering the water level during dry season to have natural flow in the upper reaches to
facilitate transport towards the lower tail reach. The transport volume is limited to the
effective volume of the tail reach. The annual transport (estimated by EPDC) is about
800, 000 m? (denoted by a yellow arrow in Figure 5-7). This is implemented by EPDC.

2) Intra-reservoir transport: This is realized by dredging and disposal of the sediment from
the middle reach to the tail reach within the limit of the effective volume. The target
annual volume is 400,000 m® (denoted by a green arrow in Figure 5-7). As an additional
measure to accelerate the realization of the plan, the dredging operation is started to be
carried out at the upstream reach as well with the target annual volume of 300,000 m3
(denoted by red arrow in Figure 5-7). This is also implemented by EPDC.

3) Sediment removal from the reservoir: This includes removal of sand and gravel by
dredging from the tail reach and transported outside the reservoir. The dredging and
removal operations are carried out by sand dealers. The target annual volume of
removed material is 400 thousand m3. The dealers get the right to use dredged sand and
gravels as construction material and for other purposes, such as making concrete,
asphalt, as well as using sand for golf course preparation and others. The dredging and
removal arrangement is depicted in Figure 5-8.

4) Intra-reservoir Transport
(3) Removal from the reservoir (

(earth and sand collection) at the upper reach

400 thousand m*/year 300 thousand m’/year
Grab dredger, backhoe barge,
1 each

Earth and sand
carrier boat

Full water level S,
N

Earth and
sand inflow

""'"- Present river
e G

’f : ‘, : . Sedimentation above

the “planned target river
bed to be maintained”

]

Sakuma Dam

I~ T~
Figure 5-7 Sediment management at the Sakuma Dam (provided by J-Power)
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Figure 5-8 Sediment dredging and removal arrangement (provided by J-Power)

5.2.3 Sediment sluicing and flushing in Chamera-l and Chamera-Il (India)
National Hydroelectric Power Corporation (NHPC) carried out sediment management of two
reservoirs. Both reservoirs are located on the Ravi River - a tributary of the Indus River in
North part of India. Chamera - | is a medium size reservoir with a gross storage of 412.8
million m® and submergence area of 9.5 km? and reservoir length is about 15 km. Total
catchment area is 4725 km2. Chamera-Il is a small size reservoir with a gross storage of 2.25
million m® and length of the reservoir is about 3.6 km. A schematic layout of both reservoirs is
depicted in Figure 5-9.

4 CHAMERA

/'S_[AS_E,-I DAM

CHAMERA
STAGE -Il PH

CHAMERA
STAGE -

Figure 5-9 Schematic layout of Chamera-|I and Chamera-IlI (Dayal et al., 2016; Google Earth)
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The data reveals that the gross storage has been reduced in both reservoirs, although losses
in live storage capacity are still insignificant so far. This may be owing to regular sediment
management as mentioned hereafter.

a) Sediment flushing at Chamera |
The sediment management practices and operation guidelines for Chamera-l and Chamera-
I, reported by Dayal et al. (2016), are outlined as follows:

» Due to the larger size of Chamera-I, the flushing operation is carried out by maintaining
the reservoir level at a lower level and operating the undersluices (i.e. pressure flushing)
rather than drawdown flushing (as it takes several days to deplete and refill the reservoir).

» The operation rule during high flow season considering sediment management is as
follows:

Reservoir Level

(m + Datum)

1 June to 20 June 757 m
21 June to 31 Aug 753 m
1Sep to 15 Sep 754 m

16 Sep to 30 Sep 754 m to 757 m
1 Oct to 15 Oct 757 m to 760 m

» This operation rule is found to be effective and optimal considering both sediment
management and power generation regardless the fact that there is some short-term
generation loss during high flow period, which is compensated by long-term advantage of
sediment management.

» There is also regular sluicing in Chamera-I through four low level sluices. The sluicing
appeatrs to be effective to keep the intake area cleaner.

- Despite sediment management in Chamera-I, the reservoir storage capacity is
decreasing. This could be attributed to several factors such as: (i) the reservoir is
relatively large, (ii) it is located after the confluence of two rivers, which is not very
favourable planform in terms of morphological condition, (iii) the spillway (and thus the
underslucies) is not aligned well against the flow direction, and (iv) the undersluices are
relatively small (low crest spillway with large gates could be more effective)

» Nevertheless, the sediment management seems to be effective enough to maintain the
reservoir storage to some extent as well as to avoid the sediment related problem near
the intake area in a highly sediment laden river.

b) Sediment Management in Chamera - II

« Given the relatively small and narrow reservoir, it appears to be easier and effective to
carry out sediment management operation in Chamera-Il. Besides, it has large gates that
allow free flow flushing.

« The sediment management in Chamera-Il is carried out by maintaining the lower
reservoir level during flood season, which is synchronized with Chamera-IIl (upstream
reservoir) as well.

» Afree flow flushing is carried out in Chamera-Il. The flushing operation is carried out
when excess discharge is available during the monsoon season.

» The minimum discharges during 1 June to 31 August and 1 September to 30 September
are 350 m%s and 250 m?/s respectively. In the former case, even if the discharge does
not exceed 350 m¥/s flushing is carried out around the last day of each month irrespective
of the inflow discharge. While in the latter case, the flushing operation is carried out
between 26 to 30 September irrespective of the inflow discharge.
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« The minimum interval between two successive flushing operations is defined to be 10
days. In this case, there is a higher discharge immediately after such regular flushing
(particularly, when the discharge is more than 1.5 times the proposed flushing discharge),
then the excess water is supposed to be used for continuation of flushing operations.

» The flushing operation is supposed to be started during rising limb of flood wave to
ensure effective utilization of peak flow.

« Water level must be lowered gradually by keeping all the gates equally open. The water
level must be as low as possible to get a better flushing effect.

« The flushing operation is allowed for the period until upstream and downstream sediment
concentration is about equal. However, the flushing operation should be continued for at
least 12 hours.

« Continuous observation and measurements of inflow, spillway outflow, reservoir level,
and sediment concentration must be carried out at upstream and downstream locations.
Besides, reservoir cross-section is measured at the end of monsoon season (i.e., after
flushing operations) at specified locations.

« The powerhouse must be shut down during the flushing operation. The power generation
restarts after closing all the gates and attaining the desired reservoir level.

» The results of flushing operations that were carried out since 2008 are presented in Table
5-1.

« Also, numerical, and physical modelling studies were carried out on sediment flushing in
Chamera-II reservoir, which can serve as an example how such studies are taken place
(Isaac et al., 2014).

Table 5-1 Results of flushing operations in Chamera Il (Dayal et al., 2016)

No. of flushing Cumulative Observed .sedlment Total.ﬂushed

arsEE e hours of flushing concentration (max) sediment

: during flushing (ppm) (M tonne)
2L 4 44 102250 25
2009 4 53 143560 2.7
2010 8 156 76450 57
2011 4 67 134330 i3
2012 4 21 256940 2.66

5.2.4 Managing water availability problem due to sedimentation at Khashm el-Girba dam
(Sudan)

Some useful facts and figures from various sources are outlined as follows:

* The Khashm el-Girba dam is a gravity and embankment composite dam on the Atbarah
river in Eastern Sudan (Figure 5-10).

+ The dam was commissioned in 1964. The total design storage is 1.3 billion m3.

« The primary purpose of the dam is irrigation to provide locals with water supply for about
2000 km?.

« The main portion of the dam is an earthen embankment; the spillway and irrigation
headworks sections are concrete gravity.

+ In 2002, a small hydropower power station was developed in the dam with 10 MW (in the
river) and 6 MW (in the canal).

» The reservoir lost ~60 % of its capacity (based on the measurement of 2009). About 25%
of the storage was lost in the first 6 years due to sedimentation. This was not recognized
before that.
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« Regular flushing operation was considered after the problem was recognized to (partly)
mitigate the storage loss. The time record of time-varying storage loss (depicted in Figure
5-11) shows that the storage loss rate was less after the regular flushing operation.
However, it did not solve the problem fully.

« Studies were conducted in early 70s to solve the water deficit problem. The studies
suggested two locations that are most suitable for developing two new connected
reservoirs, at the upper main two tributaries of the Atbara River (Figure 5-12).

- Each reservoir is expected to ensure the water availability for around 30 years.

» In 2010, the government of Sudan decided to build these two reservoirs together as a
twin dam. The new dam was called the Dam Complex of Upper Atbara (Figure 5-12).

+ The new dam has two spillways since it crosses two rivers and a powerplant. The
combined reservoir has a capacity of 3.68 billion m?2.

« The new reservoir benefits about 160,000 farmers who rely on irrigated agriculture.

« The Upper Atbara was commission in 2018.

» Proper sedimentation management and operation studies were conducted for this twin
reservoir to mitigate sedimentation problem (considering a lesson from previous
problem). Deltares was involved in this study. The study considered: (i) initial filling; (ii)
time of filling; (iii) hydrological year; (iv) proper reservoir sluicing approach; (v) proper
reservoir flushing approach (full and half flushing); and (vi) combination of measures.

» The maintenance dredging near the dam and intakes is carried out regularly. The
reservoir is equipped for this.

- Total project cost was about 1.5 billion USD, financed by following institutions:

— OPEC Fund (loan administrator)

— Saudi Fund for development (SFD)

— Islamic Development Bank (ISDB)

— Kuwait Fund for Arab Economic Development (KFAED)
— Abu Dhabi Fund for Development (ADFD)

— Government of China

— Government of Algeria

— Government of Sudan

« The funding was used for the following activities

— Construction of a dam complex consisting of two main dams - Rumela and Burdana
on the Upper Atbara and Settit rivers respectively

— Construction of a 13 km long dike system to form a common water storage reservoir
(capacity of 3.68 billion m?), which connects the two dams

— Construction of spillways equipped with radial hydraulic gates

— Construction of a 320 MW hydro power station on the Rumela dam

— Installation of a 28 km-long, 220 kV transmission line to the Shuwak substation that
was joined to the national grid

— Land acquisition and resettlement

— Construction and consultancy services
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5.3 Examples of dam upgrading

There are already a few decades of global practices on dam upgrading as a structural
measure. This is related to various measures such as an additional (larger) dam as a
replacement to the old one, dam heightening, enhancement/reconstruction of part of the dam
(e.g. spillways, intakes, outlets, pipes, tunnels etc.). Japan is one of the countries, where the
upgrading of the dams has been carried out actively for a number of dams since the last few
decades (Figure 5-13).

There are also many other countries where dam upgrading has been practiced during the last
couple of decades.

5.3.1 Dam upgrading in Japan

5.3.1.1 General aspects and examples
The “Investigative Committee on Effective Use of Existing Dams” (2007—2008), which was
established within the Japan Commission on Large Dams, compiled 240 cases of dam
upgrading (effective use of existing dams) projects, and investigated their nationwide status
(Sasaki and Kondo, 2018). A paper by Sasaki and Kondo (2018) gives a good overview of
the trends in dam upgrading in Japan. The paper is useful as it is focused on dam
heightening and strengthening the functions of the intake and discharge facilities in the dam
body, as there are many cases among upgrading projects involving dam body retrofitting.
Some of the general and specific facets and experience that have been mentioned in the
report are as follows:

» To effectively carry out the required dam upgrading, it is necessary to address
technological issues specific to targeted dams, such as advanced dam gate control,
taking into account weather forecasts, or the design and construction methods required
for modifying existing dams, such as dam heightening.

+ Examples of improving the discharge facilities in Japan include the addition of a tunnel
discharge facility in natural ground, in projects of such as the Amagase dam (concrete
arch dam, completed in 1964, dam height 73 m, upgrading project currently in progress)
and the Kanogawa dam (concrete gravity dam, completed in 1958, dam height 61 m,
upgrading project currently in progress). As effective use is made of existing dams, dam
upgrading makes it possible to strengthen dam functions and efficiently extend service
life.

» There are certain aspects that are more difficult than in the construction of a new dam.
For example, when the existing dam targeted for upgrading is old, information on the
existing dam and its foundation, which is necessary in upgrading, is often insufficient. In
such cases, it is necessary to conduct surveys, such as boring of the dam foundation or
dam body, however, the maintaining of the existing dam function could be a constrained
condition for those surveys. Furthermore, when the dam body is to be drilled for installing
additional conduits, it is necessary to prevent any side-effects that the existing dam body
cannot tolerate.

» The “Investigative Committee on the Effective Use of Existing Dams” within the Japan
Commission on Large Dams has pointed out technical issues based on the collected
cases of effective use obtained in a survey. Its successor, the Dam Refresh Committee,
has been investigating specific technical issues and directions towards their solutions
with respect to dam heightening, modification of intake and discharge facilities, and
sedimentation measures for upgrading projects.

» The addition of sediment control measures to manage the sediment-induced problems in
the dams and reservoir has started to be undertaken mostly since 2000 onwards.
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* Figure 5-14 shows an example of dam heightening in a concrete gravity dam —the , Shin
Maruyama dam. The original dam was commissioned in 1955. The dam height was
raised from 98.2 m to 118.4 m resulting in an increase of total reservoir capacity from
7,952 m3to 13,135 mS.

» Figure 5-15 shows an example of retrofitting the selective intake and discharge facility at
Nagayasuguchi dam. This is a concrete gravity dam, commissioned in 1955. The dam
height is 85.5 m.
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Figure 5-13 Upgrading of various dams in Japan (Courtesy of Water and Disaster Management Bureau,
Ministry of Land, Infrastructure, Transport and Tourism, Japan)
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5.3.1.2 Additional outlet facilities at the Tsuruda dam
A note by Kazunori et al. (2019) provides a good set of information on construction of
additional outlet facilities at the Tsuruda dam. Some of the facts and figures that are included
in the paper are outlined here as follows:

« The Tsuruda dam (Kagoshima Prefecture), situated in the middle of the Sendai River, is a
multipurpose dam with an effective reservoir capacity of 77.50 million m3. It was
constructed for the purposes of flood control and power generation) and was completed
in 1966.

« InJuly 2006, there was significant damage in the watershed area of the Tsuruda dam by
a catastrophic flood caused by the record torrential rains. Consequently, the Tsuruda
dam redevelopment project was planned. Specifically, it was planned to increase the
maximum flood control capacity from 75.00 million m® to 98.00 million m® to increase the
flood management capacity.

« The plan included the installation of additional outlet facilities, which involved the
construction of five tunnels through the dam. Outlet gates were also constructed in the
dam. From this perspective, this project was the largest in scale among the dam
redevelopment projects in Japan. The project faced several challenges. Figure 5-16 gives
a good impression of the upgrading of the dam.
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Figure 5-16 Upgrading of Tsuruda dam (Courtesy of Water and Disaster Management Bureau, Ministry of
Land, Infrastructure, Transport and Tourism, Japan)

5.3.1.3 Replacement of Oyubari dam
Some facts and figures are as follows:

+ As part of the Hokkaido Comprehensive Development Plan, the Oyubari dam was
constructed in 1953 as part of the state-run Oyubari Land Improvement Project. The
purpose of the dam is irrigation and hydropower.

« In 1981, Typhoon No. 12 struck Hokkaido, and the Ishikari River basin was hit by a flood
damage unprecedented in the history of observation. In response to this, the Hokkaido
Development Bureau revised the "Ishikari River Basin Construction Implementation Basic
Plan" and planned to construct a flood control dam as a replacement of Oyubari dam. In
addition, due to the increase in water demand and the population growth of Sapporo and
other cities, it was considered to be developed as a multi-purpose dam project. As a
result, a new dam (Yubari Shuparo dam) replacing the older one (Oyubari dam) was built.
The new dam was built 155 m downstream of the old one (Figure 5-17 and Figure 5-18).

« The dam height was raised from 67.5 m to 110.6 m.

« Details are available at the official website of Hokkaido Development Bureau (in
Japanese): https://www.hkd.mlit.qo.jp/sp/yuubari_damu/index.html

P / e 5 - :‘,
Figure 5-17 Comparing the Google Earth image showing before (left) and after (right) removal of Oyubari dam
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Figure 5-18 Oyubari and Yubari Shuparo dams next to each other (Provided by Y. Shimizu)

5.3.2 Heightening of Zhushou dam (China)
The details are presented in the paper by Yumeng et al. (2020). Some facts and figures from
the paper are outlined as follows:

* The Zhushou dam is located in the Liangshan prefecture, Sichuan province, and is a
medium-sized reservoir. Its crest elevation is 2416.1 m, the dam length is 190 m, the top
elevation of the wave-proof wall is 2417.1 m, the dam height is 63.4 m, and the width of
the dam top is 6.0 m.

» According to the water supply project planning, to meet the production and domestic
water demand of the resettlement area, the Zhushou dam had to be expanded and
matched to the corresponding water diversion project.

* The older Zhushou dam was a clay core rock-debris dam with a maximum height of 63.4
m. After heightening, the new dam is a concrete-faced rockfill dam with a maximum
height of 98.1 m.

* When the dam was heightened, the impervious body of the original dam had to be
strengthened.

» The design was to make use of the water-retaining capacity of the original core wall dam
to produce rockfill heightening on the top and downstream slope of the old dam so that
the original dam body becomes a part of the heightened dam. At the same time, a core
wall and foundation anti-seepage system of the original dam was strengthened, a
concrete cutoff wall was added, and the foundation anti-seepage curtain grouting was
strengthened.

* The construction period of dam heightening is 31 months.

Details can be found in Yumeng et al. (2020).

Figure 5-19 The profile of the heightened dam (Yumeng et al., 2020)

5.3.3 Heightening of the Roseires dam (Sudan)
Some of the facts and figures are as follows:

* The Roseires dam was built on the Blue Nile at Ad Damazin in Sudan in 19686, initially for
irrigation purpose. A hydropower plant of 280 MW was added in 1971.
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» The Roseires dam scheme consists of a main dam and two secondary embankment
dams. Over the year, siltation reduced storage capacity. Consequently, the project had to
be enhanced to improve water management of the Blue Nile.

+ Consequently, following enhancement to the existing dam was made: (i) raising the
height of the main concrete dam by 11 m to increase storage capacity from 3 billion m? to
7.3 billion m3; (ii) raising the embankments by 10 m; (iii) construction of an access bridge;
(iv) rehabilitation of the power station to enable it to generate an additional 566 GWH of
power; (V) relocation of about 7,400 families to new settlements fully provided with social
infrastructure.

* The project was approved in 2008 and completed in 2013.

» Total project cost was about 476 million USD.

https://opecfund.org/operations/list/heightening-of-the-roseires-dam-rehabilitation-project

Figure 5-20 Heightening of Roseires dam (http://pf.bbrnetwork.com/)

5.4 Global practices on processing, treatment, and beneficial reuse of
sediment

Some of the useful technology(s) and practices, particularly related to the dredging and
placement of removed sediment (e.g., CDFs) that could be relevant to the THC is presented
in section 3.5 as well. Here we have briefly shown a few more projects related to sediment
removal and beneficial reuse of sediment (e.g., ecological restoration and desert green
initiatives). Some of these practices are not necessarily related to dams and reservoir, and
not explicitly relevant. Nevertheless, some of their components and experience could be of
use to consider for the THC given the similar requirement and magnitude.

Some national strategy and practices related to the management of dredged sediments in
some developed countries are presented in Appendix 3: Summary of national strategy and
practices for management of dredged materials in some countries. See also Appendix 4:
Applicability of dredged sediments for beneficial use based on type and quality and Appendix
5: Treatment options for dredged sediments, practiced in Ireland.

54.1 The Kubuqi Ecological Restoration Project (China)
Some useful aspects, facts and figures have been synthesized from the report by UNEP
(2015) and presented here. We refer to the report for more detailed information.

5411 General overview
As early as 1988, the Elion Resources Group began restoration of part of the Kubugi Desert,
located in Inner Mongolia Autonomous Region, China (Figure 5-21), in an initiative that
developed into an example of Desert Green Economy.
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Almost three decades later, one third of Kubugi has been greened. Through an innovative
model of private-public-community investments an area of more than 5,000 km? has been
afforested through planting trees, shrubs, and grasses (Elion 2014).
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Figure 5-21 The Kubugi restoration project location (UNEP, 2015)

There are three main aspects that are briefly described as follows (Elion, 2014):

1) Economic development includes infrastructure development, eco-industries and green
agriculture, manufacturing of new building materials from sand, eco-tourism, and renewable
energy sources such as solar power. Planting of high value herbs, such as liquorice, is now
supporting a large scale, natural pharmaceutical industry.

2) Social development includes building of new homes and schools, and development of
cultural programmes.

3) Ecological restoration has resulted in reduced dust storms and sandification, and
restoration of the degree and extent of biodiversity.

Over 100,000 farmers and pastoralists, through various means, became one of the largest
beneficiaries of the project’s green economy such as:

renting desert land to the enterprise and becoming shareholders;

developing desert national tourism and becoming tourist property owners;

planting trees, grass, and herbs to provide small businesses or employment;
farming activities, such as planting vegetables and fruits, or raising cattle and sheep.

Farm produce supplies meat, eggs, poultry, milk, and green organic food to enterprises and
tourism. A chart, shown in Figure 5-22, provides an idea about the various enterprises
associated with the project.
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Figure 5-22 Various Elion enterprises associated with the project UNEP, 2015)

5.4.1.2 Public-private partnership
Elion Resources Group and the government built a comprehensive partnership with the
following features:

* Financing. The central and local governments provided the necessary policy tools and
established a cooperative framework between banks or financial companies and Elion.
This included coordination with the National Development Bank, Agricultural Bank of
China, Industrial and Commercial Bank of China, China Construction Bank, and other
policy or commercial banks. The framework provided a financial guarantee for Elion’s
self-development and desert restoration activities.

* Investment arrangements. The central and local governments opened project
opportunities to private enterprise, such as public projects for combating desertification,
ecological restoration projects and vegetation rehabilitation projects. The Elion group
could be a service provider or contractor of the national projects. This brought a new
source of profit to Elion. For example, Elion won the bid to build an ecological restoration
project for the venue of the Beijing Olympic Winter Games.

+ Technological innovation and services. The government took the responsibility to
provide technical services for the Enterprise in the 1990s. However, from 2005 Elion
became a major participant in technology research and development of desertification
prevention, and actively introduced advanced international technology for irrigation water
use and management. In 2014, Elion established the Desert Research Institute.

» Policies and projects. Elion became a lead stakeholder, participating in all levels of
government reforms of anti-desertification policy, institutional innovation, and governance

The report by UNEP (2015) also includes a detailed cost-benefit analysis.

54.2 Reservoir dredging and sediment reuse projects by the Great Lakes Dredge & Dock
Company (USA)
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5.4.2.1 John Redmond Reservoir dredging
Some facts and figures are outlined as follows:

« The John Redmond Dredging Project was a design/construct dredging contract that
included the hydraulic dredging of 3 2,293,664 cubic meters of sediments from the John
Redmond Reservoir near Burlington, Kansas. It was the first contract in the United States
for a State Government to dredge on federal property.

« Dredged material was excavated and pumped through 9.7 km of pipeline. Placed over
three existing gas pipelines, with one river and five road crossings to the contractor-
provided Confined Disposal Facilities (“CDFs”).

« The CDFs included the design and construction of 41,350 lineal feet of dike, using
592,530 cubic meters of compacted fill. The CDFs will eventually be returned to
agricultural use.

« The John Redmond Dredge Project was named the winner of the Western Dredging
Association’s (WEDA) 2017 Annual Safety Excellence Award for a Dredging Project.

PROJECT DETAILS

PROJECT CLIENT

Kansas Water Office
DREDGE QUANTITY
3 million cubic yards
VESSEL TYPE
Cutter Suction Dredge
DREDGES WORKED
LP
COMPLETION
CDF Construction: December “15 - June 16
Dredging: May 16 - October 16

Reclamation: Current

Figure 5-23 John Redmond reservoir (left) and the project details (Great Lakes Dredge & Dock Company)

5.4.2.2 Lake Decatur (Phase 2) dredging
Some facts and figures are outlined as follows:

» Dredging included both maintenance and deepening work in Basins 1-4 and removal of
silts from sediment traps in Basins 1 & 6 (Figure 5-24). The work also involved the
Rehabilitation of the Oakley Confined Sediment Basin by raising the existing berm by 10
feet, which required over 587,942 cubic meters of earthwork.

« Dredged material was excavated and pumped through 14.5 to 16.1 km of discharge
pipeline, placed to the Oakley Confined Sediment Basin.

« To save the city money, improve efficiency and better manage environmental concerns,
the entire dredge and booster pump stations were electric.

« This project will increase the water storage capacity for the City of Decatur by 30 percent,
while also meeting future demands and improving tourism with greater recreational
opportunities.
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PROJECT DETAILS

PROJECT CLIENT

City of Decatur
DREDGE QUANTITY

10.7 million cubic yards
VESSEL TYPE

Cutter Suction Dredge

DREDGES WORKED
w

DURATION
CDF Construction: Aug 14 - May 16
Dredging: Nov 14 - Oct "18

Figure 5-24 Lake Decatur (left) and the project details (Great Lakes Dredge & Dock Company)

Pass A’Loutre dredging
Some facts and figures are as follows:

* This project involved maintenance navigational dredging in the Mississippi River Ship
Channel from the Gulf of Mexico to Baton Rouge, Louisiana (Figure 5-25).

» The scope of the project entailed deepening the draft navigation entrance channel from
12.2 meters to -13.7 meters deep and 750 feet wide, improving travel through the New
Orleans and Baton Rouge reaches of the Mississippi River.

* In total, approximately 6.1 million cubic meters of sediments were dredged from the Head
of Passes Hopper Dredge Disposal Area (HDDA).

* The California, Florida, and Terrapin Island deposited the material in the Wetland
Creation Area for beneficial reuse.

PROJECT DETAILS

PROJECT CLIENT
USACE - New Orleans District

DREDGE QUANTITY
8 million cubic yards

VESSEL TYPE
Trailing Suction Hopper Dredge
& Cutter Suction Dredge

DREDGES WORKED
Terrapin Island & Florida

Figure 5-25 Dredging operation at Pass A’Loutre (left) and the project details (Great Lakes Dredge & Dock
Company)

Mosaic dredging

Within the scope of this project, rivers and lakes dredged 12.2M cubic meters of clay tailings
and pumped it 8 km to a final disposal and restoration area. Mosaic has tens of thousands of
acres of strip-mines in the Florida area.
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e PROJECT DETAILS
-

PROJECT CLIENT
Mosaic Fertilizer, LLC

DREDGE QUANTITY
16 million cubic yards

VESSEL TYPE
Cutter Suction Dredge

DREDGES WORKED
Lp

Figure 5-26 Dredging operation at Mosaic (left) and the project details (Great Lakes Dredge & Dock
Company)

5.4.3 Restoration projects in The Netherlands (Ecoshape)
EcoShape — Building with Nature is a network of organizations and individuals, working
together to advance the application of Building with Nature in water and sediment related
societal issues. The organization stimulates knowledge development via pilot projects, to
demonstrate and monitor Building with Nature in practice (Nature-Based Solutions). To carry
out projects and related applied knowledge development, EcoShape has concluded a
consortium agreement with 15 parties (engineering consultants, knowledge institutes,
contractors, and NGO’s) being Deltares one of them. Furthermore, EcoShape regularly
collaborates with parties outside the signatories to the consortium agreement, e.g., with
public parties and universities.
Based on the monitoring results, guidelines for replication and scaling up are developed and
disseminated through the website of EcoShape (www.ecoshape.org/en).

We have synthesized some selected pilot projects under the Ecoshape. The details of
presented and other projects can be found in the website.

5.4.3.1 Nature restoration project Marker Wadden
The project is related to creating about 6,000 to 10,000 hectares of man-made islands
leading to more wildlife. Some facts and figures are outlined as follows:

» The group of islands has an overall size of 4.5 km by 2.3 km (Figure 5-27).

* The lay-out of Marker Wadden is subdivided in the main dam, secondary dams,
compartments, sheltered marshland, recreational elements, a sandpit, and sedimentation
channel.

« The construction of the first phase commenced in 2016 and finished in 2020.

» The construction included placement of cohesive and non-cohesive sediments that
originate from the Lake Marker ecosystem, construction of harbour jetties, creation of
beaches, dunes and marsh area.

» Volumes of used materials (Boskalis, 2019)

— Armour rock =100,000 ton

— Sand = 12,500,000 m3

— Clay, silt, peat = 15,500,000 m?

- Finance, stakeholders, public-private partnership:

— The design and construction of the Maker Wadden (first phase) is financed by
Natuurmonumenten — a Dutch nature conservation NGO via a charity fund from a
national lottery the Postcodeloterij (30.5 million EUR), Ministry of Infrastructures and
Water Management (18.5 million EUR), Ministry of Economic Affair (18.5 million EUR)
and Province Flevoland (6.5 million EUR).

— The respective contributions were deposited on an external account of the Dutch
national fund for green investments.

— Monitoring activities and knowledge development were separately financed.
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— Twelve stakeholders were especially involved: Municipality of Lelystad,
Natuurmonumenten, Boskalis, Ministry of Economic Affairs, Ministry of Agriculture,
Ministry of Infrastructure and Water, Province Flevoland, Nationaal Groeifonds, RWS
Midden-Nederland and KIMA associates.

Figure 5-27 Marker Wadden restoration area

54.3.2 Clay ripening pilot
The goal of one of the Ecoshape pilot projects was to find out with which innovative methods
of the placement of sludge on land can be converted into clay in a useful and cost-effective
way. In the pilot project, multiple stakeholder objectives are merged effectively. As part of the
project a business case for a scenario of large-scale implementation of the concept is
evaluated.

The pilot is based on collecting silty sediments from the Eems-Dollard estuary and converting
it into clay soil creating a double win situation: the water and ecosystem quality in the estuary
improves, and more clay soil is available for reinforcing sea dikes along the Eems-Dollard
estuary. The material may also be used for raising agricultural land to compensate soil
subsidence.

Rijkswaterstaat (part of the Dutch Ministry of Infrastructure and Water Management), the
Province of Groningen, Groningen Seaports, Water Authority Hunze en Aa’s, nature
conservation organization Het Groninger Landschap and EcoShape teamed up in the Clay
Ripening pilot to look at different ways of transforming dredged fine sediment into clay sail,
applicable in dike reinforcement operations. EcoShape researchers are engaged in practical
experiments to investigate which approaches to clay ripening performs best.

This pilot forms a good example of how intensive and constructive stakeholder involvement
can lead to a unique project, in which multiple stakeholder objectives, gathered around the
reduction of freely moving silts in the estuary, can be merged effectively.
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The aim of the pilot is to convert 290,000 m? of silty estuary sediment into roughly 105,000 m?
of clay which meets the requirements of clay for dikes. “Water Authority Hunze en Aa’s” will
be using 70,000 m3 of the produced clay to transform/strengthen one kilometer of dike into a
Wide Green Dike, in a subsequent pilot project. This is a dike with a shallow slope covered by
grass. If the produced clay proves to be successful in this test section, the remaining section
(about 11.5 kilometers) of the flood defense structure it forms part of may also be
strengthened with this method. In addition, the ripened sediment may be suitable as a raw
material for the brick industry and for raising agricultural land.

The pilot will generate knowledge about transforming dredged material into clay soil and the
usefulness of this process. This knowledge could also be very valuable elsewhere, where
building materials are scarce and intensive flows of fine sediment led to high dredging costs
and/or loss of ecological value, such as in Singapore or the Western Scheldt estuary (NL).

Figure 5-28 Clay Ripening location Delfzijl (left) with location of source of the sediment (right) (picture:
Satelliet data portaal, 2018)

* Location: Eems-Dollard estuary, Delfzijl (The Netherlands)

+ Expected project duration: January 2018 to January 2022

* Involved parties: Rijkswaterstaat, Province of Groningen, Groningen Seaports, Water
Authority Hunze en Aa’s , Het Groninger Landschap and EcoShape. The project is
financially supported by the Waddenfonds and the Dutch national flood protection
program HWBP.

* Technology Readiness Level (TRL): 3 (i.e., experimental proof of concept)

*  Environment: Muddy coasts, rivers and estuaries, ports

The more details about the project can be found here: www.ecoshape.org/en/cases/clay-
ripening-pilot-project-delfzijl-nl/
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5.4.4 New Suez Canal project: An iconic dredging project
Some facts and figures about this iconic project (Van Bemmelen et al., 2016):

» Involvement of six major dredging contractors: The Challenge Consortium comprised of
Royal Boskalis and Van Oord from The Netherlands; National Marine Dredging Company
(NMDC) from Abu Dhabi; Jan De Nul NV from Belgium. The total contract value
amounted to US $1.5 billion. The second consortium, Dredging International NV (an
operating company of DEME Group) from Belgium and Great Lakes Dredge & Dock
Company (GLDD) from USA received the assignment to deepen and widen the western
branch of the Suez Canal, worth US $540 million.

« Largest number of dredgers ever deployed on a single project — 28 units and over 40
pieces of auxiliary equipment.

»  About 245 million m? of sand was dredged in 9 months.

* Most of funding for the project came from the Egyptian public who were invited to
participate in the purchase of interest-bearing investment certificates. The US $8.4 hillion
goal was achieved in 8 days.

- :
Figure 5-29 A satellite image of different dredging equipment for the Challenge Consortium at the work site

(upper image) and picture of vessels (lower image)

—

55 Concluding remarks

Various global examples on management of sediment-induced problems were briefly
presented. Furthermore, some examples were shown that could be of use while considering
beneficial reuse of sediment at the THC. There is hardly any example related to the
management of large sediment volumes at the reservoirs (as in the Channel reservoir),
particularly their removal and reuse. Generally, most of the cases have much smaller
volumes.
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There were intensive capital dredging projects and equipment though that moved
considerable sediment volumes that are on par with what would be expected within the THC.
However, those experiences could be useful to consider for urgent maintenance work at the
THC as well as for the pilot campaign on the beneficial reuse of sediment.

We also suggest looking at our presentation slides which briefly includes some global
experiences as well. We have also included a list of various relevant literature and publication
sources list that could be useful (see References).
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5] Conclusions and recommendations

6.1 General conclusions

Our in-depth review and assessment of the previous available studies and a rapid analysis of
the sediment-induced problems at the THC have revealed that the situation is rather severe
in terms of not only storage loss of the THC resource but also for the safety of the populace,
effect on the local economy and the dam structures. Furthermore, the further loss of
resources without action (do nothing - wait) is also a realistic threat. The problem has already
resulted in decreasing flood safety as well as malfunctioning of the hydropower and irrigation
structures and facilities. There is a significant amount of storage loss (almost 1.5 billion m?3)
leading to a water stress situation severely affecting the livelihood of more than 5 million
people in the region. Consequently, it is the opinion undertaken in this review that the
problems and associated challenges must be addressed urgently.

Several examples of global practices and references have been provided. They can be useful
to consider and pursue in greater detail while considering and designing the possible
mitigation measures. However, there is no generic method and technique alone. Thus
proposed solution(s) and measure(s) should be site specific as per the local/regional
situations associated with social, technical, environmental, economic, and integrated with the
engineering feasibility of the solutions. It should be emphasized that all the measures and
interventions should be properly assessed for their adverse impacts and feasibility. For
example, the measures related to the sediment removal (by excavating, dredging as well as
flushing and sluicing) should be properly studied to avoid any adverse impacts leading to
hazards and risks such as collapse of the sediment layer leading to blockage of the intakes,
transport of high sediment load leading to sediment hazards and damages in the reservoirs
and downstream infrastructure and habitants.

There are still knowledge gaps globally, particularly related to the beneficial reuse of fine,
clay-silt soft sediment, which appears to be the case for most of the sediment in the Channel
reservoir. Fine grained soft sediments can be applied for beneficial reuse on a large scale but
other processing conditioning steps that include both mechanical and other additions to
produce a high-quality manufactured soils and stabilized sediments such as for engineered
structural (non-structural fill) are usually undertaken. These manufactured products do have a
high value and take the place of unrenewable resources. Most of the application are related
to coarse sediment fractions that are easier to process via liquid -well established liquid-solid
separation technologies and can even be directly used for a number of purposes also having
a high monetary value as sand. For the fine sediment, the sediment placement and/or
disposal, sediment processing for the beneficial reuse should be properly assessed based on
a commercial-scale pilot campaign (as suggested). The intent is to develop large commercial-
scale sediment manufacturing incubators/facilities that can spur economic growth. Many of
these described processes can be scaled-up. As mentioned before, beneficial reuse of
sediments is a resource — not a waste.

6.2 On managing sediment-induced problems with beneficial reuse of
sediment at THC

The problems and the corresponding measures have been categorized as per the urgency
and scale. These challenges of the 1st-category require immediate attention and action.
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Whereas the 2nd-category will require more detailed impact and feasibility assessments.
Also, the experiences that could be gained from the implementation and execution of the
measures to address the 1st-category problems would be useful for the assessment of the
measures to address the 2nd-category problems. These are summarized below in Table 6-1.

Table 6-1 The categorization of the problems at the THC and the proposed measures

Problem
description

Proposed measures

Remarks

-Functionality
and safety of

A comprehensive sediment
management program with beneficial
reuse of the sediment is proposed:
-Major maintenance measure
(sediment removal plan and execution
for the Channel reservoir and canal
intakes)

-Supplementary maintenance measure

- Urgent action

- A cost-benefit and
feasibility analysis
(particularly for beneficial
reuse of the sediment -
should be a part of the
pilot campaign)

scale application that should be based
on the outcomes of the pilot campaign)

> (sluicing and flushing of the Channel - Detailed impact
< | the hydropower 7 .
o 2T reservoir) assessment (particularly
2 | and irrigation L . .
9 -Mitigation measure (erosion and for the sediment removal)
@ | structures X ; . .
o sediment inflow management in the - Market analysis for
.+ | -Flood passage ; : i
s . catchment, the river and the reservoir) | sediment products
— | (due to partial | adati | I ial
blockage of -Non-structural adaptive measures (volume, value, potential
: (monitoring, information, forecasting & | customer segments,
spillways) - . ,
early warning systems; water loss demand patterns in the
reduction) region, oversaturation of
-Pilot campaign on beneficial reuse of | the market, other
sediment from the Channel reservoir products and
(Top-soil enhancement, fertilizer, competition, other local
building materials, structures for CFDs, | and important factors).
reservoir, river)
-There options are proposed for the
comparative feasibility and impact -Large-scale
-Storage loss i . ; h
leading to assessment: o interventions, thus
Option-1: Capital dredging in the detailed feasibility and
water stress for L - . .
irrigation Channel reservoir with beneficial reuse | impact assessment is
drigkin \,Nater of sediment required.
> ng Option-2: Construction and/or -Experience, gained from
o | affecting the tension of the off-channel the application and pilot
> | livelihood of extension of the off-channe e application and pilo
] the people reservoir(s) campaign as a part of
S peopie. Option-3: Renovation/relocation of the | category 1 (urgent)
| -Decrease in . .
° structures (e.g., dam heightening or measures, should be
c | volume of the . . : X
N strengthening to increase the operation | considered.
Channel . . .
i level of the reservoir) -This may require more
reservoir DA : .
X -Mitigation measures time for the feasibility and
affecting safe . .
-Non-structural adaptive measures impact assessments as
passage of _ . -
. -Beneficial reuse of sediment (large- well as for the decision
(design) floods

making processes

Based on our review of previous studies and laboratory tests, we have shortlisted some
potential options of beneficial reuse of removed sediment for the THC for further

consideration as follows:

- Manufactured topsoil improvement and fertilizer production for agriculture and
afforestation
» Creation and restoration of ecological (habitat) zones that support livelihood functions
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- Establishment of commercial industries for producing building materials (including the
addition of polymers), landscape (ecological) design, engineered fill (structural and non-
structural) and environmental applications

* River and reservoir training structures (bank protection, berms, sand plugs, earthen
dams, etc.) for flow and sediment management

Each one of these proposed beneficial use options are directly linked to a processing
operation to facilitate the manufacturing and/or placement of the removed sediments.

We have suggested to carry out a commercial-scale pilot campaign (as a part of
comprehensive sediment management program) to assess the technical feasibility for their
real-world application. This should also include market drivers and cost-benefit analysis as
well as the detailed impact and risk assessment (social, economic, and environmental).

6.3 On sustainable management of THC

The functions of the THC are explicitly associated with water, food, and energy security for
the region that supports a population of more than 5 million people. The functions are linked
with the ecosystem services in a basin scale and must consider the social and environmental
aspects as well. Consequently, the Nexus Water-Food-Energy + Environment (WFEE) shall
be considered as an integral part of the sustainable management of the THC.

All the proposed measures and interventions to improve the situation of the THC should
eventually contribute to the Sustainable Development Goals (SDGs). This should be
considered while conducting the feasibility and impact assessment of the proposed
measures. We have attempted to describe the interlinkage between Nexus and SDGs
through the measures associated with sustainable management of the THC. Another
important aspect related to the sustainable management of the THC is the governance
perspective that should be in a basin scale as there are various interventions and influence at
the upstream catchment. Moreover, the THC is a transboundary complex that makes the
cooperation and understanding between the two countries more important for improving the
situation at the THC. There must be proper connection between technical part of the Nexus
with the governance part as an essential sustainability criterion. This implies that the
sustainable management is linked with the Integrated and Participatory River Basin
Management (IPRBM), which appears to have partly been already considered within the
scope of the Amu Darya basin management.

6.4 On constraints and challenges

There are several challenges, constraints, and limitations with respect to the handling of
sediment-induced problems as well as beneficial reuse of removed sediment at the THC.

In general, the constraints and challenges, that could be relevant to the THC have been
categorized as follows:

(i) Physical constraints: Magnitude, severity and conditions of the problems and the facilities;
timeframe; space and advanced technology; accessibility and project logistics; market drivers
and limitations for the products (related to sediment reuse); unfavourable changes in the
future (e.g. decreasing inflow or increasing erosion due to upstream catchment degradation
and interventions).

(i) Social and environmental constraints: Safety concerns, ecological impacts and risks due
to the large interventions and changes (e.qg., for farmers, fishermen and other inhabitants);
social resistance and unwillingness; pollutions (air, water, noise); contaminated or poor
quality of deposited materials
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(iif) Economic constraints: Availability of the investment and willingness; budget limitation
(e.g., for the state authorities); ambiguous economic viability and justification; financial risks
(loss or reduction of benefits, e.g., due to possible extremes, hazards, failures, economic and
political instability)

(iv) Legal and other constraints: Rules and regulations, stakeholders’ priorities and interests;
acceptance to innovative approaches and technologies- (do what we always do);
transboundary disputes; political will; differences in perception of urgency.

(v) Contracting and financing: Innovative contract and procurement packages that entice
long-term investments that balance risk.

All the relevant constraints and nuances must be properly explored and addressed already in
a preliminary phase of the scoping studies and prefeasibility assessment. Whereas the
conclusions of this study may appear to be daunting — and they are based on the magnitude
of these integrated challenges, the will to move forward knowing that there is precedence
from mega-scale projects that have been conducted globally exist. The decision is left to
deciding how long can the THC hold and sustain before collapse.
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Appendix 1. Water resources and reservoir

sedimentation in Uzbekistan — some facts and
figures

Institutional structure of water resources governance in Uzbekistan

Ministry of Water Resources
of the Republic of Uzbekistan

Ministry of Water Resources
of the Republic of
Karakalpakstan,

Basin Administrations of

Irrigation Systems

Main Canals (Systems)
Administrations

Administrations of
Irrigation Systems

Rayon lrrig

Karshi Main Canal
Operation Administration

Central Dispatching,
Communication and Cadastre
Service

Agency for Water
Management Projects

Implementation

Amu-Bukhara Pumping

B Canal Operation

Administration

Information, Analytical, and
Resource Centre

Ferghana Valley Main

— Canals Operation
Administration

South MirzoChoul Canal
Operation Administration

Depart

(of Quvasoy city)

Departments of Pump
Stations, Energy and
Communication

|
-

Ameliorative expeditions

UzNCID (2020)

Gosvodkhoznadzor
State Inspectorate
[supervision of
hydraulic structures safety]

Suvloyiha SUE
[State Unitary Enterprise,
for water designing]

Zarafshon Main Sy

— ‘Operation Administration

Administration of Bank
Protection Dikes and Bed-
Regulating Structures

Right-Bank Collector
System Operation
Administration

Uzsuvekspertiza SUE
[State Unitary Enterprise,
for design and construction

expertise]

Botiometrik Markaz SUE
[State Unitary Enterprise,
for bathymetric surveys]

Scientific and Research
Institute of Irrigation and
Water Proplems

Water Reservoirs
Operation Administration

Educational institutions
{colleges)

Department of
Jizzakh Main Pump Station
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Total including by source
Water consumers )
(by priority) water Surface | Underground | Return
requirement | Water Water Water
2018
Domestic utilities 5320 2200 3120 0
Industry 1885 855 1030 0
Rural water supply 485 415 70 0
Fisheries 640 460 0 180
Energy 770 770 0 0
Irrigated Agriculture 55100 50000 1100 4000
Total 64200 54700 5320 4180
2030
Domestic utilities 6200 2450 3750 0
Industry 3500 1580 1920 0
Rural water supply 950 810 140 0
Fisheries 640 460 0 180
Energy 780 780 0 0
Irrigated Agriculfure 48000 46800 700 500
Total 60070 52880 6510 680
Dynamics of actual water withdrawal from rivers (million m?) )
1960 1980 1990 2000 2010 2018
= = = = = =

- = - = - = - = - = - =

3 = s = 2 = 2 = b = 2 s

S| R F| 2| B2 B2 22| 2

- - — = = =

30780| 27900(64910| 55510| 56611| 58156 | 53265 [ 35687| 56611 | 44718 | 54700( 50000

Actual and prospective water consumption by sectors in Uzbekistan (million m3/year)

Reservoir sedimentation records in Uzbekistan (Bathymetric Centre of the Ministry of

Agriculture and Water Resources of Uzbekistan, 2013)

Reservoir Initial Silted Initial Silted  Started to
Volume volume Volume Volume  operate
(Mm’) (%) (Mm”) (%) (Year)
Total Volume Capacity Dead Volume Capacity
Tashkent 250 16.9 26 76.3 1962
Talimarjan 1525 39 125 223 1985
Janubiy 800 37 100 78.7 1967
Surkhandarya
Kuyimazar 310 11.2 47 6.7 1958
Tudakul 1200 13.7 600 9.6 1983
Akhangaran 198 4.8 13 27.7 1969
Andijan 1900 13.4 150 39.2 1970
Jizzak 100 19.9 4 96.2 1966
Kattakurgan 900 225 24 87 1953
Tupalang 100 16.6 8.79 884 1992
Khissarak 170 13.2 8.4 100 1985
Chimkurgan 500 22.7 50 318 1963
Pachkamar 260 259 10 99.8 1967
Akdarya 112.5 17.2 2.5 41.6 1984
Ruslovoy 2340 449 270 86.5 1980
Kaparas 960 1.9 410 1.65 1983
Average 17.8 54.6

Rakhmatullaev et al. (2013): Water reservoirs, irrigation and sedimentation in Central Asia: a
first cut assessment for Uzbekistan. Environmental Earth Sciences, Springer, 68 (4)
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Appendix 2: Chemical and agrochemical compositions of sediment samples

Table 0-1 Chemical properties of the sediment samples, taken from various location of the Channel reservoir (Shirokova Y. ., 2022)

CopaepxaHue pacTBOPUMbIX MOHOB
Koa Content of soluble ions
Mpo6 TDS

B MunurpammaksmeaneHTtax. 100 rpamm

H ECe, | MnotHbiit % in milligram equivalents. 100
Sample P dS/m | ocTaTtoK, 9 q ) 9
code % ‘ ) S § }
(Ne) HCO,| cI | SO, | ca” | Mg" | Na+K'|uoHos, | HCO, | cl | SO, | ca’ | Mg | Na+K

%

1 8,9 | 0,60 0,068 0,026 | 0,005 | 0,024 | 0,008 | 0,002 | 0,011 | 0,063 | 0,420 | 0,148 | 0,499 | 0,400 | 0,197 | 0,471

2 8,8 | 1,08 0,112 0,018 | 0,011 | 0,048 | 0,012 | 0,002 | 0,018 | 0,100 | 0,300 | 0,296 | 0,998 | 0,600 | 0,197 | 0,800

3 8,9 | 0,68 0,074 0,026 | 0,007 | 0,026 | 0,008 | 0,002 | 0,013 | 0,069 | 0,420 | 0,197 | 0,541 | 0,400 | 0,197 | 0,562

4 89| 0,64 0,072 0,027 | 0,007 | 0,024 | 0,008 | 0,002 | 0,012 | 0,067 | 0,440 | 0,197 | 0,499 | 0,400 | 0,197 | 0,541

5 8,7 | 1,04 0,106 0,028 | 0,007 | 0,045 | 0,012 | 0,005 | 0,014 | 0,097 | 0,460 | 0,197 | 0,936 | 0,600 | 0,395 | 0,601

6 8,6 | 1,04 0,108 0,034 | 0,011 | 0,039 | 0,013 | 0,004 | 0,017 | 0,100 | 0,560 | 0,296 | 0,811 | 0,650 | 0,296 | 0,724

7 8,7 | 1,76 0,168 0,033 | 0,014 | 0,060 | 0,014 | 0,002 | 0,030 | 0,137 | 0,540 | 0,395 | 1,248 | 0,700 | 0,197 | 1,289

8 8,7 | 1,08 0,110 0,020 | 0,014 | 0,045 | 0,01 | 0,004 | 0,020 | 0,202 | 0,320 | 0,395 | 0,936 | 0,500 | 0,296 | 0,857

9 8,7 | 1,12 0,112 0,021 | 0,011 | 0,048 | 0,012 | 0,004 | 0,017 | 0,102 | 0,340 | 0,296 | 0,998 | 0,600 | 0,296 | 0,741

10 8,8 | 0,72 0,078 0,028 | 0,007 | 0,028 | 0,008 | 0,004 | 0,013 | 0,073 | 0,460 | 0,197 | 0,582 | 0,400 | 0,296 | 0,545

131 of 145 Management of sediment-induced problems at Tuyamuyun Hydro-Complex (THC)
11207781-002-ZWS-0001, 30 August 2022, draft

Deltares



11 89| 0,64 0,076 0,027 | 0,009 | 0,024 | 0,008 | 0,002 | 0,014 | 0,070 | 0,440 | 0,247 | 0,499 | 0,400 | 0,197 | 0,590

12 8,7 | 1,96 0,184 0,035 | 0,011 | 0,092 | 0,02 | 0,007 | 0,028 | 0,175 | 0,580 | 0,296 | 1,914 | 1,000 | 0,592 | 1,202

13 85| 1,32 0,132 0,033 | 0,007 | 0,060 | 0,016 | 0,005 | 0,018 | 0,123 | 0,540 | 0,197 | 1,248 | 0,800 | 0,395 | 0,794

14 85| 1,84 0,174 0,027 | 0,018 | 0,076 | 0,018 | 0,004 | 0,030 | 0,159 | 0,440 | 0,494 | 1,581 | 0,900 | 0,296 | 1,323

15 8,6 | 6,96 0,502 0,035 | 0,179 | 0,088 | 0,024 | 0,012 | 0,121 | 0,441 | 0,580 | 5,034 | 1,830 | 1,200 | 0,986 | 5,264

16 8,9 | 0,92 0,094 0,024 | 0,011 | 0,036 | 0,01 | 0,002 | 0,017 | 0,088 | 0,400 | 0,296 | 0,749 | 0,500 | 0,197 | 0,750
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Table 0-2 Agrochemical properties of the sediment samples (Shirokova Y. I., 2022)

Humu Content of gross forms
S .
Sampl . Genera Nitrogen

Sampling | Humu carbo C/ "

£ location s, 0 | ASSessme n. Nitroge agsegsesrr?:e Phosphor | very | Potassiu agsegsesrr?:e N | enrichme

code nt (Cg. n, % " us, % rich m, % " nt, C/N
%)

1 PUK223 0.19 Very poor 0.11 0.021 Very poor 0.155 M?T?'u 0.20 Very poor | 5.3 High
TMGU Mediu

2 Ave. coast | 0.51 Poor 0.29 0.038 Very poor 0.195 m 0.72 Very poor | 7.7 High
of Uzb
Ne130®51

3 g;?]?ve. 0.30 Very poor 0.17 0.024 Very poor 0.200 M?:'u 0.42 Very poor | 7.1 High
Ruslovaya
ST-1
Ne130®51

4 garlr;]?ve. 0.34 Very poor 0.20 0.025 Very poor 0.180 Mi?'u 0.66 Very poor | 7.9 High
Ruslovaya
ST-1

5 PUK225 0.74 Poor 0.43 0.052 Poor 0.160 M?T(]jm 0.90 Very poor | 8.3 Medium
Military

6 #R/'ltGOEJ 0.68 Poor 0.39 | 0.048 Poor 0.150 Poor 0.69 Very poor | 8.2 | Medium
Uzbek
ST 22 .

7 Uzb 0.80 Poor 0.47 0.061 Poor 0.132 Poor 0.72 Very poor | 7.6 High
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Humu Content of gross forms
S :
Sampl . Genera Nitrogen
Sampling | Humu carbo C/ .
£ location | s,% | 2SS€sSme n, Nitroge aSse:sesrrile Phosphor | very | Potassiu aSse:sesrrile N | €nrichme
code nt (Cg. n, % " us, % rich m, % - nt, C/N
%)
TMGU
Ave. Mediu .
8 beregT™ 0.32 Very poor 0.18 0.024 Very poor 0.165 m 0.49 Very poor | 7.7 High
GU
Etc. Bank
No. 130 i
9 RUN-Of- 0.57 Poor 0.33 0.042 Very poor 0.145 Poor 0.60 Very poor | 7.9 High
river dam
Etc.
10 E:r?ll(ovaya 0.53 Poor 0.31 0.039 Very poor 0.132 Poor 0.63 Very poor | 7.9 High
Ne130
ST 2®
436m Pr .
11 Bank 0.27 Very poor 0.16 0.024 Very poor 0.141 Poor 0.37 Very poor | 6.6 High
Ruslova
Sulton
Sanzhar
12 Ave. 0.78 Poor 0.45 0.056 Poor 0.112 Poor 1.02 Poor 8.1 High
Ruslovaya
bank
Military
13 EIJ'rICJItGOEJ 0.84 Poor 0.49 0.064 Poor 0.136 Poor 0.72 Very poor | 7.7 Medium
Uzbek
ST 2® .
14 237m Pr 0.38 Very poor 0.22 0.027 Very poor 0.141 Poor 0.40 Very poor | 8.2 High
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Humu Content of gross forms
S :
Sampl . Genera Nitrogen
Sampling | Humu carbo C/ .
s location s, 0p | aSSessme n, Nitroge Cremenel Phosphor | very | Potassiu Cremerel N | enrichme
code nt © n % assessme us. % rich m. % assessme nt, C/N
g, ’ nt ’ ’ nt
%)
Bank
Ruslova
Pr
15 gﬁri?% 095 | Medium | 055 | 0068 Poor 0.108 Poor | 1.46 Poor | 81| High
river ST 5
ST 2®
436m Pr .
16 Bank 0.36 Very poor 0.21 0.025 Very poor 0.145 Poor 0.54 Very poor | 8.3 High
Ruslova
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Appendix 3: Summary of national strategy and practices for management of
dredged materials in some countries

CIT (2013), Giri et al. (2019)

Country

Dredged material (DM) management strategy and practices

The Netherlands

Annual DM production of 25-30 million m*, with an annual average budget of €130 million, most of which is spent on maintenance
dredging at the Port of Rotterdam.

e Prioritize dredging activities with largest benefits and quantify economic and social revenues.

e Introduction of subsidies for dredging in urban areas and financial incentives for maintenance dredging.

e Adaptation of DM legislation to make it more coherent, simple and suitable to achieve policy targets.

Example Case Study Limburg, Zeeland
¢ Maintenance project in canals with contaminated silty-sand DM
e Treatment and beneficial use of 50% of DM by ripening, sand separation and immobilization

Annual DM production of approximately 46 million m3, 76% of which is from maintenance dredging in coastal areas.

e Established a Working Group on Coastal Dredging (AKN)-to define management practices for maintenance dredging and
improve economic efficiency of equipment and machinery.

e Large scale contaminated treatment plant (METHA) in Hamburg.

Germany e Mechanical separation and dewatering of contaminated dredged material (CDMS).
Example Case Study Bremen Harbour
e Contaminated maintenance DM from the Harbour used for brick production
e Containment layer in landfills and the production of Light Weight Aggregates (LWA).
Less than 100,000 m? is dredged annually but there are considerable issues with contaminated sediments.
e Norwegian Pollution Control Authority (SFT) established to monitor and evaluate CDMS.

Norway e Policy to advance through pilot projects, research, monitoring and establishment of a national council to address sediment

issues.
e Impose obligation on polluters to conduct the necessary clean-up required
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Country Dredged material (DM) management strategy and practices
Example Case Study Sandefjord Seaport/bay
e Dewater CDMS using Geotubes deposited locally on seabed to act as a barrier
e This is covered over with geotextile and clean sand.
The main region for dredging activities is Flanders — annual DM production of 6.3 million m2.
¢ Introduction of TRIADE approach to DM classification; 4 pollution classes ranging from no pollution (class 1) to severe pollution
(class 4).
e Spreading of DM on rivers, canals and waterways to enhance navigable areas.
e Flemish waste regulations (VLAREA) allow classification of suitable DM (after analysis) as “secondary raw material”; it is no
Belgium longer considered a waste allowing for easier beneficial use application of DM.
Example Case Study
e 2.5 million m® of dry contaminated DM spread over 13 treatment facilities where it is dewatered and treated biologically to
remove contaminants.
e The remaining clean sediment (sand and fine aggregates) is certified by Flemish waste agency (OVAM) as either ‘soils’ or
‘building material’ for beneficial use.
Annual volume of DM production is approximately 56 million m3; 89% of which comprises of marine sediments generated from the
6 main ports.
e Developed the GEODRISK method of DM characterisation; gives geochemistry of DM and identifies potential hazards as well.
France e History of implementing a range of different beneficial uses for DM including: land improvement, agricultural fill material, beach
nourishment, coastal erosion control, construction material and topsoil.
Example Case Study Charentes
e Maintenance DM used as beach nourishment to improve coastal regime and enhance recreational opportunities.
Approximate annual national dredging requirement of 6 million m3.
e National policy of viewing DM as a ‘resource’ instead of a ‘waste’
¢ National Program of remediation and environmental recovery of contaminated DM.
e Testing of treatment technologies for contaminated sediments in order to identify environmentally sustainable management
Italy options.
Example Case Study
e Confined Disposal Facility (CDF) for containment of CDMS in the harbour of La Spezia.
e Level of contamination required a 1m thick lining of impermeable material to the sides and bottom of the CDF.
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Country Dredged material (DM) management strategy and practices

Approximate annual national dredging requirement of 200-300 million m* of DM.

o Established National and Regional Dredging Teams (USEPA & USACOE’s & RDT'’s) to facilitate communication, coordination,
and resolution of national dredging issues.

e Extensive and detailed national dredging management programme overseen by the EPA and DMMO (Dredged Material
Management Office).

¢ Published “Beneficial Use Planning Manual” which presents a framework for identifying, planning, and financing beneficial use
projects in the US.

United States e Committed to implementing beneficial uses of DM over the last decade under the “Action Agenda — 2003 to 2013” outlying the

issues and principles of good DM Management.

Example Case Study San Francisco Bay

e The LTMS (Long-Term Management Strategy) of the RDT has developed several beneficial use programs for DM and aims to
use 40% of all DM beneficially in the long term.

e Current beneficial uses include: landfill daily cover, beach nourishment, sand for use by aggregate companies, and construction
fill in separately approved upland or aquatic fill projects (for both material that is clean and that is unsuitable for aquatic disposal).
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Appendix 4: Applicability of dredged sediments for beneficial use based on
type and quality

Sheehan (2012), Giri et al. (2019)

Dredged material applicability
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Environmental Enhancement

Wetland Habitat Creation/
Enhancement

Sediment Cell Maintenance

Fill for Abandoned
Mines/Quatries

Upland Habitat Restoration/
Creation

Agticultural/ Product Uses

Concrete Manufacture

Road Sub-base Construction

Landfill Liner

Manufactured Topsoil (MS)

Production of Ceramics/Bricks
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Appendix 5: Treatment options for dredged sediments, practiced in Ireland

CIT (2013), Giri et al. (2019)

Applicability

For Common
Contaminants

For Sediment Type
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. . Contaminated sediment is separated from the reusable DM. The left-over
Soil Washing CDMS* is stabilized as a filter-cake ready for further treatment/disposal. v VIV P e o
Mechanical Filter presses are used to reduce the water content of DM by up to 80%,
D . removing suspended/soluble contaminants. Filter-cake is produced. Commonly | V NN N AN [ x [N ] x
ewatering
used as a pre-treatment for other treatment methods.
Geotextile Tube Tubes are fabricated from synthetic geotextile that ‘sieves’ the DM, reducing
contaminant concentrations and allowing the treated water to filter out, whilst S x [N [ x [N AN [N [N x| x

Dewatering

retaining and consolidating the solid matter of the DM.
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Thermal
Desorption

Hazardous organic compounds, and some volatile metals, are heated and
converted into gases/liquids which are collected for safe disposal.

Landfarming or
Ripenning

DM is spread over land and undergoes natural aerobic degradation removing
organic contaminants. Heavy metals may also be removed using additional
treatments (see 11 & 12).

Bio-reactors

Varying sizes of vessels are used to contain the DM whilst it undergoes
various microbiological processes to degrade organic contaminants. %
degraded depends on the length of treatment time.

Stabilization

Chemical compounds (e.g., cement) are added to the CDMS; stabilizing &/or
immobilizing the material for use in construction or to reduce leachability and
bio availability on disposal. May require pre-treatment dewatering.

Thermal
immobilization

Dewatered DM is melted and crystallised. Organic contaminants are destroyed
in the process whilst inorganics are accumulated for safe disposal or
treatment.

Thermal-
Chemical
Immobilizatio using
Cement Kiln

DM is mixed with fuel, air, and modifiers in a cement kiln. Organic
contaminants are destroyed, and heavy metals are immobilized in the cement
matrix. A clinker-material is produced which can form cement.

Pyrolysis

Organic contaminants are destroyed in anaerobic conditions. Organic and
inorganic compounds are separated in the process. Requires extensive pre-
treatment dewatering.

Super-Critical
Water Oxidation*

142 of 145

New technique currently being researched in Ireland. DM is heated under high
pressure causing the water content to enter ‘super-critical’ stage which
destroys all organic contaminants. Inorganics are mineralized into sterile
compounds which may have beneficial uses.
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Dewatering using
Wetland Plants*

Studies have concluded that certain species of wetland plants are adept at
dewatering and subsequently removing contaminants from DM.

Electro-osmotic
Dewatering*

A small electric potential is applied across the DM inducing rapid flow of water
as a result of physio-chemical and electro-chemical processes. Hydraulic
conductivity and shear strength of consolidated DM are also increased.

Electro-kinetic
Extraction*

Electro-kinetic technology is a technique that employs a low direct current to
facilitate the ionic metal transport through porous media (DM).

Symbol: + Suitable + Partially suitable x Unsuitable

* Treatment method still undergoing research as to its applicability in practical DM treatment on an industrial scale

4CDMS: Contaminated Dredge Material Sediment

Vo N x| N
VNN
VoV x

Remark: The chemicals that are considered to be the most detrimental to the aquatic environment are those that are persistent, toxic
and bio-accumulate in the food chain and include (CIT, 2013):

Heavy metals (e.g. mercury, lead, arsenic, zinc, cadmium)

IPolynuclear Aromatic Hydrocarbons (PAHSs) (e.g. Qils, diesel, hydraulic fluid)

2Tri-Butyl Tin (TBT) (organic compound)

3Polychlorinated Biphenyls (PCBs) (e.g. paints, plastics, adhesives)
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