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BACKGROUND

Reservoirs represent one of the most efficient means of ensuring water supply via active regu-
lation (management) and re-distribution of river runoff over time for use in different economic
sectors. Today, Uzbekistan is operating over 50 large and numerous small reservoirs, mainly
for irrigation. The total volume of regulated runoff amounts to 21 km?®or about 40% of the total
available water resources consumed annually by all the sectors of the national economy.

From the hydrological point of view, reservoirs form relatively quickly and do not render suf-
ficient time for the environment as well as rivers’ natural hydrological regime to adapt. The
flow regime in reservoirs is sophisticated. Runoff flows can be well traced in reservoir transient
zones and upper sections, mainly in flooded main river channels. In the near-dam section, drain
currents form as a result of idle water discharge into the tail bay through spillways, through
culverts into HPP channels and/or turbines. Water flow dynamics inside reservoirs, current
directions, as well as water stream speed arise under the influence of gravity, pressure gradients
and friction stress. The distribution of such currents in reservoirs is accompanied by the transfer
of suspended and bed sediments, sediment accumulation and scours, i.e. erosion sites in the
reservoir basin and coastline alteration.

As currents spread, the dynamic processes inside a reservoir depend on its morphological fea-
tures, i.e. bed slope, depth, water exchange rate, etc. In lowland reservoirs, the interaction
between bottom and surface wave currents manifests itself rather aggressively. Since the mech-
anisms underpinning the development of such currents remain largely uncertain, numerous ex-
perimental and theoretical studies are ongoing to investigate the matter. The theory of runoff
regulation has recently become a powerful tool for justifying water management at various lev-
els, although many challenges still require a more detailed inquiry.

At the 1% Regional Steering Committee Meeting (October 27, 2020)%, the Ministry of Water
Resources (MWR) of the Republic of Uzbekistan (RUz) and Turkmenistan’s State Committee
for Water Resources (TM SCWR) proposed the Tuyamuyun Hydro Complex (TMHC) as the
demonstration project site within the framework of the European Union’s Central Asia Nexus
Dialogue Project: Fostering Water, Energy and Food Security Nexus and Multi-Sector Invest-
ment (Phase I1). This demo project aimed to assess the sedimentation in the Ruslovoye Reser-
voir at the TMHC leading to its reduced active (useful) capacity. Sediment accumulation in the
Ruslovoye Reservoir curbs the operation of the offstream reservoirs (Sultansanjar, Koshbulak,
and Kaparas) covering Uzbekistan’s and Turkmenistan’s irrigation needs.

1The EU has been supporting demo water-energy-food nexus projects in Central Asia (www.carececo.org).
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Project goal: conduct measurements and assess sedimentation scale at the Ruslovoye Reservoir
of the Tuyamuyun Hydro Complex; carry out sedimentation forecast calculations and elaborate
recommendations for optimizing the reservoir’s operation regimes to diminish sedimentation
based on innovative solutions in terms of utilizing sediment deposit materials.

To achieve the project goal, the following tasks were completed: investigating the river bed and
irrigation canal condition in the Amu Darya River lower reaches over the years of TMHC op-
eration; analyzing the main performance indicators of the TMHC reservoirs for the years of
operation, and evaluating the TMHC overall performance; assessing the influence of reservoir
operation regimes on non-productive water losses; diagnosing the effect of irrigation-related
deposits on farmland productivity in the downstream Amu Darya.

In broad terms, the exercise aimed at designing and proposing enhanced operation regimes for
the TMHC reservoir system to eliminate the negative consequences of disrupted natural channel
regime of the lower Amu Darya River, including to improve water intake into irrigation canals,
bring down filtration water losses, as well as boost agricultural productivity.

Sedimentation measurements at the TMHC’s Ruslovoye Reservoir under Task 1 were
completed earlier, and described in the submitted Interim Report.
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1. CURRENT STATE OF TMHC RESERVOIRS

1.1 Hydrological and sedimentation regimes of the Amu Darya River
approaching TMHC

The Amu Darya’s runoff regime close to TMHC was adopted as per the data of the Darganata
(155 km above dam site) and Tuyamuyun (5 km below dam site) Hydroposts, and the data in
Uzhydromet hydrological yearbooks, water sector hydro reclamation systems (HRS) and Re-
search Institute of Irrigation and Water Problems (NII1VVP) Expedition (Central Asia Irrigation
Research Institute, SANIIIRI), as well as Uzbekistan MWR Service. Fig. 1.1. shows the Amu
Darya annual runoff approaching TMHC during 1979-2021, and the obvious cyclical nature of
the river’s water content, i.e. high- and low-water years alternating every 5-7 years. Thus, the
mean multi-year medium water content amounts to approx. 35 km?, and low water — to 20 km?.
Extreme low-water years — with the discharge fluctuating between 12 and 20 km®3— have been
increasingly observed in recent periods.
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Figure 1.1. Annual river discharge approaching TMHC.

During snow and ice floods (May-September), the runoff may sharply grow and demonstrate
significant fluctuations between different 10-day periods. During flood season, 1-2 snow-rain
peaks can be distinguished in May-June, and a snow-glacial melt flooding wave peaking in
July. A certain growth of mean 10-day runoff in September can be attributed to decreased water
withdrawal via irrigation canals in the river’s midstream due to irrigation water supply cessa-
tion.

The data analysis associated with the river discharge regime at the Darganata Site (42 years of
observations) points to the minimum runoff of 13.63 km? in 2000/2001 against the mean annual
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of 433 m®/sec. That water management year was the driest over the span of 42 years of meas-
urements. During other low-water years, the annual runoff ranged from 18.7 to 24.1 km®. The
maximum annual runoff of 54.22 km?® occurred in 1991-1992. The maximum monthly runoff
fluctuates between 560 m3/sec (January) and 5,640 m*/sec (July), and the minimum ones be-
tween 330 m%/sec (November) and 2,310 m¥sec (July). Fig. 1.2. below shows the mean
monthly runoff dynamics approaching TMHC during 2004-2021. The data point to the down-
ward trend of water entering the TMHC over these years, averaging minus 50 m®/sec per year.
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Figure 1.2. The Amu Darya mean monthly runoff approaching TMHC.

Simultaneously, the maximum outlet discharge dropped from 4,500 to 1,900 m*/sec, mean an-
nual inflow from 2,500 to 1,500 m®/sec, and the low-water annual inflow ranged between 250
and 750 m?/sec.

Table 1.1. Mean monthly water discharge
at Darganata-Tuyamuyun Reservoir Entry Site (m*/sec).

Discharge I I 11 v \% Vi Vil Vi IX X Xl X1l
Qnmean 614 | 478 473 714 | 1,466 | 1,911 | 2,352 | 1,746 | 1,018 | 619 822 704
Qnmin 279 | 204 209 230 307 563 702 495 300 238 233 354
Qnmax 936 | 811 880 | 1,403 | 2,918 | 3,666 | 4,499 | 2,833 | 1,673 | 930 | 6785 | 990

In the TMHC tail bay, during the observation period the mean annual discharge fluctuated from
317 to 1,691 m®/sec; and mean monthly discharge from 81 m®/sec in October to 4,042 m®/sec
in July.

Table 1.2. Mean multi-year monthly tail water discharge at Tuyamuyun Hydro Facility (m*/sec).
[Discharge | I | 1 [ m [ v [ v [ vi v [vin] ix [ x [ xi | xu|
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Qnmean 449 610 714 586 | 1,259 | 1,641 | 2,017 | 1,676 | 791 408 359 519
Qnmin 110 98 269 124 238 588 524 362 282 81 69 112
Qmax 936 | 2,798 | 1,300 | 1,800 | 2,990 | 3,666 | 4,042 | 2,994 | 1,565 | 884 917 990

Sediment regime. Runoff regulation in the Amu Darya River Basin, sediment accumulation in
reservoirs, and significant water diversion via canals have significantly impacted the ongoing
river’s sedimentation regime.

Due to the backwater effect in the Ruslovoye Reservoir and sediment settling in its basin, almost
clarified water enters the TMHC’s tail bay. During autumn-winter period, turbidity values are
minimal ranging between 0.02 and 0.08 kg/m?, with the maximum turbidity of 1.8 kg/m® ob-
served in summer. At the drawdown level of 118 m during vegetation season, the tail bay
turbidity reaches 1.10-1.80 kg/m®. The fluctuations of mean annual discharge of suspended and
stream sediment as per the observed data at the TMHC head and tail water hydroposts are pre-
sented in Table 1.3. below.

The annual discharge of suspended and stream sediment ranges from 4 to 10 min tons. This
study allowed examining the operation regimes of the TMHC reservoirs, water discharge and
sediment transport to the tail bay, as well as the sedimentation taking place in the Ruslovoye
Reservoir, and water losses due to evaporation and filtration.

Table 1.3. Mean annual discharge dynamics
of suspended and stream sediment during operation (kg/sec).
Mean monthly discharge of sediment/stream turbidity (kg/m?®)

1981 1982-1990 1991-2001 2002-2020 Min and max

values
Darganata (155 km) 1,500 860+3,460 25018000 754+6,200 889,300
1.07 1.01+2.48 0.30-+7.0 1.02+4.02 0.33+6.30
Tuyamuyun 890 80-+340 6.3+1,400 6.0-780 1.4+2,600
(5 km) 0.62 0.07+0.187 0.016+1.8 0.013+0.81 0.02+1.30

In 1982-1990, as the result of commissioning the Tuyamuyun Hydro Complex the amount of
suspended and stream sediment entering the dam’s tail bay had significantly dropped. For in-
stance, in 1981 — as per hydropost data — the mean discharge of suspended and stream sediment
amounted to 1,500 kg/sec at the Darganata Site, and 890 kg/sec at the Tuyamuyun Site. During
1982-1998, the mean sediment discharge ranged between 860 and 3,460 kg/sec at Darganata,
and from 80 to 340 kg/sec at Tuyamuyun. The max and min values of sediment discharge
observed at these hydroposts were 88-9,300 kg/sec (Darganata Site), and 14-2,600 kg/sec
(Tuyamuyun Site). Since 2000, no regular observations of the river’s sediment regime have
been carried out at the aforementioned hydroposts, complicating the assessment of the actual
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sediment regime occurring in recent years. The observed data during this period were as fol-
lows: 250-18,000 kg/sec at Darganata, and 63-1,400 kg/sec at Tuyamuyun.

Table 1.4. presents the mean multi-year monthly sediment volume entering the Ruslovoye Res-
ervoir, part of which transiting to the TMHC tail bay. The analysis shows that in the autumn-
spring period, sediment inflow ranged from 510 to 750 kg/sec, and tail bay transit from 35 to
75 kg/sec, i.e. only 7-10% of sediment reached the dam’s downstream side. In the high-water
periods (April-August), sediment inflow amounted to 2,100-6,500 kg/sec, and outflow to 410-
570 kg/sec, i.e. 9-20% (Fig.1.3.).

Table 1.4. Mean multi-year discharge of river silt
and stream sediment at the Amu Darya River sites (kg/sec).

L [ [ m [ wv [ v [ v v [ vin | aix | x | x1 | X

Darganata Site

725.6 | 513.6 | 681.2 | 2,119 | 6,573 [ 5,092 | 6,439 | 3,715 | 1,854 | 737.2 | 954.2 | 1,243

Tuyamuyun Site

3457 | 50.43 | 74.87 | 135.2 | 417.8 [ 329.2 | 566.0 | 531.2 | 167.3 | 35.29 | 29.07 | 41.43
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Figure 1.3. River runoff, suspended and stream sediment discharge.

Stream turbidity. The mean annual stream turbidity values — observed since 1981 — fluctuated
as follows: at the Darganata Site — 1.07 kg/m?3, and at the Tuyamuyun Site —0.62 kg/m?®. During
1982-2000, the mean annual stream turbidity varied from 1.01 to 2.48 kg/m? at Darganata, and
from 0.07 to 0.187 kg/m? at Tuyamuyun. The max and min values of the mean monthly stream
turbidity were observed within the range of 0.33 to 6.30 kg/m? at the Darganata Hydropost, and
of 0.02 to 1.30 kg/m® at the Tuyamuyun Hydropost. In subsequent 1991-2001, the mean
monthly stream turbidity fluctuated between 0.30 and 7.0 kg/m?® at the former, and between
0.016 and 1.8 kg/m? at the latter hydropost.
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As a result of the backwater effect in the Ruslovoye Reservoir and sediment settling in its basin,
virtually clarified water enters the TMHC’s downstream. Autumn-winter turbidity values are
minimal and range between 0.02 and 0.08 kg/m?, with the maximum value of 1.8 kg/m® ob-
served in summer. During vegetation season, at the drawdown level of 118 m the tail bay
turbidity reaches 1.10-1.80 kg/m®. The suspended and stream sediment discharge ranges from
4 to 10 min tons per year.

Table 1.5. Mean multi-year monthly water turbidity at the Amu Darya River sites (kg/m?).

Lo [ v v o ove v v | X |ox |oxXE X

Darganata Site

136 | 121 | 133 | 208 | 319 | 217 | 212 | 173 | 154 | 130 | 161 | 1.74

Tuyamuyun Site
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Figure 1.4. Mean monthly water turbidity.
1.2 TMHC design specifications and current condition

The Tuyamuyun Hydro Complex is located on the border of the Amu Darya River mid and
lower streams in the Tuyamuyun Gorge, 450 km away from the Aral Sea at the junction of the
borders of the Republic of Karakalpakstan and Khorezm Region (Uzbekistan), and Dashkhovuz
Region (Turkmenistan). The facility’s key functions include the following: ensure in-season
regulation of the Amu Darya River runoff benefitting downstream water users; supply water to
irrigation systems and reduce sediment inflow during intake into left- and right-bank main ca-
nals; accumulate low-mineralized water in the Kaparas Reservoir for further potable water sup-
ply to downstream settlements.
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The TMHC includes the Ruslovoye and three offstream reservoirs, namely Kaparas, Sultansan-
jar and Koshbulak. Their main features and schematic location are presented below (Fig. 1.5.).
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Figure 1.5. The TMHC schematic plan and design specifications.

The entire facility comprises the following: 141 m long concrete spillway dam, earthen dam,
hydro power plant (150,000 kW capacity), left-bank water intake (up to 500 m®/sec), right-bank
water intake (200 m®/sec), control structure with culvert on the main left-bank canal (500
m3/sec), offstream water intake to fill and operate the Sultansanjar Reservoir (500 m?/sec), off-
stream canal to fill and operate the Sultansanjar Reservoir (200 m®/sec), turbidity-free water
intake (250 m3/sec), turbidity-free water canal (100 m®/sec), offstream water canal to fill and
operate the Koshbulak Reservoir (100 m3/sec), and offstream water intake to fill and operate
the Kaparas Reservoir (400 m%/sec). All TMHC reservoirs are linked — the Ruslovoye Reser-
voir is connected with the Kaparas Reservoir via the control structure; the Sultansanjar and
Koshbulak Reservoirs communicate via a special canal. The Ruslovoye Reservoir has the fol-
lowing design specifications: total capacity — 2.34 km?, active capacity 2.07 km?, mirror — 303
km?, NRWS (Normal Reservoir Water Surface) — 130 m, TDS (Top of Dead Storage) — 120 m,
length 102 km, and max width — 11 km.
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Fig. 1.6. demonstrates the inter-operation of the TMHC component facilities. Water accumu-
lation occurs due to damming of the Amu Darya River channel; the filling of the Ruslovoye
Reservoir starts at the utility mark (114 m) and above; water overflow from the Ruslovoye
Reservoir to the Kaparas Reservoir via the control structure takes place at 117 m horizon and
above; water overflow to the Sultansanjar Reservoir from the duct in the tail part of the
Ruslovoye Reservoir begins at 115 m (with open gates); water overflow from Sultansanjar to
Koshbulak begins at 120 m water level through the Koshbulak basin inlet neck; reservoirs’
drawdown takes place from the Ruslovoye Reservoir to the tail bay and LBC and RBC Canals,
from Kaparas to the Ruslovoye Reservoir, from Sultansanjar to the Ruslovoye Reservoir and
LBC Canal, and from Koshbulak to the Sultansanjar Reservoir.
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Figure 1.6. Water mass circulation scheme inside TMHC.

The admission and drawdown levels at the reservoirs are recorded at water-metering posts lo-
cated in the headwater side prior to the Ruslovoye Reservoir Dam, as well as below the water-
intake installations in the Kaparas and Sultansanjar Reservoirs. The water level in Koshbulak
is considered equal to this in Sultansanjar.

Current condition of the TMHC reservoirs. The 2021 research to examine the capacity and
sedimentation of the Ruslovoye Reservoir generated the following findings. The reservoir’s
total capacity at the near-dam water level (H = 130 m) was calculated to be 863 mIn m3. The
total sediment volume during the entire period of operation until 2021 equaled 2,340-863 =
1,477 min m3. The water mirror at 130 m was 248 km? against the design area of 300 km?.
The average slope of the reservoir’s basin bed (as per measurements) was i = 0.00004 against
the design i of 0.0002. The detailed description of 2021 measurements was presented in the
Interim Report.

1.3 Ruslovoye Reservoir operation regime

The water surface level change at the Ruslovoye Reservoir over the past 15 years shows corre-
lation between its operation regimes and the cyclical water content during the same years (see
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Fig. 1.7.). For instance, 2009-2010 were high-water, and the water level in the reservoir re-
mained at 129.5 m almost that entire period. During September-January 2012, the water level
also reached 129.5 m. In other years, the water level did not exceed the 129 m mark, and the
reservoir never completely filled to the NRWS level of 130 m.
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Figure 1.7. Mean multi-year characteristics of Ruslovoye Reservoir (last 15 years).

The analysis of water in- and outflow for 2004-2020 points to the max inflows falling on 2005
(47.3 km®) and 2010 (43.8 km®). The min inflows were registered in 2008, 2011 and 2018,
amounting to 14.1 and 12.8 km?3, respectively (Fig. 1.8.).
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Figure 1.8. Ruslovoye Reservoir operation regime (2015-2021).

This concept was produced with the financial support of the European Union within the “Central Asia Nexus Dialogue Project:
Fostering Water, Energy and Food Security Nexus and Multi-Sector Investment (Phase II)” and the technical support of the
World Bank within CAWEP “Laboratory of Innovative Solutions for the Water Sector of Central Asia” (S4W Living Lab). Its
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Water losses from reservoirs. The water balance calculations made it possible to identify water
losses due to evaporation in the TMHC reservoirs with the account of losses in shallow waters
and due to transpiration by aquatic vegetation, as well as to calculate filtration flows along with
establishing the hydraulic linkages between the reservoirs and aquifers. The analysis showed
that after commissioning the Ruslovoye Reservoir, depending on the actual operation regime
the annual evaporation losses reached as much as 250 min m?. In low-water years, provided
deep drawdown, the losses were minimal. The highest losses occurred during high-water years,
when the water levels remained high for a long time. Filtration losses turned out to be signifi-
cant in high-water years; in low-water years, provided deep drawdown, an influx of filtration
flows was observed. The largest filtration flows were observed in the Ruslovoye Reservoir,
namely inflow — up to 130 mIn m?, and outflow — up to 280 mIn m? per year.

This concept was produced with the financial support of the European Union within the “Central Asia Nexus Dialogue Project:
Fostering Water, Energy and Food Security Nexus and Multi-Sector Investment (Phase II)” and the technical support of the
World Bank within CAWEP “Laboratory of Innovative Solutions for the Water Sector of Central Asia” (S4W Living Lab). Its
contents are the sole responsibility of authors and do not necessarily reflect the views of the European Union, World Bank or
CAREC.

13



2.  SEDIMENTATION VOLUME FORECASTING FOR THE TMHC
RUSLOVOYE RESERVOIR (TASK 2)

2.1 Assessment of sedimentation dynamics during operation: sediment
inflow, settling, flushing and transit

The Ruslovoye Reservoir basin began filling in June 1981. From that moment on, sedimenta-
tion has been continual reducing the reservoir’s storage capacity. The research carried out by
NIITVP aimed to determine and later refine the main operation water volume curve W = f (H),
as based on field measurements of basin water depths the reservoir has been accumulating sed-
iment at various operation stages.

The analysis of sedimentation data for the operation period (1981 through 2008) showed that
over the 40-year long operation, the TMHC reservoirs underwent significant changes against
their design specifications. These were mainly caused by river mechanics in the Ruslovoye and
Koshbulak Reservoirs and the connecting channel; sediment accumulation likewise occurred in
the Kaparas and Sultansanjar Reservoirs.

By 1985, the initial design capacity of the Ruslovoye Reservoir (2,340 mIn m®) dropped by 585
mlIn m3. The annual reservoir sedimentation during 1985-2005 averaged 22.2 mIn m?, with the
most active sediment accumulation in 1991-1992 (222 miIn m®) and 1998 (108 min m®), i.e.
total of 330 min m3. The remaining 17 years of this period gave only 25 mIn m® of sedimenta-
tion. The maximum discharge outflow from the Ruslovoye Reservoir was observed in 1986
(135 mIn m®), 1997 (56 min m®), and 2000-2001 (110 min m®). The same years’ water content
amounted to 20.8, 18.3, 18.7, and 13.6 km?, respectively.

Until 2002, the sedimentation of the Ruslovoye Reservoir basin was determined based on the
measurements by NIHIVP (SANIIRI). In subsequent years, no measurements were done due
to the lack of funding. In 2005, the Bathymetric Center (BMC) State Unitary Enterprise exe-
cuted the measurements, and they showed that the reservoir’s total capacity lessened to 1,287
mln m? against the design capacity of 2,340 min m?; the mirror area values had also changed at
different horizons. Due to using the Kaparas Reservoir to accumulate drinking water (156 min
m3/year), its drawdown is done down to 118 m horizon against the design level of 117 m. In
this case, the minimum volume water in the reservoir should be at least 500 mIn m®. Factoring
in the evaporation —which for Kaparas amounts to approx. 100 min m®/year — it is necessary to
fill it up to at least 125 m (630 mIn m®) mark. Water stress during low-water years complicates
filling the Kaparas Reservoir. As the result of limited filling of the Sultansanjar Reservoir (up
to 127.5 m horizon), the total volume of Koshbulak and Sultansanjar shrank by 640 min m®.

This concept was produced with the financial support of the European Union within the “Central Asia Nexus Dialogue Project:
Fostering Water, Energy and Food Security Nexus and Multi-Sector Investment (Phase II)” and the technical support of the
World Bank within CAWEP “Laboratory of Innovative Solutions for the Water Sector of Central Asia” (S4W Living Lab). Its
contents are the sole responsibility of authors and do not necessarily reflect the views of the European Union, World Bank or
CAREC.
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The analysis of field research findings and the data of the TMHC Operational Service allowed
identifying the difference in the conditions of sediment advancement, erosion and settling along
the entire reservoir’s length, and conditionally divide it into three sections.

By 2008, Section 1 (Sites 71-49) roughly 15 km long features almost complete sedimentation
of the original volume (110 min m® design capacity). This section (between 112 and 117 m
horizons) is silted up to 95% and serves as the transit zone for sediment washing from the
reservoir. The total sediment volume within Section 1 is about 11% of the total sediment vol-
ume in the reservoir. It was established that sediment removal from the reservoir in this section
occurred during the reservoir operating at lower water levels and significant outflow into the
tail bay. The executed measurements confirmed that with a significant drop (from 127 down
to 118 m) of water level near the dam, in the near-dam section two processes took place simul-
taneously, i.e. flushing of sediment that has built up during summer and further sediment ero-
sion. The washing in this section reached up to 30 min m® with the total erosion volume for the
entire reservoir amounting to 35-40 min m?,
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Figure 2.1. Sedimentation distribution by the Ruslovoye Reservoir basin sections.

During reservoir operation, in Section 1 sedimentation and erosion take place at the banked up
water level of 118-130 m. In the course of summer flooding with the discharge of 2,700 to
4,500 m®/sec and reservoir water levels ranging between 126 and 130 m, the sedimentation
scale at 118-120 m horizons ranged from 71 to 100% of the total sedimentation in this reservoir
section; at 120-124 m horizons, this value reached 30-90%; and at 124-130 m, sedimentation
fluctuated between 0 and 44%. In low-water years, sediment erosion was observed at 118-124
m horizons, reducing sedimentation percentage down to 10-50% (versus 50-100%).

This concept was produced with the financial support of the European Union within the “Central Asia Nexus Dialogue Project:
Fostering Water, Energy and Food Security Nexus and Multi-Sector Investment (Phase II)” and the technical support of the
World Bank within CAWEP “Laboratory of Innovative Solutions for the Water Sector of Central Asia” (S4W Living Lab). Its
contents are the sole responsibility of authors and do not necessarily reflect the views of the European Union, World Bank or
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The design capacity of the reservoir’s Section 2 — Sites 49 through 37, 30 km long (15-45 km
away from the dam) — is 460 min m3. The section features yearly sedimentation volume varia-
bility from 27 to 71% against the design capacity (Table 2.1.).

In low-water years, this section’s sedimentation amounted to 30-35% of its initial capacity. In
meter-scale elevation ranges, the difference in sediment volumes are relatively small. The sed-
iment comes from the superincumbent Section 3; and its advancement closer to the dam or
settling depends on the reservoir’s level regime, as well as the in- and outflowing discharges,
i.e. channel mechanics taking place in this river section.

Table 2.1. Sediment accumulation by depths and its actual and designed volume (min m?).
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The Reservoir’s Section 3 (Site 37 and above) over 30 km long — most affected by water level
changes — manifests the zone of backwater curve wedging when the reservoir water levels fluc-
tuate above 124 m. It is also the main zone of river silt settling. The constant sediment rear-
rangements in Section 3 are provoked by periodic drawdowns and fillings of the Ruslovoye
Reservoir, and contribute to the overall reservoir’s sedimentation intensity and additionally
raising the backwater curve upstream. Along Section 3, the erosion zones alternate with sedi-
ment settling areas — whereas the erosion scale between Sites 32 and 36 reached 80-100 min
m?3, Sites 31 and 35 demonstrated significant sediment volumes exceeding 100 min m®.

The analysis of field measurement data and calculations along the entire length of the reservoir
show that the major sedimentation takes place during summer floods with the impounded head-
water of the Ruslovoye Reservoir. Moreover, as per the 2008 data, the scale of sedimentation
by sections compared to the total reservoir sedimentation was as follows: Section 1 — 11%,
Section 2 — 17.7%, and Section 3 — 71.3%. Intensive sediment flushing from the reservoir’s
upper sections is observed when passing flood water at low reservoir water levels or drawdown.
In the course of such flushings, fairway line deepening is observed at all thwart marks (sites).

This concept was produced with the financial support of the European Union within the “Central Asia Nexus Dialogue Project:
Fostering Water, Energy and Food Security Nexus and Multi-Sector Investment (Phase II)” and the technical support of the
World Bank within CAWEP “Laboratory of Innovative Solutions for the Water Sector of Central Asia” (S4W Living Lab). Its
contents are the sole responsibility of authors and do not necessarily reflect the views of the European Union, World Bank or
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Capacity loss for the Ruslovoye Reservoir in the course of the entire operation is presented in
Fig. 2.2. Considering the reservoir sedimentation by depth, it deserves noting that between 112
and 117 m the sediment occupied 95% or 104 min m? against the design capacity of 110 min
mS. Between 117 and 123 m horizons, the sedimentation reached 36% of the design volume
and amounted to 166 mIn m* (design capacity — 460 min m®). Between 123 and 130 m marks,
the sedimentation reached 38% and amounted to 670 min m? against the design volume of 1,770
min m3). Thus, as of 2002 the total reservoir’s capacity dropped by 40% down to 1,400 mIn
m?3, with the sediment volume reaching 940 min m?®.
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Figure 2.2. Ruslovoye Reservoir volume loss (~28 years).

The 2021 analysis showed that the total capacity of the Ruslovoye Reservoir declined from the
design 2,340 down to 863 min m? (at the time of measurements). Accordingly, the mirror area
at different horizons had changed also; for instance, at 130 m it was 247.8 km?. Figures 2.3.
and 2.4. depict the dynamics of volume and water surface area changes.

Table 2.2. Ruslovoye Reservoir volume change dynamics during operation (min m?).

Water Design capacity (1981) (gg/log) NIHIVP (2021)
level, m Total Available Water Water . Water mir-
capacity capacity volume volume Sediment volume ror, km?

130 2,340 2,090 1,287 863 1,477 247.8
129 1,950 1,700 994 539 1,411 211.0
128 1,640 1,390 746 302 1,338 175.2
127 1,380 1,130 539 133 1,247 134.9
126 1,130 880 372 64 1,066 69.7
125 930 680 263 25 905 8.2
124 740 490 188 4 736 1.7
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Fostering Water, Energy and Food Security Nexus and Multi-Sector Investment (Phase II)” and the technical support of the
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Figure 2.3. Ruslovoye Reservoir volume change dynamics.
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Figure 2.4. Ruslovoye Reservoir water mirror change.

The reservoir basin sedimentation analysis (as per 2021 measurements) pointed to complete

coating of the reservoir’s bed with sediment up to 125 m, equaling approx. 905 min m® or 38.7%

This concept was produced with the financial support of the European Union within the “Central Asia Nexus Dialogue Project:
Fostering Water, Energy and Food Security Nexus and Multi-Sector Investment (Phase II)” and the technical support of the
World Bank within CAWEP “Laboratory of Innovative Solutions for the Water Sector of Central Asia” (S4W Living Lab). Its
contents are the sole responsibility of authors and do not necessarily reflect the views of the European Union, World Bank or
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of the total sediment volume (Table 2.3., Fig. 2.5.). The remaining sediment volume is distrib-
uted as follows:

between 125-126 m horizons — 161 min m® (7%);
between 126-127 m horizons — 314 min m® (13.4%);
between 127-128 m horizons — 260 min m® (11%);
between 128-129 m horizons — 310 min m® (12.2%);
between 129-130 m horizons — 390 min m? (17%).

This concept was produced with the financial support of the European Union within the “Central Asia Nexus Dialogue Project:
Fostering Water, Energy and Food Security Nexus and Multi-Sector Investment (Phase II)” and the technical support of the
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Figure 2.5. Ruslovoye Reservoir at 124 m (during measurements) and 130 m (NRWS), including dryland zones.

This concept was produced with the financial support of the European Union within the “Central Asia Nexus Dialogue Project: Fostering Water, Energy and Food Security Nexus and Multi-Sector
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Fig. 2.6. demonstrates the correlation between sediment volumes and horizons in the Ruslovoye
Reservoir basin. The graph shows no major sedimentation between 112 and 118 m (i.e. 180
min m?), with most of it (1,050 mIn m?) taking place between 120 and 128 m horizons.
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Figure 2.6. Sediment distribution by depth.

The total length of the reservoir basin (81 km) was divided into 8 sections as follows: Section
1 - 10,380 m; Section 2 — 10,150 m; Section 3 — 10,169 m; Section 4 — 10,321 m; Section 5 —
9,610 m; Section 6 — 11,460 m; Section 7 — 9,460 m; and Section 8 — 10,940 m (see Fig. 2.7.).
Cumulatively amounting to 1,477 min m2, sediment distribution by sections in ascending order
is presented below.
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Figure 2.7. Sediment location along reservoir basin length.
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Section 1 (10.4 km long) next to the dam contains 226.4 min m2, Section 2 (10.2 km long) —
301 miIn m3, Section 3 (10.2 km long) — 285 min m?, Section 4 (10.3 km long) — 352 min m?,
and Section 5 (9.6 km long) — 193 mIn m3, Section 6 (11.5 km long) — 77 min m?, Section 8 (11
km long) — 7 mIn m? of sediment. The main sediment share or 1,164 mIn m? (79%) along the
entire reservoir basin length is located inside the 40 km stretch approaching the dam; and the
remaining 312 min m® (21%) along the next 40 km up.

Based on the measurements, the mean slope of the basin bed is i = 0.00004 versus the design i
=0.0002, which means that the sediment deposits that had formed during the initial phase (first
10 years) of operation had gradually moved downstream closer to the dam (Fig. 2.8.).
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Figure 2.8. Longitudinal slope of Ruslovoye Reservoir basin bed.

The figure above compares the reservoir bed depths — design and these measured in 2021 — and
points to a major depth jump observed in the near-dam zone (3-5 m proximity). The field
measurements allowed building the Ruslovoye Reservoir GIS-model reflecting basin bed mor-
phology. In its turn, the model made it possible to detect the zones that were previously in-
cluded in the total reservoir capacity, yet in reality remained backwater spots at water inflow,
and thus not used (Fig. 2.9.). The findings of GIS-modelling based on the executed measure-
ments are presented below.

In the near-dam area at 125 m horizon, the movement of turbid flow occupies 1/8 of Site 22
cross-section, as reflected in the site image. The concrete reinforcement slabs in this section
demonstrate sediment deposits at 127 m mark; the same deposits are observed on the concrete
upstream wall of Dam #3.

This concept was produced with the financial support of the European Union within the “Central Asia Nexus Dialogue Project:
Fostering Water, Energy and Food Security Nexus and Multi-Sector Investment (Phase II)” and the technical support of the
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Close to Dam #2, the backwater is completely silted up to 125 m horizon.

Between Sites 51 and 35 at 125 m upstream water level, multiple canals and backwater zones
are observed isolated by sediment ridges on all sides, thus representing dead storage.

The same picture is observed in the overlying sections. The left-bank duct close to Site 34 is
silted up to 127.5 m. The right-bank section of Site 33 — previously eroded to the depth of 10-
18 meters — is currently silted up to 127 m, obviously associated with sediment settling in the
underlying section and creation of a sediment bar reducing water stream speed in the upper
section.

Upstream of the Lebap Bridge, due to severe sedimentation caused by high horizons in the
Ruslovoye Reservoir in previous years — multiple small and large channels had also formed,
some of them blocked by causeways in the lower section, thus making it impossible to use the
water in them.

Figure 2.9. Outcomes of GIS-modelling to detect backwater zones in the reservoir basin.
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Figure 2.10. Ruslovoye Reservoir GIS-Model.
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2.2 Assessment of sedimentation growth impacts on water allocation
for power generation and irrigation in Uzbekistan and Turkmenistan

Due to sedimentation and capacity loss of the TMHC reservoirs, in particular the Ruslovoye
Reservoir, as of today neither Uzbekistan nor Turkmenistan can exploit the Amu Darya water
resources fully to meet their irrigation and energy needs.

Uzbekistan. The Tuyamuyun Hydro Complex supplies irrigation water to Khorezm Region and
Republic of Karakalpakstan, generates 450 min kWh per year of electricity, and supplies drink-
ing water to Urgench and Nukus. About 530 thous. ha of farmland in Karakalpakstan get their
irrigation supply from the Amu Darya River via TMHC; flow modification is 0.08-0.1 I/sec/ha;
outflow per 1 ha amounts to 2.5-3.0 thous. m®. The irrigated area in Khorezm Region is 255-
260 thous. ha. During low-water years, water supply amounts to 2.0-3.5 km?, 70% of which
falls on the growing season.

Turkmenistan. The farmland in Dashoguz Veloyat get irrigated mainly from the Turkmendarya
River, with the intake from TMHC and the Khanyab Canal System in the river’s lower reaches.
The Turkmendarya’s discharge of 210-230 m®/sec is sufficient for supplying irrigation water to
five districts comprising Dashoguz Veloyat, namely Akdepe, S. Niyazov, Gorogly, Gurbansol-
tan Edzhe, and Rukhybelent. 340 thous. ha of farmland in Dashoguz Veloyat get their water
from the Amu Darya, including 180 thous. ha via the Turkmendarya irrigation system. Sedi-
mentation, dwindling throughput capacity of the existing irrigation network, as well as water
deficit have forced the efforts to rehabilitate the corresponding irrigation systems. The target
project provides for their cleaning and/or re-construction to ensure reliable water supply to 425
thous. ha of farmland.

The fluctuation of the Amu Darya River runoff is cyclical, i.e. low- and high-water years repeat
every 5-7 years. However, due to climate change low-water cycles have shortened and now
occur every 3-4 years (2000-2001 consecutive 2 years; 2008; 2011; 2014; 2018; and 2021)
challenging the water needs of different economic sectors, especially agriculture consuming up
to 90% of all available water resources. This, in turn, threatens the country's food security.

As a result of global warming and subsequent glacial melt, the available water resources in
Central Asia have already shrunk by 25-30%. According to forecasts, a further temperature
rise is expected potentially leading to a 40% or greater reduction of glacier area. The prelimi-
nary research calculations suggest that by 2050 the Amu Darya River runoff may converge by
15-20%.
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World Bank within CAWEP “Laboratory of Innovative Solutions for the Water Sector of Central Asia” (S4W Living Lab). Its
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Negative sedimentation impacts. The reduction in the useful capacity of the TMHC Ruslovoye
Reservoir due to sedimentation deteriorates the availability of water resources both in Uzbeki-
stan and Turkmenistan. During the design phase, the area allotted to the TMHC inside both
countries amounted to 960 thous. hectares. The 1,477 mIn m?slashing of the reservoir’s volume
leads to a significant decrease in the operational capacity of the Tuyamuyun Hydro Complex
as a whole due to the following:

e reduced possibilities for timely and guaranteed filling of three offstream reservoirs, i.e.
Kaparas, Sultansanjar, and Koshbulak;

e provoking intensive sedimentation of three offstream reservoirs, and thus slimming their
active capacities;

e low water quality in the Kaparas Reservoir mainly used for drinking purposes;

e impairing irrigation water supply to the farmland in the Amu Darya River lower reaches
allotted to TMHC, thus reducing the irrigated land by 76,690 ha (as per current sedi-
mentation status in the Ruslovoye Reservoir), even disregarding the adverse influence
on the operating capacity and work of the three offstream reservoirs;

o limited possibilities for regulating the Amu Darya River runoff ranging between 35 and
75 km?, including flood routing and aftermath;

e degrading the HPP capacity to generate electric power.

The calculations of annual economic losses due to lost capacity of the Ruslovoye Reservoir
(without considering the adverse impacts on the TMHC three offstream reservoirs) suggest the
following:

A) IRRIGATION — farmland suffering from water shortage — 76,690 ha;

Cotton: i) 2021 —total raw cotton 3.4 min tons; loss per 1 ha— 1-1.5 tons; total fiber — 25,307.7
tons (330 kg of fiber per 1 ton of raw cotton); price of 1 pound of fiber —1.05 USD in
2021); cotton-related economic losses — 59.051 mIn USD (as per 2021 prices);

i) mean price in the last 10 years (1 pound — 0.65 USD); total cotton-related economic
losses — 36.556 min USD;

Rice: Uzbekistan: 2021, raw rice (shaly): Karakalpakstan — 44,000 ha and Khorezm — 30,000
ha; gross planned harvest: 226,000 + 141,091 = 376091 tons (330,115 USD);
Turkmenistan: farmland under rice in Dashoguz Veloyat — 8,100 ha, Lepab Veloyat —
10,200 ha; gross harvest: 35,000 + 47,400 = 82,400 tons (271,096 USD); total rice-
related economic losses — 601,211 USD.

B) ENERGY - financial losses — ~ 5.5-16 mIn USD per year depending on water content con-
sidering the sedimentation of the Ruslovoye Reservoir useful capacity; TMHC HPP capacity —
150 MW, design power generation — 830 min kWh per year; 6 units of 25 MW; design head-
water — 16.4 m; required discharge — 179 m?/sec.

This concept was produced with the financial support of the European Union within the “Central Asia Nexus Dialogue Project:
Fostering Water, Energy and Food Security Nexus and Multi-Sector Investment (Phase II)” and the technical support of the
World Bank within CAWEP “Laboratory of Innovative Solutions for the Water Sector of Central Asia” (S4W Living Lab). Its
contents are the sole responsibility of authors and do not necessarily reflect the views of the European Union, World Bank or
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vear D] e | oepinm | Wkl [ Aculamersion | [ Econenicloses
2016 | 692.62 21.842 123.8 7.8 443.404 44.34 8.04
2017 | 1,067.25 33.657 126.5 10.5 604.173 60.42 5.43
2018 | 569.33 17.954 121.2 5.2 136.331 13.63 15.07
2019 | 948.75 29.920 126.9 10.9 571.695 57.17 7.00
2020 | 644.08 20.312 122.4 6.4 213.371 21.34 14.89
2021 | 412.80 13.020 122.2 6.2 1e51.000 15.10 16.26

* The cost of 1 kWh in Uzbekistan is 0.018-0.027 USD (2016-2020).
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2.3 Plotting the 50-year expected volume loss dynamics
for Ruslovoye Reservoir

The forecast sedimentation calculations for the Ruslovoye Reservoir were carried out based on
the actual (current) and the proposed operation regimes considering the water content of each
estimated year. The operation regimes were adopted for mid-, low- and high-water years. For
calculation purposes, the active capacity of the reservoir (NRWS = 130 m, 1,427 min m®) were
used (1995). This volume was applied as the starting point for determining the capacity dy-
namics in the future depending on the modelled operation regime.

The headwater stable channel volume was calculated as per the method of V.A. Skrylnikov and
amounted to Wp = Qcp. mas/Vp - L = 165 mIn m3, where Q ¢p.nas = 1,800 m*/sec — mean multi-
year water discharge during flood period; V, = 1.0+1.2 m/sec — speed of mean-stage river bed
for the Amu Darya conditions; L = 110 km — headwater length with the account of additional
head.

This concept was produced with the financial support of the European Union within the “Central Asia Nexus Dialogue Project:
Fostering Water, Energy and Food Security Nexus and Multi-Sector Investment (Phase II)” and the technical support of the
World Bank within CAWEP “Laboratory of Innovative Solutions for the Water Sector of Central Asia” (S4W Living Lab). Its
contents are the sole responsibility of authors and do not necessarily reflect the views of the European Union, World Bank or
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With the accepted slope of the mean-stage river bed (i = 0.00018) for this river section, the
hydraulic elements of the stable channel amounted to Bp = 600 m and Np = 2.5 m. As per
design documentation, when the reservoir’s useful capacity equals 8,33 Wp, then the Ruslovoye
Reservoir will face the second sedimentation phase. In this case (8.33-165= 1,374 = 1,400 min
m?3) the calculations were done considering this factor. The initial cumulative sediment deposit
mark in the reservoir thus was adopted as equaling Xor: = 124.83 m determined based on the
design capacity curve for the Ruslovoye Reservoir.

In order to determine the impact of level regimes on basin sedimentation speed, additional pre-
dictive calculations were carried out for two scenarios; with Scenario | taking into account the
actual reservoir level regime; and Scenario Il based on the proposed operation regime devel-
oped for mid-water year with the same inputs.

When calculating the sediment volumes transported to the reservoir with the river stream for
real years, the values of river runoff and weighted mean values of stream turbidity at the Dar-
ganata Hydropost were used. When calculating the proposed regimes, the values of river runoff
were taken as means for high-, mid- and low-water years, respectively.

All sediment volume calculations took account of water clarification index, depending on the
water level during the calculated period - € = F (Wp/Wh).

Since reservoirs are characterized by the variable level regime, during sedimentation volume
calculations it becomes necessary to account for the parameters of a particular reservoir corre-
sponding to different drawdown and filling levels. While forecasting the volumes and terms of
sedimentation, as well as conducting control calculations — in case of absence of field measure-
ments — the reservoir volume at the calculated level is determined by the following formula:

_ M/nM/pH(VHy - VCOBM)
! M/p(VHHy - VCOBM)

Wpn (volume of channel reservoir) is determined by the curve W = f (H).

During reservoir operation, its level regime changes, and therefore the conditions affecting the
sedimentation alter as well. Based on the change range as to correlation of channel capacity
(Wpm) to the corresponding reservoir capacity (W), it is possible to allege the processes oc-
curring in the headwater. Thus, at Wpu/WH < 0.12 correlation, the reservoir becomes subject
to the settling of all sediment coming with the stream. Between 0.12 to 1.0, sedimentation of
varying intensity occurs. When the volume correlation becomes 1.0, then the suspended sedi-
ment gets transported as well; and if 1.0 is exceeded, the erosion and transit of the settled sedi-
ment to the tail bay takes place.

This concept was produced with the financial support of the European Union within the “Central Asia Nexus Dialogue Project:
Fostering Water, Energy and Food Security Nexus and Multi-Sector Investment (Phase II)” and the technical support of the
World Bank within CAWEP “Laboratory of Innovative Solutions for the Water Sector of Central Asia” (S4W Living Lab). Its
contents are the sole responsibility of authors and do not necessarily reflect the views of the European Union, World Bank or
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The forecast sedimentation calculations were executed taking into account the sedimentation
stage at the initial calculated time and the accepted actual or recommended operation regime at
different water content conditions. The proposed methodology allows long-term forecasting of
reservoir sedimentation considering the Amu Darya hydrological regime for different TMHC
operation regimes in order to boost the efficiency of the Ruslovoye Reservoir use and decrease
the rate of its sedimentation.

To assess the accuracy of calculations based on sedimentation modelling, the calculated and
observed sedimentation data were compared against each other (for 10 years). The comparison
of the calculated data with the results of field measurements indicated a fairly good conver-
gence, allowing to propose the suggested methodology for forecast calculations.

The analysis of the results of sedimentation calculations for the Ruslovoye Reservoir as per the
proposed methodology performed based on the actual operation regime (Scenario I) and the
proposed operation regime (Scenario 1) is presented below.

Reservoir operation at the levels actually recorded during 1995-2003 (between 124 and 130 m),
significant sedimentation was observed. In 1996 (mid-water) and in 1998 (high-water), sedi-
ment volumes reached 51 and 151 mIn m?, respectively. In 2002 (mid-water) and 2003 (high-
water), sediment deposits amounted to 83 and 143 min m?, respectively. Only in low-water
years (1997, 2000, 2001), the reservoir’s active capacity increased due to bed sediment erosion
at low water horizons — by 40, 98 and 79 min m?, respectively. However, the subsequent oper-
ation regime in 2002-2003 at high horizons again fostered its useful capacity to contract by
83+143 = 226 min m®. As per Scenario |, the total sediment volume for the calculated years
(1996-2006) amounted to 298 min m?, and flushing volume — 217 min m.

The comparison of calculation outputs with the sedimentation and erosion observed data
pointed to sufficient correlation of the calculated and field-measured data. This confirms that
the methodology can be applied for performing forecast calculations. In addition, the method-
ology accounts for the potential sedimentation and erosion dynamics occurring in the reservoir
at different level and hydrological regimes.

The examination of the calculated values as per the proposed regime pointed to the 81 min m®
active capacity growth observed in 1996. Yet, the sediment volume — equaling 189 min m? over
the same calculated period — is significantly lower than that under Scenario | (actual operation
regime) (see Fig. 2.11). The advantage of the recommended regime is explained by the fact
that during March-June, at low water levels, it is necessary to route through the highly silted
runoff to the TMHC’s tail bay. This significantly reduces sedimentation and contributes to
partial erosion of bed sediment deposits, as well as their transit outside the reservoir. This
operation regime allows utilizing the additional calculated capacity of up to 207 min m®.

This concept was produced with the financial support of the European Union within the “Central Asia Nexus Dialogue Project:
Fostering Water, Energy and Food Security Nexus and Multi-Sector Investment (Phase II)” and the technical support of the
World Bank within CAWEP “Laboratory of Innovative Solutions for the Water Sector of Central Asia” (S4W Living Lab). Its
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Figure 2.11. Ruslovoye Reservoir available capacity dynamics as per Scenarios | and 11.
The preliminary sedimentation forecasting in the Ruslovoye Reservoir for long-term operation

covered the period from 1996 to 2040. The calculations showed that under the current regime
the reservoir will be completely silted by 2040.

Comparing the calculation outputs to detect the optimal scheme showed that under the proposed
regime the sedimentation occurred 1.5 times slower than under the current regime; and that the
volume of the Ruslovoye Reservoir would stabilize, i.e. the stable balance between sediment

in- and outflow would happen at the reservoir’s sediment-free capacity of 700-750 min. md, i.e.
by ~ 2025.

This concept was produced with the financial support of the European Union within the “Central Asia Nexus Dialogue Project:
Fostering Water, Energy and Food Security Nexus and Multi-Sector Investment (Phase II)” and the technical support of the
World Bank within CAWEP “Laboratory of Innovative Solutions for the Water Sector of Central Asia” (S4W Living Lab). Its
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Figure 2.12. Forecasted Ruslovoye Reservoir sedimentation dynamics
as per current operation regime.
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2.4 Comparative analysis of actual and proposed operation regimes
for Ruslovoye Reservoir

To validate the efficiency of the operation regime proposed for the Ruslovoye Reservoir under
this study, it became necessary to consider the operation of all TMHC reservoirs. In low-water
years, the main task of managing the reservoir is to maximize the use of its active capacity to
accumulate water and to subsequently ensure its rational and proportionate allocation for irri-
gation during runoff-scarce periods. Fig. 2.13. shows the actual and recommended operation
regimes of the TMHC reservoirs in a low-water year (23 km? runoff), and the corresponding
irrigation water supply from them in the same year.

The figures make it obvious that the current TMHC operation regime does not allow a planned
accumulation of the required water amount in its reservoirs. For instance, whereas under the
ongoing regime the deficit of irrigation water reaches 3.2 km?, under the proposed regime it is
1.6 km®. Thus, the proposed scheme allows to determine and utilize its capacity in ensuring
proper irrigation water availability to a fuller extent.

The level of water availability was determined as the difference between the actual (or recom-
mended) water supply and required (limited) water supply, i.e. Actual Limit or Recommended
Limit. The data analysis showed that in low-water years, the total water undersupply down-
stream as per the reservoir’s current operation conditions was higher than as per the recom-
mended regime. In addition, the proposed regime also allows filling up the Kaparas Reservoir
with higher-quality water suitable for drinking in July-August. Mid- and high-water years pose
no difficulties in terms of accumulating a sufficient amount of irrigation water.

It deserves noting that the proposed Ruslovoye Reservoir operation scenario provides for choos-
ing an optimal regime allowing to cut water losses due to evaporation and compensate the
flooding peaks, as well as to plan for discharging up to 4,000 m*/sec to the dam’s tail bay, which
will prevent the potential flooding damage in the Amu Darya lower reaches, as well as inhibit
sediment accumulation and transit inside the reservoir.

a)

This concept was produced with the financial support of the European Union within the “Central Asia Nexus Dialogue Project:
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Figure 2.13. Current (a) and proposed (b) Ruslovoye Reservoir low-water year operation regime.

For comparison purposes, Fig. 2.14. features the recommended reservoir operation regime in a
low-water year and graphically depicts the calculations of the corresponding irrigation water

supply.

a)

This concept was produced with the financial support of the European Union within the “Central Asia Nexus Dialogue Project:
Fostering Water, Energy and Food Security Nexus and Multi-Sector Investment (Phase II)” and the technical support of the
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Figure 2.14. Irrigation water supply as per current (a) and proposed (b)
Ruslovoye Reservoir low-water year operation regimes.

The analysis of sedimentation calculations in terms of water availability in a particular year
showed the following: during the reservoir operation at the levels ranging from 124 to 130 m,
severe sedimentation occurs — in mid- and high-water years, sediment volumes average between

This concept was produced with the financial support of the European Union within the “Central Asia Nexus Dialogue Project:
Fostering Water, Energy and Food Security Nexus and Multi-Sector Investment (Phase II)” and the technical support of the
World Bank within CAWEP “Laboratory of Innovative Solutions for the Water Sector of Central Asia” (S4W Living Lab). Its
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50 and 150 mIn m3, respectively. Only low-water years demonstrated an increase in the reser-

voir’s active capacity due to bed sediment deposit washing at low water horizons (40-98 min
3
m°®).

The operation at high horizons reduces the reservoir’s useful capacity. The advantage of the
recommended option is in allowing the highly turbid March-June runoff pass through to the
TMHC lower pond. This significantly reduces sediment volume and stimulates partial flushing
of bed sediment with its subsequent transfer outside the facility. It is known that certain oper-
ation regimes foster flushing of the previously settled sediment in the Ruslovoye Reservoir
basin. Favorable conditions for recovering the reservoir’s useful capacity by way of flushing a
part of bed sediment into the TMHC tail bay do exist.

The efficiency of a reservoir operation regime is determined by the ability to discharge the
stream containing suspended sediment into the tail bay at a scale close to the natural flow. It is
possible to ensure the removal of sediment in quantities corresponding to the turbidity of non-
regulated runoff by operating the Ruslovoye Reservoir at low near-dam water levels during
seasonal floods. This will stimulate transporting the stream sediment coming with the river
runoff to the tail pond, as well as ensuring the discharge of the bed sediment flushed from the
reservoir basin as the result of higher flowage.

The described operation regime is particularly suitable for reservoirs with high water exchange
rate. This method is likewise effective in case of drastic water level drop close to dam, as it
creates the flushing speeds and is applicable in high-water years, mainly in September due to
inadvertent drawdown of large water volumes washing away the sediment.

Table 2.3. Performance indicator comparison for different reservoir operation regimes (2006-2017).

Year TMHC Sediment | Sediment volume .
dryness : Water : A Capacity increase,
operation - 3 flushing, arriving in tail 3
(water - deficit, km 3 3 min m
regime minm bay, min m
content)
Low Actual 6.51-7.42 216.38 319.83
water Proposed 4.19-5.4 147.12 122.91 -69.26
Mid Actual 1.89-0.51 8.17 140.54
water Proposed 0.67-0 281.98 412.85 273.81
High Actual 0 0 71.12
water Proposed 0 206.34 360.47 206.34
Actual 224.55 531.49
TOTAL
Proposed 635.44 896.23 410.89

The following indicators point to the expedience of introducing the study findings:

This concept was produced with the financial support of the European Union within the “Central Asia Nexus Dialogue Project:
Fostering Water, Energy and Food Security Nexus and Multi-Sector Investment (Phase II)” and the technical support of the
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water supply at the recommended regime is 2-2.3 km? (36%) higher in low-water years,
and in mid-water years it is 0.5-0.67 km?® (5-6%) higher against the current TMHC
operation regime;

in mid- and high-water years, the flushing of the Ruslovoye Reservoir’s falls within the
200-280 min m?® range, and the sediment volume entering the tail bay is 250-310 min
m?3 more than under the current TMHC operation regime;

the freed capacity and reduced evaporation losses under the recommended scheme may
supply the lower Amu Darya with an additional 320-400 mIn m? of water, thus enhanc-
ing irrigation of 35-47 thous. ha of farmland.

This concept was produced with the financial support of the European Union within the “Central Asia Nexus Dialogue Project:
Fostering Water, Energy and Food Security Nexus and Multi-Sector Investment (Phase II)” and the technical support of the
World Bank within CAWEP “Laboratory of Innovative Solutions for the Water Sector of Central Asia” (S4W Living Lab). Its
contents are the sole responsibility of authors and do not necessarily reflect the views of the European Union, World Bank or
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3.  SEDIMENTATION MANAGEMENT TECHNICAL
RECOMMENDATIONS (TASK 3)

3.1 Recommendations to reduce sedimentation of Ruslovoye Reservoir:
operation regimes allowing maximum silt load transit

The sediment entering the reservoir is distributed along its bottom and forms the corresponding
soil profile. The fundamental restructuring of the underwater relief is occurring simultaneously
with the reservoir filling. In general, channel basins are prone to bed erosion (washing) and
reforming by currents. Erosion due to wave and energy activity usually happens in areas not
deeper than 8-10 m. To reduce reservoir sedimentation, it is necessary to maintain the operation
regimes allowing maximum transport of incoming solid effluent and sediment erosion; when
and if possible, to drawdown the head race to the minimum possible horizon; as well as wash
head race sections by creating favorable conditions, and mechanically remove sediment depos-
its.

Based on the TMHC operation regime model, including the corresponding G1S-model, variants
calculations were executed to identify the optimal modes of operating the reservoirs in question,
and to assess the efficiency of river runoff exploitation [42, 45, 48, 53, 63, 64]. The task was
to select the schemes which satisfy the requirements of minimizing water losses in the TMHC
reservoirs and in the river’s lower reaches. The calculations took account of water content by
yearly river runoff, needs of the downstream irrigation complex, operation regimes of the
TMHC reservoirs, level regime of Ruslovoye Reservoir, and its sedimentation regime. The
yearly water content was adopted as the main factor limiting the inflow into TMHC. The cal-
culations reflected the following three water content scenarios:

e estimated low-water year at 90% water content;

e medium-water year at 50% water content; and

e high-water year at 10% water content.

Some calculation conditions were adopted, such as downstream water consumption (as per lim-
its) — 20.2 km?3, including during vegetation — 15 km?3, limit cuts downstream in low-water years
by 10... 20%, restrictions as to the active capacity of Ruslovoye Reservoir, and restrictions in
terms of reservoir filling and drawdown. The following main TMHC functions underwent nu-
merical valuation: seasonal river runoff regulation for irrigation purposes, especially during
water scarce years, and flood control in high-water years.

To properly simulate the Ruslovoye Reservoir operation regime, it appeared necessary to factor
in the TMHC offstream reservoirs, as well as the following input data and parameters (see An-
nex 2):

This concept was produced with the financial support of the European Union within the “Central Asia Nexus Dialogue Project:
Fostering Water, Energy and Food Security Nexus and Multi-Sector Investment (Phase II)” and the technical support of the
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i — calculated month,
Qi — river runoff,
Qi- — set water supply limit.

The total capacity Wiotal at VNRWS was adopted as per the sedimentation model. The reservoir
volume at minimum horizon was also determined based on the same sedimentation model as
per the following dependence Wmin = f (Vmin). The useful capacity of the Ruslovoye Reservoir
was taken equal to

ang = VVI'I}SJI - Wrﬁin (3.1)
The calculations algorithm is described below.

1. The reservoir’s useful capacity:
W, = W, — W, (3.2)

2. Total reserve stock to cover deficit during months I1-V1I:
wil = W + @ — wi (3.3)
3. River runoff excess over the limit for relevant period:
Qi"*=Qi-Qi*>0 (3.5)
4. Cumulative river runoff access during months XI-XII:
Y Qix-x11"0 = Qix™0 + Qx™° + Qxi™° + Qxi™® = Y 20ix-x1 (3.6)

5. Ratio of excess in each of the 4 months considered to the excess volume during the same
period:
u36
a; = —QI (37)

- n36 ’
X Qrx xu

6. Volume of river runoff withdrawal to fill the reservoir during months IX-XII:
Wi®™0=(Wix-x11"%® - Wi yau”) i (3.8)

with river runoff deficit for calculated periods from months I1-VI:

Wi)le(b = Qi — QiL <0 (39)
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and values during months VII-XII equaling Wi*® = 0
7. Cumulative river runoff deficit during months 11-V1I:
SWivized = Y Wy (3.10)

8.  Deficit share during calculated periods of months 11-VI:

ned
B = —1 (3.11)

Aed
LWy,

9. Discharge deficit coverage at the expense of reservoir stock and excess inflow during
months 11-VI with the account of evaporation losses:

wf = pwy! (3.12)

10. Water horizons in the reservoir at months’ beginning Hf were calculated based on the
capacity curve plotted as per reservoir sedimentation model.

11. Reservoir water mirror at months’ beginning:

FR _ WiWpn(VHY=Vcosm) =~ Wyp(V 3 oT1—VHY) WiWp(h-0.1) [(VHY-0,1)—VcoBM]
L7 w,(VHIY-Vcosm) VY oT-Vcorm VHIIY—-VcoBm
Wp(h—O.l) [VY ota—(VHY-0,1)] .
T VY ota—VcosMm ) 0,1% (314)
12. Evaporation from the reservoir:
WE = pFF (3.15)

,with u; as the evaporation water surface layer as per hydrometeorological data.

13. Free reservoir capacity:
W Resi = WiR - Wigaa® - Wy R (3.16)

14. Reservoir drawdown volume:

g = DR (W) — W) + Wi (3.17)
15. Reservoir filling volume:
Wi = Wy1zs + WlfVIII » Wi = W;fVm s Wi = QF° — ul

, provided that if W,°™ = W¥ — W, 1o Wk, =W —WwE.,
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16. Outflow volume:
Z WiOT = WipeK + Z Wicp - Z Wiﬂanon (318)

The calculation outputs for the TMHC reservoirs’ operation regimes based on the proposed
methodology are presented in Annex 3 and graphically in Fig. 3.1. below.
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Figure 3.1. Comparison of Ruslovoye Reservoir current and proposed operation regimes
for different year dryness.

The elaborated schemes allow utilizing the reservoirs’ potential to enhance water supply of the
corresponding irrigation systems to the fullest extent. Depending on a particular operation re-
gime, in mid-water year the erosion volumes of the reservoir basin amounted to 10-12 min m?,
and the deposition volume — 24-26 mIn m® (see Annex 3). According to the calculations, under
the optimized recommended operation regime in mid-water year the erosion volume exceeded
25-30 mIn m®, and the deposition volume amounted to 15-17 min m? (Fig. 3.2.). In addition,
under Scenario Il the deposition process was observed from August through March of the next
year — the fall-winter-spring period — on a small scale ranging between 1.5 and 3.8 (August)

min m2 per month.
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Figure 3.2. Comparison of sediment in- and outflow depending on reservoir water level.
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The analysis of the actual and recommended operation regimes allows recommending the fol-
lowing:

1. The reservoirs of the Tuyamuyun Hydro Complex intended for seasonal runoff regula-
tion should be drawn down and fully filled regardless of a year water content, even if
entailing cutting water limits during water-scarce years. In any years, in terms of their
water content (excluding severely dry years), excess downstream runoff regularly oc-
curs during October-January and is sufficient for filling the reservoirs in a given calen-
dar year;

2. The Ruslovoye Reservoir passes through itself the entire Amu Darya River runoff and
fills the offstream reservoirs. The water reserves from this storage should be used in
February-March for irrigated farmland flushing and moisture charging. During April-
June, it should be operated without pressure at levels close to DSL (dead storage level),
i.e. 118-120 m. This will allow curbing the sedimentation rate in the TMHC head race
and, most importantly, filtration and evaporation losses in the Ruslovoye Reservoir per
se. Further, in July-August the Ruslovoye Reservoir should be filled up to 125-130 m
to ensure the subsequent replenishment of the Kaparas Reservoir, and then — during
September-January — of the Sultansanjar and Koshbulak Reservoirs;

3. Inhigh-water years, it is recommended to operate the Ruslovoye Reservoir at low water
horizons to boost the volume of eroded and transported sediment reaching the TMHC
tail pond, as well as to slow down sediment settling inside the reservoir basin, and water
loss due to evaporation and filtration;

4. The application of the river runoff regulation scheme encompassing mandatory draw-
down of the Ruslovoye Reservoir in April-June, and additionally in September (during
high-water years), to the minimum level possible will contribute to reducing not only
the sediment deposits in the reservoir basin, but also the intensity of the growing head
race pressure curve in the damming wedging zone, evaporation and filtration losses, as
well as will facilitates the erosion and removal of bed sediment from the reservoir, thus
ensuring the supply of fertile Amu Darya silt to irrigated farmland,;

5. Itis necessary to fill the Kaparas Reservoir, intended for creating high-quality potable
water stock, which should renew its water annually during the vegetation period of July-
August only after filling the Ruslovoye Reservoir up to 125.0-125.5 m level,

6. The Sultansanjar and Koshbulak Reservoirs (filled from the Ruslovoye Reservoir) used
to compensate for the irrigation part of the river, should be replenished during Septem-
ber-February and subsequently maintained their regimes at horizons close to NRWS.
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The recommended options for the TMHC Ruslovoye Reservoir operation regimes in mid- and
high-water years allow increasing the sediment volumes entering the tail bay and stabilizing
downstream water levels, as well as contribute to raising the river bed inside the Tuyamuyun-
Biruni Section. The execution of additional measures to boost flushing of bed sediment in the
Ruslovoye Reservoir will significantly amplify the efficiency of the proposed reservoir opera-
tion regimes.

3.2 Recommendations on hydraulic and hydro-mechanical flushing
works for coastal reinforcement

3.2.1 Sediment hydraulic flushing

Reservoir flushing with simultaneous flush stream turbidity control manifests a robust tech-
nique of removing the settled sediment deposits. The choice of the washing method is deter-
mined by technical and economic analysis, power system capacity, water user requirements and
other local factors. Hydraulic flushing of bed sediment deposits with concentrated water flow
at low water levels in reservoir with its subsequent transit through discharge and bed washing
galleries (ports) represents the most common method of sediment cleaning. To be able to apply
it, it is first necessary to mechanically clean the bottom holes (sluice ports) in the TMHC
concrete dam filled and sealed with sediment over many years. The concentrated water
stream erodes the soil only along its path of movement forming a narrow deep channel at the
reservoir bottom. In the future, it will be necessary to regulate the directions of such channels
by mobile dams.
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Figure 3.3. Sediment next-to-dam profile during operation.

Hydraulic washing in the Ruslovoye Reservoir should take account of relief morphological
characteristics and dimensions via “shallow” and “deep” schemes with simultaneous regulation
of the flow turbidity. The choice of a particular flushing method depends on technical and
economic calculations, power system capabilities (in this case, TMHC can ensure the neces-
sary electricity supply), water user requirements and other local factors.

In case of no restrictions as to the head race and tail bay operation regimes, it is recommended
to conduct deep washing. In the course of deep flushing, the reservoir is completely emptied
(preferably through the ports with the lowest threshold horizons), the TMHC stops operation,
and all water users are disconnected. The flushing time and duration are determined based on
the hydrological and other local conditions. Deep flushing allows the highest intensity of sed-
iment removal. Due to the significant sediment concentration in the flushing stream, partial
sediment deposition in the tail bay is possible and, therefore it is necessary to constantly moni-
toring the state of the tail pond channel and water intakes in it. The optimal volume of the
flushing discharge depends on the basin width and depth, throughput capacity of the bottom
ports used for flushing, sediment deposit features, reservoir profile, etc. All the parameters can
be validated by table-top (laboratory) model experiments. For calculation purposes, the mean
annual discharge can be deemed as the optimal flushing flow rate with 10-15-day duration. The
reservoir’s refilling after washing should be carried out in a low-water period (autumn-winter),
when the Amu Darya River turbidity is quite low. This will safeguard the reservoir from sub-
sequent sedimentation.

In case of excessive complexity or impossibility to carry out deep flushing with complete res-
ervoir emptying, shallow flushing represents another option with bringing down the water level
and (partially) preserving TMHC operation. It deserves mentioning that in this case the flow
saturation with sediment, and thus the efficiency of its removal is lower than with deep flushing.
Therefore, the duration of shallow washing should be extended, i.e. approx. up to 1.5-2 months.
One must also note that reservoir flushing with controlled washing flow turbidity is justified in
cases when it is necessary to provide downstream users with water, the turbidity of which does
not exceed the permissible values as per corresponding facility technical requirements (normal
operation), or for environmental protection requirements. These factors are not relevant for the
Amu Darya River lower reaches, since the river bed had significantly lowered after the TMHC
construction, and that had negatively impacted the irrigation water intakes canals.

Turbidity control is done by the stepwise emptying the head race considering the following
correlations: the greater the depth and rate of emptying, the higher the turbidity of the washing
stream; maintaining the head race at a constant reduced mark allows decreasing the washing
flow turbidity over time. The shallow flushing of deposited sediment should be performed as
follows:

This concept was produced with the financial support of the European Union within the “Central Asia Nexus Dialogue Project:
Fostering Water, Energy and Food Security Nexus and Multi-Sector Investment (Phase II)” and the technical support of the
World Bank within CAWEP “Laboratory of Innovative Solutions for the Water Sector of Central Asia” (S4W Living Lab). Its
contents are the sole responsibility of authors and do not necessarily reflect the views of the European Union, World Bank or
CAREC.

46



Phase I: Identification of the permissible wash stream turbidity threshold, with the maximum
turbidity predetermined by the possibility of flushing the tail bay, and the minimum turbidity
predetermined by the economic feasibility of flushing. The reservoir should be emptied to the
level at which the washing current turbidity corresponds to the maximum permissible threshold.
Then, the emptying is suspended and the reservoir water level is maintained at the horizon until
the flushing flow turbidity falls to the set minimum value. The turbidity drops due to the gradual
sediment erosion and removal, the waterway area — under the condition of maintaining the same
water level in the reservoir — increases; along with this, the current’s flushing capacity and,
consequently, turbidity both decline.

Phase I1: After reaching the minimum turbidity value, the water level in the reservoir is again
lowered until the turbidity once again reaches the maximum permissible threshold. Further
emptying is suspended, and the reservoir’s water level is maintained at a given set horizon until
the washing current turbidity gradually decreases to the accepted minimum value.

Phase I11: The reservoir water level is lowered again, and the cycle repeats over.

To monitor flushing flow turbidity, it is necessary to set up a special observation post fitted
with modern turbidity meters in the facility’s tail bay. Water samples should be harvested pe-
riodically (2-3 times a day), and on an hourly basis during emptying. In the course of flushing,
it is required to monitor the condition of the tail pond and corresponding installations, and like-
wise flushing performance. The efficiency of 1-day flushing is the product of mean daily tur-
bidity and mean daily discharge. The final washing outcome is established instrumentally after
completion.

During hydraulic flushing, it is possible that some sediment deposits will not erode due to in-
accessibility by the washing stream. Such erosion-resistant zones usually occur along coasts
and/or large islands along the main channel. In such cases, it is advisable to combine the me-
chanical and hydraulic cleaning methods, i.e. dredgers to create canals (curvilinear, if possible)
connected to the main washing current, with the convex canal segment directed towards the
target sediment deposit zone. This way, part of the main flushing flow will pass the dredger-
built canals, and erode them and adjacent sediment deposits. The deposits located in the canal
turning zones will be exposed to the most intensive erosion.

Flushing monitoring. To monitor flushing, it is necessary to establish the transit volume at
which the inflow rate equals the discharge flow rate through installations, and the reservoir’s
water level remains constant. The discharge flow rate is increased by AQ with the simultaneous
measuring of the water level drop in the tail bay (AH) and drop duration (At). The volume of
the reservoir’s drawdown is the product of excess discharge and duration (AW = AQAL).
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Taking such measurements in the entire range of pond drawdown makes it possible to plot the
dependency between the reservoir’s dynamic regulating capacity and water level. The fre-
quency of determining a reservoir’s dynamic regulating capacity is established based on sedi-
ment deposition rate, reservoir operation regimes, hydrological situation, presence of hydro-
posts, etc. Regular measurements are advisable to ensure proper operational monitoring of the
reservoir and its regulating capacity dynamics.

3.2.2 Sediment hydro-mechanical cleaning

Mechanisms for cutting canals in sediment deposits should be primarily used near spillway
dams and water intakes from the reservoir, where sediment complicates normal operation of
hydraulic installations and sediment transit to the tail bay.

For this purpose, the research team proposes to use modern machinery, specifically the multi-
purpose Watermaster Amphibia Dredger Classic V (2017 latest model) with 900 m3/h capacity
(Classic 1V model capacity is 600 m®h), 16 m boom length, capable of operating at depths
down to 6.5 m and pumping pulp up to 1.5 km.
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Figure 3.4. Watermaster Amphibia Dredger in operation.

Design specifications of the proposed dredger

Engine: Caterpillar C7.1 6-cylinder diesel engine with turbocharger; air-water radiator, 2,100
rpm shaft power, 168 kW (Classic V) or 205 kW (Classic V); 1,200-liter fuel tank;

Power system: 24V electrical system, 2x170 A/hour batteries, electric fuel pump;

Hydraulics: one axial-piston dragging and propeller pump (345 bar max operation pressure),
one axial-piston excavation and stabilizer pump (230 bar max operating pressure);

Excavator: 180° boom turning radius, 83 kN bucket cylinder tearing force, 47 kN handle cyl-
inder digging force, 24.5 kN lifting force at max boom length, quickly replaceable fixtures;

Operation: no winches, cables and/or auxiliary vessels, equipment pre-installation, cranes
and/or tugs are required;

Operator cab: comfortable cab with excellent view and FOPS protection against falling objects,
additional instructor seat, 10 working lamps, anchoring, independent operation movement and
fixing without additional vessels, winches and/or cables;

Body: one-piece body divided into 7 waterproof compartments, external and internal anti-cor-
rosion coating, bottom protective skids, mast signal lights for executing different operations
and navigation, two front stabilizers (5.0 m max depth), two rear tilting stabilizers (6.7 m max
depth (see Fig. 3.5.);

Dimensions and weight during transportation: length without boom 11.00 m, length with
boom 16.00 m, width 3.30 m, height 3.15 m, weight approx. 19.5 tons;
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Quality: I1SO 9001 Quality Certification, ISO 14001 Environmental Safety Certification, 1SO
3449 Safety Certification.

The advantages of the proposed equipment include high capacity, unique universality, water
and on-land mobility, independent trailer loading and unloading, independent entry into and
exit from water, self-propelling, amphibian in all operating modes.
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Figure 3.5. Design specifications of the proposed Watermaster Amphibia Dredger?.

2 AQUAMEC Ltd. P.O. Box 260, FI-27801 Sakyla, Finland; ph.: +358 10 402 6400, fax: +358 10 402 6422, e-mail: watermaster@watermaster.fi.
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3.3 Preparation and execution of reservoir sediment cleaning

Prior to commencing works, it is imperative to ensure compliance with all the reservoir sedi-
ment cleaning requirements. If any of the conditions are/is not met, the staff shall not com-
mence works regardless of the instructing (authorizing) person. In advance, prior to discharge
board opening, it is necessary to check the status of works in the tail bay, and warn the workers
there about the time of completing dredging operations, and make sure nobody remains in the
pond after completing. The terms of reservoir cleaning shall be agreed with the local office of
the Ministry of Water Resource and, via it, with local authorities to warn the downstream com-
munities of the changing water level.

Dredging works in the dam head race shall be authorized only after the water level reaches the
lowest horizon specified in the designated cleaning project. The duration of works in the head
race shall be consistent with the duration of the head race remaining at low water marks. Prior
to raising the water level in the head race, the personnel responsible for filling the bay must
personally check the tightness of entry panel(s) closure, lifting mechanism drives, and signs
prohibiting to raise panel(s). Upstream communities shall be informed of the reservoir filling
and estimated water level.

During flushing, the machinery shall be installed on solid soil. When using dredgers to remove
sediment or make canals in sediment deposits, hydromechanics safety rules must be observed.

Hydro-mechanical sediment removal shall be permitted only based on the corresponding Ac-
tivity Management Plan describing the sequence of works and necessary auxiliary devices to
ensure non-hazardous performance of works. To manage the operations, a responsible person
must be allocated from the engineering and technical personnel of the organization executing
sediment cleaning works.

The dredger’s working zone within one-and-a-half range of its jet action, as well as the zone of
possible soil collapse shall be fenced off by safety warning signs. When flushing the bay by
alternating water level drops and rises, it shall be forbidden to approach the sediment deposit
edge closer than 5 m regardless of its density. Since the washing ports are silted, they shall be
cleared in the “away from oneself” direction and only in the head race zone.

After cleaning completion, reservoir depth measurements shall be carried out only after the
water level reaches NRWS. While executing depth measurements from boat, the officer shall
have on a full-body safety harness with safety cable attached to it, and its other end attached to
eye ring or deck rack. Measurements shall be done only in quiet weather, with wind force not
exceeding 2 balls (3.3 m/sec wind speed). In case of using an echo sounder for depth measure-
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ments, it is necessary to comply with the following rules: when installing echo sounder on ves-
sel, avoid roll, attach echo sounder transmitter devices to vessel; do not keep the devices sus-
pended in hands; keep the device covers closed at all times during operation; do not adjust
equipment under voltage. It is also forbidden to carry out measurement operations from vessels
not equipped with rescue and signal means, as well as execute measurements amidst the flush-
ing stream.

All organizational measures to ensure work safety during reservoir cleaning and measurements
(procedure(s) for issuing and registering work orders, permitting of work crew(s), supervision
during works, etc.) shall be carried out in full compliance with operation safety rules for water
facilities, hydraulic installations and hydro mechanical equipment.

In the conditions of the Ruslovoye Reservoir (82 km length and width ranging between 0.9 and
11 km), cleaning operations shall be executed by dividing the reservoir channel into 8-10 sec-
tions depending on morphological and hydrometric characteristics. According to the codes, in
order to carry out cleaning works of such scale as the TMHC Ruslovoye Reservoir a licensed
design organization shall develop the design specifications and estimates indicating the scope
of works, required equipment and consumables, work procedure(s) and budget estimates.
The operations shall be carried out by specialized channel workers.

The project specialists have conducted preliminary calculations for the first near-dam reservoir
section (10 km long). This section is completely covered with sediment (10-12 m thick), and
its volume amounts to approx. 227 min m3. The schematic plan with bed elevations along the
section and cross-sections at the Ruslovoye Reservoir dam site shows the mean bed elevations
fluctuating between 124-126 m (see Fig. 3.6.). The elevations close to the dam are quite high,
which means that despite water discharge/passage into the tail pond, sediment/silt erosion by
the ongoing water flow is not very pronounced. In this section, the maximum depth is 12 m
(between Sites 11-16) at 118 m horizon. Between Sites 7-9, the bed elevation rises to 120 m.
Although in this area, there is a constant water flow moving towards the control structures of
the Kaparas and Sultansanjar Reservoirs, significant erosion is not occurring, pointing to the
high density of sediment deposits making them resistant to hydraulic erosion.
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Figure 3.6. Schematic plan and sites of the Ruslovoye Reservoir near-dam section.

The project proposes to start the works with mechanical cleaning to create conditions for hy-
draulic flushing in this and following upstream areas. Moreover, it is necessary to create con-
ditions for the proper operation of sluice ports (8 ports; 12 x 6 m dimensions) originally de-
signed to allow flushing and passage of bed sediment.

Based on the preliminary calculations, it will take 6.5 years to clean sediment deposits in the
near-dam section (10 km long; 227 min m® volume) using 20 Watermaster-Amphibian Classic
V Model dredgers. The calculations accounted for the cost of dredgers (specified model),
dredger capacity (900 m3/h), 8-hour work days (20 work days/month), labor and fuel costs. The
calculations did not account for hydraulic flushing, although this process will kick in automat-
ically in the course of mechanical cleaning. Thus, the total cost of the cleaning works amounted
to approx. 2.38 min USD?.

Further, in the following upstream areas, it will become possible to apply the combined sedi-
ment cleaning technique, i.e. hydraulic washing mainly in mid reservoir basin areas and back-
water zones, and mechanical cleaning in the areas close to shores. To boost the washing effect

3 Executing the actual design and estimate documentation will give more accurate figures.
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by removing non-washable deposits, it is desirable to (hydro-mechanically) create curvilinear
artificial canals directed towards the target deposit sections with their convex parts connected
to the main flushing current. Part of the current can be directed into the canals using mobile
rubber dams widely used nowadays. The curvilinear canals will aid sediment erosion and will
direct the suspension into the main channel for subsequent transit to the tail pond.

3.4 Sedimentation control instructions

Sedimentation control in a particular reservoir depends on local conditions and feasibility stud-
ies. Sediment control measures shall be specified in the corresponding design documenta-
tion, and further adjusted as per the experience of reservoir operation.

The target measures shall include reservoir operation under regimes ensuring better transit of
the incoming solid runoff, necessary reinforcement works to prevent dam destruction and em-
bankment erosion leading to significant sedimentation, mechanical sediment removal, and res-
ervoir flushing.

The sediment control instructions (code) shall be elaborated for each reservoir individually with
the account of a water body (river) hydrological regime, technical features of hydraulic instal-
lations of a particular hydro complex, and shall include the following:

e Technical characteristics of the hydro complex (waterworks) and its reservoir(s), their
purpose and operation functions, water user requirements;

e Reservoir technical condition log to record observation data for solid runoff, embank-
ment and shallow water zone(s) condition, soil and sediment in the tail bay, results of
all inspections and reservoir measurements; the corresponding information/data shall be
analyzed and summarized every 3-5 years of operation;

e Reports on executed activities and an action plan to preserve the reservoir’s regulation
capacity and clean it from sediment, likewise containing data on the efficiency of the
works performed, and other operational information;

e Detailed information characterizing liquid and solid runoff;

e Procedure(s) for observing reservoir state;

e Results of the reservoir’s latest bathymetric measurements and volume curves plotted
based on these measurements (static and dynamic);

e Reservoir operation regimes for different river water content conditions (low-, mid- and
high-water years) and during periods of high sediment inflow;

e Procedure(s) for preparing and executing sediment cleaning works;

e  Safety requirements for reservoir cleaning and monitoring works.
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The following principles are recommended for compliance while operating the Ruslovoye Res-
ervoir taking into account the reduced rate of the reservoir basin sedimentation:

1. The management of (one Ruslovoye and three offstream) reservoirs under the recom-
mended regime will allow creating water reserves for irrigation, redistributing them over
time to compensate for river runoff shortages in low-water years, and reducing unpro-
ductive water losses.

2. The proposed TMHC operation regime will allow scaling down and stabilizing the sed-
imentation of the Ruslovoye Reservoir, diminishing the river bed erosion overall, as
well as raising water level at water intakes. The proposed operation regime is based on
the criteria ensuring a uniform year-by-year discharge of eroded sediment to the tail bay,
with the bulk of removal occurring in high- and mid-water years to accommodate for
smooth water level changes during the growing season.

3. In February-March, the water stock in the Ruslovoye Reservoir should be used for irri-
gated farmland washing and moisture charging. In April-June, it should be operated in
anon-pressure mode at elevations close to NRWS (118-120 m). This will allow curbing
the sedimentation rate, filtration and evaporation losses. Further, in July-August the
Ruslovoye Reservoir should be replenished up to NRWS to ensure sufficient filling of
the Kaparas Reservoir and subsequent (in September-January) filling of the Sultansanjar
and Koshbulak Reservoirs.

4. The application of the river runoff regulation scheme entailing mandatory drawdown of
the Ruslovoye Reservoir in April-June, and additionally in September (during high-wa-
ter years), to the minimum level possible will contribute to suppressing not only the
sedimentation in the reservoir basin, but also the intensity of the upward head race pres-
sure curve in the damming wedging zone, evaporation and filtration losses, and will
likewise facilitate erosion and removal of bed sediments from the reservoir.

3.5 Potential agricultural use of river silt and basin bed sediment

Against the background of almost depleted water resources in terms of irrigation sources, Uz-
bekistan’s agriculture can develop only by boosting the productivity of irrigated farmland by
increasing land and water use efficiency, protecting these resources and rehabilitating soil fer-
tility.

One of the reasons for land degradation in the Amu Darya River lower reaches is irrigation with
water coming directly from reservoirs and/or river downstream of waterworks virtually devoid
of fertile silt, i.e. clarified water.
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The design features of the Tuyamuyun Hydro Complex allow devising and deploying an oper-
ation regime for its reservoirs ensuring transportation of suspended river silt to farmland during
the growing season in quantities close to watercourse natural content. Building the correspond-
ing mathematical regime models will allow taking account of sediment inflow into irrigation
networks.

The enrichment of irrigated land with river silt — coming suspended in irrigation water — would
enhance natural soil energy, thus lowering the costs associated with mineral fertilizer applica-
tion. Natural soil fertility replenishment represents a potent means of maintaining highly effi-
cient agricultural production.

The transit of suspended sediment through the TMHC Ruslovoye Reservoir to the installation’s
tail bay will facilitate colmatation of both the channel and irrigation network canals. In turn,
this will reduce filtration losses of irrigation water, at the same time cutting the amount of sed-
iment entering the tail pond, and over time will stimulate channel bed raising, thus improving
water withdrawal conditions in irrigation canals.

The studies of suspended sediment content in the Amu Darya water showed an average of 4.5
o/l of suspended material, more specifically ~ 1.6 g/l in low-water seasons, and 5.6 g/l in flood-
ing conditions. During the vegetation period, the content of sediment grows significantly. The
maximum river turbidity is observed during spring flooding usually beginning in mid-May.
Mechanically, the suspended silt is mainly dominated by fractions with a particle diameter of
<0.01 mm (Amu Darya River ~ 73%, in irrigation canals ~ 50-65%, and in aryks (eng. “irriga-
tion ditch ) 75-85%). The content of large sand fractures is meager and ranges between decile
and centesimal values of the total sediment load. The examined sediments are heavy loam and
light clay.

The previous research by NIIIVP (SANIIRI) allowed proposing and justifying the use of the
TMHC Ruslovoye Reservoir bed sediment as agricultural fertilizer. The bottom sediment de-
posits in question form as a result of settling of suspended silt possessing mineral and organic
sorbent properties. It was established that the bed sediment includes organic substances (humus
generation source), macro elements (nitrogen, phosphorus, sulfur, potassium, magnesium, and
calcium) and trace elements (chlorine, copper, iron, manganese, molybdenum, and zinc) nec-
essary for plant nutrition (see Table 3.1.), thus making them applicable as fertilizers for various
crops.

Table 3.1. Bed sediment chemical profile at Ruslovoye Reservoir.

Component content
Component/feature In sediment, g/kg In water, mg/I
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Max Mean Max Mean
Mineralization 1.3-19 1.6 700-1,600 1,000
COD 16-27 19 14.0-3.2 20.4
Total nitrogen 1.8-2.4 2.1 0.33-1.28 0.41
Phosphates 0.1-0.5 0.4 0-0.05 0.01
SSAS 0.03-0.2 0.1 0.01-0.03 0.02
Petrochemicals 0.01-0.3 0.17 0-0.04 0.02
Phenols 0.001-0.02 0.012 0.001-0.004 0.003
Alpha HCCH, mg/kg 0.03-0.06 0.04 0-2.6:10° 1.0-10°
Gamma HCCH, mg/kg 0.001-0.02 0.01 0-1.4-10° 1.0-10°
Iron, g/kg 0.10-0.30 0.18 0.01-0.03 0.02
Copper, mg/kg 2.6-16.2 6.3 0.001-0.007 0.003
Zinc, mg/kg 5.0-11.2 9.1 0-0.003 0.0015
Molybdenum, mg/kg 7.3-31.0 17.2 - -
Lead, mg/kg 7.2-23.2 11.3 0-27-10°3 9.3-10°°
Manganese, mg/kg .01-0.20 0.04 - -
Chrome 6+, mg/kg 1.0-3.2 2.1 0-1.4-10°% 0.37-10°°
Chrome 3+, mg/kg 0.4-3.1 1.3 0-0.5-10° 0.17-10°®
Mercury, mg/kg 0.1-0.42 0.26 0-0.3-10°% 0.17-103

The transit of suspended (stream) and settled sediment through the Ruslovoye Reservoir will
ensure their transfer to farmland in the course of the growing season in amounts corresponding
to the runoff turbidity of natural watercourses. As per the preliminary estimates, this would
conduce higher crop yields against the baseline, i.e. without fertilizer application: specifically,
cotton by 12%, rice by 21%, maize by 19%, wheat by 18%, and potatoes by 31% (see Table
3.2).

Table 3.2. Agricultural crop yield surplus due to evacuation of river silt to farmland (hwt/ha).

Agricultural crop Cotton Rice Maize Wheat Potatoes
Standard yield 15 17 22 16 35
Crop sqrplus due to river silt 18 36 42 29 11.0
evacuation to farmland

This concept was produced with the financial support of the European Union within the “Central Asia Nexus Dialogue Project:
Fostering Water, Energy and Food Security Nexus and Multi-Sector Investment (Phase II)” and the technical support of the
World Bank within CAWEP “Laboratory of Innovative Solutions for the Water Sector of Central Asia” (S4W Living Lab). Its
contents are the sole responsibility of authors and do not necessarily reflect the views of the European Union, World Bank or
CAREC.

59



CONCLUSION

The operation regime calculations for the TMHC reservoirs were executed as per three water
content scenarios: low-water (90%), mid-water (50%), and high-water (10%) years. The rec-
ommended operation regimes in mid- and high-water years contribute to slowing down the
sedimentation in the Ruslovoye Reservoir by eroding and transiting sediment, allow transfer-
ring more sediment into the tail bay and stabilizing the water level, as well as raising the river
channel bed in the Amu Darya River lower reaches (specifically the Tuyamuyun-Biruni Sec-
tion), and by that creating better water intake conditions into main irrigation canals within this
section.

The transit of suspended sediment through the Ruslovoye Reservoir will furnish transportation
of fertile humus material to farmland during the vegetation season in quantities corresponding
to natural watercourse turbidity, thus contributing to higher crop yields.

The method used for calculating the Ruslovoye Reservoir sedimentation made allowance of
water level change(s), and can be utilized for prediction calculations.

The research aimed at determining the capacity and sedimentation status in the Ruslovoye Res-
ervoir made it possible to draw the following conclusions (see Annex 1). The reservoir’s ca-
pacity at near-dam water level (H = 130 m) amounted to 863 mIn m®. Considering water losses,
the volume of available water reserves amounted to 680 min m3, as shown in the table below.

The reservoir’s design capacity (1978/1981) is 2,340 min m®.
Sediment volume during the entire period of operation (as of 2021) amounted to 1,477 mln m?.

The reservoir’s water surface area at 130 m horizon came up to 248 km? against the design
mirror of 300 km?,

The mean slope of the reservoir basin bed (as per measurements) was i = 0.00004 against the
design i = 0.0002.

The reservoir’s water volume and water surface area values by water horizons are given below.
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Ruslovoye Reservoir volume curves W=f(H)

Ruslovoye Reservoir water volume calculations with the account of losses

Mark | Measurements (2021) (b;?:ek&\l/:/ja\{:ll;j rzTc])ies Available water resources (2021)
H, m Area, Volume, Area, Volume, Avrea, Volume, Loss, Volume,
km? min m3 km? min m3 km? min m3 min m? min m3
130 247.80 862.70 0.00 0.00 247.80 823.71 143.73 679.98
129 211.00 539.19 0.00 0.00 211.00 500.20 90.73 409.47
128 175.16 301.58 5.58 7.88 169.58 262.59 55.96 206.63
127 134.95 132.86 21.84 10.14 113.11 101.75 26.01 75.74
126 69.72 64.00 17.53 11.84 52.19 43.03 6.79 36.24
125 8.20 25.00 1.33 7.96 6.87 15.87 0.21 15.66
124 1.70 4.00 0.05 1.17 1.65 2.83 0.05 2.78
123 0.65 2.35 0.00 0.00 0.65 2.35 0.02 2.33
122 0 0 0.00 0.00 0.00 0.00 0.00 0.00
121 0 0 0.00 0.00 0.00 0.00 0.00 0.00
120 0 0 0.00 0.00 0.00 0.00 0.00 0.00
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Annex 1. Ruslovoye Reservoir capacity and sedimentation calculations
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Creopbl facchmenay OT NNOTUHDbI, OTMETKM BOAbl, YYacTKM yuacTka, [iMpuna umpyia OTMETKa e . 3aunexHus,
CTBOpamMmm,m CTBOpa, M YydacTka OTNOXEeHUM,
m AHa, M MAH m3 M ot AHa, M = MAH M3
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[ 51 [EPXTN) 50630 126,0 29,584 Crs.48-51 9610 3350 3353 126,5 6 193,337
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Annex 2. TMHF high-water operation regime calculations.

Ne | Item Label Unit 1 2 3 4 5 6 7 8 9 10 11 12 Total
8 | Kaparas available capacity WS | minm® | 6100 | 6100 | 6100 | 6100 | 6100 | 6100 | 6100 | 6100 | 6100 | 6100 | 6100 | 6100 | 610.0
9 |S-s+K-K available capacity (127.5) | W% | minm® | 2,010.0 | 2,010.0 | 2,010.0 | 2,010.0 | 2,010.0 | 2,010.0 | 2,010.0 | 2,010.0 | 2,010.0 | 2,010.0 | 2,010.0 | 2010.0 | 2,010.0
10 E;‘z'l"g‘)’ggemieservo” full capacity WR | minm? | 1,264.3 | 1,260.7 | 1,257.5 | 1,257.0 | 1,264.1 | 1,269.1 | 1,269.6 | 1,201.4 | 1,184.6 | 1,1855 | 1,185.7 | 1184.0 | 1,182.6
1 | Water discharge Wimer | minm? | 2319.1 | 23011 | 2,704.6 | 2,7238 | 4569.8 | 6,420.2 | 1,2056.1 | 6,364.1 | 28805 | 1,637.4 | 2,006.4 | 1697.1 | 47.680.3
2 | Limit W, minm® | 2600 | 1,220.0 | 2520.0 | 630.0 | 2,510.0 | 3,200.0 | 44200 | 3,510.0 | 7200 | 2400 | 260.0 | 720.0 | 20,210.0
3| Redundant discharge Wi | minm® | 2059.1 | 1,081.1 | 184.6 | 2093.8 | 2,059.8 | 3,220.2 | 7,636.1 | 2,854.1 | 2,160.5 | 1,397.4 | 1,746.4 | 977.1 | 27,4703
4 | Deficit discharge W;def min m* 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
ViVl for months I-111 and SL. | minm® | 40000 | 3740.0 | 2520.0 | 52357 | 52357 | 52357 | 0.0 0.0 0.0 0.0 0.0 00
Limit percentage d; 0.065 | 0326 | 1.000 | 0120 | 0479 | 0611 | 0.000 | 0.000 | 0.000 | 0.00 | 0.00 | 0.000
7 | Evaporation layer i mm 19.9 215 41.3 67.1 88.1 | 1351 | 1541 | 97.2 89.4 62.7 31.9 24.9
8 Ruslovoye WS | minm® | 1,198.3 | 1,116.8 | 749.3 0.0 0.0 0.0 00 | 11354 | 1,1186 | 0.0 669.6 | 1027.9 | 1,116.6
9 Kaparas WS | minm® | 3232 | 2322 | 2310 | 2297 | 2273 | 1958 | 82.2 0.0 584.0 | 564.0 | 5447 | 5274 | 5123
Stock volume for Sultansan-
10 | calculated period O bulac | WSS [ minm® | 20033 | 20033 | 19982 | 19927 | 19821 | 7470 | 00 00 | 1,2060 | 1,849.2 | 2,010.0 | 19939 | 1,985.7
(S-s + K-K)
33 | Initial reservoir Ruslovoye WiiR | minm® | 12643 | 11828 | 8153 | 644 64.4 64.4 64.4 | 12014 | 11846 | 643 | 7356 | 10939 | 1,182.6
34 |volume at calculated | Kaparas Winie< min m® 323.2 309.0 294.7 279.3 234.8 108.2 0.0 597.0 577.0 557.7 540.4 525.3 510.6
35 | period beginning Ss+Kk | W * [ minm® | 2,003.3 | 1,098.2 | 1,092.7 | 1,982.1 | 747.0 0.0 0.0 | 1,206.0 | 1,849.2 | 2,010.0 | 1,993.9 | 1985.7 | 1,979.3
22 ﬁ;;g'fnvgoye’ A m 1300 | 1295 | 1272 | 1180 | 1178 | 117.8 | 117.8 | 1300 | 1300 | 1180 | 1270 | 1294 | 1300
23 | Elevation mark at Kaparas, VK M 1255 | 1254 | 1252 | 1250 | 1237 | 1212 | 1180 | 1298 | 1294 | 1291 | 1289 | 1286 | 1284
month beginning min m
24 i ISnJ'mf'k’ Sk m 1275 | 1274 | 1274 | 1274 | 1204 | 1160 | 1160 | 1208 | 1234 | 1275 | 1274 | 1274 | 1274
25 Ruslovoye FR km?> | 3004 | 2895 | 203.3 8.3 7.3 73 7.3 3004 | 300.4 8.3 1993 | 2874 | 300.4
26 | Water mirror area Kaparas Fi¥ km? 59.0 58.7 58.3 57.8 52.9 45.5 37.0 71.8 70.2 68.6 67.6 66.9 66.3
27 S-s + Kk Sk km* | 2567 | 2565 | 256.3 | 2550 | 188.3 | 166.0 | 1660 | 1926 | 2152 | 257.0 | 2563 | 2560 | 255.8
28 | Total water mirror area >'Fi km? 616.1 604.7 517.9 322.0 248.6 218.8 210.3 564.8 585.8 333.8 523.2 610.3 622.4
29 [ Ruslovoye W, | minm® | 6.0 6.2 8.4 0.6 0.6 1.0 1.1 29.2 26.9 0.5 6.3 7.1 94.0
30 P Kaparas WK min m? 1.2 1.3 2.4 3.9 4.7 6.1 5.7 7.0 6.3 4.3 2.2 1.7 46.6

This concept was produced with the financial support of the European Union within the “Central Asia Nexus Dialogue Project: Fostering Water, Energy and Food Security Nexus and Multi-Sector
Investment (Phase II)” and the technical support of the World Bank within CAWEP “Laboratory of Innovative Solutions for the Water Sector of Central Asia” (S4W Living Lab). Its contents are the
sole responsibility of authors and do not necessarily reflect the views of the European Union, World Bank or CAREC.
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31 Ss+Kk | WS | mlnm? | 5.1 5.5 10.6 17.2 16.6 22.4 25.6 18.7 19.2 16.1 8.2 6.4 1716
32 | Total evaporation SWa | minm® | 123 13.0 214 216 21.9 29.6 32.4 54.9 52.4 20.9 16.7 152 | 3121
17 |Ruslovoye Reservoir minimum Wik | minm® | 66.0 66.0 66.0 66.0 66.0 66.0 66.0 66.0 66.0 66.0 66.0 66.0
drawdown volume
1g | fotal volume for drinking Wokaink | minm® | 910 | 780 | 650 | 520 | 390 | 260 | 130 | 130 | 130 | 130 | 130 | 130
21 | Drinking withdrawal from Kaparas | Wumer™™ | min m® 13.0 13.0 13.0 13.0 13.0 13.0 13.0 13.0 13.0 13.0 13.0 13.0
Maximum capacity 1/6 Wieo® | minm?® | 10,720.0 | 9,720.0 | 10,720.0 | 10,360.0 | 10,720.0 | 10,360.0 | 10,720.0 | 10,720.0 | 10,360.0 | 10,720.0 | 10,360.0 | 10,720.0
Drawdown volume (S-S + K-K) 0.0 0.0 00 | 1,217.9 | 9502 | 89.9 0.0 0.0 0.0 0.0 0.0 0.0
Total TMHC drawdown 90.9 | 3773 | 7623 | 12585 | 1,072.2 | 2226 | 13.0 130 | 1,131.6 | 13.0 13.0 13.0
Outflow volume 2,409.9 | 2,678.4 | 3,466.9 | 3,982.4 | 56420 | 6,642.7 | 9,048.0 | 5733.9 | 3,85L3 | 977.7 | 1,659.3 | 1,620.1
38 _ Ruslovoye 0.0 779 | 4422 | 1,1926 | 1,199.6 | 1,204.7 | 1,051 | 0.0 00 | 1,121.2 | 4501 | 90.0
39 Eggzgﬁ;ewo" Kaparas 286.8 | 3010 | 3153 | 3307 | 3752 | 501.8 | 6100 | 13.0 33.0 52.3 69.6 84.7
40 S-S + Kk 6.7 11.8 17.3 27.9 | 1,263.0 | 2,010.0 | 2,010.0 | 8040 | 160.8 0.0 16.1 24.3
E‘I‘s'fn"goye* Wean® | minm® | 779 | 3643 | 749.3 0.0 0.0 0.0 0.0 00 | 1,1186 | 0.0 0.0 00 | 23101
41 | Drawdown volumes | KaParas, W | minm® | 13.0 13.0 13.0 406 | 1220 | 1327 | 130 13.0 13.0 13.0 13.0
minm 13.0 412.3
3
rSn- fn+m*§'k* Weg S5tk | MINM 0.0 0.0 00 | 12179 | 9502 | 89.9 0.0 0.0 0.0 0.0 0.0 00 | 22580
Ruslovoye | Wam® | mnm® | 0.0 0.0 0.0 0.0 0.0 00 | 12051 | 00 0.0 6727 | 3601 | 900 | 112238
42 | Admission volume Kaparas Wagm K min m? 0.0 0.0 0.0 0.0 0.0 0.0 610.0 0.0 0.0 0.0 0.0 0.0 610.0
SS+KK | Wan™ [ minm® | 0.0 0.0 0.0 0.0 0.0 0.0 | 1,206.0 | 6432 | 160.8 0.0 0.0 0.0 | 20100
43 | Total drawdown SWeaae, | minm® | 90.9 | 377.3 | 7623 | 1,2585 | 1,072.2 | 2226 | 13.0 130 | 1,131.6 | 13.0 13.0 13.0 | 4,980.4
44 | Total admission SWam | mInm® | 0.0 0.0 0.0 0.0 0.0 00 | 30211 | 6432 | 160.8 | 6727 | 360.L | 90.0 | 4,948.0
Reservoir volume ot | RUSIOVOYe minm® | 1,182.8 | 8153 | 56.0 64.4 64.4 644 | 1,201.4 | 1,1846 | 643 | 7356 | 1,093.9 | 11826
45 | e Kaparas minm® | 309.0 | 2947 | 2793 | 2348 | 108.2 0.0 507.0 | 577.0 | 557.7 | 5404 | 5253 | 5106 | 708.3
S-S+ Kk minm® | 1,998.2 | 1,992.7 | 1,982.1 | 747.0 0.0 0.0 | 1,060 | 1849.2 | 2,010.0 | 1,993.9 | 1,985.7 | 1,979.3 | 1,731.3
47 | Total reservoir capacity YW | minm® | 3,490.0 | 3,102.7 | 2,317.4 | 1,046.2 | 1726 | 644 | 3,004.4 | 3,610.8 | 2,632.0 | 3,270.0 | 3,604.9 | 3,672.6
48 | Outflow volume SWow | minm® | 2,407.6 | 2,675.4 | 3467.4 | 39747 | 5636.4 | 6,641.3 | 9,089.4 | 5702.8 | 3,804.4 | 976.9 | 1,654.8 | 1,614.3 | 47,6454
49 | Total outflow discharge Qo | mUsec | 8984 | 1,1055 | 1,293.8 | 15346 | 2,103.1 | 2,564.2 | 3,39L.6 | 2127.9 | 1468.9 | 3645 | 6389 | 6023
Kaparas dead storage Weead® | minm® | 3500 | 3500 | 3500 | 3500 | 3500 | 3500 | 350.0 | 350.0 | 3500 | 3500 | 350.0 | 350.0
Koshbulak dead storage Wiead™™ | min m? 790.0 790.0 790.0 790.0 790.0 790.0 790.0 790.0 790.0 790.0 790.0 790.0
Sultansanjar dead storage Weea™ | minm® | 1,060.0 | 1,060.0 | 1,060.0 | 1,060.0 | 1,060.0 | 1,060.0 | 1,060.0 | 1,060.0 | 1,060.0 | 1,060.0 | 1,060.0 | 1,060.0
50 | Environmental and sanitary 2,147.6 | 14554 | 9474 | 33447 | 31264 | 34413 | 4669.4 | 2192.8 | 30844 | 7369 | 13948 | 8943
release volumes
51 (Rr:]‘;fsrercl;”"ﬁ’ Darganata Settlement Q m¥fsec | 8653 | 9509 | 1,000.2 | 1,051.7 | 1,705.2 | 2,478.8 | 4,498.6 | 23747 | 1112.2 | 611.0 | 7747 | 6333

This concept was produced with the financial support of the European Union within the “Central Asia Nexus Dialogue Project: Fostering Water, Energy and Food Security Nexus and Multi-Sector
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sole responsibility of authors and do not necessarily reflect the views of the European Union, World Bank or CAREC.

71




Annex 3. TMHF Ruslovoye Reservoir sedimentation calculations (based on 2017 input data).

Ne | Indicator Unit Jan Feb March Apr May June July Aug Sept Oct Nov Dec TOTAL
1 | Design capacity minm® | 2,340.00 | 2,340.00 | 2,340.00 | 2,340.00 | 2,340.00 | 2,340.00 | 2,340.00 | 2,340.00 | 2,340.00 | 2,340.00 | 2340.00 | 2340.00
2 | Calculated capacity minm?® | 1,049.93 | 1,048.62 | 1,048.36 | 1,049.69 | 1,054.79 | 1,049.01 | 1,046.33 | 1,043.64 | 1,049.46 | 1,057.69 | 1056.98 | 1056.56 1,056.21
3 | Initial capacity minm3® | 479.26 932.10 813.26 76.89 398.13 651.76 611.85 358.07 82.50 161.71 347.73 695.56
4 | Final capacity minm?® | 933.37 813.51 76.89 388.93 656.89 614.20 359.83 82.50 151.27 348.18 695.93 609.11
5 Water volume min m® 93.17 93.27 93.29 92.98 91.50 91.93 92.13 92.33 90.99 89.04 89.10 89.13
at joint mark
6 | Water discharge minm® | 1493.88 | 710.78 518.28 | 1,944.66 | 3,617.65 | 2,957.35 | 4,280.65 | 2,486.78 | 1,838.90 | 1,416.94 | 1005.78 | 1209.89 | 23,481.55
7 | Water discharge (Q%) md/sec 557.4 292.5 193.4 750.8 1350 1142 1597.3 927.9 710 528.71 388.3 451.45
8 Calculation streamway
width (BY) m 185.81 97.50 64.46 250.28 449.96 380.61 532.42 309.30 236.67 176.24 129.44 150.48
9 | Turbidity kg/m® 1.04 0.58 0.40 1.36 2.30 1.98 1.91 1.17 0.92 0.71 0.53 0.61
10 Additional flushing
flow load kg/m® 0.00 0.00 9.04 9.04 0.00 0.00 0.00 8.23 8.20 0.00 0.00 0.00
11 Water I_evel at month
beginning m 126.13 129.31 128.57 119.32 125.25 127.45 127.18 124.91 120.00 122.13 124.58 127.66 127.03
12 Water level at month
end m 129.31 128.57 119.32 125.25 127.45 127.18 124.91 120.00 122.13 124.58 127.66 127.03
13 ther clarification
ratio 0.43 0.54 0.25 0.10 0.31 0.38 0.27 0.09 0.01 0.11 0.30 0.40
14 | Total sedimentation minm® | 1,290.07 | 1,291.38 | 1,291.64 | 1,290.31 | 1,285.21 | 1,290.99 | 1,293.67 | 1,296.36 | 1,290.54 | 1,282.31 | 1283.02 | 1283.44
15 Total sedimentation
mark m 126.639 | 126.645 | 126.646 | 126.640 | 126.619 | 126.643 | 126.654 | 126.665 | 126.641 | 126.607 | 126.610 | 126.612
16 | Joint marks (initial) m 121.29 121.31 121.31 121.27 121.09 121.14 121.17 121.19 121.03 120.79 120.80 120.80
17 | Joint marks (final) m 121.31 121.31 121.27 121.09 121.14 121.17 121.19 121.03 120.79 120.80 120.80 120.81
18 | Sediment inflow min m® 1.86 0.49 0.25 3.16 9.98 7.01 9.81 3.50 2.03 1.20 0.65 0.89 40.83
19 | Settled sediment min m? 1.31 0.27 0.05 1.67 5.78 2.68 2.69 0.24 0.43 0.70 0.42 0.35 16.58
20 | Flushing volume min m® 0.00 0.00 1.39 6.76 0.00 0.00 0.00 6.05 8.65 0.00 0.00 0.00 22.86
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