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Abstract: This article analyzes the current condition of the Qumdaryo flood

diversion canal located in Chiroqchi District of the Kashkadarya Region, as well as
the natural, geomorphological, hydrogeological, and soil conditions of the area.
The research findings revealed significant deterioration of the canal’s concrete
lining, a reduction in its water conveyance capacity, and an increased risk of flood
and mudflow events. The physical and mechanical properties of the soils and the
groundwater regime were thoroughly investigated. Based on the study results,
the reconstruction of a 0.5-km section of the canal and the construction of a rapid-
flow spillway structure are recommended. The proposed measures will
contribute to reducing flood and mudflow hazards and improving water supply
conditions for approximately 800 hectares of irrigated agricultural land.
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AHHOTanua: B craTtbe  aHa/JM3UpyeTCA  TeKyllee  COCTOSIHHE
BOJIOOTBOJHOTO KaHasla Kymzapro, pacnosioxxeHHOro B YUMpaK4YMHCKOM palioHe
KaikazapbuHCKOM 06J1acTH, NpUPOJHbIE, reoMopQoJIorUY€eCKHE,
TUJIpOreoJIOTUYecCKMe W I[OYBEHHble YCJOBHUSI MECTHOCTU. B pesysbrarte
MccC/ie[JOBaHU M BbISIBJIEHO YXY/AllIEHUE COCTOSIHUSI 6eTOHHOM 0OJIMIIOBKU KaHaJIa,
CHIDKEHHE €ero BOJOINPOHMIIAEMOCTH U YyBeJUYEeHHEe pHUCKA 3aTOIJIEHUS.
M3ydeHbl pU3NKO-MeXaHUYeCKUe CBOMCTBA IPYHTOB U PEXXUM I'PYHTOBbIX BoJI. B
paMKax IMpOeKTa PeKOMEH/AYeTCs PeKOHCTPYUPOBATh y4acTOK KaHajia AJHUHON
0,5 KM U NOCTPOUTb OBICTPOXOJHBIM BOJOMNAaA. JTU Mephbl MO3BOJIAT CHU3UTb
PUCK 3aTOIJIEHMS] M YJAYYIIUTb BoAocHabGkeHHe okoJso 800 rekTapoB
OpoIlllaeMbIX 3eMeJIb.

KiiroueBbie CJIOBa: [TaBogkoBOE pycJio peKu Kympaapsbo,
TMJIPOTre0JIOTUYEeCKMe YCJA0BUS, CBOMCTBA TpPyHTa, HAaBOJHEHUS, OpOLIEHHE

eKOHCTPYKIUSI, MeJIMopaliys 3eMeJib, BOJOHOCHAs CIIOCOOHOCTb.
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The Qumdaryo flood diversion canal, located in the Kashkadarya Region, was
constructed in 1971 and has a total length of 0.8 km. At present, approximately
500 m of the canal is lined with concrete, while the remaining section has been
subjected to severe erosion and gully formation due to the impact of mudflow and
floodwaters. The existing hydraulic structure has become technologically
obsolete, and its water conveyance capacity is limited to 65 m?/s. The area is
characterized by a slightly undulating alluvial-proluvial plain, where the
hydrogeological properties of soils and groundwater play a significant role in the
operation of irrigation systems. Climatic conditions are characterized by aridity,
low precipitation, and high evaporation rates. The physical and mechanical
properties of soils, as well as their filtration characteristics, constitute the basis
for the design of engineering measures. Therefore, reconstruction of the canal and
mitigation of mudflow and flood hazards represent important engineering
challenges.

The project area is situated on the right bank of the Kashkadarya River within
an alluvial-proluvial plain belonging to a second-order geomorphological unit.
The terrain is slightly undulating and gently slopes westward toward the river
valley. Absolute elevations range from 570 to 650 m above sea level. The irrigated
lands are located within the southern semi-desert climatic zone of Central Asia
and are characterized by a sharply continental and arid climate. The average
annual air temperature is 15.6 °C, while the average summer temperature reaches
28.3 °C. Winters are short and relatively snowless, whereas summers are long,
hot, and dry. The mean annual precipitation amounts to 369.6 mm, annual
evaporation reaches 1477.1 mm, and relative humidity averages 59%. The mean
wind speed is 2.6 m/s, with winds exceeding 15 m/s occurring on up to 13 days
per year. These climatic conditions make rain-fed agriculture impractical and
intensify physical weathering and soil salinization processes.

Geomorphological and Lithological Conditions

The engineering-geological assessment of the area was based on
investigations conducted at the “Beshchashma” and “Oqchova” sites in Chiroqchi
District. The geological profile to a depth of 50 m consists mainly of Upper
Quaternary loess-like yellowish-gray macro-porous alluvial-proluvial deposits

with a thickness exceeding 50 m. A single groundwater-bearing horizon, mainly
within sandy deposits, was identified. Groundwater is recharged by subsurface
inflow, irrigation water infiltration, and precipitation, and flows toward the river
channel.
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Groundwater occurs at depths of 3.8-13.45 m, with mineralization ranging
from 1.5 to 2.0 g/L and a sulfate-hydrocarbonate calcium-magnesium
composition. Its regime is irrigation-dependent, showing seasonal fluctuations of
1.5-3.5 m, with higher levels during the growing season and lower levels in
winter. New irrigation activities are not expected to cause a significant rise in
groundwater levels.

The soils belong to subsidence Types I and II, with potential settlements of
up to 0.05 m and 0.30 m, respectively. The area has a seismicity rating of 7 points.
Therefore, irrigation and drainage systems should include anti-subsidence
measures, prevent uncontrolled water losses, and maintain permissible flow
velocities.

Hydrogeological Conditions

The hydrogeological conditions of the study area are influenced by climatic,
geomorphological-lithological, and water-management factors. Within the
investigated profile to a depth of 50 m, a single Quaternary aquifer was identified,
consisting mainly of sandy and dense light-gray soils.

Pumping tests at depths of 7-28 m showed well yields of 2.67-5.7 L/s and
filtration coefficients of 10.2-10.5 m/day. Groundwater mineralization ranges
from 1.0 to 3.2 g/L, with sulfate-dominated chemical compositions.

Groundwater recharge occurs through seepage from irrigation systems and
precipitation infiltration, while discharge takes place through subsurface flow,
evaporation, and plant transpiration. Groundwater levels remain relatively
stable, with annual fluctuations of 0.5-1.0 m. Expansion of irrigated areas may
increase groundwater levels by 0.5-1.5 m annually and contribute to the growth
of groundwater reserves.

Engineering-Geological Assessment of the Reconstruction Project

The project involves the reconstruction of the flood diversion canal at
PK177+30 of the Qumdaryo Canal in Chiroqchi District, including rehabilitation
of a 0.5 km canal section and construction of a rapid-flow drop structure at
PK5+00. The objective is to safely convey flood and mudflow waters and improve
irrigation water supply for about 800 ha of agricultural land.

Engineering-geological investigations, based on archival and laboratory data,
identified four engineering-geological soil units. The area is mainly composed of
sandy and sandy-loam soils with satisfactory physical and mechanical properties

for hydraulic construction. The soils exhibit dense upper layers, plastic
consistency below groundwater level, and widespread macro-porosity.
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Table 1.1
Standard Values of Cohesion and Internal Friction Angle
Engineering-
Ne | Parameters Unit Geological Elements
Sandy loam | Loam
1 Mechanical Composition of | %
Particle-Size Fractions, mm | % 0,3 -
1,0-0,5 % 0,6 2,4
0,5-0,25 % 0,8 1,6
0,25-0,1 % 11,5 8,1
0,1-0,05 % 47,1 25,6
0,05-0,01 % 27,5 34,8
0,01-0,005 % 12,5 27,5

menee 0,005
2 Atterberg Limits:

a) Liquid Limit (LL) % 27 30,2

b) Plastic Limit (PL) % 22 20,5

c) Plasticity Index (PI) % 5 9,7
3 Density:

Particle Density

Bulk Density t/m3 2,7 2,71

Dry Density (Soil Skeleton |t/m® |1,54 1,55

Density) t/m3 1,38 1,33
4 Density % 49,0 50,9
5 Density Coefficient (Void Ratio) | - 0.963 1.037
6 Natural Moisture Content % 18.78 16.63
7 Standard Deviation of Cohesion | - 0.013 0.011
8 | Cohesion kg/cm? | 0.03 0.07
9 Internal Friction Angle degree | 27 24
10a Deformation Modulus (Water- kg/cm? | 20-30 5t

Saturated Condition)
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10b Deforlrrllation Modulus (Natural kg/cm? | 140 120
Condition)
Design Resistance (Water-
11 k 211.0 1.2
a Saturated Condition) g/cm
11b Desig.nl Resistance (Natural kg/cm? | 2.0 5
Condition)
12 | Filtration Coefficient m/day 0.6 0.4

The standard values of cohesion and internal friction angle were determined
according to GOST 2205-75. Soil salinity ranges from 0.05 to 0.1% of dry mass,
with sulfate-sodium-calcium and hydrocarbonate-sulfate types prevailing. Soil
compressibility was evaluated through laboratory testing of nine undisturbed
monolithic samples under water-saturated conditions.

Hydrogeological and reclamation zoning was based on geomorphological,
lithological, hydrogeological, and soil property analyses. The area is situated on
the right bank of the Kashkadarya River within an alluvial-proluvial plain.
Groundwater occurs at depths of 5-10 m and has mineralization of 1-3.2 g/L. The
geological profile is dominated by Quaternary sandy and sandy-loam deposits.

According to subsidence characteristics, the soils belong to Types I and II,
with subsidence being the main physical-geological process. Overall, the
hydrogeological and reclamation conditions are considered satisfactory for the
proposed reconstruction project.

Design Quantities for the Reconstruction of the Qumdaryo Canal
Summary of Major Earthwork Volumes
The main earthwork quantities associated with the project are summarized in

Table 1.2.
Concrete
Earth ks, m3
_ dAI'tnworkKs, m WOI‘kS, m3
Ne Canal é = S R
Name e = = © = = o| 5 B
= © > & -— L R
[ Fis) @] (@) 175 = (e > o
o £ = > 3 G 8 5| T ©
—] M O M o m O A0 | Mo
d
1 |Qumdaryo 1 g0 eog 3641 | 1960 123345 | -
Canal

The concrete lining of the Qumdaryo flood diversion canal has deteriorated
ignificantly, exhibiting collapse, cracking, and the formation of erosion gullies. A
result, mudflow and floodwaters cannot be conveyed safely, leading to
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deterioration in water supply conditions for approximately 800 hectares of
irrigated land. Arid soil conditions, high evaporation rates, and natural drainage
characteristics further contribute to serious hydraulic engineering challenges.

Proposed Measures

To ensure the safe conveyance of mudflow and flood flows and to improve
the efficiency of the irrigation system, it is recommended to reconstruct a 0.5-km
section of the canal by installing a new concrete lining and eliminating the existing
erosion features. In addition, the construction of a rapid-flow drop structure at
PK5+00 is proposed to regulate high-velocity water flows and maintain hydraulic
stability.

Furthermore, it is necessary to optimize reclamation measures within the
irrigation and drainage systems by maintaining permissible flow velocities and
taking into account soil subsidence characteristics and filtration coefficients. The
implementation of a hydrogeological monitoring system is also recommended to
enable timely detection and prevention of adverse groundwater-level
fluctuations within the project area.

Conclusion

The conducted analyses indicate that the current condition of the Qumdaryo
flood diversion canal is unsatisfactory from a hydraulic engineering perspective.
Reconstruction of the canal and construction of the proposed rapid-flow drop
structure will reduce mudflow and flood hazards, improve water supply to
irrigated lands, and increase agricultural crop productivity.

The proposed engineering measures, developed with consideration of the
hydrogeological and soil conditions of the area, possess both scientific and
practical significance. In addition, continuous monitoring and technical
supervision will contribute to ensuring the long-term hydraulic safety and
sustainable operation of the hydraulic infrastructure within the region.
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