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Abstract

Thermal stratification is one of the critical challenges in reservoir management, arising from
temperature gradients in the water column that lead to the formation of distinct layers with varying
physical and chemical properties. this phenomenon significantly reduces dissolved oxygen levels in
deeper water layers and contributes to several environmental issues, including the release of cold water
downstream, increased concentrations of heavy metals such as iron and manganese, and the
proliferation of cyanobacterial blooms. this article presents a systematic review aimed at collecting,
analyzing, and comprehensively evaluating current technologies and methods for mitigating cold-water
release from reservoirs caused by thermal stratification. a thorough literature search was conducted
using reputable databases such as Web of Science, Scopus, Google Scholar, and specialized databases
in water and environmental engineering. Relevant keywords—such as “reservoir destratification,”
“cold-water release from dams,” “bubble columns,” “surface mixers,” “multi-level selective
withdrawal,” and “GELI technology”—Wwere used in both Persian and English. The study begins by
reviewing natural processes of thermal stratification and destratification in reservoirs. It then assesses
the impacts of stratification on water quality, including dissolved oxygen depletion, cold-water
discharge, elevated heavy metal concentrations, and toxic algal growth. Subsequently, three common
technical approaches for mitigating stratification and cold-water release are introduced and compared:
selective withdrawal using multi-level intake structures, the use of bubble plume systems, and surface
mixing devices. the findings suggest that the selection of an appropriate method depends on reservoir
characteristics, management objectives, and implementation costs. among the options, bubble plume
systems are often considered an effective and practical solution due to their ability to enhance
oxygenation, reduce metal concentrations, and suppress algal blooms.
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