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Effects and management of runoff input on water quality in a stratified reservoir. ZHANG Xuan'?, HUANG Ting-lin"*", LI
Kai'?, ZHANG Hai-han'?, SHAO Chen-zong'?, SHANG Yuan-qi'?, YANG Yong-giang® (1.Shaanxi Provincial Field Scientific
Observation and Research Station of Water Quality in Qinling Mountains,Xi’an University of Architecture and Technology, Xi’an
710055, China; 2.Collaborative Innovation Center of Water Pollution Control and Water Quality Security Assurance of Shaanxi
Province, Xi’an University of Architecture and Technology, Xi’an 710055, China; 3.Xi’an Water Supply Corporation (Group) Lijiahe
Reservoir Management Co. Ltd, Xi’an 710016, China). China Environmental Science, 2025,45(12): 6858~6868

Abstract: An investigation was conducted to examine the influence of runoff input on the water quality of stratified reservoirs and to
identify optimal artificial control strategies for positioning the intrusive layer, so as to enable the withdrawal of high-quality water.
High-frequency and comprehensive in—situ monitoring of water quality indicators for spring snowmelt and summer storm runoff was
conducted at Lijiahe reservoir (LJHR) in the northern foothills of the Qinling Mountains, to analyze the pollution characteristics,
intrusive layer, and reservoir water quality response mechanisms. The results indicated that (O nitrogen/phosphorus (N/P)
concentrations in runoff were significantly higher than those in baseflow, with snowmelt runoff was dominated by dissolved nutrients,
while storm runoff contained dissolved N but particulate P. Moreover, N/P concentrations in storm runoff were significantly greater
than those in snowmelt, which was attributed to differences in discharge. @ The effects of suspended solid (SS < kg/m®) on water
density was neglected in the three runoffs events, and three different intrusive layers can be formed based on the differences between
the runoff water temperature and the surface and bottom water temperatures of the reservoir. The water temperature of snowmelt
runoff was typically higher than that of the reservoir bottom layer, leading to the development of overflows. Additionally, the
abundance of available nutrients and the stable water environment during the early stages of reservoir stratification promoted rapid
algal growth in the surface layer, which could easily induce algal blooms. @) Prior to storm runoff inflow, the Water-lifting aerators

system (WLAs) was used to regulate the intrusive layer of runoff seepage by modifying the vertical thermal structure of the reservoir.
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During the July torrential rain event, intermittent operation of the WLA resulted in higher water temperatures in the storm runoff
[(18.46 + 0.76)°C] compared to the bottom layer (16.67°C), leading to the formation of an interflow (837.9~815.6m). In September,
continuous operation of the WLA raised the bottom water temperature to 19°C before the storm inflow, which was higher than that of
the incoming runoff [(12.35+0.59)°C], thereby inducing an underflow (800~828.2m). @ Nutrient concentrations were significantly
elevated in the intrusive layer, the formation of underflow induced by WLA placed the intrusive layer below the intake elevation
(832m), effectively mitigating the impact of high-pollution-load runoff on water supply quality. Additionally, the compression of the
intrusive layer reduces its thickness, thereby shortening the duration of its effects on water quality. This study provides a practical
engineering reference for ensuring the safety of reservoir water supply. It is recommended activating the WLA at the early stages of
reservoir stratification to inhibit algal blooms caused by snowmelt runoff and to increase the reservoir bottom water temperature

above that of the runoff, thereby inducing the formation of underflow from runoff to achieve "high-quality mid-level water intake”

during the storge period while ensuring "turbidity reduction and water clarity” during peak floods events.

Key words: stratified drinking water reservoir; snowmelt runoff; storm runoff; water-lifting aerators; induce underflow
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Fig.3 The relationship between N/P concentrations and discharge during the three storm events.
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Table 2 Characteristics of N/P concentrations and components variations in three runoffs
5 o N NO;—N NH,~N  NH4-N/TN NO;-N/TN TP PP TDP PP/TP TDP/TP
U Ui
T mgL) (mgL)  (mgl) %) %) (mgL)  (mgL)  (mgl) (%) %)
A 157~1.81 1.46~1.56 0.087~0.18 5-9 77~80  0.008~0.016 0~0.008 0.008~0.012  0~50 75~100
PRI AT B 2.13~2.28 1.79~1.84 0.12~0.15 6~7 81~84  0.016~0.019 0.004~0.008  0.012 25~37 63~75
C 1.83~1.96  1.48~1.59 0.15~0.16 8 81 0.035~0.035 0.023~0.027 0.012~0.016  63~66 34~37
P— A 1.54~2.44 1.48~2.19 0.029~0.55  3~27 72~95  0.023~0.086 0.008~0.051 0.016~0.047  25~59 41~75
T 22\
;:%@ B 2.05~442 1.17-3.79 0.078~0.89  4~33 57-92  0.09~2.53 0.086~2.49 0.004~0.059  64~99 1~34
b
- C 1.89~4.65 1.48~3.79 0.17~0.89 5-20 67~88 0.2~3.13  0.14~3.10 0.023~0.074  66~98 2-34
0.087 / 0.047/
A 2.87/2.45 2.44/2.03 0.096/0.05 4/2 85/82 0053 0.04 /0.022 0.031 46/42 54/58
R AT ' )
. 0.035/
I (AR/ B 3.70/2.87 3.01/2.11 0.50/0.56  14/20 81/74 1.19/125 1.16/1.21 0.037 97/97 3/3
i) )
0.035/
C 3.65/2.92 3.06/2.12 0.54/026  15/9 84/73  1.40/0.53 1.37/0.47 0,062 98/ 89 2/11
0.098 / 0.089 / 0.048 /
I A 293/12 2.49/0.99 4/2 85/82 0.041/0.011 46/ 42 54/58
PG YL it 0.024 0.026 0.015
(1) B 122/56 10.05/4.13 1.64/1.1  14/20 81/74 3.91/2.45 3.80/237 0.11/0.080 97/97 3/3
C 212/1.94 17.8/1.41 3.14/0.17 15/9 84/73  8.13/035 7.93/031 020/0.04 98/89 2/11
_, A 36/22 33/19 49/43 33/45 53/57 83/76
TG e i
B 42/21 40/13 76 /73 98 /98 99/99 66/ 68
fif A5 (%)
C 50/33 52/25 72/38 97/93 98/95 54/81
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Fig.7 Variations in water quality at various sampling sites from the tail to head of LJHR
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