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Abstract: The return flow of farmland is usually of poor water quality; however, by properly using the self—purification
capability of rivers and lakes it is possible to improve the water quality of return flow. In this paper, Yuehai Lake in Ningxia as
a case study, by fully taking advantage of the landscape lake s purification capability we developed a lake hydrodynamic—
water environment mathematical model and through numerical modelling experiment to simulate and quantitatively analyze
the effect of the water system regulation/storage method on the degree of betterment of water quality of farmland return water.
The experimental result showed that under working condition, through Yuehai Lake the concentrations of NH;—N, TN, and
TP were reduced by 0.80 mg/L, 1.06 mg/L, and 0.057 mg/L, respectively, while simulated scenarios revealed that by
implementing water—system regulation/storage return water quality in spring and autumn could be improved from Class III to
Class II, and in summer from Class IV to Class II ; and hydrodynamic force exerted a certain effect on water quality improve-
ment, in winter, with water quality control scenarios return water quality was improved from Class I to Class I, while in
quantitative regulation scenarios from Class Il to Class II. It is expected that the research could provide references for the
utilization of agriculture wastewater and the optimal water resource allocation of the Yellow River.
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Table1 Water environment simulation under different working conditions
b KEFFH KRR
pid/(m’s") NH,-N/(mg-L™") TN/(mg-L")  TP/(mg-L™)  JiiE/(m’-s") NH;-N/(mg-L") TN/(mg-L") TP/(mg-L™)
BFE 1.16 0.53 0.75 0.036 1.38 0.51 0.72 0.036
s 3.27 0.99 1.35 0.068 3.42 0.98 1.36 0.069
kA 2.63 0.79 1.07 0.048 2.79 0.79 1.06 0.049
RE 0.74 0.48 0.63 0.021 0.89 0.47 0.64 0.021




74 RENTSRX

#47%

2.2.2  AN[FR R S 5 AR R

M 5% A BB AT 35, B T AR 22755 A
AR R 7K R 08 T R [ vhg T8 7K R 1k s o,
B 6 FT7R o 25770 1 A8 A 2 5 T e Vi) K T e 1 2
BRZE ., EEBKRER, KR, ik, &
KR /N K SRR 22 AR . K RIAE T K
XoF 5] Vg 1) 7K 7 e P R R — 5 el K e R R
T LK KR E RS, BERKE IR
O I L R 311 B N BT =T 1 DT P - Q] IR
0.06~0.08 m/s ; Bg ] X 5 H il X 52 L Ab i A Ik,

(a)F 7 /K I 4 (b) X 7 K H U 4%

() /K1 M & (HE K& E

() K 7 7K e Ui 4

(KT K &

0.005~0.007 m/s; It X 37 3 AH X £ %€ , S 0.005~
0.007 m/s, AR IHFEARET , Fe 1) 1) 7K I 18
AR, WK S A 22, K R B P AR I oL,
FLEAL T 0.003 m/s. EFKEFEIRET, B
T 7K AL THATY SR 2 e v (L, U R e KA X Bl = B h
TER X 5 P51 X, 24 0.002~0.004 m/s, 61 X H K
FT DGR, BT T e o 25 18] 43 A 2 58
Wi (6] V380 K Ty SR ) ) — BB R 0 b DX R
e, AR I DX il X 38 B A A A AR, Y T8 DX
AT RRAE

N

A

H/(m s
>0.009
0.008~0.009
0.007~0.008
0.006~0.007
0.005~0.006
0.004~0.005
0.003~0.004
0.002~0.003
0.001~0.002
0.000~0.001
<0.000

oy
&

ERRRNNNECEN

(d)& =K B 4%

(& F KM &

Bl6 A7) 2= 715 AS 7] {4 7k T =X Bl i 3 97 370 A 40 4 2R

Fig.6 Simulation results of the flow field in Yuehai Lake under different water supply methods in different seasons
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Fig.8 TN distribution in Yuehai Lake under different water supply methods in different seasons
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Table 2 Comparison of water quality improvement in Yuehai Lake
e R LI
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HFZ 0.48 0.68 0.033 I 0.15 0.29 0.010 II
KR B 0.92 1.13 0.062 \Y 0.17 0.32 0.011 I
U g 0.72 0.94 0.042 m 0.16 031 0.010 I
X7 0.32 0.46 0.018 I 0.14 0.19 0.009 |
HE 0.52 0.75 0.036 | 0.14 0.32 0.011 I
N ES 0.98 1.36 0.068 I\ 0.18 0.30 0.011 I
K
KEE ®E 0.78 1.08 0.48 I 0.16 0.28 0.010 II
AT 0.47 0.62 0.02 | 0.20 0.27 0.009 I
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221-232.
Tao Wanghai, Deng Mingjiang, Wang Quanjiu, et al. Eco-
logical agriculture connotation and pathway of high—quality
agricultural development system in northwest arid region
[J]. Transactions of the Chinese Society of Agricultural En-
gineering, 2023,39(20):221-232.
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Fig.9 TP distribution in Yuehai Lake under different water supply methods in different seasons

B VR SRR ARV R WA KR R L s A2
PR K HC 52 0 [R]2R [9]. BRBERL 2, 2020,41(9):4030~
4041.

Ji Pengfei, Xu Hai, Zhan Xu, et al. Spatial-temporal varia-
tions and driving of nitrogen and phosphorus ratios in lakes
in the middle and ower reaches of Yangtze River[J]. Envi-
ronmental Science, 2020,41(9):4030—4041.

BALEIE A TTIR MR LA . it OB ALK e AR R
B IRAL B HLER AT SE (0] RS AR AT ST, 2022,35(6):
1407-1418.

Hu Xiaoyan, Zhu Yuanrong, Sun Fuhong, et al. Mechanism
research of the effects of water quality (nitrogen and phos-
phorus concentrations) and water volume on eutrophication
of Lake Taihu[J]. Research of Environmental Sciences,
2022,35(6):1407-1418.

EINL T SRR B/ IR A RIT A B IR OK SRS Y
FHETMTIT]. APl R 272741, 2021,40(3):64-74.
Gao Lifang, Wu Jingying, Ge Xiaodong, et al. Pollution

Fr

load characteristics of freshwater aquaculture in the Yangtze
River Economic Belt[J]. Journal of Huazhong Agricultural
University, 2021,40(3):64-74.

FRET AR A R T B K XK B IR
GIEMI]. A RER, 2021,43(9):90-93.

EaSdoe

(6]

(71

(8]

Zhang Xiuyu, Wang Liliang, Yang Qixiang. Comprehensive
evaluation of water resources security in the Yellow River
diversion area of Henan Province[J]. Yellow River, 2021,43
(9):90-93.

R R 25 . B B H A BOK SEE R 2 57K
BEUR 22 VA (9], HEHE AL T2 4, 2021,39(9):807-
903.

Wu Lanzhen, Zhao Xia, Cheng Yi, et al. Evaluation of water
resources carrying capacity and water resources security in
Gansu section of Yellow River Basin[J]. Journal of Drain-
age and Irrigation Machinery Engineering, 2021,39(9):897—
903.

EE 3 QI o 2 R e LR e 2t M U B S gl S
R Ak i S S I I 23 AR S IR R (9] A AR R4,
2023,38(12):3116—3134.

Ma Weijing, Zhang Wenshun, Li Chengyi, et al. Spatiotem-
poral characteristics and driving factors of allotropic growth
of economic scale and marginal benefits of water resources
in the Yellow River Basin[J]. Journal of Natural Resources,
2023,38(12):3116—3134.

SR SR LT T B AE . AR G A B IR K TS Gk
FET S 1) 4 R 282 (D). Aoll PRG54 4, 2022,41(3):
481-491.



78 RENTSRX

®47%

Zhang Xinshuai, Zhang Hongyu, Huang Kai, et al. Benefi-
cial effects of lime and biochar application on farmland soil
polluted by mine wastewater[J]. Journal of Agro—environ-
ment Science, 2022,41(3):481-491.

[9] Jagaba A H, Bashir F M, Lawal I M, et al. Agricultural
wastewater treatment using oil palm waste activated hydro-
char for reuse in plant irrigation : synthesis, characterization,
and process optimization[J]. Agriculture, 2023,13(8):1531.

[10] Zhou Y Y, Wang J L. Detection and removal technologies
for ammonium and antibiotics in agricultural wastewater :
recent advances and prospective[J]. Chemosphere, 2023,334:
139027.

[11] Agdas A, Hashmi I. Role of water hyacinth (Eichhornia
crassipes) in integrated constructed wetlands: a review on
its phytoremediation potential[J]. International Journal of
Environmental Science and Technology, 2023,20(2): 2259~
2266.

[12] A=Kk e .y inf it skt e AL 40 %o Rl 75 % B0 i AL ORI 5

(3. HHEAR A KFIK L, 2018(6):92-96.
Niu Yonghua. Response of wetland emergent plants to agri-
cultural pollution of Fen River watershed and their nitrogen
purification efficiencies[J]. China Rural Water and Hydro-
power, 2018(6):92-96.

[13] Aliste M, Garrido I, Hernandez V, et al. Assessment of re-
claimed agro—wastewater polluted with insecticide residues
for irrigation of growing lettuce (Lactuca sativa L) using
solar photocatalytic technology[J]. Environmental Pollution,
2022,292:118367.

[14] Kushniarou A, Garrido I, Fenoll J, et al. Solar photocatalytic
reclamation of agro—wastewater polluted with twelve pesti-
cides for agricultural reuse[J]. Chemosphere, 2019,214:839—
845.

[15] Wang J L, Wang S Z. Preparation, modification and environ-
mental application of biochar: a review[J]. Journal of Clean-
er Production, 2019,227:1002—-1022.

[16] Wang L K, Wang M H S, Shammas N K, et al. Physico-
chemical Treatment Consisting of Chemical Coagulation,
Precipitation, Sedimentation, and Flotation[M]. Handbook
of Environmental Engineering. Cham: Springer Internation-
al Publishing, 2021:265-397.

[17] Akinnawo S O, Ayadi P O, Oluwalope M T. Chemical coag-
ulation and biological techniques for wastewater treatment
[J]. Ovidius University Annals of Chemistry, 2023,34(1):14—
21.

[18] Bahrodin M B, Zaidi N S, Hussein N, et al. Recent advances
on coagulation—based treatment of wastewater: transition
from chemical to natural coagulant[J]. Current Pollution Re-
ports, 2021,7(3):379-391.

[19] Gregoire C, Elsaesser D, Huguenot D, et al. Mitigation of
agricultural nonpoint—source pesticide pollution in artificial
wetland ecosystems[J]. Environmental Chemistry Letters,
2009,7(3):205-231.

[20] Dell’ Osbel N, Colares G S, Oliveira G A, et al. Hybrid con-
structed wetlands for the treatment of urban wastewaters: in-
creased nutrient removal and landscape potential[J]. Ecologi-
cal Engineering, 2020,158:106072.

[21] Athukorala D, Murayama Y, Madduma Bandara C M, et al.
Effects of urban land change on ecosystem service values in
the Bolgoda Wetland, Sri Lanka[J]. Sustainable Cities and
Society, 2024,101:105050.

[22] 352, INATHE, B85 55 . AR RIEDRDST BB 0N TR R A AR

MBI B S2 R [T]. 7K B8 57K T AR, 2018,29(1):232—
235.
Pei Liang, Sun Liying, Liang Jing, et al. Effect of different
matrix in steps constructed wetland system for degradation
of agricultural wastewater[J]. Journal of Water Resources
and Water Engineering, 2018,29(1):232-235.

[23] Stefanakis A. The role of constructed wetlands as green in-
frastructure for sustainable urban water management[J]. Sus-
tainability, 2019,11(24):6981.

[24] 12 R IKRUR, LAIE 45 . N Tk B e fE Y

BUEBAUMIEL]. FKF M, 2020,51(6):675-684.
Du Yanliang, Zhang Shuanghu, Wang Lijun, et al. Numeri-
cal simulation of water purification effects of aquatic plant
in artificial surface flow wetland[J]. Journal of Hydraulic
Engineering, 2020,51(6):675—684.

[25] &, iR, FE AR, A5 AL TR E R B B i A A5

KRS [T]. KB AR Y, 2022,38(6):125-130.
Cai Yi, Shang Fuqiang, Tang Lihua, et al. Flow field optimi-
zation and water quality improvement of Nanhu Lake based
on numerical simulation[J]. Water Resources Protection,
2022,38(6):125-130.

[26] Lyu S J, Li C G, Gao F. Hydrodynamic features and water
ecology improvement of Yuehai Lake based on ecological
water diversion[J]. Alexandria Engineering Journal, 2022,61
(4):2909-2918.

[27] By A 50 WY 0N A%7 . AN ) A AR5 [V 817 TR X B

WK B SR 1], AR, 2022.34(6):1901-1911.
Yi Yujun, Guo Yuming, Liu Hongxi. Impacts of the Yang-
tze River Water Transfer Project on water quality of Lake
Chaohu in different typical years[J]. Journal of Lake Scienc-
es, 2022,34(6):1901-1911.

[28] Venable K, Johnston J M, LeDuc S D, et al. Model linkage
to assess forest disturbance impacts on water quality : a wild-
fire case study using LANDIS( II ) = VELMA[J]. Environ-
mental Modelling & Software, 2024,180:106134.



