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Hanfeng Pre-dam Commissioning Eutrophication Status and Control Evaluation

in Three Gorges Reservoir
YANG Bing, HE Bing-hui*, WANG De-bao

( Hanfeng Lake Stations of Ecological Environment Monitoring System, Three Gorges Project Construction Committee, Key Laboratory of
Eco-environments in the Three Gorges Reservoir Region, Ministry of Education, College of Resources and Environment, Southwest
University, Chongqing 400715, China)

Abstract: To reduce the impact of Fluctuating Zone, the Three Gorges Reservoir pre-dam is rare in the world which is specially
designed and is the largest artificial lake body in China. The ecological benefits of landscape, farmland and lake and the social benefits
of livable city have been significantly enhanced since the successful commissioning of the Hanfeng Lake pre-dam system. The paper
proposed the application of layered hydrology and water quality monitoring for analysis of Tributary runoff and lake body section in the
pre-dam commissioning in the whole year, and a total of 17 measured indicators inlucding hydrological parameters such as v, H, etc,
physical parameters such as 7, pH, SD, DO, TSS etc. and chemical parameters such as permanganate index, Chl-a, TN, DN,
NO, -N, NH, -N, NO, -N, TP, DP, SRP etc. We found that the water quality was poor during beginning drain and impoundment
period and was the worst in tributary inflow section of South River, while the best water quality was located in water section of regulating
dam in February and October. The TLI Water Quality Evaluation and factor analyses performed have shown that the water body of
Hanfeng Lake was slightly eutrophicated, and the main pollution indicators included DN, TN, NO; -N,TP. By the control of pre-dam
in three Gorges to eutrophication in commissioning, we found that the average Chl-a reduction effect reached up to 57.73% , the
average reduction rate of permanganate index was 28. 12% , SRP, TP, TN, TSS, NO, -N, DN, DP etc. were on average cut down by
20. 15%-22.81% , the average reduction rates of NH, -N and NO, -N were 16.92%-18.74% , and the average eutrophic index of
water body was reduced by 15.74% . The highest reduction average rate in lake form period appeared from January to March and
October to December, and the lowest in river form period was during May to August. The analysis results showed that the commissioning
of pre-dam was good and remarkable for controlling eutrophication, and cutting the concentrations of pollutant water storage in the Three
Gorges.

Key words: pre-dam; Hanfeng Lake; eutrophication status; reduction pollutant concentration; eutrophication control
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Fig. 2 Map of water depth distribution near Hanfeng Lake dam and monthly upstream water level of TGR (2014-2015)
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Table 1  Physical parameter table of the main hydrological and surface water quality in Hanfeng Lak in 2015
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Fig. 3 TSS distribution at different points of Hanfeng Lake in 2015
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Fig. 5 Distribution of permanganate index at different points of Hanfeng Lake in 2015
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Fig. 7 Distribution of phosphorus nutrients at different points of Hanfeng Lake in 2015
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Table 2 Nitrogen/phosphorus ratio of Hanfeng Lake during the commissioning period of Three Gorges Reservoir

WiH 1A 2 A 3 A 4 A 5 A 6 A 7 A 8 A 9 A 108 11A 12 A
TN/mg-L"! 1.434  2.294  1.919  1.863 1.974 1.162 1.145 0.690 0.958  1.569  0.950  0.828
o(DN/TN)/%  74.94  86.75  77.31  78.15 76.20 48.72  80.72  54.33  68.75 7458  63.03  75.54
TP/mg-L"! 0.161  0.205 0.153  0.179  0.236  0.212  0.128 0.172  0.151  0.170  0.128  0.128
w(DP/TP)/%  85.79  79.96  81.58 61.53 61.56 69.14 5590  65.53  80.83  76.48  72.07  75.43
w(TN/TP) /% 8.88 1119 12.53 10.42 838 548 894 401 635 923  7.45 6.46
o %3 KREFHAEE
3 F‘I--Lk' Table 3 Factor loading matrix of water quality in Hanfeng Lake
, . § e PRI 288 Ao 2 P
3.1 CEWIKRBLR #iki T
1 2 3 4 5
2015 45X W 7K 5T 8 A B 18] R o3 B A5 DN 0.95 0.13 -0.07 -0.02 0.0
KMO ( Kaiser-Meyer-Olkin ) {6 4 0. 714, Bartlett £k %Y 11\112) N 0.89 022 -0.01 0.06 0.02
_ A C- 0.83 -0.20 -0.06 -0.10 -0.12
K (EA 0. 00, F B R H K40t Jr i vl A7, i sz D
REAE (CRRE(E R T 1) $2HUH 5 A aksy, R TTRR NH; N 0.59 0.5 -0.15 0.10 0.14
FIRFN 77.31% , RS IRIUK BT e bnds KA 5 2. pH ~0.06 g' z; 0-19 007 ~0.06
L DO 0.34 0. 0.12 0.0l -0.01
IR F R AR LR 3. 5 — LT F Chl-a 0.21  0.76 -0.07 0.22 0.07
IR 27. 73% , 5 HOCEC K L HE #- 45 DN, TN, H ~0.19  0.57 -0.37  0.03 -0.13
NO; N, TP,&@%7K1$/E%%’§?§E@§ %TE,%%EE v 0.04 -0.17 0.86 -0.02 -0.22
e T A T e e B/ b s SS 0.13 -0.03  0.84 -0.02 —-0.24
19.17% , 5HAHKEK A pH, DO, Chl-a%45¥5, 18 sD 0.19 -0.16 -0.74 -0.26 -0.32
RDUEBIRI ORI, 5= s b, Tk O el e e a0l et
. et DP 0.60 0.15 -0.04 0.69 —0.08
14.87% , 5 HAHKAH v, TSS. T. SD ZE48%5, J bt BT AL 0.00  0.52 018 0.5 0.25
b0V B N ST AP T 3 e R SR i NO; -N -0.03 -0.05  -0.06 -0.04 0.92
B A VLESCE , B4R TSS | SD Fpes T FTDAT ST R 6%
M S B B TERRR 8. 60% . 5 LRI DA B3t TR % 27.73  46.90  61.77 70.37 77.31
o ¢ HEOLHATR 6. B0, 92 1) ST RS T
2 SRP H1 DP AR I e AE ) v] A Y
IR ASHER B, S Fy STk 6.94% | R4 EFESHEE
Ej/ﬂ\:;‘tﬁjéﬁ/\]ﬁl\joz' _N{E ,NO, _ngﬂ%%%wa]kﬁg‘?ﬁ Table 4  Spatial factor score table
. . e e e . , REXCY
PNELER A S, LR F ), RE e O mhms s
1 2 3 4 5
X AR & 75 SR A I T D il . WAKE 0.8 1.27 119 1.86 0.15  0.97 1
2EE 3% 3 KT IR 28 Anf 0 B4 B o Ak A B K SGEWARM  0.68 1.09 1.05 1.46 0.20  0.85 2
42y
% s Hos JELIN TG 422 AL FRIAAHM  -0.54 0.16 0.00-0.47 -0.15 -0.26 4
lﬁﬁf)ﬁ{?f\ﬁffjﬁ%ﬁfﬁ ?i?fﬁ&fm H ﬁ;ﬂ\ﬁiz% REWAE 021 115 0.66 0.70-0.52  0.07 3
(FR4). Tl  RUDKBUZ TSR R, SR gmwm —o61 0.33 1.06-0.62-0.61 -0.43 5
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Table 5  Cut rates of water quality indexes in pretank of Hanfeng Lake

R IR

WiH TSS 1 e Chl-a 1 TN 1 DN 1 NO; -N NH; -N NO, -N TP 1 DP 1 SRP T
/mg-L~ g1, /g L7 /mg-L™" /mg-L™" /mg-L ! /mg-L~! /mg-L ! /mg-L™" /mg-L™" /mg-L"~
AR 21.009 3.972 13.563  1.668 1.209 0.830 0.285 0.026 0.194 0.143  0.081 57.792
EREE 16. 648 2.855 5.733  1.327 0.943 0.690 0.231 0.020 0.155 0.110 0.064 48.697
1 H 63.33 29.06 73.96 16.81 31.91 13.20 76.09 12.41 26.99 24.96 9.59 23.72
2 H 58. 11 32.32 83.05 25.75 29.36 24.13 5.10 26.32 23.00 24.78 51.28 18.46
3H 64.47 32.46 54.13 18.97 37.26 20.13 51.51 -7.39 42.67 26.84 -5.92 27.02
4 1 -8.33 26.19 8.92 28.00 5.38 11.08 -42.47 -87.80 43.60 43.56 45.79 9.23
5H 21.05 35.48 -57.45 -15.64 34.40 46.13 -55.14 -44.76 1.84 6. 45 3.94  6.06
A 6 H 21.05 34.20 20.43 45.30 -43.95 10.73 -148.33 63.00 -18.02 9.68 32.93 9.76
W% 7H 22.14 16. 49 38.57 4.67 4.22 -30.25 18.27 36.11 -12.35 0.00 -20.25 2.81
8 H 22.22 51.78 60.14 41.67 16.04 59.74 -51.81 28.33 0.00 17.39 30.86 19.94
9 H 1.09 13. 16 25.04 -17.50 -22.04 -6.12-434.22 13.44 15.63 12.10 2.27  5.67
10 A -2.53 35.21 62.80 14.12 -1.49 -45.24 24.64 57.69 29.30 17.58 5.30  17.90
11 A 36.00 17.76 84.22 49.09 50.18 54.34 43.18 30.31 21.95 29.39 2.70  26.49
12 A 35.21 1.01 84.79 47.86 35.77 20.33 73.09 47.02 48.88 53.58 52.73 21.47
T 20.76 28.12 57.73  20.47 21.98 16.92 18.74 21.69 20.17 22.81 20.15 15.74
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