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Hanfeng Pre-reservoir Commissioning Time Variation Feature of the Hydrology

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

(Key Laboratory of Eco-environments in the Three Gorges Reservoir Region, Ministry of Education, College of Resources and
Environment, Southwest University, Chongging 400715, China)

Abstract: Hanfeng Pre-reservoir is very rare in the world which is specially designed to reduce the impact of Fluctuating Zone, and it
is formed in Hanfeng Lake of Three Gorges reservoir. The Hanfeng Pre-reservoir has many special hydrological characteristics and
ecological environment features based on its unique “pre-reservoir” control mode, the wide seasonal wetland of Fluctuating Zone, the
huge life pollution and agricultural pollution, and the pressure of huge city and excessive population. HanFeng Lake has a variety of
morphological features such as lakes, rivers, and other backwater bay, for the effect of water level regulation in Three Gorges, since
the successful commissioning of the Hanfeng Lake pre-dam system in 2015. The change of Hanfeng Lake hydrology and water quality
during the commissioning was divided into four periods by combining Hydrological and Morphological Variation characteristics with
Water quality indicators time clustering analysis: May to August as T1 (river period) ; January, March and November to December as
T2 (lake period) ; February, April and September as T3 (water level fluctuation period) ; October as T4 (‘algal blooms period) in
2015. Principal component analysis and stepwise regression analysis showed that Eutrophication of Hanfeng Lake was dominated by
different dominant components at different times and the water quality index factor which has a significant effect on the Chl-a was also
different. Cumulative contribution rates of principal components were 82.93% , 77.61% , 78.32% , 88.40% for each period,
respectively. The main water quality indicators of T1 (river period) were DP, TP, SD, pH and the significant influencing index of
Chl-a was PC,, so Chl-a was mainly affected by water nitrogen content. The main water quality indicators of T2 (lake period) were
TN, DN, DP, TP, NO; -N and the significant influencing index of Chl-a was PC,, so Chl-a was mainly affected by water
eutrophication including nitrogen and phosphorus nutrient status. The main water quality indicators of T3 ( water level fluctuation
period) were SD, NH, -N, DN, T and the significant influencing index of Chl-a was PC;. so Chl-a was mainly affected by water level
fluctuation. The main water quality indicators of T4 (algal blooms period) were TN, DN, DO, NH, -N, pH, permanganate index, H,
NO; -N and the significant influencing index of Chl-a was PC;. so Chl-a was mainly affected by flow rate and hydrodynamic conditions.
As mentioned in the review, the frequent and significant water level changes during the commissioning of Hanfeng Lake were the
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important factors influencing the change of hydrological and water quality characteristics.

Key words: Hanfeng Lake; commissioning; multivariate statistical analysis; hydrology and water quality; variation characteristics
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5[ (x°) ,Bartlett’s test of sphericity |, 259 WL# 1.
Hr A 3 BT IR B ST (KMO) KT 0.6, 13
BT Hb W D58 2 A A T R F 40

F®1ONERREITE (2015 F) S EKRHIE KMO (&
4> #7170 Bartlett SREV QT
Table 1  Data table for Kaiser-meyer-olkin and Bartlett’s test of
sphericity of staging water quality for commissioning

of Hanfeng Lake in 2015

BERFE Ban. el KMO Bartlett
1 TG A 0. 555 0. 000
2 B4 0. 680 0. 000
3 IRAEAE Bl 1 0. 662 0. 000
4 IR AU 0.737 0. 000

HH %% 2 A1, % Kaiser ARifEAL IE A2 et AR
I SRR AE A (> 1) JR U BEA B 31 4 531 3 L
4 ~5 A FRLGY, B PR vl i 28 - H5 HL A 43
Pk i s 2245 ., 32 B4 R BTk 22 A4 5
9 82.93% . 77.61% . 78.32% . 88.40%.

(1) T1(CRIRIEAS )

PC, (35— FEW4Y) « T 17 25. 87% , [ A
B K. DP, TP IEAH G EER |, SD, pH fiAH
SRR PR, D T AR TS YR A, PC, (55
F RS T ffef 20. 42% , DN, NO; -N, TN ¥ H
AR AR, e KRR A . PC, (3R
=W T 12.89% H RIEMHIRLR,
v BROM OC R, I WD I FOIR S AR AE. PC,
R E RS ATl 12, 40% , TSS 2 fiAH
KZ BB AR SNIR TR V0 X K S B R, PC
(CBILFERS) HFHfA 11.35% ,NH, -NS 1EA
KKFR, DO BMAHCIER , S WD F WK BRRA.

(2) T2(EHATEZSIN)

PC, (55— F 57 )  RF g 27.65% , R M5
HERK. TN, DN, DP, TP, NO; -NiFEAH e FE AL
1o, SRR R B TR RS 2RI K
WEEHRATEEEM. PC, (5 = FW) . HFh
fai A 18.59% , DO, pH ., ¥ HAT 5= IEAH G S ik
BEBKEYFR S, PC, (55 = M4 T
fr 5 11.81% , T R IEA SR, K= 3 15130
AKARES 53 R FFAE. PC, (5510 EJ4)) « A
11.78% ,NO, -N Chl-a S 1EAHIEKE R, B il = 4
W5 G S PR AR ) AR AL RRAE. PCs (BB L BT )
Pl 7. 78% ,H 5 IE A G 6 &, WL =E 1)
WIAIE S RHE.

(3) T3(KAIAESIH])

PC, (55— FE W) A F AR 29. 46% , L ik
fGEERK. SD, NH, -N, DN [FAH IR E . T
TURH SRR RE R, 5 W T8 7K A3 728 2 30 ) /0 5%
LB FACRRAE; PC, (35 — i) . 7 g
20. 86% ,NO; -N | v, K BI =F 9 7K 57 A% B 1 il I 14
XK AR E L. PC, (55 = 4y T
faf i 15.97% ,Chl-a, pH, H, DO R IFAXEER, X
WS WK IR H A Al B2 b 3 55 DR A 1l B ) T Wi
T AR AR TR B | 75 8L A2 . PC, (251
FR) T g 12.04% , PO, -P, DP 14
KRFR, W WK A0 22 Sl % T R AR L RRAE.

(4) T4 (KA HUEI )

PC, (55— F )  HF g 37.69% , L Bk
fFEERK. DO, NH; -N, pH. Ehmthis%. H
IEAR AR R, NOy -NE TR, S L 318
KGR ES. PC, (BB 4y . N F i far
28.91% ,DP, PO; -P, DN, TN, TP, TSS, Chl-a ¥}
FLA B IR A DG B, sz 0 = WA 7K A 300 [ 0 55
FRAE IR A AR AR KR B B SR A
. PCy (BB =FW4r) P i 10.95% ,v 217
KR, WK 3 T HE X K AR R . PC, (55 Y
Fsy) Rl 10.85% , SD BIEAM XKL R,
NO, -NEZ AR | S WK HE X 375 W] FE 520
2.5 ZAEIHASHr

TR B 6 A E A H T B A
(Score values PC ) 1EA A A8 & k17 Z2 o0 nl 415
T Chl-a (% T80 [5] IS BE 7 Sy . 1g (Chl-a) =
0.579 - 0.191 x (Scorel ) — 0.013 x ( Score2 ) -
0.013 x ( Score3 ) + 0.042 x ( Score4 ) + 0.134 x
(Score5) —0.059 x (Score6) , FHFHEZE R =0. 731.
FOXF K B B AR AT IR -4 B T R AR R AR I
ARG B AN 57 5 R 78 B A |
PEAT 2 T A BT, 38 T SR o | ke T
Al 22 oo M 1l 7 ik 10 BR M. A BIE 5T L
2015 AFEBPLFE 4 AN 3= o IR i oo B AR
i, Chl-a HHAR G Y4T85 B1H, 15 5] Chl-a (1) 7
W] AEAL SR 3 FiR.

T 50 B A 3 T PRI, e B TR %) K T 1
OB T AR RS AT S TR R AIE I 3 B A WA
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Table 2 Staging water quality of principal component loading matrix for commissioning of Hanfeng Lake in 2015
T1CARIEAI ) 32 B A3 e e 2 A R R T3 (KAEAE B ) 3 B3R 38 A K 15
— =
i PC, PC, EPﬁéﬁ PC, PC; LI PC, PC, IEE]}PQ PC,
DP 0.924 0.083 0.014 0.16 0.017 T -0.93  -0.295  0.089 0.04
TP 0. 859 0.242 0.151 0. 049 0.029 SD 0.876 0.111  -0.079 -0.262
SD -0.709 0.121 0. 463 0. 087 0.022 NH; -N 0.875 -0.005  0.238 0.111
pH -0.708  -0.169 0.111 0.254 0.579 DN 0.724 0.6 0. 042 0.023
Chl-a -0. 646 0.141  -0.169 0.573 0.105 TN 0. 66 0.654  0.002 -0.041
T -0.643  -0.211  -0.405 0.353 0.037 NO; -N 0.533 0.738 -0.077 -0.082
NO, -N 0.63 0.471 0.018 0.054 -0.3 v 0.316 0.73 0. 149 -0.117
DN 0.076 0.977 0. 081 -0.019 -0.032 TSS -0.304 0.673  0.071 -0.24
NO; -N 0.126 0.968 -0.012  -0.044 0.044 NO, -N -0.083 -0.601  0.03 0
TN 0.229 0.796  -0.085 -0.068 -0.443 TP 0.328 0.541  0.156 0.438
v -0.056 -0.161  —0.905 0.022 0.017 Chl-a —0.044 0.175  0.898 0.197
H 0.145  -0.364 0.705  -0.273 0.12 pH -0.454 0.071  0.779 -0.121
TSS 0. 259 0.187 -0.059  -0.813 0.275 H 0.169 -0.275  0.777 0.151
PO, -P 0.456  -0.472  -0.182 0. 641 0.118 DO 0. 429 0.248  0.715 -0.27
LR R TR AL 0.314 0.324  -0.291 0.574 -0.095 PO, -P -0.337 -0.292 -0.033 0. 825
DO -0.261  -0.037 0.406  -0.107 0.803 DP 0. 564 0.226  0.032 0.719
NH,' -N -0.188 0. 171 0. 362 0.24 -0.731 E4GRREhIEE -0.455 -0.406  0.229 0.588
TIHRR/ % 25.87 20. 42 12.89 12.4 11.35  Biik%R/% 29.46 20.86  15.97 12.04
) 25.87 46.29 59. 18 71.58 82.93  FHi[TIHR/ % 29. 46 50.32  66.28 78.32
T2 (WIATEASINT) o3 e it a8 o 46 T4 (K AEHURI ) 3 B3 e 3 i L
) e
i PC, PC, I;(iﬁ PC, PC; LI PC, PC, Ibkﬁpg PC,
DP 0. 898 0.168 -0.162  0.113 0.015 NO; -N -0.945  0.035 0. 286 -0.027
TP 0. 855 0. 064 -0.069  0.323  -0.001 DO 0.918  0.296 0.127 0.183
TN 0.754 0.322 0.317  0.077 -0.119 NH;-N 0.906  0.269 0. 042 0.093
DN 0.731 0.528 0.33 0.075 -0.126 pH 0.896 0.216  —0.259 -0.104
NO5 -N 0.717 0.298 0.025 -0.18 -0.205 EiRRRERTEEL 0.857  0.393  -0.182 -0.177
TR R R HR 2L 0. 687 0.26 0. 061 0. 054 0.391 H 0.752  0.335 0.353 0. 142
PO, -P 0.687 -0.184 -0.393 -0.269 -0.028 T 0.628  0.247 0.386 0.385
NH, -N 0.522 0. 469 0.435  0.315 -0.132 DP 0.437  0.87 -0.081 0. 064
DO 0.173 0.918 0.101  0.008 0.006 PO, -P 0.416  0.833 0.026 0.239
pH 0.157 0. 817 -0.089 -0.092 0.33 DN -0.287  0.807 0. 395 -0.033
SD -0.25 -0. 666 0.081 —0.445 0.205 TN 0.547  0.805 0. 042 0. 06
T -0.161  -0.105 0.874  0.18 0.118 TP 0.093  0.728  —0.497 0.312
v 0.248 0.543 0.586 -0.143  -0.262 TSS 0.32 0.726 0. 308 -0.08
Chl-a 0.176 0. 056 -0.036  0.89 0.131  Chl-a 0.634  0.72 -0.034 -0.048
NO, -N -0.066  —0.043 0.437  0.747 -0.163 v 0.024 -0.108 -0.74 -0.044
H -0.149  -0.039 -0.044  0.043 0.791 NO, -N -0.187 -0.17 0. 101 -0.938
TSS 0.262 0.267 0.306 -0.234 0.419 SD -0.246 -0.113 0.567 0.734
TR/ % 27.65 18.59 11.81 11.78 7.78  BRE/% 37.69  28.91 10.95 10. 85
2 TTHE % 27. 65 46.25 58.06  69.83 77.61  RiFTUEkR/%  37.69  66.6 77.55 88. 40
1) PRARF 7R 5 e PR 3
%3 Chl-a IREERFHEAFE
Table 3 Stepwise multiple regression between Chl-a and environmental factors
g iliass mYE Py R? Sig.
TI(THIB ) i)g(ogllﬂ:lz 8221;6252)1 x (Scorel ) —0.579 x (Score2) —0.023 x (Score3) +0. 024 x (Score4) + 0. 603 P <0.01
T2 B2 z)g(2(2];1];<az S:C(())r.ez())l x (Scorel ) —0.228 x (Score2) —0. 159 x (Score3) +0. 005 x ( Scored ) + 0. 476 P <0.05
T3 (KALAEB) lg(Chl-a) = —0. 069 x (Scorel ) +0.252 x (Score2) —0. 485 x ( Score3) —0.208 x (Scored) 0. 606 P <0.01
T4 (K AEAHURS)) lg(Chl-a) = —0.325 x (Scorel ) +0.002 x (Score2) +0.526 x ( Score3) —0.484 x ( Score4) 0.774 P <0.01
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