KA E W

F45 L F 3 Vol.45, No.3
2021 % 5 A ACTA HYDROBIOLOGICA SINICA May, 2021
2 kR doi: 10.7541/2021.2020.286

SIS EE BN 2T R,
mEi2E BRKTIRN B FHEE

e
(F B R B A AT TE TR A A 5 AR EOR [ X R SR, I 430072)

TEE: 51K LI 40 HE M2 H 5 BA B 8 TR AR BRI, (HLSCPRRCR 0 A PR B G W e o 27 S B )
I i A, SCE e i SR o A AR AR AREALL, 4 Y 51K ORE R ORI T A 2 8 IR BRIEUK, T
ANFAFEAEXME LI o SRS, ELESE RR A S @ VLA B K5, 23 B S5 K TLIE LT /K B R 4 L], B E
SRIKDLBE SR F K ARG R B W 2545 M AR TR R I R 3 A BES ed  K IR YD £ i sh S 807
PRI E TR AR TR AR I MR, 18 HHTT 500 8 TR DME R A /K SCEE A E 28
IKALPEENN T EEH B, TG SR E 1 BE 70, Jray SR o SCFROT [ AT 5K EFI TREEAT T R G048
W, SRt TR R R, A RS S 1 Bl TR R R S .

KR K TR, TOWHEE; WA EEFRMIAEL A RUKLEE)
X EHE: 1000-3207(2021)03-0692-08

hESES: X524 HRFRIZAS: A
ERE WA E S G E T, A0 ANEA 5 2L
AR B 5K R, M2 ARFH ). T &, %25l
YL G TRE S S E . SR, AT SEiE i) L A2 H
IR B AR, ZHMBR AR, E2%
o B PN AMEG XA T K TR B R0 5 e A
BT A4 T RS R T . ISR
“UPRT ARk A St VYA T 8 I N R ) L, AR S S
T8I Z 4 A3 Hr AR AU ARIAL, 48 G| K PR R Bk
TR GH A AREE AR, 285 7 B KT IE s
KPR R A BIHLEY, 8 H VLI S 98y i 8 L RE B DA
B A RKAL S SRR TR A FEEZE W), HAH
SEHE A
1 HESIKAFRG

FIK TR 2, (HK Bz 1T HA HdE 3 A
%, U RENIME T EG],
11 K

R FA2338 km”, “FHI7KIE1.89 m, HH
44.28f7m’, FEIRKFLI1.2. B B VLN T
612002 o S EHE AU AR I B R 51K

Y #5 HHA: 2020-12-28; 1&3T HEA: 2021-03-09

SOt DT TS TR AR 2R — e P REAE L, T
S AW KO e i A VR BRG]
1B T8 % I 1 () M 0 4 L /K 380 A /K A
R4, 5 R BRI 5] AKX LK Sk A R A,
A BEARIAZK Chl. a(M 4 FKa); (2 BT 84F 5] KEAL
ORI K I 20% 26 47, 51 KA KT SR LT %
BIRAER . 51K JE KW I 7K ) TP L)
TN E)FChL e FFBFR A AR, R m m A
W IR KYL TR 51 K I TPAITN(2011—2018)
I3 A TEE0.15(0.05—0.22)F13.7(1.7—5.4) [ H{EGE
1™, 22 B R 35 T TPRITN(2007—2016) 45 31 A
0.12(0.11—0.14) mg/L#12.89(2.43—3.33) mg/L, 1fi
K TPAITN(2007—2016) %3 531 °40.07(0.06—
0.08) mg/LF12.17(1.85—2.48) mg/L".
1.2 5554

WAL TVL R 2T, H B AL KR 43 B i
R PU2ANBIIX, Rz i i F ERH KR . AR 2
8 km’, AFAZI1100 A m’, FHIKIE 1.8 mo R IF/
A8, KRR KV LT ROKBE S .1 51KE
B ENTEBIX, JFARBIX . 2008—20094F,
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FAEFIKZA18007m’, SEHKFEL11.6. 20084
10 H—20094-9 H , PG X #1758 FR Y09 55 B o v T
ZWIX I [TP: 0.25(0.15—0.62) mg/L, 0.17(0.10—
0.62) mg/L; TN: 0.44(0.18—0.85) mg/L, 0.30(0.16—
0.44) mg/L]; 51K hTPAITNHL 51 K1 T+ i2—3 %,
AT R TR 5 B 22 5 K AT KF; 459IChL a
910.8(4.9—26.5) pg/L, Ao T wE Rk E"". T,
AT VLK TPAR &, BT 51 VLK DA 20 28 PG 35 X X AN T B
JEALBR, A AT AR I X BOK K BT B K
1.3 7

WM PE I T 76,4 km?, 37K I%2.3 m, AL
14005 m’, FRZKME FENMKE1430/m’.
1986—20024F, MERIEIL EH 5] /K(TP: 0.07 mg/L;
TN: 1.7 mg/L), FHEZ) 2000 5 m’, FEHe/KZ i 1.058 2
2.5. GIKATACEMA ST 7 B A A K
TPAIChL a%y 51°50.12—0.14 mg/LF152.9—69.5 ug/L,
517K J5 43 51 °80.11—0.15 mg/LA157.8—78.1 pg/L,
IR PR ARAAN K, TNIR U A 51 7K /N Eg il i)
KR B B B 4, TPE10.12P% %20.08 mg/L, Chl. a1
57.8B%%539.5 ug/L(1985—19924F %4k, %X i
1%0.089 km’, 47K %3k 112, 517K JG #I7K TP 5VT.7K
i A —re", 20034E2—9 HJE, F5IKERE
1300075 m’, 44EH K FR G Z10.5, /5 i A PG L
15 Xk B 62; AR, %51 KBEATBRPALEE,
TPP&%0.04 mg/LA A7, TNARAL B /N, N2—3 mg/L.
552001—20024EAH EE, 2003—20054E/NEg i, 74 HL
WL AL BRI AN EIChL a 735 R % T 29%. 43%.
17%H117%, J& 201 X 1 B R AN K . 78 78 5L,
20004 F120024-TP~N0.12—0.14 mg/L, 2003 —
20054E % %£0.06—0.09 mg/L, 2006—20114E &
0.03—0.04 mg/L; fE5MH], 20004FH120024-TP Ky
0.1—0.14 mg/L, 2003—20054F 4 %0.08—0.1 mg/L,
2006—20114E £0.04—0.05 mg/L, Hi =4F F &8
J55 B T A2 A YPRE TG, TN IX (TN AR K,
Kk, R JE/KTPIRE /K& 258, 51K REH 2L
BRI /K TP, 3217 FEAIKChl. a.
1.4 Moses Lake

= [E A B4 M Moses Laket 4R, 351 v 1 AR
27.9 km’, “FHIKIE5.6 m, BF15560 m’, EHIR%
PERERKRLI N 20 L 70E TR EE S
1k, Wi7K TP ~0.15 mg/L, Chl. 2458 ug/L. 1977—
19884F, MColumbia River K 5| 7K(TP 0.02 mg/L),
FFAE11800—14100 5 m’, 527K [X 45 4 K 2 48 &8
2.3—2.6, WI/KTPR#%0.041—0.074 mg/L, Chl. af&
%£17—21 pg/L. 2001—20165F 5] KK, B4
28400—32500 /3 m’, 52 7K il [X 4F #e 7K 55 e % 484 28

4.7—5.8, TP — P % %0.019—0.023 mg/L, Chl. a
FE%11 pg/L. 2017—20184E, 5| K& kb, H4E
9300 /5—13000 5 m’, 527K b X 4F #e 7K 58 e 2% [ &2
2.2—2.7, TP X4 %0.027—0.041 mg/L, Chl. o &
7—18 ng/L, 51986—19884E /K F-Hi 4", 3T
1977—19884F (%, 734 K I /K 214 K T 8N
JEPREIR, W E AFTELR MO0 &, L H AT g A2 /K-8
G PR B N B S E N IRPY L BT P IRPRRK, 5
K FECHK TP B 3 26 B o5 5] /K B 38 i B A,
BHERED, L5 K NHIX (Parker Horn) % 3, #
IKEZRL) 9%/ IR, 47K ] d ik A LK 1T A R b
dEe U, R, R LI NI D X R,
A 37K 22 KT Fi [Q B (Oscillatoria agardhii)
HI%HF 72 A K 2 (Specific growth rate; 8.2%—19.1%/d),
oK BT RA R % A
1.5 Lake Veluwe

T 2 Lake Veluwe, THi#732.4 km’, “F-447K%1.28 m,
SEHKE N4, 201704, ZWEE S
1k, 1977—19794ETP0.2—0.8 mg/L, Chl. a “H80—
450 pg/L; W5 7% (9 ¥ Oscillatoria) /K H i 4 H B, 38
UG FEpHF 1, sk 10, 315 80T
WP ERPRET, B2 PR R N 1.5—5.9 mg/(m’-d)
(1978—1979). 19724 U5 /KA EE, B 19794F-4]
BEAMEP A 321 g/(m’y). [41979—1980%4F,
FAEAF(IH—KE3H) N T K F1K, ok Z
255, N KTP S40.08—0.10 mg/L, H KK
T, B 714 200—300 mg HCO,5/L, Al 23 pH. 5l
/K J5E (1980—1985), TP %20.1—0.3 mg/L, Chl. af#
A50—250 pg/L, pHi = E I E ZEIME N T4
1N BEfr, B2 YR PRET R % 220.0—0.8 mg/(m’-d)
(1980—1993), /KLU BN IA BT T F%, SREEFIRESEA
(RSN I/ B i

DL 5, BRI AR iR 5] K BRP AT
1 V5 35 00 7K 5 LA SGE AR L, BN SR TP &
5| 7K FRPJE I PE ] . Moses LakeflLake Veluwe
HA S /KT A, R 51 /K TPAZE R T-I51 7K 4

2 SRR RY

P TSI B I B KA S R ) S
B, REE R E T RS
(Steady state) T, Vollenweider i A5 75 2735 & FH ",
HA ) iZ5uE . N2 T8 A 5 4 51 K K
J R o

Vollenweider B (& 1A) 7] ik LA 25 A
ﬁ[m,zo]:

TPL=TP;/(1+7,>%) (1)
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TPL=TP;/(1+py ") ) TR TP 1 UnbL R, A T FEAKTP, .
e, TP, 9k TP 4 45 499K FE, TP A K TP 42 ESPRIGL T, Q@) TES
CESPYIIR I, 7, 7K T3 BN ] (year), py 9K R TPL=[(TPipy+TPuApw)/(putApy)]/ (3)
(1/year)(=1/z,)e (1+(pwtLDp) "

K@), 1/(1+py%)=1-Rrp, Rep S B R EL, A, TP, G K TP IR L, p,, N 51 K HT#7K
B A AR VOB B B AR SR LR, M s p) B R ok B

1-Ryp ATPEMI K h 7 42 23570, 18 1IBER, K 2A 8 RTP,=0.5 mg/L+ p,=0.10F 3] /K 1%k
P MO TFFZ I, 1-Rpp FHO.24 PR35 F+ £20.50; p,, H s TP, Z1/NF0.1 mg/L, Ap, LI 20,515 TP, i
2—4F B 100, 1-Rppa T AE, }90.59—0.76, TRk, bif54518; 2 TP, 4S8, TP, ek 5 7+, M
TP TP, #5 51K FEHU-Rp¥é MnfE, WTP ;25 BAK; TP, L1 KT 0.3 mg/L, 51 /KFETP, I

A TP =TP /(1+py ) B. 1=Ryy=1/(14py %)
1.0
0.5 08
0.4 Cos |
.03 e{
Q« —
= 0.2 04
01 02 |
0
0
0 2 4 6 8 10
Pw

Bl 1 Vollenweider /& 5 44
Fig. 1 Vollenweider’s model of total phosphorus
A BRI AR RIICR; B NEK S BERIAR R -Rep) S HKER R R py,. HIKZE(1/year); TP, NlIKEBE 2 4FF K (mg/L);
TP WIZK 4 4E BB S BE (mg/L); 1-Rp=TP;/ TP;
A. Relationship among the model’s three variables; B. Relationship between reduction factor of average inflow concentration of total
phosphorus (1-Rrp) and flushing coefficient. p,,. flushing coefficient (1/year); TP;. annual mean inflow concentration of total phosphorus (mg/
L); TP.. annual mean lake concentration of total phosphorus (mg/L); 1-R1p=TP;/ TP;

A.TP=0.5 mg/L, p,=0.1 B. TP=0.5 mg/L, py=1

0.5
0.4

- 03

TP,

0.2

K2 5l/KEKVollenweider s il # Y

Fig.2 Vollenweider’s model of total phosphorus when adding extra water
TP ={(TPyp, TP, Ap, ) (p +Ap V(14 (o HApy) e AP, TP A 4F BB PHIR I (mg/L): TPOA 31K NI S Bl 4 40 T g
(mg/L); TP R 51 K S F- 39 FE (mg/L); p, S5 IK AT 7K 2 (1/year); Ap, J95I K G HIK Z 1 7 (1 /year)

TPL=[(TPp, + TP, A, ) (pu+Ap ) (1+(pyAp,)
inflow concentration of total phosphorus (mg/L) before adding water; TP,. Annual mean concentration of total phosphorus (mg/L) in added

. TPL. Annual mean lake concentration of total phosphorus (mg/L); TP;. Annual mean

water; py,. Flushing coefficient (1/year) before adding water; Ap,,. Flushing coefficient increment (1/year)
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T+, HAap L7126, EFHEPL. B 2BE/RTP=0.5 mg/
L. po=18 5l KK : #5TP,Z17/NF0.15 mg/L,
Ap NG Z 2T TP FRRECER, B G218, 45 TP 4k 45
#m, TP e, HABMAK; HTP, A KT
0.4 mg/L, 51/KFHTP FTt.

DA R A R, RAE TP R AR, 51KA ]
REPRARTP,; TP LA, Ap ks 25 TP i 5
— P, Ap A m AT FEARTP, (HAp, i 5
M FETP, LT TPk B /K P, 51K H 2
FETPL BT, H 405 Ko JRAKES, Apy, ETHH]
WITP 28 BTt

F BT UM SUKETE XS E. 51K
BT JE1-RppZ EE N 1.2—1.8; AHXS T 5K B I TP,
TP IJIRAK, 51 /KA1 JG TP, 2 thM0.3—0.6; 5K AT &
TP tb 2 M0.1—0.7, 5B TN 25 (& Je —
T RARAR 25 R VGBI AN S TP %A FEAR, 1X 7]
fe b PR a1 R, 7R TRRR L R
IR T, FVollenweider Bl 1 7Y m] %5 4 35301 51
IR

gr b, BA A HT A5 K B R B, RA 5K
TP T NWIKTP, HA L% HIUEK, 51 7KA W #E
PRI K TP,

3 BIMARKRATABEF?

3.1 [EREHR. BIIH. TRAZRAIZKERLR

Kl 38R, /8 E IR RS AChL a(FR A% 5
BRI . FRASCRAT10.7. 19.7F15.94%,
HTPUNL. 7. LSFIAE, TNN1.3. 1.2801.50%. BH
R B VT (LA 2R/ Hh B 37 ) T Wi 1 R0 78 7 IO R FH 2k
FE &, Hlg(Chl. o/TP)4 H & @VLIIA T
TWMIL.4L 23801445 FoE o B S BN, A7 A
TP N FEBEMAFIChL aBEBITIA . TSR A4
A IN0.7—2.4. 16.2—51.3810.2—6.61% . PHE&ETH
THE B TR ™ AN 5 G 57 faf iy, 1B R R 2
Sale= s 81 D2 = 72 i N | B ST e o v e
IBYLIA B A D RN, (B8 37K 2K T
(T R/ SRR, 2 W 3, L
1—2); F EL VT v v SO0 5 7 1R RCR AR AR
(<BHBGHIN, =33, >, 2 W 3, HLifi]3—4);
[RL b, JEYTIAYACHL. afi& T ST L/ A S 77 BRI
3.2 DB RKSGEBSE BRI

R 4 FRATT R oAt 27 25 ORI 98, Y0300 ER /K SCE
TE SO K S RO A 4 (1)IE YT R /K A7
WK, FEFK KA, T HEY 8 &
K, TR AR K B RAF, JCH 23K AR A4 1l

®1 HBASIKAIERXESH

Tab. 1 Key parameters in the lakes before and after adding extra water

. [(1=Rp):
1 Lake B 1] Y ear P (I*A%P)- TP;B TP, TP;A TP;A/B TP, TP:A/B  A/B]x
(TP:A/B)
%fiﬁ j%%% " 1986 1.0 0.26 0.13(0.12—0.14)
bl 1992 25 12 026 007 015 0.6 0.130.11—0.15) 1.0 0.7
RN 1986 1.0 0.26 0.12
1992 112 1.8 026 007 007 03 0.08 0.7 0.5
o e )
P 7 L 2000—2002 2.5 0.25 0.13(0.12—0.14)
20032011 62 15 025 004 005 02 0.06(0.03—0.09) 0.5 0.3
Moses Lake —1970s 1.0 0.30 0.15
2.5023— 0.058(0.041—
19771988 73 12 030 002 013 0.4 0.0d) 0.4 0.5
53(4.7— 0.021(0.019—
2001—2016 > 1.4 030 002 007 0.2 0.003) 0.1 0.3
25022— 0.034(0.027—
20172018 %S 12 030 002 013 0.4 0.041) 0.2 0.5
Lake Veluwe 19771979 1.4 0.99 0.5(0.2—0.8)
19801985 5.5 13 0.99 02%((1).(?)8 0.30 03 020.1-03) 04 0.4

T py. BIKEF(year); 1-Rpp=1/(1+py,~03); TP NWIK S BT B E(me/L), 51I/KHTTPARQ)THE; TP, . 5K B #2ET
PR B (mg/L); TPy WI/K 2 4F BBEF YR (mg/L); B. 5I/KHT; A, 51KJ5; A/B. 5I/KHI G FIELE; Moses Lake: BYJh—1970s; ik
PEILIESC

Note: p,,. flushing coefficient(1/year); 1-Rpp=1/(1+py>); TP;. annual mean inflow concentration of total phosphorus (mg/L), TP;
before adding water calculated by formula (2); TP,. annual mean concentration of total phosphorus in added water (mg/L), TP; . annual mean
lake concentration of total phosphorus (mg/L); B. before adding water, A, after adding water; A/B. value A/ value B; Moses Lake: B
all—1970s. See text for data sources. (D Xi Hu (West Lake in Hangzhou): Beili Hu, Yue Hu, Xili Hu, Wai Hu (main lake). @ Xi Hu:
Xiaonan Hu. ®Xi Hu: Xili Hu
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e, HEAIRGRAIKERE ST, 8BRS m) Al
W BEER B Y W R G AL W
BRI TS Sy i B R R, DRI AT A A0k K
Jit. B, BHERHA KK AL BIEZ /N T 1—2 m, B
W R, AR TR, T AR AR, 3
B E R Y, Q)KL E TS B
ZEE A H AN IR, 380 A i R A R
RE TR BEAT HUBR ARG G o3 e 18 9 JER 5 X P AR IR
B R 05 ST A R R A 2 R A, A4
TRV [E) /N T 50d sy, 3 A ML AN 2 Bk 25
B SRR G)WIKIEY % HikEh T BUT i
BSOS S TRV ER & S N PS DSPEL Nb Y S &S
KB AL TR 2 BL R (4) 5 BELBG I M L,
VLA A e SR, A . KA. R
WA SRRV A 2 FEE L, BRI E
U IO I 3% R S YT I KO G B A B A,
(BRI 7 i J 25

L EMUBIRECAT 20 PR, — R IETTHA X
5 G BRI BE 1 (1—2), 2 I VLI i
BN E IRYI A RBCR B AR (3—4). X EE 38
ENIEE Y K

O /b SRR O 8/aE IR 8 WLHim

Oligo-/meso-trophic Hyper-/eu-trophic

disconnected lakes

disconnected lakes

4 AMAISCHESTGA)AIE B TR ?

IR B, IV S VIR A A 32 B E
B E W A K SCEE A H SRR ). KR
T T —&J7, nRE /KA Mg 55 B R H
bt S B R K AL 3h &S 7R B RN AR K
A1, DMERERE Y K B 5 R K AL b ikd 2R, P
G BER L e A, AR TV I £
I s AR AR, AT AE4—9 H A1 1—12 A FF 1, 435
1653 4 0 37 N T80 13 R0 o o N T s

5 B&5

RE 22T 4T B H AR A 1E i St V130 55 980 9 4
TREMEA . A DA G o8 H I, 75 2K &
(IR Vs IR K Bl T 1 KO A R TR, — M LUK &
AR, Wes KR G T RN KR . 2 CAPRE
KA HE M, Bk Z TR T HBBE R IR T A K&,
T8 R IK R T mIE10%—20%, #th RiEH T
BNKAA . 25 DA AR p H T 28 8] A VB R i
f, )55 R R K o T 22 B e H 2 K
(1), 30 TAER E 2 H N2 B E H H /K% B
H AR KL Bl LA 58 I 15 e 70 AR (ke K

BT Ok

Connected lakes Mainstem  Tributaries

10
9
8 e
7
5

£
\
o
N——— } o
o o o

o

©

o—— S {EOutliers
~ _kBRMaximum
" P4y % 75th Percentile
~ i $Median
- P44y {7 #25th Percentile
; = FFRMinimum

N

o o ooo

—

T % I
e o
n: 22 42 84 80 88 n:22428432163 n:224228269 48 n:2242281116
TP (0.1 mg/L) TN (mg/L) Chl. a (10 pg/L) 1g(Chl. a /TP)
K3 KILKRBERMEA. @LEm. TRASRKITP. TN, Chl a /% lg(Chl. a /TP)(1997—20194F4(4f)
Fig. 3 TP, TN, Chl. a and 1g(Chl. a/TP) of mainstem-disconnected lakes, -connected lakes, the mainstem and tributaries of the Yangtze
River system (The data from 1997 to 2019)
F/HE TR Chl. a<8 pg/L; /& & F%: Chl. a>8 ug/L; PRI F T #3364 @I TR B BEPH IR 1 T EM- i,
S WRIT VeI FERRIL. YL WKL, BUKFIRRIL; ORI SCHR23 — 321 A1 2 $ds
oligo-/meso-trophic: Chl. a<<8 pg/L; hyper-/eu-trophic: Chl. a>8 pg/L; disconnected lakes: 36 lakes in the mid-lower basin; connected

g ¥

lakes: Dongting Hu, Poyang Hu, Shijiu Hu; mainstem: Yushu-Shanghai; Tributaries: Min Jiang, Tuojiang, Jialing Jiang, Wujiang, Qingshui
[23-32)

Jiang, Han Shui, Gan Jiang. Data sources: references and our data
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THE MAIN TARGET OF CONNECTION OF LAKES WITH RIVERS
IS NOT TO DILUTE POLLUTANTS, BUT TO REHABILITATE
NATURAL HYDROLOGICAL REGIMES AND
SELF-PURIFICATION FUNCTION

WANG Hong-Zhu

(State Key Laboratory of Freshwater Ecology and Biotechnology, Institute of Hydrobiology,
Chinese Academy of Sciences, Wuhan 430072, China)

Abstract: Water diversion from rivers to lakes is popularly considered as a measure to control lake eutrophication, but
the actual efficacy is quite limited in general. How to connect lakes with rivers in a scientific way? To answer this ques-
tion, first, I analyze 5 diversion cases in China and other countries, and simulate effect of adding water using Vollen-
weider’s model. The results show that improving water quality by dilution depends upon whether there is large amount
of input water with total phosphorus concentrations much lower than original inflow ones, but such a premise is gene-
rally difficult to meet. Second, I compare water quality of lakes disconnected and connected with the Yangtze main-
stem, and find that chlorophyl a concentration of water in disconnected lakes are increased by 0.7—2.4 times when
total phosphorus concentrations are in the same levels. The mechanisms of better water quality of connected lakes are
fourfold, i.e., the natural water level fluctuation promotes vegetation development, seasonal trying-up and shallowing of
lakeshore promotes pollutants decomposition and adsorption, turbid flowing water results in lower efficiency of nut-
rient utilization by phytoplankton, and the ecological complexity is higher with more heterogeneous habitats, higher
biodiversity, and more complex food webs. Last, I point out that setting a scientific feasible target is the very basis to
implement a river-lake connection project correctly. If the aim is to dilute pollutants, enough clean water is needed, and
this can only be realized for smaller waterbodies. If the aim is to wash out phytoplankton, the flushing rate should be
higher than specific growth rates of dominated algae, reaching 10%—20%/d, and this is also only feasible for smaller
waterbodies. As for most lakes, in particular, shallow ones, connection of lakes with rivers should aim mainly to rehabili-
tate free hydrological connectivity and natural water level regimes, and then to enhance self-purification function. Such
a mode costs a lesser amount of water, but reaches the best effect. This review provides important guidance for river-
lake connection projects.

Key words: Water diversion project; River-lake connection; Lake eutrophication control; Natural water level
fluctuations
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