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The influences of the water diversion structure change on total phosphorus retention and
implication for ecological flows in Yugiao Reservoir, Tianjin*
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Abstract. After supplying water to Tianjin City by the South-to-North Water Diversion Project (SNWD) in 2014, the water source
has changed from a solely source of Luanhe to two sources. The new water diversion structure changed the amount of water into the
Yugiao Reservoir, which affected the total phosphorus (TP) retention of the reservoir. It is generally agreed that the TP loadings
decrease with the decreasing of the inflow water of the reservoir. The longer hydraulic retention time ( 7 ), the more favorable to TP
retention, and thus the TP concentration of the reservoir decreases. However, we found that the TP loadings increased with the de-
creased inflow water when water supplied by SNWD, and the reservoir TP concentration also increased. What is the TP retention
mechanism causing such a result? Based on the observed inflow water ( Wy ) and the TP loadings ( 7PL;y ) from 2001 to 2018, the
reservoir TP concentration and TP retention (R, ) were estimated by the Vollenweider model. Consequently, we estimated the eco-
logical flows by controlling the amount of R}, at the level before the SNWD. The results showed that TPL;y was non-monotonous re-
spond to Wyy. There was a significantly positive relationship between 7 and R, during water diversion period. Interestingly, this pos-
itive correlation decreased with the increasing of 7 . However, the R, is negatively related to 7 due to lower TPL;y when considering
both non-water diversion and water diversion period. Undergoing the new situation of two water sources in Tianjin City, it’s feasible
for maintaining oligotrophic or mesotrophic state of Yuqiao Reservoir. To control phosphorus retention, we suggest that the ecologi-

cal flow into the reservoir is more than 500 million m® every year, and the ecological outflow of the reservoir can be about 80% of
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the inflow.
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Fig.1 Yugiao Reservoir basin and monitoring stations
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Fig.2 Inflow volume flow into Yuqiao Reservoir during 2001-2018
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Fig.3 Total phosphorus loadings flow into Yugiao Reservoir (TPL,y) during 2001-2018
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S T TR A B IR R SRR TP B K b g AT o B, A SO e i B R
T8 7KK, RIVECHE B2 3 8 7K R D AP R AUK . 26 1L 8 R R AR K Wiy i, 2 Sk
Wour RS FEAE. GIUNS Wiy = 6 42 m' I FEHESE ) Wiy 5 TPLy . 7 52 RIER b, W55 TPLy | 7 s B A R
(3)ih 7 155 TP, =54.5 wg/L; BUAE N 69% M TTSR H AR R, =60.12 vas FEARYE TPLy (TP, 5/2450(4)
R Wope= 542 m’  BVTHRKE L PE A K EAR/NT S A2 m’. R B 1 RBL, 24 W< 542 m* i, TP,
B AT TR R AR 405 R4S T, 45 A SC Tennant ¥ A8 29 4 AUKRE L, B BUE S A
PEKIRICT 542 m’*, IS A= 265 KA 24 A K ik 1) 80% .

AN, 2017 4EFH K AT E PRSI ST, 3T RARAJE TP 61 faf iff — 2R 3 T B AE . a0 &R
FoR I LW ST, 5 T A 22 km®, T ARG LIRS 4 m AR 1 R U3 IR 45 TR , AR HE K A
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Yy R =5 ATl ) TR (LR AIOR B8 AN R4 IR 1232 ) - e ik i 6 8 BT N B9 A 28 R G it AT K MRk,
JERTEIFR 18 km” , BETHAESHE AL 5.82 42 m , SR HIDETE 58 1( 2415 APEGURT ¥ 48% ) , BT 5 61 fif
HEAT IR K PE. AR P A BT BT R, 2 W ol 5 AL ~9 AL m SR, TP, e R AHHy 41.8 pe/L
(Wi=9 42 m®) il B PEA AUREAR T /K TP 2. PRI, AR SCREISUY A 35K B I 45 i B RIS T AT R T
B AR T T 28 7KCIR 7.

F AR AR Wiy B AR SR 3

Tab.1 Estimation of ecological outflow in different inflow water conditions

Wi/ TPLy/ TP/ v/ P,/ Ry/ TPLoyy/ Wour/
(1 m) (Va) (pg/L) a (/L) (1/a) (Va) (fzm*)
3 179.35 597.8 0.76 199.2 123.66 55.69 2.8
4 131.61 329.0 0.64 114.5 90.75 40.87 3.6
5 100.90 201.8 0.54 73.0 69.57 31.33 43
6 87.19 145.3 0.46 54.5 60.12 27.07 5.0
7 90.50 129.3 0.39 50.2 62.40 28.10 5.6
8 110.83 138.5 0.33 55.8 76.42 34.41 6.2
9 148.17 164.6 0.28 68.7 102.16 46.01 6.7
10 202.53 202.5 0.23 87.7 139.64 62.89 7.2

% TPLy @& 3 A LA, « AR R 7 =-0.44 In Wy +1.2481 (R*=0.67) ; TP IRIEA R (3) 15415
i Ry =TPLyx69% ;TPL()[,'['*E%E/L\\JA‘K(4)'H‘ﬁﬁgfm~

A2 3R Vollenweider #8134 T AFEAKEL Wy AR ST TPL FIBEHE B i R, ma /K 6 W8 KT A
AL FLE. BRI R, 5 KGR , TR K A K gl (BT R TP A S fap sk b, 328 1 W v 1l =
B FEIX TP ¥ B R R K P Y A s g KU BT, B 3 R DG 5 T B A A K R D 4
FEBA A B8 76 /K LR K K, Biih THRK & S St 3. B A SRR T 542 m® I BEA K
LN AFEK R 80% , Bt A b AL A T RBP4 A SRR K PE A IR T RE.

AN AR SCHEHS 7R A K S TP FUfar (7K 15 B A RD R TP 38 B8 S 96 2 O TS k. sasd Wi 5
TPLA IR R B IR, TPLy B W 2 SEREACE THR a3, W B/INSE, X TP BRE B FH S350 TPLyy FEAIG; Wiy
BERHT, 5K #EHT TP 6 faf 7 FH 3 B 5 2 35 IE AR 56, BEIT/K 14 BBt 1) = % R, S ma ALl & B, 517K
(7 < 0.35 ) M R, Z [BIFFAE B E W IEA R R, BEAE = BO0, IEA DG T RE, 5 1K - 88 1) TP Hif
B AR B2 BB K AEAES KN 7 1), 7 5 R, 20, FES KIS 5K 5D R, 2252 TPL (5200,
SUEF TPL B W REACITREAS, S350 R 84K, W5 BUR 0 T K RS 1 T AR A T Rl 2= ik 4.
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