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Comprehensive strategy research on the prevention and control of hypoxia at the
bottom of deep water source reservoirs

Yu Xiao, Zhuge Yisi™, Liu Xiaobo, Du Qiang, Li Guogiang &Tan Hongwu
(China Institute of Water Resources and Hydropower Research,  Beijing 100038, P.R.China)

Abstract: Lake and reservoir-type water sources play a vital role in ensuring regional water security and are crucial to
China’s water supply. This study focused on the Panjiakou Reservoir, which is a vital water source for the Luanhe-Tianjin
Water Diversion Project. A three-dimensional numerical model was used to reveal how bottom hypoxia responds to
varying reservoir operations and nitrate concentrations in the inflow. Based on these findings, we have proposed
comprehensive strategies for preventing and controlling bottom hypoxia. In this paper, measured reservoir data from 2017
to 2018 were used to verify the model's reliability. The results show that increasing the outflow from the reservoir
significantly shortened the duration of bottom hypoxia and reduced its severity during the later stage of thermal
stratification. Furthermore, a substantial reduction in nitrate concentration in the inflow resulted in a notable increase in
the duration, severity and spatial extent of bottom hypoxia. Based on the reservoir's actual operation and the water supply
quality standards, this article makes the following suggestions: 1) Joint scheduling with the downstream Daheiting
Reservoir should be implemented, with adjustments to outflow volumes made during January—April and September—
December to concentrate discharge in mid-to-late October. This optimisation reduces the duration of severe hypoxia and

the maximum hypoxic area by 54% and 23%, respectively. Secondly, we recommend reducing the upstream nitrate
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concentration to 1.5-2 mg/L as part of watershed pollution control efforts. This approach ensures that the total nitrogen
(TN) concentration in the discharged water meets the required standards while maximising the nitrate's mitigating effect
on bottom hypoxia. Our study proposed a comprehensive strategy for protecting the quality of reservoir water from
multiple perspectives, including ‘controlling the concentration of pollution sources upstream, preventing reservoir hypoxia
and ensuring compliance with downstream water quality standards', which are important for protecting and restoring
aquatic environments in deep water source reservoirs.
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Panjiakou Reservoir
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Fig.1 Location of Luanhe River Basin and the Panjiakou Reservoir
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Fig.2 Schematic diagram of the main process of reservoir water quality model
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Fig.4 Comparison of the Measured and Simulated Water Temperature at the Dam-Front Cross-Section of Panjiakou

Reservoir in Typical Months from 2017 to 2018
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Fig.5 Comparison of the Measured and Simulated DO at the Dam-Front Cross-Section of Panjiakou Reservoir in Typical

Months from 2017 to 2018
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Typical Months 0f 2018
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Tab. 1 Reservoir operating parameters for each representative year
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Fig.7 Variations in dissolved oxygen concentration at the bottom of various scenarios in front of the reservoir dam
3.1 BB EEIKENKE Tt E RS HHE

2017 /KB T H7KALIEAT « AVKE FIPRES (5 1D, 1205 50K B R 53 2 A 0] T I i 2k
FERFEEENG T, %10 H S HEER BB, 11 4 25 HERH U™ EEE, PR BREUR ™ 5 B4
FEE T 35009 68 Ky 10 Ko PRI AR/ IMEN 0.92mg/L, SREHCKHIFNY 6.69km?,

2005 K EEALTARAKALIZAT « ANKE TR (5t 20, XIE SR RERE. ™ BB R R
735009 63 Ky 39 Ky BEJREFFEMAR/IMEN 0.65mg/L, AT KTHAN 6.24km?. 5 2017 4
FHEE, 2005 4FKPEAEIRALFEAR 17m, AR/KALIZAT 261 /K BRI 2 I8 s AN 5 RN TR 32 1, #4002
i) BT AR R EFE RGN, B0 2 S0 P SRR SR AN (SR AT . SRR EE R, RS R A
FREEI AN 2.9 .
3.2 5 B IR HAZK E AR 8 Tt B BE IR BR B AFAE

2018 FIKFEAL TRk AIZAT « KoK E T HRES Uf5 3D, i s R B A FFEE T4 35 R,
FE T A RV R B/ MECN 1.60mg/L, AAFTEM B HhE, /KEESRE R KA 1.13km?. 2017 4. 2018
IR EES R RKALIZAT, 5 2018 fEHAIN 2 rh 5 1R K RGN, 7K PR #4073 J2 301 ) R S 8 i T )
gk BREUTERE I RIS, SRS B ECOKTAR S DN 49% 87%.
4.3 NEETHBR Eh IR BE KW B PR A R R SR S A AE

5% 4 DUREEKZE TN IREEIE RIAE BOKIIRE N T 1A, KIBREFR RN EMIRELIKE . 515§ 1
HHEL, 2GSRI P B SR I R LI 18] 73 5080 0.65+ 7.2 4, SRS KA I 75%.
HIE AT L, i X CUK BT WS G 8, DIVIRE R RN, — @R EE AR IR £h R A ALK 1k
TEMRA T RE, R RSN P RS QRO T A E 1 BUAE AT




4 iR
4.1 RACRE X E R R A ERER 27

TR B A PR AR AR TR R AR FE A B B T, O 1A R R PR R B, A SO e T /K R i8 4T 1M
FERIPEAHIE TE o AN ST 7 8 28 7K B BE LA HOAZ Lo R AE R 23 TR IIR] . A ) A 70 J2 o s 37K e R
FEORUE R, LGSR K AR A 2 [ PR3 . B0 VA A SRR 45 o WS KR BT AE R IR K 5%
AR, #or E AR K B — BRI & N2 USSR 3B K DK PS8 A A 3.37 12 m?
MR BITKEE, BFTATHER O-KRBVKENBGIRE, S EE ORI 5k
N, 207 SR TR

AR 2% e S5 K P8 RE AR 0 A R JER SR IR L, AR SR R X MK R B AR 2 W . K P
1~4 HA19~12 H Rk ERER 10 A N Mt i moRa gt (5 D KEEKER
A, BRI KER 242 m?s ARKALSRAE (5 20 KEEKED, EhFitaKEL R 112
m?s R4 AN 8. &9 i EETT SRANAL 5 P A g S R4 2R

x4 WRETT RO IS &R 5 RS E LR

Tab.4 Various scenarios of bottom hypoxia before and after the optimization of the scheduling plan

GRS () RS PR R OR BRI Y

(K) (R (km?)
i 1 AR 68 10 6.69
TS s 64 — 5.19
i 2 TR 63 39 6.24
TS e 56 18 4.63
8 - =2me/
. 0175 — DO=2mg/ E | - = = 2005{E4E T - - - - DO=1mg/L
6 F AL ok@20174 - = = 20175 {f{KEE - --- DO=1mg/L B ! R )
iR ! 8T 10A166-10A268
g‘s r : 5235 - 1MANA-1BI178
i ar 108218~ 11548 : E 4 95238-118178 Do<1mgiL :
& HKFR2zm 10858~12878 ! 8 DO<2mg/L 10R218~11848 »
s oo<zmgn ) B3 ,\’\ l ‘ etxFEm |/
" 4 | '
1 1
0 . L \ L L L L L L 0 . . . . L \ 1 L

.
8818 8RA16E 9B1R 9B16R 10A1E 108168 1A 1A168 12818 128168 8E18 8RA16E 9818 98168 10818 10A16B 1MA1H 11H16H 12818 12A16H

K8 15 1 AN 5t 3 T RAACHT . 5 P VA i Sk FE AR A i A
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ST B H AR R AR, RIS G LR B R BRI A B, SRR i i £ S SR B I S s B R, AT
REINRN ORI A8 RA N E B R UAKAEEE R B, RECEHIE THIATITSE, A
MRS EVAE S B, BRETRNE R EHSCES,. Kk, B80Sl & e, o R
TR RS SR AR INERERART L.

SR AW AR, R T — 8RS IR TR A R T 4R KR A AR AR S, BEE A A
KR VAR SR FE AR 82 B 199,50 SR PR G R) 67 28 4L Bl DA S o 5k DR 2 00 3 AR k55 P o s 7K 2
TEITFE R RAL AT R, BB A KSR i b S B8 38 R AR, AR b S K AR K B IR 558 I
Wi, 15— B4R R B A M AR R IR R e, X SR AR AL AW SR B, %K R fh ik
FEREER, ZdFE TR 23%~68% M1 fifar, AT BN T /KR Bl 4 1Y) R SR 50T, 1R 5% L1 /K R AN
VAN R E, FIRFREER, DU BN BT R h vk B2 A B B BRI, 152 S 8UE R Bk
ARFEm A BRACERE . GREERE R RERN, YRS SEUKERIRTG R KRR KK
BB, DR, W& K PEEE sk e, SEREZ S (sl e SRS B2 Ot E
%,

MR R I~ 3 PSS R TE N HERIKEAKR, 53] 3 FiE Sk K KA EHEE
THERER AT IR EE A 1.23~1.64mg/L (£ 5), FHIRIAENANFGEIHFE 1mg/L M ST 28 T KA
2.86mg/L ¥4 it S IO R, DR U 7K P R 4 A TR SR 1 Y FE B AH XY TR T K ARV R A R S IR
3.52~4.69mg/L VA FE. & DK EEAE R/KIRAKE, FF K B A5 vt T 2585 dE, SR8 TN
WHERMER Img/L. LG BRI, ARCEVOKE LHERKEER SR EEHIE 1.5~2.0mg/L, RIE
2017 ST/ BT A R 5 4E TN MR BE 1 o5 EEHESE B sRoK TN IR FE T4 HI7E 2.5mg/L~3.3mg/L. 1%
TR EE TR 2R Be A AR MR A 2 IR IR PE IR, A ARl /K e P IR e AR TS [T A ek R e
TEREIX KEEFE. 15 MK R B ik FE ORISR K, 1 R HH 2R 0 0k B ik A

A LA I 3 A A RS s, IR YOI A SRR R REK R A
91, SR A B A R £5 AR 47 T8 S5 AR T 0 /K e /K T B A A AR TR AR 3251, B8 [EIAH AR ) Tegel
11\ Schlachtensee i LA 2 R VG & 8 F= A0 /K 22 HIRI 0350 30, A7 FH A 8 2 e A el /26 G A6 AU 058,
A XA T TSI P9 IR TS G BRI 520, ARSCHE HH AR K 1K 1 iR K RS IR 94 i A B 42
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Tab. 5 Minimum nitrate concentration during thermal stratification in various scenarios
B kR Rk TR ERIRAMIRE AR TR AR RIS

(mg/L) (mg/L)
1 wo KE 2.36 164
2 B OKkE 262 138
3 1% KR 2.77 123

54518

A SO FH DA A A% 0 (R0 3R /KR = 47K B - /K AR, A e BT T AN R T8 BE 5 AN
T IR R IR FE AR A A% 55 T e IR B A B e AR o BIFFER B, #ay B b G WK BEHEAT IR T i, PR
B RR SR (A B AR U™ AR S W R R ES s K PR SR KR R $h I, P IR 5 SRR T 1)
FPEEFRRE, SRS BE RN, 25675 TE/K B SERRB AT I A K 2 A RBE FE R, AR SCMOKE
WIS AT AR IEA 5 W 7 TR 7 300 ) e SIS A R K R AR AP 45 S o K EE TR AR A R B .
IKFE 1~4 AR 9~12 H FHlKEHESE 10 Hh FaER T, il )5 ER™ B A RSN I, B4
BKTFART 73 AR 54% 23%. %R R /K M AOKBUE bR EER, - T BifRKsER
ERIR B FFLE 1.5~2.0mg/L MIFHRIATS AL, 2@ TR AIE T KA TN AR, i RBRE R
RAETHIR Sh % B AR RN R A 8 R PR Je iR I o AR ST 7K R it Y4z sl — R X
JEE B AR B 2 — T e K T IA R 58 A 5 P A HE K AR T AR A 4 SRS, P DN ER K B KR K PR
KB R S5 R IR HER 3R T .
6 B

B2 1 BT (doi: 10.18307/2026.0121).
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Appendix Tab.I Model Parameter Calibration Results
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