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Abstract. The solubility of dissolved greenhouse gas ( GHG) , such as carbon dioxide (CO,) and methane (CH,) in water will
be decreased under discharge conditions due to the sudden change of pressure, which will lead to gas-liquid mass transfer and GHG
emission. However, the research about GHG emission under flood discharge conditions is still rare. Considering the limitation of
prototype observation and model experiment, a mathematical model for GHG emission rate under flood discharge conditions was
built in this paper. The model is based on the VOF ( volume of fluid) method and takes into account the bubble mass transfer and
free surface mass transfer. We simulated the transport and diffusion of dissolved CO, and CH, in the spillway and jet flow respec-
tively, and calculated their concentration distribution and emission rate. The simulated results show that the concentration distribu-
tion of GHG downstream of the dam is mainly affected by the upstream inflow concentration, gas-liquid mass transfer, the transport
and diffusion of dissolved GHG. Among them, the concentration of GHG in the upstream flow is the main factor affecting the emis-
sion rate downstream of the dam. This study provides a new research approach and technical base for clarifying the amount of GHG
emission rate under different discharge types, and scientifically evaluating the hydroelectric carbon footprint.
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Fig.1 Mass transfer process of GHG with discharge
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Fig.5 The simulated results of GHG distribution with discharge under different
working conditions of Tongjiezi Dam cases
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Fig.10 The simulated results of GHG distribution with discharge
under different working conditions of Pubugou Dam cases
200 EIAVEHHIE OHUF400 mibtii A soor  DAVEHRIE COHUF400 mibtii i A
180F 7 180f 08
E 160} 29 Jﬁ 160 ~07
7 e
E 140} a E 140f g
Lo‘;lzo- -15 g L:;’120- 0.7 ?
100 o g 0ok v ?
11 % 2l %
pbg-1 pbg-2 pbg-3 pbg-4 pbg-1 pbg-2 pbg-3 pbg-4

P LT 38 A 90 Ft 3t 2% T R 2 AT it i 0 Ao 2 23 28 (P PP By M R 2248

Fig.11 The simulated results of GHG concentration at basin outlet

under different working conditions of Pubugou Dam cases



FAFE TN T AR T R E AR HE R B0 BALAE I 673

SR, A il % M 30U Yt HE G A S B (R T 50 R A7 A8 2 A8 . K ad 00T itk 47K 3 g
SRR K i K Sk R A SRR AL , 7K 30 7 25 A ASEADUR R T 5 300 3t ot 3 AR B
Ll Forb 8RB I THR 25 R B2 IR B e AR 0 S AR T 32 M A% RN, Rk B IS B
— e B R IE R R DR % AR TS B R, EAh, DA AR 0 TR IX A i W %
JERBOAT ORI AT hoR FH A0 PR DX PRI % RT3 28 2, 1% 0 DR 0 7K 5 300 ot 3
i, T A R AT REAFAE TR S , AR HE— 20 52 38 o UL 5 35 80 25 P 1 A0 I & U ) o i £ o R MO
TE B AR RBTFE T, S A T/ A b (0 A IR 2 S0 PR AT e TR 2 RO S R oh , %
JEE AU ORI rh 7 A BRI SR 25 U2 20 BE A A s JE Ao B — T MR A 0 o
Lo, AT BB S IR AR T SEBRaS SRR DUANAT , DB R iR 22 . AR T AR A 36 T2 25 IR A A R i 34t
U U O S A 5K g 2 R BRI , AR AR T AT RO G i % A HE R 932 47 9 B .

4 &g

T3 A R I A A s 0 Y (B AR, 5353112 i CO, 71 CHL il 22 A A BRALPE S
HENT T TR A AR IR HE SR R SRR AR VOF AU M AR AR Y, >R FH RANS ZEURAL Y, 43 51175 1
TR ARG KR 2 18] S S A% S 1 e TR A 5 3 e X MR I 3 3 R A R ) S P Bk i
AT YR v 3 ) T it 3 2K 3 2 AR 38 0 A B3R B 3 R/ NI AU T, A K v T R AP AL
2 U B OB, 0UR A B0 A ok 52 BB PRI 1 U oA A ) ik 2 PR B2 R/ N A 32 e 300 it
VAU L I3 AT B FEZE R I T2 M 300 T 2 R HE RO 3 (9 /N, AR5 o S ik — 20 i A T
AR CE ek AT A W5 R B SR

5 &%k

[ 1] Solomon S, Qin D, Mannin M. Historical overview of climate change science. Intergovernmental Panel on Climate Change
2007. Cambridge: Cambridge University Press, 2007 95-127.

[ 2] Crowley TJ. Causes of climate change over the past 1000 years. Science, 2000, 289(5477) ; 270-277. DOI; 10.1126/sci-
ence.289.5477.270.

[ 3] Tett SFB, Stott PA, Allen MR et al. Causes of twentieth-century temperature change near the Earth’s surface. Nature,
1999, 399(6736) . 569-572. DOI. 10.1038/21164.

[ 4] Tremblay A, Lambert M, Demers C. Introduction. Greenhouse gas emissions—Fluxes and processes. Berlin, Heidelberg:
Springer, 2005; 21-34. DOI; 10.1007/978-3-540-26643-3_2.

[ 5] SunZY, Chen YB, Li C et al. Research of reservoir greenhouse gas emissions in China(2009-2019) : Review and out-
look. Journal of Hydraulic Engineering , 2020, 51(3) ; 253-267.[ #haZ &, BhkAA, 2S04, A KRR = SR FE
(2009—2019) . [Alifi 5 R 22, K F)244% , 2020, 51(3) ; 253-267. ]

[ 6] Roehm C, Tremblay A. Role of turbines in the carbon dioxide emissions from two boreal reservoirs, Québec, Canada. Jour-
nal of Geophysical Research; Atmospheres, 2006, 111(D24) . D24102. DOI; 10.1029/2006JD007292.

[ 7] Abril G, Guérin F, Richard S et al. Carbon dioxide and methane emissions and the carbon budget of a 10-year old tropical
reservoir ( Petit Saut, French Guiana ). Global Biogeochemical Cycles, 2005, 19 (4 ). GB4007. DOI. 10.
1029/2005GB002457.

[ 8] Soumis N, Duchemin E, Canuel R ef al. Greenhouse gas emissions from reservoirs of the western United States. Global Bi-
ogeochemical Cycles, 2004, 18(3) . GB3022. DOI. 10.1029/2003GB002197.

[ 9] Teodoru CR, Bastien J, Bonneville MC et al. The net carbon footprint of a newly created boreal hydroelectric reservoir.
Global Biogeochemical Cycles, 2012, 26(2) : GB2016. DOI; 10.1029/2011GB004187.

[10] Chanudet V, Descloux S, Harby A et al. Gross CO, and CH, emissions from the Nam Ngum and Nam Leuk sub-tropical
reservoirs in Lao PDR. Science of the Total Environment, 2011, 409(24) . 5382-5391. DOI. 10.1016/].scitotenv.2011.
09.018.

[11] Huang JP, Lu JY, Li R et al. Numerical study on the cumulative effect of supersaturated TDG through the spillway. Eco-
hydrology & Hydrobiology, 2021, 21(2) : 292-298. DOI; 10.1016/].ecohyd.2021.01.003.



674

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[20]

J. Lake Sei. (#a#%),2022,34(2)

Wang YS, Politano M, Weber L. Spillway jet regime and total dissolved gas prediction with a multiphase flow model. Jour-
nal of Hydraulic Research, 2019, 57(1) . 26-38. DOI. 10.1080/00221686.2018.1428231.

Cheng XJ, Chen YC, Chen XW. Numerical simulation of dissolved oxygen concentration in the downstream of Three Geor-
ges Dam. Journal of Hydrodynamics: Ser A, 2009, 24(6) : 761-767.[ F2& 24, FEachll, BEE . =k TAIEIHE T
UK VRS SR e B RB L. KB 12T S ki . A i, 2009, 24(6) : 761-767.]

Yang HX, Li R, Liang RF et al. A parameter analysis of a two-phase flow model for supersaturated total dissolved gas
downstream spillways. Journal of Hydrodynamics: Ser B, 2016, 28 (4). 648-657. DOI. 10.1016/S1001-6058 ( 16)
60669-8.

Cheng XJ, Xie J, Yu DG et al. Calculated analysis of oxygen transfer from air bubble-water interface and turbulent water
surface in microporous aeration systems. Transactions of the Chinese Society of Agricultural Engineering, 2013, 29(13) .
190-199. [ 2544, IR, ARHEGAF. B S S0 ML -7K FU R K A4 2 16 A 4805 BT T 00 A el TR 224k,
2013, 29(13) : 190-199. ]

Cheng XJ, Xie YN, Zhu DT et al. Modeling re-oxygenation performance of fine-bubble-diffusing aeration system in aqua-
culture ponds. Aquaculture International, 2019, 27(5) : 1353-1368. DOI. 10.1007/510499-019-00390-6.

Jdhne B, Libner P, Fischer R et al. Investigating the transfer processes across the free aqueous viscous boundary layer by
the controlled flux method. Tellus B, 1989, 41B(2) . 177-195. DOI. 10.1111/j.1600-0889.1989.th00135.x.

Cole JJ, Caraco NF. Atmospheric exchange of carbon dioxide in a low-wind oligotrophic lake measured by the addition of
SF¢. Limnology and Oceanography, 1998, 43(4) . 647-656. DOI. 10.4319/10.1998.43.4.0647.

MaclIntyre S, Wanninkof R, Chanton JP. Trace gas exchange across the air-water interface in freshwater and coastal marine
environments / Matson PA, Harriss RC eds. Biogenic trace gases: Measuring emissions from soil and water. New York:
Blackwell Science, 1995, 52-97.

Crusius J, Wanninkhof R. Gas transfer velocities measured at low wind speed over a lake. Limnology and Oceanography,

2003, 48(3): 1010-1017. DOI; 10.4319/10.2003.48.3.1010.





