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Dissolved methane concentration distribution of reservoir in winter based on the underway
high-resolution monitoring: A case study of the Xibeikou Reservoir in Hubei Province *
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Abstract. Reservoirs are important sources of methane in the atmosphere, but the spatial heterogeneities of dissolved methane con-
centration (DMC) and its releasing potential in reservoirs ( especially channel-type reservoir) are still poorly understood. To reveal
the DMC spatial pattern in channel-type reservoirs in winter, we focused on the Xibeikou Reservoir in the Huangbai River Basin,
Yichang, Hubei, using our newly-invented fast water-gas balance device ( FaRAGE) to connect a portable greenhouse gas analyzer
for continuous underway measurements of methane concentrations in surface water as well as vertical profile monitoring in January of
2020. According to the DMC variation in water from the end to the head of the reservoir, the reservoir can be divided into three sec-
tions: 1) Within 1 km from the end of the backwater area was the rapid descending section, with DMCs ranging between 0.117 and
0.233 pmol/L; 2) 1-6 km away from the end of backwater area was the slowly decreasing section, with DMCs ranging between
0.055 and 0.117 pmol/L; 3) 6-13 km away from the end of backwater area was the stationary section, and DMCs were from
0.039 to 0.080 pmol/L. On the whole, DMC in surface water of the reservoir exhibited significant negative correlations with the
surface water temperature, water depth, and the distance from the end of the backwater area (r=-0.77, -0.89, -0.81; P<
0.01), whereas it was significantly positively correlated with chlorophyll-a and dissolved oxygen concentration (r=0.95, 0.97; P<

0.01). The methane diffusive fluxes in the three sections were further estimated using the thin boundary layer method based on the
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monthly average wind speed. They were (0.023+0.004), (0.012+0.003) , and (0.007+0.001) mg/(m?*+h), respectively. The
Xibeikou Reservoir acted as a “source” of the atmospheric methane in winter, and it showed strong spatial differences due to the
DMC’s uneven distribution.

Keywords: Channel-type reservoir; dissolved methane concentration; spatial distribution; flux; Xibeikou Reservoir
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km AN 218 AR B, W BE TG I 0.055~0.117 pumol/L, /KR K 5.63~24.77 m;6~ 13 km 3t Fil P b o6 B F-F4
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11.70°C ; 4850 A S AR ZAS L AL, WRIE R 24.5 m Y9{E 7 (8.32+0.02) mg/L, )\ 24.5 m ZJiKJZ M 8.35
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Fig.1 Distribution of the sampling sites

in the Xibeikou Reservoir
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Fig.2 Dissolved oxygen concentration (a), water temperature (b) and
dissolved CH,(¢) in surface water of the Xibeikou Reservoir
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Fig.3 Vertical distributions of dissolved CH, concentration and environmental

factors at sampling site 17 in the Xibeikou Reservoir
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Fig.4 Vertical distributions of dissolved CH, concentration and environmental
factors at sampling site 2% in the Xibeikou Reservoir
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Fig.5 Vertical distributions of dissolved CH, concentration and environmental

factors at sampling site 3% in the Xibeikou Reservoir

JEEW N T ORI CHL 77 20 s b IR 0 R AR bR 0 L WA 0 1 2R i CHL 2
T B —A> SR 22, 0 Borges 4558 Kivu 35 A 6 A LI 2 BULE 7] — W30 o, /1N 52 30 B0 % CHL T4 B2 23 1 380
Fut s ) Paranatba 25 5% FHBEIS 15 77 WXt 3 AN K 2 B 72 A W I 42 B K O T A IX A CHL VR B 1
B BT CHL e 3 b6 AR AT il K X A s e 8 ) A CHL VR IT 3 1) T W /K AR B KB . 3 b
T2 AR K V- 26 T 72 A4 119 25 ) 2 S5 EC b 380 P 9 P oA 3308, 49110 Pghini 45 W R/ INAR R 128 i
B, R [EIIE Fh FE K AR A CHL A I Oy AR 22, 2 [ 26 43 H7 2% BT R K MR B CHLAR 23k (1 F
EOK XL > Ferndndez 25 % BRI — 511 26 )2 /K R T CHL 1) 1357 J&2 192 7K X 3 10 AL/ 31 Al T AL
R E MR, 5 T R A AR B .

LAY 35 A8 Al A AR HiAs K 2 R 73 3 AN, He rpvdk b o A A1 BB (UK I <5.63 m) (14 3 9 J&F B AN 7K
VS Y43 3 £ 216 475 fELR: AT K P B A K R B0 2713, K TRAE S LA 5 3 J2 K 1A 6 3 1 ) 3 1
AR CH, IS AR BB FER T EAERR . MoK 51% ~ 80% M At CH, B A AL TS #E™ i % CH, %
VBV R SR P B IR 5 N 2R X B A B A K R P B AR . AR U A R, R R IR CHL e 5 K iR
BB ERAELER (r=-0.89,P<0.01, % 1) 9 HOE K B CH, BRI WL 77 2K, 32636 iy JLF- 7T L 4
TR CH, AT LU CH, U AR A S IR AR, 3 A SRBE SR i CHL W 17 <27 <3 i3
WA A K g (DK IR ) AT Bl 20 DT (1 CH, S0 I BRI T A A 1 L Tt v 5
JE BBl A A B S 2 P R v A IR IR /N B i K T 1 2 3 IRUTRL RIS B A 9 30 T 2 5 7o e A e
WA AKAE b Tk A 2 7 o R B R EA T AR S e i ok A i CHL . 55— 7 T, b 3 ANy
T e CHL VR BE (A8 Al 2, 28 o R0 v RS J2 0 i CHL VR 2 S 7R TR A B 24 4~ 5 m 315 [ P9 S 4 it
D AR R AR R AR A A CHL TR KRR i B 3 A v i B s | RV /K X T [ K A 42



IEHF R T ARSI GG K E A F AR ISR T AR L A A 3k b 1 KR A 1569

T, G2 i CHL S /R PO I B 2 S 3 22

RIZHE CH L SRR a W Z )5 B35 IEAH DGR AR (r=0.95,P<0.01, 3 1) SIS T 1
R T RHTURIAT LR A STRRZ A1 0 AR B SR R T S H EHLBR S AL CH,, il
PSSR AR 10 25 PR A CHL ™ (LR 7 1 LA 7 R AR K BRIy 7 4 45 SR P A CHL W S5 AR A
FESLY A RARAN AL (32 2) , I ELAE [ A AR 28 i 18 A3 e B 1 3R 2K IR CHL IR S 4R o TRJE
I FARSEIEFR ™ R AR, 3 CH R EE 22 A 22 K FR 2 P 3 IR AL RS20, I 3 @ Y PEE 2 75 2 /K ARV A
CH, VR B2 1) 2Pl [N BB 5 e — P TE. HER R a YR P RERR U M R AR R K A 25 2R G vp 17 B AL A0 1) 50k
SR ATHEAE IR IR E AR AR AR AR TS SCRE A LAY b e ™ A CHL B J50RE, BT LA R 2 1 il
CH, ¥k P25 P i SR B 2 5 IE A OG K 2R (r=0.97,P<0.01, 3R 1)
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Tab.1 Correlation analysis of dissolved CH, concentration, dissolved oxygen with

physical and chemical parameters of surface water in the Xibeikou Reservoir ( N=1050)

KR pH MekE a N & R e IRIR ey iay
% CH, -0.77 ** 0.15* 0.95 ** -0.81* -0.89 ** 0.97*
IR -0.98 ** 0.26 ** 0.97 ** -0.83 ™ -0.94 "

# 78 0.05 e (B ) BEMISE, = 7£ 0.01 g5 (B ) B EAH .
2 E NN IR DS R CH MR XS

Tab.2 Comparison of dissolved CH, concentrations in some freshwater ecosystems at home and abroad

Hh R K/ m i CH,y/ (mol/L) 2% a/ (pg/L) 275 Sk

TR ETE (B E) 15.5 0.141~0.835 8.75+3.31 [5]
Al 29.4~152.5 0.076~0.033 — [11]
Paul 1] 3.7 0.50~2.60 4.31 [26]
Peter 5.7 0.50~2.60 3.55 [26]
Hummingbird ] 3.7 0.50~2.60 17.72 [26]
RN R 13~30 0.040~0.240 - [31]
AL TT R X - 0.019~0.240 ke [32]
KAL (BB 110 0.106~0.135 — [38]

PEAL Ik % 0.7~28 0.039~0.233 0.88~11.69 BT
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HEE XA, K PRAE 2221 S IS8 A AN (] 9 TRLBE 23 A, AT 53 00 3 1) K4 B 45 R R B K o ) 32 4%
Al AUAE R R JZ AR LL PR B I 2.18°C, 3 RAE AR JZ /K I LU 1SR SR 2 /KR 2.53°C.
FIZK A CHL MR 5 322K 5 B3 UE (r=-0.77, P<0.01, 3 1), 5 AR WA AR H A 0F 5 4518
FEAR—HC L RIRWAI 5 0T R KR (5 DX T 1 B A T 2 B RS R K, TR K XK IR LG T8
R RIK X8 5 T L XT38 R K2 ) 7K i 23 A1 AN (5] T8 HORAE & At K 30, SO0 A 38 , 52 1 U A i 0 A4 2
L PR ) 2], 2SR KR R B W I T BN ) 22 5. AN D2 e BRI i CHL R S0 B TEAH G S R 2
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TREE AU TN K. pH (B S K AT LB | FRAE W B 23 Ak A A A2 ) B AR 88 DA G, S 52 ) CHL 7 A2 A
BRI R 2 —  (HR ARSI T, R Z KM i CHLR S pH (AR SCHERL/IN, 14 F2 AT A2 52 i H
T EICE R 2R

TEHOKTR (h) SR ACR S (R S (L) VR R K R R JZ A A CHLREE (Coy ) 0 A EZ T (0.17 m<
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h<27.66 m,L<12.9 km) , >R FI% R BN R BHEAT IS, 45 R 3% 3 PR LA 45 R T LI, LIUKIR
] K A S 19 B 18 A 1 728 ik ) R KORG8 bR 8GR 5 BB A et 2 BV I 11K P 3 R K (A i CHL
WP B U RE S A HLAE.

3 WAL PR A RIE AR R Z R CH IR E LA E R

Tab.3 Different forms of fitting functions for surface dissolved CH, in the Xibeikou Reservoir

PRI Al nE R? n
T K Cen, =-0.2431"151+0.455 0.95 1050
AL R R A S S 12 Cen, =—3.847L7%"%+4.255 0.93 1050

SRR B TR Ig(C(:H4+l)= -0.0531g( h+1)+0.100 0.93 1050

X R PR 86 [ 7 S i lg(Coy, +1)=-0.037lg(L+1) +0.167 0.95 1050

3.2 k—SHAECHBEME

VAFRZK IR CH, e B AR AR 23 7] 43 XA AR , 1R AL A M Dt X 24 P 3 RGHE (1.4 m/s) R
T 3 AN X IR K — AT A9 CH, B 308 B i R AR 16K B A 3 S 34 80 (0.023£0.004) mg/ (m®+h) , 2%
1 AR AEK B3 A o7 - R BB A3 k- 249 8.3 31 (0.012:£0.003 ) A1 (0.007£0.001) mg/ (m” +h) . i JBE He ikt ¢ i B
W4 0 43 1) 8 R AP B v B SRR B 1 1.92 1 3.29 4%, {HL LRI S8 < B AV (5 3 AN K R 19 2713, 5%
VR LUEE (SULE T WA K 38K PAY AL — (57 0 3 2 e, LIS 45 S T REAR A T /K RO BB . Li %7 &
B T AR K CH, HERCE AR AR A R & b 5 30R KIR A A SEPE B 38, AR WA I K R A ZE 1)
P HCE AT N A A A TR A A5 R A TRAROK - (3R 4) , AT RS i T A& =00 o™= CH, 1 By AR
TEMERAR, I ELRG KA 7K 2 ok A 52 B st TRI A X 0, R BV A CHL 1 AR TEE L i LUK — S 34T 19 9 108
BT .

4 ENFR KK A E CH 3 80E & X L

Tab.4 Comparison of CH, diffusive fluxes at the air-water interface from some reservoirs in China

i S A AE R/ (mg/ (m?+h)) EZ PN
B RIKIE 5.8.10 A 0.30 [40]
=K E o 0.02~0.07 [41]
KEBITKIE 7.10 A 0.05+0.03 [42]
TR A4 0.12+0.06 [43]
S AGETT IR eSS 0.08+0.06 [44]
PEIL K E A7 0.007~0.023 ABF5T

AT R HL A PR gk Y e JBE 4 2 1] A R, AR R R K — P2 i (FaRAGE ) J4: 424
55 QR 2 AR SO PG 1K P A A A e 0 B e ) M, 2 2598 A0 T

1) 2R VR CH, e 52 B DA 2 e 28 A2 1 30 0 e TR ) 20 A R - B [ KR i 1 e DA Ay 94 JEE PRk
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0.117 pwmol/L;6~13 km i F| N Mk B B, W CHL MR EVE R 0.039~0.080 wmol/L.

2) AREFRIZ KA CHL R BE 5 3R 2 /KR K B HE ] 7K R 3y 1 B 88 22 I 3 AR DG OG &R (r=-0.77,
-0.89,-0.81;P<0.01) , HIERER o WRPE A 52 B 35 IEMC R AR (r=0.95,0.97;P<0.01) . DIZKIFEL
I e AR S ) B8 g 1 7 Y ARG AL 5 e o U A BB B 3 R P L MUK 3 R R i CHL U
JEE #4534 L.

3) 2 SRR e JRE PR ARG B ) PR e 7™ HICHE k31 2 1 PR AR BRI ok B2 - R B ) 1.92 1 3.29
i, AT TR BEA b K A 2713 Ul B 28 R e 7K X It G ) ™ DX 3K
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