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Abstract. Freshwater ecosystems, as active components in global biogeochemical cycles, are known to be important sources of at-
mospheric greenhouse gases ( GHGs) . The quantification of GHGs budget from freshwaters has been subject to intensive research in
recent years, while current assessments still exist enormous uncertainties due to their strong spatial and temporal heterogeneity. Par-
ticularly, uncertainties relating to methodology of monitoring GHGs fluxes in freshwater ecosystems might further constraint the ac-
curate assessment for total contributions of freshwater ecosystems to global GHGs inventory. Previous reports used different methods
for GHGs fluxes measurement can also strongly restrict the comparisons between global or regional freshwater ecosystem fluxes.

However, previous studies have rarely focused on the systematic summarization of theory, algorithm and influencing factors of dif-
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ferent monitoring methods for GHGs fluxes in freshwaters. This study summarized the general characteristics of GHGs emissions from
freshwater ecosystems, and then sketched the basic theory, general algorithms and models of different GHGs fluxes monitoring
methods, including floating chamber method, boundary layer model based method, micrometeorology method, and bubble traps
method, which have been commonly used in freshwater ecosystems. We further analyzed the application environment and advanta-
ges and disadvantages of each method, respectively. Meanwhile, the main influencing factors being related to observation accuracy
of floating chamber method and boundary layer model-based method were reviewed in detail. We highlighted that there were many
inconsistent programs of chamber size, installation, sampling interval for floating chamber method, would influence the monitoring
results. Uniform criterion and standard for floating chamber method and boundary layer model-based method should been developed
in different aquatic environment. Furthermore, the comparative studies of the different monitoring methods were integrated. The re-
sults showed generally overestimated GHGs fluxes using the floating chamber methods compared with those deriving from the bound-
ary layer model-based method. Moreover, the consistency between the observations using micrometeorological method and floating
chamber method were still controversial. Our study suggests that the effect of the monitoring methods on the GHGs fluxes in freshwa-
ters and their deviation source is an important challenge. Comprehensive assessment and comparison of various methods can improve
the accuracy of GHGs measurement in freshwater ecosystems. Methodology of GHG fluxes measurement should be given priority at-
tention in the further studies.

Keywords : Freshwater; greenhouse gas fluxes; monitoring methods; influencing factors; research progress
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3) B kAL, TEMROE KR RS He R 5K I 3 3 B R LM SC R T N, e
BT AR K I R 75 SRS 3R Y R EOC &R, S S P Y k(A AR AL R R O vk . SERR b X
TN KK TR A ARG 7 | K TET G B B M A S B R ke R A i
HEP IR B S K AR T R KR AT ORI i A5 R R R RIR A R e R W
I, EHTXS A (A S A 2200 AR T A R s XU AL S /K SO, BAA LR R T SR 11,

BEAh, Heiskanen 45" 1 14 f5 7625 > BA45 4R 3 T /I I i 70 588 182 (R AT S0 S o R B o 1 4, EL AR
=W

kvr = 77(6 . 1))0‘25 . Sc—(l.S (34)
e =g, te, (35)
T
p.
e, = P (36)
¢, v
z = T (37)
()
g a 0.
B TG (38)
w P
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Q. =R, -H-\E (39)

u =, [P (40)
Py

w, = ’\iﬁ‘zr\Ml, (41)

2 (34) ~ (41) 1 by T SRS R (em/h) 5 FLGH 5 & TR FEHCR (m?/8%) 50 oK I 3 A B
(n/s) , 57KIEA 5% Se IR e, N2 AN E ; o, KRG SN B8 7 R XV IR Y R 7750, H 28 S
JiE (kg/m*) sp, WK BERE (kg/m®) sk RS W H L k=0.4152 N AR T2 IEEE (m) se, BIAHEGB8 NiT
it (m2/s”) g AR (m/s?) 5o, Rk AR 1°C I B 2250 (o, = 1.6X107°+9.6X 10™°1) 5 Q. R A5 M
F(W/m?) KR RS RFAEN (0.<0,6,=8) , MK ZEEFAE M (Q,>0,6,=0) ;C, HK I LA (4200
3/ (kg-K) ) su, WRSREAIRDS su ., W2 BT (m/s) R, RS H R EHGE B AE TG

TEF PRV ke (L , AR )P S0R A 5000 SR 2 45 P 0 DR 705000 & {0 PRI, AR 5 8 s T LA i 4
FUF R RACBCRIEAT b T o Rl T LA A S0 A 7 oW R0 0 0 5 /K TR i 988 B, 3 2 S i O
BRES kAR 15 B T BRI KR, LAYl Kk K AR ke A A0 0 1 A
2.3 W& E%

42277 ¥ (Micrometeorological method ) f1 W 3k 4 A fAR 1) T B2 07 ik, 9™ 32 o7 R i 358 M A
BRGRTE R . UTAER , — e FOM R S E B T I R K S 28 R g8 T LUTE SR e+
PHEAT 1 5 W, LA P O (A R 0 2 40 R B R 3 9 R A AT L R 5 2y i
SOLI P LA BT o T G 1 T 0 T T i 0P COGLE B R 5 ) A Al A A ) ok 3 72 A )
T M T PR T, R 4 AR X R R . AR O Gk T B R A G 1
I FE A i 1

T3 M 561 (Eddy Covariance technique , EC) 3 T3 i A P R 7. (9 4 o g e < 1 7 6, i A 3l 2 o 3
RS T K R RS B A 0 = 2 K TR 3 AR e R K S B 25 A R L
T — SR A 3 AN SEACE I - (1) B A ORI R BE (MR J8 R BN 1) T 228, de/de=0) 5 (2) 3 il B2
(A — 72 10 10 T A e AR B g JEE T A2, d P/ de= 0) 5 (3) A5 2 85 A JRUTR IX R /K S 18— f) T 8 1 (o 3
— T M R AR, ude/de =0, dFa/dw = 0) 1 35 18 AR 5 1 B0 Ak B K R0 3 R AE Esters
AU RIFTE R T PR R A SOR AR . S T AR T

F=up,’ (42)
A (42) L F NI A AGE B (mg/ (m® - d) ) 500 KT TG IS (m/s) 5p, RIR RV AF- 20 (g/m) .
4 — B[] (0T 4573 7] e o

- 1 7 1 &
F = wp, = 7flwp(dt = WZ, wp, (43)

A (43) t, F R PR AAGE B (mg/ (m?-d) ) 0 IR R (m/s) 3p, 8 T 28 BB (mol/m®) 5l REIIN A
B (mol/m” ) 3 T A HUREIRH 3] s N/ T S BUREAR S (Hz)

i HE R B2 vk (Flux-gradient method , FG) £E— S8R5 fp ] £ g i B2 AH G ik OB AR e 6 o a0 fab o J3E o
TR B A A SR T3 58, B U S AL T 018, K AR 0 e T s Ay AR ) T LR
JES M BOR B TRAR . 5538 BEAR DGR LE 38 o B BOR HU 0 2 A B U 23k B AR Ak
BIVAT 5 2 O AR A, ORI ASOUL I 531 23 14 BESROAN 18, T L7 A R i 7 A 2 ) 1 0 0
SRR . R 3 T S N T T PR A RURIR KN ER B . B AR R

F, - F,
' 2, T 2
2 (44) H, F R REINAARGE B (mg/ (m +d) ) 3p, %8 U (kg/m ) 5¢ AN ) SR AT 3 48 3 50 K it O
PHERB(m™/s)  F\ F, 00 2, 2 e BE T TR 5 A i . b, i D 1802 280 KA AR TS R S JE A U
K30 B FEE YR A T B G T U IR O B B 0 AL A 25 A8 1 2 B (aerodynamic

F=c-p K (44)
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model , AE) & IE 3 3C FEAS 5 ( modified bowen-ratio model , MBR) T JXUE} £k 4% 54 ( wind profile model , WP)
1) 28 SN AR AT SR AR B 7 — B A B B T S IR T T 1 R A, AR T AR v T RS
gk 7 A B e R AR RRPAGE i, AT LA R R e R . B AR Y

ku, z,
K = - (45)
(2"
@, = 1+ 57 (>0, F0&5MF) (46)
@, = (1 =160)" (<0, hHEBARRE &) (47)
(= (48)
k- (E) cw'd

A (45) ~ (49) B K R i R EGE R 2R 8 k= 0.415 0, S FRE45E KUHE 5 2, S P91 D00 4k g 32 19 JL A <
BRI, 2, = (202)" (m) 50, WRATEREE MEGE HREESHGL HET - RAERKE (m) 50 HE
TIIEERE 50, 0 AR (K) 5 0’0" sl B3 i (mK/s) o

2 BIEPSCHAR 52533 J A BB [R], R R R AT T ™ HCR &0 K (T3 i DGR BEAT AR E
PEVEAT , SR, AR i EER [ I 0 k57 — b 22 U (R /KR AR JEE b 2 Ak, M sz AR A
FUBR A 2 T 4 o U0 ™ BB [) , BT S 0 o i 4 2R 6, 1715 A A e 38 A B AL S 381 U A ek
AT

AC
F =F, “aC (50)
K(50) H, F o AR SR E R (mg/ (m® - d) ) s F, 9B H SR (mg/ (m® - d) ) s AC Ry FUARS A M 6
AC, NS SR ERRE .
3) RUBRERABAY AR AL SR 23 R 8l 1 i I — AR, SR e s s AR R A5 R T 8 X ) R -4
TR 2R B, 3 52 RS R RS IR A, A A AR R R e M 2 . B R

k-u
u, = (51)
z
In —
2o
s cz, U
K=k-u, 2,0 =—"— (52)
z
In —
2y

S (S1) ~ (52) K S0 HOR Sk 0 R 1T b= 041 s, N BEBRIRHE (m/s) 5 1 H7E = B RERY T4
JH (/) 2, R TR
2.4 Ffit 7%

BRI 3 28 ity < P BRI 7 141, MoK IR et B0 W 7 A7 0 0 0 S0 )
SE U

1) o

3 11T AR R 0, R 105K 03 190 P 4 50 1 [ 2
TR T SR K P e AT AP ST 3o 8 8 T PR P Ak B e
A S AP L S B AT A K T R A B R AR, ST S
PR HER R S R S R B P HE R R T A T

c-V
F=i (53)

K (53) th, F A (mg/ () ) 5 € S5 B3 P A5 ACPRHEIE /') 5V S0 T
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ABL(m*) 54 R AR TR (m®) 5 T A B ] 1B (d) o

Linkhorst 25" (i FF8] 5 U5 31 1= 45 2 8 45 20 171 75 #5600 4 A5 340 Chapeu d"Uvas 1 Funil 7K B CH, '8 ¥ HE ik
B Rl 436~463 Fl1 6531~7569 ke/d SR, 7 47 ARFE SN B ML (B AS AL K IR /NT 2 m (9308 X 3akATS
o U YRR A TR AN T

2) 18 R T AR

TE AR £k 28 A1 43 B 1 AR AL S BOUK IR B R R B — 5 10 22 TP AR 38 JaR S R 5 e 2 43 Tk
ZI R, G — F A AN IR 4 5 8 vk BV AT A6 5 R B L 43 vl P2 L7 L LT, ) P 8 S B T i 4 4 (4
DOC .POC FIVZIFHAEY A Yy a5 ) B AT BIR R, T KBS L 22 s AH 4 7K (Al 4435 7K — < 8 T e 3 4 22
(] A A 56 56 22 7T LA 388 SRR T /K A 3R 28 AR HE BIGH S B2 4L T T AT 05 8, A R F /K R T 2 AR HE s 35 1) T
WMA550H7 . Federico 25 i i Xt K A 1B B UG ) b 3], A5 5 Kk b CHL 7 2 BLIEHE G 1 3 Rl G stk &9
(RIFM G BIF IR A GO HLAR ) (X3 B R 2S 140 A, HETTT A8 CHL HE MO 3 ; Engram 28 ¢
BaT a7 B A6 T vk A I 0 A AL AR TR R 18 SRS, X6 EL B S K K B T S0 BE fg o 1, 385777 X CH, 38 & if
ATTRCI , F5 VA ) FH 388 IR AG AR 28 43 B 1 CHL, HE A i 55 3968 B AR G vk XL 000 & SR — B0, LA 3 1y o7 PR T

ARAAE TG 73 B FAAR AR A5 AT i SR 1) 78 O ZR A 0 DX 4 Rk R BE IR /K 2R 4 T 2 U SR
WL EL A R S

3 AEMEF7iE I #2m E =

31 HmMAFNENETERE

SRE VAN ANIR] 7 12 LI HE 0 o AN 0 5 T A A B T4 s 3 e O P MR R . A TR AR A R T K
ATV A AR A A 1R A E I 7 5, B i 22 ok R AS TR K S R R s T L [T A
R M R 32 B R R R EE A it B 0 i ) AR A T s A0 PR 200 453 22 DR 3% Y 52, 36 il e 3
R LR [RVRIF 5 45 R 1 i 2% o
3.1 fERE A ARWFTEGET T H HT RS R AR I E SMGE RIS, A AN IR A A RS
P22 SRR . — BT 7, AR 22 R BV 5505 9% , A AR BV AL Y B 7E 4.8 ~ 84.8 L 22 ] ™™ | oy J& A5 fh 78
0.075~0.504 m i ™) | BV AL I AE 0.028 ~0.390 w2 [1] 7, 4, B 5¢ % 3, IR0 TV 46 R A L O
TERAMTE AL S, 70 sl /K bl LADSiZb 7K Gt ol 6 1A SR K RV A U RO FE I, DR 0k LE D7 TR A 1A 0L
MR /N Lorke 27 B 5T A B, IR A VAR 7 B A IR KO T 42 B Ch R, O AR 1A 3 A4
FRAE &R T B S g AE Ak, i I AG (R U3 3h 4/, McMahon %57 il Crawford %™ 75 5 %0 3 A1 I Sk 1R 0
FPIFSE T AR TR L X SRS BRI, B D R P D AR R (B sUMR AR ) |, AT LA S R A1
FE VR L X 7K THT AL ASARAALE (08 T8 , 0 T S AR i A W 5 2% o TRt , 6 3 Bl K T 4 4 IR A 4 i AR
TR VRIEA I B o L, A6 ARG 1T B e VAR B ORI, kb 4 T R R N RS
AOAEAA (300 L, 100 ¢cmx100 emX30 em;40 L,40 emx40 cmx25 cm;6 L,20 emX20 emX 15 em) X PN 52 1l 5 5 g
IR 2 M B W, 45 28BS TR) R/ S R AR 2 1) AT 0 25 5 W 2, KA IR T/ N 1, 40 L A 0L
A 10 e S PR R B T Saggar 45O /N (9.42 1,314 em®x30 cm, [#IE ) FIKEIFi 14 (150 L, 100 emx
50 emx30 em, J5 T8 ) AT kil - S8 AT S LAY , 25 51 IR/ N (A R AR 2 18 WL 45 SR S e S W
WA A6 AR 5 Al T RS ) UL B A B S T AR, R R SR DR K R G P AR A RS o A A ek
IS5 R LRI, U Sl PR b R AR, RTRE S BOR A K AR i L 40 i J 2 IO, S ) LS T
R He o7 T Jr BEAR 20 (A R RIS 55 AT B2 LI 149 0C R 9%, LA 1 8 — A A8 AR RS s i , (0759 [R] BT 9T 45
AR M
3.2 B R AEIUETEAR AR E KA AR R 22 e Ty At T L A 5 I KT 6 i U
IS0 s 5 SR G L R A 2R A il R VR K B R O T O (B | R 22 M g R
Gt A AT U . Frankignoulle %577 5 Teodoru 45 ™ 53 % R, 76 W sk (b il AR A 5%
s IR AR T A ARSI IR , 8 0 45 S 0t 55 T 1 ply A A Lorke %570 e 48 R RN >4 1) JLAR TR 370 AR
(VLI 0.08~0.8 m/s) ABIFFE Hi i , i s 302 e BE B8 Y0 35 IR ER A AR /A 0 1 289 Tk, 18 iR =
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A IKARTER RS2 TF 77 77 A2 B3 0 S B8 , AT T 50 AR O3 i B2 5 5 2~ 6 £ . Teodoru %87 7 Zam-
bezi River HITIFFE S BT 2 AR PO A8 A 38 4 40 45 80 22 ) ELAT ) S MO 2R o 28 T il e A R
AR o 3 R — 2R 9 A i g, LA S 490 2 7 435 00 7 1) 984 22, 3 0 3 T A A il 2 A
AR I AT 2 SR AT R BN AR . Lorke 2507 HE— 25 S RZEAR IR ( <0.2 mv/s) fi5 B0 T, iz A0
P A B ST ek 22 S AR X /AN T TR 3 T (>0.2 /s ) il A 1990/ T 4k e A48 R 0 4% 1 3 0 5
F I S R T A 28 X B 6 5 A T DR A G , AR PS8 I T3> 0.2 /s (7K A o B
SR FHY P e A AT O, ARG A K A o A R T
S A, A ACTRE A A THT 2 V0 A 12 45 ) M ) 2 B 0, (L35 K R 3 L T R B8 i /K AR o7 /< A 3

LI FE F AR PR K T JEE i 3 4030 FRTZE O ~ 30 em 7" R [R] 95 A T4 B35 6F 41 PR /K A i 70 0 25 L A 0 35 ) %
w77 Matthews 257 ARG K R4S PEALHE 3 ASSE B0 K 2R RO RIFSE b & B, JeoK T SEA AR A LA 2 if
() 7 A 038 725 3~ 5 435, G DA R A JEE A T il 2 i /0 XL A A 16 7K TR 30, A T 5 8- 5 7K T £ 1 i
0S5 117 Teodoru 257> AUBFFE WAy, ZEF B /K VA H , ToK T J2E Mo 00 86 4 S A ) - 45 K T 5L 19 3k 0 3
i, T 7K ZE B 2 | A6 A P B0 S R MG T O SRR K . Lorke 4517 iR S TR0 45 LR 1 T —Fh R 1
T AL B I {6 A 450 S o 0V A 2 7 1, T LA 8 R IR A B A 0 /K T B 3 s . ph e
T O, A 225 7 3 R IR A 7KV ) 6 0 T R AR AR T, T 8850 ok T A 7 T i 97 A 5 ) A A2 i ke
RGN . PRI, — 5 TG 8 A 1 W 0 K AT A 5 o 80 K RN /K 20 S8 3 S A v A 0 4 A 2 2
Jr 2, TET TSR Z BRI R U N K IR B, R B F 14 i i 2236 07 2, 55—
T DK TR 3 72 30 7 AR A0 230 2 228 e A TG0 2 S ) 3 S — o T LA 23 BT 5 1,
ST RAE R B PR L8 F R Z SR S B
303 SRR A [ o ] AR S PR A e 3 A A T K R T A A v R AR T
B RTINS AR PR AR A AR T R B IR TN, A R S A Bk A R
T Al A e A A B . R S BRI A PR ()AL 4 S 3 At v, BT A
PR 2 ] B A I o PRI 3t 0 il AU P At R A R ) 52 X 4 1 PR A e 3 7
AL TT A — 2 BRI, ik — 2B TR AR BT AR UCHHIBUR P8 At 2 0 A b AR A S R
JEL RS A, AT TP e B3 0 G P A BRI 45 U A AR 5 i A Of 19 9 50 7T RE 22 5
W o R i 3o T i S0 DA AR 23 DR RS PR RE Ffe 55 t  SE E k F 0L ™ . AR5
o WS SRk PR VA S R A B & B, T RV HORE I K AE S ~ 120 min ( /0850 SC R v SR 4 I (1] 3 2 ~ 24
h) BRARTE 5~20 min/ Y, AU 1~ 6 WS Sl aIFE 1 min~1 h, fl AR 10~60 mL, 535 35 47
'S min/ ¥, 3RAE 4 0,20 min SEBCREES L W LAHCRAE T RARZ SRR 7 52 ke B WL 45 R
RUSE PG Z RGIAE . ASHF SO 1 F R A DB SY , B SRR 7 R A S, IR AT B SR FH 58— b e F)
SR N ] SRR 1 R FIVRE S AR, AR 7K 28 1 /MR i M 90 v i 2 . IR, 76 8 SRR PR A Ak
FIRE LT 25 M 38 7K T 8 U SR 1 ) 5, 48001 SR A R 5505 T A0 2 7 4 D) S P90 2% 25 f 1] )
SIS EN
314 AT R L AT i O DR X AR T 5 SR B R, R RRTE TR R A T A ks
SRR A TR B AE AL . Vachon 25 A AR v 1 B A9 AR 1) P 32 85 4 oF U T 32 J2 A MR AR ) B il IR 285 , 7R A1
T IX , R AGE B R SRR DX Sk ok ) 2 22K 32 3, (03 e 420 A 2~ 10 %, T w80 i X, A R ke
AR A 2 BB S I T 42 I 7E 50% AN, Tokoro 21" g rh 2 R | 74 /K FI1E 37 4 1 0oh HL 46
PRI T B RE , A R LA IR RS ) S0 B30, T 20K PR AR PR 2 S BOK T i 07 11 B 21k
3.5 HE £ B BRI AN, HHAE ORI AT AR . Horh | A R 22 R AR S O R b
5 LLPS IR A B AR AL (E 58 A B e e IR SRR TN 9D 92 77, IS CO, 3 ity 2 25 R 5 I
PERT, ARG COL it . WA RE S I G2 40 P9 A2 28 R G HY COL Il i (ED HRAR B 2 S BUE N AR T i
P, SRR, TR o WAL = AR X 45 55 K A, 6 PR L2 T 25 T R O A MR A sk % PRIt
FR 3 BIF S PR A ) T P AR EAT W o T 3 K A B 5 3R A AR T 5 I 0 T 5 U i ek ) A

o BUARAET R SRR M A W I 2 B 0P A 5 A A5 6 CO, 3 7 1R AT, 1T LG A CHL 00
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i LG BHAR AR 40% o M 55 —SER 5T b 2 B0, BHAR O ASUHR A PRGE T T B AR fE CO, ¥ A CH, 1 I < B 45:
SERFEE I AN, R RS A (SR R SE ) [RURE S0 A ik W 285 SR A S . — T
FAVR TR B o SEAAR N AR AR IR A R S S R BE 5 AN R BRBE 7™ A 22 57, DT X3 O 4%
PR T o D7 AR ER R S AR P T o B R MR At 25 T R AR N A T ) 25 S
T 5 ML i W 25 5 . — SRR SR DA IR S Z 0 b R KB Al 9 - 45 LTS BR A AN 1227 s
IR A Ay A2 I S 745 3 6 XU Ao S 745 A AN 035 AR PR T T B ™ o S PR 2 O
S [ S2 B KR SR RE 7 48 RSN , DR G 0 5 S B A OG5 T LA W 0 AR ) B8 46 1 T AR AR N 70
FRER IR, M, EIRAS W RN F AR B 7 s, (B SUIE S v SR A 0 A 4 L 22 0 R R
REDT SRAE YA AT, FLAR 6 0 A 52 3 PR 85 45 R e 20 T4, 7T B S BOR R BIF 22 22 6 B 504 7T v 2%
PRI IH , 4 FE T 3 AT 308 J 00 5 A7 90 P 90 24 S AR A T B v A R R A6 1 1 3 P S2 80 5 R 1
KL BRI PEANIC ) T

32 MR FENEN T ERHEE

TR RIS 2P A0 B (K TR T 25 TR 58 H 3 56 ) G 0 o Rl FL o i
W . F SO R T RSB b BE— SR R i O 2 U
321 BHERBEAKEFRREENTWNETERE

1) 523 S0 5 RV A e P B S T TR 2%

T2 A7 1 2 3BT WA o o i S AR e 2 B R Ay i, R PR 00 2 S A v A /K AU A 28 SRV B 19 4
B, T2 SR K SRR L R TR AT 52 35 K L S A 1] 465 ] i S 0 I 285 SR B i 25 . 18,
W T 28 SR 4 N, o, He , A W58 B4 A SO 28 SR M TS UM . SR, Zha 2677 %% 91, ARG T
A N, 23 SR i 2 ST 2 T R I SR A K A A AR B . L 5 BIF SR g, TH0 28 o 73
AR S e AR, ] = R A B SR A A e B AR 22 /N, Hu U U 24Kk e CH, N, O 7
T BE B, R 23 SRS 4l N, T 2 0 2 19 45 3 A — 3, Koschorreck 45 4 % B, 4 /K & pH<7.5
¥ pCO,>1000 watm B}, (T 525 SAMTIZS M 19 CO, ¥R BE ARt CO, I T 28 MR A BIR 22 < 5% ; {H 24 K ff
PCO, AR LRSI , (o FH 75 5 2 MO0 28 I 5 F) CO, e JE7 WU B o5 , 2 22 S THL 2 v 15 5 CO, T REVA it A
KR ECRE b DIC YR BE R A3 o PRI, %5 1 ) R S /R MR8 A7 T 3 AP vk B2 0 S i e, SR PR T 25 1
I AR AR I A SR R Rl N, T AR S 25

AN, T A HRE P, KSR AT, 6] 40 Tang 257 %K 7T 1 iE 5 45 3 WK IR 28 AR ik B
T B SR FH G K AR Gl 201 (40 mL 7K 220 mL T2 ), 0 45 76 KV R WA 5 i ISR 9 ¢ 1
(45 mL:5 mL) 5 Yu 25" XK YT 03 3o 1 ) o SR P A0 7K A 2R 4235 Wang 25020 i 23 SO0, KR LR
JfY 1:3(60 mL:180 mL) ; Wang 45 X 5 JRa] [ Wil vk b g 504 A8 [ — sl 5 v, R [RIF 9 % 5%
FH K S AP R 2 5 (1:3~9:1) 2% RS XG55 57 A B W75 15 % 3iF . Koschorreck 251
BFFE3R IR , K AR TG DL Bk S Bt T RS2 T 25 9 Fe R O 2 b U, K RINTOUZS 22 W 38 e il SR 22 | i 0%
SR, TTE S 0 R o K T HE A L LR g 501, IR 25 T LI 50% 22 47 AR 3] 10% 2645

SR IO 2 S 455 I K AR 3 SRR BE ) SRR 5 AR 5, 7 v R T IR LA 2 3 ) P
SO ESE . HRTRE P, RS 2 R A TR, DM R P A R, R % i ZUR B 04 e % — 2
H B — 7T, IR 1~ 10 min REES 23] CO, \CH, M N,0 Bk PERHIE R [F], 72 5 HE K
[l RE 3 Rl AR AR 2 T BE /N [T , 72357 i ST 57 1] ) 4K 4 7T B 2 S T s AR i vk JE 0 KT
FUAT 5T v 3 B A2 5 I B0 R 18] (K3 7E 5~ 10 min , D HUUEHE 60~ 120 min) ™ o Horpr X111 5
S BB R I, 25°C I CHLTE S L3S 8y (KL 101,723 30 min) kB R FHE DT 2 he B4
B 5K AR/ T RERA G, HRTAI GRS LT s (. TS Pk 2 H i AR S A% g %
B, ELIE—35 FH T Y Bl 2R s W i v DRI, 0 X S [0 i MR B Ml 22 AT R B 9T, O
IR G — M

2) IR CO, Y IS AN 2%

IR 5 pCOL I T EAGE TR pH KT 6 BIBREE, FHIRBEK A& T 99% 9B ok 11 Tk ik
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B RH, pH (A B A BR R B R R K AL THA T pCO, M FEH Y Ko
B2 R IR COLURBEASME pH AR BOoR A, /NI pH 7 B222 2 S8 pCO, W A 2 ™ o pH L%
SN PR BRI ER P PR 2%, 2K 4K pH AR T 6.0 I, BRIV £h Bl B2 A BE 7870 B A MR RE ke UL, 5 5K pCO, 137
SRR o Liu % BRI, pH R R S B0 K IR pCO, THFL IR 22 (1 2K U, LW (97
FHAAR I pH A2 KRR 75 BE A R M AR, JUH R AR 15 Y T B K A T B AT 3 T o R I . i
TR KR pH R

pH, = pH, — ApH (54)

ApH=(0.06+0.05) +(0.08+0.02) 1g( 1) (55)

1=1.3x10"¢ (56)

K (54) ~ (56) W, pH, NEFIEIG I pH (E ; pH,, XA I & pH {E ; ApH 4 pH W22 ;1 A E FIRE ;0 N

R (uS/em)

5377 T, 75 w5 A WL AR v, i AT LR 25 S B0 Al B e R L 25 UK pCO, i I 2 v
A R RIR SRS Y B AR ALK M R AR A 1 AR B T PR K R R R R I E . 7F Liu
25OV Luo 25 BRSPS SRR A K AR A 15 5T pCO, 32 BK AR 1 B R BERRAE , 45 B2 55 pH FIGH
ISR PRI SR TI, PB4 RO TE , BRTHDG e Mgk 2,

3) AL I BRI AR I 5 V5 A R 1 ) R

TR IR B A R A7 BE ol T B8 SR T A0 o 8RS B WFFE MK R CO, Al CHL, e i 1
SRS B RN VA DN E 55 AT LR R, R () 5 v 5 5 SR — 5 25 57, Johmson 4517 5 BUAL I 2%
M) pCO, AR IR i 1SR B8 (b 4742 IF ; Schliiter 45 BF 58 % LK F i 1% Inspectr200-200 4530
BRI 100 nmol/L CH, , 7646 e B PRI P il BE0E— AP HEA TS . — 7 T, R A AL I Ay ) A ke
S BFR IR KR 355 A 24 AR v Y PR R 7 AT 2 O 2 ; T A S B AR [ K B8 v 143
PR B AR B IE . 55— 5 T, KRB IR AS R 2P B R AR AT KR53 8, 24 328 R AE i ik
JE KPR 232 B0 BT, SO 45 SR AT RS . Bozee 25 BIFFE IR, CARIOCA {4 a8 75 5 /K A pCO,
W b ELAT BT R FE 5 Liu 25 BFST ] Qubit S157-P AR ISR AT K VLI UK A& pCO, , 15 A F 57 45
FHA L, Schliiter 25 371 X BRSO 4 K00 5, (oA 0 BROKS B4R 5 1 5 % 5 Boulart 28°° X 1L T 3
Fil CH, J 0 B A e v, I L SR 7 o T A e o7 P T W o 5 £ e ol P e i 22, o
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Attached Tab.II Gas transport velocity model based on hydrological parameters
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