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Abstract: The foundation failure of a dam on the eastern margin of the Tibetan Plateau during seepage and chemical processes
is studied. By using CI tracing, temperature-conductivity tracing and artificial tracing techniques, it is determined that there is
leakage through the non-closed concrete cut-off wall, where the reservoir water leaks through the dam foundation, and excretes
through the filter layer after the dam area. The acid dissolution experiment and X-ray fluorescence analysis show that the
precipitated white particles on the surface after the dam are mainly composited of CaCOs;. Combined with the chemical reaction
process. It is confirmed that the precipitation comes from the cement of cut-off wall. The CO, dissolved in the leakage water
reacting with Ca(OH), in the cement can generate soluble Ca(HCO;),, which is taken to the surface by the leakage water and
decomposed to CaCO; at normal temperature. Through the measurement and analysis of CO, content in surface water, it is
found that CO, in the water-rock reaction has other sources except atmospheric precipitation. Considering the local geologic
structure, it is inferred that CO, mainly from the deep carbon pool enters the groundwater and reservoir water through the fault
zones, and participates in the water-rock reaction. This results in a faster erosion of the dam. The chemical erosion of the dam
and hydraulic structures will be greatly enhanced if the deep CO, enters the groundwater and participates in the seepage
process.
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1.1 KMEXEFER

ZK I T R AR S, AFERm AR
31C, WALAIR-127C, FVPSE 53C, FHKE
N 800.3 mm. /K ERIE T LUK Al 4,
U AR AR, REAE BT B K T A LR D .
KIS AL, I S FE 2 2934 m, 312 56 m,
IKIEBPERZ) 11242 ', ZE 1 (). KEH 2008
FEFEKLK, BIRAERE, EEEm ORI IEE
. BUJE 3 UOHZ KHEAT BB A0, RFEEER b
L, O R TS, HRIUR RS R E KSR L
754.33 L/s, mit KT &I RVFINEKEIE 73.72 Lis
(PIPRAE o 12X 38 T 7K 32 BN 26 DU R Fa SRR FLBR 78
IK B FE AT, FEKSIEKK pH 258 73 5
8.0, BIR/KI pH {ELE 7.1~7.5 Z 8], BIR/KSIET
FEAKHA TE A A
1.2 TiEHR

WX H R —, ik i =& KA A %,

R RS 2R DY RAAHOER E M E B =& 2B
B ERCE RZAE, AIEOUK) KK IR A HER
QUKKHER . @RI IR & HER . @UEFIHER
OWFHER, K 1 (b). WIEVRREKEH 5
NTE, BEZRBKAE102~10° co/s Z 0], B
DAY, SHUTAEA ¢, KIUNE &+ T
AL, HUR M B3 2 N0 N Bl (TR VR
12 em BRI . TR A. SRR
JEFE 6 om [ . WAERATEZ T8 A 300 e WL5EHE
FIX W RIEE B AR R, BiRgZS ILE 1
(a)s (b)o HUABHBIEEFE 2891.5 m LA R
HE TR S, 7852 2891.5 m LA B IR & B
BHiBE, SRS, EEEEYEERE
o TR ] s TRV AR b, PR IR AR
PiHEMERE SR DS, SE 1 (b, BRI REE
HOAL 22 53 A AR AT, B By LR D AN
X, PEBAERE, HERGHRELL BRI, GE
FRATTH A H, W GesdE A& 2
SRTRT A  S PR E  JEAT T A A B

KA Bz s, 4PFEKA EFAE 2913 m
i, WARE A IR RIS . BES TR B BE B9 K
MG, YKL 2913 m I, HUE HIILKEZK,
AHUE"3 WG BB AR, ZHE (o; fEirAIE
BB RIEEICNHKE, SIE 1 (D A
JEB IR X EE B2 WL 10 m PR VA S 7 4 1
RHIEAEMBRHERY), SIE 1 (), 4k
RPN 10~20 m®, JEE 10~15 cm.
1.3 BiRAKEKES
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Ui SRR IE R, B 1 (a), MK EFEIA
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M T MEREER R 2850 m 4D PAKBEIBEE K
R, FHERFCESH, H{RAERE SN FRE 1)
AKEBE, FEIE I oM SUBS TR B A IR 95 TR S T AT
W, FEEEIX . BhFE DL R3S HE X SRR
MEd Cl &8, SR TER 1 b, g BN E
ZE 1 (a)s

BT ClfEKFAEw e, EBkRdEYd, R
SN, ALk, BRI T A FRFE ST
BT IR AT, HEAR B AT LU E T K RS RIS TE 7
B. WE 1 RALLEE: 2 d CUKREMIRILRELE
TEBHI K, 2 AR EREAT, A 1
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Fig. 1 Tracing of dam leakage

(b); e 2844 m LA _b (RHURE S 1R 94 B s v T 1L
FEX U EE, ZT s 2844 m 4L 2.01 mg/L, B&AK
TR0 PE IR B, LR R N % 52 B Z IR S TR
KIS . "2 Fhrh e 2844 m LA_E B IR KATHLE
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Hea b REL, "2 Heh A TR T 9F, K2
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ZELREFLT R RRIR IR E . S L RFLN AT
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R, TS ER AR S, DRI AT LB E™2 iR
IRAIERIE T AU Se35 . HERRHE ZEINGBIX AT RE
P, "2 tPERE 2844 m DL EIIBIRK R AT REK B BiE
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Table 1 Distribution of chloride ion concentration at each point of

dam

gﬁn %%lﬂji - 71 == %%lﬂji - 71

R Cl'/(mg'LY | %5 m Cl/(mg'L"
“ 2879 14.74 KQ3 2873 2.08

“ 2859 2.96 KQ4 2908 2.20

“ 2834 2.36 KQ4 2873 2.08

“ 2819 2.41 1 2884 2.18
#2874 8.37 2 2884 2.20
#2864 2.23 3 2884 221
#2844 2.01 4 2884 2.25
# 2834 1.48 5 2884 1.37
2 2820 0.95 6 2898 2.10
#3 2901 2.20 7 2884 2.26
KQl 2908 2.14 YL1 2895 1.07
KQ1 2873 2.10 YL2 2895 2.20
KQ2 2908 2.09 YL3 2895 2.17
KQ2 2873 2.15 YL4 2895 2.17
KQ3 2908 2.07 YL5 2895 2.15

2 UUsHrHskiIE e 7 i
2.1 MEBBEFNYCESH

A A AR AR AT A s, EE TR E N
XP1Z A ENT AT R L, RO FEH AR TR
A H RN 5 R B ) SR i N R L) s S AR AR
) 1%, W] LLRIWHZ A G ipih 2 R sh, Bagimn
BN Z e BRIR B AR DU I R rp 2 1 L ZRIB NI . 99%
1 AR URL e W SRR VA AR, B8 LA DT L 3 Sl A Al
fREh, MAZJE T RMER . NiE—D 0
VIR E RSy, X1 A2 JE AT AR L T Rk
X FRHS T, WA R WEE 2.

M 2l LA, AT HYdh CaO NER,
T CaCO; iR, "1 EHTHIH CaO 15 40.81%,
2GR CaO 15 40.37%, ME 40.59%, HT
M bR e it FE R COL SRR Y, WO Y 1 )5 2k B
TEINE, YIE 3235%. ik, Hriidh CaCos &
FER sy, T HAEET 70%.

=2 thiBMHZER S 2

Table 2 Chemical composition analysis of precipitates

FE b R /%

45  CaO MgO Fe,0; ALO; SiO, KekE
1 40.81 1.16 278 328 1860 31.50
) 4037 275 228 224 1648  33.20

2.2 WHERISIARMIRIR
AR IRAZTE 0.1~1 mm Z[A], TEPIRLIX
159 e 0 2 VA R TRRIURE ,  RIORE A 0 HE A AE MR AR

HAL, RS TR BT A O BN (BERES )
KB T2 FHHEESRRE, Z0E 1 (b)), BlFE
TEIRE R N, 50l 7 Diisss b A B A,
A YE T AL, WR N ERCE ARE A KE,
B kIR R ol Re R iR EE L s R R iKY, TR
LB B P AAEA S A, KB B SR i A B
Ml GRS IR BIHUE [X

TESERKA KR A, KILRERRES CEER) &9
7 70%, Ca(OH), %115 20%, P& A/KYeA 1) EE
Iy e TEHL /K FPAEAEDF B AR, B XK A S
P R i Ty AR AT -

Ca(OH),+CO,+H,0=CaCO; | 12,0 , (1)
CaSiO3+C02+HzO=CaCO3 ¢ +sti03 ’ (2)
CaCO;+COy+H,0 2 Ca(HCO3), o 3)

2K CO, & BEUERT, CaCOs YLIE R KIEAR
AR ks 4 CO IR mR, Fid R Mt 2
ke T, AERE Ca(HCO:), BB T /K, BA&SEUK
JA ) Ca(OH), ¥ AR, 3 kIR A JE 1.
AN, Ik BB ERAT VLA P ) 2 AT R %2 B IR
A, RS T R A 2R AR ISR T
FVE B J5 o ff A T BB UOR o b AT DAAS HE R
FPURIR A TP A S A, M T KH Co,
TR 1 R L DS B T R DG E R R, [RL
CO, IRIE A T H I FE H A5 o
2.3 BimkH CO, kiR

WK COL KIETIEK, AL KR CO,
RZREH T RS WRALEKF R COy AT AR ES K &
K H"

CO,(g)tH,0(1) @ H,CO(aq) » (4
H,CO,(aqg) 2 H'H,CO; (5)
HCO, 2 H'+CO; . (6)

Hy b s ST DA, HOWREE 55 7K P A AR I
CO, &8 A Ko BEEKH HIREEIIHE N, Ca(HCO3),
AR RE 2B AR K, KA AT h 2 4R S04 T
BRIR 2 T H9 IR, F B A R AL TP ARIRES, B CO,
5 H,COs. HCO; M1 CO;™ fr & A%l — s LA AE T
K, TR E R LB R R A2 HOREEED pH, AN
pH F CO,. HCO; fl CO It 2 ik 3.

N T RETRKTI CO, & i, EHRE T KIEM
WEK, FREENE pH #iE KT COp IR G
e AL AP R ANE IR TR U, KR IEAE
AU, KRR COL A UHAFAE T 7K 731 (A Ta] B
i, ARG FARRBUE N T COy 7 FARFR, HikEeR
IR K A E S R IHER K TP IE R CO Uk e 2 B
S

R 3 AE, 2 pH/NT 85K, COI i
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IR N, B, KHIE NS SR R R R A
11 2 SN
H'+HCO; = H,0+CO; 1. (7)
HFH=10™, A4, 78 H,COs B ffif, [H]
F[HCO; [ KEAHZE, BI[H]=[HCO; ], -4 HCO; 1
B (AHCO; T H RN EAHY. B &
SHIARBOEN, KFHFIHCO, « COT BB T 24T
W, 5 HEEEMIH CO, 0T, AN COo, 5tk
Heth, 2K L FIEAAFER COy & LT 584
%R, JF HoaT DURREE S M A % CO, [ HCO; « COZ &
FRAMEERZEAT, 12k 0, Hitk, 7E&Y]
WA F[HCO; ]=AHCO; +0, A MMEFHEHI COo,
SR (HPRHUR Bl AR Rk R BLEFER CO, & &)
BMETAKFEF R C TRKRE, HE C TENSE
=[CO,[+[ HCO; [+[COZ ], FIAIKFEL C mEmM &=
=[HCO;, J/w(HCO; ), HH w(HCO; ) AKFELERIEIR
AF pH Fixd Biff HCO; I 4k, 0K 3.
* 3 3 MBS MWERELE (%)

Table 2 Proportions of carbon dioxide in three forms (%)

pH CO, HCO; Cco;
6.0 70.00 30.00 0

6.5 41.62 58.37 0.01
7.0 18.64 81.32 0.04
7.5 6.74 93.12 0.14
8.0 2.46 97.08 0.46
8.5 0.72 97.83 1.45
9.0 0.17 95.36 4.47

BKFEARTE 104, BARIGTEIP IR : O
IKEEE TR OB E— B n), K8 pH #R:3k
FNBERRH, GE3% pH {E, idN pH1; @FEHENE
SEEH pH EEE, HRCKH KPR Co,seaH i,
TR ARE JE 1) pH B, 108 pH2, SR HIT% 4. £
4 w(HCO3)H#* 3 MEEEEESS], M[HCO; =
AH'=10"M"'-107", CO, IKEME T8 C TRIKE
=[HCO;, J/o( HCO; ). HF 4 | A[F pH F CO, # S
thek, 2z WK 2.

4 HAREHIE

Table 4 Data of experimental samples

KEE WA IR w(HCO;) CO, iKRZ
iz pHI pH2 1% /(mol- L")
1 6.053 7.606 32.84 2.61X10°
2 6.121 7.280 36.87 1.91X10°
3 6.409 8.576 53.21 7.28%107
4 6.594 8.448 62.68 4.01%107
5 6.796 8.243 71.96 2.14X107
6 6.976 7.888 80.22 1.16%X107
7 7.317 8.109 88.80 455%10°
8 7.392 8.287 90.57 3.91X10°
9 7.520 8.210 93.28 2.58%10°
10 7.570 8.420 93.67 2.47%10°

3.0x 106
2.5x10°6}

2.0x 106}

1.5x 106
y=257.8¢~3-065%(R2=0.9972)
1.0x 106

COLY B /(mol L)

5.0x107}

1 ]
6.0 6.5 7.0 7.5 8.0
pH

2 AN[E pH Tk CO, BKE
Fig. 2 Concentration of CO, in water with different pH values
FH B R BRI A R BT COL IR BERIC H
2y =257.7¢ %%, HILAE R7=0.99. RAFELFIR
Wi (3D [ SO AT, ) CE A ORI R R 45 A 7K sk
PRI Ca(HCOs), 7 il = AE 1« WK 2008 ST 46
IKHEE] 2013 4E, 6a W EA R ED 1 m® HaiEikE
T0% B ERES (35 8 2.7 g/em®), /0 T B AE 18900
mol 1] CO,. BIR/KIN pH & 7.1~7.5, Hikks5 e
K1, BIRK BRI CO, &8N 2.68X10° mol/L~
9.12X10° mol/L. MIIFSHITE KA 2930 m i A
BIREN 251.75 L/s, 1kl KRIE/KEZ R &N
75433 L/s, "2 MHE MBI E/NT 502.58 Lis, H#iZ%{H
PERVHE FRRAE, T4 0E Rt ok e & 75 ZEH FE
] CO, N 2548.57~8672.77 mol, I 4 iEH % /b
10902.23~16351.43 mol ] CO, & 5 A KJ&. WU,
HAE 13.4%~45.9%[ CO, A& RS BE KT K,
HAR 54.1%~86.6% 1] CO, f71EH A KR o

3 W

RIUR W52 FH BT A A b 2 1B K E w7k
BL R KRB L PSR T AN P AR H LR
(1. 28 [ I 72 #0212 U K R KU M REHE i)
Ca(HCOs),, #AJE#EH iR, 78k JIFEIR LR 78 K
YER R, Ca(HCO;), W & 1k B LR J5 40 fif r= AR B IR S o
SEBR_EIBIR K MHLZ e KR 77 B A G 4
1] Ca(HCO;), & & 1, WXy JRAKI A L7t
R, A, EHHELR S EAH RIS, K
BIRE 502.58 Lis flitt ™2 M s & it 5 B
B, Sehr EBiREE DN TR, JRETEE R HAR
SKIRI COy e RIL, 8 b RAT AT S REN
CO, F i R MRTE, LFRHFEN CO, HRm A
T 18900 mol. FERIFF RS HIR) CO, LAK IR
CO, H B K 2, (H KW BRI 4 BRTR G R
HEE IR, R RS H CO,, R FEZK 4
N pH HABMAK, REFKESHEFEKZHL
T et B KRR 1K) CO, PRI T PEk 2
KIRT EUFOK T BAICEE, Bl ER, fE
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F B4 Wy 2 PE K R A LSRR 2>, AT AHERR I8 A L
JR AR R COpe ™2 BT HIBTR K 6 FE AR
CO, & &Y, RA 13.4%~45.9%M CO, 1K< Bk F
ik, HA 54.1%~86.6%[ CO, BA R . £ el
2R T rh E BRI K HH B8 AU A0 A IR T A
WRIRIE,  RILEA— )1 (T 5mZ FB A v 20
B KR ARG 1 HLIX 5347 5 IR /K H B
A 4RI HENIX L CO, SRUR T HUZ IR R o

KIBL T FHim R ARG ) S R, 60~50 Ma
PASK, EH T AR R AR B Al g, AR A B
BREUTI LA 44~50 mmva R AR A ACHERE, R ph 20291
K2 T, SEE SR LER, HEmERET, &
I T R N BRI K FEAR B2 D
R EABRERE, BRIREREE SR N R CaO 5
CO,, CO, T WrEdws b 30 A Bl T i 2, B
JE HH () C O, 383 VRTS8 T 350 1A 3 W 2 2 AN T e v 1 56
R, KEM CO AR /K b B 70 R BZ X 35,
TR DA SRAETE, AW SR MR K R
K, RHAAF COy FRAE 90%~102%2 [7]1"*, 2
AU BLLE N VG s AR L, 2B WS 3 L /K e i
A K

WURLR 15 585 AV TR R T ORIUA B (135
WA B I FE v B A B R A3 R ol PR 2k
TEBIR s BN g8, FLBRK R 33, AR
AR SIAR, TS BRI IR . RIS B N /K TR
WURA R A AL R s 2 5 8 Bl LR R A KA
B B A, RS SD, TR
28 LIS LT v, SRR .

IR TR, TR R ARSI )1 e R X
TRER CO, 8T W3 [ MR BE 5, el T R HUE AR
B2 b, XA EAGRTEWT R b, M A
“CHVGILT B VW T, R KRB
VETRITE RSz o A WA . 1 B AT I
BG4 J A B a7 B S o T 38 T B AR B R A AT
TN AN, —fER UL, X R AL BT VA R IE NG &
W TR, XARIARIBEE H I, RRI Atk
AR R IIREIA, X RN K R ER 3RS R
K, TR EK TR CO, S EA IR, 12k
TERZEZIRAKWEE . KSHFM COy HIRE N
0.04%, TEHE 20°C 1 MaiERAEZMT, 1K
AR SAR N 18.68 mL, Hh CO, & EN
0.007472 mL, T E¥EMRTEK T CO, i E#=0.007472
mL+22.4 L/mol X 44 g/mol=0.015 mg. {HJ&X}i% KNl
T, KUURHAATER IR, KERE CO#EN K
HZH5BRSRE, WS RS T B KL
AR EE ) 1~2 MR

B R EAR o E F S 52 m 31 3T R K
TSN 4, BN, K KGR
BIE G, WUARIREE T RIS K R MERE AR TR k.
FKEE 1943 FHIRE K, 24P AR HE LA k2
9.6 t, WLV Z) 8.0 9, K 2008 T UEE /K, 2013
FEOAEMEBERILT KENTTHY, e aERERR
WRERES DA — 48, RN KR 43 B8 i K
ET o STHAFTRIAL B CO, 35 F, thE
P KRR, A A S AR, KIS R e
BIRIEE, YR TR, BlRRER LR
S B HR LR, 10 K IN) 22 4208 B O,
HHARZ FERKRH, KIS 52 .
AL 0 2 0o HAboE 2 b B, B L R 9 i AR
PR

4 & B

COARL T m B AR 2 )1 7 e S R /K e H & 7K
PURHMA B IR — B WHE,  mKAL T ek St
W IR BREIGE X . &8 ToREE. REHRS
INEELA BN TORBESRIGIE S, KHU R BB 5 P A7AEAR
B, FEAGED PSR R AE SR B R E)E T
.

(225 Hh R 18 (1 UL 0 70 N B BR 5 3T
i, RS IR IEIE AL B HEWT CaCOs ok H BB h A
HH, KIEFM Ca(OH), #/KHH CO, N
Ca>' 55 HCO; , [his sl b A E A S 12 . R4
MR R HERT, Hod 54.1%~86.6%[F) CO, K H Tx
HBREE, IXEE CO, I L =R I EZE R A

(3) R COy X RIFMZ IR ™5, HhIEs
R 22 AR o (g3 P R B 3G o, Hb R 7K R CO, i A7
FEMHX, LI K TSP EE N A% E CO,
[ pRs A A E
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