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Abstract

The karst hydrogeological conditions in Dejiang tunnel area in Guizhou are complex and Kkarst is
strongly developed. Two large and medium-sized underground rivers (Naoshuiyan underground
river and Chiba underground river) are developed within less than 4 km. The tunnel karst prob-
lem is prominent. It is urgent to carry out the research on the underground river in Dejiang tunnel
area, so as to ensure the safety of tunnel construction and the smooth connection of the whole line.
In order to find out the hydraulic connection between Wangjiaba and Huangnixi in the north of
Naoshuiyan underground river system and the Naoshuiyan underground river, and determine the
northern boundary of the system and the structural characteristics of groundwater system, a se-
ries of tracer experiments were carried out. In this study, the boundary and partial flow velocity of
groundwater system are determined, and the characteristics of groundwater system are further
analyzed combined with hydrogeological survey data. This paper makes a beneficial exploration
on the application of tracer test in the study of groundwater system, which guides the engineering
practice.
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1. 5|8

ANIE SIS R R A K SCH B SRR I 7, EESH TS NOKRERAKNERR. RELA. &
Grab AL R K E S, A0V X SR i A 7 1 0 M R B R E ARAH 7K S Hb o 2 80 B IR AR [ 1]-[6]
FEZK SCHE TR A Bl b S PEZR = i R ERROR, JE— D 0 WT 5 K RGO, X T 7 B S i 7K RAK K
F. PRBEREIE i T2 4 BT R .

B RERR AR RIR R, NHTEL 3 HoREREOR, RAE R ER 70 D7 i il 28 1 T A R A 0 A 5 v R
KRG AR, CLBHNH T A AT 7T, BROA B v K STt 53 AIF 72 1 58 32 7 1 A
7] [8]. ERREWFH, TEL S PR EEH A B B NG BELR, CAHKEE R, MR A A
SRS, TEH R AKVS YR E . VAR SCHL TR A AT, SR VA B KA TR 1 7 38 R E R K S Hb 5 2 5 A 55
SRR T2 S A[9]-[14] XU 25 1% I [ 15132 FH 7~ B S 06 A7 A% 2 B 1 S5 VA 1 [X Ml T 7K K 7 BBk
o F CLIERR VRN 3 X K SCHBT 2% 1 o 585516138 FH /R RS2 B0 1 AL HB DX g 3t 1 7K 23 7K U i 5
MR KA R S5 o IR ER S NT T AL N /K R S5 FAE 0B M R KA R R [17] 6
XIYE AR [ 18] FH 7N 17 S5 0] F 8 2 M /K SCHb B 2% AR HEAT 1B 72 o 7~ B B0 E 2 Y T /KOd 8 7 b e 43
BT IR FH[19]0 XA KR [2018 8 BAR 6 7775l N B R TAZIM /KA B o /- s 36 th iz A 31
KIG YR, TR TS QUi Sk o A2 SRS S 21 R ER SE IS T 5 Yok IEVE BE, AR T 24
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F IR KR IR SR RN Ok RANER TR AR EIE o 7 B S I6 IR T I A R K S G is B B AR A
BT G, T G X s N KRR K B R ([22]. Bk, MAHTEL S PR REA, #E—2
AHTE K RGFERIB T, AR RBUKSCH R S5, KI5 e, 02 BRI 2 s v /K i, #B 2
HEER

YRR, T S M AT RSN B, WSS il BN —Re b iE, BRE 4K 5500.00 m, & AKHEE
557.11 m. FEIE X A EKSCHLT S5 AR REUR S, FRa R RIS O B T & K 1 G X
R WK R, Sy SRR R B RS AR R G, 1% R R G S BRI g, T E R B
T

ANER IR AU N K AR AL A BT, IR B R A X R T R Ge, R B
T R AR B L UK RS R B R A, T KR R A, AR
Hiy R I ) e S 2R 1A (K TIE R AR [23] [24] [25]. R, ASCRIHAEL A 20 MR R B R B F A I
SEE K SCHL BT 25 o AT B0, ARAE 2017 48 11 H Pl it s ke, X i 7K ] RGERHIEE— 35 47
Hr, B EDULHE TRV K R G4 MR AE 2 5 B 1 2 R B R R o

2. WRES

AR E AT M Z . O A s P ) [25]. FEVTREIE X N ER 2171 LR R . B R
TERFRNMIER)T, BRI NRREAKE . FEIRIGER . SR WAL, o, MR -
AL A O -h) B AT ERKERABRKEMA RS, T IHIUAE. Mg dmis, KSR ana
K Wi - FOHEPq-m) T ECNEZEKSE, Rk aiks, THMAREKERE, IRV K
Ty REIF - KMHEPw-o) TR EEIE, KR iUs i)z, Hr, BEE DR FEFRERR N
AR,

TEYTRESEAR UGB LLIEAS R 28 SO T = . KEBRIACAEAR R o, A5 m RHAZ A T BEE H H
B, BES ZK10 + 195 BT . ZARPEETTRE, HSi b R RR L, FEREIRE KGR E R L
R 20°~30°, i =B RKH. —SBRKAHML, mMumds i, WEAXHR, LR, Hif
15°~30°, FiARREEE, Hifh 20°~50°, WRETERE & RAEHERME . ZARHX FIRTK 2R LN 5k
BRoy ATz, IWBK R R K B R EORER, IR R ER B W vE KR . FEME L AT,
ERPIE A R A R . . WAKEH T RS, ZRARIHHMEBKRKE, FELEZHREMZKIC
TANG o Hh R E L) DI04 i - DI03 (FH/KIR) - DIOS (FH/KIR) - YR A - DI21 (MR R )
BFANE T WA #E . VKR 29.1 km®e M RyaLE A Bk B 7 AR, 78 F0 R s vk s, 32K

A5 TUE R B R KR R, ST R RS, R T R R A R B K i [26], 1R
L 1,

3. RERIRIE
3.1. REESCIEREB

H T ) 2K R ) R G Rl (R DXV KT« LR ITN VR 22, i Yl 11 5 30 1 9 H 11 22 ] T 45
Fyy TEASHANE R, Rrl 2 PR K R KR VS0 KR AR SR B EE L A R AL R s, 52
I FGARIT,  BJRVE AR AKCE 1R R S8, R R BT /K R G005 K1 73 ]

AL, BHIXE ST R T ARUORESRES, J13K: 1) B RGN R, SREENERRA; 2) K
ST OKFGE S Wil 3) HEM TR ARGILS: 4) TR AR SKZ TS SREE.
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Figure 1. Hydrogeological sketch of the study area
1. PR X kSt B E
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AR 7 R VA ZR G B R0 5 2 TR R R 2 AL BRI, DU £ A Rl g R ) 5
FIIWe b — 7 o S PR FIR BB 2 UK PETIEA BRE . TR saRR A BF 5,
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A

Bopith. FRRA . AN L AEVDES . AL BRE. REEME. PSR ZiEke. K. WAKNE B
K, BEAEKZ) 9 km, H PG4 3~4 km.

PR SRR R, ARYE AV K S T AR A K SO R A, KR T R RSB AA R
RIS BSOS A AT (56 1):

1) [KEH TR RGACMAE R, EIRIE A, KB ZMHKN, 8T HEIEZX 5 KSR
KNBRR, FIR T E RGALERA S, /&R DJ03. DJ05. DI96 W KIFAE s Br F5 i s o

Table 1. Basic information of tracer delivery points and receiving points

% | RERENSSESERER— KRR

e Mg Hb 3 A HRA t #2 A5 (m) WEWVs)  WMHBEEAA)
DJOS EZF M KA 1116 0.5~1 2017.11.07
PR DJ19 INK L N STIPN S| 967 100~300 2017.11.08
DJ03 VY £R 7K WK 1130 20~30 2017.11.07
WA DJ22 i 7K R H A 920 400~600 2017.11.11

2) FEIEFEBPNE L BRI 1 km VSR N K E 2 Ab RN T1(DJ19+ DI20) A K & (DJ21), N T %
P2 I 7K 5 3 RV RS8R B RMIE, BEE X5 T KSR H TRl K TR, i D19 MR
TN BL A DI21 R EAE N7 il e 500 s

3) MRIFAE, WK AR KRG 0 32 BRI R KA BT H 15 O 7 SR R G 5L
DU £2 7K P — s S Vs T 7K -5 1 VAT H F1(DJ22) 2 [ 7K TR R Je R Gui Ft, I B 7K A H R 3T H F1(DJ22)
RN RN S . HhAh, NERINE Lt N R AR X R EE KBS, R I B R R
(DI21) A7 ER SR I 55— B2

IRERIRIG RIS« R RS, VR 1.

3.3. ERFTIEFEFSE

TRERINTEE, UER. ST K, W R, 76 R KIS B R b R 5t 2% PR Tl
AETAHI . Ko7 8 R RN 1510 HERRAR X A S M BT AR L, 44 DU B R
Yo, LMK A L . R FIEINER . ARSI . BF B ATOLEW, TR

SNBSS .
IRERAIA IR (R 228 A 27T
W =KxQx10C, x10” M
W ZRERC R BB (k)
K: AHRBZMOGEERE  ALREA KK R BN 1.5~2.5);
O: R X B PR FLEKR(L) (0 = Bl AR BARR(L/d) x TR ER 2L [7](d)):
C: ATRERBO T AORESH AR AE (ppb/L) -

3.4. RESTIRSEEM

RUORERE TN, FERHEAMEL & PR 5 I, FL30-662 B4R FL24-970 & R
BEDEYEN T AN TSRS IR E B SR ICP-MS AR IEA o AR VAR IR BT FH [ 23 BT A B8 % 7 i 35 1
) B ARG A BBE DL 36
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Table 2. List of tracer dosing at each tracer delivery point

2. BRMRRERTI— R

B 3§§%%$£> A Wilthig)  BOBGRILRTE POREAN
DJO05 7.60 TR 2 10:00~10:10 2017.11.11
DI19 2.19 Z'JIH B 1 14:00~14:10 2017.11.21
DJO3 8.92 2T B 9.5 11:30~11:40 2017.11.26

Table 3. List of minimum detection concentrations of tracer ions

3. REBTHSEENKRE—T

Fe N il VN2 I BARA UK FE (mg/1) WE A B NG iR
1 FH R B Mo® 0.001 WA ICP-MS %Y
2 R LR 0.0002 HRBEVIETE pr3g.662 7
3 1 B B 0.0001 AW FL24970 B

4. RWERS D
4.1, RERFTIPH B Ik

ST

ZI B 77 R PR N ) )28 A 5 SRR BN K A k. BR b, EHUTROK S, ORERFIIREGE R
R TP LSOO 005 10 94 JSE A 10 o 20 182 DAy 7 SR R T ok ) B0 T 26 28] [29]
PRI, 2 B TR DI il 2 i — A B A BRI il 2 ZH ke, T2 ) g PRI I 2 | 20 U gl 2k KT B 2R (30] [31]

AR S B, AT JE B

HARIp R 4,

Table 4. List of tracer duration curve classification
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LI 2K LIRS S R AGE, TEA R, K,
BOHEHIZE  IEEIOROE  ZERRNTRR BRI, ERUKR k. SREARREE, S
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A 5

2 A DJO3 & D122 % JIBH B i #i 2R, 7F DI03 AR P FLRA B £ 174 /N5 A BH B 2 0ACME
PR RS 8.9 km i, [ DI03 Z M T s H L1(DI22), i F/KMEIEEL 51.1 m/h; ZB 2 sk Bohy
“RmEIRT Bz, A “HERT IR

[ 3 4 DJ0S % DI22 B R BIRE B M. 12 KWL A4 168 h, i%4&0
PEES 7.6 km it, H DJOS ZHLFIALEH [1(DI22), iU F/KIRBNHEEL) 45.2 mnh; AT LR H 25O 28T
TG MR B R 20, HFERUE MK DI0S ()7 1) R AKZEF P EA D, SRk s R+, o)

BT A 2y ARG b, e 0 18] AN R o 58 0 22 BB R R BTN TR P i A K e TRLIE,
FiEM RN 2, Hadk By “Yemal” sz, AURKERIR.
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Figure 2. Penetration curve of Rhodamine B from DJ03 to DJ22 (FL30-662)
& 2. DJ03 Z DJ22 By T FHA B FiE ML (FL30-662)

R (ug/L)
2.50
==Y
— FTOLERM
2.00 ;
1.50
1.00
0.50
0.00
_0 50 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
===
— e e @R
FE S S v v 8 v n S S v n &3 3 n un S S v n uv
2 o ¥ e T oottt oo a0 o e T oo
B AN AR S E S DA S = = BB w8 NN A
ST ITANIYIFTITIT9ITYITTA
O~ 0 © — N T OV N A O AN M T OSSN 0 <
e e S T S I B T S T N T S R T R~ S S S S B
L e T e T e T e e S e T e Y o Y o [ o I o I oS Y oS I o\ N o\ BN o I o\ |
i i S i S S B B (D D S SR B B D S

Figure 3. Penetration curve of Fluorescein sodium from DJ05 to DJ22 (FL30-662)
[& 3. DJ05 & DJ22 ERRH R NFIERZL(FL30-662)
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Photo 1. Tracer delivery point of Wangjiaba sinkholes (DJ05)
BA 1. ERYTEKIRE(DIOS)RERFIR M <

DJO3 A1 DJOS #7351 b T Hb N ] 2 G AR (L B P N K, P RUAER 1.3 km, P& Z A3 R 7K
HWIEL R —, AW T K RGN i BOR B B ROE A . Kk, [ 2 FE 3, FaE AR
BN e R PRl H 28, A R R ILR - # R R GE LAY 2K (DJ03) 2= EFKIE KR (DI0S)
B, MR KIRB AR, R KR BGE Y. HRELE DI03 (T 2) MU £ K Rl — i T LA R K
BHIHAKIR, N GETE B, K.

Photo 2. Tracer delivery point of Sibao reservoir water dissipation holes (DJ03)

BA 2. WEKEHKR(DIO3)RERFIHIRAS

K 4 DJ19 & DI22 B2 % P B B M4k, DI19 A4 P B 29 31h J5, S H I DI22 it Bl &
BOFEUSCAR, e MR S IS S TR FE S 2.2 km i, bR /KAEiZ Bt R & i i AR & 71 mvh, R
AR IEG, 7 BETTHR A 2k W AE S5 B K P R R IR AR /N, F il 2R Bk R “SXF ARG
HESH “H)2” %,

4.2. WTRKRGIFET AT

HE 2 AP 3 IR AR KoK SO R A Bkl MR T R G AL B DU AR /K E(DIO3) I S B
FILETE KI5 KT (DIOS) BRI 5 G AN, A8 Rl B E1(DI22) A 35 B4 ) il 28 H Sk b il 2R R E 5
AR—F. MR ZRASAE AT U B RS R B AR B — R KBS, R KR ECNIEY, EEFEFEAFTE
BE N DI21 KEA), HFEKER, SNaBEREHEERH, SEOREMLEN “ERE” M.
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Figure 4. Penetration curve of Rhodamine B from DJ19 to DJ22 (FL30-662)
[ 4. DJ19 Z DI22 E Z 78R B FiE L% (FL30-662)
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Figure 5. Section of underground river outlet (DJ21)
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