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The application of chemical tracer experiments on
exploring the mine water filling conditions
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(1. Hebei State Key Laboratory of Mine Disaster Prevention , Norith China Institute of Science and Technology ,Beijing 101601, China ;2. College of Safety Engi-
neering , North China Institute of Science and Technology,Bejjing 101601, China)

Abstract; In order to obtain hydrogeological parameters, such as, groundwater flow velocity and permeability coeffi-
cient,identify the aquifer hydraulic connection and verify mine hydrogeological conditions,a chemical tracer experi-
ment was designed in a coal mine in Inner Mongolia. Based on the analysis of chemical tracer experiment data collect-
ed, the empirical formulas of the tracer dosage were summed up, taking account of the influence of the delivery dis-
tance and aquifer properties, and tracer dosage in this time were evaluated. At the same time ,the phenomenon that the
concentration of Cl were not increased in the monitored water were explained with scientific theories,and the theories
were put forward that those chemical agents which are similar to chlorine ion tracers, easy to obtain,cheap and able to
achieve test results with one ion can be selected as a tracer,even some ions may be absorded by rock layers.

Key words : chemical tracer experiments; mine water connected ; chemical tracer dosage ; hydrogeological parameters ;

chloride ion adsorption

Hic M T K E B R BRI & A TE R EIXIE AR AR Z 8] A9 7K S8 & (Knopl875, 1878,
252 000 a LATT, & & A ( Philip) 3% FH A B 78 35 5 K P5 Kiiss, 1964 ) , ZJ5 , ZSRUAIR 0 FH R 0 & Tl 7K 1R
B, 1869 4F, A W H k2= s B Rk 4R 5 P8 ( Schlichter, 1902 ) 1A I #% V5 4 T # /K A8 Sk J&

R EA2013-04-17 RS 5 F

BB HEKAARAEESRRIWH (51074075) 5+ 10" B AR SE TR 58I H (2012BAK04B04 ) 5 o[4b44 [ SRR} 2 5k 4 BE B30 H
(E2012508001)

EE A - FH e (1964—) , 53 IPEWIIN N, #i8%, Tel :010-61590331 , E-mail ; yinshx03@ 126. com



130 #H 2

F ® 2014 4E55 39 %

(Dole, 1906 ) , B fdf FH 9 7 25 57) J2 e €6, 50) & 3
A. Thiem 7E Leipzig FURIFFEH, S0 & 3 VE s 55 ‘J
A I S A E I E BT BUKFERY CI MR E e
IR , FFRE T 5 il /s iR 06 (0 Sl mr )
AR A A Tl % ﬁ'ﬁﬂiﬂﬂﬁmal_l_ﬁﬂf?
TR & A AE 1960 A, Fh U )1 25 1 5 S 155 e 1 5 BA
BT, R EAE B0 | 72 B2 v BELASCAR S A6
ACERIEAT T DU )1 g AR 3 R g A it R AL
FAE, DLk pial IR AL PMVASITRN AR A S A R
R, TP T R o LI AMAS S T B & ik,
1593?11@1?% ST 22075 R R R 2 s
2, BRn F TR AEAEAS D IR L an i T
/TET FIERE R, B A %%LQV\]%E%
I T RS, AT B R AE N T OKR I BUR i
T R R B g AR A T I K 45 1, A
AR,

1 & HARERIRE

L1 REEB

ARUGRIIE N T A PRZEH T K (15 ~ 16 )=
HuR A APRRE S KA ) AR Z T K (16 12 1H
BRA WBRE Bk A ) S5 AR A 1K SUZ B 7K
FIER R TG K Z ATV, NI 7t K 2540
1.2 RIm/EIE

K5 T KK A2 U8 Sl 28 S BOR R
(1) 5 Vi P R 2 B -V S 7 B0 38 Ao b T 0 F Lo s i
Ja R BB Hbs & K2, B T /K%
PB AEI IR TRIAL R 7K W sl JBORE | AR A 7S 25

IS Ue BT M T K IR NS 8 REESHL, T

Eﬂ?*%ﬁ#ﬁ%éﬁ%ﬁ

MR 7R B R0 v B2 W A b T K 38 B0 1) 48 8 R
1%, JF 97 HOR 15 W B2 W {H S BE R R &R, T LLAG
BN B KR u=x/t;BRIHEE v=un; BB
R K=v/], Hu %JJFV«]FFEE x AR S IET
THOK SRR 50 7R B ) WA HE BR8] 50 SR8 T
HEE s n ﬁﬁxﬁ?Ll‘ﬂ'ﬁK,Kﬁ@ﬁ%ﬁ,]ﬁﬂ(ﬁﬁgro
1.3 BEARBENSHE

WHEARYGR B, 2 S B 1 SR
TIRIZ T KZE RZE EKZ RIS, BiE (hs s
340 m) HOEIN 2 5L R I 1 A5 LA WAL 7 )
VAL B AR TE K A B I 1 (a) Fs, B R
WE 1 (b) frs, %2 SR WM 2 5L Wi 1 5
LAY BRI 2450 200 m F1378 m, % 1 SFLEW
W2 5L W1 S AL E PR 25 1101 m
896 m, MR K 715 ~ 725 m, #& 1 HFLIRIE N

359 m. KA AR R 650.25 m, ¥ 2 &N FLIREE N
302 m KAikRE A 653.09 m,

2 1(NaCl #2FFL, 16 2 [8])

Y3
SN B 2(Cact, BIEAL,
Dy 15~16 HE2 1)
a1 II/‘{D‘”J

BRHOKSETLH AR S T

[

(a)

1101 m
896 m 200 m

378 m

I5-TEKE

9

w1l SR o)
(b)

B RS IR L S s M 7K s A7 B ) i 7 2

Fig. 1 Tracer source throwing hole and tunnel

water point location and cross-sectional diagram
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Table 1 Tracer ( salt) dosage changes with factors
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Fig.2 The variations of salt dosage with distance
SR SEEN LR,
y =0.449 1x + 795.91 (1)
Hrft R? =0.903 5. MK ¥ AH 3¢ R ECH G bR, R =
0.950 5>0.8, B HESIEECRE T & A,
FEAART 2> F 5, 1 mol CaCl, % F 1.9 mol NaCl, Il
CaCl, HEZ 5N
y =1.9(0.449 1x + 795.91) (2)
(2) 735 2 WA TR S KB, &K 228 B
PR BT 5 A5 AR P 5 K2 B B KRR, & KRR
SE NIRRT R KRR B,
R /KBRS A R0 B ) o 3 ik o
FEM I RIR BRI R T2, B Brigham—Smith )
FHZR BRSO BB AR 1 AR T LR AR
R ST R B — 5 ] PR B SR I, o BOR ANTR] (HR
PSR HAR TR, AT L2 2,
HH & 2 AT, B — T i) s i ) 4 L
Wb AR Y WO B, v LAAR Y B— T ] s B

S R B A B BT AR A T R0 S e AR
B 1/4 ~1/2, GnS Wi o5 00 2 th il , 78 BT Y
[ — o, ELWE I ] — 5 7K 2, 3% LA Wil a5 v] LA
R W 5

®2 B—FRAREERERSHFM RIS

Table 2 The comparison of single direction of tracing

experiment with five wells net tracer experiment
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Fig. 3 The variations of concentration and conductivity of Na*,

Cl™,Ca™ in the 1" drainage monitoring hole and the 2™ with time
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Table 4 The hydrogeological parameters of

tracing experiment

TiH - -2

KFHER L/m 891 1101
TMEHIER H/m 24 24
BRI BIERTE] ¢/h 263 238
KK B w,/(m - b7 3.41 4.63
e PR u,/ (m - b7 0. 057 0. 063
R 7,/ (m - h!) 3. 41 4.63
A BPBR S K A FLBRE n 0.35 0.35
BEEE o/ (m-h!) 1.19 1.62
IR 22 Ah/m 310.25 310.25
KSR J/ % 34.9 28.2
BBEREK/ (m-dh) 82 138

&3 (b) £di 2R B iz W A5 214 h Y Na™ B2
Z ETF, i 227.9 mg/L Tkl 281. 16 mg/L,263 h
IKFIUE(E 283. 39 mg/L; Fifi f5 4 T 7K o 9 Na™ ¥k B (i
B T HE, 2 430 h FFEZE 254. 01 mg/L, i itk
SCHURS L 4, R KPH Cl, Ca™ W E R &
B AR AT 76.99 ~79.97,10. 12 ~ 14. 17 mg/
L, [RIFE, W 2 S EEBOKFLAR R 2 5 FLR B
A, Na* 3 &5 %) oS 800 52 48/, A F 1050 ~
1 075 ps/cm, FAEBL HAABZH T K (16 2 ()
55 A KIBKAR,

KRS H R 1 BEREBCN 1.19 m/d, X
Lo B Rtk G g0 45 51 ka5 15 K
AN B B AR A] RIZH T K (16 2 1)) 54
T8 2 [H) ] REAEAE %38 1Y B K IR R MIE
1.7.2 SCFYIRHMBL CUWRER MR- iR

AR H K R B 3% 8 1 50 7R B AR 2 NaCl(#2 1)
Fl CaCl, (#22) (HAEG & A Wl Sk R 3 C1
BB i R L

MR 1 AL HOREE NaCl J5 215 h, B
DA KT B Na™ R BE JLF R Bh k ) {8, 36 WHR 2551
NaCl B2 28 E3R W & HK P Y CU B I A B
T R E K2 (BAE S K 2 I S S b By ) A7 7E
X CU IR RS AT B PR B R i B 5, — o, €1
B HAARSE A AT 94w B I e o, R
L R A b P R, W BRI A

SOH + M** ==SOM"' + H*
SOM* + C1~ == SOMCI

TEA A PR AR R 18T, 2K A L7 SOH =
T 2 56 4 g B I, G O A DL b 4 e BH S 1
B, A A R IR R, TR G B A2 544 SOM™ , H: I R R
I ) T R far, DT A A R 3R T OE L AT 3

TE SOM ™ Ji] [l 7= A 0 5 R4 it 17 5 W o ot
i1

FE AT AR L faf 5 ORI AR I, 4@ RS X ¢
W B BRI RN R T R BRI AR AN, 20 AR T
5 QU AERE g — AN EEA A, X M4
JEHE TS, 5 Cl B e MCLT, MCL Al E
— i BB TR B 7R K A S Ak 7 SOH 2 b, AT
A C MR B AR 38 o, R B AR

M>* + Cl” == MCl"
SOH + MCl* == SOMCI + H*

ZEERT 16 T2 R E K2 KB 2E 2Rl HCO, -
Na - Ca - Mg B, Hh RS Wb ikes &K AT Yrh
TR KBRS BT Mg AP 5824 TAHB C1
W RRFFRI) 3K A o 5 AR B K i A b ), R 2
PR E AW, BAR T X [ M2 M (OH), 1™
(A7), - mH,O, Hi M 2 =M & JEHE 7, M
REEMERHE T, A RZ AR

HR 7K pH AEXT CL™ A I Bt A AR KR i, 16 44
JZIRI T AR S0 PR BT, pH (B 7E 8 224, AR 40 Iy
FESGIR IR Y — LA 1) 2 2 pH B AE O ~4 B W2 B
B T pH (EAE 4 ~ 11 B W BB A0 B0 I R e A
ANEAZAL, pH> 11 BF, B 8RB 16 B2 H 5 /K2
pH (HIE4F7E 4 ~ 11, 52 C1 W B (%) B 4 2 il 2 85
Na* (P BT F A TG U, — B 2 W oFE A e, 2 I
JFid e R R CL T80 K 2 1 2 A FURE I
BiF, 530 C1 W v 2 AR AR AR /I I 44 BS F AR AN 27
28I} A INHEVE | alll 8

2 & i

=A

(DR ER IR SEE LR AR
N y=0.449 12+795. 91, AALES 256 A AN
y=1.9(0.449 1x+795.91) , MR AK)Z 2 BE RS
SEMRAURTR s R R T (3) . PR
e RN E VNS i N

() FEW IR &AW 1 45 2 SRR
FH 2 fL CaCl, , WWATRIZHE T /K (15 ~ 16 18] 55
W Z IR E K T BE R 55,15 ~ 16 2 (AR K )2
BRI 1 5 2 S AL 1 R R DT R
Na*, ULHATR)Z 1 T K (16 JEZ 0] S5 I a4 K
BRZR , DT BT 1 R 2 5 7K 2 S LB B X 16 4
R ATERI HIE K EKIE,

(3) BRI TR ER TR CL W] RERHL T 25 2 1
BEUL A B8 B K W A 2B A R MY M (OH), ]
(A7), mH, O BB, DT JIC T A W00 A ) 58] o
BEARAK



134 #H 2

#® 2014 4EE5 39 %

(4) ARUTRER TP C1 #ih R 5 2 h i e se g
Yy S5 B T A I T RO, S R AR IA ] T U
H, AT LA 5 AR 0 B B B 7
AN, Ty BRI, 7R BRFRAS By BAT PR RS E S i
?mﬂmiﬁaﬂﬁ“”ﬁﬁﬁﬁHW&%fﬁ%%
St nl AR A0S i () B, JRfi H A 2t
B — B PR R E , T AT 7 B ) %i#ﬂﬁ

b 7 25 PR RIE AT A7 551
S E Lk

[1] Terri L Woods, Paul D Fullagar, Reehard K Spruill. Strontium iso-
topes and major elements as tracers of groundwater evolution ; Exam-
ple from the upper castle hayne aquifer of North Carolina [ J].
Ground Water,2000,38(5) :762-771.

[2] Brian G Katz, Tyler B Coplen, Thomas D Bullen. Use of chemical
and isotopic tracers to characterize the interactions between ground-
water and surface water in mantled karst[ J]. Ground Water,1997 ,
35(6):1014-1028.

(3] XDsg, Bk, A s om st [ M
#t,1999.

(41 Do) 48 b o ey 5 T 3 B BN A 48—l B 8 9% V] %6 3
ﬁ&wymimﬁiﬁﬂﬁg%wmx.

Sichuan Provincial Bureau of Geology the Funan geological team. In-

1. B R AT IR AR T AR

B

troduce a new method of long-distance underground river connectivi-
ty test[ J]. Hydrogeology and Engineering Geology,1960(4) ;8.

[5] KM, ARREAS. 5 i T 7K 230 3% 7% B R D00 D B R G AE 7K
PEBIRBEFC IR )] A #1995 (14) :251-260.
Zhang Zhenwu,Zou Chengjie. The karst groundwater dispersive flow
field tracer detecting principle and its application in the study of res-

ervoir leakage[ J]. China Karst,1995(14) :251-260.

(6] FMSI,#EIEE. STHM T /KEEIREE k[ M]. S S0 AR
HiJEL 1988,

(7] BR&d. K H2E8 AR M. JEET b T 24 AL
2009.

(8]

[9]

[12]

[13]

[14]

(TR Ty FiZe &, TR T (EE 4 B [M]. dbxt.h
SR Tl Hh R, 2007

TRAR YL I A R 7
1985.

ZEMEL B. Tracers in the oil field [
ence,1995.

W A AR R T A B VA K L R R
IR TAE,2009,21(12) :55-56.

Zhan Jing, Application of chemical tracer monitoring in Huangshat-

M. BEH 5 MR AR,
M]. New York: Elsevier Sci-

B AHLT]. P

uo volcanic reservoir[ J ]. China Exploration Engineering,2009,21
(12) :55-56.

SRS I 2R, IR R BRI bR B B RO R [T ] R
PRAT iR 5 7 K ,2006,25 (4) :48-50.

Zhang Shanjie, Feng Xiangdong. Interwell tracer test tracer dosage
calculation method [ J ]. Petroleum Geology and exploitation in
Daqing,2006 25(4) :48-50.

ARoREL, B EE & R JE B X CL R TR Y
%%ﬂm[]%ﬁwigmxnupk&

Shao Zongchen, Zhao Meizhi, Li Qingman. Metal cation-induced
Cl™ adsorption by soils [ J]. Environmental Chemistry, 2003, 22
(1):1-8.

PR, 2 [ T R AT P R T R e R R T ) A LA
FHRGBEFE . SEAFR R b CLm AR BT [ J] . 3224, 2002,
39(2) :61-69.

Xu Minggang, Ji Guoliang. Studies on the interaction of ions with
constant charge soils and varlable charge soils II. characteristics of
Cl™ adsorption in system co existing cations and anions[ J]. Acta
Pedologica Sinica,2002,39(2) :61-69.

THEAR. JZ ARG R A DO Y R X B 26 B 8 1 W R
PERE[D]. ¥ & - PSR, 2010.

EEEE TR WL Mg/AL BURH A B H AR Rer= Py 3tk
R CL W[ J]. P TR KA R, 2008,22(2) 171 -
74.

Wang Junfeng, Li Zirong, Guo Yu. Adsorption of chloride anion
by Mg/ A1 hydrotal cite and its calcined product[ J]. Journal of Xi’
an Polytechnic University,2008,22(2) .71-74.





