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Quantitative Analysis of the Source and the Effect of Turbidity
in Karst River on Tracer Test
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1) Institute of Karst Geology, Chinese Academy of Geological Sciences, Guilin, Guangxi 541004;
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Abstract: The quantitative tracer technique is an important method for analysis of geometrical and hydraulic
characteristics of karst aquifer. Turbidity is the key factor for accuracy of tracer test although its source and
relationship to tracers remain unclear. Three tracer tests under different hydrodynamic conditions were conducted
for typical southwest karst underground rivers. Actual measurement data on turbidity, discharge and tracer
concentration were analyzed to discuss the source and the effect of turbidity on tracers. During the test, the upper
and lower critical discharge was proved to be existent, which caused the gradual transition from the laminar to
turbulence and the transition of the main source of turbidity from resuspended origin to allochthonous origin. The
values of upper and lower critical discharge were inferred to be 0.7 and 0.4 m’/s, respectively. The result shows
that there is a negative correlation between turbidity and tracer concentration when the value of turbidity is
greater than 25. With the increasing turbidity, the impact on the tracer concentration becomes greater. Finally, the
karst conduit parameters were estimated by the first test which was relatively insignificantly influenced by the
turbidity. The results achieved by the authors provide the basis for further water resource evaluation.

Key words: quantitative tracer test; underground river turbidity; tracer; karst conduit
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Fig. 1 Schematic diagram of tracer test area
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Table 1 Tracer tests of Xiangshuiyan-Zhaidi area

IR BB SR i ) BT /g WMWK/ SEEIRIGE/M AR
H—K 2014.08.12 11:00 PILE M (Uranine) 500 89.5 80
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2015.01.09 13:00 %' F+8 B (Rhodamine B) 1500 JG G 15 X /min
o 2015.02.03 13:40 YeIEFE M (Uranine) 1000 154.8 207
.
2015.02.03 14:00 %' F+8] B (Rhodamine B) 3000 96.2 261.7
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Fig. 2 The change curve of tracers and turbidity A & > > >
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Fig. 4 The change curve of correlation coefficients for flow and turbidity under the condition
of different critical discharges
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Table 2 The change curve of tracer in the mutations of turbidity

H—VOR BRI (] 2a)

5 S UOR BRI (B 2¢)

H it PR U H # PR %7+ B B
2014/8/19 8:15 1.59 27.75 2015/2/16 17:30 5 6.24 15.46
2014/8/19 8:30 1.57 27.83 2015/2/16 17:45 5 6.22 15.43
2014/8/19 8:45 1.53 28.35 2015/2/16 18:00 5.01 6.23 15.43
2014/8/19 9:00 1.5 28.86 2015/2/16 18:15 4.97 5.16 16.58
2014/8/19 9:15 1.37 31.91 2015/2/16 18:30 2.43 0 71.32
2014/8/19 9:30 1.34 31.25 2015/2/16 18:45 2.52 0 65.19
2014/8/19 9:45 0.78 51.97 2015/2/16 19:00 2.7 0 55.94
2014/8/19 10:00 1.11 38.07 2015/2/16 19:15 2.81 0 50.48
2014/8/19 10:15 1.06 41.39 2015/2/16 19:30 2.97 0 45.78
2014/8/19 10:30 1.2 36.95 2015/2/16 19:45 2.98 0 45.15
2014/8/19 10:45 1.82 40.22 2015/2/16 20:00 3.06 0 42.27
2014/8/19 11:00 1.71 18.29 2015/2/16 20:15 3.13 0 40.41
2014/8/19 11:15 1.73 17.57 2015/2/16 20:30 3.16 0 38.84
2014/8/19 11:30 1.41 20.82 2015/2/16 20:45 3.23 0 37.07
2014/8/19 11:45 0.9 32.54 2015/2/16 21:00 3.26 0 35.55
2014/8/19 12:00 0.68 45.01 2015/2/16 21:15 3.27 0 34.52
2014/8/19 12:15 0.61 53.81 2015/2/16 21:30 3.29 0 33.71
2014/8/19 12:30 0.12 62.82 2015/2/16 21:45 3.31 0 32.93
2014/8/19 12:45 0 64.06 2015/2/16 22:00 3.34 0 32.19

#*3 QTRACER2 EFSHHER
Table 3 The parameter estimation by QTRACER2 program
HESH SR/ (m/d) YRR S (m/s) REEm FEARM  FEEA/m E] &S Peclet %
fhAE 574.32 0.1 15.0 177550 8.7 64.6% 200.45
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S, WTRES BRI ENAR, BfritE—%
Wik,
2.2 HMEXNREFZENEES T

7 BRI B 0 R 43 T T O R
T LA DGR, b T V] e B X % B

YE I T RS i B (5 A2 4, 1987), &l 2 o
Hb R R FUR BRI EE 2R, & 2a0 ¢ ATLLRE
HH e AR AL, 7 R R R B SRR R, 2
BOVRAIN, 7 R0 o B 2 PG 2 Ak, & 2b Tk
R, 2L IOk BB, B2 A B ik
WL R 00 A BRIk B X /R B R B2 IR, K5 1] 2a, ¢
RS TR 2. THREAECREOT AL B —U0R
7 06 R R O A ¢ R B -0.89, B ik
718 R R Y B N O 2 AN O RO -0.91, Yk
JEI 16.58 $# % 71.32, FFHH B M 5.16x107° fF =
0, AIULuhBE SR BRI 2 OO R, HdiEgn s
LUK S, 60
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Fig. 5 The change curve of tracer and turbidity in the
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m=Ycq (1)
i=1

Horb m R IR (2); 1 2R BIOREL ¢ 2
55 1 IR BE (< 10°%); ¢ N5 1 KT (L/s); ¢ %
] BRI TR] (s) o AT =GR SR a3
YRR 64.6%. 20.6%. 37.1%, 5 K. H=RE
FHEA B B EE 43500 0, 28.5%, A LA — A8
PR BRI A A, ISR, 55 IRk Z,
H—UORRE RN e B =R SR AR Z P
B [R5 AT 18 PR B R R A
ATREE AR T2 B 0 FR479.01) Hue e &
5 (376.27), MR E 2B P B IO
BAREAR T 26 . IR 2 &3k 2 otk hy

Wt BE/INT 25 B, X R BRI SEA TGRS I 249k
F 65 BF, M T MBS ImAK, HAR BRI A A
REF Forbra w250

FIFH QTRACE2 A 437 5 — R B i 45 2R,
IHHREESHILE 3,

3 4w

AW FE AAS [ IK Bl F1 25 AF R = 00R B il B
AEFEXT SR, A A R T BOE R A T
RIS 7R BRI B R o A T T ekt JBE A
HEE-B g TR SR A VS i8-8
PRSI 0.7 m’/s. 0.4 m¥/s; MR AKTF FII
FLm AR, KR T ERRRA, U 2RI T4
BETEY); /N T M AR, KiE TR
PR, R T2 SR IR T4 IE N AR B R R, R
Je X He A 1 MURE SR BR R U BE 2K, A 2k
AN 25 I, JUEEXS 7R BRI EEA O, R T
65 I, MU S /REAR RN R, HILEX S )
W] B MR fe a5 A ERR RHLR
BOCERRE SR, O i — KB IRPF A S AR
SERL o IR A BT S 17 R T S T
TEHZASFAE, X T o0 a 1 18 25 1 A ROK S0t
SRR BT A

Acknowledgements:

This study was supported by Special Scientific
Research Fund of Public Welfare Profession of
Ministry of Land and Resources of the People's
Republic of China (No. 201411100), and China
Geological Survey (No. 1212011220959).

%3k

Mrisgril, BIF, FIE, ¥, AR, 2013, S F il
TE AN TE S5 R R S 0 R R i —— DA PRI T i
BII]. K SCH R TR LR, 40(5): 11-15.

)i, MICHELE L, #5F2, [EkR, 2598, 2009. SASEHT
IR BE B AR B B —— DL B A b R Sk oA B[], s BR
2241, 30(5): 673-678.

WA, R E. 1987, BFEE B R BRI R DN S AR ], A
BeRb 2= 1% 4, (6): 5-8.

BN, Aptr, SURINE, SRR, B, M. 2009. BT
TR BRI SR R VE S K RSO R S T]. AR R AR AR R
GUBRBL2ER), 39(4): 717-721.

TEHER, 268, R, MRE T, 2005, A ik SR 7
R BRI P A B —— DAz N S K R BRI
B3], HuBR2H, 26(4): 371-374.

WE, DU, R, ZYUE, REA. 2008, ELEARES
BT KR B P B I —— DA R e T R Ge o




246 o OER

% IR H=tLk

KR L ZIR BRG] P EEE, 27(3): 215-220.
BIE, XIFR, BBOY. 2012, FEITA M T AR R K s 7R
K W) 10 38 B FRAE Bz ok W 4y B (0], 3R B RR A%, 33(10):
3376-3381.
Sy, B HIG, SR, 2012, KR4GS 1E IR IAHL T T
T A N —— DA I T R e s il []. T
FEHIER, (2): 43-46.

References:

CHEN Yu-dao, CHENG Ya-ping, WANG Heng, JIANG Ya-ping,
HUANG Yue-qun. 2013. Quantitative tracing study of hy-

draulic and geometric parameters of a karst underground river:

exemplified by the Zhaidi underground river in Guilin[J].
Hydrogeology & Engineering Geology, 40(5): 11-15(in Chi-
nese with English abstract).

FIELD M S. 2002. The Qtracer2 program for tracer-breakthrough
curve analysis for tracer tests in karstic aquifers and other
hydrologic systems[M/OL]. U. S. Environmental Protection
Agency [2002-11-07]. http://books.google.com/.

FOURNIER M, MASSEI N, BAKALOWICZ M,
DUSSART-BAPTISTA L, RODET J, DUPONT J P. 2007.
Using turbidity dynamics and geochemical variability as a
tool for understanding the behavior and vulnerability of a
karst aquifer[J]. Hydrogeology Journal, (15): 689-704.

GHASEMIZADEH R, HELLWEGER F, BUTSCHER C, PADILLA
I, VESPER D, FIELD M, ALSHAWABKEH A. 2012. Review:
Groundwater flow and transport modeling of karst aquifers,
with particular reference to the North Coast Limestone aquifer
system of Puerto Rico[J].
1441-1461.

GOLDSCHEIDER N. 2005. Fold structure and underground drain-

Hydrogeology Journal, (20):

age pattern in the alpine karst system Hochifen-Gottesacker[J].
Eclogae Geologicae Helvetiae, (98): 1-17.

HE Shi-yi, MICHELE L, ZHANG Cheng, WANG lJin-liang, LI
Qiang. 2009. A high precision underground water tracing test
technique and its applications: a case study in Maocun karst
system, Guilin, Guangxi[J]. Acta Geoscientica Sinica, 30(5):
673-678(in Chinese with English abstract).

LAUBER U, GOLDSCHEIDER N. 2014. Use of artificial and
natural tracers to assess groundwater transit-time distribution
and flow systems in a high-alpine karst system (Wetterstein
Mountains, Germany)[J]. Hydrogeology Journal, 22(8):
1807-1824.

LI Jin-sheng, CHEN Huai-yu. 1987. Study on detection method of
tracer test for Rhodamine B[J]. Environmental Science In-
formation, (6): 5-8(in Chinese with English abstract).

LU Cheng-peng, SHU Long-cang, YUAN Li-bo, ZHANG
Rong-rong, HUANG Bi-juan, WANG Bin-bin. 2009. Deter-

mination of hydrogeologic parameters of karst aquifer based

on tracer test[J]. Journal of Jilin University(Earth Science
Edition), 39(4): 717-721(in Chinese with English abstract).

MORALES T, URIARTE J A, OLAZAR M, ANTIGUEDAD 1,
ANGULO B. 2010. Solute transport modelling in karst con-
duits with slow zones during different hydrologic conditions
[J]. Journal of Hydrology, (390): 182-189.

MUDARRA M, ANDREO B, MARIN A I, VADILLO I,
BARBERA J A. 2014. Combined use of natural and artificial
tracers to determine the hydrogeological functioning of a karst
aquifer: the Villanueva del Rosario system (Andalusia, south-
ern Spain)[J]. Hydrogeology Journal, (22): 1027-1039.

NEBBACHE S, FEENY V, POUDEVIGNE I, ALARD D. 2001.
Turbidity and nitrate transfer in karstic aquifers in rural areas:
the Brionne Basin case-study[J]. Journal of Environmental
Management, (62): 389-398.

PERRIN J, LUETSCHER M. 2008. Inference of the structure of
karst conduits using quantitative tracer tests and geological
information: example of the Swiss Jura[J]. Hydrogeology
Journal, (16): 951-967.

PETERSON E W, WICKS C M. 2003. Characterization of the
physical and hydraulic properties of the sediment in karst aq-
uifers of the Springfield Plateau, Central Missouri, USA[J].
Hydrogeology Journal, (11): 357-367.

RUFFINO B. 2015. Fluoride tracer test for the performance analy-
sis of a basin used as a lagooning pre-treatment facility in a
WTP[J].
22(13): 9786-9795.

VALDES D, DUPONT J P, MASSEI N, LAIGNEL B, RODET 1J.

Environmental Science and Pollution Research,

2006. Investigation of karst hydrodynamics and organization
using autocorrelations and T-AC curves[J]. Journal of Hy-
drology, (329): 432-443.

WANG Jin-liang, JIANG Guang-hui, HOU Man-fu, CHEN
Ding-ning. 2005. Application of electric conductivity to the
tracing test: a case study of Babao reservoir[J]. Acta Geosci-
entica Sinica, 26(4): 371-374(in Chinese with English ab-
stract).

YANG Ping-heng, LUO Jian-yin, PENG Wen, XIA Kai-sheng, LIN
Yu-shi. 2008. Application of online technique in tracer test—a
case in Qingmuguan subterranean river system, Chongqing,
China[J]. Carsologica Sinica., 27(3): 215-220(in Chinese with
English abstract).

YANG Ping-heng, LIU Zi-qi, HE Qiu-fang. 2012. Transportation
and sources of the suspended particle in a karst spring during
a storm event[J]. Environmental Science, 33(10): 3376-3381
(in Chinese with English abstract).

YI Lian-xing, XIA Ri-yuan, LU Dong-hua. 2012. Application of
hydro-chemical analysis for surveying and confirming the
groundwater river conduit: A case in the experiment base of
Zhaidi ground-river system[J]. Geotechnical Investigation &
Surveying, (2): 43-46(in Chinese with English abstract).



	12-uop

