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A sensitivity analysis of conduit flow model parameters and
its application to the catch area of the Xujiagou spring
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Abstract;In the karst aquifer systems, the pipelines as the main drainage channels have a certain control
effect on the spring flow dynamics, and the pipeline characteristic parameters also have an impact on the flow
variation. In order to determine the influence of various parameters of the pipelines, the karst water systems
developed by the pipelines were studied by predecessors, and the response of the spring discharge of short-time
series was analyzed and discussed. However, the research on the karst water systems which were not very
developed by the karst pipeline is relatively weak. For this reason, this study combines the development
characteristics of karst water systems in North China, analyses the influence degree and sensitivity of various
parameters of pipeline on the flow rate and flow pattern of karst systems by means of the CFP pipeline flow
model, and constructs the MODFLOW-CFP model of the spring basin based on the karst hydrogeological

characteristics of the Xujiagou spring basin in Hebi of Henan. The seepage of karst groundwater is simulated
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and the spring discharge under different rainfall guarantee rates is predicted. The results show that the pipe
flow rate is positively correlated with the coefficient of permeability of the pipe wall, the slope and diameter of
the pipe, while the pipe flow rate increases first and then decreases with the increasing bending and burial
depth. The influence of the pipe wall roughness on flow rate is small and shows certain fluctuation, especially
when the pipe wall roughness is small, the fluctuation is obvious. Sensitivity analyses show that the sensitivity
of the coefficient of permeability and burial depth of pipe wall is the highest, followed by the curvature and
slope of pipe, while the sensitivity of diameter and roughness of pipe wall is the lowest. Under the rainfall
guarantee rate of 25% , the annual maximum spring discharge is 0.45 m’/s and the average spring discharge
is 0.36 m’/s. Under the rainfall guarantee rate of 75% , the annual maximum spring discharge is 0.41 m’/s
and the average spring discharge is 0.31 m’/s, which are consistent with those of the actual situation. This
method can provide reference for water resources evaluation, development and protection in karst areas of
northern China.
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Xujiagou spring area

T E I H I R R R T
KRG, RGN T K AE s B R 2k, HIEN R
TR R BN, 2R S, RO B RS
ST RN &1 NEU P e (W U ) N R [
ARG FERAEO T, #F 1 £ LA BB RSy
F G5 9 R K (995 TR AR U G2 B — 2
FEHYBRSE AR . 4 W B A ( Conduit Flow
Process , CFP) [ 1 B 45 & 3 fif ple T 3 s ] J51° 0 )
19T 22 1 R A TR B R S > o e Y
HSzpRgE AT AR S XA IR R B
MR P 7 i P 9 R 1) 4 S B Y
IO FH b R 0L 5 3 e X R R i Y AR R e
SRR B R TE FERSE TS HE T HX
17 2 4 P E AR R E TR B, 4 Hb B 9K K 1
BN B0 M X T K2 A T R P T LA k2L B
T AR EEE , 2 A KR B A Bk g 1AL 5
WX B BFE R0 o LA, o 9 485 3 10 A A0F 2 B0 n ]
S RGO IR A, A R . I, A
SCILAE By CFP A5 38 70 B 760 8 o) 457 300 A0 11F 2 B0 ) o 0
TR Z G i B A 1 S T R A A% B R
T S 25 T g RE O 52 0 SR K S R R AE A
MODFLOE-CFP 1% % 409 # T /K % i 45 40, 9F
TR S [ o A FR0E 0T 19 55 0 L A Sy b 7 KSR A
PRI T K T % )R A s

1 EEFHERSRES

L1 Bk
R SE R R A IE AR X MR K IR B R AR

JE LT — &R CFP 4538 AR, 32 H B s i
W 4% 15 2 i 45 A B8 ( CFPMIL ) 5480 05 sk AT oR i
BRI E T —A 5 x5 x 3 128 ] M A& 8 5 7K 2
G320 5475 B3 2 B It WA A% 1S TR /N Dy
10 m x 10 m, &2 3 m, FEXF &K 2 A S HEAT
WE,BEKEBBERBEN 2 m/d, E[WBEREN
0.2 m/d, I 7K Z %0k 0.000 25, #1797 1E K 3k H
9 m AR EE — 5 R K Sk K SKE N 9 m, gk
R B RIS AT 50 d, o — AN R B
WM 5 3R B S 0. 003 m/d, I PRAFAAE 5 A B A
K2 ST 43 A LT 1

N3 P2 N2 P NI

\N\S\ P4 N4 H3

©
BERAkRS o VLR
o ERAKWA = g

1 HESHTEE
Fig.1 Pipeline distribution plan

1.2 U450 Ko

1.2.1 EiERE N
(1) EHEER



- 70 - BRI , 45 ¢ A8 I U A 20 2 MO S AT R FEAE 1 SR 3 SR SR ) g T

2020 4F

MRAGAE T R R G, BB ST KZ TP EEWE
WHEHMAZAE 0.5 m LN, HIHES T8 8%
0.03 ~0.50 m i [l 9 1 3 it RN O S AR fB 1 Ol TR 2
HANFEE T MBS R R 5 W SR DG
MERNT0.08 mif, it 5ERELELR:Q =
3.6d+2.5(R =0.91) ; Y HE KT 0.1 m i, i )L
SPANAR T B A Y B KRR v BOE W E/N  E TE
K A B =2 0N

270 11400
269 {1200
~267} {1000
S <
Z 2661 1800 &
1§ 264 | 1600 2
Bt {400
261} {200
2-60 1 1 1 1 ‘0
0 01 02 03 04 05

HEHZ/m

2 TEEFRMEREN L

Fig.2 Simulation results for different pipe diameters
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Fig.3 Curves of simulation results for different

pipeline depths
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Fig.4 Variation in slope simulation results
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Fig.5 Simulation results for different bending degree
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Fig.6 Simulation results for different coefficients of

permeability of pipe wall
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Fig.7 Pipeline flow vs. pipe wall roughness
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pipeline parameters on flow
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area of the Xujiagou spring in Hebi
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Table 1 Karst pipeline parameter characteristics

WG HAm BEE s MBIk m BB R o/ (med )
1 0.3 2.0 0. 005 5
2 0.3 1.8 0. 005 15
3 0.3 1.6 0. 005 15
4 0.3 1.4 0. 005 10
5 0.4 1.2 0.010 10
6 0.2 1.4 0. 001 10
7 0.2 1.6 0. 001 10
8 0.2 1.8 0. 001 10
9 0.2 2.0 0. 001 8
®2 EKESHEERSKX
Table 2 Aquifer parameters setting and zoning
K./ K./ K./ S./
(m-d™!)  (med™')  (m-d7h) m !
I 10 10 1.0 6.5E -5 —
il 3 3 0.3 1.0E -5 0.30
I 6 6 0.6 3.0E -5 0.38
v 8 8 0.8 5.0E -5 0.2
v 5 5 0.5 3.5E-5 0.25
Vi 15 15 1.5 5.5E -5 0.29
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measured values at the observation hole

E12 mBMTKEZMNEE
Fig.12 Fractal map of the karst groundwater flow field

71 BEEAULE G /N T S L, LR AEL 9 S50 a0 A T 4



<74 BRI , 45 ¢ A8 I U A 20 2 MO S AT R FEAE 1 SR 3 SR SR ) g T

2020 4F

Hl o FESERR BT A2 255 & 7K A BT RRAE A 52 ) SR 0
TSR R IR AN, X — SRR v B A AR
JE RN IS S, T RE A R A RE KRS B A
BEEBUE A OC . AR 18 AT IR n] AR 5 B 7% kL 1
GE (RS M MBS AR S RkR, EKEE,
R B IK AL 5 S0 Ml T K K 7 SE AR — 3K, Hb R K 3R
A RO B BEAV AT & L PR o
S —— S - -4 - HME

05

SA—k—a o, O

<
~
T

RRE/(m3sT)
(=]
»

.
5 5 D
P B

O VYT K 97 N Q7Y

F F I FF SN YR
I N SN SR I S S i)
2 A e A A

13 RREZNESEBE L i 2
Fig.13 Comparison of measured values and the

simulated values of the spring discharge

2.4 ASTRIBE K PRIE 3R T SR 9

A 1966—2016 47K & GO}, i 1 A [\ 7K
PRUE2R T 19 K o DA R 45 1S S8 I K d B G o 4 3
K Y E A B T AR T B K (R SIE 2R BIE X6 B A 4F B 7K
7 LUK Ho 9 R 80, 45 A H IR OK & T2 B 3 BT AL
A ASE LIRS R | T AN [ B K R IR 3R R SR R i
PREEFF R ANAL B 25 % B KPR UE SR X 0L Y 4 B 7K
YR K AESEAT 43, 45 R R (& 14)  FKAR R 1
KAOLZY R 114 ~ 115 m, @& R DR AR & 2 ~3 m 4R
e ROR TR 0.45 m™/s SRR 0.36 m™/s
75 % B K AR AIE 6 6F I 1 4T [ 7K A R Al K AR iE 47 4
Br, 485 9 R Al K AR S K AL 29 113 m, B i T 4R

75%

050 — 5%

B 14 HNNRRENETEULHLE
Fig.14 Predicted dynamic changes in the spring discharge

AR 112 m AR f KRR 0.41 m'/s, S35 SR
BH0.31 m’/s,

8 Bz A BRI T A W) e K DR E 22 o 9 2 0 SR
Tt A R AR AR TR 55 AT 45 L T BROAR R K AR SR U i
AEXS EARAE R /N B A AR T B Y U e . T
FEm e — PR L sgm 7 IR Ui i, (R RV K R
Ak 2t 1 A PE VE B o U A SRV G SR UK A6 A
TR VPRI R A S AR KRR LT
XF R K IR B BT B0

3 %

(1) RER i RB0 8 18 W B A 42 5 48 3 O i
BIEAHG, ME RS & R BOAE R/ X4
TR MK 2, % S B K, X i = 5
BN o A A T I R RS R  4 R I F  EOk
B RGN  AFAE Wl 5 RE R RS B X6 I 5 R 7 O A
SN B B — i WU P R ) R A A R R RS
FER /NG U B I

(2) AT R GE I = RE VS i 5 8O IR 1Y) B
PESrc i, Houk R 25 i R RN A5 M B T A T B AR RN A BE
FELRE P55 1) BB R K

(3) #9 &) MODFLOW -CFP £ B 8 £ 5 1/F K 8 3
B K ST b I A5 A AR TR 25 R UK < AE 25% P
IKARIER R P51 R AE i KR i 0.45 m'/s,
SRR 0.36 m* /sy 7E T5% FEKARIER T | 4F i
KIRH AN 0.41 m*/s, F-H R K 0.31 m*/s,

£ % ik ( References) :

[ 1] ==k PEAHESIM]. Jbat: H B R A,
1994. [ YUAN D X. Karst science in China [ M ].
Beijing: Geological Publishing House, 1994. ( in
Chinese) ]

[ 2] EBf7o. AWKSCHBTEIM]. dbat B2 i it
2015. [ HAN X R. Karst hydrogeology[ M. Beijing:
Science Press, 2015. (in Chinese) |

[3] =#Zk HEE LR, % HAEEE(M]. I
0. BF 2 MR 4, 2016. [ YUAN D X, JIANG Y J,
SHEN L C, et al. Modern karstology [ M . Beijing:
Science Press, 2016. (in Chinese) |

[ 4] #nde W, L5855, BAHEA BT K
WREFEHERE[ ], JK SCH BT TR 5T ,2015,42(3)
27 -34. [WEI J H, GUO Y J, WANG R, et al.
Recent advances in simulation approaches of the

complex karst medium [ J ]. Hydrogeology &



7K 3T 5T TR

.75 -

[8]

[9]

[11]

[12]

[13]

Engineering Geology, 2015, 42 (3). 27 - 34. (in
Chinese) ]

SHOEMAKER W B, KUNIANSKY E L, BIRK S, et
al. Documentation of a conduit flow process ( CFP)
for MODFLOW-2005[ M ]. Washington:USGS, 2008.
Wits, B RS IR S EN TR
RIWFsE e [T]. vh [ A, 2014,33 (4) : 419 —
424 [YANG Y, TANG J S, SU C T, et al. Research
advances on multi-medium flow model for karst
aquifers[ J]. Carsologica Sinica, 2014,33(4) :419 -
424. (in Chinese) ]

RN, EHIG, B8, %. T CFP AR B
B AE AT 5T PAAE AR I8 IS 1 ) 1 & 52 1

[J]. MER22H,2018,39(2) :225 - 232. [ ZHAO L
J, XIAR Y, YANG Y, et al. Research on numerical
simulation of karst conduit media based on CFP: a
case study of Zhaidi karst underground river subsystem
of Guilin[ J]. Acta Geoscientica Sinica, 2018, 39
(2):225 -232. (in Chinese) ]

HILL M E, STEWART M T, MARTIN A. Evaluation
of the MODFLOW—2005 conduit flow process[J].
Groundwater, 2010, 48(4) :549 -559.

REIMANN T, HILL M E. MODFLOW-CFP. A New
Conduit Flow Process for MODFLOW-2005 [ J ].
Groundwater, 2010, 47(3) 321 -325.

GALLEGOS J J, HU B X, DAVIS H. Simulating flow
in karst aquifers at laboratory and sub-regional scales
using MODFLOW-CFP [ J]. Hydrogeology Journal,
2013, 21(8): 1749 - 1760.

Z ol [, 5 M fF . CFP A8 T Ui H0(E B2 405 vk 45 i
[J]. #6F7K,2014,36(3):98 - 100. [QIN J G,
JIANG Y P. A survey of numerical simulation methods
for CFP pipeline flow [ J]. Ground Water, 2014, 36
(3):98 -100. (in Chinese) ]

XUTH LT, S A, B RGBT 45 WAL Y
7K FR G W T AR AL e ) R R A —— DA B N S R
RUNRE R BI[T]. & MO 2 i (R B 22 1)
2010, 40(5) . 1083 - 1089. [ LIU L H, SHU L C,
LU C P. Precipitation and discharge response
mechanism based on conduit flow model in karstic
water system: application the Houzhai karstic water
system of Guizhou Province [ J]. Journal of Jilin
University ( Earth Science Edition), 2010, 40(5) :
1083 - 1089. (in Chinese) |

XU LL, 5 0 B, oK. e P RUBE 35 79 0 3 3K 74 it
AR [T]. PH@ie,2017,33(1) : 32 -

[15]

[16]

[17]

[18]

[19]

38. [LIU L. H, WU X X, YAN B. Research of
transition between the darcian and non—darcian flow
of rock block scale [ J].
Technology, 2017, 33(1): 32 -=38. (in Chinese) ]

FERCAE MR AR . A TR T S A R W R R AR A Y
BB [T]. o E A, 2017, 36 (5):
736 - 742. [ JIAO Y J, PAN X D. Numerical

Bulletin of Science and

modeling of the influence of karst-conduit structure on
variation of spring flow[ J]. Carsologica Sinica, 2017,
36(5): 736 —742. (in Chinese) ]
WAk, T MODFLOW-CFP ] i 45 7 45 U4 i X
HEKBESEFE B[ D], Jbat: b H B
KA (b 5E) ,2018. [ YANG Z Q. The groundwater
numerical simulation and solute transport model based
on MODFLOW-CFP in Hunan province Xianghualing
Area[ D]. Beijing: China University Of Geosciences
(Beijing) , 2018. (iin Chinese) ]
Bt R, IR LA SR T CFP A4 7 8 1 It
W DB B B AT 5T [T ] K S0 H B TR M e
2019,46(4) . 51 -57. [YANG Y, ZHAO L J, SU C
T, et al. A study of the solute transport model for
karst conduits based on CFP [ J]. Hydrogeology &
Engineering Geology, 2019, 46 (4):.51 - 57. (in
Chinese) ]
REIMANN T, REHRL C, SHOEMAKER W B, et al.
The significance of turbulent flow representation in
single-continuum models [ J ]. Water Resources
Research, 2011, 47(9) . 2415 —2422.
BAHRAMI M, YOVANOVICH M M, CULHAM ] R.
Pressure drop of fully-developed, laminar flow in
rough micro tubes [ C ]//Proceedings of ASME
Conference on ASME 3rd International Conference on
Microchannels and Minichannels. 2008 . 259 —268.
SeTR A S A BRI AL R BE T A T R K AT T
RBEW AT S [T]. BT ,2013,29(7)
83 -85. [CHAI H W, WU J J, CHEN M, et al.
Analysis and evaluation of exploitable resources of
karst groundwater in Hebi City[ J]. Modern Mining,
2013, 29(7) : 83 —85. (in Chinese) ]
TRERAS. #8 BE T A ¥ K R A 2K U5 B 7K 5% R 4 TF A
[J]. BRH M A,2015(4) ;164 - 164. [ XU Z J.
Water resources evaluation of karst water reserve water
source in Hebi City [ J]. Science & Technology
Vision, 2015(4) : 164 —164. (in Chinese) |
RIB.x £ &



