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Abstract: One of the main characteristics of water-bearing system in karst area is that the pipelines of sinkholes of the developing
soluble rock are connected with the underground water network. The precipitation and its surface runoff can be quickly poured into
the underground river system through the pipelines, the underground complex hydrology changed the aquifer’s transmission mode
and the transmission speed and quantity of the non-point source pollutants in the vertical and horizontal directions selected. The
karst area in the Poyang Lake Watershed is selected as the object of non-point source pollution. This study examined the character-
istics of karst water system, the hydrological process of introduce holes, underground river, and the main nutrient transfer process.
The original hydrological cycle of SWAT, the related algorithms, the single feature of the non-point source pollution simulation in
the loose homogeneous medium basin was modified. This study established the non-point source pollution model suitable for karst
watershed and the corresponding simulation method. This modified model, through a controlled simulation method and a sensitivity
analysis, is used to quantitatively evaluate the impact of the karst characteristics of water, including sinkholes, underground stream

and river on nitrogen and phosphorus and other major non-point source of pollutant transport and its correspondent time and space
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effect. Furthermore, the interaction and conversion mechanism of sinkholes, underground stream, river with the surface-under-
ground hydrology and nutrient salt was analyzed. The results showed that the karst characteristics had an increasing effect on the ni-
trogen and phosphorus load in the watershed. The increase of total phosphorus was significantly greater than the increase of total ni-
trogen , and the increase of total phosphorus and total nitrogen was 0.86% and 2.12% , respectively. The increase of vegetation karst
index can cause the increase of the output of soluble phosphorus and organic phosphorus in the watershed, followed by the output of
organic nitrogen and nitrate and nitrogen. The sinkholes changed the way of rainfall and increased the production of organic phos-
phorus and organic nitrogen, with the incremental change in the range of 0—-0.7 kg/ha and 0-0.3 kg/ha, respectively.

Keywords : Non-point source pollution; karst basin; SWAT model ; numerical simulation; groundwater; Henggang River Basin
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Fig.1 Location and terrain of study area
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Tab.1 The initial value of CN in the test sample area

IRIRHE X Y CN(AMC 1) CN(AMCII) CN(AMCII)
RCS01 85.4 88.6 91.3
RCS02 89.6 91.9 93.1
RCS03 79.5 83.2 88.2
RCS04 91.1 93.5 95.2

1.2.3 HEmE Mk KA T AR | Wk IUA RIS (DEM) 78 SWAT AR5 Py s T2 BUA 175 I I 2%
JKTT I B2 B A o 36 52 2%, 9B 3 7 [T A, AR S o A i S ) 7Kk B HG i
AR SRS Y 7R 3 B S KT T PG R B S 8. DL DEM 2RV R 32, 38 B AR LR MR IR i, R
NI 8 X IF 5 XA Hb T 7K 1 04T BT , AR BRI 3 3k DEM A1 B AR FO kAR . 25 BTt
HBTHST] 2001 — 2002 4F58 LAY 1:50000 b 57 25 [A] 40400 22 BOR} , Je 28 e T 9% Xt 38 B b ™R 7K 1) () B A
HH.

1.2.4 5 & ACSUKFRBAE R KBS AR K AR 368 B RTREE 5 M E 00
% H I , 2R B AR R ANRIR SRR AR K i R, K PRAR 5T B SWAT H
RS HIAESR 5 W 5 S BRI UR T /K SRR T T RS LR R L B B SRR R EE 5 K SO Y H SEl
Bl RS XS (S /N, bR S Gl FRK SO A7 B A AR I 5% DX L 2 A, i LA 3K 63 o 199 8 5
TEAHSCE ARaR.

IR SCOK AR FE T SWAT LA A SR8 AR AL GG TIE , A0 55 7] 375 7 = 5000 Al i 5 208 JR b Wk
B SRy TR AR R T I TR AV T K R G A R OK S R ANE SRR R e AR AT M, BT 8
AN S (B 4.3 2) X S K BT 8 YRl . SRAE B ZALRE /K IR T AR UL IR R R
SRR LA 46 P e AR RN (ST I A5 14 7K TR 8 450 g W T 0 ), 5 5 R R AR AT 45 S 000 3 3k B T
A5 SR A TR R R

3 2 WEAUK FUREE S A PR B ILAH G B

Tab.2 Flow and water quality sampling points and their related information
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Nopwr = (1L =88 « N wep_direct * Ehru_batr (10)
K, € e N HRU 55050 T AR A B A51) 22 580, oAk [ .

2.2 BBWELIESH
221 BEEE RS RN HBREIIA T MRS PR RI SWAT-CUP HPF 17, 25 B0 RS
PERIR R 1-Stat Jrik. LAY 2 HOSORAEIR 0 6145 ALPHA_BF GW_DELAY GWQMN .GW_REVAP ES-
CO SOL_AWG % 12 420, 4 ST F 1 MR ME SCH WU SURISE 25 R 4 3

3 MR ES R ES

Tab.3 Calibration parameter and calibration result of flow

F5 E L CA N FrE BRI R Rpgh R
1 V_CH_K2 e FE P BUR A BOK 1555/ (mm/h) 38.75
2 V_ALPHA_BF gw FEF o HF/d 0.55
3 R_SOL_AWC sol IR AT K B/ (mm/mm) 0.31
4 V_CH_N2 rte FTE T n” 0.075
5 R_OV_N hru Yl 1 18 37 (overland flow) [ %8 7 “n” (& -0.186
6 V_GWQMN gw HKJZ 37 % A At 7K R 99 L/ mm 1.140
7 V_GW_DELAY gw R /K ZER i) /d 361.79
8 A_ESCO hru + e R AMER T 0.038
9 R_DEPIMP_BSN bsn FEARNIA A bR KA A B K Z TR/ mm 0.262
10 R_MSK_CO1 bsn FH TR0 5 WA I [ 5 505 i ) S R K 5.340
11 V_MSK_CO02 bsn FH T4 AR AT A e ) 5052 ) 114 3 28 R 4L 0.410
12 V_GW_REVAP gw T K78k REL 0.050

* AT Vo RUA A_BTZUMNFR B SEUH = 202 20, B S 808 = U6 SHEX (1+35E 420 Bl 240l =
WASHAE+REHAR.

Hi ¢-Stat J5 L AT, P-Value<0.05 I, iZZH0N A 2 U . [ 6 25t 11X 12 DS E R E USRI,
M P-Value {E ] LIF i, 75 12 R 5ESHoh, CH_K2  ALPHA_BF 3X 2 424 LA EUR.

P-Value t-Stat
(.) 0.|2 Oi4 Oi6 018 1.0-4.0-3.5-3.0 -25-20-15-10-05 0 05 1.0 15 20 25 3.0 35
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
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Fig.6 The sensitivity level of 12 calibration parameters related to flow of ¢-Stat values and P-Value
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Fig.7 The sensitivity level of 8 calibration parameters related to nitrogen of ¢-Stat values and P-Value

F A AHRSHINARE LR

Tab.4 Calibration result of nitrogen related parameters

F5 ELEA FrEBEm S RS X R LR
1 SHALLST_N gw LIS 1 1 K 1] T ARG R R R/ (mg/ L) 520.85
2 BIOMIX mgt H IR B 0.027
3 NPERCO bsn REBB AR 0.21
4 CMN bsn A VLA LR E T 0.0017
5 SPCON bsn VAT Y R VDR E T A R PR A 0.0051
6 SPEXP bsn T VR S PR U T TS Y Y R A 1.25
7 ERORGN hru AR SR 2.56
8 CH_ONCO e B G HLAR B/ (mg/ L) 78.08

B (P) B FRER ST B S B3 E e % PSP RSDCO \PHOSKD #1 PPERCO 45 10 24, 25 R KX 10 4>
ZHp, A ERORGP 28R U, JE P-Value /NT 0.05 (141 8) . &1 8 4511 T Sk 10 A>Z Bl 1)
P-Value {1 t-Stat {5, % S HU A FR FITTE A RS 2R SCPF W) B SCRIATE S5 2R LR 5.

15 N AP ZHAGE B REA L % L3R SN U B S BORE R SWAT-CUP BEAT #E— 25 ) Rk 30 , 15321
IRAEHIZHL, IF A L A58 I B SR TR TESEI N I P S Ar Bl SE il b X Bl 5 R A 7 Ik, 743
PrEUL ) A R R
222 REHEHRBBEUNE RNBIERAKELH [ SWAT-CUP SHFE ISR, B IER A XT2010—
2013 AFPEATREALL, IR IBORERY iy Y A 2013 AR FE SR ER S0, 1 B B4 T 7K Sk A 5 000 3 A A 6 U 4 A
IR R R B K BURAR RIS , BEAT B R 04 181 9 2 i 148 TE AL ARSI k5 S 00 O S D B
AR I 0 R, T LA RS 5 S0 i A e e — 5, (LA 0L ) T 0 (5 S0 1) 7 WA AT 7 B
A, 55 S A, DL AT AR i A R 8. 55 0 S 4 g T o LB T LR DL ) 22 e s 4
5 AL R 2 PR B AT AR ) — Bk
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Fig.8 The sensitivity level of 10 calibration parameters related to phosphorus of ¢-Stat values and P-Value

# 5 WRHICS RN R E LS

Tab.5 Calibration result of phosphorus related parameters

75 BRAFR e PESCf: R L RELER
1 GWSOLP aw T deRaE o R K HE [ AT Y RV P/ (mg/L) 0.30
2 PPERCO bsn W5 R 16.97
3 RSDCO bsn T Y5 B W i R AL 0.083
4 PSP bsn AT EY 0.0835
5 PHOSKD bsn + e B i R 5L 133.00
6 ERORGP hru EER IR S 2.450
7 CH_OPCO e I3 P A HLBER B/ (mg/L) 83.00
8 P_UPDIS bsn ASL TGS 1.00
9 BC4_BSN bsn A7 HLAE 8 WO T M Tl Y R 4 0.376
10 CH_OPCO_BSN bsn WL R I A ML R/ (mg/L) 71.00

B IERERYBELI i ) A8 M 2087 7T LU BEAEL{EL 5 S IR A R OC R KK 0.94 I IR 825 K- (£
6) . ILAMERIY NS ZHCH 0.89, U W TE AR AE BLALLE VA BB I 7= 000y T A HEAS 3 1 et Iy et ™

K 6 B IEBRUBLLL Y i A o o B

Tab.6 The flow effectiveness analysis of correction model simulation

BRALK F-H{E/ (m?/s) L/ (m?/s) KE/d R/ (m/s) R*(=0.01) NS
SR 0.725+1.199 0.013~15.500 365 264.610 0.94 0.89
FREAUE 0.791+£0.917 0.235~12.260 365 268.678

TERUE FRER ST 7 T, P 10 25 3 TS IE SRV 5 S5 TP TN ¥ BEXT AR, n] AT BRI ZEAL DL TP Fil
TN 7y 5T o ) 345 25 ) R AR AR — B 3R 7 45 th 1B IE ST UL 35 20 0y T A A 23, Herp
OrgN OrgP \NO, NH, MinP 535N HUA A LB A A A 0. I RMEAN NS (KA  BUALRCRng 22
T AL, TN Al TP (AU SRR S R A NS 20975 0.7 L, H TN IBUIRCR T TP iU
% BTN A TP ) R e NS ZE053 520 0.73,0.86 F 0.71,0.82, HAVE FREL M A R R BULFE 7.
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Fig.9 The comparison of watershed average rainfall between simulated flow and the measured flow
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Fig.10 The comparison of measured values and simulated values of TN and TP about correction model
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Tab.7 The effectiveness analysis about correction model to simulation nutrient

Giit TP TN OrgN OrgP NO, NH, MinP
R*(a=0.01) 0.86 0.73 0.85 0.88 0.74 0.81 0.59
NS 2% 0.82 0.71 0.65 0.81 0.62 0.75 0.57

3 HRMIBIERIRT R B S

ST REE A AU e 1 B M Je A VR A T8 3 G A8 A i 7, 1 S B A HT SR i 7
TR AR IAY 2K SR B v, IR 2 AT AT ) B/ WL a5, o L TL A T2 RYAEMEE R, X 2 4
MBI AT 64 1 10 0 530 AR R T R, G K T Be g i 8 18 A 1S, Forb 18 T B 2 A /K B9
FESTBE X5 2 A WA i F R Bl T 3 AR A9 TN A1 TP A i 2 L kAT 204 (P 11 FIEE 8).

18 115 J[ B TN A1 TP K23 ey, Horpr 18 ] Be by i b 20T 15 W[ Be iy i in &, H. TP #9380 b
AT TN, 15 F1 18 /Bt TN F1 TP 5-F-HH i Le 1) 73531k 0.41% .0.79% F1 0.86% ,2.12% (3£ 8) . Hittnl
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Fig.11 The percentage change of TN and TP in two underground river outlets ( Dongxiadong and Laoshedong)
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Tab.8 The percentage changes of TN and TP in different months in two underground river outlets

MBS EIREE LA 24 3A 47 SA 68 7TH 8H 94 104 1IH 124 FHE

15 B ™ 041 032 025 116 1.79 023 0.06 -0.09 041 0.13 037 0.15 0.41
™ 076 174 1.63 129 1.05 042 036 0.11 047 028 1.07 0.66 0.79
18 [ B T™ 076 074 055 199 285 037 0.14 0.04 166 023 1.04 031 0.86
TP 1.91 431 366 3.11 3.68 215 139 041 156 0.65 2.66 1.04 2.12
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Fig.12 The contact of sub basin water-output and VKPI
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Fig.13 The contact of sub basin water-output and nutrient production
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Fig.14 The contact of sub basin surface runoff and rainfall
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Fig.15 The contact of rainfall and sub basin nutrition change
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