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Abstract: Groundwater vulnerability assessment is a key to groundwater pollution prevention and control. Process
simulation method is considered to be the most accurate and meaningful according to a large amount of achievements
on groundwater vulnerability assessment of forty years. Nowadays, the combination of groundwater fate and trans-
port model and groundwater vulnerability assessment has been investigated to reveal the advantage of process simu-
lation method, such as specific physical meaning, high reliability of evaluation results, low subjectivity and strong
availability. However, process simulation method is limited by long period groundwater flow and transport data,
and such has the disadvantage of uncertainty. Besides, it’s difficult to obtain the quantitative parameters reflecting
the fate and the transport of contaminants. Therefore, this paper pointed out that the fate and the transport theory
of pollutant in the vadose zone, the combining model of the vadose and the saturated zone, coupling of random mod-
el, various intelligent models and process simulation method, uncertainty analysis of process simulation method and
evaluation results and integrating of GIS and groundwater flow and pollutant migration model should be paid more
attention in future groundwater vulnerability assessment research,.
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Fig. 1 Transformation process of groundwater pollutants
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Fig. 2 The origin-pathway-target model

for vulnerability assessment

Nobre 5t EL PG 7R b F8 I 165 385 i1 9 1 T 7K i 55 P
A e RS 64T T VP . ARTE IR A 3R A B e TS
YWy 32 A% i) 45 R4 T A R KON 55 o
3 DX o ARV AR XE TN i G 5 DX A A b K il K
LT AR fE

Frind 45 FI| A bl 2R3 AN [0] J5 95 5T 42 6 5 A
FE VAN T S A S5 e 55 1 L K 7 T i s K&
KUK Z 2 &K 24 =4 T KRG . WFoE
FI TG G iz 7% A A B K Ak 19 15 L W) ik s 2
75 Hh 26, DA R 3R BT Y i B B i s 1a] L R PR Ve
FH AR e el /0N i A T ) R A A SR s A ) B ] A
15 YRR e AR I ) IR 3 4 S 3R AE SR PE AR
AR S5 i 55 P B PEAN FR AT

Joung %7 75 g i B JE T A0 A R R R 15 Gk 1)
B HMA GG by b, T Fis B AL R A ) R I T iE
B8 45 AR T oK I Ak 5 Gl v B 2 3 i 2k R G
YRGB K s B wt ], 25 R ISR $h 76 7K
J2 TR b R Ak 2 P ST S e i 55 M 2 SR L DXLk T
15 e Wy 1) b BR A 25 M TG T MR K ME 55 1 00 I SR AR
KA
2.4 MITKBESHEHBRIE

Hb T K ME 55 P R BB D) AR £ g B DT
Hb T K 555 1 B Ao [ 64 2 £ T AR A L A S
PR AR BB, T 50 %6 135 G H i0F A Hi T K v i e T
5 Y WS G R K BRI R T G A R R B LA
2] ) 1l 7K 55 P A e /AR A S DAL i K R S [R]
A B A 5T 25 L T A K B IR A BHORN Hb R K TS g R
Hl AR BRI T A . (R B AT H TR R g
B A BR A S FR AT AL A I 8] 2R AT R K e
55 PEPE Y

WAL b 7K ME 55 1 2 HE T ASORE SR S G ik e
SO DA ) B 7 e o = =1/ N T S NS G 0 R
TR B 50 Ak I ok B 2 0 M 4G . 2 4 — M i b
KT s AR R IR HL . 9T 2 AR B 2R A i

2 v 1 USROG 55 0 S R L A BB M YS e
Wy B B 3k U5 A 5 G MR JE Y 2526 .500 .75 %0 1Y
BRHTE] 125 150 v trs W AVBIK ) i 8 R 5 A8 7K H)
TRV BE B LUAB Coon/Co 25 % .75 % 15 Y2 ) 6 A H 1
Hi I 8] 22 205 205« B K T AR TS Y B9 R B A
(1o 1500/ (tso 1750 % o Yu SFPS R H 105 4 1L AR B
KT i Sk M R K ME 559 M 19 3 AE 48 AR . Brouyere
ZEVHR A SRS YRI5 XN R AR L T K i
PERIF G N 1% 8 O T V5 Y ) 31 3 HE ik A A% B R0 8 B
RF S I R) R K5 Qe R BE

Christoph il Peter ™/ {5 Bl % 24 45 51 15 2] T
X6 A SR B R B 2F 37 il 42 DR i) R LTS G
It VR BB 5 Y W) T Gy 8 B 1 B [V R R s D7 A
IR AR ME S e . R A SRR T HE
T DX SR A Y 1R 7K MG 55 1R 43 A . FLR BT W R b
T KO 555 I ) ) AR Ak

Christoph 1 Rafig™ #t4 =l 1 A7 — 2 3 T /K
K S A2 B A5E RY 5 7K SC Hl B 1) 4 ) 43 A R IR
FRAE— L 38 15 B I 5 3 i kRN AE AN TR K R K
JE T A VS AR IR VO A A SO ds B ) BSUME A AL 4 R
HEN T IB R ] AL A AN [ J5 2 TR A R K AR
AN Z YOG R F B A8 B[R] R DA R K AR
JOT I 55 M 8 b o 5 SR SR B 7 A ] VS R 0
B YIS AEA R (A 1 ) N R IFIA A
B M K 55 M R 5 2475 Y W v N R T R
AB 1 K ME 55 1 B AR

Brouyere M58 T = b i 55 M B 4 45 SR 0
R 56 b v S DR BT (1475 e 4 1 - 2538 RS I R) L H
i T e oE 7 2 1 D 22 . 9 M g5 R 1Y VR B RS
Y R A TR A e B 22 b H DR B g 22 R i B R T
ANGE FAE KRG FEAE . Ak B R B A 56 0 vk T
BLHLF A ) AG AE &, A B B[R] 8 4 A T Y
VS WA b 3R A8 A5 28 2ok A0 S0 B35 M R KoK HT Y i
RO B] S A3 T 9 B3 B2 0O AF SE 48 b . A TB I )
B2 W T 0F 4 W 0 4R b X MR K AR R 59
PESITI LR 1A T A I AR

3 S5 REZE

HEF 1o R B 5 R KA G 55 %) E
AL K A R TR A B, BF 90 4 0K VG 55 1 %) 7 4
TG YL W ok R s B R Ak . o R AR UL R
i HE T Hb T 7K K G RS 3 A% B A AR R X o B E AT
HUERME G (A A7 a0 R 8 OAGE F T K He
R(1:50000 Ph ) AF 5 IX A9 1 55 1 2 X @ 7 22 2
W4 4 BT 8] 5 570 1l T 7K KA R K BT 5 ) 5 ) i R s



) 1 R A2 125
1 NEHERFEMNETKEBEOBIERT R
Table 1 Part groundwater vulnerability evaluation models by transit time
EP3 # N 1 55 1 43 % 2% ik
e . oLy n FEHE (<C0.5 a) . & (0. 5~5
o WBRMRFLREOR ) LS g W AR m/sim @) IR (520 @) . (20~
IR N0 E NN PO R ALY a = 50 &) ME(50~100 & . 4E % {5 [35]
Il DAT H R s, R ABE K mL/ em? (=100 % . .
T _ 2T XFC e
Z‘:szwﬁq]vv.\ N ANB KBRS, [36]
E A R A R ] 36
o U dm/asGWR BT KA % mm /s FC Ol SR8
n J5 - A T )35 K A mm /i T 40 U L o,
. HEl . mULNH~3
A AB R AR R B AR RAS KR e e (ST UL A 3
B Gia A 0 5 KK 1 @) (810 @) i (1029 L7
i S ° ) AEBAEC>250) T K.
_ W R=DM/N, 3t LR A R ALBUK BOME R I as AR (<1 ) 5 (1~3 a).
= 1 ¢ \'w-
e o IR o mo MR K R L et N G100 B0~ @, (3]
.

T A B AR A m/ a,

JEHARC>25 ),

FUTEAE MR K G55 1R PP A rb A7 A5 AN B0 R 1 5 72 A2 Y
Ji5C PR 0 45 2 WA B 2 1 PR 2R R LA B E R R
R KRG BENL S 2 AR MRS E T B WA B E
P I WS AE T 0 G2 AR CAN 7K ST Jo M 2 5 20 )
ST B B0 220 TSR L KR TR 250
P T3 BT AN B R s @ HEAE T e My 7 A
I 0T B I B B A ML LA % S ik A 2 B
WAFAEA T EPE . Rl A e o P R AU 0% 7 i ke
K MESE b AT LA JLAS J7 T TR A -

OTEFEATH S 7K BE PG 55 PEATAN I 3 L S
R SO B B A BRI BIF 5 L 78 34T TR K R 55
PEPEAN I B£8R BLAD 0 AR A X 3t K
e 583 P W) LK R =l AR R K O RS e s 78
B AR (A IR AT o

QR R 1 FE Y 5 BE LR BY | 4% Ff 3 B 7
CR A ZR 58 BP M2 W 2% $50 T3 Al 3027 55 ) 45
S [R5 3 2K 55 1k A 7 i

QM T A E 55 P VAR 18 B AR it A R
GIS FOR L 25 Fh B AR R A 25 551 2 T 7Kg 55
WA 89—~ B £ KT )

@1 FR LA PR T K e 5 1k B B
B DT O 25 SR T A B | R LM AT L S P i A
S AE TR K R G B Y S 2 BEALAS B E A L T
I & 4 T A MG 55 1R P A D7 95 AR B R VE A 45 R A
TE L3 T I B — 5.

%

AN
=

S & 3 #k (References) :

(1] ™IS, tR 7. R K BESsS PO a o Bk [T ] B 3B 3t 1
2006, 23(3): 268 —271.
(2] A&, WER. R NESS A& PR 4 O 15 5 BT ST

(3]

[4]

(6]

[7]

(8]

(9]

[10]

[11]

[12]

(0], KRk R, 1999, 10(4) ; 444— 449,
ZAEAE. KNS DTS LT . R BT . 2002, 21(1) .
33—38.
Sadek M A, El-Samie S G A. Pollution vulnerability of the
Quaternary aquifer near Cairo, Egypt, as indicated by isotopes
and hydrochemistry[ J]. Hydrogeology Journal, 2001, 9. 273
—281.
Mahlknecht J, Medina-Mejia G. Intrinsic aquifer vulnerability
assessment ; validation by environmental tracers in San Miguel de
Allende, Mexico[J]. Environ. Geol. , 2006, 51: 477—491.
Panagopoulos G P, Antonakos A K, Lambrakis N J. Optimi-
zation of the DRASTIC method for groundwater vulnerability
assessment via the use of simple statistical methods and GIS
[J]. Hydrogeology Journal, 2006, 14: 894—911.
Gogu R C, Dassargues A. Current trends and future challen-
ges in groundwater vulnerability assessment using overlay and
index methods [J]. Environ. Geol. , 2000, 39(6); 549—559.
Zwahlen F, editor. Vulnerability and risk mapping for the pro-
tection of carbonate (karst) aquifers. Final report of COST
Action 620. Brussels: European Commission, Directorate-
General XII Science, Research and Development, 2004,
Antonakos A K, Lambrakis N J. Development and testing of
three hybrid methods for the assessment of aquifer vulnerabili-
ty to nitrates, based on the drastic model, an example from
NE Korinthia, Greece [J]. Journal of Hydrology, 2007, 333
(2-4): 288—304.
Nobre R C M, Rotunno O C , Mansur W J, Nobre M M M,
Cosenza C A N. Groundwater vulnerability and risk mapping
using GIS, modeling and a fuzzy logic tool[J]. Journal of
Contaminant Hydrology, 2007, 94 (3-4). 277—292.
Almasri M N. Assessment of intrinsic vulnerability to con-
tamination for Gaza coastal aquifer, Palestine[J]. Journal of
Environmental Management, 2008, 88(4): 577—593.
Foseter SS D. Fundamental concepts in aquifer vulnerability,

pollutions risk and protection strategy[ J]. TNO Committee



126

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

i BRAE/BE T BTN Y M R K e 59 1 I A B O

on Hydrological Research, Delft, The Netherland, 1987, 12
—18.

REEE  BHRAE, MU, . b KIS Y N EE MR 0 Oy
[J]. M@, 2005, 24(10-11):1043—1047.

Weocwe, BTt BB T K S R (D], dba: W
R, 2007,

Christoph N, Rafig A. Quantitative assessment of intrinsic
groundwater vulnerability to contamination using numerical
simulations [ J]. Science of the Total Environment, 2009,
408(2): 145—254.

Goldscheider N. Hydrogeology and vulnerability of karst sys-
tems-examples from the Northern Alps and the Swabian Alb
[D]. University of Karlsruhe, 2002. Available at http://
digbib. ubka. uni-karlsruhe. de/volltexte/1812002.

Ryan M, Meiman J. An examination of short-term variations
in water quality at a karst spring in Kentucky[J]. Ground
Water, 1996, 34(1). 23—30.

Auckenthaler A, Raso G, Huggenberger P. Particle trans-
port in a karst aquifer; Natural and artificial tracer experi-
ments with bacteria, bacteriophages and microspheres[ J].
Water Sci. Technol. , 2002, 46(3): 131—138.

Zheng Chenmiao, Gordon D B. Applied Contaminant Trans-
port Modeling ( second edition)[ M]. Beijing, 2009.
Witkowski A J, Kowalczk A. Groundwater vulnerability map
of the Chrzano” w karst-fissured Triassic aquifer (Poland)
[J]. Environmental Geology, 2003, 44(3);: 59—67.

SRR ZE, SRIA . EER BEOCE, BRIEE. BKE. ETHRE
T3 R K TS P e g5 I — — LD R T T IR Z 4 R K
ML, #F AR, 2009, 83(1): 131—137.

B . R R R R DR R K R R G 5 T
RERILT]. AR CARBL D , 2010, 50(6): 844
—847.

Guo Qinghai, Wang Yanxin. A new model (DRARCH) for
assessing groundwater vulnerability to arsenic contamination
at basin scale: A case study in Taiyuan basin, northern China
[JJ. Environ. Geol. , 2007, 52(5): 923—932.

T, TR LT R X R K SR AR SR T . 3R
Bl 22240, 2003, 23(1); 94— 99

Goldscheider N, Klute M, Sturm S, Hétzl H. The PI meth-
od- a GIS-based approach to mapping groundwater vulnerabil-
ity with special consideration of karst aquifers[ J]. Environ.
Geol. , 2000, 46(3): 157—166.

Frind E O, Mollson J] M, Rudolph D L.. Well vulmerabillity:
A quantitative approach for source water protection [ ] ].
Groundwater, 2006, 44(5) . 732—742.

Joung W L, Bae G O, Lee K K. Groundwater vulnerability
assessment by determining maximum contaminant loading
limit in the vicinity of pumping wells [J]. Geoscience Jour-
nal, 2009, 13(1). 79—85.

YuC, Yao Y Y, Gregory H, Zhang B X, Zheng C M. Quan-

[29]

[30]

[31]

[32]

[33]

[34]

[36]

[37]

[38]

titative assessment of groundwater vulnerability using index
system and transport simulation, Huangshuihe catchment,
China[ J]. Science of the Total Environment, 2010,408(24) :
6108—6116.

Brouye're S, Jeannin P Y, Dassargues A, Goldscheider N,
Popescu I C, Sauter M, Vadillo I, Zwahlen F. Evaluation
and validation of vulnerability concepts using a physically
based approach. in Sci. Tech. Envir, Me’m. H. S., Pro-
ceedings of the 7th Conference on Limestone Hydrology and
Fissured Media. Besancxon, 20-22 September, 2001, 67 —
72. Universite” de Franche-Comte, Sciences et Techniques
de 17 Environnement, Besancxon.

Christiph B, Peter H. Enhanced vulnerability assessment in
karst areas by combining mapping with modeling approaches
[J]. Science of the Total Environment, 2009, 407(3); 1153
—1163.

Jeannin P Y, Corbaton F, Zwahlen F. VULK-A tool for in-
trinsic vulnerability assessment and validation[ AJ]. 7th Con-
ference on Limestone Hydrology and Fissured Media, Besan-
con 20— 22 Sep. 2001, Sci. Tech. Envir., no. 13, 185 —
190.

Connell L, Van Den Daele G. A quantitative approach to aq-
uifer vulnerability mapping[J]. Hydrol. . 2003, 276 (1-4):
71—88.

Voigt H J, Heinkele T, Wolter R. Characterisation of groundw-
ater vulnerability in Germany[]J]. Groundwater vulnerability
assessment and mapping, International Conference, Ustron,
Poland, 2004, 15—18.

Karolin B, Tobias G, Ali S. Travel time based approach for
the assessment of vulnerability of karst groundwater: the
Transit Time Method[ J]. Environ. Geol. . 2008, 54 (5):
905—911.

Martin R, Richard M, Rene L, Michel P, Martine M' S, As-
sessing rock aquifer vulnerability using downward advective
times from a 3D model of surficial geology: A case study from
the St. Lawrence Lowlands,Canada[ J]. Geofisica Internacio-
nal, 2004, 43(4): 591—602.

Voigt H, Heinkele T H, Jahnke C H. Characterization of
groundwater vulnerability to fulfill requirements of the water
framework directive of the European Union[ J]. Geofisica In-
ternational, 2004, 43(6) :567—574.

Holting B, Haertle T, Hohberger K H. Konzept zur Ermit-

tlung der Schutzfunktion der Grundwasseru .. berdeckung

(Concept of protection assessment of the groundwater cover)
[J]. Geologisches Jahrbuch, 1995, 63; 5—24.

Schwartz M O. Numeraical modeling of groundwater vulnera-
bility: The example Namibia[ J]. Environ. Geol. , 2006, 50
237—249.



	2013-01
	2013-02
	2013-03



