J. Soil Groundwater Environ.  Vol. 22(6), p. 37~47, 2017

< Research Paper >

ol

1,

=3l
A

https://doi.org/10.7857/JSGE.2017.22.6.037
ISSN 1598-6438 (Print), [SSN 2287-8831 (Online)

sN5

}_

=
o

ol 7-4)

Development of Suitable Sites Assessment Criteria for Agricultural Subsurface
Dam for drought Management using Analytic Hierarchy Process (AHP)

Woo-Ho Myoung' - Sung-Ho Song'*
!Rural Research Institute, Korea Rural Community Corporation

ABSTRACT

Climate change has often resulted in severe droughts in a rice-farming season (i.e., April to June), and the large amount of
water resources were needed to cope with droughts during the season. Therefore, the subsurface dam, which is able to
store groundwater resources in the alluvium aquifer, has been considered to be an alternative for securing more
groundwater resources. In this study, suitable sites assessment criteria for agricultural subsurface dam using analytic
hierarchy process (AHP) were established for adequate drought management. Moreover, the criteria were applied to the
existing five agricultural subsurface dams to verify their applicability of groundwater supply for each subsurface dam. The
assessment criteria were divided into three major categories (geology, hydrology and business condition) and classified to
12 individual sub-categories with weighting. From the assessment, Ian subsurface dam and Wooil subsurface dam were
identified as the best and the worst suitable site, respectively, and this result was in accordance with the average amount of
annual groundwater supply by each subsurface dam during the period of 2011-2017.
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Fig. 1. Comparison of annual groundwater supply from radial collector wells in 5 subsurface dams (2011~2017).

Table 1. Saaty’s scales for pairwise comparison (Saaty, 1980)

Scale Description of preference
1 Equally
2 Equally to moderately
3 Moderately
4 Moderately to strongly
5 Strongly
6 Strongly to very strongly
7 Very strongly
8 Very strongly to extremely
9 Extremely

ofmgict

2.3. AEEA 2N

ATEAREL tre] SAES AITHeE EHdt
7} &40l FoEE votslar & Q] tiokalternatives)yS
ke e oAHEA 71HoltK(Saaty, 1977; Saaty,
1980). AFEAAL 771X A3, criteria) 2
3H9 7IE (7= SFY AIE, sub-criteria)S2] ATHH
FRE(FSA, weight), 12|37} 7] SlllA] diby
4 s A%, priority)s S W A
HWE Ffsket], 48 WS o2 7IE B2 ik

S FAMN BlwEA] a1 3 Hol| T AR mlwsl=

AR (= o] HIaL, pairwise comparison)S 2AIgH
o ”‘]'THH] £ sh= 7IE e uikkedl uig Ao &

T 19 7R HIEHEE A8 7 4
"= Table 13} 2t}
A durAel Fel= A () 2ol wilY e
E= dijksol thete] nxn®] b 3 E(diagonal
martix)® FHAT 5 AoH, 7} tijksel gk dose

S CE

A4S SR A5o] FAlel Qlom o]E AiHlaL
s)doletal $h}(Saaty, 1980).
1 apap;...a,
ay; 1 ay...a,,
A= ay as, 1 .. .a5, (M

_anl App Ap3 - 1

2 ()& 09 dijtell thsted EHS A= Table 2
S} ). Table 20014 W]l A= CHY SUsAY 25
H(equally to moderately) AT=H= H= 2°E 13§ 3&
o] TAIBIAL, 1 H9l 1/2°S A S S4loE T
of $Xsh= 33 18 FAIgITE et ¢ 7% BEUTE
73 Al (strongly) AoEe A= 55 33 28] EASH
a1, 1 90 /5SS SRt RSt
= 28 3l BAIgH.

o]8j3t Hialo g 3l o|Yu|wyH
3P Aol 7+

= edy
H(column)ell gt FH(S)S 7+ Lol o

N=
=

J. Soil Groundwater Environ. Vol. 22(6), p. 37~47, 2017



40 Be5 -

Table 2. An example of pairwise comparison matrix for 5
alternatives

Alternatives A B C D E
A 1 1/3 2 9 5
B 3 1 1/5 6 5
C 12 5 1 1/4 3
D 1/9 1/6 4 1 12
E 1/5 1/5 1/3 2 1
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Table 3. Random Index for alternative n

n Random Index n Random Index
2 0.00 7 1.32
3 0.58 8 1.42
4 0.90 9 1.45
5 1.12 10 1.49
6 1.24 11 1.51
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Table 4. Information of subsurface dams in geology

A8 Ash A7) 7E A AN - AT A8 - 41

Sub-criteria lan Namsong Oksung Gocheon Wooil
Efficiency of subsurface dam 353 16 7.95 16 16
Disturbance of aquifer Aggregate (2015) Aggregate (2004) Non Non Non
Table 5. Information of subsurface dams in hydrology
Sub-criteria lan Namsong Oksung Gocheon Wooil
Catchment area (ha) 2,130 15,300 27,500 2,700 2,200
Normal annual precipitation (mm) 1,259.8 1,152.0 1,349.2 1,317.3 1,317.3
Surface water quality I Ib I I
Minimum flow of stream (m?/sec) 0.0 1.17 0.45 0.07
Drought frequency (SPI 6) 0.60 0.87 0.80 0.90
Table 6. Information of subsurface dams in business condition
Sub-criteria Ian Namsong  Oksung Gocheon Wooil
Benefited area (ha) 120 155 146 134 99
Frequency of design drought for the existing irrigation facility Non 10 5 Non 10
Installation plan of irrigation facility x X x x o
Development plan of housing, industrial complex and et cetera X X X X X
Dam length 230 89 482 192 778

Q

=

FHog Ashlel thde] H= s FrAT
FaESEC] & ¥ AT e EXNSS

=, ZAAHF Sl 23t tiees aexstel 7t
=T A oldASHl SIS R
A A2l 7 SAAF7E ol FoRdel w
el aldoiie Ta3 Aehl HA] A A%

F
P

o off ox
> ox |0
= o
2
> Ol
rof

e

242, T

gl gk skl R3E= 94 (catchment area), 3
A Z<SF(normal annual precipitation), XX &
(surface water quality), 3P Z<F&F(minimum flow of
stream), 7He"2AY W% (drought frequency)® X143} Th.
o5 ATEL wEre] FUFT L She AR
o] HexAS viEske AxeH, XS5 2L A8l

Tl YL vIRER H7E Akl EF8ITHTable 5).

2.43. AR

ARdedzio] gk 319 A= SR Fa
AR AR dPd A3 73HZ] (benefited area), 71& I
AL E P (frequency of design drought for the
existing irrigation facility), FEAIEE FF AlE
(installation plan of irrigation facility), FHX|S 7|

Al & (development plan of housing, industrial complex
and et cetera)} T8 A 7} XFE AE" 4+

§ FREEe 104 s o] A g Wds
g2 JEoE MAS sted I} ess ke
F e Selo] Bes orldieh. AR

1=
=
< Ala FHAY AL AL 371 857 ol tet

Z]

A4S 18 Fad WA gt YAE Y Ag-
19861 =& o|F 2005 F7} AFEF HPNLER st
o AlAdo] RG] 7] e o R Hghy]
SATH(Table 6).

2.5. W} X|EO| 7EEX| AME

QA AAZE ule} Po] F ] Alzow x3kE F
A 7} Axe] A FoTee AFEAVHS H835
o™, ol& T3l 7 WUk A;] 79t CRS AR
3FATH(Table 7). £ AgellX= A Aol 4
3y EARTR= 8 585 Ashe AR o9 T4
TE diFos #A Frislien, 1 FAAME Al
& I5AES 7 S03 W) e Agsiant 4k
B T8 ARARS HF VSRS ATEE A

S8, Aokl a8, 7IE e EE e, 5

o e px K

J. Soil Groundwater Environ. Vol. 22(6), p. 37~47, 2017



42

..
Y95 -

of

A5

Table 7. Suitable site assessment criteria with consistency ratio (CR) and weight

o Importance oo Importance Weight
Criteria (A) CR Sub-criteria B) CR (W=A~B)
Efficiency of subsurface dam 0.667 0.208
Geology 0.312 - - -
Disturbance of aquifer 0.333 0.104
Catchment area 0.121 0.024
Normal annual precipitation 0.219 0.043
Hydrology 0.198 Surface water quality 0.121 0.036 0.024
Minimum flow of stream 0.253 0.050
0.046 Drought frequency 0.286 0.057
Benefited area 0.043 0.021
Freq.ue.ncy. of des1gr.1 drought for the exist- 0275 0.135
ing irrigation facility
Business condition 0.490 Installation plan of irrigation facility 0.433 0.052 0.212
Development plan of housing, industrial 0218 0.107
complex and et cetera
Dam length 0.031 0.015
Table 8. Pairwise comparison matrix, PV and CR for geology
Sub-criteria Comparison Matrix PV CR
Dam IA* NS** OS*** GC**** WI***** PV
1A 1 5 7 5 5 0.5677
Efficiency of NS™ 1/5 1 2 1 1 0.1221
T 0.0034
subsurface dam (O 1/7 12 1 12 12 0.0660
GC™ 1/5 1 2 1 1 0.1221
WL /5 1 2 1 1 0.1221
Dam IA* NS** OS*** GC**** WI***** PV
1A 1 1 13 1/3 1/3 0.0909
i NS*™ 1 1 1/3 1/3 173 0.0909
Disturbance > u 0.0000
of aquifer 0S 3 3 1 1 1 0.2727
GC™ 3 3 1 1 1 0.2727
wI 3 3 1 1 1 0.2727
IA : Ian, ™NS : Namsong, ““OS : Oksung, ““*GC : Gocheon, *WI : Wooil
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Table 9. Pairwise comparison matrix, PV and CR for hydrology

N - ASEA ] 28 - 43

Sub-criteria Comparison Matrix PV CR
Dam N NS” o5 o W 0
IA" 1 1/4 1/5 1 1 0.0824
NS™ 4 1 12 4 4 0.3010
Catchment area = 0.0059
0s 5 2 1 5 5 0.4519
GC™™ 1 1/4 1/5 1 1 0.0824
W 1 1/4 1/5 1 1 0.0824
Dam N N o5 o W I
IA" 1 12 2 2 2 0.2453
Nom?l' a@ua1 Ns:* 2 1 2 2 2 0.3231 0.0304
precipitation oS 12 12 1 12 12 0.1085
GC™™ 12 12 2 1 1 0.1615
Wl 12 12 2 1 1 0.1615
Dam N N o5 o W N
IA" 1 1 1/3 1 12 0.1239
Surface .Water NS*** 1 1 1/3 1 12 0.1239 0.0022
quality 0s 3 3 1 3 2 0.3939
GC™™ 1 1 173 1 12 0.1239
Wl 2 2 172 2 1 0.2344
Dam N NS” o5 o W i
IA" 1 3 4 3 2 0.3911
Minimum flow of NS 1/3 1 2 172 1/3 0.1100 0.0033
stream os™ 1/4 12 1 12 1/4 0.0731 ‘
GC™™ 1/3 2 2 1 12 0.1535
Wl 12 3 4 2 1 0.2722
Dam N N o5 o W I
IA" 1 2 1/3 12 1/4 0.0986
NS* 12 1 1/4 13 1/5 0.0624
Drought frequency = 0.0153
0s 3 4 1 2 12 0.2618
GC™™ 2 3 172 1 1/3 0.1611
WL 4 5 2 3 1 0.4162
IA : Ian, "NS : Namsong, “OS : Oksung, “"*GC : Gocheon, **WI : Wooil
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Table 10. Pairwise comparison matrix, PV and CR for business condition

Sub-criteria Comparison Matrix PV CR
Dam TN N oS GO W PV
IA" 12 12 12 2 0.1381
NS™ 2 1 2 2 3 0.3374
Benefited area = 0.0291
oS 2 12 1 2 3 0.2559
GC™™ 2 12 12 1 2 0.1814
W 12 1/3 1/3 12 1 0.0871
Dam TN NS© oS GO W PV
IA" 1 5 3 1 5 0.3642
Frequency of design ™ g™ s 1 12 s 1 0.0703
drought for the exist e 0.0012
ing irrigation facility OS**** 13 2 1 13 2 0.1309
GC 1 5 3 1 5 0.3642
wI 1/5 1 12 1/5 1 0.0703
Dam TN NS© oS GO W PV
IA" 1 1 1 1 9 0.2432
Installation plan of NS 1 1 1 1 9 0.2432
irrigation facility ~ OS™ 1 1 1 1 9 0.2432 00000
Gc™™ 1 1 1 1 9 0.2432
W1 1/9 1/9 1/9 1/9 1 0.0270
Dam TN NS© oS GO W PV
Development plan of 1A 1 1 1 1 1 0.2000
housing, industrial NS™ 1 1 1 1 1 0.2000
pems 0.0000
complex and et (O 1 1 1 1 1 0.2000
cetera GCH™™ 1 1 1 1 1 0.2000
L% 1 1 1 1 1 0.2000
Dam TN NS© o5 GO W PV
IA" 1 13 2 12 3 0.1611
NS* 3 1 4 2 5 0.4162
Dam length r 0.0153
oS 12 1/4 1 1/3 2 0.0986
Gc™™ 2 12 3 1 4 0.2618
WI 13 1/5 12 1/4 1 0.0624
IA : Ian, NS : Namsong, “OS : Oksung, ~"GC : Gocheon, “**WI : Wooil
Table 11. Result of suitable site assessment
Subsurface Suitabili Average annual water suppl
dam Indexty Rank [‘gl 1~'17] (x10° m®) P Rank
lan 0.2957 1 863.76 1
Namsong 0.1640 4 191.80 4
Oksung 0.1830 3 425.57 3
Gocheon 0.2125 2 573.85 2
Wooil 0.1448 5 0.01 5
WA GRS SN AYwst AWTE olw Eska AK) Wl ofd AFwe} A% o8
olge nlwmakdeh. dAskls SaAste) A o SRRl WA RR A Vekdet X3
a8 77t 167 792 WA o] s 4 B8l A7 1608 U BRSNS
dHoR BkE, FRNAE %F A B F S Hlnd A9, FeNeE dRe BEd sk o) 9
W BT FF Ol FENAE 1 Aol gtk 1% ASkINE #Uskl F3 ol Ams W] ool
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Table 12. Weight change for each criteria according to 6 scenarios
Criteria Sub-criteria Scenario 1 Scenario Scenario Scenario Scenario Scenario
(Original) 2 3 4 5 6
Efficiency of subsurface dam 0.208 0.208 0.327 0.123 0.208 0.208
Geology Disturbance of aquifer 0.104 0.104 0.163 0.368 0.104 0.104
Consistency ratio (CR) 0.000 0.000 0.000 0.000 0.000 0.000
Catchment area 0.024 0.024 0.024 0.024 0.059 0.128
Normal annual precipitation 0.043 0.043 0.043 0.043 0.108 0.048
Surface water quality 0.024 0.024 0.024 0.024 0.059 0.031
Hydrology ..
Minimum flow of stream 0.050 0.050 0.050 0.050 0.124 0.204
Drought frequency 0.057 0.057 0.057 0.057 0.140 0.079
Consistency ratio (CR) 0.036 0.036 0.036 0.036 0.036 0.015
Benefited area 0.021 0.231 0.013 0.013 0.009 0.009
:if;:fgcir iogitﬁjilizcgf;“ght for the 0.135 0.071 0.057 0.057 0.140 0.079
Business Installation plan of irrigation facility 0.212 0.023 0.135 0.135 0.085 0.085
condition  Development plan of housing, industrial 0.107 0.034 0,068 0,068 0.043 0.043
complex and et cetera
Dam length 0.015 0.132 0.010 0.010 0.006 0.006
Consistency ratio (CR) 0.052 0.001 0.052 0.052 0.052 0.052
Table 13. Result of suitable site assessment according to 6 scenarios
Subsurface Scel?afio ! Scenario 2 Scenario 3 Scenario 4 Scenario 5 Scenario 6
dam (9rlgma1) : v : v :
SI Rank SI Rank SI Rank SI Rank SI Rank SI Rank
Ian 0.2957 1 0.2594 1 0.3223 1 0.2248 2 0.2629 1 0.2757 1
Namsong 0.1640 4 0.2182 2 0.1490 5 0.1426 5 0.1654 5 0.1685 5
Oksung 0.1830 3 0.1792 4 0.1716 3 0.2138 3 0.1963 2 0.1996 2
Gocheon 0.2125 2 0.1970 3 0.1959 2 0.2267 1 0.1880 3 0.1830 3
Wooil 0.1448 5 0.1462 5 0.1613 4 0.1921 4 0.1874 4 0.1731 4
*SI : Suitability Index
AL 7VEEA o] ARSIt web s E S 2 TREE W kit Alvge 32 AvE e ]
se Aahd FERT AHoE Fod ANYS % 5 3 vwale] SRS Ad FawE Ss Bt

A

€

3.3. Wit X B
pavAZe) oy AR
7o == 730}

7+e] Wt FFE #

Table 791 A3 57} XP NeAE 4?}4"4 (VH

AR R =1 z_}/ﬂ—d@puﬂ Zr AUl 7= W

T3 A W8-S Table 120 AAISHATH
AEle. 2= /\]urao 17} Blwsle] 9 AHOl AR

oJAT} A A, R0 AE Fews B8k Bkl

Alieie] sIIRR T FealEAT AlA Lol A

Faws Wi Bl Agel

o, s

_4

sFet 8 Axe AHNA FovE Ad, ARdoA,
T T2 FRIG AUEL 4= AyE|L 33 H|
to] 2 Ao i Fo=E S Bl
o] AR T UG wRe] Auid ToES
FRIEE. AL 52 Adele 13 ulusle]
AR A Fose TYsH Wil 8
A7) AN Qw2 45 ARlAA, Ad oz 3
71Tt AVl 62 A]urao 59k wlarsie] 8 ]
o] A Fovs AsH Wrlsla 4ERok 319
AR = A Do) orﬂz‘} TREE 7P EA B}
Eg

AU Hglel] W R A% F
22 A83 AFE AUl 20lxE S8

=
ofr

Logfr X E
X,

[

=27
A
A

A

J. Soil Groundwater Environ. Vol. 22(6), p. 37~47, 2017



46 Be5 -

ofy

}\éi

0
‘ S Ian < Namsong Oksung &~ Gocheon *® - Wooil ’
{ & @@ A O 6
| g M OGN\ J—
P
| N\ | N N\
o Bl W el —h
, &
| ¢
] G XXX X
A XXX & & & ¢
6
‘Water supply Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5 Scenario 6
Case

Fig. 2. Rank changes according to each scenario for 5 subsurface dams.
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