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(Groundwater and surface water conjunctive management) 
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UVlU'1 (Introduction) 

1'lJU 'iJ~U'lJ '\1m l'J\h~l'Y11'I Hii~iJ tytlUfm~~'1V1'1l'Jmfl~U'iJ'1 flUty'\1'1 fl'1"i'IJ'1I11LLflm,111'1 f\1"iL~lJ~1.1 

'lJlN\h~'lJ'1m f\1"i'IJ1'J'18~1'IJ'N~U.yhfl~jj]"im"i~LL<I~mflill1l?l'1'\1m"i~ (The Secretariat ofthe Cabinet, 2002) "i1U~~, 
rnnl.J~I'JULLl.Jm'IJil~<1m'v1lJilil1f\11'!(Climate change) i1~~<l1 ~LA 11If\1"iL1.J~ I'JULLl.J<I~'lJil~'I.flmruJ,~u 1u~u~ ~lJJ'1 
1111I'JLil'v11~il~'1~~~1tJJlTI~~U.y\'~·lh~milLAl1Iim~J'1Lbl!I~ 1..i'hnruJ'11uL\'\1ci~J'1~tlmnul11J.jL'~I'J~Ylil~ilm"iil'lMflu~1nfl,
 
m"iLfl~"im"ilJ LL<I~iljj]m'\1flTIlJ LL'\1<i~J'11w~u lilffl fl<1ulJ'11oiiL~lJlJ1fl;ffu i1~~<l1~"i~~'lJJ''IJ'I11'1<1<1I11<1~ \L'\1<1~J,1ilf~u
 
"i~~'IJ ~uhi<1'1lJ1 "ifl"'U1ilf 1.J"l lJ1 WJ,1w~ 1.1hi\YlI'J ~Yl il ~ il fl11lJ~il~ rm LL <I ~1l.i<11lJ '1"in~ 1J n<1Ui1 <11l'1 'v1 <1lJl1I <I'Ii • , 

(Chulalongkorn University, 2009) f\1"i~uJ'11ilf~u1flti'LL'\1<1~ WuJ,LL<I ~ LLl.iJ'1 iJ~<l1'i ilf\1"i<lI1l<l~ 'lJil~J'1 ~1~U 
L\G1~~~'lJUtl\11'11uJ, (Aquatic ecosystems) 11118\QYl1~lu'lh~'l~\L<1~ ~~iJmmruJ'11'\1<1UilI'J1u\wJ'1 (Naturally low 

stream flow) msHi~~U~L1.J~ ~ULLl.J<I~ <1~'1~ ~G1 m~'YIul'iill.J~lJ'1ru,J'1~L.MlJ<I~tl.J~.ffu,J'11~~u LL<I~lJ<lYi~ 
1ULL'\1ci~J, (Brodie et al, 2007) "i1lJ~~fl'1"iL~m'llJ~G1flG1tflf\1"iLMlJ,J,1~~'BmJ'IJ'1M (Groundwater recharge) 

(Chulalongkorn University, 2009) 

'iJ'1 fl fl1'lJ~''Y1'1 ~o(h~ liIu '\1G1'11'J1.J"i~ LV1l'1tlilu'1 LL U1'Y11~ m "iu"l'\1'1"i~~ m "i'YI1'v1I'J'1fl "i,J'1LLUU 

~<1lJ~<1'1U (Integrated Water Resources Management: IWRM) lJ11.J"i~!lfljj]1mufl'1"iI'1'1\ilum"i 1~8*\UU 

t 1.J~f\1"inl.J"i~11V1GmYlI'11U\I'I"i'-'f.l!A'iJ (Economic efficiency)fl11lJL\'\1\Vil'JlJ'YI'1~?i~fllJ.{SociaL equity) \LG1~ 

fl1'1lJ~~EJUI'11U~~L\1~ti'illJ (EnvironmentaL sustainability) (GWP; 2006a) ~'1Uf\1"i'l1lilJU'1\l,<I~1.J1Utl\~ 
f\1"iU~'\11"i~~fl1"i'YI1'v1~'1 fl"i,J'il~'1~iJl.J"i~l1V1GmYl ~~L\ U1'Y1'1~'\1rl~1Uf\1"iYi'iJ1"i w11ilfl'1?lLLG1~fl1'1lJLuut 1.J11'1 

1urrm~lJl.J"i~l1'Y1GmYlmsu"l'\11 "i~~m"i'YI 1Yl~,m,J, fiil rnsu~ '\1'1"i~I1Im"i,J'11~~ U-J1lJ tlUJ'1~1~U (GWP, 2006b) 

1m! FAO (1995) tvil~tlI'J1lJf\1"i1'1i,J'11~~U~1lJnu,J'1~1~U (Conjunctive use) H'h "LiJuf\1"i1oii,J'~1MU 
~1lJ tlU,J'11~MU~<1ill1l flti'il~ tlU 1~ 1'Jf\1"iU"i W'1 rns1oii,J'1~~<1il~LL'\1ci~Ju'iJ~1ifil~tl.i<1~'~~<1m~'YIul'iil?l111'v1~U~• 
cimY'1 
,~

~~LL 1~ti'illJ LL<I~LI'I"i'-'f~n'iJ LLG1:::LYlm~lJl.J"i~l1'Y1GmYl f\1"i?l~'1~ fl11lJ<1lJl1I<I~ilfl1'1lJ~il~fm1oii,J'1 (Water, 
demand) \l.G1~'ll.J'YI'1u,J'1IifU'1U (Water supply)" ~~\\'l-1ci~,J'~~<1il~\\'\1ci~tl'1~ flU"l'\1'1"i~I1If\1"iLUUL\'\1ci~J'1L~mtlU 
LLG1~iJ m"iL~illJ1l'J~tlu'YI'1~fl'11Jl11Yl (Physical connection) (FuLLager,2004) '\J'1flU 'iJ~ ~'YI'1~lJi1l.J"i~L 'YII'! (Topography) 

'B"irul'Y1l'J'1 (GeoLogy) LLG1~'l'YIfll'Y1l'J'1 (Hydrology) ~~fl'1"itI'11U{Gaining stream) LL<I~f\1"i~tyL~1'J (Losing stream) 

"i~"rh~LL'\1ci~,J'1~~<1il~\\'\1ci~ iJ~<ll'iilm"iLl.J~~uLLl.J<I~mlJ'1ru'IJil~,1I'1MULL<I1~ihMU (Baker et al, 2012) 
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n11Ui1'u {Gaining stream)1~,ruJ11um.hj', 

d·ilJ:5u L~iN~1m~,ruJl'~U~1J11vWlu 
(Water Table) a~lJ1nn111~,ruJ11umJJ1• 

m1~!I!L~B (Losing stream) 1~,rUJ11uLuiJ1 
n1~,rU~~~~ L~B~~1n1~,ruJ1~U~1J11~~u 
(WaterTable) ~1n111~,ruJ11umJJ1 

~t1~ 1 il1Y'lmWl~nl1(hm'>'1\'l11r)n<ijmJl 'Jlnm11l'Wu (Gaining stream} lLf,~m1aWL~tl
" " 

(Losing stream) 1::V1"h~J,11'l~U~L<l~1h~u(Reid et al, 2009) 

m1~!I!L~B (Losing stream)1UL'II~~urthj~lJ,r1 
'IIiJ~J1 (Unsaturated Zone) l~B1~i\'UJ11u 
mJJ1~~mm'Im~1'lJcl.ffUJ11::.rU~u~1J11i>\'~u 

..... .. II 

~aterTable)~n1~.rU~1n111~~Uu11u~~U1 

m1lj!l!L~B (Losing stream) n11L'lJ~EJU\L'lJ~~'IIiJ~ 

1~~uJ11-ULLllJ1~\1~lJ1n~U ~~hmn1 ElL'>'11'lJcl1~.rU 
iuihJ11.r~u {WaterTable)~~~~"i11~iiJ1lJ1nil'u 
1uu'inru~~LuiJ1 (Bank storage) 

~t1~2 il1Y'lLL?lIil~m1mtlL'>'1\'lllJ1u<ijmJl m1~f:1JLl1H (Losing stream) 1::'VI'i1~J11if~ulJ,m: 

111~'lJ lUL'lJIll~Uvtw~:JJvi'1'II!l~J,(Unsaturated Zone) (Reid et al, 2009) 

'Jln1'l11:JJL~,)lJbtl~lurnsU'jVll.,<ijlllnT;VI ~Oll snmJ,11'l~u LL<l::111~U-Ul~ I'lU ~\iUl?1iJ iJaLWiL~ tl 
~ 

(Australian Government) lv'i,.h~tln~LL'll1V11~I'i~flcil1LL<l::1v'i<ij\1lo;irmiJULLU1fi\1l1um1U~V111~\1Im1, l\11tlil 

11ll'l'h::a~ilLYl iJfh~1.mlJ, 'U1'Vn~m1vlrLiJ1J nTiL~ tl1nU L~!NI1I~mh11~LV'llLL'll1V11~ Ltiennu m1?1{1~lI'l~mijiJ 
?Iu1J<l'liulum.,vi'\1I~'lJlil(SufllX'rt: of decisknmaking) m.1fimI1LL<l~?I{1~l'l11lJL-U11'iJI'l11:JJL~iJ:JJbm1~m,~J,111~'W 

LL<l::lv1~u Y'l{a:JJ~~m.1L?I~:JJa{1~~1ll1'l11:JJ?ll:JJ11(l1'llm.1U1LLUU,}loo-:1L~~Ii\'1L<l·d (Numerical model) LL<l::LI'l~mii!l 
n"''U~°vll''~\1Im.''~LMtl1-uml.i11h~~fllllloii1IlltlmiJu/LLu1V11~m.1U~'VI11~\1Im.1vi'~ncil1?I1:JJ11(lUl1t1m::~nllll-trtv'i 
nU'Viw~U~(Scales)LL<l::'VinbI'l1~m1l1J1::vi'uo~'lJ~ci:JJJrLL<l::1::l1Iutl"::LVlI'l(Brodie et al, 2007) , , , 
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. " ".

nll'i 3 \\f.l'lJa~\\1J1Vl1~fl1~D~'VI1~<ijI'lfl1~Vl1Ylmm\b11l1~h,l'hunD,j1~1~'lJ(Brodie et al, 2007)
" 

'l1 fibU1'V1l.l1 tJ1 u m ~D~ 'VI1 ~ <ij1'1 fl1 ~Vl ~'Ii tJ1 fl ~ J111l1~'lJ-hu nml1 ~ 1 &i'lJ Iii'~ fl ~ 11 ~Jim <I 

<J<Jmm\~tJ (Australian Government) 1M1'V1'lJI'I~'lJIiI<J'lJfl1~1"i1LV'lJ~1'lJIii'~~ 
1.fl1~n1'V1'lJI'I'Il<JU\'Il1ilfl11D~'VI1~<ijI'lfl1~(Identify management 'setting) 

<:: 0 .A'.J ~"" I~" <:: ...., ..t1""
\iJ'lJn1~ n1'V1'lJ1'1 'Ii 'lJVlmsm \uufl1 ~'Il <J~'l~'lJ1 fl1 ~ fl1'V1'lJ 1'11.1>e\1'I'lJ lJ[1,! 'VI1\\<I~lJ 'l 'l tJ 

d d v v !c'I "~ • ) d Q
, ~ '" 

Vl\fltJ1'1l!NflDfl1~\\fI~'IllJ[1,!'VI1'l1 m\f.l'lJ\\<I:l;'lJ~tJmtJ (Planning and Policy VllJ<J ~ fl1~1\fl)1~'VI ~<Jfl1\'1\\<I:l; 

if<J ~1 n1'l1'lJm ~1"i1 \V'lJm ~ m ~ A'lJ'VI1t1 ~ ~ \~'lJ<111'1[1,!'IJ <J~fl1~D ~ 'VI11 ~1'1 fl11\~<J 11Xm1'1 \U1'V1l.l1tJ1'lJ n11D~'VI11 
<ij1'lfl11~lJJ1 (Catchment Issues) fl11'l\1'I11~VimlJ1rufl1~1ii,111~~'lJ\m~n1&i'lJi:I'l"1J'lJ 11lJ~~-if<JlJ\1fl111iiJ1. , " 
\\\1~~~ri!.l?l11~v\11ii'1"i1\V'lJfl11ri<J?l11~1'lJ'vr'lJ~~:W'l11ru10Nater Use and water resource development) 

2. fl11t11:l;\iJ'lJ.l1'lJVl1'1itnmJ1 (Assess water resources) 

'l~1"i1\'W'lJfl11\~tJ1nDfl11\iim11JTIlJ-ifm;j<li\'fI"lru~Vl~~VlmVltJ1(Hydrology) 1iiru1Vltn 

(Geology) ilfl"lW~«'lJ~ (Topography) \\<I:l;fl111if~~'lJ (Land use) 11lJ~~fl111\1'I':i1:l;ViI'l11lJ\~<JlJltJ~ (Interaction) 

1:l;'VI11~J11.l~'lJ\\<I:l;~1~'lJ1'lJ\:U~«'lJ~ (Spatial) \\<I:l;'lh~\1<11 (Temporal) 'l1fln11<1111'lfl1l'1?1'lJ1lJ (Field 

observation) mTII'lfl111'V1<1;g~'Il!.l~1'l1fl1l1~'lJ\1~~J11~~'lJ (Seepage measurement) fl111ifiil1~11'1~.l1W\1riiVlm 
(Ecological indicators) fl11~I'I·Vi1t\f.l't!~-,1'lJ~Yl'll\\<I:!~~~~'l1il1'lJ~'lJ \~!.ln1'V1'lJl'ltI~~1rufl111iiJ11~~'lJ 11lJ~~ 

fl1~~1'I'V11\\f.l'lJ~~Vlfl1i1ru'lVltJ1 (Hydrological mapping) \~<Jn1'V1'lJI'li\'fl"lru~fl111'V1<1'1l<J~J1 fl11i'tfl"l11ii'1'lJ~Vlml'l~ 
(Hydrochemical studies) \\\1~fl11i'tfl"l1?1lJl'j<l,J1 (Water budget) 
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3. i'l11~JL'ihl'ilLLll~fl11Yll'J1mru (Understand and Predict) 

'il1n-UB~1l~tI\i1t1 (Baseline) ~U;-rU'il1n~tll'lBtI~ 2 'il~u11'llci~tlI'IBtlfl11Wl'lltl1.	 "~ 

m1~L-U1h1tli'l11~L~BlJ1m ii'tl1~m1~J11Wf~tlLLll~ij1~tll.I.lll:fl11WI'lItl1LLtl1fiI'lIJ.UU-.j'111B~ (Conceptual modeD 

~'il~~1CJ1t1fl111Lm1~""i'l11~llBl'lfli1ll~ii'ui'h-uB~llmMU'il1nfl11\1111'ilfl1f1?1t11lJ (Field Observation) LLll~ 
" 

~lln1~"VIU~'il~ Lnl'I:fiti 11'1 CJfllltlYi~lWf'il1n fl11'iLm1~""~~ mh1 'il:::LLllI'l41~L y,uii~ ~ll m~"VIU~rl1i'l tIlvlm]'lmru 

LLll~f1rufl1YlJ 1 msL'll~ CJtlLL'llll~?I~l'IllJ 11tllJ.vlll~~14 nm/"1'1 fl111 uae fl11f111'1fl11ru LLlll: LLtl11UlJfl11L'll~ CJtI L~ 'llll~ 
,	 1 "I 'U 

~'ill:Liivrfftllt1BtI1f11'l 'il1nm1L'll~ ~tlLL'llrnlli11YlL~rnJl'I1'11B4<ilJJ1 L~tI fl1)L'll~ CJtIIJ.'ll1l4?1mYlfl iimfl11'\ (Oimate cffincP)..>~,	 " 

mBflllm::"VIU'il1nfl11?1uJ11~~'IJlJ11iiYl'jBmr4HLfI'lll4iJB~4r,<i111t1rrmi'ili1111t1m1u'jm1~I'Ifl1'j"A1YlmmJ1'lJffiG'iJJJ1 

.K4tl fl1TI1Wltl1LLuu-.j'1llrn,!tI 'il~~ll4""lJ11!lU4;hWfii~-UBlJll~WfB~fl11LLlll:-Ull~mhi'lru~'ll11'1'\111CJ1'll (Key information 

"	 

" ." 
, 

gap)'llll4LLUU-.j'1llrn (Brodie et al, 2007)1'\r.i1t1fl1W1u'llI~fI11~~nWfll4'11ll4LLUU-.j'1ll~tI 'iliiLfl11~'il1ni'l1flml~5 

mvl1U'il1nIJ.Uu-.j'111ll~ 11lJ.K4m1'iLm1:::"'f111lJfl11lJ1.hL~BiiB (Uncertainty) ~~-ullijl'll1ml'l~~n<i11 m'il'il~Lfi\1l;;itl 

'il1ni'l1-Um;!1l~~l'Il1ml'l (Input data error) LLll:::fl11'lljj~~1t1'llB~L~1'\11U1~(Black et al, 2011) 

4. fl11n1'\11t1I'1Lu1'\11~1CJlt1fl11u'l'\ll11~1'Ifl11 (Set management targets) 

LiJtI~tll'IB tI~i;hi'ltll1t1m~1J1t1fl11114 LLfltl 1mn1'\11t1I'1LU1'\11lJ1 CJ1tlfl11U'l'\ll11~1'I fl1~ 

'il:::LiJtlLfI~B4iJB~1CJlt1n111'111'il?lBu'll1~~"VIGi11~r,11~1LUtl41t11~llB\1lflall4ii'uiiB-.j'1nI'l1t1r,11~l'Ill11J11~~t1 

. LLll~~1~tI LLll~fl11n1'\11t1I'1'll'lmrufl111'\1111'llB4,hMinimum flow) 'Gl1'\111m~UUUnl'\<ilJJ1, 
.s. fl11~l'lltl1LLll~fl11 n1'\11t1I'1V114Li'illn1tlfl11U'l'\ll11~1'Ifl11 

(Develop and implement management options) 

fl11WWltl1ua~ msn1'\11t1I'1"V114Li'iBn1u r,11U'l'\ll11~1'1n11'il~LiJtlfl11 ~lllJl:J?l1t1ii'tI1~m14
 

'll1~L~tltl1CJu1mLll~VI14Li'iBn1tlfl11114V1t1 11'1CJ1W1~L~tl1mJ1CJ'il~u1m-ull4ii'uiiBri1'\lltll'lm1lii'll1~1CJ'lJUVl1Yl1J1mJ1
, 
L~tI m1llllnltm\jqj1l'lnTIliiJ1 (Licensing) fl11n1'\lltll'liiBU4f1U (Regulation) m1n1'Vl'U~~B\j-jm4 (Buffer zone) 

fl11~l'Ill11J1 (Water allocation) ,LLll~1tI'll1~L~tlVl14Li'iBn1tlm111~V1t1 L'litl V114Li'iBn/1'llLLUul1Jfl11riB?I~')4. 
LL'\II<i4ii'mnuJ1 (Storages) LLll~1~CJ~nmfl11fitl'Vltl (Recovery cost) 1I'lCJ'il~Y1'il11ru1iim;!1l\fftlJ!1t1~lJJ1i1'il~U~ 

i'l11~?I1lJ11!l1 tlfl111J)1l'\LU1'\11lJ1CJ1tlfl1)u'l'\ll11~1'Ifl11"V11YlCJ1mJ1'llB4<ilJJ1 11lJ.K4"V1-jYlCJ1m~1murns,	 , 
U'l'\ll11~1'Ifl11 L'litl 1~CJ~nm 4U'll1~lJ1ru L~1'AU1~LLll~iJL~CJ1'll1ru LiJtI~tI 

.	 ".
 
6.	 fl11V1UVl1t1LLll~fl11~l'Il'l1lJm1'il?lB'U (Monitor and review performance) 

fl11~1'I1'I1lJm1'il?lllU(Monitor) LiJtI,htl\11i'lru1t1fl11v11Liltl41t11~U1111I'l1~LU1'\11lJ1CJ" .. 
~n1'\lltlffiitllI'1CJ1.l1~L~tI~4n<i11'il~n1'\11t11'11i(~1~'Gl1f1t1l	 (Spatial) lJ.ll~l'lL1m(Key indicators) 1t1)~~ULii4~uV1 

(Temporal) L'litl fl1111'1)~~u 'll'lmru I.I.ll~m11'\111l'11rnJ1~1~tI)~~uJ1L~f1()Jf11I1J11.,~tI?If11Ylm)lii~~1J11U~4• 
)~\Juum1'iVltJ1 'Gl1'A1UnTIVlUVl1t1fl11v11LU'U41'U,!'U 'il~Y1'il11ru1fl11'll1:::Iii'UllmYl<ilJJ1, L'litl fl11n1'\11t11'1'll1:::L~tI 

~'Gl1i'ltll1'Ufl11v11Lil'Ufl11 fl1-ru4~iiBl;jm;1i'ltll~'I111'1'\111CJ1'll (Information gaps) fl1WrWltl1i'l11lJL~mt'U'I1B4 
LLUU,)111B4 uaemsLL?l14'\111 LL'U1V114 fl11U'j'\ll11~ 11fl11Bm4L'\IIlJ1~?IlJ 
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Gll1-1-rUtJ 'l~'11'V1fi fll~ nl'l U":j1-11 'l~\11 f11 'l1l11~ bb 'W,'VI1~ ~~ ncil' ifl~ I'1m1'W ~lb U'WI'1B~ nl1-1'W\11 

U'VIU1'V1bb<l~1'n1~-ruil\11'IJBU (Roles and responsibilities) ,(]B~1-1,j,tJ~l'Wbb<l~~~\'I,'WH\li''WblitJB~Wrrll1b'J'W 

'l, ~~~ f11 'l~li,'W ~,~ 1l ~1 ~b vh bVi tJmb<l~l'nl ~ ~, ~iJ1lB ~1 ~ bb ~~'li''W 1'W'Vl n'l~ 1'1U ;~'J ~b U'W~~~ Gil AtIl1'W f11'l 

~1 bi1'W ~1'l b~ Bl~U'l'l~ bUl1-1m tJ f11 su":j1-11'l~\11f11'l Gll1-1-rUtJ seltJ'lJl1~ll'1'i'u'Jlnf11 'lu":jm'l~\11nl'lJl11'1~'W 
~l~t1UUlill~'W Hlbbr1 

1. f11'l't1Vll'Wlf11'lbifl~~f11'll1fJl1l~l~t~1j'W 
2. f11'l?l~WIl1~ 1j \111-1 ~'W1~t1U1l~rl f1'lci~Jl1ums;ifl~~bb1-1ci~Jl bb<l~iJ bb1-1ci~Jll'i''W'VI'Wmn~'W

,,' ...' ..' 
3. G11m'lmQ~ ml1.1'W'VI'Wl.1~ln'U'W l\11tJ f11 'lt1miiubb<l~ f11 'lbi\u-rn111Ul\'11'WLn'W , .. 
4. bb?l\11~1~b.;l'W fi~AntJm~1'Wf11'lu":jm 'l~\11f11'l'VI oj'~ tn f1'lUl'(]1l ~B~rlf1'lci~Ul 

5. B~1'1 f1'lci~Jl?ll~l 'l(1U":j1-11 'l~\11nl'l'VI-r~ tJlf1'lJlbb<l ~~~bb, \11l11l~1~U'l~m Ul1-1~l tJ1I'1mn~'W 
, • If... ' 

6. oj'\iUl<l?l1m'l(1U'i'l<lr-l<l"~f)'VI6.11'W'VI-r~tJlf1'lUlIl11~1'IJ1~,]mf11'l·U1l~tJ'l~b'VIl'l (Brodie et al, 2007)
~ ,", 

1tl~f1'lJl (Hydrologic cycle) 

'VI-r~tJlf1'lJ1U'Wl<lmnm'lmtJ~tJ'WbLtJ<l~bb<l~bfl~1l'Wc'iltJ11J1iI1~1lJ~n'lJl (Hydrologic cycle) 

(USGS, 2014) f1'l~Ul'Wf11'lI'1~ncil11.1b tJ~ tJ'WLLtJ<l~?lmU~~1l~Jl 'Jln~1l~bb ~~ (Solid; Jlbb~~bb<l~;:'~~) 11.1~ 
,(]B~b1-1m (Liquid; Jlil1~Ubb<l~Jl'V1~L<l) bb<l~lil'1J (Vapor; 11lJl)bb<l~mi'u;;i,(]B~mm8nfl~~ l\11m~~'Jln. , . 
f1'l~UlUf11'lf11'l'l~mtJ (Evaporation) f11'lI'nUbb,j·u (Condensation) LL'<I~fn'ln<1UM1 n<l1tJbUUU1~Ull1n<l~ 

\'I~'W~'W (Precipitation) (Environment Canada, 2013) vhl~bn\11JTvh1-1~8Jl11-1<l~lU (Runoff) uuil,~u .
"II " ,
1\11tJtJ":jlJlruUlil1~U (Surface water) b1i\11'JlnUle.J'WVi1~lm1-1<l'l1mNli~u(Surface runoff; overland flow) . ".
l1-1<l~l'W1-1th~'W'<I~;;ibb1-1ci~Ulo'l'llJ'lJl~ bm~e.J'W~ll1n<l~?ibb~Uli1101'l1\11tJliI'l~·(Direct precipitation; Channel 

.... v '1J ... 

precipitation) U1U1~lilU 1m1-1<lbl'VI'ln'll~<l~~~U (Infiltration) <l~ltJ~oliu~ti~~lu1~tJln Onterflow; secondary 

base flow) ~~1\11tJ..t,11.1'J~iJ'l~~ul'nl~~nl\11tJtJ'l~mru 2-3 t1, LL<l~11-1<l'il~mJf11uLL'W1'l~U1U (lateral flow) 

liLL~Jli1101'l~B11.1 <111-1-rUJ11\i\~u (Groundwater) In\11~U'Jlml'le.JUm1-1<lo\l~1in (Percolation) ~luil1~U. . 

(Groundwater runoff; base flow) (Raminwong,Z003) 1tJ~,yu~u4~Jl (Aquifer) ~~IU'W'~U~1J~~l~'l~ 
1-1~8'tiB~11~'l~wi1~1~\11\\ ~,(]'Wl\111 "v1qjoimtiB~t1U \\<l~iJfJru?llJlli\l ~Jl'l1~ 1.1 ?llm'l(1t1nLi1u,huutJ":jlJ1rumn 

'J'Wmnmuu\\w<i~ul1\i\~u (RID, 2010) 

-----_._------~ 

,hO hydrolo!ll~eyel. 
.------------,.._~-~ 

(Raminwong, 2003) (Environment canada, 2013) 
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oJ ..; d .... IV <::0..... '11 

'inn rrrs Ltl" uuutl ,N'YJ~1~L~1'IJ ll~ n1TY1 'lIUlmU\Fl~'l:fJin'iJU"~?I~ I'IlJ ?Ifl1vm1~"<llJ'YJ1~ 

f)jjmrnl'l rm1iitl~~11'J'lJu'Vi~u LL<l~n1~L~ lJlJln~\J';jl\J1U'IJ<l~tl ~~'IJ 1m 1.iUl1tl?i1'l11lJ'vh'Yl1I'J'Vi'l1<l1fl'l1<l11'J 
'tI ..... .... 'II 

LL"~1'l11lJ.uui<luVilJln:Uu1un1~U1'}11~~~rn~'VI-j\"Il'JlmUl LLuU'ih"<l~ (Model) Uin<l1l'JlJ1L;JUL1'l~<l~i1 <l 

'Viihfr(ULL<1~'lh 1'J?I'Il'U?\UUf1T>~~'11U 1'iJ1Un1111~ LLfJUn11U1,m~~n11 ~1mY;lJ'YJ1~ L~B f111Jn11u1vm~~n1~" , 
LL,,~nl1m~nl~WfJ<l ns ~ 'YJu'ViB1'il'iJ ~ Ln~~1J 1U<lUlI'lVl 1~1'J1U~1~~\J'llB~ nl~ Y('JIm LLUU;;Jl<1 eN1.ii'Un1~ 
nenuU1JL\l'Yll~nl1U1'111~~~n1~Jl1~~U'I1~<lih~U<l~1~l~1l~h~'I1i1~Lvh'!u <l ~1~ h n'lllJ 1UU'il'ilUUl~jj . . .... ' .... 
rms<lnuUU '51" ~VillI'l11lJ'VI<I1f1'V1<11I'J LL"~?I-jl~1'l11lJ\ 'U<llJla~ n1~u~vm~~n1~'Y11'Yll'J1mUl~1:rlWjl~u11A~1J 

L\<1~ii1~u1AlJln~'U (Welsh et al, 2013) <il'V11ui1mlJ'lImLLUU'ih<1<l~'!'U Black et al (2011) lm'l11'l11lJ'11lJ11'J 

'lI~~\L uu'51<l<l~ H11 "flwyil1,i\nVl~11lJ Lil11'il~~ll'J;ff~\~~l1nu fo11lJ'il1~ IVlI'J1'l11lJ'iJ~ ~\il~ ncil11t11\In?l~l~~U 
L}1m111YiL'ihl'iJ<l~1~(lnAlmL,,~~n:U~ mlJl'lru<1'n1:lru~Vi~'iJl~illl'l1<J~1~U\J'VI1~li~~l!'lJ1~ ~~uu'lil1'YJm ssuu 

'II • 'I .... 

LPlTlelJin'il\L<l~"~ I'll! ~ iluU1J'yh\?IVl~1'1'l~ m~lJ(;IllJm~U1'Uf11 ~~~ncil1t1u al'J'J~LLi\ Vl~a ~1 UL;a~l'lru Vll'lla~-j 

'I11<l?\~~ l'U~tlLmU\;a~L\\Jli'iVl (Conceptual representeton : Jl11'111VlVl~<llfma-jwu,m~uu) 'VI1lJ 

u.UU;;Jl"<l~f11CJJl111 (Physical representation : ~tl'YJ1~V1111~tl~1~'YI1~f111Jfl1W)" LL,,~Park (2011) l~i1lJ1lJ 

lHl 'LLUU'ii1<W~ fill ihu'VI\J'}11af11~a5U1I'Jm~U1\Jf11'l'l11a11i1(l'Vi~u,jlJ'U ~~lVl1Jtlf1~'il~u.aVl~lVl1J~<l'll'U1Vl 
vd ~ d" vv, v X 0.... "" ...1VlL<lflrn (Small scale) LL<l~/VI'l mtlLLUU'VI'iJ~'VI11'V1~'lI1h11'llJlf1'llU" <l1'V1~U LL\J1'YJ1~n1 'l'YlannuU1)'Jl<1a'l " . 

(Model) ?lllJl'l(l?l'ltl1vlvl~il', 
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1.n11rlll-l1.lIilJIiIQtJ1~61~I'1'11'iJ~bbUU'ih<1iJ~ (Define model objectives) 

b1'J1.Iii'1.Ili1iJ1.In11rlll-l1.llilbUIl-llJl mb<1~'IIiJUb'II 1>1 rrrs1'iitJ1~l~'IJ,:J'IIm uUU'ih<1 'iJ~ (MOEQ, 

2014) fll111 ~ bb~ 1.Jm 1",b11 1.Jm 1111~ fl a,l .liJ~ fll1 fll1iJ ~l1.J~llJ'ill fl ~iJ~l1.11~ ~11.J bii~ ~'il~ b~ 1.J~llJ rl1.l 
v. " 

11.1m~U11.1n11i\ill1.J1bb UU'ihiOiJ~ 1I>1QtJ1~61~1'1 bb<l~~mlY/6'illflbb UU'illiOiJ~Vi.liJ~fll1 (Barnett, 2012) 11lJVI~ 

n11Vl'ill1f;\J1'iiiJ'illrllil'lliJ~bb UU'illiOiJ~ (MOEQ, 2014) bb<l~iiiJl;J<1~'il1b1'J1.I611l-lfubbUU'ill<1iJ~ ~~iimJ<1I1l~flal1'il~ 
61~YfiJ1.I1in~l1lu 1'l11lJnfl.liJ~ 11.1n111bI'l11~'i1'IJiJ~ uUU'ill<1 iJ~ (Barnett, 2012)

v 

2. n1161~I~bb1.l1AIiI'IIiJ~bbUU'ilI<1iJ~ (Model conceptualization) 

rn161~1~ u1.JlAliI'11iJ~ uUU'ii, <liJ ~ b1'J 1.J m~Ul1.J n11bnu11U11lJ'iiiJlJ<1D 'il<il~ 1'l1UI'llJl-l1 iJ 
"" ' 

D'il<il~~iHj'V11jy/iO ~'iJn1 11bI'l11~'i1m~U11.J n11n111l-l<1 bbiO~fll1rlmnU1.hMOEQ, 2014) V1~11.Jb:U~tJ~lJl ru 

(Quantity) \b<1~11.Jb:U~flrull1Yl (Quality) (Barnett, 2012) 

3. n11iJiJmbUubbiO~<ilIilYilbbuu'iil<1'iJ~ (Design and construction) 

n11iJiJ flbbUUbb<1~<ilIilYilbb uu'iil<1mb1'J 1.Jm~Ul1.Jn11bMU1 flUn11~1iIi11.J1'il11.J1TIn11~~~611i1, 
11.Jn11'1l,bb1.l1A 1iI'11'iJ~bb UU'iiliOiJ~ 1tJ~bbUU'iiliOiJ~'V11~l'lrulill'l161li1~ lli1tJn11~1iIi11.J1'ilii1~ flal1'il~Vl 'ill1ruln11b~ iJf11TIn11
 

"
 
'V11~l'lrulill'l161li1~ (Numerical method) 1ihurnuuUU'ill<1iJ~ (Modeling software) (Bamett, 2012) 1'l11lJbl-llJl~61lJ 

'V11~~'1.JiJ~'IIiJ~bb UU'ill<1iJ~ (Model dimension) (MOEQ, 2014) bb.<1~n11Vl'ill1rulb :U~~1.J~bb<1~·lb~blm 
(Spatial and temporal) 'II'iJ~bbUU'iil<1iJ~ lli1mb1.JT}11~b \JiJ~vi'1.J 11.J1TIn11tJ5u"ii1'l11'il~Yl'ill1rulb\UU'ill<1iJ~ 
~1~<UuoiiiJ1.IbbiO~nI'l11lJmlJ1~61lJ b~1.I 1'l11'il~Vl'ill1~\n<ilIilYilbbuu""NiJ~ two-dimensional models (20) 

lJlflfl11611lJi1~ three-dimensional models (3D) (Barnett, 2012) . 

4. fl11tJfUbVi~UbbUU'ill'iOiJ~ (Model calibration) 

b1'J1.Im ~U11.J fll1tJfubtl ~~1.J f11'IJiJ~D 'il<il~~1 utJ1 (Input) 11.11~I1lU~ r11l-l1.llilbbiO~ 
'1'1 ~1 ~llJtJfub Vi ~u1'l1f11r-JiO <lYl6bbuu'illiOiJ~iJI'l11lJ61iJlilmi'iJ~rlUYl q~m1lJl-l1iJ biiJ1.I1'IJil1I'l611.JllJ~ bii 1iI;ff1.l'il~ ~ 
Actual field conditions) (MDEQ, 2014) n11tJfubVi~UiJl'il'il~1oii'IJIiI.viJlJ<1~\1'J1.I1tJ1~~bblilfl~I~ti'1.J :li~n11 , v 

tJfu bVi ~U'il ~Yil1 ~bb UU'il1iO iJ~iJr-J<1 <lYl6~61iJ IiII'li!iiJ~ rluf11~dilil~1.I'il ~~~1~fU'il1 fl fll111i1f1111.J 'iJ~IiI'II 'iJ ~~1.I~ 
(Barnett, 2012) 

5. n11Ylmmru61m1.Jn11ru (Predictive scenarios) 

fll1Yl ~1 fl1ru61 nl1.Jfll1 run fliJiJrruuuu-uyjiJliliJ UrhmlJlilllJlli1ntJ1~61~ rl'IJ iJ~" , 
bbUU'iil<1iJ~ uUU'ii, iOiJ~ 'il~nfl'llllJl1 bml~l-l'1.Il-l<11 fll-l<11 ~ 'IJiJ~61ll1YlD (ul-ll byjiJVl'ill1rul msbtJ~ ~1.Jbb tJ iO~

" " 
~bii 1iI;ff1.J'illfl'VImfl'VIm~61m1.ln1"5ru (Barnett, 2012) 

6. n111bml~'i11'l11lJ1~bb,j1.J'iJ1.J (Uncertainty analysis) 
';:1 .... ~ d ... vd1 I <:\I "".::jI ..:::jI

buurrrr: b1'l11~'VIr-J<1m~'V1U'V1\fllil'illfl rnsu1'l11lJ"l'V1 lJb'1'1 ~~YliJ'VI1iJ 1'l11lJr-JliIY/mlii
" 

~iJ11mllAqj'lliJ~ bbUU'iiliOiJ~ b~1.I 1'l11lJi'iIilYlmlil'illfl~1bb tJ1~1.v f11.v'iJl;J<1D'il<il~~lbb tJ"l (Input data) 'VI1iJI'l11lJ. 

i'iIilYlmlil'illfl'ljI'lI'l<111.Jn11HbbUU'ill<1iJ~11.Jn111bml~'i1 (Black, 2011) 

7. n1111~~I1.Jr-JmbUu'ill<1iJ~ (Model reporting) 
<> ~I ... drrrs "51!J~ 11.Jr-J<1bbUU'ill <1 iJ~ 'il~ tu 1.J fll111 ~~ 11.1'V11~1'IJ1rrrs 'VI m iJUI'lmJbiJfl6111ua ~ 
.... II ~ 

m~Ul1.1fl11fl11'V11~11.J'IIiJ~bb ~UU'ill<1iJ~11.1bb~iO~ii'1.Ili1iJ1.I'Vibblilfl~l~rl1.l bi1iJ'VI1'11'iJnl~~11.J1'l1"5'il~tJ"5~fliJU~1 

illiJ51J1 ~<lfl'l1ru~ uuu'il, <1 ,N .vsua ~'iil b\'J 1.J.Jl 'VI fu uuu 'il, iO iJ~ .viJlJ<1 ~1~61~I~~1.Ic.h 1.J fl"5 ~Ul1.Jf1W(JiJ~ 
, 'II ... 'II 

bbUU'illl1iJ~ r-J<1GlYl6Vi1~ f usnflf1111 bml~'i1 bbl1~.v iJlJ<16111U'il1.l1.JVI~'VIlJliI~ 61,lJ11n'll,b611.1iJ1w, ~~11.11~ :li~oijiJlJ <l11l~fl-.i 11 
... 'II , 'Il 

'il~b1'JW1~1~11.Jf11"l'1l1m'(UlJ1Vl'il11rulBfll'lf~11.1f111'V1Um1.Jbbl1~'lJfutJ"5~bbuu'iill1m (Model review) (Bamett, 2012), 
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m l1{ittUU'ii161'Nm su1'V11l~I'ln1lJ11J(~u~'JlJnuJ1 i.1'J~U('th:a'VI flllll61 tl'llbi:iEJ) 

(Modeling groundwater-surface water interaction in Australia) 

'il1n{fill'lna~1'l11lJi1~dhm~vri1~'i''iiThe National Water Initiative liJlu1ltl';mlv'htUUn1l 
4 " 

I~ il tJ'i'utJl~ rns \J~'VI1l,)1'I m l'VI'i'.,EJ 1mJ1'lJil~ tJl~1 'VI Plil il61 bmIii EJ n1l61-j1~ A11lJJtUh 1ums<l~"lU~1uJ1 
1UilU11'l1'l (National Water Commission, 2006) l1lJ~~n1l\J1'l,m')l'ln1lJ11J(~hJII<l~iJ1~U 1~1J~'iJ1n~U~ 

v v v v 

';1u1..,ru'lJmtJl~t'VIPl1J1J61ll'lltiimJu ml?lUU11J(~u1 ummru:J1fl"il~Gi ~~<lm~'VI\J.i1JtJ~mruu1iJ1~U'V111'l1mm~JU1. " 
lUltUJ1'iJ:i<lI'l<l~(Jolly et al, 2010) 11<l~Gi~N<lm~'VIUtJ~lJ1ruJ1.i1Jl~UUUl1PlLl'lmQ"{n~lu'li1~q~IIii'~ 
(Rassam,2011) 11'l~1J~n1Jlun1ll'l1l'ln11ru1UFl11lJl~1JlJLCNMui1Jul~'Vi"h~J11~~UII<l~ iJ1~U;;j~ Ii'J UIFl~1J~n1J 
~'ii1bi'Julla~·lh'J?l1J\J?lUu.i1Jfl1l~l'l61llJTiJcJ1~t~~u LI'l{JtJl~l~uvl~mh, eWater Cooperative Research, 
Center (eWatereRC) lJ(v'hluuLl'll~ml "Groundwater Surface Water Interaction Tool (GSWrn" lYiilPimn 

tJ~lJ1rulla~fl1lci1m'VIfl1.,1"'<ll~",11~l~~uJ1~uiJ1J11tii?lu (Water Table) 11<l~lllJJ1 (Jolly et al, 2010) 

LI'll'Jfl1ltoUllU\J'il1<l1)~ "Sources River" lYi1J'W'iJ11ru1mmrull<l::mlci1CJl'VIm.,1"'<ll~'VI11~'ll'ltiiuJ11Ia~tl<l1{JJ1 
(Upstream and downstream nodes) 1'l<l1JI'lI<1u,hJ1 'iJ1nfl1l'l\m1::V:tJ'il')EJ~,hflqj ~1J tJ~mrufl1l~uJ1 
ltii~u (Groundwater extraction) \\<l~mll~\'VI{J'lJ1J~J1 (Evapotranspiration) fl1l\YilJtJ~lJ1ruJ11~~u 
(Aquifer recharge) bl<l~fl1llnunmhtJ1J~I'I~~ (Bank storage) fl1l\tJ~EJUt\tJ<l~~~'VIlJI'l1~Vl'iJ1"~J1l1lJ'i~ 
?l.f11'l1 ~1.1 ~ b\a~'li1~ 11<l1~ 'il~'l111 tJ ~ rrrs bvi lJ;luua ~ msaI'la~11.1 fl1lci1 m'VIfl1l1Y,<l~'ld1 ~ J11tJ1~ 1.1 u<l~ ~h ~ 1.1 

(Rassam,2011) 

Un!:"'gtb;Y 

Un~;ltUl'~ttll (OBlltttiOD 

(=J Inflows 

~ 

~.ISW 
ac:il:mge.t!u.x 

Ex.tracti011.'T~ 

a~1!C.e 

1
D;;Witr~ 
Node2 

-
trnicl~ -:.;.;.;.;c;.;.;.;.;.;.;.;.;.;.;. 

llI~cr~----, t lli'..trC~• ~ ~ ~ N _ 

~ (ODtltcdOD "..., 
- I \\'jl!:i.,bd:: ~[. _ G: t 

T T-----sJ-~· l_~~____ ._J__ ___ 

;~ i~;~;~;:;~;~ ~~ ~~;~;~;=;:~:;=;~; . 
Di;dt::po 

IRlISS~m.2Glll 

Ool,ly et ~l 2010) 

~tJvl 6 I.b~Uer~bbU1Al'lbbu\J'ii1mH (Concept Model) \\UU'ii1<l1J~ "Sources River" 
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• • 

Kilometres 
SO 
! 

Helts Creek
 
Catttrnent
 

Legend 

• . Town III lakes 
o Dam 

• Irrigation 
_ ......State border III Native veqetatlon 
-- Main Road 
_ River I~~@ Other (see table) 

Cox's CreekCattnmont Boggabri toeunnedeh Reach 

7uvl 7«'W~'YJ""''iJUllUuhm~ "Sources River"(,If) Boggabriii~ NarrabriXJolly et al, 2010)• 

28!12/!n 15/7192 311l/93 19i8:9:l 7/J.,"9~:~ 2319194 U,W95' 18110/95- 15i5!96 

,vQ 

~50 

~ ·4Q 
-e 

~ .j.Q 

a -20' 

• ·10" Jj 
0•

'"•

" 10a... 
" 20'" 

30 

40 

7uvl 8eJ'l'YJ""''iJUbii'iJ~IiI'W'J1mbUuiillr;)~ "Sources .River" 1'W«'W~~l.IJ, Namoi (Jolly et al, 2010) 

bbUuiil'l'iJ~ "Sources River" 1$1ul11.J'YJ""''ilu1'W«'W~~l.IJ, Namoi 'YJ1~VI::1'W'il'ilf)'lJ'il~1.J'j::b'YJFI• 
1J'il\'lbmb~1J ~~bi:i'WbuJJ1?lI'lJl'lJ'il~~l.IJI Murray-Darling 1"1JeJ'lm'j'YJ"?l'ilU?l1l.11'j\l?lTlJt$lvl~d 

1.m'jril1Jb'YJm'j1'l-1m~<wi,~J,ih~'Wbb'l~11i1~'Wbn"'il'f)m'jbl.J~1J'WbbU'l~mlJ'\1JJ''lJ'il~buJJ, mlJl\1J 

f)1'j?luJl11i1~ 'W <lVi'll f) 1'jf)1'jri 1m'YJ'j ~VI'h~J 1~1~'W bb'l ~11i1~'W bb'l ~ rn 'jbU~ 1J'W bb U'l~ m 'j'j~ m1J'lJ'i.l~J1• 
(Rassam,20 11) 
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• • • 

2. "iJlflfll"bmCl'lJbYiCl'lJ~01nT'VI'101€l~ (~t1~ 5) t1'lJbb'lJ'lJ"iilO1m MODFLOW t1~lfl!l"hfh~H;-r'lJ"iJlfl 
fl1~VI'l<1€1'lJ1:.i<1€1'lflG1€1~t1'lJ~mJ€l~bb'lJ'lJ"iilO1€l~ MODFLOW (Jolly et al, 2010) ~~€I1"iJ'il:;b~CI1oU€I~t1'lJb~mJ1-u 

(j~TIJ'Ill~ Vll~<1il1'WiJijl'll<1Ol~ 1'lClfl1~bt1~ ClUI.I.t1m~:;'Vr.h~Jl1lif~hJ'b01:;~b~u 1u~u·~ m:.iiJ rrrs1'VI01'VI~€Ifl1~cilmVI 

(no-flow boundary) ~~\.h~1flO1'illfl~U~~Yi'ill~rul ~ru<1lJ'lJ1i'lJm~UVlU~lJJl (Heterogeneity) (Raminwong ,2003) 

1.1.01:;fl11lJ'VIU1'lJ€I~'ifuVlu 4lJ1l1 (Aquifers) iJ~ O1~€1 fl1~cilmVlfl1~1'VIm:;vril~1l11l1?\ Ubl.<1:;1~?\ U (Rassam,20 11) 

3.bb'lJ'lJ"iilO1m "Sources River" <11lJ1~(l<1U'lJ<1UUfl1~'Wmmrufl1~cilCJbVlmlJlruJl~:;vril~Jl1l1?\U, 
bbGl:;1~?\u1~mu~:;Iii''lJ'VI~~ 1'lmQ'Wl:;1u'li1~t]~bbG1~ ~~iJmlJl~JJ11umjJl1v:mj,)CJ (low-flow) (Rassam, 2011) 

fl1W'l:;bijumllJb'VllJ1:;61lJ'IlB~bb'lJ'I.J"i'hGl<N(Evaluation of Modeling Tools) 

'ill flfl11lJbbOln ~ 1~ OlllJ<'i'n'(,lru:;bb01:;b'U1'V1lJ1 CI'IlB~1fl~~ rns fl1~'hfm:;Vin1'i" 'lJ~ vn 'i"<ill'l n1'i"Jl1~?\ U. . . 
~11J t1'lJ1l11l1?\U1lifb:UBlJ1C1~1t1~ fl1'i"t1'i":;dJu fl11lJb'VIlJl:;<1lJ'1lB~bb 'lJ'I.J'h'IB~ rrn1ifbb'lJ'lJ"iilO1B~1ufl1'i"1 bfl'i"l:;Viuu

" 
"iilbi'J U'il:;~mbll 'lJTI'I.J'i"1lJoUBl;j<i"iilu1wln fl1'i"~B~fl1'i"nm1Ufl1'i"A n'(,llbb01:;H~lUbb 'lJ'lJ"iilO1B~ fl1'i"'A'VlJUlbb'lJ'lJ"iil<iB~ 

(Model development) fl1'i"t1~'lJbV1C1'lJbb'lJ'lJ"iilO1m (ModeL calibration) bb01:;fl1'i"'I'lmmru<1tl1Ufl1'i"·ru (Predictive 

scenarios) 1ii'~,1u fl1'i"vllbiJUfl1'i"Iii'~ncil1 'il:;I'iB~Yi 'il1'i"rulfl11lJbV:1Jl:;61lJ'lJ,;)~bb 'lJ'lJ"iilO1m I'hlif'iilC11Ufl1'i"1l1bb'lJ'lJ"iilO1B~ 
lJ1H -nu fflllJCJ1n~lCJbb<l:;fl11lJ<11lJ1'i"(l1u fl1'i"~1J1nfl1'i" 1if~lUi'i'lJV1 ~r\ ~u1'V1lJ'tUfl1'i"1if~lU 'i"1lJ(i~fl11lJ<11lJl~O1ufl1'i" 

1J.<1'l~~<i1U'i":;'lJ'lJ<11'i"<1UbVll'liJijl'll<10l~ (Geographic Information System: GIS) 

Evllluation Criteria Definition of Ra'!kint/s
Priority 

a I 1 3# Description. 2. 
' Known tomoshegulaloryl\.tew product, not known I KnO';"n Lo someRegulatory Acceptance 1 IndUStry Standard\ 

to most reculalors reculatorv users usersI 
1 lfJgh LoW Public Domain2 COst MOderate 

Extensive Built-inBasic Built~in orpublic
Ea~ ofUse (Interface) 1 No iilterf<lce <l'JaiJab!e Proprietary GUI tt.'auable3 domain Gmtavailable GUI available 

FUlly integrated,con be easny coupled \Vilh
4 rntermooel Connectivity 1 NotF=wle Possible but dit.lcull lherefore notother medels applceble 

ComprehensiveSome GIS ArcView Some GIS A...cVie-N GIS tools3Van<lbteGIS Integration 1 None extension avan<J.ble to extensions avalleble to <lid5 
for pre-Dodald Inpreprocessing inpre- andpostprocessing postproceSsing 

Availabte bUt difficult Readily a\"allable at Readily wallable atService &Support 1 NotavaJlOlble6 looblain moderate cost lewcostI 
1 Minim<illy limilin-g7 Moder limitations. Specialized Model Mooerotely limitinglimiting 

8 limit onModel Size 1 VeryHigh Moderate Minimal None 

Relativeiy easy toVery difficult to add new
9 2 Not Applicable Not AppITC<lble Oldd new progi<3mI~P'lnd'blity program·componen\$ comtonems 

WlnNT, Win9:S,PlatrOJm..fleXibility of Only US<lble on linux or10 2 DOS Only '",JinNT. Win9S, Wings Win9S, Umx., Dos,OpelP'J09 System Unix systems ucuc
 
1\
 Experience Required 2 Moderate to MinimalExtensive Moderale to Extensr/e Minimal 

Still inlJe'lelopm.nV Minimal Numbeto( Moderate NUmber of EXtenS~/e Number12 Percent ofMarket Share 2 Used in Universifv ofUsers 

I 
u=Use" 

Documentation and
13 2 NotAvailable U~Je Moderate Extensive .Traininj:1 
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iilV1~um~t1~~LnUI'l11lJL'VIlJl~6'IlJ'1I8~LLUU'ih<l8~ (nj~ 6) 6'I1lJl~~6'I~t1t1~~L~1Jm~t1~~\ilU1~~~i1
" . 

1. ~hUm~0I8lJ~u1um~1-ii~lu (Resulatory Acceptance) m~0I8lJ~u1ufm1-ii~IU'iI~~U8~ 
nu nl~H~IU'1I8~m-ii l~Wn1 ~t1~~Lilu~nfh m ~t1~~Lilu6'l~ 1~LLri LLUU,)I<18 ~~iJOIlJ1-ii1VlOl..t11t1 L'liu 

" " 
MODFLOW VI~8 SWMN LL<I~LL UU')I<18~/CJ1il'lllru'n1V1lj 'iJ~i1fh1um~t1~~Liju~~, 

2. l1iu'Vlum~HLLUU')I<18~ (Cost) LLUU')1<18~~fh 1-ii~101~~'V1~m UULLUU')1<18~~6'I1lJ1~~• 
v ~ 1v 1v , 1.1 ... d 0 d""" I 121 d.c9.c9 II dI I 

L'1Il~~ Vl6'l1\i1~ru~ 'iJ~ Vll'l1m~ ~~LlJU'Vl6'l~mlLLUU'iJ1<18~'VllJI'l1 '1I'iJ101'VlVl~8lJI'IU'VlU'Vl6'l~
" . " 

3. 1'l11lJOIln~1011um~H~101 (Ease of Use) m~t1~~6'I1u/CJu1nm~1-ii~1uI1i1u~t1m~ 

(Graphics) L-ii, nu1t1~LLn~lJ ~~11.1 ~LLmlJ~i11'l11lJ 6'lllJ1~~ ~~ n~11'iJ~ 111i~um~t1~ ~Liju ri1~~LL<I~LL6'lVl~1l~ 

t1~~1i'Vl5m'l1'118~ LLUU')1<18~ 

4. 1'l11lJ6'l1lJl~~ 1u n1~ L~'llJ 101~nULL UU,)1 <l8~~U '1 Ontermodel connectivity) 

11'101 1'l11lJ6'l1lJ1sn ~~ n~11 '¥l11>1i'11lJ 1~ n'i LI'l ~1 ~Vi1'l11Ol L~8lJ 101 ~ 1~VI <11 nVI<l1 OIlJl n;ffu L'liu LLUU,)I<1M 

MODFLOW 6'I1Oll~m ~8lJ101~ nult1~LLmOlVI~mLUU')1<18~~U'1 L~81mum~'iLI'l~I~ViI'l11lJL ~8Ol101~~~VI'-Jl~ 

JI111i?luLL<I~J'~1?lU 
s. m~CJU1m'ihnm~UUi'l1~6'IUL 'Vll'llJijfll6'11'11 (GIS integraticn) L'Vl1'l1Ul<1~~IU<ll~<lUL'V11'l 

f1ij1'l16'11'111~~ m1'\lIJUI iilV1~U n1~~Vl m~U~Vll ~-ii8Ol <I L'i.J~*u~ LL<I ~ 6'I1lJ1~mlIOl 11.1 ~~ OIn 1'11-iinuLLUU')I<18~ LL<I~
'U 'IJ 'U , 

m~LL6'lVl~CJ<lm~'iLfl)I~Vi 11'\mLUU')I<18~~nI'l11Ol6'llOlI~~ 1um~CJU1m -iilnU'l~UU<ll'i6'lUL 'Vll'llJill'll<11"1(GIS) 

'iJ~1~~Um'itl'i~Lijuril~~P 

6. m'ii'l1JUi'I'4ULL<I~m'i1 >1U~nl'i (Service and Support) t1'i~L~u~iilAi1ItI~~L~UVI~~ii8 

1'l11Oli'lllJ1'i~1un1~1>1m'ii'l1JU6'lUULL<I~U~m~'1I8~iiCJ1iI'lLLuU')lm)~ 11'\0IU1~LLUU')I<18~,1U 8~1U~U'1I8~." " 
m'i'l1\lIJUI ~~,11J 81'iJ 'iJ~L1iI'\-ii8')lnl'\ 1Um~'1I8~Um'ii'l1JU6'lUULL<I~m~1>1u~m'i• 

7. -ii8')1nVl'1l8~LLuu')I<1m (Model lim~ations) LLUU')lmN~nm'i1-ii~1U~')lnI'\LL<I~L\l'l11~L'iJ1~'iI~U 
'iJ~1~-rufhm~t1~~ biju~~,1U51ULLUU')I<1'N~i1LI'l~8~i181 Um'i1-ii~lu~11t1 (seneric tools) LL<I~i1m'i1-ii 
t1~~101'11,J~VI<I1nVl<l101 (variety of applications) 'iI~1~~urilm'itl~~Liju~6'I~ 

" III (> ..... V 0 ( • ,J 0 d"" :=1'1. I

8. '1I8'i11nVlI'\IU'1IU11'\'1I8~LLUU'ill<18~ Limit on model size) '1I~bLUU'iJ1<18~'VllJ'1IU11'\'V1~VlllJlJ1n 

'iI~1~~Uril1 Um'itl'i~biju~~, . 

9. m'ibYilJ'Y1~Mult1~bbmlJ (Expandability) 'iJ~LMOJ1-ii8~nUI'l11lJ1J1n~1011unl'iLYilJ'Y1~nitl1V1.J 
'1J8~lt1~bLmlJ b'liU MODFLOW 81'i1'i1~~101~8m~i1l1biium~ 1u'lJru~.yj MIKE SHE 81'i1'iJ~i1-ii8~~0I1n1um'i

• 

10. m'i1-ii~lu-:i1OlnU'l~uutlEjU'mm'i (Platform-flexibility of Operating System) rilm'itl'i~Li1u 

~~~,1u 'iI~ bVlOlI~6'IlJnUbL UU')I<18~~6'I1lJ1'i~'I111 tI1-ii~lu-:i1Olnm~uutllluMm'i~VI<I1nVl<l101 b'liu Microsoft 

Window, UNIX, uas Linux 

11. 1'l11lJIi(8~m'itl'i~i'lum~ru1 um~1-ii~lu (Experience required) 1'l11Ol~8~m~1um'i 
.1 !'I 1v 

e Q' dv 1 "" d v " ~ i'I~ 6'IOl useaumsru bu rrrs '1ILLUU'iJ1<18~lJ CJ <11'18 ~~IJ ~ L1<1TVI1'l8~m'j u m'ifm8usu LL<I~ in 0I1'118~t1'i~~'Vl\im'l1 

• , 1.1 .... ~ "'" ~ I c::..,,1 d if..... qJ if 01 1v 
UU'iJ1mNurns 'Il~IU\l,UU'ill<18~ I'llm'i ~~LOlUUU 'iJ~~'ill'irulu'i~LI'\U'Vlbnm'1l8~nUI'l11lJ'1IU'lJ8U'1I8~bL

'1I8UL'1I1'1'IJ8~1'l11lJi'lllm~1urns1-iiLLuu ')1<18~ 'i1lJ!i~1'l11lJ.;{Uo1!8 U'IJ8~ lt1'iLLmlJmmUm'jf11u1ru 
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• • 

- -

12. cilt1ILU~rn'\'lml11 (Percent of market share) \I11EJ'lJtl1111'IJ,Hcilt1lIU~\'lml11"i1:;m:lJ1't1 

l'I:;V1eitl1~~~ fl11lJ EJllmU1urrrs1oU~1t111uuii1<lm \l11mUtilIuuii1'\lJ~~~rml-iitl.,:;\EJ'IJtI1~V1<l111111<l1CJ1tlrn.,1 L!m:;~ 
~.1t1·,'ItI~L\-j:lJ1:;<1lJ LL<l:;1I1lJ1"l)l'ltll m-111 nULIUuii1<lll~/Vl~ MtllmhllJ~hhLLmlJ11il~• 

13. rn.,1Jf1<JmlJII<l:;llln1l1.,5t11 ~L~EJI-11ll~ (Documentary and training) rn.,u11llmu 

LI1I:;llln1l1"vl~11~11\l:;yh1'I-1l'11lJ1.,m-1111 euUUii111<J~ lt1m.,ww.ltl1 -1I<J,h nl11 11'1:;111.,l-ii1..b:;\CJ'lnJ mn-1I1ii~ 

Illf1<11"~L~m-iim11il~1C1"iI:;<II11L1<l11t1m.,fttlV11 u.<I:;m.,L1C1t1i'm.,1-iiILuuii1<1m (Camp Dresser & McKee, 2001) 

<lIU (Conclusion) 

vmutI1'V11~ f11.,U"'J'VI1"~l11rn"'VI-j'\'ICl1mJ1ILUUl'l<1Ul'l1l1t1 (Integrated Water Resources 

Management: IWRM) 11ilu11tlcif111U I~llU\C1~lt1 rn.,u"'JV11"~l11m.,J11;if~tl11lJ nuJ1i11 ~tI m., Rm:l111<l:; 
'lJ • .... 

l'I~1~f111lJL-ihl"i11tlm.,u"'JV11"~l11m.,Vi'l!uoiilltlvl~11~111 ~tl'i:;<lUf111lJ,hb h 11ilutl 'li11UtI"iI:; ~"il~jjLf11ll~jj"il 

mJU <1t1t1 111., i\l11iitil"iI 11'1:;m,n1111t1111 IihmnCl1tlm.,u"'J1II1"~111111"llciwijl11\"ilti I~"il n1V1t1I11i1il'1'V11~ LI<l:; 

'VI1~I~ll 111tlm,u"'J'VIW~'l11m., "llJ~~ 111.,Ww.ltl1f111C1 fl1\'1ll~ fim~lJu11 ~iJtI.,.:;ii'VI~fl1\'11 tlfl1,\l'I1lJ<1~1~ 

~111f111lJ<11lJ1"l)'IJ"il~Uf1m m rn.,tI.,:; EJ f1\'li.i I'VI1'1\tI\<l11 rn,n1V1t1I11U'VIU1'V1 LL1I:;f111U-j'U i1111'IJ<lU'IJ"il~V1tbCl~1t1, . 
ue:;i1iJcilt111ilcilt1 L~ C1"il ci1~'ii111 L"iltl ;~"il1 f1 fl11lJV11'V11 C1~htlJ1~ bi'il11~tll tlU"iI"iIUti f11"U1V11"~111 m.,J11J1~tI. , . 
11lJ n1Jih~ u "iI:;<11 u1.,0<1uu<ltltll '1-1\ nl11f111U'VI1I111111111 C11u 111'U1'V11"~111 111, "IUYf~ m.,\'1 ~"ilU-j'1J\iill•
 
m.,ItI~ C1t1LIila~ <1 rn\'If,) lJ"il1 rnl'1 ~~ lriC11-11<J ~ flU f111lJlftlf1~'VI1~"il1V11" 'VI-j'\'I C11 mJ1 IL<I :;\'Ii:l~ ~1 tilu "iltl1l'l\'l
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