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Disclaimer

This report was prepared as an account of work sponsored by Kansas Geological Survey.
Neither the Kansas Geological Survey nor any of employees, makes any warranty,
express or implied, or assumes any legal liability or responsibility for the accuracy,
completeness, or usefulness of any infomation, apparatus, product, or process disclosed,
or represents that its use would not infringe privately owned rights. Reference herein to
any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise, does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the Kansas Geological Survey. The views and opinions
of authors expressed herein do not necessarily state or reflect those of Kansas Geological
Survey.
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Mathematica notebooks for steady groundwater

flow in leaky multilaquifer systems using
Hemker's solutions

Xiaoyong Zhan
Kansas Geological Survey

Abstract
The use of the Mathematica language for groundwater modeling and in
particular to solve the well hydraulic problems is explored. It is shown that
Mathematica' s symbolic derivation, numerical calculation, and graphical
presentation features can be exploited to write programs that are not only
significantly more concise than their counterparts written in Fortran, C, or
CH, but also performing efficient. To illustrate this, a Mathematica
notebooks for steady groundwater flow in leakage multi-aquifer systems
have been written. The intention is to provide a flexible and easy-to-use
framework for solving groundwater problems. Users do not have to lean
Mathematica programming. All users need is to provide data and to
interpret the results.

1. Introduction

Stream-aquifer interaction is critical to both groundwater and surface resources. Multi-
layer aquifers interact with river and stream in various formats. To consider effect of
recharge or discharge of aquifers, Hemker (1984) developed applicable models for steady
flow in leaky multiple-aquifer system. However, a handy working tool for the solutions
could be desirable to groundwater practitioners. In this report, Mathematica notebooks
are prepared to provide an all-in-one and user-friendly tool. The Mathematica notebooks
include (1) radial flow to wells completely penetrating one or more aquifers; (2) parallel
flow to canals or drains completely penetrating one or more aquifers; and (3) parallel
flow to canals or rivers partially penetrating the leaky top-layer aquifer. They are based
on the theory introduced by Hemker (1984) and the results here are simply duplicated
results presented in Hemker's paper (1984). This report mainly presents the notebooks
and the application examples so the reader can use them to study their own problems by
following these notebooks and examples. They can be used to easily investigate the
aquifer and to avoid the complicated programming and computing procedure before
getting a solution for a practical problem.
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2. Radial flow to wells completely penetrating one or
more aquifers

The first application example here is a four-layered semi-confined aquifers with pumping

;toSe2%eoco°=d2/adqa?i,fefrroEi°:ptht:tb°oP#:e¥p=:t¥::;Y£±£set:maraeteass:E;ita°upi:::s°i§#::°for
the top, intermediate, and bottom layers are 1000,1500,1000, 4000, and 20000 days. The
well is screened in the second aquifer with pumping rate 10000m3/d. Using the
Mathematica notebook Hemker84-1.nb, the responses in each individual aquifer are
easily calculated and the results are the same as the Figure 5 of Hemker's paper (1984).
Hemker84-1.nb is listed in the following.

Hemker84-1.nb: Radial flow to wens completely penetrating one or
more aquifers

Needs

This section  makes graphics add-ons available;  plots big enough; current
directory the working directory, name and date of last modification showing up.

lnB3]:= Off [General= : "spelll"] ;
Heeds I "Graphics ` Master ` " ]
Seto|]tions I {Plot, Li5tplot,  Iiogllc}gliistplot} ,  Frame + True,

ImageslzE + 40t],  I)efaultFc)nt +  {"Tjmes",  12} ,  AxesLabel + True,
PlotRange i A||] ;

nhlnf = Notebooklnformation [EvaluationNotebook [ I I ;
thlsFile = StrlngDrop [TOFilEName I {r'FilEHame"  / .  ndlnf}  IT2] I ,

-1];

thlsDir = TciFlleName I {"FlleNarriE"  / .  nblnf}  nln I ;
Setl)irec=tory [thisl)|r] ;
mt]dl}ate = FilEDate [thlsFile] ;
Print["Notebook:   ",  thisFile,  "\nliast  modifiEd=   ",
modDateIT2n,   "/   ",  mc]dl)ateH3tl,   "   /",  mcidDatEnln]  ;

Hotehook=    Hemkerl.Ida

IIast  modified:   3/  25   /2003

Some global variables and procedures

dtMin:get time increment;muMb:
get memory usage;



I
numdig:  significant digits
rst:format output;

dtMln  : = Module [ {tnE",  tdei} ,  tnE" = N [ SESsionTine H  ] ;60

tdel = tne" -toldmln;  t=oldmin = tne";  tdel] ;

mute:=H[Memor¥InusE[]];106

and Memory Info at Start

Print I
{{"Time   usEd  ln  lriin:      ",  HulhaerForm[dtMln,   {3,  2}]},

{"MEmor¥   Used   ln  lfo:    ",  NindErForm[mirfe,   [3,  2}]}}  //
TableFc]rm] ;

Time   used   in   min:         2t].1

Memory  Used   in   Mb:       1.76

Define Tests

lnp5]:=

lnp6]:=

(w   data  input   w}
n  =   i;    {wQl  dist=hargE  ratE   from  aquifer   lw}
Q   =    tt],1CI000,     0'     0);

(wTi  transmi=sivit¥  of  aquifer  i   [I.2/I-1] ,   =KIDiw}
T   =    {2000,150t],   500,   2000};

{ttDdK  vert:ic=al  hydraulic   registanc:e,   =D|' /Ki'   w}
DdK   =    {10t]D,1500,1000,    4000,    20000};

{w   r   distant   from  WELL   w}r   =

{10,  50,   100,  500,   10t]0,   2000,  300D,   qooo,   500t],   6000,
70DO,  800t],   90t]0,10000,15000,   20t]00};

(*  argorithm  *)
a   =  Table   [1 /  {T[  [1]  I   wDdK[  [i]  I }  ,   ti,   n} I  ;

b   =   Table   [1/  {T[  [i] I   *DdK[  [i+1]  ]}  ,   {i,   n}]  ;

A = DiagonalMatrix [a +b] ;
Dci [A| [i+1,   i] I   =  -a[  [1+ 1] I  ,   {i,   n-1} I  ;

Dc} [A[  |1,  i + 1]  I   =  -b I  [1]  I  ,   {1,   n-1} I  ;

A // MatrlxForm
A =  H [A]  ;

"  =   EigenvaluEs [A] ;  V  =  Elgenvectcirs [A] ;
VSTAR   =  Table   [V[  |i]  I  /Sqrt [V^ 2   .  T]  I  [i]  I  ,   {i,   n} I ;

VSTAR  =   Transpose [VSTAR]  ;
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10                     50100                   50010t]0                500010000

Distant(in)

Aquiferl+

10                     50100                   500   lcloo                500010000

Distant(in)

and Memory Info at End

Print I
{{"TinE   used  in  min:      ",  HundDerForm[dtMln,   t3,  2]]},

I"Memory  Used   in  Th:    ",  HuldsErForm[multh,   {3,  2}]}}   //
TableForm] ;

Time   used   in  min:        0.

Memory   Used   in   Mb:       1.81
L -----                 _  i         _                __                 __  ___

Converted by Mathemafi.ca       March 25, 2003
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I
The Mathematica notebook Hemker84-2.nb is the same as Hemker84-1.nb except the
way of programming or using different Mathematica functions. Hemker84-2.nb is listed
in the following.

Hemker84-2.nb: Radial flow to wells completely penetrating one or
more aquifers

Needs

This section makes graphics add-ons available;  plots big enough; current
directory the working directory, name and date of last modification showing up.

lnl']:= Off [General: : "spEll1''] ;
Needs I "6raphics ` lhst:er ` " I
SEtoptiong I {Plot, Iiistplot,  I.oglit]gliistplot} ,  Frame + True,  Imagesize -400,
Defaultront +  {"Tines",12} ,  Plc]CRange . All} ;

nblnf = Notebooklnformation [Evaluation»otebook | I I ;
thl3Flle = StringDrop [TOFileHarrie I ("FlleHame"  / .  holnf)  n2| I ,  -1| ;
thlsDir = TOFileHene [ ("FileHane"  / .  ndlnf)  DIB I ;
SetDireccorF I thisDlr I ;
modDate = FllEDate [thl=File] ;
Prlnt|"Hot:ebook:   ",  thisrile,  "\nliast  modified:   ",  ]rriodl)at:en2|,  "/   ",  IriodDate[3| ,

"   /",  modDate [1] I ;

Hotebook:   HEmkEr2.nb

Iiast  modlflEd:   3/  25   /2003

Some global variables and procedures

dtMin:get time increment;muMb:
get memory usage;
numdig:  significant digits
rst:format output;

dtM|n:=Modu|e[{tnew,tdE|},tne"=D[SessL°nT"I)];tdei=tne„toidmin;60

toldmin = tnew;  tdel] ;

mute:=N[MenerylnuseH];105

e and Memory hfo at Start
Print I

({"Time   used  in  Din:      r',  H`nderForm[dtMin,   {3,  2)]},
{"Memerp  Uged  in  rob:    '',  dumberForm|m`ulD,   {3,   2)I)}  //  TableForm] ;

Time   used   in  min:        0.

Memory   Used   in   Mb:       1.63
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Define Tests
I,`['3]-

ln['4lF

(*   data  input   w}
n  =  4;    (.Qi  disc:barge  rate  from  aqul£er  1*)  a  =   {0,10000,   0,   0};

(wTi  t:ranshissivlty  of   aquifer   i   [Ii2/T-1] ,   =KiDi+)  I  =   {2000,1500,  500,  2000);
(+DdK  vertical  hydraulic  rEsistanc:e,   =Di' /Ki'   *)
DdK  =   {1000,1500,1000,    4000,    20000};   q  =   Q  /   (27TT)  ;   (w   r   digt;ant   fran  nell   *)

rl  =   {10,  50,   100,  500,   1000,  2000,  3000,  4000,  5C)00,   6000,  7000,  8000,  9000,

10000,150tJO,   20000) ;

(*  argoricha  *)
a   =  Table   [1 /  (T[  [i]  I   *DdK[  lil  I )  ,   {i,   n} I  ;  b   =   Table   [1 /  (T| [i]  I  .DdK[ [i+  1] I )  ,   {1,   n} I ;

A = DiagonalMatrlx (ti+b] ;  Do [A( |i+ 1,1] I  = -a I |i + 1] I ,   {i,  n -1} I  ;

Do |A[ [i,  i + 1| I  = -b I [i| I ,   {i,   n-1} I ;

A // MatrixFozrm
jl =  N [A]  ;

w  =   Eigenvalue= [A] ;
K  =   Diagc.nalMatrix |BesselK |0,  r Sqrt [w] I I ;
V  =   Eigenvectors [A] ;  V  =   Itan=po=e[V]   ;

(*Inverse [V] //  Matt:ixForm; *)

11
izooooo               Soooooo
11

2250000              !00000

01
500000

0D

hB1]=

00
10

1500000
11

400000                   Z000000
13

3000000           20000000

(*  dlspla?  results  ')
tab=es =  () ;
DO[

I = ri[ [i] ) ;
drandc"n  =   N[ V  .   K   .   Inverse[V|   .   q]   ;
AppendTo [tabres,  {r,  drautun} I ;
(*  Print("r  =   ",I,   "   ",drandoun];   w)
(i,1,  n*n)I;

Do[

data = Table I {tchres I [i,1] I ,  tabres I |i,  2,  j I I } ,   {i,1,  Iiengt;b[tchres] } I ;

g [j I  = IiogliogLlstplot [data,  Frai..eLabel +  {"I)istant (in) ",   "Dratrdouri (in) "} ,
Plotliabel + StringJ.c]ia I "Aquifer",  Tostring [j I ] ,  Plc]tRange + All,
Gridliines +  {Hone,  Nc}ne} ,  Plotst7le +  {Pointsize [0.01] } ,  PlotJoined + True] ;

(j,1,   n)1;
Show [TchlE [g |j] ,   {j,1,  n) I ,  Axeslichel +  {"Distant: (in) ",   "Drandoun(in) "} ,
Plotlichel + ScringJc]in I"Aquifer",  Tost:ring[1] ,  "-",  Tostring|n] I ,  Plc.tRange + All] ;

Clear [g] ;

11
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10                   jo     loo                 joe  loco               500010000
Distant(in)

Aquiferl +

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii

10                     50100                  5001000                 500t]10000
Distant(in)

e and Memory Info at End
Print I

{{"Tj.De   used  in  min:      ",  m`nderrorm[dtMln,   {3,  2}]},
{"MEmorF  Used  ln  ldD:    ",  Dulhaerporm|murfe,   (3,  2} ) }}  // TableForz[I] ;

Time  used  in  min:        0.

Memory  Used   in  Mb:      1.75

Converted by Mathemafi.ca       March 25. 2003
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3. Parallel flow to canals or drains completely
penetrating one or more aquifers
The second example is a leaky four-aquifer system with drain or gallery on the top
aquifer. The transmissivities and the hydraulic resistance are the same as the first

:::#:r[:;T]e5:8;dha;gpee:e:e:it£:£dde¥r:a°s:gthaedr£];nt:f]:#[:e#:SPS;:esse)s'iaer.:::h
individual aquifer are easily computed from the mathematica notebook Hemker84-3.nb
and the results are the same as the Figure 6 of Hemker's paper. Hemker84-3.nb is listed
in the following.

Hemker84-3.nb: Parallel flow to canals or drains completely
penetrating one or more aquifers

Needs

This section  makes graphics add-ons available;  plots big enough; current
directory the working directory,  name and date of last modification showing  up.

'nl'],= Off (General: : "=pelll'.I ;
NEeds I "Graphic=s ` Master ` " I

Set;Options I {Plot, I,igtplot,  IIogLogListplc]t) ,  Frame + True,  Imageslze + 400,
DEfault:Font: +  rTjmes",  12} ,  Plc]t;Range + AJ|] ;

nblnf = Hc)I:ebcic]klnformatlon [EvaluntlonHotebc]ok I I I ;
thisFile = StringDrop [Tc]FileName I ("FileHa]ne"  / .  riblnf) n2] I ,  -1] ;
thi5Dlr = TOFileHame I {-PileHame"  / .  nhlnf} nil I ;
Set;Direct:c)ry [ thisDir I ;
modl)ate = rileDate [thi=rile] ;
Print I"Nc]tebook:   ",  thlsFile,  "\nl,ast  modified:   ",  mc)dDate|2u,  "/   ",  modDateE3n,

w    /",  nedl}ateDID]  ;

Ht]tEbt]ok.=    HEmker3.nh

Last  mi]difiEd:   3/   25   /20t]3

Some global variables and procedures

dtMin:get time increment;muMb:
get memory usage;
numdig:  significant digits
rst:format output;

dt:Min:=Modu|e[{tne",tde|},tnew=H[SegsLC'nT±me[]];tdei=tne"_toidmLn;60

toldmin = tnew;  tdel] ;

muMb:=n[rmorylnu=EH];106

14
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e and Memory hfo at Start
Print I

{{"Time   used  in  min:      ",  Durfeerrorm(dt;Min,   {3,  2}]},
{"Memory  Used  ln  rfe:    ",  H`ndaerForm[murfe,   {3,  2) ]}}  // TableForm] ;

Time   used   in  min:         t].

Memory   Used   in   Mb:       1.63

Define Tests
hl'3]F

'nllfl,fE

('  data  input  ,)
(*n  n`nder  of  aquifer=*)  a  =  4;    (*Qi  digcharge  reLte  from  aquifer  i*)
Q  =   {3.15,   0,   0,   0};   (*Ti  transmisgivity  of   aq-uifer  i   [L2/I-1|,   =KiDit)
I  =   {2000,1500,  500,  2000};    (*DdK  vertical  hydraulic  resistance,   =Di'/Ki'   I)
DdK  =   {1000,1500,1000,    4000,   20000);   q  =   Q  /   {2  I);   (*   I   distant   frouii  toell   *)

rl  =   {10,  50,   100,  500,   1000,  2000,  3000,  4000,   5000,   6000,  7000,  8000,  9000,

10000,15000,   20000) ;

(*   argcirlt;hm   *)
a   = Table  (1 /  (I(  [i] I   *DdK[ [i] I ) ,   {1,   n} I  ;  b   =   Table  [1/  (I( [i] I  *DdK[ [i+  1]  I ) ,   {i,   n} I ;

A = I)iagonaJmtrix [a+b| ;  Do |A[ [i+ 1,1| I  = -a| [i+ 1| I ,   {i,  n-1} I ;
Do |A[ |i,  i + 1| I  =  -b I  lil I  ,   (1,   n-1} I  ;

A // hatrixForm
A =  H !A]  ;

w  =  EigEnvalue= lil ;
K  =   I)iagonaJJdat:rix [Exp I-I Sqrt [e®] I  / Sqrt (tJ| I

V  =   EigenvEctors [A] ;  V  =   Tran3pc)se [V]   ;

(*Inver8e [V| //  llatrlxrorm; *)

1100
1200000                3000000
1110

22SOO00              900000                  ls00000

01
500000

00

11
aeoooo                  zoooooo
13

aoooooo           2ooooaoo

{{56D.42  .E-a-°°lT8e88=,   t],   o,   o},    {o,   g87.998  fl}-0-°°1°1215=,   D,   t]},

{0,   0,    1794.3  tB-0-°°°55`322=,   o},    {o,   a,   a,   3641.84  a-a-00027.5861}}

15



Inpt],= (w  display  results  *)
tchre! =  (] ;
Dot

I  = ri[ [i] ) ;
drEindoim  =   N[  V  .   K   .    Inverse[V]   .   q]   ;

AppendTo [tchres,  {r,  drndotm) I ;

(*   Print[r'r   =   ",I,    "   I.,drou.down|;    *)

(i,1,   nwn)I  ;
Dot

data = Tchle I {tabres I [i,1| I ,  tabres I [i,  2,  j| I } ,   {i,1,  I,Ength|Cabres] } I ;

g |j I  = IiogLo9IIistplc]t |data,  FramEI.abel +  {"I)istant (in) ",  "Dredoun(in) "} ,
Plot:I,abel . StrlngJoin I "Aqulfer", Tt]String |j I I ,  PlotRange + All,
Gridliines +  {Hone,  Hc.ne} ,  Plot:Style +  {Pointsize |0 . Oil } ,  PlocJolned + True] ;

(j,1,  n)I;
Sht]"[Table [g(j] ,   {j,1,  n} I ,  AxegLabel +  {"Dist.ant (in) ",   "DrELndoun(in) 'r} ,

Plotlic`bel + StringJoin I "Acruifer",  Tostring |1] ,  "-",  Tostring [n] I ,  PlocRange + All| ;
Clear [g1 ;

Aquiferl

5t)     loo                  jog  1000               500010000
Distort(in)

Aqirifer2

10                    jo     loo                  5001000               500010000
Distant(in)

16



10                    50100                  joo  looo                500010000
Distant(in)

Aquifer4

10                     50100                   5001000                5t]0010000

Distant(in)

Aquiferl +

50100                  joo  1000               500010000

Distant(in)

e and Memory Info at End
Print I

{{"Time   used  ln  min:      ",  NuhaerForrri[dtMin,   {3,  2)]},
{-Menery   Used   in  lfo:    '',  Nuz`drerFcirm[mtirfe,   {3,   2} )}}  // TableForm]  ;

17



Time   used  in  min:         0.02

Memory   Used   in  Mb:       1.15

Cconverted by Ma!bemafi.ca       March 25, 2003
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4. Parallel flow to canals or rivers partially penetrating
the leaky top-layer aquifer

The last example presents parallel groundwater flow resulting from a recharge river or
stream. The transmissivities and the hydraulic resistance are the same as last two
examples. At the top layer, the river level is assumed lm higher than the head in the top
layer. The river-bed width and the resistance of the river are assumed 500m and 100
days, respectively. The water head in each individual aquifer can be computed by using
Mathematica notebook Hemker84-4.nb and the results are the same as Figure 7 of
Hemker's paper (1984). The rate of stream depletion @oth sides) or the recharge rate can
then be calculated. Hemker84-4.nb is listed in the following.

Hemker844.nb: ParaLllel flow to canals or rivers Partiany penetrating the leaky top-
layer aquifer

Needs

This section  makes graphics add-ons available;  plots big enough; current
directory the working directory, name and date of last modification showing up.

in[1]:= Off [General: : "spelll"I ;
HEeds I "Gra|]hlcg ` master ` '' I
Set;Optlc]ng I {Plot:,  I,igt:Plot,  IIogllc]gI,istplot} ,  Frarrie + True,  Image5|ze + 400,
DefaultFont +  {"Times",  12} ,  PlotRanpe + All] ;

nblnf = Notebooklnformation |EvaluationHotebook I I I ;
thjfFile = StringDrop [TciFlleHame I ("FileHamE"  / .  rdslnf)  n2| I ,  -1| ;
thjEDir = Tc]Filemaine I {"FileHame"  / .  nblnf)  Elm I ;
SEtDirectorp [thisDir] ;
modDate = FileDatE {thisFile] ;
Print|"Notebook:   .',  t:hisFile,  "\nllast;  modified:   ",  modDaten2fl ,  ''/   ",  modDaten3| ,

M   /H,  rmdDate|II] ;

Hc]tebot]k:   Hemker4. nb

Iiast  mc]dlfled:   3/  25   /2003

Some global variables and procedures

dtMin:get time increment;muMb:
get memory usage;
numdig:  significant digits
rst:format output;

dtMin:=ModulE[{tne",tde|),tne"=H[SesgL°nTrme"];tdei=tnew_toidmin;60

tc]ldmln = tne";  tdel] ;

nude:=H[Memor?Inu5eH];106
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e and Memory Info at Start
Print I

{{''Time   used  in  min:      ",  H`rfuerForm[cltMin,   {3,  2}]),

{"Memc]ry  Used  in  rfe:   ",  HuterForm[murfe,   {3,  2} I)}  // TableFc]rm] ;

Time  used  in  min:        0.

Memory   Used   in  Mb:       1.63

Define Tests
(w   delta  ln|]ut   vr)

(wn  nuhoer  of  aquifers*)  n  =  4;   (*half  usldth  c]f  rivEr*}  I.river  = 250;
{wTi  transmissivity  of  aquifer  i [Ii2/I-1],   =KiDiw}  I =   (2000'  1500'   500'  2000];

(wDdK  vErtlc:al  hydraulic  resistance,   =D|' /Ki.   *)
DdK   =    {10t],    1500,    1000,    4000,20000};    DdK1   =    {1000, 1500,1000,    4000,    20000);

c:    =     {-1/   {T[[1]]   wDdK[[1]]),     0,    0,0};  (w  r  distant  fran  .rell  *)
ri  =  {0,  50,   100,   150,  200,  250,500 1000,   1250,   150D,1750,  2000,   2250,   2500,   2750,   3000}

{0,  50,   100,   150,   200,   250,  500,   1000,   1250,   1500,   1750,  2000,  2250,  2500,   275t],   3000}

In[14]:= (w   argc]ritha   *)
a   =  Table   [1 /  {T[  [i]  |  *DdK[  [i] I )  ,   {i,   n} I  ;  b   =   Table   |1 /  (T[  [i]  I   *I)dK|  |i+  1] |}  ,   {i,   n} I  ;

A = I)iagonaJAlatrix |a +b] ;  I)c} [A[ [i+ 1,1] I  = -a I [i+ 1] ) ,   {i,  n-1} ) ;

I,a [A[  [i,  i + 1]  I  =  -b I [i] I  ,   [i,   n-1] I  ;

A // MatrixFom
A =  H lil ;

a   =  Table   [1 /  (T[ [1] I   *DdK1 I  [i)  ) )  ,   {i,   n) I ;

b   =   Tchle   |1/  (T[  lil  I  wDdK1[ [i+1]  I)  ,    ti,   n}]  ;

8   =   H[Tchle [5coitch[i-j,  -1,  -b( [i]  I ,  0,  a[ [i] I  +b[ [i] ) ,1,  -a[ [j + 1] I ,  _,  0] ,

(i,  n) ,   (j,  n) I I ;
1]  // MatrixForm

"  =   EigenvELlues [A) ;

V  =   EigEnvectors [A| ;  V  =   Transpose |V]   ;  (+Inverse [V| //  MatrlxForm; *)
u  =   EigEnvalues [8] ;  Q =   Elgenvectors [E] ;  (*Q//  MatrixFormw)

Q  =   TranspoBe[Q|   ;  (*Inverse [Q] //  MatrlxForm*)

M  =   DiEigc}nEilMatrix |Cash[r Sqrt [t¢] I I ;  Ml  =  "   /.   r + Iiriver;

HN  =  Diagc]nal"atrlx [Exp I-r Sqrt |u] I I ;  HHl  =  HH   /.   r + Iiriver;
HSTAR  =   I)iagonalMatrlx I-Sqrt [u| I ;
MSTAR  =   I)iagonalMatrlx [Sqrt ["]   Tanh[IIriver   Sqrt [co| ) ] ;
PSTAFl  =  DiagonalMatrix|Tanh[Iirlver   Sqrt ["] I   /  Sqrt [w]    ) ;

i                        I                     t]                      D
1$1500                   30000tlo
1110

z25OOOO                  9OOooa                      i5OOOOO

01
500000

DO

11
400000                  2000000
18

8000000            20000000
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I

8.33333xl0-7       -3.33333xl0-'                     0.                               0.
-4.q4444xl0-7       1.11111xl0-6       _6.66667x|0-1              0.

0.                           _2.  x|0-6                  2.5x|0-6            -5.  xl0-'
0.                                    0.                         -1.25xl0-7         1.5x|0-7

hB71.- (*  display  results  *)
tabres =  I) ;
DO[

I = ri( [i] I ;
hl  =   Irrverse [Q  .  HSThR  .  Inverse [Q|   -  V  .  MSThR  .  Inverse [V] I   .  V  .  PSThR  .  Inverse [V]   .  c;

(,   Eq.     (30)    ')
drandot4n  =
Which I r < IIrlver ,

Hl

(V  .  M  .  Inverse(Ml]   .  Inverse [V|   .
( hl  +   V  .  Inverse I Diagonalmt:rlx |u ) I   .  Inverse [V]   .  a )   -

V  .   Inverse I  Dlagonamatrix [w I I   .  Inverse |V|   .  c: }  I ,  r == Iirlver,  hl,
I  > Iirlver,  H[   (Q  .  EN  .  Inverse [ENl]   .  Inverse [Q]   .  hl) I I ;

AppendTo [tabres,  {r,  drndoun} I ;

(i,1,  I,enoth[ril  )I ;
I'c)  I

data = Table ( {tabre= ( [i,1] I ,  tabres ( [i,  2,  j] I } ,   {i,1,  IIength[tabres] } I ;

g [j ]  = Iiistplot |data,  PlotRange + All,  Framliabel +  {"Distant (in) '',  "Dratrdc.ten(in) ''} ,
Plotliabel + StringJoiri I "Aquifer",  Tostring [j I I ,  Gridliines +  {Autc)matic:,  Automatic} ,
PlotJoined + True) ;
(I,1,  n)I;

Shou|Table [g|j| ,  {j,1,  n) I ,  Plc)tRange + All,
Plot;I.chel + StrlngJoin I"Aquifer",  Tostring|1] ,  "-",  Tost:ring[n] I ] ;

Clear [g] ;

Aquiferl

0               500            1000          1500          2000          2500          3000

Distantth)
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Aquiferl 4

0               500           1000          1500          2000          2500          3000
Di§tantth)

e and Memory Info at End
Print I

{{"Time   used  in  min:      ",  HuterForm[dtMln,   {3,  2}]),
{"Memory  Uged  ln  lfo:   ",  HuterForm|mulfo,   {3,  2} I }}  // Tablerorm] ;

Time  used  in  min:        0.02

Memory   Used   in   Mb:      1.77

Converted by Mathomali.ca       March 25, 2003
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5. Final Remark

Mathematica notebooks are prepared to facilitate the analysis of a multi-aquifer system.
These notebooks provide all-in-one, including data-input, derivation of formula, matrix
calculation, and graphical presentation, for groundwater practitioners. These notebooks
may be used as educational tools as well.
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