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5.1.5.2  Ta bu la r Da ta  Pa ra m eters

If the u s er choos es  to s u pply the s oil m ois tu re rela tions hips  in ta bu la r form , fou r pa ra m eters
m u s t be s pecified for ea ch fu nctiona l da ta  point: m ois tu re content, the corres ponding  pres s u re
hea d a nd rela tive perm ea bility, a nd w a ter ca pa city.  Sets  of thes e pa ra m eters  m u s t be inpu t for
ea ch type of m a teria l being  s im u la ted.  The neces s a ry ta bu la r da ta  for a  la rg e nu m ber of s oils
ca n be obta ined from  the intera ctive com pu ter code, DBAPE, des cribed in Section 5.1.5.1.1,
w ith the exception of w a ter ca pa city.

M ois tu re content w a s  des cribed in Section 5.1.5.1.1.  Pres s u re hea d, rela tive perm ea bility, a nd
w a ter ca pa city a re briefly introdu ced below .

5.1.5.2.1  Rela tive Perm ea bility (or Hydra u lic Condu ctivity) [--]

In a n u ns a tu ra ted porou s  m ediu m , the perm ea bility of the w a ter pha s e in the m ediu m  is  a
fu nction of the deg ree of s a tu ra tion.  The la rg er the deg ree of s a tu ra tion, the la rg er the
perm ea bility a s s ocia ted w ith the w a ter pha s e.  This  u ns a tu ra ted perm ea bility is  a ls o k now n a s
the effective perm ea bility. 

Rela tive perm ea bility is  defined a s  the ra tio of the effective perm ea bility to the perm ea bility a t
s a tu ra tion.  Beca u s e it is  a  ra tio, rela tive perm ea bility ra ng es  in va lu e betw een 0 .0  a nd 1.0 .  It
is  g enera lly a s s u m ed tha t rela tive perm ea bility is  a  s ca la r, dim ens ionles s  non-linea r fu nction,
even for a nis otropic s oils .  Beca u s e of the rela tion of equ iva lence, rela tive perm ea bility is  equ a l
to rela tive hydra u lic condu ctivity (M ercer et a l., 1982).

Cu rves  s how ing  the rela tions hip betw een rela tive perm ea bility a nd m ois tu re content a re
determ ined experim enta lly for individu a l s oils .  The ta bu la ted da ta  a va ila ble in the litera tu re or
in DBAPE (Im hoff et a l., 1990 ) a re extra cted from  thes e experim enta l res u lts .

5.1.5.2.2  Pres s u re hea d [L]

In g rou ndw a ter hydrolog y, the tota l hydra u lic hea d, H, is  u s u a lly cons idered to be the s u m  of
tw o com ponents :  eleva tion hea d, z, a nd pres s u re hea d, h.  The contribu tion of velocity to the
tota l hea d is  neg lected beca u s e velocities  a re u s u a lly extrem ely low .  Pres s u re hea d is
m ea s u red in g a g e pres s u re.  In the s a tu ra ted zone, pres s u res  a re g rea ter tha n a tm os pheric
a nd a re thu s  recorded a s  pos itive pres s u res .  The w a ter ta ble is  defined a s  the loca tion a t
w hich pres s u re is  equ a l to a tm os pheric.  This  im plies  tha t pres s u re hea d is  zero a nd the tota l
hea d is  equ a l to the eleva tion hea d.  Above the w a ter ta ble, pres s u re hea d is  les s  tha n
a tm os pheric a nd w a ter is  held in the pore s pa ces  u nder tens ion or s u ction.  Thu s , pres s u re
hea d va lu es  in the u ns a tu ra ted zone a re neg a tive.
Pres s u re hea d in the u ns a tu ra ted zone is  a  fu nction of m ois tu re content--the low er the
m ois tu re content, the m ore neg a tive the pres s u re hea d.  As  m ois tu re content increa s es , the
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s u rfa ce tens ion forces  holding  the w a ter in pla ce betw een the g ra ins  of s oil a re low ered,
res u lting  in les s  neg a tive pres s u re hea ds  (Freeze a nd Cherry, 1979).  The cha ra cteris tic cu rve
s how ing  the rela tions hip betw een pres s u re hea d a nd m ois tu re content is  determ ined
experim enta lly for ea ch porou s  m ediu m .

5.1.5.2.3  M ois tu re Content Ca pa city [1/L]

In a n u ns a tu ra ted s oil, cha ng es  in m ois tu re content, 2 , a re a ccom pa nied by cha ng es  in
pres s u re hea d, h.  As  dis cu s s ed a bove, the 2 (h) rela tions hip res u lts  in a  cha ra cteris tic cu rve
for ea ch s oil.  Exa m ple cha ra cteris tic cu rves  a re s how n in Fig u re 3.3a .  The invers e of the
s lope of this  cu rve is  ca lled the w a ter ca pa city, C(2 ), or the m ois tu re content ca pa city (M ercer
et a l., 1982).  It is  defined a s :

C(2 ) = d2 /dh (5-4)

The w a ter ca pa city ha s  no one u niqu e va lu e for a  porou s  m ediu m .  Thu s , the ra ng e of va lu es
of m ois tu re content ca pa city is  rela ted to the na tu re of the w a ter cha ra cteris tic cu rve. (M ercer
et a l., 1982).

5.2  3DLEW ASTE

5.2.1  Da ta  Set 1:  Title of the Sim u la tion Ru n

5.2.1.1  G eom etry, Bou nda ry, a nd Pointer Arra y Control, IG EOM  [--]

The integ er IG EOM  ha s  tw o fu nctions .  It is  u s ed to s pecify if g eom etry, bou nda ry, a nd pointer
a rra ys  s hou ld be printed s o tha t the u s er ca n exa m ine them .  It a ls o controls  w hether the
bou nda ry a nd pointer a rra ys  a re w ritten to or rea d from  bina ry files .  Bou nda ry a rra ys  s tore
da ta  rela ted to the bou nda ry conditions .  Pointer a rra ys  s tore the g loba l m a trix in com pres s ed
form  a nd a re u s ed to cons tru ct the s u breg iona l block  m a trices .  For la rg e problem s , it ta k es  too
m u ch tim e to g enera te thes e a rra ys  for ea ch com pu ter execu tion of a  pa rticu la r s cena rio.  

If 3DLEW ASTE is  being  execu ted a lone (i.e., w ithou t u s ing  3DFEM W ATER res u lts ), thes e
a rra ys  s hou ld be g enera ted only once a nd s tored in bina ry files  u s ing  log ica l u nits  LUBAR a nd
LUPAR (s ee Ta ble B-2).  In order to com pu te a nd s tore the bou nda ry a nd pointer a rra ys , the
u s er s hou ld choos e a  va lu e for IG EOM  les s  tha n or equ a l to one.  In s u bs equ ent ru ns , the
bou nda ry a nd pointer a rra ys  ca n be rea d from  the bina ry files  by cha ng ing  the va lu e of IG EOM
to a  nu m ber g rea ter tha n three.  W henever cha ng es  a re m a de to the m odel w hich involve the
g eom etry of the problem , the bou nda ry conditions , a nd the config u ra tion of the s u breg ions , the
a rra ys  m u s t be g enera ted a nd s tored a g a in.  

If 3DLEW ASTE is  ru n a fter execu ting  3DFEM W ATER for the s a m e s cena rio, the bou nda ry
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a rra y need not be reca lcu la ted (i.e., the bou nda ry a rra y ca lcu la ted a nd s tored by
3DFEM W ATER ca n be u s ed).  The pointer a rra y s hou ld be reca lcu la ted, how ever.  This  is
done by s etting  IG EOM  to a  va lu e g rea ter tha n one a nd les s  tha n or equ a l to three.

For ea ch of the options  expla ined a bove, if the nu m ber chos en by the u s er is  even, the a rra ys
w ill be printed a s  ou tpu t.  If the nu m ber is  odd, the a rra ys  w ill not be printed.

5.2.2  Da ta  Set 2:  Ba s ic Integ er Pa ra m eters

5.2.2.1  Nu m ber of M a teria l Types , NM AT [--]

This  pa ra m eter is  the tota l nu m ber of different m a teria l types  being  m odeled.  W hen m a teria l
properties  a re a s s ig ned to ea ch m a teria l type, u s ing  da ta  s et 5 (s ee Section 4.2.5), the firs t
m a teria l type s hou ld be the predom ina nt type.  The nu m ber of m a teria l types  u s ed in
3DLEW ASTE need not be identica l to the nu m ber s pecified in 3DFEM W ATER.

5.2.2.2  Nu m ber of Elem ents  w ith M a teria l Property Correction, NCM  [--]

In the code, a ll the g rid elem ents  a u tom a tica lly a re initia lized a s  ha ving  a  m a teria l type of one. 
To m odel m ore tha n one m a teria l type, the pa ra m eter NCM  a nd the pa ra m eters  in da ta  s et 9
of the inpu t (s ee Section 4.2.9) a re u s ed to s pecify w hich elem ents  ha ve a  m a teria l type other
tha n m a teria l type one.  The pa ra m eter NCM  is  the tota l nu m ber of elem ents  w hich ha ve a
m a teria l type different tha n the firs t m a teria l type.

5.2.2.3  Nu m ber of Tim e-Steps , NTI [--]

For a  cons ta nt tim e-s tep s ize, this  nu m ber is  obta ined by dividing  the s im u la tion tim e by the
tim e-s tep s ize, DELT.  If the tim e-s tep s ize is  va ria ble, this  nu m ber is  com pu ted u s ing  the
form u la  g iven in the note a t the end of da ta  s et 2 in Section 4.2.2.

5.2.2.4  Stea dy-Sta te Control, K SS [--]

As  noted in Section 4.2.2, a  s tea dy-s ta te option m a y be u s ed to provide either the fina l s ta te of
a  s ys tem  u nder s tu dy or the initia l condition for a  tra ns ient-s ta te ca lcu la tion.  In the form er
ca s e, both K SS a nd the nu m ber of tim e s teps , NTI, s hou ld be s et to zero.  In the la tter ca s e
(i.e., w hen K SS = 0  a nd NTI > 0 ), the code perform s  a  s tea dy-s ta te ca lcu la tion before
beg inning  the tra ns ient com pu ta tions .  If K SS = 1, no s tea dy-s ta te ca lcu la tion is  perform ed. 
Ra ther, the code beg ins  tra ns ient ca lcu la tions  u s ing  initia l conditions  s u pplied in da ta  s et 10  of
the inpu t.

5.2.2.5  M a s s  Lu m ping  Fla g , ILUM P [--]

This  pa ra m eter indica tes  if the m a s s  m a trix is  to be lu m ped or not.  Norm a lly, one s hou ld s et
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this  pa ra m eter to 0 .  W ithou t lu m ping , the s olu tion is  m ore a ccu ra te.  How ever, for occa s ions
w hen neg a tive concentra tions  or os cilla ting  s olu tions  occu r, this  pa ra m eter s hou ld be s et to 1.

5.2.2.6  W eig hting  Fu nction Control, IW ET [--]

This  pa ra m eter indica tes  if the u ps trea m  w eig hting  fu nction is  to be u s ed.  For the pres ent
vers ion of code, this  pa ra m eter does  not a ffect the s olu tion w hen a  tra ns ient s olu tion is  s ou g ht. 
If a  s tea dy-s ta te s olu tion is  des ired, one s hou ld s et this  pa ra m eter to 1.  Thu s , it is  a dvis a ble to
a lw a ys  s et this  pa ra m eter to 1 for the pres ent vers ion of the com pu ter code.

5.2.2.7  Optim iza tion Fla g , IOPTIM  [--]

This  pa ra m eter s pecifies  w hether the u ps trea m  w eig hting  fa ctor is  to be optim ized.  This
pa ra m eter does  not a ffect the s olu tion if a  tra ns ient s olu tion is  s ou g ht.  For a  s tea dy-s ta te
s olu tion, it is  a dvis a ble to s et IOPTIM  to 1.  W hen IOPTIM  is  s et to 0 , a n u ps trea m  w eig hting
fa ctor of 1.0  is  a s s u m ed.

5.2.2.8  Nu m ber of Itera tions  for the Nonlinea r Equ a tion, NITER [--]

This  pa ra m eter is  the nu m ber of itera tions  a llow ed for s olving  the nonlinea r equ a tion. 
Norm a lly, a  va lu e of NITER equ a l to 40  s hou ld be s u fficient.  If this  nu m ber is  exceeded a nd
the s olu tion does  not converg e, the prog ra m  w ill is s u e a  w a rning  m es s a g e.  W hen this  occu rs ,
the u s ers  s hou ld re-execu te the prog ra m  u s ing  a  la rg er va lu e of NITER.

5.2.2.9  Nu m ber of Tim es  to Res et the Tim e Step, NDTCHG  [--]

This  pa ra m eter indica tes  how  m a ny tim es  one s hou ld res et the tim e s tep s ize to the initia lly
s m a ll tim e-s tep s ize.  W hen w e s ta rt a  com pu ta tion, w e norm a lly u s e a  s m a ll tim e-s tep s ize. 
How ever, for every cons ecu tive tim e s tep, w e m a y g ra du a lly increa s e the tim e-s tep s ize by
s om e a m ou nt s pecified by CHNG  in Da ta  Set 3 in Section 4.2.3.  W hen w e ha ve a  s teep
cha ng e in bou nda ry conditions  or in s ou rce/s ink  conditions , w e w ill need to res et the tim e-s tep
s ize to the initia lly s m a ll va lu e.  NDTCHG  tells  u s  how  m a ny tim es  w e w a nt to res et the tim e-
s tep s ize.  The va lu e of NDTCHG  m u s t be a t lea s t one.  If the u s er does  not w a nt to res et the
tim e s tep, a  va lu e of one s hou ld be entered here a nd a  very la rg e nu m ber, la rg er tha n the tota l
s im u la tion tim e, s hou ld be entered for TDTCH(1) in da ta  s et 4 (s ee Section 4.2.4).

5.2.2.10   Nu m ber of Itera tions  for Pointw is e Solu tion, NPITER [--]

This  pa ra m eter is  u s ed to inpu t the nu m ber of itera tions  a llow ed for s olving  the m a trix
equ a tions  w ith the block  itera tion m ethod.  NPITER = 30 0  s hou ld be s u fficient for m os t
problem s .  If this  nu m ber is  exceeded a nd the s olu tion does  not converg e, the prog ra m  w ill
is s u e a  w a rning  m es s a g e.  W hen this  occu rs , the u s er s hou ld firs t recheck  the inpu t va lu es .  If
the inpu t is  correct, the prog ra m  ca n be re-execu ted u s ing  a  la rg er va lu e for NPITER.
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5.2.2.11  Sorption M odel Control, K SORP [--]

Althou g h the Freu ndlich is otherm  option ca n be u s ed to s im u la te a  linea r is otherm  by s etting
the va lu e of the exponent, n, equ a l to one, it is  recom m ended tha t linea r is otherm s  be
s im u la ted u s ing  only the linea r is otherm  option.  This  is  beca u s e the linea r is otherm  option
m a k es  u s e of reta rded s eepa g e velocities , w hich res u lt in a  m ore a ccu ra te s olu tion for the
pa rticle tra ck ing  s chem e u s ed in 3DLEW ASTE tha n the pore velocities  u s ed in conju nction
w ith the nonlinea r a ds orption m odels .

5.2.3  Da ta  Set 3:  Ba s ic Rea l Pa ra m eters

5.2.3.1  Initia l Tim e-Step Size, DELT [T] 

This  is  the tim e-s tep s ize u s ed for the firs t tim e-s tep com pu ta tion if the va ria ble CHNG  is  not
equ a l 0 .0 .  It is  the tim e-s tep s ize u s ed for every tim e s tep if the va ria ble CHNG  is  s et equ a l to
0 .0 .  For a  s tea dy-s ta te com pu ta tion, DELT s hou ld be chos en s u ch tha t no pa rticle tra vels
m ore tha n one elem ent in one tim e s tep.  For exa m ple, if a n elem ent ha s  a  s ize of 10  m  a nd
the a vera g ed velocity over this  elem ent is  0 .0 0 0 0 1 m /s ec, then DELT s hou ld be les s  then
1,0 0 0 ,0 0 0  s econds .  For tra ns ient com pu ta tions , one s hou ld choos e a  tim e-s tep s ize a s  la rg e
a s  pos s ible w ith DELT les s  tha n DELX*DELX/D, w here DELX is  the s ize of the elem ent a nd D
is  the dis pers ion coefficient.  For exa m ple, if the elem ent s ize is  10  m  a nd the dis pers ion
coefficient is  0 .0 0 0 0 1 m 2/s ec, then DELT s hou ld be les s  tha n 10 ,0 0 0 ,0 0 0  s econds .
  
5.2.3.2  Fra ctiona l Cha ng e in Tim e-Step Size, CHNG  [--]

This  pa ra m eter s pecifies  how  m u ch of a n increa s e one w ou ld lik e to m a k e to the tim e-s tep s ize
for ea ch s u bs equ ent tim e s tep.  Norm a lly, a  va lu e from  0 .0  to 0 .5 ca n be u s ed.

5.2.3.3  M a xim u m  Allow a ble Tim e Step, DELM AX [T]

The m a xim u m  tim e-s tep s ize a llow ed depends  on how  fa s t the s ys tem  res ponds  to cha ng e. 
U s e of a  va lu e one to ten tim es  the s ize of the initia l tim e s tep is  a dvis ed.

5.2.3.4  M a xim u m  Sim u la tion Tim e, TM AX [T]

This  is  the a ctu a l leng th of tim e to be s im u la ted.  If this  tim e is  exceeded before you  ha ve
m a de NTI s tep com pu ta tions , the s im u la tion w ill be term ina ted.

5.2.3.5  Rela xa tion Pa ra m eter for Solving  the Nonlinea r Equ a tion, OM E [--]

Norm a lly this  pa ra m eter s hou ld be s et to 1.0  (s ee Equ a tion 3-48).  If the converg ence his tory
s how s  s ig n of os cilla tion, then a  va lu e of 0 .5 s hou ld be u s ed.  If the converg ence his tory
s how s  m onotonic decrea s es  bu t a t a  very s low  ra te, then OM E s hou ld be s et to s om ew here
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betw een 1.7 to 1.9.

5.2.3.6  Itera tion Pa ra m eter to Solve the Linea rized M a trix Equ a tion, OM I [--]

Norm a lly this  pa ra m eter s hou ld be s et to 1.0  (s ee Equ a tion 3-49).  If the converg ence his tory
s how s  s ig ns  of os cilla tion, then s et OM I to 0 .5.  If the s olu tion converg es  m onotonica lly bu t a t a
very s low  ra te, then s et OM I to betw een 1.7 a nd 1.9.

5.2.3.7  Tra ns ient Converg ence Criterion, TOLB [--]

This  is  the rela tive error a llow ed for a s s es s ing  if a  s olu tion ha s  converg ed for ea ch tim e s tep. 
Setting  TOLB equ a l to 0 .0 0 0 0 0 1 s hou ld be s u fficient for m os t problem s .

5.2.3.8  Stea dy-Sta te Converg ence Criterion, TOLA [--]

This  is  the rela tive error a llow ed for a s s es s ing  if a  s tea dy-s ta te s olu tion ha s  converg ed.  TOLA
= 0 .0 0 0 0 1 s hou ld be s u fficient for m os t problem s .

5.2.4  Da ta  Set 5:  M a teria l Properties

5.2.4.1  Dis tribu tion Coefficient [L3/M ]

Freeze a nd Cherry (1979) s ta te tha t a ds orption/des orption rea ctions  for conta m ina nts  in
g rou ndw a ter a re norm a lly view ed a s  being  very ra pid rela tive to the flow  velocity a nd tha t the
a m ou nt of conta m ina nt a ds orbed is  com m only a  fu nction of concentra tion in the s olu tion.  At
cons ta nt tem pera tu re a nd low -to-m odera te concentra tions , the fu nctiona l rela tions hip betw een
the a ds orbed concentra tion, S (M /L3), a nd the dis s olved concentra tion, C (M /L3), is  often
a pproxim a ted by the Freu ndlich equ ilibriu m  is otherm  (Helfferich, 1962):

S = KCn (5-5)

w here the coefficients  K  a nd n depend on s evera l fa ctors , inclu ding  the s olu te s pecies  a nd the
na tu re of the porou s  m ediu m .  If the is otherm  is  linea r, n = 1, K  is  k now n a s  the dis tribu tion
coefficient, K d.  The deriva tion of the dis tribu tion coefficient, w hich is  different for ea ch
cons titu ent, is  dis cu s s ed briefly in Section 3.3.1. 

5.2.4.2  Bu lk  Dens ity [M /L3]

Bu lk  dens ity ca n be defined a s  the m a s s  of a  u nit volu m e of dry s oil.  The s oil bu lk  dens ity
directly influ ences  the reta rda tion of s olu tes  a nd is  rela ted to the s tru ctu re a nd textu re of a  s oil
(M ercer et a l., 1982).

The bu lk  dens ity of s oils  typica lly ra ng e betw een 1.3 a nd 2.0  g /cm 3, bu t M ercer et a l. (1982)
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s ta te tha t the bu lk  dens ity ca n be a s  low  a s  0 .3 g /cm 3 for s oils  hig h in org a nics  or a lu m inu m
a nd iron hydroxides .  Repres enta tive va lu es  for five different types  of s oils  a re s how n in Ta ble
5-8.  In a ddition, va lu es  of bu lk  dens ity for a  la rg e nu m ber of s oils  ca n be obta ined from  the
intera ctive com pu ter prog ra m  DBAPE, w hich w a s  dis cu s s ed in Section 5.1.5.1.1.
 
The bu lk  dens ity of a qu ifer m a teria ls  m a y differ s ig nifica ntly from  tha t of s oils .  Therefore, da ta
on the ra ng es  of bu lk  dens ity for va riou s  g eolog ic m a teria l a re pres ented in Ta ble 5-9.  If s ite-
s pecific da ta  a re not a va ila ble, the bu lk  dens ity of the s a tu ra ted zone ca n be derived u s ing  a n
exa ct rela tions hip betw een poros ity, pa rticle dens ity a nd the bu lk  dens ity (Freeze a nd Cherry,
1979).  As s u m ing  the pa rticle dens ity to be 2.65 g /cm 3, this  rela tions hip ca n be expres s ed a s :

Db = 2.65(1 - 2 ) (5-6)

w here 
Db = bu lk  dens ity of the s oil (g /cm 3)
2   = s a tu ra ted m ois tu re content (poros ity) (--)
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TABLE 5-8. M EAN BULK  DENSITY (g /cm 3) FOR FIVE SOIL TEXTURAL
CLASSIFICATIONSa ,b

44444444444444444444444444444444444444444444444444444444444444444444444444

Soil Textu re M ea n Va lu e Ra ng e Reported
))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
Silt Loa m s 1.32 0 .86 - 1.67

Cla y a nd Cla y Loa m s 1.30 0 .94 - 1.54

Sa ndy Loa m s 1.49 1.25 - 1.76

G ra velly Silt Loa m s 1.22 1.0 2 - 1.58

Loa m s 1.42 1.16 - 1.58

All Soils 1.35 0 .86 - 1.76
))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
a  Ba es , C.F., III a nd R.D. Sha rp.  1983.  A Propos a l for Es tim a tion of 
  Soil Lea ching  Cons ta nts  for U s e in As s es s m ent M odels .  J . Environ. 
  Qu a l. 12(1):17-28 (Orig ina l reference).
b From  Dea n et a l. (1989)
))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))

5.2.4.3  Long itu dina l a nd Tra ns vers e Dis pers ivity [L]

Hydrodyna m ic dis pers ion is  a  non-s tea dy, irrevers ible m ixing  proces s  by w hich a  conta m ina nt
s prea ds  a s  it is  tra ns ported throu g h the s u bs u rfa ce.  It res u lts  from  the effects  of tw o
com ponents : m olecu la r diffu s ion a nd m echa nica l dis pers ion.  The la rg er the hydrodyna m ic
dis pers ion term  is , the la rg er the s prea ding  of a n initia lly loca lized conta m ina nt.  M olecu la r
diffu s ion is  dis cu s s ed in Section 5.2.4.4.  M echa nica l dis pers ion, D, is  ca u s ed by va ria tions  in
pore velocities  in a  s oil or a qu ifer m a teria l.  In a ddition, va ria tions  in the ra te of a dvection
ca u s ed by a qu ifer inhom og eneity a nd s pa tia lly-va ria ble hydra u lic condu ctivities  res u lts  in
plu m e s prea ding , w hich is  often confu s ed w ith dis pers ion (K eely, 1989).

Althou g h m echa nica l dis pers ion is  a  s econd ra nk  tens or, by a s s u m ing  tha t a  m a teria l is
is otropic w ith res pect to dis pers ion, the dis pers ion tens or ca n be expres s ed in term s  of the
a vera g e g rou ndw a ter velocity a nd tw o cons ta nts : the long itu dina l a nd tra ns vers e dis pers ivity
(s ee Equ a tion 3-20 ).  Long itu dina l dis pers ivity, "L, is  defined a s  the cha ra cteris tic m ixing  leng th
in the direction of g rou ndw a ter flow  a nd la tera l dis pers ivity, "T, is  the m ixing  leng th in the
directions  perpendicu la r to flow . 

Va lu es  for dis pers ivity a re difficu lt to determ ine.  Res ea rch ha s  s how n tha t the va lu es  a re
dependent on the s ca le of the problem  being  s tu died (EPRI, 1985).  This  ca n be s een in
Fig u re 5.1.  U s u a lly, dis pers ion is  determ ined by a dju s ting  the dis pers ivity va lu es  u ntil
m odeling  res u lts  m a tch his torica l da ta  (M ercer et a l., 1982).  Tra ns vers e dis pers ivity va lu es  a re
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com m only thou g ht to be low er tha n long itu dina l dis pers ivity va lu es  by a  fa ctor of 3 to 20 . 
How ever, recent s tu dies  s u g g es t tha t tra ns vers e dis pers ivity va lu es  s hou ld be a t lea s t a n
order-of-m a g nitu de s m a ller tha n long itu dina l dis pers ivity va lu es  (G elha r et a l., 1992) a nd m a y
even be clos e to zero (U.S. EPA, 1989).
TABLE 5-9. RANG E AND M EAN VALUES OF DRY BULK  DENSITY FOR VARIOUS

G EOLOGIC M ATERIALS
44444444444444444444444444444444444444444444444444444444444444444444444
M a teria l Ra ng e (g /cm 3) M ea n (g /cm 3)
                                                                                                                               

Cla y 1.18-1.72 1.49

Silt 1.0 1-1.79 1.38

Sa nd, fine 1.13-1.99 1.55

Sa nd, m ediu m 1.27-1.93 1.69

Sa nd, coa rs e 1.42-1.94 1.73

G ra vel, fine 1.60 -1.99 1.76

G ra vel, m ediu m 1.47-2.0 9 1.85

G ra vel, coa rs e 1.69-2.0 8 1.93

Loes s 1.25-1.62 1.45

Eolia n s a nd 1.33-1.70 1.58

Till, predom ina ntly s ilt 1.61-1.91 1.78

Till, predom ina ntly s a nd 1.69-2.12 1.88

Till, predom ina ntly g ra vel 1.72-2.12 1.91

G la cia l drift, predom ina ntly s ilt 1.11-1.66 1.38

G la cia l drift, predom ina ntly s a nd 1.36-1.83 1.55

G la cia l drift, predom ina ntly g ra vel 1.47-1.78 1.60

Sa nds tone, fine g ra ined 1.34-2.32 1.76

Sa nds tone, m ediu m  g ra ined 1.50 -1.86 1.68

Silts tone 1.35-2.12 1.61

Cla ys tone 1.37-1.60 1.51

Sha le 2.20 -2.72 2.53

Lim es tone 1.21-2.69 1.94

Dolom ite 1.83-2.20 2.0 2
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G ra nite, w ea thered 1.21-1.78 1.50

G a bbro, w ea thered 1.67-1.77 1.73

Ba s a lt 1.99-2.89 2.53

Schis t 1.42-2.69 1.76
                                                                                                                                Reference: 
M orris  a nd J ohns on (1967); M ills  et a l. (1985b)
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Fig u re 5.1 Long itu dina l dis pers ivity vers u s  s ca le w ith da ta  cla s s ified by relia bility
(from  G elha r et a l., 1992).

As  initia l es tim a tes  for long itu dina l a nd tra ns vers e dis pers ivity, Dea n et a l. (1989) s u g g es t the
follow ing  rela tions hips , ba s ed on va lu es  pres ented in the Federa l Reg is ter (1986):

"L = 0 .1 xr (5-7a )

"T = "L/3.0 (5-7b)

w here xr is  the dis ta nce from  the s ou rce to a  dow ng ra dient point of interes t. 

5.2.4.4  M olecu la r Diffu s ion Coefficient in W a ter [L2/T] 

As  s ta ted a bove, m olecu la r diffu s ion a nd m echa nica l dis pers ion a re both res pons ible for the
dis pers ion of s olu tes  in g rou ndw a ter s ys tem s .  M olecu la r diffu s ion, w hich is  a  non-revers ible
proces s , is  typica lly s m a ll com pa red to m echa nica l dis pers ion a nd is  often neg lected in
g rou ndw a ter s tu dies .  How ever, w hen g rou ndw a ter velocities  a re very low , m olecu la r diffu s ion
ca n becom e s ig nifica nt.
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The flu x of a  s olu te in a  flu id du e to m olecu la r diffu s ion is  des cribed by Fick 's  La w , w hich
s ta tes  tha t the flu x is  proportiona l to the concentra tion g ra dient.  The coefficient of
proportiona lity is  ca lled the m olecu la r diffu s ion coefficient, a m .  Va lu es  for the m olecu la r
diffu s ion coefficient in a  flu id continu u m  a re g enera lly w ell k now n a nd a re typica lly in the ra ng e
of 10 -9 m 2/s  or les s  a t 20 oC.  If neces s a ry, a m , w hich va ries  w ith tem pera tu re, ca n be es tim a ted
from  m ethods  des cribed in Lym a n et a l. (1982).

5.2.4.5  Tortu os ity [--]

The m olecu la r diffu s ion coefficient for a  s olu te in a  porou s  m ediu m  is  s m a ller tha n the
coefficient of diffu s ion in a  body of w a ter beca u s e diffu s ion in s olids  is  neg lig ible.  The a m ou nt
by w hich the m olecu la r diffu s ion coefficient is  redu ced is  expres s ed by a  coefficient ca lled
tortu os ity.  Tortu os ity is  a  s econd-ra nk  tens or w hich for is otropic conditions  redu ces  to a  s ca la r. 
It expres s es  the effect of the config u ra tion of the w a ter occu pying  a  porou s  m ediu m  (Bea r a nd
Verru ijt, 1987).

De M a rs ily (1986) s ta tes  tha t a  m ediu m 's  tortu os ity, J, ca n be defined a s :

J = 1/FN (5-8)

w here
F = form a tion fa ctor (the ra tio of a  rock 's  electric res is tivity over the res is tivity of its

conta ined w a ter) (--)
N = tota l poros ity (--)

The a u thor s ta tes  tha t tortu os ity va ries  in pra ctice from  0 .1 for cla ys  to 0 .7 for s a nds .  Freeze
a nd Cherry (1979) s ta te tha t the coefficient, w hich is  a lw a ys  les s  tha n one, u s u a lly ha s  a  va lu e
betw een 0 .0 1 a nd 0 .5.

Bres ler (1973), a s  fou nd in Dea n et a l. (1989), provides  the follow ing  equ a tion to es tim a te
diffu s ion coefficient in a  porou s  m ediu m :

Dm  = Dw  a eb2 (5-9)

w here
Dm  = coefficient of diffu s ion in a  porou s  m ediu m  (cm 2/da y)
Dw  = coefficient of diffu s ion in w a ter (cm 2/da y)
a   = s oil cons ta nt ha ving  a  ra ng e of 0 .0 0 1 to 0 .0 0 5
b  = s oil cons ta nt ha ving  a n a pproxim a te va lu e of 10
2   = volu m etric w a ter content (cm 3/cm 3)

In the a bove equ a tion, the term  a eb2  repres ents  a n es tim a te of the s oil's  tortu os ity.
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5.2.4.6  Deca y Cons ta nt [1/T]

A nu m ber of proces s es , s u ch a s  hydrolys is  a nd biodeg ra da tion, contribu te to the
dis a ppea ra nce of chem ica ls  in the s u bs u rfa ce.  The extent to w hich thes e proces s es  a re
im porta nt depends  on both environm enta l conditions  a nd the chem ica l's  properties .  In this
m odel, the effects  of individu a l proces s es  on the deg ra da tion of a  chem ica l in the s u bs u rfa ce
a re not cons idered.  Ins tea d, lu m ped firs t-order deca y w ith res pect to the concentra tion of the
s olu te is  a s s u m ed to occu r, w ith a  s ing le firs t-order deca y cons ta nt controlling  the m odelled
ra te of dis a ppea ra nce in ea ch porou s  m a teria l.

W hen es tim a ting  a  va lu e for the firs t-order deca y cons ta nt, one s hou ld determ ine w hich
proces s es  a re lik ely to be im porta nt a t the s tu dy a rea .  Hydrolys is  is  a  potentia lly s ig nifica nt
elim ina tion pa thw a y for m a ny org a nic chem ica ls .  How ever, for chem ica ls  tha t rea dily
biodeg ra de, hydrolys is  m a y be ins ig nifica nt rela tive to biodeg ra da tion.  M ethods  of es tim a ting
a  firs t-order ra te cons ta nt res u lting  from  hydrolys is  a re pres ented in Lym a n et a l. (1982). 
Va lu es  for hydrolys is  ra te cons ta nts   ca n be fou nd in a  la rg e nu m ber of references , inclu ding
Lym a n et a l. (1982), M a bey et a l. (1982), a nd M ills  et a l. (1985a ).

Althou g h biodeg ra da tion is  the m os t s ig nifica nt m ea ns  of rem ova l for m a ny org a nics  in the
s u bs u rfa ce, it is  a  very com plex a nd poorly u nders tood proces s .  Biodeg ra da tion in the
s u bs u rfa ce depends  on a  nu m ber of va ria ble a nd/or u nk now n proces s es , s u ch a s  the nu m ber
of m icroorg a nis m s  pres ent, the a va ila bility of oxyg en a nd other nu trients , a nd the Ph a nd
tem pera tu re of the s u bs u rfa ce environm ent (Sha rp-Ha ns en et a l., 1990 ).  Therefore it is  very
difficu lt to es tim a te the firs t-order deca y coefficient res u lting  from  biodeg ra da tion.  La bora tory-
derived biodeg ra da tion ra te cons ta nts  ha ve been com piled by Lym a n et a l. (1982), M a bey et
a l. (1982), a nd M ills  et a l. (1985a ), a m ong  others .  How ever, thes e la bora tory-ba s ed va lu es
m a y be ina ppropria te for field conditions .  Therefore, cons idera ble ca re s hou ld be exercis ed if
thes e da ta  a re u s ed.

5.2.5  Da ta  Set 17:  Hydrolog ica l Va ria bles

For m os t w ellhea d protection a pplica tions  of this  code, the velocity field a nd m ois tu re content
field w ill not need to be s pecified in the inpu t.  Ins tea d, thes e va ria bles  s hou ld be ca lcu la ted
a nd s tored by the va ria bly-s a tu ra ted flow  code, 3DFEM W ATER.  The s tored a rra ys  of da ta  a re
then a cces s ed by 3DLEW ASTE.  Only w hen 3DLEW ASTE is  execu ted w ithou t firs t ru nning
3DFEM W ATER does  the u s er need to s u pply va lu es  for thes e va ria bles .  M ois tu re content w a s
introdu ced in Section 5.1.5.1.1 a nd w ill not be dis cu s s ed here.

5.2.5.1  Velocity Field [L/T]

The velocity dis tribu tion is  needed to qu a ntify tra ns port by a dvection.  G rou ndw a ter velocities
a re rou tinely determ ined indirectly u s ing  m ea s u rem ents  of hydra u lic hea d, hydra u lic
condu ctivity, a nd Da rcy's  equ a tion.  For the ca s e w hen the x, y, a nd z a xes  coincide w ith the
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principa l directions  of a nis otropy, Da rcy's  La w , in term s  of the Da rcy velocity, is  w ritten a s :

vx = -K x dh/dx (5-10 a )

vy = -K y dh/dy (5-10 b)

vz = -K z dh/dz (5-10 c)

w here K x, K y, a nd K z a re the hydra u lic condu ctivity va lu es  in the x, y, a nd z directions , a nd
dh/dx, dh/dy, a nd dh/dz a re the hydra u lic g ra dients  in the x, y, a nd z directions .  A m ore
g enera lized form  ca n be w ritten a s :
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vx = -K xx dh/dx - K xy dh/dy - K xz dh/dz (5-11a )

vy = -K yx dh/dx - K yy dh/dy - K yz dh/dz (5-11b)

vz = -K zx dh/dx - K zy dh/dy - K zz dh/dz (5-11c)

Since velocity depends  on the g ra dient a s  w ell a s  the hydra u lic condu ctivity, its  ra ng e is
s om ew ha t a rbitra ry.  A ra ng e of velocities  is  g iven in Fig u re 5.2.



159

Fig u re 5.2.  Nom og ra ph for determ ining  Da rcy velocity (from  M ercer et a l., 1982)

SECTION 6

EXAM PLE PROBLEM S

6.1  3DFEM W ATER

To dem ons tra te the a pplica tion of 3DFEM W ATER, three s im ple exa m ple problem s  a re
pres ented.  Thes e three problem s  repres ent one-, tw o-, a nd three-dim ens iona l a pplica tions ,
res pectively.  For ea ch problem , a  brief des cription a nd a  correctly-cons tru cted inpu t da ta  s et
a re g iven.  The corres ponding  ou tpu t is  not inclu ded in this  docu m enta tion.  Ra ther, it is
dis tribu ted a long  w ith the code by the EPA Center for Expos u re As s es s m ent M odeling  (CEAM )
a t the Environm enta l Res ea rch La bora tory in Athens , G eorg ia .  See Section 2 for inform a tion
a bou t obta ining  the code.

6.1.1  One-Dim ens iona l Colu m n

One-dim ens iona l tra ns ient flow  throu g h a  colu m n is  s im u la ted in this  exa m ple.  The colu m n is
20 0  cm  long  a nd is  50  cm  by 50  cm  in cros s -s ection (Fig u re 6.1).  The s oil in the colu m n is
a s s u m ed to be a  s a ndy cla y loa m  w hich ha s  a  s a tu ra ted hydra u lic condu ctivity of 31.4 cm /d, a
poros ity of 0 .39 a nd a  res idu a l m ois tu re content of 0 .10 .  The u ns a tu ra ted cha ra cteris tic
hydra u lic properties  of the s oil in the colu m n a re repres ented by the va n G enu chten a na lytica l
fu nctions  w ith the em pirica l coefficient a lpha  equ a l to 0 .0 59 a nd the em pirica l coefficient beta
equ a l to 1.48.

The initia l conditions  a s s u m ed a re a  pres s u re hea d of -90 .0  cm  im pos ed on the top s u rfa ce of
the colu m n, 0 .0  cm  on the bottom  s u rfa ce of the colu m n,  a nd -97.0  cm  els ew here.   The
bou nda ry conditions  a re a s  follow s .  No flu x is  im pos ed on the left, front, rig ht, a nd ba ck
s u rfa ces  of the colu m n (this  is  done a u tom a tica lly by the code).  Pres s u re hea d is  held a t 0 .0
cm  on the bottom  s u rfa ce u s ing  a  Dirichlet bou nda ry condition.  A va ria ble bou nda ry condition
is  u s ed on the top s u rfa ce of the colu m n w ith a  ponding  depth of zero, m inim u m  pres s u re of -
90 .0  cm , a  ra infa ll of 5.0  cm /d for the firs t ten da ys , a nd a  potentia l eva pora tion of 5.0  cm /d for
the s econd 10  da ys .

The reg ion of interes t, tha t is , the w hole colu m n, is  dis cretized w ith 1 x 1 x 40  = 40  elem ents
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w ith the elem ent s ize equ a l to 50  x 50  x 5 cm .  This  res u lts  in 2 x 2 x 41 = 164 node points . 
For this  s im u la tion, ea ch of the fou r vertica l lines  is  cons idered a  s u breg ion.  Thu s , a  tota l of
fou r s u breg ions , ea ch w ith 41 node points , is  u s ed for the s u breg iona l block  itera tion
s im u la tion.

A va ria ble tim e s tep s ize is  u s ed.  The initia l tim e s tep s ize is  0 .0 5 da ys , a nd ea ch s u bs equ ent
tim e s tep s ize is  increa s ed by 0 .2 tim es  w ith a  m a xim u m  tim e s tep
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Fig u re 6.1.  One-dim ens iona l tra ns ient flow  throu g h a  s oil colu m n.

s ize not g rea ter tha n 1.0  d.  Beca u s e there is  a n a bru pt cha ng e in the flu x va lu e
from  5 cm /d (infiltra tion) to -5 cm /d (eva pora tion) im pos ed on the top s u rfa ce a t da y 10 , the
tim e s tep s ize is  a u tom a tica lly res et to 0 .0 5 d on the tenth da y.  Beca u s e a  20 -da y s im u la tion
is  to be m a de, 44 tim e s teps  a re needed.  

A pres s u re hea d tolera nce of .0 2 cm  is  s elected for the nonlinea r itera tion a nd a  tolera nce of
.0 1 cm  is  u s ed for the block  itera tion.  The rela xa tion fa ctors  for both the nonlinea r itera tion a nd
block  itera tion a re s et equ a l to 0 .5. 

The inpu t da ta  s et for this  problem , prepa red a ccording  to the ins tru ctions  in Sections  4.1 a nd
5.1, is  s how n in Ta ble 6-1.

6.1.2  Tw o-dim ens iona l Dra ina g e Problem
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Tw o-dim ens iona l s tea dy-s ta te flow  is  s im u la ted in this  problem .  The reg ion of interes t is
bou nded on the left a nd rig ht by pa ra llel dra ins  w hich fu lly penetra te the m ediu m .  The bottom
is  a n im perviou s  la yer a nd the top is  a n a ir-s oil interfa ce (Fig u re 6.2).  The dis ta nce betw een
the tw o dra ins  is  20  m .  The m ediu m  is  a s s u m ed to ha ve a  s a tu ra ted horizonta l hydra u lic
condu ctivity of 0 .31 m /d a nd vertica l hydra u lic condu ctivity of 0 .12 m /d, a  poros ity of 0 .39, a nd
TABLE 6-1.  INPUT DATA SET FOR THE ONE-DIM ENSIONAL 3DFEM W ATER PROBLEM
44444444444444444444444444444444444444444444444444444444444444444444444444

    1  SIM ULATION OF ONE-D COLUM N INFILTRATION-EVAPORATION; L=CM , T=DAY,
M =G  0 11
C ******* DATA SET 2:  BASIC INTEG ERS
  164   40     1    0    44    1    6    1    0     0    50    20     3  10 0
C ******* DATA SET 3:  BASIC REAL PARAM ETERS
    0 .0 5D0      0 .2D0      1.0 D0     20 .0 D0     2.0 D-2    2.0 D-2     1.0 D0   7.316D12
  1.1232D2     1.0 D0      0 .5D0      0 .5D0
C ******* DATA SET 4:  PRINTER, STORAG E CONTROL AND TIM E STEP SIZE RESETTING
3330 30 30 0 0 30 0 0 30 0 30 0 0 0 3330 30 30 0 0 30 0 0 30 0 30 0 0 0 3
1110 10 10 0 0 10 0 0 10 0 10 0 0 0 1110 10 10 0 0 10 0 0 10 0 10 0 0 0 1
    1.0 D0 1  2.0 0 0 0 D1    1.0 D38
C ******* DATA SET 5:  M ATERIAL PROPERTIES
     0 .0 D0      0 .0 D0    31.40 D0      0 .0 D0      0 .0 D0      0 .0 D0
C ******* DATA SET 6:  SOIL PROPERTY PARAM ETERS
    0     5    0
   0 .10 0 D0    0 .390 D0     0 .0 0 D0    0 .0 59D0     1.48D0                    THPROP
C ******* DATA SET 7:  NODE COORDINATES
    1   40     1          0 .0 D0     50 .0 D0      0 .0 D0      0 .0 D0      0 .0 D0      5.0 D0
   42   40     1          0 .0 D0      0 .0 D0      0 .0 D0      0 .0 D0      0 .0 D0      5.0 D0
   83   40     1         50 .0 D0      0 .0 D0      0 .0 D0      0 .0 D0      0 .0 D0      5.0 D0
  124   40     1         50 .0 D0     50 .0 D0      0 .0 D0      0 .0 D0      0 .0 D0      5.0 D0
    0     0     0             0 .0      0 .0        0 .0        0 .0        0 .0        0 .0
C ******* DATA SET 8:  SUBREG IONAL DATA
    4
    1    3    1   41    0
    0     0     0     0     0                         END OF NNPLR(K )
    1   40     1    1    1
    0     0     0     0     0                         END OF G NLR(I,1)
    1   40     1   42    1
    0     0     0     0     0                         END OF G NLR(I,2)
    1   40     1   83    1
    0     0     0     0     0                         END OF G NLR(I,3)
    1   40     1  124    1
    0     0     0     0     0                         END OF G NLR(I,4)
C ******* DATA SET 9:  ELEM ENT INCIDENCES
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    1   39    1   42   83  124    1   43   84  125    2    1
    0     0     0     0     0     0     0     0     0    0     0    0           END OF IE
C ******* DATA SET 11:  INITIAL CONDITIONS
    1    3   41          0 .0 D0      0 .0 D0      0 .0 D0
    2   38    1        -9.70 D1     0 .0 D0      0 .0 D0
   43   38    1        -9.70 D1     0 .0 D0      0 .0 D0
   84   38    1        -9.70 D1     0 .0 D0      0 .0 D0
  125   38    1        -9.70 D1     0 .0 D0      0 .0 D0
   41    3   41        -9.0 0 D1     0 .0 D0      0 .0 D0
TABLE 6-1.  INPUT DATA SET FOR THE ONE-DIM ENSIONAL 3DFEM W ATER PROBLEM
(conclu ded)
44444444444444444444444444444444444444444444444444444444444444444444444444
    0     0     0          0 .0         0 .0        0 .0                END OF IC
C ******* DATA SET 12:  SOURCE/SINK  AND B. C. CONTROL INTEG ERS
    0     0     0     0     0     0     0     0     4    1    2    0
    1    4    1    4    0     0     0     0     0     0     0     0     0     0     0
C ******* DATA SET 14:  VARIABLE BOUNDARY CONDITIONS
     0 .0 D0      5.0 D0     10 .0 D0      5.0 D0   10 .0 0 1D0     -5.0 D0     1.0 D38    -5.0 D0
    1    0     0     1    0
    0     0     0     0     0          END OF IRTYP
    1    0     0    82  123  164   41    0     0     0     0
    0     0     0     0     0     0     0     0     0     0     0  END OF ISV(J ,I) J =1,4
    1    3    1   41   41
    0     0     0     0     0                         END OF NPVB
    1    3    1          0 .0 D0      0 .0 D0        0 .0
    0     0     0           0 .0        0 .0          0 .0              END OF HCON
    1    3    1        -90 .0 D0      0 .0 D0        0 .0
    0     0     0           0 .0        0 .0          0 .0              END OF HM IN
C ******* DATA SET 15:  DIRICHLET BOUNDARY CONDITIONS
     0 .0 D0      0 .0 D0     1.0 D38     0 .0 D0
    1   42   83  124
    1    3    1    1    0
    0     0     0     0     0                       END OF IDTYP
    0                   END OF J OB  ------------------------------------------0 0 0

44444444444444444444444444444444444444444444444444444444444444444444444444
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Fig u re 6.2.  Tw o-dim ens iona l s tea dy-s ta te flow  to pa ra llel dra ins .

a  field ca pa city of 0 .10 .  The u ns a tu ra ted cha ra cteris tic hydra u lic properties  of the m ediu m  a re
g iven by the va n G enu chten a na lytica l fu nctions  w ith the em pirica l coefficient a lpha  equ a l to
0 .0 59
a nd
the
em piri
ca l
coeffic
ient
beta
equ a l
to
1.48.
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s im u la ted is  0 .0  <  x <  10 .0  m  a nd 0 .0  <  z <  10 .0  m , w ith a  w idth of 10  m  a s s u m ed in the y-
direction.  A no flu x bou nda ry is  im pos ed on the left (x = 0 .0 ), front (y = 0 .0 ), ba ck  (y = 10 .0 ),
a nd bottom  (z = 0 .0 ) s ides  of the reg ion.  Pres s u re hea d is  a s s u m ed to va ry from  zero a t the
w a ter s u rfa ce (z = 2.0 ) to 2.0  m  a t the bottom  (z = 0 .0 ) on the rig ht s ide (x = 10 .0 ).  Va ria ble
conditions  a re u s ed els ew here.  Ponding  depth is  a s s u m ed to be zero m eters  on the w hole
va ria ble bou nda ry.  Flu xes  on the top of the va ria ble bou nda ry a re a s s u m ed equ a l to 0 .0 0 6
m /d a nd on the rig ht s ide, a bove the w a ter s u rfa ce, a re equ a l to zero.  A pre-initia l condition for
the s tea dy-s ta te s olu tion is  s et a s  h = 10  - z.

The reg ion of interes t is  dis cretized w ith 10  x 1 x 10  = 10 0  elem ents  w ith the elem ent s ize
equ a l to 1 x 10  x 1 cm .  This  res u lts  in 11 x 2 x 11 = 242 noda l points .  Ea ch of the tw o vertica l
pla nes  is  cons idered a  s u breg ion.  Thu s , a  tota l of tw o s u breg ions , ea ch w ith 121 node points ,
is  u s ed for the s u breg iona l block  itera tion s im u la tion.

A pres s u re hea d tolera nce of .0 0 2 m  is  s et for the for nonlinea r itera tion a nd a  va lu e of .0 0 1 m
is  u s ed for the block  itera tion.  The rela xa tion fa ctors  for both the nonlinea r itera tion a nd block
itera tion a re s et equ a l to 0 .5.

The inpu t da ta  s et for this  problem , prepa red a ccording  to the ins tru ctions  in Sections  4.1 a nd
5.1, is  s how n in Ta ble 6-2.

6.1.3  Three-Dim ens iona l Pu m ping  Problem

Three-dim ens iona l s tea dy-s ta te flow  to a  pu m ping  w ell is  s im u la ted in this  problem .  The reg ion
of interes t is  bou nded on the left a nd rig ht by hydra u lica lly connected rivers ; on the front, ba ck ,
a nd bottom  by im perviou s  confining  beds ; a nd on the top by a n a ir-s oil interfa ce (Fig u re 6.3). 
A pu m ping  w ell is  loca ted a t (x,y) = (540 ,40 0 ) in Fig u re 6.3.  Initia lly, the w a ter ta ble is
a s s u m ed to be horizonta l a nd is  60  m  a bove the bottom  of the a qu ifer.  The w a ter level a t the
w ell is  then low ered to a  heig ht of 30  m .  This  heig ht is  held u ntil a  s tea dy s ta te condition is
rea ched.  The m ediu m  in the reg ion is  a s s u m ed to be a nis otropic a nd ha s  s a tu ra ted hydra u lic
condu ctivity com ponents  K xx = 0 .31 m /d, K yy = 0 .0 3 m /d, a nd K zz = 0 .12 m /d.  The poros ity of
the m ediu m  is  0 .10  a nd the field ca pa city is  0 .39.  The u ns a tu ra ted cha ra cteris tic hydra u lic
properties  of the m ediu m  a re g iven by the va n G enu chten a na lytica l fu nctions  w ith the
em pirica l coefficient a lpha  equ a l to 0 .0 59 a nd the em pirica l coefficient beta  equ a l to 1.48.

Beca u s e of s ym m etry, the reg ion to be s im u la ted is  ta k en a s  0  <  x <  10 0 0  m , 0  <  y <  40 0  m ,
a nd 0  <  z <  72 m .  Tw o types  of bou nda ry conditions  a re u s ed.  Pres s u re hea d  is  a s s u m ed 
hydros ta tic on  tw o vertica l  pla nes .  The firs t is
loca ted a t x = 0  a nd 0  <  z <  60  a nd the s econd, a t x = 10 0 0  a nd 0  <  z <  60 .  A no flu x
bou nda ry is  im pos ed on a ll other bou nda ries  of the flow  reg im e.  The pre-initia l condition for
the s tea dy-s ta te s olu tion is  s et s o tha t the pres s u re hea d, h = 60  - z. 
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TABLE 6-2.  INPUT DATA SET FOR THE TW O-DIM ENSIONAL 3DFEM W ATER PROBLEM
44444444444444444444444444444444444444444444444444444444444444444444444444

    2   SIM ULATION OF TW O-D STEADY DRAINAG E; L=M , T=DAY, M =K G                 111
C ******* DATA SET 2:  BASIC INTEG ERS
  242  10 0     1    0     0     0     6    1    0     0    50    20     1  10 0
C ******* DATA SET 3:  BASIC REAL PARAM ETERS
    0 .0 5D0      0 .2D0      1.0 D0     20 .0 D0     2.0 D-3    2.0 D-3     1.0 D0   7.316D10
  1.1232D4     1.0 D0      0 .5D0      0 .5D0   0 .0
C ******* DATA SET 4:  PRINTER, STORAG E CONTROL AND TIM E STEP SIZE RESETTING
33
11
    1.0 D38
C ******* DATA SET 5:  M ATERIAL PROPERTIES
    0 .31D0      0 .0 D0     0 .12D0      0 .0 D0      0 .0 D0      0 .0 D0
C ******* DATA SET 6:  SOIL PROPERTY PARAM ETERS
    0     5    0
   0 .10 0 D0    0 .390 D0     0 .0 0 D0    0 .0 59D0     1.48D0                    THPROP
C ******* DATA SET 7:  NODE COORDINATES
    1   10    11          0 .0 D0      0 .0 D0      0 .0 D0      1.0 D0      0 .0 D0      0 .0 D0
    2   10    11          0 .0 D0      0 .0 D0      1.0 D0      1.0 D0      0 .0 D0      0 .0 D0
    3   10    11          0 .0 D0      0 .0 D0      2.0 D0      1.0 D0      0 .0 D0      0 .0 D0
    4   10    11          0 .0 D0      0 .0 D0      3.0 D0      1.0 D0      0 .0 D0      0 .0 D0
    5   10    11          0 .0 D0      0 .0 D0      4.0 D0      1.0 D0      0 .0 D0      0 .0 D0
    6   10    11          0 .0 D0      0 .0 D0      5.0 D0      1.0 D0      0 .0 D0      0 .0 D0
    7   10    11          0 .0 D0      0 .0 D0      6.0 D0      1.0 D0      0 .0 D0      0 .0 D0
    8   10    11          0 .0 D0      0 .0 D0      7.0 D0      1.0 D0      0 .0 D0      0 .0 D0
    9   10    11          0 .0 D0      0 .0 D0      8.0 D0      1.0 D0      0 .0 D0      0 .0 D0
   10    10    11          0 .0 D0      0 .0 D0      9.0 D0      1.0 D0      0 .0 D0      0 .0 D0
   11   10    11          0 .0 D0      0 .0 D0     10 .0 D0      1.0 D0      0 .0 D0      0 .0 D0
  122   10    11          0 .0 D0     10 .0 D0      0 .0 D0      1.0 D0      0 .0 D0      0 .0 D0
  123   10    11          0 .0 D0     10 .0 D0      1.0 D0      1.0 D0      0 .0 D0      0 .0 D0
  124   10    11          0 .0 D0     10 .0 D0      2.0 D0      1.0 D0      0 .0 D0      0 .0 D0
  125   10    11          0 .0 D0     10 .0 D0      3.0 D0      1.0 D0      0 .0 D0      0 .0 D0
  126   10    11          0 .0 D0     10 .0 D0      4.0 D0      1.0 D0      0 .0 D0      0 .0 D0
  127   10    11          0 .0 D0     10 .0 D0      5.0 D0      1.0 D0      0 .0 D0      0 .0 D0
  128   10    11          0 .0 D0     10 .0 D0      6.0 D0      1.0 D0      0 .0 D0      0 .0 D0
  129   10    11          0 .0 D0     10 .0 D0      7.0 D0      1.0 D0      0 .0 D0      0 .0 D0
  130    10    11          0 .0 D0     10 .0 D0      8.0 D0      1.0 D0      0 .0 D0      0 .0 D0
  131   10    11          0 .0 D0     10 .0 D0      9.0 D0      1.0 D0      0 .0 D0      0 .0 D0
  132   10    11          0 .0 D0     10 .0 D0     10 .0 D0      1.0 D0      0 .0 D0      0 .0 D0
    0     0     0           0 .0        0 .0        0 .0        0 .0        0 .0        0 .0
C ******* DATA SET 8:  SUBREG IONAL DATA
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    2
    1    1    1  121    0
    0     0     0     0     0    END OF NNPLR(K )
    1  120     1    1    1
TABLE 6-2.  INPUT DATA SET FOR THE TW O-DIM ENSIONAL 3DFEM W ATER PROBLEM
            (continu ed)
44444444444444444444444444444444444444444444444444444444444444444444444444
    0     0     0     0     0    END OF G NLR(I,1)
    1  120     1  122    1
    0     0     0     0     0    END OF G NLR(I,2)
C ******* DATA SET 9:  ELEM ENT INCIDENCES
    1    9    1    1   12  133  122    2   13  134  123    1
   11    9    1   12   23  144  133   13   24  145  134    1
   21    9    1   23   34  155  144   24   35  156  145    1
   31    9    1   34   45  166  155   35   46  167  156    1
   41    9    1   45   56  177  166   46   57  178  167    1
   51    9    1   56   67  188  177   57   68  189  178    1
   61    9    1   67   78  199  188   68   79  20 0   189    1
   71    9    1   78   89  210   199   79   90   211  20 0     1
   81    9    1   89  10 0   221  210    90   10 1  222  211    1
   91    9    1  10 0   111  232  221  10 1  112  233  222    1
    0     0     0     0     0     0     0     0     0     0     0     0       END OF IE
C ******* DATA SET 11:  INITITAL CONDITIONS
    1   10    11         10 .0 D0      0 .0 D0      0 .0 D0
    2   10    11          9.0 D0      0 .0 D0      0 .0 D0
    3   10    11          8.0 D0      0 .0 D0      0 .0 D0
    4   10    11          7.0 D0      0 .0 D0      0 .0 D0
    5   10    11          6.0 D0      0 .0 D0      0 .0 D0
    6   10    11          5.0 D0      0 .0 D0      0 .0 D0
    7   10    11          4.0 D0      0 .0 D0      0 .0 D0
    8   10    11          3.0 D0      0 .0 D0      0 .0 D0
    9   10    11          2.0 D0      0 .0 D0      0 .0 D0
   10    10    11          1.0 D0      0 .0 D0      0 .0 D0
   11   10    11          0 .0 D0      0 .0 D0      0 .0 D0
  122   10    11         10 .0 D0      0 .0 D0      0 .0 D0
  123   10    11          9.0 D0      0 .0 D0      0 .0 D0
  124   10    11          8.0 D0      0 .0 D0      0 .0 D0
  125   10    11          7.0 D0      0 .0 D0      0 .0 D0
  126   10    11          6.0 D0      0 .0 D0      0 .0 D0
  127   10    11          5.0 D0      0 .0 D0      0 .0 D0
  128   10    11          4.0 D0      0 .0 D0      0 .0 D0
  129   10    11          3.0 D0      0 .0 D0      0 .0 D0
  130    10    11          2.0 D0      0 .0 D0      0 .0 D0
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  131   10    11          1.0 D0      0 .0 D0      0 .0 D0
  132   10    11          0 .0 D0      0 .0 D0      0 .0 D0
    0     0     0           0 .0 D0      0 .0 D0      0 .0 D0            END OF IC
C ******* DATA SET 12:  SOURCE/SINK  AND B. C. CONTROL INTEG ERS
    0     0     0     0     0     0     0     0     6    1    2    0
   18   38    2    2    0     0     0     0     0     0     0     0     0     0     0
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TABLE 6-2.  INPUT DATA SET FOR THE TW O-DIM ENSIONAL 3DFEM W ATER PROBLEM
            (conclu ded)
44444444444444444444444444444444444444444444444444444444444444444444444444

C ******* DATA SET 14:  VARIABLE BOUNDARY CONDITIONS
     0 .0 D0     6.0 D-3    1.0 D38    6.0 D-3
     0 .0 D0     0 .0 D0 0     1.0 D38    0 .0 D0 0
    1    9    1    1    0
   11    7    1    2    0
    0     0     0     0     0             END OF IRTYP
    1    9    1   11   22  143  132   11   11   11   11
   11    7    1  120   241  242  121   -1   -1   -1   -1
    0     0     0     0     0     0     0     0     0     0     0  END OF ISV(J ,I) J =1,4
    1   10     1   11   11
   12    7    1  120    -1
   20    10     1  132   11
   31    7    1  241   -1
    0     0     0     0     0         END OF NPVB
    1   37    1          0 .0 D0      0 .0 D0      0 .0 D0
    0     0     0           0 .0 D0      0 .0 D0      0 .0 D0    END OF HCON
    1   37    1        -90 .0 D2     0 .0 D0      0 .0 D0
    0     0     0           0 .0 D0      0 .0 D0      0 .0 D0    END OF HM IN
C ******* DATA SET 15:  DIRICHLET BOUNDARY CONDITIONS
     0 .0 D0      2.0 D0     1.0 D38     2.0 D0
  111  112  113  232  233  234
    1    5    1    1    0
    0     0     0     0     0   END OF IDTYP
    0                   END OF J OB -------------------------------------------0 0 0

44444444444444444444444444444444444444444444444444444444444444444444444444
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Fig u re 6.3.  Three-dim ens iona l s tea dy-s ta te flow  to a  pu m ping  w ell.

The reg ion of interes t is  dis cretized w ith 20  x 8 x 10  = 160 0  elem ents , res u lting  in 21 x 9 x 11 =
20 79 noda l points .  The nodes  a re loca ted a t x = 0 , 70 , 120 , 160 , 20 0 , 275, 350 , 40 0 , 450 ,
50 0 , 540 , 570 , 60 0 , 650 , 750 , 80 0 , 850 , 90 0 , 950 , a nd 10 0 0  in the x-direction, a nd a t z = 0 , 15,
30 , 35, 40 , 45, 50 , 55, 60 , 66, a nd 72 in the z-direction.  In the y-direction, nodes  a re s pa ced
evenly a t )z = 50  m .  For the s im u la tion, ea ch of the nine vertica l pla nes  perpendicu la r to the
y-a xis  is  cons idered a  s u breg ion.  Thu s , a  tota l of 9 s u breg ions , ea ch w ith 231 node points , is
u s ed for the s u breg iona l block  itera tion s im u la tion.

The
pres s
u re
hea d
tolera
nce is
s et a t
.0 1 m
for the
nonlin
ea r
itera ti
on
a nd is
.0 0 5
m  for
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the block  itera tion.  The rela xa tion fa ctors  for the nonlinea r itera tion a nd block  itera tion a re s et
equ a l to 1.0  a nd 1.5, res pectively.

The inpu t da ta  s et for this  problem , prepa red a ccording  to the ins tru ctions  in Sections  4.1 a nd
5.1, is  s how n in Ta ble 6-3.
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TABLE 6-3.  INPUT DATA SET FOR THE THREE-DIM ENSIONAL 3DFEM W ATER PROBLEM
44444444444444444444444444444444444444444444444444444444444444444444444444

    3  SIM ULATION OF THREE-D PUM PING  W ELL; L = M , T = DAY, M  = K G             0 11
C ******* DATA SET 2:  BASIC INTEG ER PARAM ETERS
 20 79 160 0     1    0     0     0     6    1    0     0    50    20     1  10 0
C ******* DATA SET 3:  BASIC REAL PARAM ETERS
    0 .0 5D0      0 .0 D0      1.0 D0     20 .0 D0     1.0 D-2    1.0 D-2     1.0 D0   7.316D10
  1.1232D4     1.0 D0      1.0 D0      1.5D0
C ******* DATA SET 4:  PRINTER, STORAG E CONTROL AND TIM E STEP SIZE RESETTING
55
11
    1.0 D38
C ******* DATA SET 5:  M ATERIAL PROPERTIES
    0 .31D0     0 .0 3D0     0 .12D0      0 .0 D0      0 .0 D0      0 .0 D0
C ******* DATA SET 6: SOIL PROPERTY PARAM ETERS
    0     5    0
  0 .10 0 0 D0    0 .390 D0     0 .0 0 D0    0 .0 59D0     1.48D0                 THPROP
C ******* DATA SET 7:  NODE COORDINATES
    1    8  231       0 .0 0 D+0 0   0 .0 0 D+0 0   0 .0 0 D+0 0   0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
    2    8  231       0 .0 0 D+0 0   0 .0 0 D+0 0   0 .15D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
    3    8  231       0 .0 0 D+0 0   0 .0 0 D+0 0   0 .30 D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
    4    8  231       0 .0 0 D+0 0   0 .0 0 D+0 0   0 .35D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
    5    8  231       0 .0 0 D+0 0   0 .0 0 D+0 0   0 .40 D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
    6    8  231       0 .0 0 D+0 0   0 .0 0 D+0 0   0 .45D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
    7    8  231       0 .0 0 D+0 0   0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
    8    8  231       0 .0 0 D+0 0   0 .0 0 D+0 0   0 .55D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
    9    8  231       0 .0 0 D+0 0   0 .0 0 D+0 0   0 .60 D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
   10     8  231       0 .0 0 D+0 0   0 .0 0 D+0 0   0 .66D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
   11    8  231       0 .0 0 D+0 0   0 .0 0 D+0 0   0 .72D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
   12    8  231       0 .70 D+0 2  0 .0 0 D+0 0   0 .0 0 D+0 0   0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
   13    8  231       0 .70 D+0 2  0 .0 0 D+0 0   0 .15D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
   14    8  231       0 .70 D+0 2  0 .0 0 D+0 0   0 .30 D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
   15    8  231       0 .70 D+0 2  0 .0 0 D+0 0   0 .35D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
   16    8  231       0 .70 D+0 2  0 .0 0 D+0 0   0 .40 D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
   17    8  231       0 .70 D+0 2  0 .0 0 D+0 0   0 .45D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
   18    8  231       0 .70 D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
   19    8  231       0 .70 D+0 2  0 .0 0 D+0 0   0 .55D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
   20     8  231       0 .70 D+0 2  0 .0 0 D+0 0   0 .60 D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
   21    8  231       0 .70 D+0 2  0 .0 0 D+0 0   0 .66D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
   22    8  231       0 .70 D+0 2  0 .0 0 D+0 0   0 .72D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
   23    8  231       0 .12D+0 3  0 .0 0 D+0 0   0 .0 0 D+0 0   0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
   24    8  231       0 .12D+0 3  0 .0 0 D+0 0   0 .15D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
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   25    8  231       0 .12D+0 3  0 .0 0 D+0 0   0 .30 D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
   26    8  231       0 .12D+0 3  0 .0 0 D+0 0   0 .35D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
   27    8  231       0 .12D+0 3  0 .0 0 D+0 0   0 .40 D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
   28    8  231       0 .12D+0 3  0 .0 0 D+0 0   0 .45D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
Ta ble 6-3.  Inpu t Da ta  Set for the Three-Dim ens iona l 3DFEM W ATER PROBLEM
            (continu ed)
44444444444444444444444444444444444444444444444444444444444444444444444444

   29    8  231       0 .12D+0 3  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
   30     8  231       0 .12D+0 3  0 .0 0 D+0 0   0 .55D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
   31    8  231       0 .12D+0 3  0 .0 0 D+0 0   0 .60 D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
   32    8  231       0 .12D+0 3  0 .0 0 D+0 0   0 .66D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
   33    8  231       0 .12D+0 3  0 .0 0 D+0 0   0 .72D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
   34    8  231       0 .16D+0 3  0 .0 0 D+0 0   0 .0 0 D+0 0   0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
   35    8  231       0 .16D+0 3  0 .0 0 D+0 0   0 .15D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
   36    8  231       0 .16D+0 3  0 .0 0 D+0 0   0 .30 D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
   37    8  231       0 .16D+0 3  0 .0 0 D+0 0   0 .35D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
   38    8  231       0 .16D+0 3  0 .0 0 D+0 0   0 .40 D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
   39    8  231       0 .16D+0 3  0 .0 0 D+0 0   0 .45D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
   40     8  231       0 .16D+0 3  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
   41    8  231       0 .16D+0 3  0 .0 0 D+0 0   0 .55D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
   42    8  231       0 .16D+0 3  0 .0 0 D+0 0   0 .60 D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
   43    8  231       0 .16D+0 3  0 .0 0 D+0 0   0 .66D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
   44    8  231       0 .16D+0 3  0 .0 0 D+0 0   0 .72D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
   45    8  231       0 .20 D+0 3  0 .0 0 D+0 0   0 .0 0 D+0 0   0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
   46    8  231       0 .20 D+0 3  0 .0 0 D+0 0   0 .15D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
   47    8  231       0 .20 D+0 3  0 .0 0 D+0 0   0 .30 D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
   48    8  231       0 .20 D+0 3  0 .0 0 D+0 0   0 .35D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
   49    8  231       0 .20 D+0 3  0 .0 0 D+0 0   0 .40 D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
   50     8  231       0 .20 D+0 3  0 .0 0 D+0 0   0 .45D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
   51    8  231       0 .20 D+0 3  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
   52    8  231       0 .20 D+0 3  0 .0 0 D+0 0   0 .55D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
   53    8  231       0 .20 D+0 3  0 .0 0 D+0 0   0 .60 D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
   54    8  231       0 .20 D+0 3  0 .0 0 D+0 0   0 .66D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
   55    8  231       0 .20 D+0 3  0 .0 0 D+0 0   0 .72D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
   56    8  231       0 .28D+0 3  0 .0 0 D+0 0   0 .0 0 D+0 0   0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
   57    8  231       0 .28D+0 3  0 .0 0 D+0 0   0 .15D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
   58    8  231       0 .28D+0 3  0 .0 0 D+0 0   0 .30 D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
   59    8  231       0 .28D+0 3  0 .0 0 D+0 0   0 .35D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
   60     8  231       0 .28D+0 3  0 .0 0 D+0 0   0 .40 D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
   61    8  231       0 .28D+0 3  0 .0 0 D+0 0   0 .45D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
   62    8  231       0 .28D+0 3  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
   63    8  231       0 .28D+0 3  0 .0 0 D+0 0   0 .55D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
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   64    8  231       0 .28D+0 3  0 .0 0 D+0 0   0 .60 D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
   65    8  231       0 .28D+0 3  0 .0 0 D+0 0   0 .66D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
   66    8  231       0 .28D+0 3  0 .0 0 D+0 0   0 .72D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
   67    8  231       0 .35D+0 3  0 .0 0 D+0 0   0 .0 0 D+0 0   0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
   68    8  231       0 .35D+0 3  0 .0 0 D+0 0   0 .15D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
   69    8  231       0 .35D+0 3  0 .0 0 D+0 0   0 .30 D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
   70     8  231       0 .35D+0 3  0 .0 0 D+0 0   0 .35D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
   71    8  231       0 .35D+0 3  0 .0 0 D+0 0   0 .40 D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
   72    8  231       0 .35D+0 3  0 .0 0 D+0 0   0 .45D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
TABLE 6-3.  INPUT DATA SET FOR THE THREE-DIM ENSIONAL 3DFEM W ATER PROBLEM
            (continu ed)
44444444444444444444444444444444444444444444444444444444444444444444444444

   73    8  231       0 .35D+0 3  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
   74    8  231       0 .35D+0 3  0 .0 0 D+0 0   0 .55D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
   75    8  231       0 .35D+0 3  0 .0 0 D+0 0   0 .60 D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
   76    8  231       0 .35D+0 3  0 .0 0 D+0 0   0 .66D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
   77    8  231       0 .35D+0 3  0 .0 0 D+0 0   0 .72D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
   78    8  231       0 .40 D+0 3  0 .0 0 D+0 0   0 .0 0 D+0 0   0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
   79    8  231       0 .40 D+0 3  0 .0 0 D+0 0   0 .15D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
   80     8  231       0 .40 D+0 3  0 .0 0 D+0 0   0 .30 D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
   81    8  231       0 .40 D+0 3  0 .0 0 D+0 0   0 .35D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
   82    8  231       0 .40 D+0 3  0 .0 0 D+0 0   0 .40 D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
   83    8  231       0 .40 D+0 3  0 .0 0 D+0 0   0 .45D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
   84    8  231       0 .40 D+0 3  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
   85    8  231       0 .40 D+0 3  0 .0 0 D+0 0   0 .55D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
   86    8  231       0 .40 D+0 3  0 .0 0 D+0 0   0 .60 D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
   87    8  231       0 .40 D+0 3  0 .0 0 D+0 0   0 .66D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
   88    8  231       0 .40 D+0 3  0 .0 0 D+0 0   0 .72D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
   89    8  231       0 .45D+0 3  0 .0 0 D+0 0   0 .0 0 D+0 0   0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
   90     8  231       0 .45D+0 3  0 .0 0 D+0 0   0 .15D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
   91    8  231       0 .45D+0 3  0 .0 0 D+0 0   0 .30 D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
   92    8  231       0 .45D+0 3  0 .0 0 D+0 0   0 .35D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
   93    8  231       0 .45D+0 3  0 .0 0 D+0 0   0 .40 D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
   94    8  231       0 .45D+0 3  0 .0 0 D+0 0   0 .45D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
   95    8  231       0 .45D+0 3  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
   96    8  231       0 .45D+0 3  0 .0 0 D+0 0   0 .55D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
   97    8  231       0 .45D+0 3  0 .0 0 D+0 0   0 .60 D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
   98    8  231       0 .45D+0 3  0 .0 0 D+0 0   0 .66D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
   99    8  231       0 .45D+0 3  0 .0 0 D+0 0   0 .72D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  10 0     8  231       0 .50 D+0 3  0 .0 0 D+0 0   0 .0 0 D+0 0   0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  10 1    8  231       0 .50 D+0 3  0 .0 0 D+0 0   0 .15D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  10 2    8  231       0 .50 D+0 3  0 .0 0 D+0 0   0 .30 D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
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  10 3    8  231       0 .50 D+0 3  0 .0 0 D+0 0   0 .35D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  10 4    8  231       0 .50 D+0 3  0 .0 0 D+0 0   0 .40 D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  10 5    8  231       0 .50 D+0 3  0 .0 0 D+0 0   0 .45D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  10 6    8  231       0 .50 D+0 3  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  10 7    8  231       0 .50 D+0 3  0 .0 0 D+0 0   0 .55D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  10 8    8  231       0 .50 D+0 3  0 .0 0 D+0 0   0 .60 D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  10 9    8  231       0 .50 D+0 3  0 .0 0 D+0 0   0 .66D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  110     8  231       0 .50 D+0 3  0 .0 0 D+0 0   0 .72D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  111    8  231       0 .54D+0 3  0 .0 0 D+0 0   0 .0 0 D+0 0   0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  112    8  231       0 .54D+0 3  0 .0 0 D+0 0   0 .15D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  113    8  231       0 .54D+0 3  0 .0 0 D+0 0   0 .30 D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  114    8  231       0 .54D+0 3  0 .0 0 D+0 0   0 .35D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  115    8  231       0 .54D+0 3  0 .0 0 D+0 0   0 .40 D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  116    8  231       0 .54D+0 3  0 .0 0 D+0 0   0 .45D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
TABLE 6-3.  INPUT DATA SET FOR THE THREE-DIM ENSIONAL 3DFEM W ATER PROBLEM
            (continu ed)
44444444444444444444444444444444444444444444444444444444444444444444444444

  117    8  231       0 .54D+0 3  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  118    8  231       0 .54D+0 3  0 .0 0 D+0 0   0 .55D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  119    8  231       0 .54D+0 3  0 .0 0 D+0 0   0 .60 D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  120     8  231       0 .54D+0 3  0 .0 0 D+0 0   0 .66D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  121    8  231       0 .54D+0 3  0 .0 0 D+0 0   0 .72D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  122    8  231       0 .57D+0 3  0 .0 0 D+0 0   0 .0 0 D+0 0   0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  123    8  231       0 .57D+0 3  0 .0 0 D+0 0   0 .15D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  124    8  231       0 .57D+0 3  0 .0 0 D+0 0   0 .30 D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  125    8  231       0 .57D+0 3  0 .0 0 D+0 0   0 .35D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  126    8  231       0 .57D+0 3  0 .0 0 D+0 0   0 .40 D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  127    8  231       0 .57D+0 3  0 .0 0 D+0 0   0 .45D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  128    8  231       0 .57D+0 3  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  129    8  231       0 .57D+0 3  0 .0 0 D+0 0   0 .55D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  130     8  231       0 .57D+0 3  0 .0 0 D+0 0   0 .60 D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  131    8  231       0 .57D+0 3  0 .0 0 D+0 0   0 .66D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  132    8  231       0 .57D+0 3  0 .0 0 D+0 0   0 .72D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  133    8  231       0 .60 D+0 3  0 .0 0 D+0 0   0 .0 0 D+0 0   0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  134    8  231       0 .60 D+0 3  0 .0 0 D+0 0   0 .15D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  135    8  231       0 .60 D+0 3  0 .0 0 D+0 0   0 .30 D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  136    8  231       0 .60 D+0 3  0 .0 0 D+0 0   0 .35D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  137    8  231       0 .60 D+0 3  0 .0 0 D+0 0   0 .40 D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  138    8  231       0 .60 D+0 3  0 .0 0 D+0 0   0 .45D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  139    8  231       0 .60 D+0 3  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  140     8  231       0 .60 D+0 3  0 .0 0 D+0 0   0 .55D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  141    8  231       0 .60 D+0 3  0 .0 0 D+0 0   0 .60 D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
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  142    8  231       0 .60 D+0 3  0 .0 0 D+0 0   0 .66D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  143    8  231       0 .60 D+0 3  0 .0 0 D+0 0   0 .72D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  144    8  231       0 .65D+0 3  0 .0 0 D+0 0   0 .0 0 D+0 0   0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  145    8  231       0 .65D+0 3  0 .0 0 D+0 0   0 .15D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  146    8  231       0 .65D+0 3  0 .0 0 D+0 0   0 .30 D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  147    8  231       0 .65D+0 3  0 .0 0 D+0 0   0 .35D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  148    8  231       0 .65D+0 3  0 .0 0 D+0 0   0 .40 D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  149    8  231       0 .65D+0 3  0 .0 0 D+0 0   0 .45D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  150     8  231       0 .65D+0 3  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  151    8  231       0 .65D+0 3  0 .0 0 D+0 0   0 .55D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  152    8  231       0 .65D+0 3  0 .0 0 D+0 0   0 .60 D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  153    8  231       0 .65D+0 3  0 .0 0 D+0 0   0 .66D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  154    8  231       0 .65D+0 3  0 .0 0 D+0 0   0 .72D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  155    8  231       0 .70 D+0 3  0 .0 0 D+0 0   0 .0 0 D+0 0   0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  156    8  231       0 .70 D+0 3  0 .0 0 D+0 0   0 .15D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  157    8  231       0 .70 D+0 3  0 .0 0 D+0 0   0 .30 D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  158    8  231       0 .70 D+0 3  0 .0 0 D+0 0   0 .35D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  159    8  231       0 .70 D+0 3  0 .0 0 D+0 0   0 .40 D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  160     8  231       0 .70 D+0 3  0 .0 0 D+0 0   0 .45D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
TABLE 6-3.  INPUT DATA SET FOR THE THREE-DIM ENSIONAL 3DFEM W ATER PROBLEM
            (continu ed)
44444444444444444444444444444444444444444444444444444444444444444444444444

  161    8  231       0 .70 D+0 3  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  162    8  231       0 .70 D+0 3  0 .0 0 D+0 0   0 .55D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  163    8  231       0 .70 D+0 3  0 .0 0 D+0 0   0 .60 D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  164    8  231       0 .70 D+0 3  0 .0 0 D+0 0   0 .66D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  165    8  231       0 .70 D+0 3  0 .0 0 D+0 0   0 .72D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  166    8  231       0 .75D+0 3  0 .0 0 D+0 0   0 .0 0 D+0 0   0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  167    8  231       0 .75D+0 3  0 .0 0 D+0 0   0 .15D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  168    8  231       0 .75D+0 3  0 .0 0 D+0 0   0 .30 D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  169    8  231       0 .75D+0 3  0 .0 0 D+0 0   0 .35D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  170     8  231       0 .75D+0 3  0 .0 0 D+0 0   0 .40 D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  171    8  231       0 .75D+0 3  0 .0 0 D+0 0   0 .45D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  172    8  231       0 .75D+0 3  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  173    8  231       0 .75D+0 3  0 .0 0 D+0 0   0 .55D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  174    8  231       0 .75D+0 3  0 .0 0 D+0 0   0 .60 D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  175    8  231       0 .75D+0 3  0 .0 0 D+0 0   0 .66D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  176    8  231       0 .75D+0 3  0 .0 0 D+0 0   0 .72D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  177    8  231       0 .80 D+0 3  0 .0 0 D+0 0   0 .0 0 D+0 0   0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  178    8  231       0 .80 D+0 3  0 .0 0 D+0 0   0 .15D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  179    8  231       0 .80 D+0 3  0 .0 0 D+0 0   0 .30 D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  180     8  231       0 .80 D+0 3  0 .0 0 D+0 0   0 .35D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
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  181    8  231       0 .80 D+0 3  0 .0 0 D+0 0   0 .40 D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  182    8  231       0 .80 D+0 3  0 .0 0 D+0 0   0 .45D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  183    8  231       0 .80 D+0 3  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  184    8  231       0 .80 D+0 3  0 .0 0 D+0 0   0 .55D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  185    8  231       0 .80 D+0 3  0 .0 0 D+0 0   0 .60 D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  186    8  231       0 .80 D+0 3  0 .0 0 D+0 0   0 .66D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  187    8  231       0 .80 D+0 3  0 .0 0 D+0 0   0 .72D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  188    8  231       0 .85D+0 3  0 .0 0 D+0 0   0 .0 0 D+0 0   0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  189    8  231       0 .85D+0 3  0 .0 0 D+0 0   0 .15D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  190     8  231       0 .85D+0 3  0 .0 0 D+0 0   0 .30 D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  191    8  231       0 .85D+0 3  0 .0 0 D+0 0   0 .35D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  192    8  231       0 .85D+0 3  0 .0 0 D+0 0   0 .40 D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  193    8  231       0 .85D+0 3  0 .0 0 D+0 0   0 .45D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  194    8  231       0 .85D+0 3  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  195    8  231       0 .85D+0 3  0 .0 0 D+0 0   0 .55D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  196    8  231       0 .85D+0 3  0 .0 0 D+0 0   0 .60 D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  197    8  231       0 .85D+0 3  0 .0 0 D+0 0   0 .66D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  198    8  231       0 .85D+0 3  0 .0 0 D+0 0   0 .72D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  199    8  231       0 .90 D+0 3  0 .0 0 D+0 0   0 .0 0 D+0 0   0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  20 0     8  231       0 .90 D+0 3  0 .0 0 D+0 0   0 .15D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  20 1    8  231       0 .90 D+0 3  0 .0 0 D+0 0   0 .30 D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  20 2    8  231       0 .90 D+0 3  0 .0 0 D+0 0   0 .35D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  20 3    8  231       0 .90 D+0 3  0 .0 0 D+0 0   0 .40 D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  20 4    8  231       0 .90 D+0 3  0 .0 0 D+0 0   0 .45D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
TABLE 6-3.  INPUT DATA SET FOR THE THREE-DIM ENSIONAL 3DFEM W ATER PROBLEM
            (continu ed)
44444444444444444444444444444444444444444444444444444444444444444444444444

  20 5    8  231       0 .90 D+0 3  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  20 6    8  231       0 .90 D+0 3  0 .0 0 D+0 0   0 .55D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  20 7    8  231       0 .90 D+0 3  0 .0 0 D+0 0   0 .60 D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  20 8    8  231       0 .90 D+0 3  0 .0 0 D+0 0   0 .66D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  20 9    8  231       0 .90 D+0 3  0 .0 0 D+0 0   0 .72D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  210     8  231       0 .95D+0 3  0 .0 0 D+0 0   0 .0 0 D+0 0   0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  211    8  231       0 .95D+0 3  0 .0 0 D+0 0   0 .15D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  212    8  231       0 .95D+0 3  0 .0 0 D+0 0   0 .30 D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  213    8  231       0 .95D+0 3  0 .0 0 D+0 0   0 .35D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  214    8  231       0 .95D+0 3  0 .0 0 D+0 0   0 .40 D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  215    8  231       0 .95D+0 3  0 .0 0 D+0 0   0 .45D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  216    8  231       0 .95D+0 3  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  217    8  231       0 .95D+0 3  0 .0 0 D+0 0   0 .55D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  218    8  231       0 .95D+0 3  0 .0 0 D+0 0   0 .60 D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  219    8  231       0 .95D+0 3  0 .0 0 D+0 0   0 .66D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
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  220     8  231       0 .95D+0 3  0 .0 0 D+0 0   0 .72D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  221    8  231       0 .10 D+0 4  0 .0 0 D+0 0   0 .0 0 D+0 0   0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  222    8  231       0 .10 D+0 4  0 .0 0 D+0 0   0 .15D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  223    8  231       0 .10 D+0 4  0 .0 0 D+0 0   0 .30 D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  224    8  231       0 .10 D+0 4  0 .0 0 D+0 0   0 .35D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  225    8  231       0 .10 D+0 4  0 .0 0 D+0 0   0 .40 D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  226    8  231       0 .10 D+0 4  0 .0 0 D+0 0   0 .45D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  227    8  231       0 .10 D+0 4  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  228    8  231       0 .10 D+0 4  0 .0 0 D+0 0   0 .55D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  229    8  231       0 .10 D+0 4  0 .0 0 D+0 0   0 .60 D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  230     8  231       0 .10 D+0 4  0 .0 0 D+0 0   0 .66D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
  231    8  231       0 .10 D+0 4  0 .0 0 D+0 0   0 .72D+0 2  0 .0 0 D+0 0   0 .50 D+0 2  0 .0 0 D+0 0
    0     0     0           0 .0        0 .0         0 .0        0 .0        0 .0       0 .0
C ******* DATA SET 8:  SUBREG IONAL DATA
    9
    1    8    1  231    0
    0     0     0     0     0     END OF NNPLR(9)
    1  230     1    1    1
    0     0     0     0     0     END OF G NLR(I,1)
    1  230     1  232    1
    0     0     0     0     0     END OF G NLR(I,2)
    1  230     1  463    1
    0     0     0     0     0     END OF G NLR(I,3)
    1  230     1  694    1
    0     0     0     0     0     END OF G NLR(I,4)
    1  230     1  925    1
    0     0     0     0     0     END OF G NLR(I,5)
    1  230     1 1156    1
    0     0     0     0     0     END OF G NLR(I,6)
TABLE 6-3.  INPUT DATA SET FOR THE THREE-DIM ENSIONAL 3DFEM W ATER PROBLEM
            (continu ed)
44444444444444444444444444444444444444444444444444444444444444444444444444

    1  230     1 1387    1
    0     0     0     0     0     END OF G NLR(I,7)
    1  230     1 1618    1
    0     0     0     0     0     END OF G NLR(I,8)
    1  230     1 1849    1
    0     0     0     0     0     END OF G NLR(I,9)
C ******** DATA SET 10 :  ELEM ENT INCIDENCES
    1    9    1    1   12  243  232    2   13  244  233    1
   11    9    1   12   23  254  243   13   24  255  244    1
   21    9    1   23   34  265  254   24   35  266  255    1
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   31    9    1   34   45  276  265   35   46  277  266    1
   41    9    1   45   56  287  276   46   57  288  277    1
   51    9    1   56   67  298  287   57   68  299  288    1
   61    9    1   67   78  30 9  298   68   79  310   299    1
   71    9    1   78   89  320   30 9   79   90   321  310     1
   81    9    1   89  10 0   331  320    90   10 1  332  321    1
   91    9    1  10 0   111  342  331  10 1  112  343  332    1
  10 1    9    1  111  122  353  342  112  123  354  343    1
  111    9    1  122  133  364  353  123  134  365  354    1
  121    9    1  133  144  375  364  134  145  376  365    1
  131    9    1  144  155  386  375  145  156  387  376    1
  141    9    1  155  166  397  386  156  167  398  387    1
  151    9    1  166  177  40 8  397  167  178  40 9  398    1
  161    9    1  177  188  419  40 8  178  189  420   40 9    1
  171    9    1  188  199  430   419  189  20 0   431  420     1
  181    9    1  199  210   441  430   20 0   211  442  431    1
  191    9    1  210   221  452  441  211  222  453  442    1
  20 1    9    1  232  243  474  463  233  244  475  464    1
  211    9    1  243  254  485  474  244  255  486  475    1
  221    9    1  254  265  496  485  255  266  497  486    1
  231    9    1  265  276  50 7  496  266  277  50 8  497    1
  241    9    1  276  287  518  50 7  277  288  519  50 8    1
  251    9    1  287  298  529  518  288  299  530   519    1
  261    9    1  298  30 9  540   529  299  310   541  530     1
  271    9    1  30 9  320   551  540   310   321  552  541    1
  281    9    1  320   331  562  551  321  332  563  552    1
  291    9    1  331  342  573  562  332  343  574  563    1
  30 1    9    1  342  353  584  573  343  354  585  574    1
  311    9    1  353  364  595  584  354  365  596  585    1
  321    9    1  364  375  60 6  595  365  376  60 7  596    1
  331    9    1  375  386  617  60 6  376  387  618  60 7    1
  341    9    1  386  397  628  617  387  398  629  618    1
  351    9    1  397  40 8  639  628  398  40 9  640   629    1
  361    9    1  40 8  419  650   639  40 9  420   651  640     1
TABLE 6-3.  INPUT DATA SET FOR THE THREE-DIM ENSIONAL 3DFEM W ATER PROBLEM
            (continu ed)
44444444444444444444444444444444444444444444444444444444444444444444444444

  371    9    1  419  430   661  650   420   431  662  651    1
  381    9    1  430   441  672  661  431  442  673  662    1
  391    9    1  441  452  683  672  442  453  684  673    1
  40 1    9    1  463  474  70 5  694  464  475  70 6  695    1
  411    9    1  474  485  716  70 5  475  486  717  70 6    1
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  421    9    1  485  496  727  716  486  497  728  717    1
  431    9    1  496  50 7  738  727  497  50 8  739  728    1
  441    9    1  50 7  518  749  738  50 8  519  750   739    1
  451    9    1  518  529  760   749  519  530   761  750     1
  461    9    1  529  540   771  760   530   541  772  761    1
  471    9    1  540   551  782  771  541  552  783  772    1
  481    9    1  551  562  793  782  552  563  794  783    1
  491    9    1  562  573  80 4  793  563  574  80 5  794    1
  50 1    9    1  573  584  815  80 4  574  585  816  80 5    1
  511    9    1  584  595  826  815  585  596  827  816    1
  521    9    1  595  60 6  837  826  596  60 7  838  827    1
  531    9    1  60 6  617  848  837  60 7  618  849  838    1
  541    9    1  617  628  859  848  618  629  860   849    1
  551    9    1  628  639  870   859  629  640   871  860     1
  561    9    1  639  650   881  870   640   651  882  871    1
  571    9    1  650   661  892  881  651  662  893  882    1
  581    9    1  661  672  90 3  892  662  673  90 4  893    1
  591    9    1  672  683  914  90 3  673  684  915  90 4    1
  60 1    9    1  694  70 5  936  925  695  70 6  937  926    1
  611    9    1  70 5  716  947  936  70 6  717  948  937    1
  621    9    1  716  727  958  947  717  728  959  948    1
  631    9    1  727  738  969  958  728  739  970   959    1
  641    9    1  738  749  980   969  739  750   981  970     1
  651    9    1  749  760   991  980   750   761  992  981    1
  661    9    1  760   771 10 0 2  991  761  772 10 0 3  992    1
  671    9    1  771  782 10 13 10 0 2  772  783 10 14 10 0 3    1
  681    9    1  782  793 10 24 10 13  783  794 10 25 10 14    1
  691    9    1  793  80 4 10 35 10 24  794  80 5 10 36 10 25    1
  70 1    9    1  80 4  815 10 46 10 35  80 5  816 10 47 10 36    1
  711    9    1  815  826 10 57 10 46  816  827 10 58 10 47    1
  721    9    1  826  837 10 68 10 57  827  838 10 69 10 58    1
  731    9    1  837  848 10 79 10 68  838  849 10 80  10 69    1
  741    9    1  848  859 10 90  10 79  849  860  10 91 10 80     1
  751    9    1  859  870  110 1 10 90   860   871 110 2 10 91    1
  761    9    1  870   881 1112 110 1  871  882 1113 110 2    1
  771    9    1  881  892 1123 1112  882  893 1124 1113    1
  781    9    1  892  90 3 1134 1123  893  90 4 1135 1124    1
  791    9    1  90 3  914 1145 1134  90 4  915 1146 1135    1
  80 1    9    1  925  936 1167 1156  926  937 1168 1157    1
TABLE 6-3.  INPUT DATA SET FOR THE THREE-DIM ENSIONAL 3DFEM W ATER PROBLEM
            (continu ed)
44444444444444444444444444444444444444444444444444444444444444444444444444
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  811    9    1  936  947 1178 1167  937  948 1179 1168    1
  821    9    1  947  958 1189 1178  948  959 1190  1179    1
  831    9    1  958  969 120 0  1189  959  970  120 1 1190     1
  841    9    1  969  980  1211 120 0   970   981 1212 120 1    1
  851    9    1  980   991 1222 1211  981  992 1223 1212    1
  861    9    1  991 10 0 2 1233 1222  992 10 0 3 1234 1223    1
  871    9    1 10 0 2 10 13 1244 1233 10 0 3 10 14 1245 1234    1
  881    9    1 10 13 10 24 1255 1244 10 14 10 25 1256 1245    1
  891    9    1 10 24 10 35 1266 1255 10 25 10 36 1267 1256    1
  90 1    9    1 10 35 10 46 1277 1266 10 36 10 47 1278 1267    1
  911    9    1 10 46 10 57 1288 1277 10 47 10 58 1289 1278    1
  921    9    1 10 57 10 68 1299 1288 10 58 10 69 130 0  1289    1
  931    9    1 10 68 10 79 1310  1299 10 69 10 80  1311 130 0     1
  941    9    1 10 79 10 90  1321 1310  10 80  10 91 1322 1311    1
  951    9    1 10 90  110 1 1332 1321 10 91 110 2 1333 1322    1
  961    9    1 110 1 1112 1343 1332 110 2 1113 1344 1333    1
  971    9    1 1112 1123 1354 1343 1113 1124 1355 1344    1
  981    9    1 1123 1134 1365 1354 1124 1135 1366 1355    1
  991    9    1 1134 1145 1376 1365 1135 1146 1377 1366    1
 10 0 1    9    1 1156 1167 1398 1387 1157 1168 1399 1388    1
 10 11    9    1 1167 1178 140 9 1398 1168 1179 1410  1399    1
 10 21    9    1 1178 1189 1420  140 9 1179 1190  1421 1410     1
 10 31    9    1 1189 120 0  1431 1420  1190  120 1 1432 1421    1
 10 41    9    1 120 0  1211 1442 1431 120 1 1212 1443 1432    1
 10 51    9    1 1211 1222 1453 1442 1212 1223 1454 1443    1
 10 61    9    1 1222 1233 1464 1453 1223 1234 1465 1454    1
 10 71    9    1 1233 1244 1475 1464 1234 1245 1476 1465    1
 10 81    9    1 1244 1255 1486 1475 1245 1256 1487 1476    1
 10 91    9    1 1255 1266 1497 1486 1256 1267 1498 1487    1
 110 1    9    1 1266 1277 150 8 1497 1267 1278 150 9 1498    1
 1111    9    1 1277 1288 1519 150 8 1278 1289 1520  150 9    1
 1121    9    1 1288 1299 1530  1519 1289 130 0  1531 1520     1
 1131    9    1 1299 1310  1541 1530  130 0  1311 1542 1531    1
 1141    9    1 1310  1321 1552 1541 1311 1322 1553 1542    1
 1151    9    1 1321 1332 1563 1552 1322 1333 1564 1553    1
 1161    9    1 1332 1343 1574 1563 1333 1344 1575 1564    1
 1171    9    1 1343 1354 1585 1574 1344 1355 1586 1575    1
 1181    9    1 1354 1365 1596 1585 1355 1366 1597 1586    1
 1191    9    1 1365 1376 160 7 1596 1366 1377 160 8 1597    1
 120 1    9    1 1387 1398 1629 1618 1388 1399 1630  1619    1
 1211    9    1 1398 140 9 1640  1629 1399 1410  1641 1630     1
 1221    9    1 140 9 1420  1651 1640  1410  1421 1652 1641    1
 1231    9    1 1420  1431 1662 1651 1421 1432 1663 1652    1
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 1241    9    1 1431 1442 1673 1662 1432 1443 1674 1663    1
TABLE 6-3.  INPUT DATA SET FOR THE THREE-DIM ENSIONAL 3DFEM W ATER PROBLEM
            (continu ed)
44444444444444444444444444444444444444444444444444444444444444444444444444

 1251    9    1 1442 1453 1684 1673 1443 1454 1685 1674    1
 1261    9    1 1453 1464 1695 1684 1454 1465 1696 1685    1
 1271    9    1 1464 1475 170 6 1695 1465 1476 170 7 1696    1
 1281    9    1 1475 1486 1717 170 6 1476 1487 1718 170 7    1
 1291    9    1 1486 1497 1728 1717 1487 1498 1729 1718    1
 130 1    9    1 1497 150 8 1739 1728 1498 150 9 1740  1729    1
 1311    9    1 150 8 1519 1750  1739 150 9 1520  1751 1740     1
 1321    9    1 1519 1530  1761 1750  1520  1531 1762 1751    1
 1331    9    1 1530  1541 1772 1761 1531 1542 1773 1762    1
 1341    9    1 1541 1552 1783 1772 1542 1553 1784 1773    1
 1351    9    1 1552 1563 1794 1783 1553 1564 1795 1784    1
 1361    9    1 1563 1574 180 5 1794 1564 1575 180 6 1795    1
 1371    9    1 1574 1585 1816 180 5 1575 1586 1817 180 6    1
 1381    9    1 1585 1596 1827 1816 1586 1597 1828 1817    1
 1391    9    1 1596 160 7 1838 1827 1597 160 8 1839 1828    1
 140 1    9    1 1618 1629 1860  1849 1619 1630  1861 1850     1
 1411    9    1 1629 1640  1871 1860  1630  1641 1872 1861    1
 1421    9    1 1640  1651 1882 1871 1641 1652 1883 1872    1
 1431    9    1 1651 1662 1893 1882 1652 1663 1894 1883    1
 1441    9    1 1662 1673 190 4 1893 1663 1674 190 5 1894    1
 1451    9    1 1673 1684 1915 190 4 1674 1685 1916 190 5    1
 1461    9    1 1684 1695 1926 1915 1685 1696 1927 1916    1
 1471    9    1 1695 170 6 1937 1926 1696 170 7 1938 1927    1
 1481    9    1 170 6 1717 1948 1937 170 7 1718 1949 1938    1
 1491    9    1 1717 1728 1959 1948 1718 1729 1960  1949    1
 150 1    9    1 1728 1739 1970  1959 1729 1740  1971 1960     1
 1511    9    1 1739 1750  1981 1970  1740  1751 1982 1971    1
 1521    9    1 1750  1761 1992 1981 1751 1762 1993 1982    1
 1531    9    1 1761 1772 20 0 3 1992 1762 1773 20 0 4 1993    1
 1541    9    1 1772 1783 20 14 20 0 3 1773 1784 20 15 20 0 4    1
 1551    9    1 1783 1794 20 25 20 14 1784 1795 20 26 20 15    1
 1561    9    1 1794 180 5 20 36 20 25 1795 180 6 20 37 20 26    1
 1571    9    1 180 5 1816 20 47 20 36 180 6 1817 20 48 20 37    1
 1581    9    1 1816 1827 20 58 20 47 1817 1828 20 59 20 48    1
 1591    9    1 1827 1838 20 69 20 58 1828 1839 20 70  20 59    1
    0     0     0     0     0     0     0     0     0     0     0     0   END OF IE
C ******* DATA SET 11:  INITIAL CONDITIONS
    1    8  231       0 .60 D+0 2  0 .0 0 D+0 0        0 .0
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    2    8  231       0 .45D+0 2  0 .0 0 D+0 0        0 .0
    3    8  231       0 .30 D+0 2  0 .0 0 D+0 0        0 .0
    4    8  231       0 .25D+0 2  0 .0 0 D+0 0        0 .0
    5    8  231       0 .20 D+0 2  0 .0 0 D+0 0        0 .0
    6    8  231       0 .15D+0 2  0 .0 0 D+0 0        0 .0
    7    8  231       0 .10 D+0 2  0 .0 0 D+0 0        0 .0
TABLE 6-3.  INPUT DATA SET FOR THE THREE-DIM ENSIONAL 3DFEM W ATER PROBLEM
            (continu ed)
44444444444444444444444444444444444444444444444444444444444444444444444444

    8    8  231       0 .50 D+0 1  0 .0 0 D+0 0        0 .0
    9    8  231       0 .0 0 D+0 0   0 .0 0 D+0 0        0 .0
   10     8  231      -0 .60 D+0 1  0 .0 0 D+0 0        0 .0
   11    8  231      -0 .12D+0 2  0 .0 0 D+0 0        0 .0
   12    8  231       0 .60 D+0 2  0 .0 0 D+0 0        0 .0
   13    8  231       0 .45D+0 2  0 .0 0 D+0 0        0 .0
   14    8  231       0 .30 D+0 2  0 .0 0 D+0 0        0 .0
   15    8  231       0 .25D+0 2  0 .0 0 D+0 0        0 .0
   16    8  231       0 .20 D+0 2  0 .0 0 D+0 0        0 .0
   17    8  231       0 .15D+0 2  0 .0 0 D+0 0        0 .0
   18    8  231       0 .10 D+0 2  0 .0 0 D+0 0        0 .0
   19    8  231       0 .50 D+0 1  0 .0 0 D+0 0        0 .0
   20     8  231       0 .0 0 D+0 0   0 .0 0 D+0 0        0 .0
   21    8  231      -0 .60 D+0 1  0 .0 0 D+0 0        0 .0
   22    8  231      -0 .12D+0 2  0 .0 0 D+0 0        0 .0
   23    8  231       0 .60 D+0 2  0 .0 0 D+0 0        0 .0
   24    8  231       0 .45D+0 2  0 .0 0 D+0 0        0 .0
   25    8  231       0 .30 D+0 2  0 .0 0 D+0 0        0 .0
   26    8  231       0 .25D+0 2  0 .0 0 D+0 0        0 .0
   27    8  231       0 .20 D+0 2  0 .0 0 D+0 0        0 .0
   28    8  231       0 .15D+0 2  0 .0 0 D+0 0        0 .0
   29    8  231       0 .10 D+0 2  0 .0 0 D+0 0        0 .0
   30     8  231       0 .50 D+0 1  0 .0 0 D+0 0        0 .0
   31    8  231       0 .0 0 D+0 0   0 .0 0 D+0 0        0 .0
   32    8  231      -0 .60 D+0 1  0 .0 0 D+0 0        0 .0
   33    8  231      -0 .12D+0 2  0 .0 0 D+0 0        0 .0
   34    8  231       0 .60 D+0 2  0 .0 0 D+0 0        0 .0
   35    8  231       0 .45D+0 2  0 .0 0 D+0 0        0 .0
   36    8  231       0 .30 D+0 2  0 .0 0 D+0 0        0 .0
   37    8  231       0 .25D+0 2  0 .0 0 D+0 0        0 .0
   38    8  231       0 .20 D+0 2  0 .0 0 D+0 0        0 .0
   39    8  231       0 .15D+0 2  0 .0 0 D+0 0        0 .0
   40     8  231       0 .10 D+0 2  0 .0 0 D+0 0        0 .0
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   41    8  231       0 .50 D+0 1  0 .0 0 D+0 0        0 .0
   42    8  231       0 .0 0 D+0 0   0 .0 0 D+0 0        0 .0
   43    8  231      -0 .60 D+0 1  0 .0 0 D+0 0        0 .0
   44    8  231      -0 .12D+0 2  0 .0 0 D+0 0        0 .0
   45    8  231       0 .60 D+0 2  0 .0 0 D+0 0        0 .0
   46    8  231       0 .45D+0 2  0 .0 0 D+0 0        0 .0
   47    8  231       0 .30 D+0 2  0 .0 0 D+0 0        0 .0
   48    8  231       0 .25D+0 2  0 .0 0 D+0 0        0 .0
   49    8  231       0 .20 D+0 2  0 .0 0 D+0 0        0 .0
   50     8  231       0 .15D+0 2  0 .0 0 D+0 0        0 .0
   51    8  231       0 .10 D+0 2  0 .0 0 D+0 0        0 .0
TABLE 6-3.  INPUT DATA SET FOR THE THREE-DIM ENSIONAL 3DFEM W ATER PROBLEM
            (continu ed)
44444444444444444444444444444444444444444444444444444444444444444444444444

   52    8  231       0 .50 D+0 1  0 .0 0 D+0 0        0 .0
   53    8  231       0 .0 0 D+0 0   0 .0 0 D+0 0        0 .0
   54    8  231      -0 .60 D+0 1  0 .0 0 D+0 0        0 .0
   55    8  231      -0 .12D+0 2  0 .0 0 D+0 0        0 .0
   56    8  231       0 .60 D+0 2  0 .0 0 D+0 0        0 .0
   57    8  231       0 .45D+0 2  0 .0 0 D+0 0        0 .0
   58    8  231       0 .30 D+0 2  0 .0 0 D+0 0        0 .0
   59    8  231       0 .25D+0 2  0 .0 0 D+0 0        0 .0
   60     8  231       0 .20 D+0 2  0 .0 0 D+0 0        0 .0
   61    8  231       0 .15D+0 2  0 .0 0 D+0 0        0 .0
   62    8  231       0 .10 D+0 2  0 .0 0 D+0 0        0 .0
   63    8  231       0 .50 D+0 1  0 .0 0 D+0 0        0 .0
   64    8  231       0 .0 0 D+0 0   0 .0 0 D+0 0        0 .0
   65    8  231      -0 .60 D+0 1  0 .0 0 D+0 0        0 .0
   66    8  231      -0 .12D+0 2  0 .0 0 D+0 0        0 .0
   67    8  231       0 .60 D+0 2  0 .0 0 D+0 0        0 .0
   68    8  231       0 .45D+0 2  0 .0 0 D+0 0        0 .0
   69    8  231       0 .30 D+0 2  0 .0 0 D+0 0        0 .0
   70     8  231       0 .25D+0 2  0 .0 0 D+0 0        0 .0
   71    8  231       0 .20 D+0 2  0 .0 0 D+0 0        0 .0
   72    8  231       0 .15D+0 2  0 .0 0 D+0 0        0 .0
   73    8  231       0 .10 D+0 2  0 .0 0 D+0 0        0 .0
   74    8  231       0 .50 D+0 1  0 .0 0 D+0 0        0 .0
   75    8  231       0 .0 0 D+0 0   0 .0 0 D+0 0        0 .0
   76    8  231      -0 .60 D+0 1  0 .0 0 D+0 0        0 .0
   77    8  231      -0 .12D+0 2  0 .0 0 D+0 0        0 .0
   78    8  231       0 .60 D+0 2  0 .0 0 D+0 0        0 .0
   79    8  231       0 .45D+0 2  0 .0 0 D+0 0        0 .0
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   80     8  231       0 .30 D+0 2  0 .0 0 D+0 0        0 .0
   81    8  231       0 .25D+0 2  0 .0 0 D+0 0        0 .0
   82    8  231       0 .20 D+0 2  0 .0 0 D+0 0        0 .0
   83    8  231       0 .15D+0 2  0 .0 0 D+0 0        0 .0
   84    8  231       0 .10 D+0 2  0 .0 0 D+0 0        0 .0
   85    8  231       0 .50 D+0 1  0 .0 0 D+0 0        0 .0
   86    8  231       0 .0 0 D+0 0   0 .0 0 D+0 0        0 .0
   87    8  231      -0 .60 D+0 1  0 .0 0 D+0 0        0 .0
   88    8  231      -0 .12D+0 2  0 .0 0 D+0 0        0 .0
   89    8  231       0 .60 D+0 2  0 .0 0 D+0 0        0 .0
   90     8  231       0 .45D+0 2  0 .0 0 D+0 0        0 .0
   91    8  231       0 .30 D+0 2  0 .0 0 D+0 0        0 .0
   92    8  231       0 .25D+0 2  0 .0 0 D+0 0        0 .0
   93    8  231       0 .20 D+0 2  0 .0 0 D+0 0        0 .0
   94    8  231       0 .15D+0 2  0 .0 0 D+0 0        0 .0
   95    8  231       0 .10 D+0 2  0 .0 0 D+0 0        0 .0
TABLE 6-3.  INPUT DATA SET FOR THE THREE-DIM ENSIONAL 3DFEM W ATER PROBLEM   
          (continu ed)
44444444444444444444444444444444444444444444444444444444444444444444444444

   96    8  231       0 .50 D+0 1  0 .0 0 D+0 0        0 .0
   97    8  231       0 .0 0 D+0 0   0 .0 0 D+0 0        0 .0
   98    8  231      -0 .60 D+0 1  0 .0 0 D+0 0        0 .0
   99    8  231      -0 .12D+0 2  0 .0 0 D+0 0        0 .0
  10 0     8  231       0 .60 D+0 2  0 .0 0 D+0 0        0 .0
  10 1    8  231       0 .45D+0 2  0 .0 0 D+0 0        0 .0
  10 2    8  231       0 .30 D+0 2  0 .0 0 D+0 0        0 .0
  10 3    8  231       0 .25D+0 2  0 .0 0 D+0 0        0 .0
  10 4    8  231       0 .20 D+0 2  0 .0 0 D+0 0        0 .0
  10 5    8  231       0 .15D+0 2  0 .0 0 D+0 0        0 .0
  10 6    8  231       0 .10 D+0 2  0 .0 0 D+0 0        0 .0
  10 7    8  231       0 .50 D+0 1  0 .0 0 D+0 0        0 .0
  10 8    8  231       0 .0 0 D+0 0   0 .0 0 D+0 0        0 .0
  10 9    8  231      -0 .60 D+0 1  0 .0 0 D+0 0        0 .0
  110     8  231      -0 .12D+0 2  0 .0 0 D+0 0        0 .0
  111    8  231       0 .60 D+0 2  0 .0 0 D+0 0        0 .0
  112    8  231       0 .45D+0 2  0 .0 0 D+0 0        0 .0
  113    8  231       0 .30 D+0 2  0 .0 0 D+0 0        0 .0
  114    8  231       0 .25D+0 2  0 .0 0 D+0 0        0 .0
  115    8  231       0 .20 D+0 2  0 .0 0 D+0 0        0 .0
  116    8  231       0 .15D+0 2  0 .0 0 D+0 0        0 .0
  117    8  231       0 .10 D+0 2  0 .0 0 D+0 0        0 .0
  118    8  231       0 .50 D+0 1  0 .0 0 D+0 0        0 .0
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  119    8  231       0 .0 0 D+0 0   0 .0 0 D+0 0        0 .0
  120     8  231      -0 .60 D+0 1  0 .0 0 D+0 0        0 .0
  121    8  231      -0 .12D+0 2  0 .0 0 D+0 0        0 .0
  122    8  231       0 .60 D+0 2  0 .0 0 D+0 0        0 .0
  123    8  231       0 .45D+0 2  0 .0 0 D+0 0        0 .0
  124    8  231       0 .30 D+0 2  0 .0 0 D+0 0        0 .0
  125    8  231       0 .25D+0 2  0 .0 0 D+0 0        0 .0
  126    8  231       0 .20 D+0 2  0 .0 0 D+0 0        0 .0
  127    8  231       0 .15D+0 2  0 .0 0 D+0 0        0 .0
  128    8  231       0 .10 D+0 2  0 .0 0 D+0 0        0 .0
  129    8  231       0 .50 D+0 1  0 .0 0 D+0 0        0 .0
  130     8  231       0 .0 0 D+0 0   0 .0 0 D+0 0        0 .0
  131    8  231      -0 .60 D+0 1  0 .0 0 D+0 0        0 .0
  132    8  231      -0 .12D+0 2  0 .0 0 D+0 0        0 .0
  133    8  231       0 .60 D+0 2  0 .0 0 D+0 0        0 .0
  134    8  231       0 .45D+0 2  0 .0 0 D+0 0        0 .0
  135    8  231       0 .30 D+0 2  0 .0 0 D+0 0        0 .0
  136    8  231       0 .25D+0 2  0 .0 0 D+0 0        0 .0
  137    8  231       0 .20 D+0 2  0 .0 0 D+0 0        0 .0
  138    8  231       0 .15D+0 2  0 .0 0 D+0 0        0 .0
  139    8  231       0 .10 D+0 2  0 .0 0 D+0 0        0 .0
TABLE 6-3.  INPUT DATA SET FOR THE THREE-DIM ENSIONAL 3DFEM W ATER PROBLEM
            (continu ed)
44444444444444444444444444444444444444444444444444444444444444444444444444

  140     8  231       0 .50 D+0 1  0 .0 0 D+0 0        0 .0
  141    8  231       0 .0 0 D+0 0   0 .0 0 D+0 0        0 .0
  142    8  231      -0 .60 D+0 1  0 .0 0 D+0 0        0 .0
  143    8  231      -0 .12D+0 2  0 .0 0 D+0 0        0 .0
  144    8  231       0 .60 D+0 2  0 .0 0 D+0 0        0 .0
  145    8  231       0 .45D+0 2  0 .0 0 D+0 0        0 .0
  146    8  231       0 .30 D+0 2  0 .0 0 D+0 0        0 .0
  147    8  231       0 .25D+0 2  0 .0 0 D+0 0        0 .0
  148    8  231       0 .20 D+0 2  0 .0 0 D+0 0        0 .0
  149    8  231       0 .15D+0 2  0 .0 0 D+0 0        0 .0
  150     8  231       0 .10 D+0 2  0 .0 0 D+0 0        0 .0
  151    8  231       0 .50 D+0 1  0 .0 0 D+0 0        0 .0
  152    8  231       0 .0 0 D+0 0   0 .0 0 D+0 0        0 .0
  153    8  231      -0 .60 D+0 1  0 .0 0 D+0 0        0 .0
  154    8  231      -0 .12D+0 2  0 .0 0 D+0 0        0 .0
  155    8  231       0 .60 D+0 2  0 .0 0 D+0 0        0 .0
  156    8  231       0 .45D+0 2  0 .0 0 D+0 0        0 .0
  157    8  231       0 .30 D+0 2  0 .0 0 D+0 0        0 .0
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  158    8  231       0 .25D+0 2  0 .0 0 D+0 0        0 .0
  159    8  231       0 .20 D+0 2  0 .0 0 D+0 0        0 .0
  160     8  231       0 .15D+0 2  0 .0 0 D+0 0        0 .0
  161    8  231       0 .10 D+0 2  0 .0 0 D+0 0        0 .0
  162    8  231       0 .50 D+0 1  0 .0 0 D+0 0        0 .0
  163    8  231       0 .0 0 D+0 0   0 .0 0 D+0 0        0 .0
  164    8  231      -0 .60 D+0 1  0 .0 0 D+0 0        0 .0
  165    8  231      -0 .12D+0 2  0 .0 0 D+0 0        0 .0
  166    8  231       0 .60 D+0 2  0 .0 0 D+0 0        0 .0
  167    8  231       0 .45D+0 2  0 .0 0 D+0 0        0 .0
  168    8  231       0 .30 D+0 2  0 .0 0 D+0 0        0 .0
  169    8  231       0 .25D+0 2  0 .0 0 D+0 0        0 .0
  170     8  231       0 .20 D+0 2  0 .0 0 D+0 0        0 .0
  171    8  231       0 .15D+0 2  0 .0 0 D+0 0        0 .0
  172    8  231       0 .10 D+0 2  0 .0 0 D+0 0        0 .0
  173    8  231       0 .50 D+0 1  0 .0 0 D+0 0        0 .0
  174    8  231       0 .0 0 D+0 0   0 .0 0 D+0 0        0 .0
  175    8  231      -0 .60 D+0 1  0 .0 0 D+0 0        0 .0
  176    8  231      -0 .12D+0 2  0 .0 0 D+0 0        0 .0
  177    8  231       0 .60 D+0 2  0 .0 0 D+0 0        0 .0
  178    8  231       0 .45D+0 2  0 .0 0 D+0 0        0 .0
  179    8  231       0 .30 D+0 2  0 .0 0 D+0 0        0 .0
  180     8  231       0 .25D+0 2  0 .0 0 D+0 0        0 .0
  181    8  231       0 .20 D+0 2  0 .0 0 D+0 0        0 .0
  182    8  231       0 .15D+0 2  0 .0 0 D+0 0        0 .0
  183    8  231       0 .10 D+0 2  0 .0 0 D+0 0        0 .0
TABLE 6-3.  INPUT DATA SET FOR THE THREE-DIM ENSIONAL 3DFEM W ATER PROBLEM
            (continu ed)
44444444444444444444444444444444444444444444444444444444444444444444444444

  184    8  231       0 .50 D+0 1  0 .0 0 D+0 0        0 .0
  185    8  231       0 .0 0 D+0 0   0 .0 0 D+0 0        0 .0
  186    8  231      -0 .60 D+0 1  0 .0 0 D+0 0        0 .0
  187    8  231      -0 .12D+0 2  0 .0 0 D+0 0        0 .0
  188    8  231       0 .60 D+0 2  0 .0 0 D+0 0        0 .0
  189    8  231       0 .45D+0 2  0 .0 0 D+0 0        0 .0
  190     8  231       0 .30 D+0 2  0 .0 0 D+0 0        0 .0
  191    8  231       0 .25D+0 2  0 .0 0 D+0 0        0 .0
  192    8  231       0 .20 D+0 2  0 .0 0 D+0 0        0 .0
  193    8  231       0 .15D+0 2  0 .0 0 D+0 0        0 .0
  194    8  231       0 .10 D+0 2  0 .0 0 D+0 0        0 .0
  195    8  231       0 .50 D+0 1  0 .0 0 D+0 0        0 .0
  196    8  231       0 .0 0 D+0 0   0 .0 0 D+0 0        0 .0
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  197    8  231      -0 .60 D+0 1  0 .0 0 D+0 0        0 .0
  198    8  231      -0 .12D+0 2  0 .0 0 D+0 0        0 .0
  199    8  231       0 .60 D+0 2  0 .0 0 D+0 0        0 .0
  20 0     8  231       0 .45D+0 2  0 .0 0 D+0 0        0 .0
  20 1    8  231       0 .30 D+0 2  0 .0 0 D+0 0        0 .0
  20 2    8  231       0 .25D+0 2  0 .0 0 D+0 0        0 .0
  20 3    8  231       0 .20 D+0 2  0 .0 0 D+0 0        0 .0
  20 4    8  231       0 .15D+0 2  0 .0 0 D+0 0        0 .0
  20 5    8  231       0 .10 D+0 2  0 .0 0 D+0 0        0 .0
  20 6    8  231       0 .50 D+0 1  0 .0 0 D+0 0        0 .0
  20 7    8  231       0 .0 0 D+0 0   0 .0 0 D+0 0        0 .0
  20 8    8  231      -0 .60 D+0 1  0 .0 0 D+0 0        0 .0
  20 9    8  231      -0 .12D+0 2  0 .0 0 D+0 0        0 .0
  210     8  231       0 .60 D+0 2  0 .0 0 D+0 0        0 .0
  211    8  231       0 .45D+0 2  0 .0 0 D+0 0        0 .0
  212    8  231       0 .30 D+0 2  0 .0 0 D+0 0        0 .0
  213    8  231       0 .25D+0 2  0 .0 0 D+0 0        0 .0
  214    8  231       0 .20 D+0 2  0 .0 0 D+0 0        0 .0
  215    8  231       0 .15D+0 2  0 .0 0 D+0 0        0 .0
  216    8  231       0 .10 D+0 2  0 .0 0 D+0 0        0 .0
  217    8  231       0 .50 D+0 1  0 .0 0 D+0 0        0 .0
  218    8  231       0 .0 0 D+0 0   0 .0 0 D+0 0        0 .0
  219    8  231      -0 .60 D+0 1  0 .0 0 D+0 0        0 .0
  220     8  231      -0 .12D+0 2  0 .0 0 D+0 0        0 .0
  221    8  231       0 .60 D+0 2  0 .0 0 D+0 0        0 .0
  222    8  231       0 .45D+0 2  0 .0 0 D+0 0        0 .0
  223    8  231       0 .30 D+0 2  0 .0 0 D+0 0        0 .0
  224    8  231       0 .25D+0 2  0 .0 0 D+0 0        0 .0
  225    8  231       0 .20 D+0 2  0 .0 0 D+0 0        0 .0
  226    8  231       0 .15D+0 2  0 .0 0 D+0 0        0 .0
  227    8  231       0 .10 D+0 2  0 .0 0 D+0 0        0 .0
TABLE 6-3.  INPUT DATA SET FOR THE THREE-DIM ENSIONAL 3DFEM W ATER PROBLEM
            (conclu ded)
44444444444444444444444444444444444444444444444444444444444444444444444444

  228    8  231       0 .50 D+0 1  0 .0 0 D+0 0        0 .0
  229    8  231       0 .0 0 D+0 0   0 .0 0 D+0 0        0 .0
  230     8  231      -0 .60 D+0 1  0 .0 0 D+0 0        0 .0
  231    8  231      -0 .12D+0 2  0 .0 0 D+0 0        0 .0
    0     0     0            0 .0         0 .0        0 .0       END OF IC
C ******* DATA SET 12:  SOURCE/SINK  AND B. C. CONTROL INTEG ERS
    0     0     0     0     0     0     0     0   165    2    2    0
    0     0     0     0     0     0     0     0     0     0     0     0     0     0     0
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C ******* DATA SET 15:  DIRICHLET BOUNDARY CONDITIONS
     0 .0 D0     60 .0 D0     1.0 D38    60 .0 D0
     0 .0 D0     30 .0 D0     1.0 D38    30 .0 D0
    1    2    3    4    5    6    7    8    9  232  233  234  235  236  237  238
  239  240   463  464  465  466  467  468  469  470   471  694  695  696  697  698
  699  70 0   70 1  70 2  925  926  927  928  929  930   931  932  933 1156 1157 1158
 1159 1160  1161 1162 1163 1164 1387 1388 1389 1390  1391 1392 1393 1394 1395 1618
 1619 1620  1621 1622 1623 1624 1625 1626 1849 1850  1851 1852 1853 1854 1855 1856
 1857  221  222  223  224  225  226  227  228  229  452  453  454  455  456  457
  458  459  460   683  684  685  686  687  688  689  690   691  914  915  916  917
  918  919  920   921  922 1145 1146 1147 1148 1149 1150  1151 1152 1153 1376 1377
 1378 1379 1380  1381 1382 1383 1384 160 7 160 8 160 9 1610  1611 1612 1613 1614 1615
 1838 1839 1840  1841 1842 1843 1844 1845 1846 20 69 20 70  20 71 20 72 20 73 20 74 20 75
 20 76 20 77  111  112  113
    1  161    1    1    0
  163    2    1    2    0
    0     0     0     0     0     END OF IDTYP
    0           END OF J OB   -------------------------------------------------0 0 0

44444444444444444444444444444444444444444444444444444444444444444444444444
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C=1

6.2  3DLEW ASTE

To dem ons tra te the a pplica tion of 3DLEW ASTE, tw o s im ple exa m ple problem s  a re pres ented. 
For ea ch problem , a  brief des cription a nd a  correctly-cons tru cted inpu t da ta  s et a re g iven.  The
corres ponding  ou tpu t is  not inclu ded in this  docu m enta tion.  Ra ther, it is  dis tribu ted a long  w ith
the code by the EPA Center for Expos u re As s es s m ent M odeling  (CEAM ) a t the Environm enta l
Res ea rch La bora tory in Athens , G eorg ia .  See Section 2 for inform a tion a bou t obta ining  the
code.

6.2.1  One-Dim ens iona l Tra ns port Problem

Tra ns ient one-dim ens iona l tra ns port throu g h a  horizonta l colu m n is  s im u la ted in this  exa m ple
(Fig u re 6.4).  The dim ens ions  of the colu m n a re identica l to thos e of the colu m n in Fig u re 6.1. 
It ha s  a  leng th of 20 0  cm  a nd a  50  cm  x 50  cm  cros s -s ection.  Initia lly, the concentra tion is  0 .0
g /cm 3 throu g hou t the reg ion of interes t.  The concentra tion a t x = 0 .0  cm  is  m a inta ined a t C =
Co = 1.0  g /cm 3 (a  Dirichlet bou nda ry).  A va ria ble bou nda ry condition is  u s ed to s pecify the
na tu ra l condition of zero g ra dient flu x a t x = 20 0 .0  cm .  A bu lk  dens ity of 1.2 g /cm 3 a nd a
long itu dina l dis pers ivity of 5.0  cm  a re a s s u m ed.  No a ds orption or deca y is  a llow ed.  A s pecific
dis cha rg e (Da rcy velocity) of 2.0  cm /d is  a s s u m ed a nd a  m ois tu re content of 0 .4 is  u s ed.  

The reg ion of interes t, tha t is , the w hole colu m n, is  dis cretized w ith 1 x 1 x 40  = 40  elem ents
w ith the elem ent s ize equ a l to 50  x 50  x 5 cm .  This  res u lts  in 2 x 2 x 41 = 164 node points . 
For this  s im u la tion, ea ch of the fou r vertica l lines  is  cons idered a  s u breg ion.  Thu s , a  tota l of
fou r s u breg ions , ea ch w ith 41 node points , is  u s ed for the s u breg iona l block  itera tion
s im u la tion.  A cons ta nt tim e-s tep s ize of 0 .5 is  u s ed a nd a  40  tim e-s tep s im u la tion is  ru n.  For
this  dis cretiza tion, the m es h Peclet nu m ber is  Pe = 1 a nd the Cou ra nt nu m ber is  C r = 0 .5.  

The inpu t da ta  s et for this  problem , prepa red a ccording  to the ins tru ctions  in Sections  4.2 a nd
5.2, is  s how n in Ta ble 6-4.
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Fig u re 6.4.  One-dim ens iona l tra ns ient tra ns port throu g h a  horizonta l colu m n.
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TABLE 6-4.  INPUT DATA SET FOR THE ONE-DIM ENSIONAL 3DLEW ASTE PROBLEM
44444444444444444444444444444444444444444444444444444444444444444444444444

    1  ONE-D FIRST TYPE BOUNDARY VALUE PROBLEM  W ITH 3DLEW ASTE 
L=CM ,T=DAY,M =G  0 0
C ******* DATA SET 2:  BASIC INTEG ER PARAM ETERS ********************************
 164 40  1 0  40  1 8  -1  1  0   1  1  1  10 0   1
C ******* DATA SET 3:  BASIC REAL PARAM ETERS ***********************************
  0 .50 D0  0 .0 D0  1.0 D0  20 .0 D0  1.0 D0 0  1.0 D0  1.0 D-3 1.0 D-4
C ******* DATA SET 4:  PRINTER, STORAG E AND TIM E RESETTING CONTROL *************
550 0 0 0 0 0 0 0 50 0 0 0 0 0 0 0 0 50 0 0 0 0 0 0 0 0 50 0 0 0 0 0 0 0 0 5
110 0 0 0 0 0 0 0 10 0 0 0 0 0 0 0 0 10 0 0 0 0 0 0 0 0 10 0 0 0 0 0 0 0 0 1
    1.0 D38
C ******* DATA SET 5:  M ATERIAL PROPERTIES *************************************
  0 .0 D0  1.2D0  5.0 D0  0 .0 D0  0 .0 D0  1.0 D0  0 .0 D0  0 .0 D0
C ******* DATA SET 6:  NODE COORDINATES ****************************************
  1 40   1  0 .0 D0  50 .0 D0  0 .0 D0  0 .0 D0  0 .0 D0  5.0 D0
 42 40   1  0 .0 D0  0 .0 D0   0 .0 D0  0 .0 D0  0 .0 D0  5.0 D0
 83 40   1  50 .0 D0  0 .0 D0  0 .0 D0  0 .0 D0  0 .0 D0  5.0 D0
124 40   1  50 .0 D0  50 .0 D0  0 .0 D0  0 .0 D0  0 .0 D0  5.0 D0
  0  0  0     0 .0      0 .0       0 .0    0 .0   0 .0   0 .0       END OF COORDINATES
C ******* DATA SET 7:  ELEM ENT CONNECTIVITY ************************************
  1 39  1 42 83 124  1 43 84 125 2  1
  0  0   0    0    0   0    0    0    0    0  0   0         END OF IE
C ******* DATA SET 8:  SUBREG IONAL DATA ****************************************
    4
  1  3  1  41  0
  0  0  0  0  0                                      END OF NNPLR(K )
  1 40   1  1  1
  0  0  0  0  0                                      END OF G NLR(I,1)
  1 40   1 42  1
  0  0  0  0  0                                      END OF G NLR(I,2)
  1 40   1 83 1
 0  0  0  0  0                                       END OF G NLR(I,3)
    1   40     1  124    1
 0  0  0  0  0                                       END OF G NLR(I,4)
C ******* DATA SET 10 :  INITIAL CONDITIONS *************************************
    1    3   41          1.0 D0      0 .0 D0   0 .0
    2   38    1          0 .0 D0      0 .0 D0   0 .0
   43   38    1          0 .0 D0      0 .0 D0   0 .0
   84   38    1          0 .0 D0      0 .0 D0   0 .0
  125   38    1          0 .0 D0      0 .0 D0   0 .0
   41    3   41          0 .0 D0      0 .0 D0   0 .0
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    0  0  0  0 .0  0 .0  0 .0                            END OF IC
C ******* DATA SET 11:  SOURCE/SINK  AND B. C. CONTROL INTEG ERS *****************
 0  0  0  0   0  0  0  0   4 1 2 0
 1 4 1 2 0   0  0  0  0  0   0  0  0  0  0
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TABLE 6-4.  INPUT DATA SET FOR THE ONE-DIM ENSIONAL 3DLEW ASTE PROBLEM
(conclu ded)
44444444444444444444444444444444444444444444444444444444444444444444444444

C ******* DATA SET 13:  VARIABLE BOUNDARY CONDITIONS ***************************
  0 .0 D0  0 .0 D0   1.0 D38 0 .0 D0
    1    0     0     1    0
    0     0     0     0     0                       END OF IRTYP
    1  0   0   82 123 164 41 0  0  0  0
    0   0   0    0    0    0   0  0  0  0  0              END OF ISV(J ,I) J =1,4
    1    3    1   41   41
    0     0     0     0     0                       END OF NPVB
C ******* DATA SET 14:  DIRICHLET BOUNDARY CONDITIONS **************************
     0 .0 D0      1.0 D0     1.0 D38     1.0 D0
    1   42   83  124
    1    3    1    1    0
    0     0     0     0     0                       END OF IDTYP
C ******* DATA SET 16:  HYDROLOGICAL BOUNDARY CONDITIONS ***********************
 1 163 1  0 .0 D0  0 .0 D0  2.0 D0  0 .0 D0  0 .0 D0  0 .0 D0
 0    0  0     0 .0    0 .0    0 .0    0 .0    0 .0    0 .0   END OF VELOCITY
    1   39    1 0 .4D0  0 .0
    0     0     0     0 .0       0 .0                 END OF TH
    0  **************** END OF J OB ********************************************0 0

44444444444444444444444444444444444444444444444444444444444444444444444444
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6.2.2  Tw o-Dim ens iona l Tra ns port in a  Recta ng u la r Reg ion

This  is  a  tw o-dim ens iona l tra ns port problem  in a  recta ng u la r reg ion 60 0 .0  cm  long , 270 .0  cm
hig h, a nd 1.0  cm  thick  (Fig u re 6.5).  Initia lly, the concentra tion is  zero g /cm 3 throu g hou t the
reg ion of interes t.  A concentra tion of 1.0  g /cm 3 is  m a inta ined a t x = 0 .0  cm  a nd 180 .0  cm  <  y <
270 .0  cm  by a pplying  a  Dirichlet bou nda ry condition.  A concentra tion of 0 .0  g /cm 3 is
m a inta ined a t x = 0 .0  cm  a nd 0 .0  cm  <  y <  90 .0  cm  a nd 180 .0  cm  <  y <  270 .0  cm .  A na tu ra l
condition is  im pos ed a t x = 60 0  cm  u s ing  a  va ria ble bou nda ry condition (Equ a tion 3-39b).  A
s ing le m a teria l w ith a  bu lk  dens ity of 1.2 g /cm 3, a  long itu dina l dis pers ivity of 10 .0  cm , a nd a
la tera l dis pers ivity of 1.0  cm  m odeled.  No a ds orption or deca y is  a llow ed.  A s pecific dis cha rg e
(Da rcy velocity) of 2.0  cm /d is  u s ed a nd a  m ois tu re content of 0 .2 is  a s s u m ed.  

The reg ion is  divided into 9 x 9 x 1 = 81 elem ents , res u lting  in 10  x 10  x 2 = 20 0  nodes .  The
elem ent s ize is  60 .0  cm  x 30 .0  cm  x 1.0  cm .  Ea ch of the tw o vertica l pla nes  is  cons idered a
s u breg ion.  Thu s , a  tota l of tw o s u breg ions , ea ch w ith 10 0  noda l points , is  u s ed for the
s u breg iona l block  itera tion s im u la tion.  A tim e-s tep s ize of 4.5 is  u s ed a nd 40  tim e s teps  a re
s im u la ted. 

The inpu t da ta  s et for this  problem , prepa red a ccording  to the ins tru ctions  in Sections  4.2 a nd
5.2, is  s how n in Ta ble 6-5.
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Fig u re 6.5.  Tw o-dim ens iona l tra ns ient tra ns port in a  recta ng u la r reg ion.
TABLE 6-5.  INPUT DATA SET FOR THE TW O-DIM ENSIONAL 3DLEW ASTE PROBLEM  
44444444444444444444444444444444444444444444444444444444444444444444444444

    1  TW O-D FIRST TYPE BOUNDARY VALUE PROBLEM  W ITH 3DLEW ASTE 
L=CM ,T=DAY,M =G  0 0
C ******* DATA SET 2:  BASIC INTEG ER PARAM ETERS ********************************
 20 0  81 1 0  40  1 8  -1  1  0   1  1  1   20 0   1
C ******* DATA SET 3:  BASIC REAL PARAM ETERS ***********************************
  0 .45D1 0 .0 D0  9.0 D0  3.60 D2 1.0 D0 0  1.78D0  1.0 D-3 1.0 D-4
C ******* DATA SET 4:  PRINTER, STORAG E AND TIM E RESETTING CONTROL *************
550 0 0 0 0 0 0 0 50 0 0 0 0 0 0 0 0 50 0 0 0 0 0 0 0 0 50 0 0 0 0 0 0 0 0 5
110 0 0 0 0 0 0 0 10 0 0 0 0 0 0 0 0 10 0 0 0 0 0 0 0 0 10 0 0 0 0 0 0 0 0 1
    1.0 D38
C ******* DATA SET 5:  M ATERIAL PROPERTIES *************************************
  0 .0 D0  1.2D0  10 .0 D0  1.0 D0  0 .0 D0  1.0 D0  0 .0 D0  0 .0 D0
C ******* DATA SET 6:  NODE COORDINATES ****************************************
  1 9  10   0 .0 D0   0 .0 D0  0 .0 D0  6.0 D1 0 .0 D0  0 .0 D0
  2 9  10   0 .0 D0   3.0 D1 0 .0 D0  6.0 D1 0 .0 D0  0 .0 D0
  3 9  10   0 .0 D0   6.0 D1 0 .0 D0  6.0 D1 0 .0 D0  0 .0 D0
  4 9  10   0 .0 D0   9.0 D1 0 .0 D0  6.0 D1 0 .0 D0  0 .0 D0
  5 9  10   0 .0 D0  12.0 D1 0 .0 D0  6.0 D1 0 .0 D0  0 .0 D0
  6 9  10   0 .0 D0  15.0 D1 0 .0 D0  6.0 D1 0 .0 D0  0 .0 D0
  7 9  10   0 .0 D0  18.0 D1 0 .0 D0  6.0 D1 0 .0 D0  0 .0 D0
  8 9  10   0 .0 D0  21.0 D1 0 .0 D0  6.0 D1 0 .0 D0  0 .0 D0
  9 9  10   0 .0 D0  24.0 D1 0 .0 D0  6.0 D1 0 .0 D0  0 .0 D0
 10  9  10   0 .0 D0  27.0 D1 0 .0 D0  6.0 D1 0 .0 D0  0 .0 D0
 10 1 9  10   0 .0 D0   0 .0 D0  1.0 D0  6.0 D1 0 .0 D0  0 .0 D0
 10 2 9  10   0 .0 D0   3.0 D1 1.0 D0  6.0 D1 0 .0 D0  0 .0 D0
 10 3 9  10   0 .0 D0   6.0 D1 1.0 D0  6.0 D1 0 .0 D0  0 .0 D0
 10 4 9  10   0 .0 D0   9.0 D1 1.0 D0  6.0 D1 0 .0 D0  0 .0 D0
 10 5 9  10   0 .0 D0  12.0 D1 1.0 D0  6.0 D1 0 .0 D0  0 .0 D0
 10 6 9  10   0 .0 D0  15.0 D1 1.0 D0  6.0 D1 0 .0 D0  0 .0 D0
 10 7 9  10   0 .0 D0  18.0 D1 1.0 D0  6.0 D1 0 .0 D0  0 .0 D0
 10 8 9  10   0 .0 D0  21.0 D1 1.0 D0  6.0 D1 0 .0 D0  0 .0 D0
 10 9 9  10   0 .0 D0  24.0 D1 1.0 D0  6.0 D1 0 .0 D0  0 .0 D0
 110  9  10   0 .0 D0  27.0 D1 1.0 D0  6.0 D1 0 .0 D0  0 .0 D0
  0  0  0     0 .0      0 .0       0 .0    0 .0   0 .0   0 .0       END OF COORDINATES
C ******* DATA SET 7:  ELEM ENT CONNECTIVITY ************************************
  1  8  1 1 11 12 2  10 1 111 112 10 2  1
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  10  8  1 11 21 22 12  111 121 122 112  1
  19 8  1 21 31 32 22  121 131 132 122  1
  28 8  1 31 41 42 32  131 141 142 132  1
  37 8  1 41 51 52 42  141 151 152 142  1
  46 8  1 51 61 62 52  151 161 162 152  1
  55 8  1 61 71 72 62  161 171 172 162  1
  64 8  1 71 81 82 72  171 181 182 172  1
  73 8  1 81 91 92 82  181 191 192 182  1
  0  0   0    0    0   0    0    0    0    0  0   0         END OF IE
TABLE 6-5.  INPUT DATA SET FOR THE TW O-DIM ENSIONAL 3DLEW ASTE PROBLEM
(conclu ded)
44444444444444444444444444444444444444444444444444444444444444444444444444

C ******* DATA SET 8:  SUBREG IONAL DATA ****************************************
    2
  1  1  1  10 0  0
  0  0  0  0  0                                      END OF NNPLR(K )
  1 99  1  1  1
  0  0  0  0  0                                      END OF G NLR(I,1)
  1 99  1 10 1 1
  0  0  0  0  0                                      END OF G NLR(I,2)
C ******* DATA SET 10 :  INITIAL CONDITIONS *************************************
    1  199    1          0 .0 D0      0 .0 D0   0 .0
    0  0  0  0 .0  0 .0  0 .0                            END OF IC
C ******* DATA SET 11:  SOURCE/SINK  AND B. C. CONTROL INTEG ERS *****************
 0  0  0  0   0  0  0  0   8 1 2 0
 9 10  1 2 0   0  0  0  0  0   0  0  0  0  0
C ******* DATA SET 13:  VARIABLE BOUNDARY CONDITIONS ***************************
  0 .0 D0  0 .0 D0   1.0 D38 0 .0 D0
    1    8    1    1    0
    0     0     0     0     0                       END OF IRTYP
    1  8  1  91 92 192 191 1 1 1 1
    0   0   0    0    0    0   0  0  0  0  0              END OF ISV(J ,I) J =1,4
    1    9    1   91    1
    0     0     0     0     0                       END OF NPVB
C ******* DATA SET 14:  DIRICHLET BOUNDARY CONDITIONS **************************
     0 .0 D0      1.0 D0     1.0 D38     1.0 D0
    4   5  6  7  10 4  10 5  10 6  10 7
    1    7    1    1    0
    0     0     0     0     0                       END OF IDTYP
C ******* DATA SET 16:  HYDROLOGICAL BOUNDARY CONDITIONS ***********************
 1 199 1  2.0 D0  0 .0 D0  0 .0 D0  0 .0 D0  0 .0 D0  0 .0 D0
 0    0  0     0 .0    0 .0    0 .0    0 .0    0 .0    0 .0   END OF VELOCITY
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    1   80     1 0 .2D0  0 .0
    0     0     0     0 .0       0 .0                 END OF TH
    0  **************** END OF J OB ********************************************0 0

44444444444444444444444444444444444444444444444444444444444444444444444444
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APPENDIX A

PROGRAM  STRUCTURE AND SUBROUTINE DESCRIPTIONS

A.1  3DFEM W ATER 

3DFEM W ATER cons is ts  of a  m a in prog ra m , FEM W AT3D, a nd 22 s u brou tines .  Fig u re A.1
s how s  the s tru ctu re of the prog ra m .  The s u brou tines  a re lis ted in Ta ble A-1 a nd the fu nctions
of thes e s u brou tines  a re briefly des cribed below .

A.1.1  Su brou tine ALLFCT

This  s u brou tine is  ca lled by s u brou tine G W 3D to com pu te va lu es  for a ll the s ou rce/s ink  a nd
bou nda ry nodes  a nd elem ents .  It u s es  linea r interpola tion of ta bu la r da ta  to s im u la te
va ria tions  in tim e for thes e conditions .

A.1.2  Su brou tine ASEM BL

This  s u brou tine is  ca lled by s u brou tine G W 3D.  After ca lling  s u brou tine Q8 to eva lu a te the
elem ent m a trices , it s u m s  over a ll elem ent m a trices  to form  a  g loba l m a trix equ a tion g overning
the pres s u re hea d a t a ll nodes .

A.1.3  Su brou tine BASE

This  s u brou tine is  ca lled by s u brou tines  Q 8DV a nd Q8 to eva lu a te the va lu e of the ba s e
fu nction a t a  G a u s s ia n point.

A.1.4  Su brou tine BC

This  s u brou tine, w hich is  ca lled by s u brou tine G W 3D, incorpora tes  Dirichlet, va ria ble
com pos ite, s pecified-flu x (Ca u chy), a nd s pecified-pres s u re-hea d g ra dient (Neu m a nn)
bou nda ry conditions .  For a  Dirichlet bou nda ry condition, a n identity a lg ebra ic equ a tion is
g enera ted for ea ch Dirichlet noda l point.  Any other equ a tion ha ving  this  noda l va ria ble is
m odified a ccording ly to s im plify the com pu ta tion.  For a  s pecified-flu x s u rfa ce, the integ ra tion
of the s u rfa ce s ou rce is  obta ined by ca lling  s u brou tine Q4S a nd the res u lt is  a dded to the loa d
vector.  For a  s pecified-pres s u re-hea d g ra dient s u rfa ce, the integ ra tions  of both the g ra dient
a nd g ra vity flu xes  a re obta ined by ca lling  the s u brou tine Q4S.  Thes e flu xes  a re a dded to the
loa d vector.  The s u brou tine BC a ls o im plem ents  the va ria ble com pos ite bou nda ry condition. 
Firs t, it check s  a ll infiltra tion-eva potra ns pira tion-s eepa g e points , identifying  a ny of them  tha t
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Fig u re A.1.  Prog ra m  s tru ctu re of 3DFEM W ATER
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TABLE A-1.  SUBROUTINES INCLUDED IN 3DFEM W ATER
44444444444444444444444444444444444444444444444444444444444444444444444444

Su brou tine Ca lled By Des cription

ALLFCT G W 3D Interpola tes  fu nctiona l va lu es  for
s ou rce/s ink  a nd bou nda ry conditions .

ASEM BL G W 3D Eva lu a tes  the elem ent m a trices  a nd then
s u m s  over a ll elem ent m a trices  to form  a
g loba l m a trix equ a tion g overning  the
pres s u re hea d a t a ll nodes .

BASE Q8DV, Q8 Eva lu a tes  the va lu e of the ba s e fu nction a t 
a  G a u s s ia n point.

BC G W 3D Incorpora tes  Dirichlet, s pecified-flu x
(Ca u chy), s pecified-pres s u re-hea d g ra dient
(Neu m a nn), a nd va ria ble com pos ite
bou nda ry conditions .

BCPREP G W 3D Prepa res  the infiltra tion/s eepa g e bou nda ry
conditions  du ring  a  ra infa ll period or the
s eepa g e/eva potra ns pira tion bou nda ry
conditions  du ring  non-ra infa ll periods .

BLK ITR G W 3D Solves  the m a trix equ a tion w ith block
itera tion m ethods .

DATAIN G W 3D Rea ds  a nd prints  a ll inpu t inform a tion.

G W 3D FEM W AT3 Controls  the entire s equ ence of opera tions . 
Perform s  either the s tea dy- s ta te
com pu ta tion a lone, or a  tra ns ient- s ta te 
com pu ta tion u s ing  the s tea dy-s ta te s olu tion
a s  the initia l condition, or a  tra ns ient 

com pu ta tion u s ing  u s er-s u pplied initia l 
conditions .

PAG EN DATAIN Preproces s es  pointer a rra ys  tha t a re
needed to s tore the g loba l m a trix in
com pres s ed form  a nd to cons tru ct the 
s u breg iona l block  m a trices .
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PRINTT G W 3D Prints  the flow  va ria bles , w hich inclu de the
flu xes  throu g h va ria ble bou nda ry s u rfa ces ,
pres s u re hea d, tota l hea d, m ois tu re
content, a nd Da rcy velocity com ponents .
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TABLE A-1.  SUBROUTINES INCLUDED IN 3DFEM W ATER (continu ed)
44444444444444444444444444444444444444444444444444444444444444444444444444

Su brou tine Ca lled By Des cription 

Q4S BCPREP, BC, Eva lu a tes  the bou nda ry s u rfa ce loa d vector
SFLOW over a  SFLOW  bou nda ry s eg m ent.

Q8 ASEM BL Com pu tes  the elem ent m a trices  a nd
elem ent loa d vector.

Q8DV VELT Com pu tes  the integ ra tion of N(I)*N(J ) a nd -
N(I)*K @G RAD(HT) over a n elem ent.

Q8TH SFLOW Eva lu a tes  the integ ra tion of m ois tu re
content a nd s ou rces /s ink s  over a n elem ent.

READN DATAIN Au tom a tica lly g enera tes  integ er inpu t if 
requ ired.

READR DATAIN Au tom a tica lly g enera tes  rea l nu m ber inpu t 
if requ ired.

SFLOW G W 3D Com pu tes  the flu xes  throu g h bou nda ries
a nd the ra te a t w hich w a ter content
increa s es  in the reg ion of interes t.

SOLVE BLK ITR Solves  a  m a trix equ a tion w ith the direct 
ba nd m ethod.

SPROP G W 3D Ca lcu la tes  the va lu es  of m ois tu re content, 
rela tive hydra u lic condu ctivity, a nd w a ter ca pa city u s ing  va n G enu chten a na lytica l 
fu nctions .

STORE G W 3D Stores  the s olu tion in bina ry on log ica l u nit
LUSTO. Inform a tion s tored inclu des
reg iona l g eom etry, s u breg ion da ta , a nd
hydrolog ica l va ria bles  s u ch a s  pres s u re
hea d, tota l hea d, m ois tu re content, a nd the
Da rcy velocity com ponents .

SURF DATAIN Identifies  the bou nda ry s ides , s equ ences  
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the bou nda ry nodes , a nd com pu tes  the directiona l cos ine of the s u rfa ce s ides .
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TABLE A-1.  SUBROUTINES INCLUDED IN 3DFEM W ATER (conclu ded)
44444444444444444444444444444444444444444444444444444444444444444444444444

Su brou tine Ca lled By Des cription 

VELT G W 3D Eva lu a tes  the elem ent m a trices  a nd the
deriva tives  of the tota l hea d, a nd then s u m s
over a ll elem ent m a trices  to form  a  m a trix
equ a tion g overning  the velocity
com ponents  a t a ll noda l points . 
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points .  If there a re Dirichlet points , they a re incorpora ted u s ing  the m ethod des cribed a bove.  If
a  g iven point is  not a  Dirichlet point, the point is  bypa s s ed.  Second, it check s  a ll ra infa ll-
eva pora tion-s eepa g e points  a g a in to s ee if a ny of them  is  a  s pecified-flu x point.  If it is , then the
com pu ted flu x by infiltra tion or potentia l eva potra ns pira tion is  a dded to the loa d vector.  If a  g iven
point is  not a  s pecified-flu x point, it is  bypa s s ed.  Beca u s e the infiltra tion-eva pora tion-s eepa g e
points  a re either Dirichlet or s pecified-flu x points , a ll points  a re ta k en ca re of in this  m a nner.

A.1.5  Su brou tine BCPREP

This  s u brou tine is  ca lled by G W 3D to prepa re the infiltra tion-s eepa g e bou nda ry conditions  du ring
a  ra infa ll period or the s eepa g e-eva potra ns pira tion bou nda ry conditions  du ring  non-ra infa ll
periods .  It decides  the nu m ber of noda l points  on the va ria ble bou nda ry to be cons idered a s
Dirichlet or s pecified-flu x (Ca u chy) points .  It com pu tes  the nu m ber of points  tha t cha ng e bou nda ry
conditions  from  1) ponding  depth (Dirichlet types ) to infiltra tion (s pecified-flu x types ), or 2)
infiltra tion to ponding  depth, or 3) m inim u m  pres s u re (Dirichlet types ) to infiltra tion du ring  ra infa ll
periods .  It a ls o com pu tes  the nu m ber of points  tha t cha ng e bou nda ry conditions   from   potentia l
eva potra ns pira tion (s pecified-flu x types ) to m inim u m  pres s u re, or from  ponding  depth to potentia l
eva potra ns pira tion, or from  m inim u m  pres s u re to potentia l eva potra ns pira tion du ring  non-ra infa ll
periods .  Upon com pletion, this  s u brou tine retu rns  the Da rcy flu x (DCYFLX), infiltra tion/potentia l
eva potra ns pira tion ra te (FLX), the ponding  depth noda l index (NPCON), the flu x-type noda l index
(NPFLX), the m inim u m  pres s u re noda l index (NPM IN), a nd the nu m ber of noda l points  (NCHG )
tha t ha ve cha ng ed bou nda ry conditions .

A.1.6  Su brou tine BLK ITR

This  s u brou tine is  ca lled by s u brou tine G W 3D to s olve the m a trix equ a tion w ith block  itera tion
m ethods .  For ea ch s u breg ion, a  block  m a trix equ a tion is  cons tru cted ba s ed on the g loba l m a trix
equ a tion a nd tw o pointer a rra ys , G NPLR a nd LNOJ CN (s ee s u brou tine PAG EN), a nd the res u lting
block  m a trix equ a tion is  s olved w ith the direct ba nd m a trix s olver by ca lling  s u brou tine SOLVE.
This  is  done for a ll s u breg ions  for ea ch itera tion u ntil a  converg ent s olu tion is  obta ined.

A.1.7  Su brou tine DATAIN 

Su brou tine DATAIN is  ca lled by s u brou tine G W 3D.  It rea ds  a ll da ta  inpu t des cribed in Section 4.1
except da ta  s et 1.  It a ls o ca lls  s u brou tine SURF to identify the s u rfa ce elem ents  a nd bou nda ry
nodes , a nd s u brou tines  READR a nd READN, res pectively, to a u tom a tica lly g enera te rea l a nd
integ er nu m bers .
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A.1.8  Su brou tine G W 3D

Su brou tine G W 3D controls  the entire s equ ence of opera tions .  It perform s  either a  s tea dy-s ta te
com pu ta tion a lone (K SS = 0  a nd NTI = 0 ), or a  tra ns ient- s ta te com pu ta tion u s ing  the s tea dy-s ta te
s olu tion a s  the initia l condition (K SS = 0 , NTI > 0 ), or a  tra ns ient com pu ta tion u s ing  u s er-s u pplied
initia l conditions  (K SS = 1, NTI > 0 ). 

G W 3D ca lls  s u brou tine DATAIN to rea d a nd print inpu t da ta ; s u brou tine PAG EN to g enera te
pointer a rra ys ; s u brou tine ALLFCT to obta in s ou rce/s ink  a nd bou nda ry va lu es ; s u brou tine SPROP
to obta in the rela tive hydra u lic condu ctivity, w a ter ca pa city, a nd m ois tu re content from  the
pres s u re hea d; s u brou tine VELT to com pu te Da rcy velocity; s u brou tine BCPREP to determ ine if
a  cha ng e of bou nda ry conditions  is  requ ired; s u brou tine ASEM BL to a s s em ble the elem ent
m a trices  over a ll elem ents ; s u brou tine BC to im plem ent the bou nda ry conditions ; s u brou tine
BLK ITR to form  a nd s olve the s u breg iona l block  m a trix equ a tions ;  s u brou tine SFLOW  to ca lcu la te
flu x throu g h a ll types  of bou nda ries  a nd w a ter a ccu m u la ted in the m edia ; s u brou tine PRINTT to
print ou t the res u lts ; a nd s u brou tine STORE to s tore the flow  va ria bles  for inpu t to 3DLEW ASTE
or for plotting .

A.1.9  Su brou tine PAG EN

This  s u brou tine is  ca lled by s u brou tine DATAIN to preproces s  pointer a rra ys  tha t a re needed to
s tore the g loba l m a trix in com pres s ed form  a nd to cons tru ct the s u breg iona l block  m a trices .  The
pointer a rra ys  a u tom a tica lly g enera ted in this  s u brou tine inclu de the g loba l node connectivity
(s tencil), G NOJ CN(J ,N), reg iona l node connectivity, LNOJ CN(J ,I,K ), tota l node nu m ber for ea ch
s u breg ion, NTNPLR(K ), the ba ndw idth indica tor for ea ch s u breg ion, LM AXDF(K ), a nd a  pa rtia l fill-
u p for the m a pping  a rra y betw een g loba l node nu m ber a nd loca l s u breg ion node nu m ber,
G NPLR(I,K ), w ith I = NNPLR(K ) + 1 to NTNPLR(K ).   Here G NOJ CN(J ,N) is  the g loba l node
nu m ber of the J -th node connected to the g loba l node N; LNOJ CN(J ,I,K ) is  the loca l node nu m ber
of the J -th node connected to the loca l node I in the K -th s u breg ion;   NTNPLR(K ) is  the tota l
nu m ber of nodes  in the K -th s u breg ion, inclu ding  the interior nodes , the g loba l bou nda ry nodes ,
a nd intra -bou nda ry nodes ; LM AXDF(K ) is  the m a xim u m  difference betw een a ny tw o nodes  of a ny
elem ent in the K -th s u breg ion; a nd GNPLR(I,K ) is  the g loba l node nu m ber of the I-th loca l-reg ion
node in the K -th s u breg ion.  Thes e pointer a rra ys  a re g enera ted ba s ed on the elem ent
connectivity, IE(M ,J ), the nu m ber of nodes  for ea ch s u breg ion, NNPLR(K ), a nd the m a pping
betw een g loba l node a nd loca l-reg ion node, G NLR(I,K ), w ith I = 1, NNPLR(K ).  Here IE(M ,J ) is  the
g loba l node nu m ber of J -th node of elem ent M ; NNPLR(K ) is  the nu m ber of nodes  in the K -th
s u breg ion, inclu ding  the interior nodes  a nd the g loba l bou nda ry nodes , bu t not the intra bou nda ry
nodes .

A.1.10   Su brou tine PRINTT
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This  s u brou tine, w hich is  ca lled by G W 3D, is  u s ed to line-print the flow  va ria bles .  Thes e inclu de
the flu xes  throu g h va ria ble bou nda ry s u rfa ces , the pres s u re hea d, tota l hea d, m ois tu re content,
a nd Da rcy velocity com ponents .

A.1.11  Su brou tine Q4S

This  s u brou tine is  ca lled by s u brou tines  BC, BCPREP, a nd SFLOW  to com pu te the s u rfa ce node
flu x of the type:

w here q is  either the s pecified-flu x, s pecified-pres s u re-hea d g ra dient flu x, or g ra vity flu x; B is  the
g loba l bou nda ry of the reg ion of interes t; Ni

e is  the ba s is  fu nctions  for noda l point i of elem ent e;
a nd RQ(I) is  a  3DFEM W ATER code pa ra m eter.

A.1.12  Su brou tine Q8

This  s u brou tine is  ca lled by the s u brou tine ASEM BL to com pu te the elem ent m a trix g iven by:

w here
F = s oil property fu nction
Nj

e = ba s is  fu nction for noda l point j of elem ent e
K s = s a tu ra ted hydra u lic condu ctivity tens or 
k r = rela tive hydra u lic condu ctivity
R = reg ion of interes t
L    = del opera tor indica ting  g ra dient 
L @ = del opera tor indica ting  diverg ence

a nd w here QA(I,J ) a nd QB(I,J ) a re 3DFEM W ATER code pa ra m eters .  Su brou tine Q8 a ls o
ca lcu la tes  the elem ent loa d vector g iven by:
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RQ(I) ' m
Re

[(LN e
i )@Kskr@(Lz) & N e

i q]dR (A-2c)

w here q is  the s ou rce/s ink .
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QR(I,J) ' m
 

Re

N e
i N

e
j dR (A-3a)

QRX(I) ' &m
 

Re

N e
i i@Kskr@(LN

e
j )HjdR (A-3b)

QRY(I) ' &m
 

Re

N e
i j@Kskr@(LN

e
j )HjdR (A-3c)

QRZ(I) ' &m
 

Re

N e
i k@Kskr@(LN

e
j )HjdR (A-3d)

QTHP ' m
 

Re

d2
dh

Mh
Mt

dR (A-4)

A.1.13  Su brou tine Q8DV

Su brou tine Q8DV is  ca lled by s u brou tine VELT to com pu te the elem ent m a trices  g iven by:

w here QR(I,J ) is  a  3DFEM W ATER prog ra m  va ria ble.  Su brou tine Q8DV a ls o eva lu a tes  the
elem ent loa d vector:

w here
 Hj = tota l hea d a t noda l point j 
 i  = u nit vector a long  the x-coordina te

j  = u nit vector a long  the y-coordina te
k   = u nit vector a long  the z-coordina te

a nd w here QRX(I), QRY(I), a nd QRZ(I) a re 3DFEM W ATER prog ra m  va ria bles .

A.1.14  Su brou tine Q8TH

This  s u brou tine, w hich is  ca lled by s u brou tine SFLOW , is  u s ed to com pu te the contribu tion from
a n elem ent to the cha ng e in w a ter content over tim e, u s ing  the follow ing  equ a tion:

w here
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h = pres s u re hea d
2   = m ois tu re content
QTHP = 3DFEM W ATER prog ra m  va ria ble
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FRATE(7) ' m
 

B

(Vxnx % Vyny % Vznz)dB (A-5)

FRATE(1) ' m
 

Bd

(Vxnx % Vyny % Vznz)dB (A-6a)

FRATE(2) ' m
 

Bc

(Vxnx % Vyny % Vznz)dB (A-6b)

FRATE(3) ' m
 

Bn

(Vxnx % Vyny % Vznz)dB (A-6c)

A.1.15  Su brou tine READN

This  s u brou tine is  ca lled by s u brou tine DATAIN to g enera te integ er nu m bers  for inpu t da ta  s ets
8, 9, 12(c), 12(f), 14(b) throu g h 14(d), 15(c), 16(b), 16(c), 17(b), a nd 17(c), w hich a re des cribed
in Section 4.1.

A.1.16  Su brou tine READR

This  s u brou tine is  ca lled by s u brou tine DATAIN to g enera te rea l nu m bers  inpu t for da ta  s ets  7,
14(e), a nd 14(f) (s ee Section 4.1).  Au tom a tic g enera tion of reg u la rly pa tterned da ta  is  bu ilt into
this  s u brou tine.

A.1.17  Su brou tine SFLOW

This  s u brou tine is  ca lled by s u brou tine G W 3D.  It is  u s ed to com pu te the flu xes  throu g h va riou s
types  of bou nda ries  a nd the ra te a t w hich w a ter content increa s es  in the reg ion of interes t.  In this
s u brou tine, the fu nction of va ria ble FRATE(7) is  to s tore the flu x throu g h the w hole bou nda ry
enclos ing  the reg ion of interes t.  It is  g iven by:

w here Vx, Vy, a nd Vz a re Da rcy velocity com ponents , a nd nx, ny, a nd nz a re the directiona l cos ines
of the ou tw a rd u nit vector norm a l to the bou nda ry B.  FRATE(1) throu g h FRATE(5) s tore the flu x
throu g h the Dirichlet bou nda ry, BD, s pecified-flu x bou nda ry, BC, s pecified-pres s u re-hea d bou nda ry,
BN, the s eepa g e/eva potra ns pira tion bou nda ry, BS, a nd infiltra tion bou nda ry, BR, res pectively, a nd
a re g iven by:
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FRATE(4) ' m
 

Bs

(Vxnx % Vyny % Vznz)dB (A-6d)

FRATE(5) ' m
 

Br

(Vxnx % Vyny % Vznz)dB (A-6e)

FRATE(6) ' FRATE(7) & j5
I'1

FRATE(I) (A-7)

FRATE(8) ' &m
 

R

qdR (A-8)

FRATE(9) ' m
 

R

F Mh
Mt

dR (A-9)

FRATE(9) ' &[FRATE(7) % FRATE(8)] (A-10)

[C]{x} ' {y} (A-11)

FRATE(6), w hich is  rela ted to the nu m erica l los s , is  g iven by:

FRATE(8) a nd FRATE(9) a re u s ed to s tore the s ou rce/s ink  a nd increa s ed ra te of w a ter
a ccu m u la tion w ithin the m edia , res pectively:

a nd

If there is  no nu m erica l error in the com pu ta tion, the follow ing  equ a tion s hou ld be s a tis fied:

a nd FRATE(6) s hou ld be equ a l to zero.

A.1.18  Su brou tine SOLVE

This  s u brou tine is  ca lled by the s u brou tine BLK ITR to s olve a  m a trix equ a tion of the type:

w here [C] is  the coefficient m a trix a nd {x} a nd {y} a re tw o vectors .  {x} is  the u nk now n to be s olved,
a nd {y} is  the k now n loa d vector.  The com pu ter retu rns  the s olu tion a nd s tores  it in {y}.  The
com pu ta tion is  a  s ta nda rd ba nded G a u s s ia n direct elim ina tion procedu re.
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A.1.19  Su brou tine SPROP

This  s u brou tine is  ca lled by s u brou tine G W 3D.  It ca lcu la tes  the va lu es  for m ois tu re content,
rela tive hydra u lic condu ctivity, a nd w a ter ca pa city, u s ing  the va n G enu chten fu nctiona l
rela tions hips  (s ee Equ a tions  3-3a  throu g h 3-3d).

A.1.20   Su brou tine STORE

This  s u brou tine, w hich is  ca lled by G W 3D, is  u s ed to s tore the flow  va ria bles  in a  bina ry file.  The
s tored da ta  is  intended for u s e in 3DLEW ASTE or for plotting .  The inform a tion s tored inclu des
reg ion g eom etry, s u breg ion da ta , a nd hydrolog ica l va ria bles  s u ch a s  pres s u re hea d, tota l hea d,
m ois tu re content, a nd Da rcy velocity com ponents .

A.1.21  Su brou tine SURF

Su brou tine SURF is  ca lled by s u brou tine DATAIN.  It identifies  the bou nda ry s ides , s equ ences  the
bou nda ry nodes , a nd com pu tes  the directiona l cos ine of the s u rfa ce s ides .  The m a pping s  from
bou nda ry nodes  to g loba l nodes  a re s tored in NPBB(I) (w here NPBB(I) is  the g loba l node nu m ber
of the I-th bou nda ry node).  The bou nda ry node nu m bers  of the fou r nodes  for ea ch bou nda ry s ide
a re s tored in ISB(I,J ) (w here ISB(I,J ) is  the bou nda ry node nu m ber of I-th node of J -th s ide, I = 1
to 4).  There a re s ix s ides  for ea ch elem ent.  W hich of thes e s ix s ides  is  the bou nda ry s ide is
determ ined a u tom a tica lly in the s u brou tine SURF a nd is  s tored in ISB(5,J ).  The g loba l elem ent
nu m ber, to w hich the J -th bou nda ry s ide belong s , is  a ls o preproces s ed in the s u brou tine SURF
a nd is  s tored in ISB(6,J ).  The directiona l cos ines  of the J -th bou nda ry s ide a re com pu ted a nd
s tored in DCOSB(I,J ) (w here DCOSB(I,J ) is  the directiona l cos ine of the J -th s u rfa ce w ith I-th
coordina te, I = 1 to 3).  The inform a tion conta ined in NPBB, ISB, a nd DOSB, a long  w ith the
nu m ber of bou nda ry nodes  a nd the nu m ber of bou nda ry s ides  is  retu rned to s u brou tine DATAIN
for other u s es .

A.1.22  Su brou tine VELT

This  s u brou tine is  ca lled by s u brou tine G W 3D.  It ca lls  s u brou tine Q8DV to eva lu a te the elem ent
m a trices  a nd the deriva tives  of the tota l hea d.  It then s u m s  over a ll elem ent m a trices  to form  a
m a trix equ a tion g overning  the velocity com ponents  a t a ll noda l points .  To s a ve com pu ta tiona l
tim e, the m a trix is  dia g ona lized by lu m ping .  The velocity com ponents  ca n thu s  be s olved point
by point.  The com pu ted velocity field is  then retu rned to G W 3D throu g h the a rg u m ent.  This
velocity field is  a ls o pa s s ed to s u brou tine BCPREP to eva lu a te the Da rcy flu x a cros s  the s eepa g e-
infiltra tion-eva potra ns pira tion s u rfa ces .
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C (

i'm
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NiVndB (A-12)
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Bc

NiqcdB/m
 

Bc

NiVndB (A-13)

A.2  3DLEW ASTE 

LEW ASTE cons is ts  of a  m a in prog ra m , LEW AST3D, 30  s u brou tines , a nd a  fu nction.  Fig u re A.2
s how s  the s tru ctu re of the prog ra m .  The s u brou tines  a nd fu nction a re lis ted in Ta bles  A-2 a nd A-
3, res pectively, a nd the pu rpos es  of the s u brou tines  a re briefly des cribed below .

A.2.1  Su brou tine ADVBC

This  s u brou tine is  ca lled by G M 3D to im plem ent the bou nda ry conditions .  For a  Dirichlet
bou nda ry, the La g ra ng ia n concentra tion is  s pecified.  For va ria ble bou nda ries , if the flow  is
directed ou t of the reg ion, the fictitiou s  pa rticle a s s ocia ted w ith the bou nda ry node m u s t com e from
the interior nodes .  Hence the La g ra ng ia n concentra tion for the bou nda ry node ha s  a lrea dy been
com pu ted from  s u brou tine ADVTRN a nd the im plem enta tion for s u ch a  bou nda ry s eg m ent is
bypa s s ed.  For va ria ble bou nda ries , if the flow  is  directed into the reg ion, the concentra tion of
incom ing  flu id is  s pecified.  The La g ra ng ia n concentra tion is  then ca lcu la te a s :

w here 
Ci

* = La g ra ng ia n concentra tion a t the bou nda ry node i 
Vn = norm a l vertica lly integ ra ted Da rcy velocity
Cin = concentra tion of incom ing  flu id
B = g loba l bou nda ry of the reg ion of interes t

  = ba s is  fu nction for noda l point i of elem ent eN e
i

Specified-flu x (Ca u chy) bou nda ry conditions  a re norm a lly a pplied to the bou nda ry w here flow  is
directed into the reg ion, w here the m a teria l flu x of incom ing  flu id is  s pecified.  The La g ra ng ia n
concentra tion is  thu s  ca lcu la te a s :

w here Ci
* is  the La g ra ng ia n concentra tion a t the bou nda ry node i a nd qc is  the Ca u chy flu x of the

incom ing  flu id.

A.2.2  Su brou tion ADVTRN

This  s u brou tine is  ca lled by G M 3D to com pu te the La g ra ng ia n concentra tions  a t a ll nodes .  It ca lls
s u brou tine M PLOC to find w hich elem ent a  fictitiou s  pa rticle is  loca ted in.  It a ls o ca lls  s u brou tine
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XSI3D to com pu te the loca l coordina te, g iven the g loba l coordina te, of the fictitiou s  pa rticle.  If the
fictitiou s  pa rticle a s s ocia ted w ith a  pa rticu la r node is  loca ted in the 
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          +)))))))))),                         +)))))))))),  
    * LEWAST3D * +)))1 SURF     *  

          .))))0)))))-                     *    .))))))))))-
          +))))2))))),       +)))))))))),   *    +)))))))))),

    * GM3D    /))))))1 DATAIN   /))3)))1 READR    *
          .))))0)))))-       .))))))))))-   *    .))))))))))-
               *             +)))))))))),   *    +)))))))))),
    /))))))))))))1 LELGEN   * /)))1 READN    *
               *             .))))))))))-   *    .))))))))))-
               *             +)))))))))),   *    +)))))))))),

   /))))))))))))1 AFABTA   *   .)))1  PAGEN    *
               *             .))))))))))-       .))))))))))-
               *             +)))))))))),       +)))))))))),       +)))))))))),

   /))))))))))))1 FLUX    /))))))1 Q8DV    /))))))1 SHAPE    *
               *             .))))))))))-       .))))))))))-       .))))0)))))-
               *             +)))))))))),       +)))))))))),            *    

   /))))))))))))1 ASEMBL   /))))))1 Q8      /)))))))))))-   
               *             .))))))))))-       .))))))))))-                   
               *             +)))))))))),       +)))))))))),            
    /))))))))))))1 BC    /))))))1 Q4CNB    *            
               *             .))))))))))-       .))))))))))-            
               *             +)))))))))),       +)))))))))),            

   /))))))))))))1 BLKITR   /))))))1  SOLVE    *            
               *             .))))))))))-       .))))))))))-            
               *             +)))))))))),                              
               /))))))))))))1  ALLFCT   *                              
               *             .))))))))))-                              
               *             +)))))))))),       +)))))))))),            

   /))))))))))))1 SFLOW    /))0)))1 Q4BB     *            
               *             .))))))))))-   *    .))))))))))-            
               *             +)))))))))),   *    +)))))))))),            
    /))))))))))))1 STORE    * .)))1 Q8R      *            
               *             .))))))))))-       .))))))))))-            
               *             +)))))))))),                              

   /))))))))))))1 PRINTT   *                              
               *             .))))))))))-                              
               *             +)))))))))),       +)))))))))),            

   /))))))))))))1 ADVBC    /))))))1 Q4ADB    *            
               *             .))))))))))-       .))))))))))-            
               *             +)))))))))),       +)))))))))),            
               *))))))))))))1 THNODE   *   +)))1  XS13D    *            
               *             .))))))))))-   *    .))))))))))-              
               *             +)))))))))),   *    +)))))))))),       +)))))))))),

   /))))))))))))1 ADVTRN   /))2)))1  MPLOC    /))))))1 FCOS     *
               *             .))))))))))-       .))))0)))))-       .))))))))))-
               *             +)))))))))),            *                     
               .))))))))))))1  NDTAU    /)))))))))))-                          
                            .))))))))))-                                    
                                                                     

Figure A.2.  Program structure of 3DLEWASTE
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TABLE A-2.  SUBROUTINES INCLUDED IN 3DLEW ASTE
44444444444444444444444444444444444444444444444444444444444444444444444444

Su brou tine Ca lled By Des cription

ADVBC G M 3D Applies  s pecified-flu x (Ca u chy), va ria ble, a nd
Dirichlet bou nda ry conditions .

ADVTRN G M 3D Com pu tes  the La g ra ng ia n concentra tions  a t a ll
nodes  a nd finds  in w hich elem ent the fictitiou s
pa rticle is  loca ted. 

AFABTA G M 3D Ca lcu la tes  the va lu es  of the u ps trea m  w eig hting
fa ctors  a long  the 12 s ides  of a ll elem ents .

ALLFCT G M 3D Interpola tes  fu nctiona l va lu es  for s ou rce/s ink a nd
bou nda ry conditions .

ASEM BL G M 3D Eva lu a tes  the elem ent m a trices  a nd then s u m s
over a ll elem ent m a trices  to form  a  g loba l m a trix
equ a tion g overning  the concentra tion dis tribu tion
a t a ll nodes .

BC G M 3D Incorpora tes  Dirichlet, va ria ble com pos ite,
s pecified-flu x (Ca u chy), a nd s pecified-dis pers ive-
flu x (Neu m a nn) bou nda ry conditions .

BLK ITR G M 3D Solves  the m a trix equ a tions  w ith block  itera tion
m ethods .

DATAIN G M 3D Rea ds  a nd prints  s ys tem  pa ra m eters , g eom etry,
bou nda ry a nd initia l conditions , a nd properties  of
the s olu te a nd m edia .

FLUX G M 3D Eva lu a tes  the elem ent m a trices  a nd the deriva tives
of concentra tions  a nd then s u m s  over a ll elem ent
m a trices  to form  a  m a trix equ a tion g overning  the
flu x com ponents  a t a ll noda l points .

G M 3D LEW AST3D Controls  the entire s equ ence of opera tions .
Perform s  either the s tea dy-s ta te com pu ta tion
a lone, or a  tra ns ient- s ta te com pu ta tion u s ing  the
s tea dy-s ta te s olu tion a s  the initia l condition, or a



225

tra ns ient com pu ta tion u s ing  u s er-s u pplied initia l
conditions .
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TABLE A-2.  SUBROUTINES INCLUDED IN 3DLEW ASTE (continu ed)
44444444444444444444444444444444444444444444444444444444444444444444444444

Su brou tine Ca lled By Des cription

LELG EN G M 3D Finds  the elem ents  connecting  to ea ch node.

M PLOC NDTAU, Loca tes  the fictitiou s  pa rticle a s s ocia ted             
ADVTRN w ith a  pa rticu la r node. Com pu tes  the produ ct of

the ou tw a rd u nit vector w ith the vector from  a  node
on the s u rfa ce to the fictitiou s  pa rticle.

NDTAU G M 3D Determ ines  the nu m ber of s u btim e s teps  a nd the
s u btim e s tep s ize for La g ra ng ia n intrg ra tion.            

PAG EN DATAIN Preproces s es  pointer a rra ys  tha t a re needed to
s tore the g loba l m a trix in com pres s ed form  a nd to
cons tru ct the s u breg iona l block  m a trices .

PRINTT G M 3D Prints  m a teria l flow , concentra tion, a nd m a teria l
flu x ou tpu t a s  s pecified by the pa ra m eter K PR.

Q4ADB ADVBC Im plem ents  Dirichlet, s pecified-flu x (Ca u chy), a nd
va ria ble bou nda ry conditions  in the La g ra ng ia n
s tep com pu ta tion.

Q4BB SFLOW Com pu tes  norm a l flow  ra tes  (M /T) by integ ra ting
the norm a l flu xes  (M /L2/T) over a  bou nda ry
s u rfa ce.

Q4CNB BC Com pu tes  the bou nda ry-s u rfa ce m a trix a nd the
bou nda ry-s u rfa ce loa d vector over a  bou nda ry
s u rfa ce.

Q8 ASEM BL Com pu tes  elem ent m a trices  a nd elem ent loa d
vectors .

Q8DV FLUX Com pu tes  the integ ra tion of N(I)*N(J ) a nd -
N(I)*D>G RAD(C) over a n elem ent.

Q8R SFLOW Com pu tes  the m a teria l integ ra tion a nd elem ent
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s ou rce integ ra tion over a n elem ent.

READN DATAIN Au tom a tica lly g enera tes  integ er inpu t if requ ired.
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TABLE A-2.  SUBROUTINES INCLUDED IN 3DLEW ASTE (conclu ded)
44444444444444444444444444444444444444444444444444444444444444444444444444

Su brou tine Ca lled By Des cription

READR DATAIN Au tom a tica lly g enera tes  rea l nu m ber inpu t if
requ ired.

SFLOW G M 3D Com pu tes  the flu x ra tes  throu g h va riou s  types  of
bou nda ries  a nd the ra te a t w hich m a teria l
increa s es  in the reg ion of interes t.

SHAPE Q8DV, Q8 Com pu tes  the ba s e a nd w eig hting  fu nctions , their
deriva tives  w ith res pect to X, Y, Z, a nd the
J a cobia n a t a  G a u s s ia n point.

SOLVE BLK ITR Solves  a  m a trix equ a tion w ith a  ba nd m a trix s olver.

STORE G M 3D Stores  pertinent qu a ntities  on a  a u xilia ry device for
fu tu re u s es  (e.g ., for plotting ). 

SURF DATAIN Identifies  the bou nda ry s ides  a nd s equ ences  of
the bou nda ry nodes , a nd com pu tes  the directiona l
cos ine of the s u rfa ce s ides .

THNODE G M 3D Com pu tes  m ois tu re content a t a  node.

XSI3D ADVTRN Com pu tes  the loca l coordina te of a n elem ent g iven
the g loba l coordina te w ithin tha t elem ent.
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TABLE A-3.  FUNCTIONS INCLUDED IN 3DLEW ASTE
44444444444444444444444444444444444444444444444444444444444444444444444444

Fu nction Ca lled By Des cription

FCOS M PLOC Com pu tes  the inner produ ct of a n ou tw a rd norm a l
of the s u rfa ce w ith a  vector connecting  a  point on
the s u rfa ce a nd the fictitiou s  pa rticle to determ ine if
the fictitiou s  pa rticle lies  ins ide the s u rfa ce.



230

interior of the reg ion,  the La g ra ng ia n concentra tion is  obta ined by finite elem ent interpola tion of
the concentra tion a t the previou s  tim e s tep.  If the fictitiou s  pa rticle a s s ocia ted w ith a  pa rticu la r
node is  ou ts ide the reg ion of interes t, the La g ra ng ia n concentra tion is  s et equ a l to the previou s
tim e-s tep concentra tion of the bou nda ry node tha t is  clos es t to the fictitiou s  pa rticle.

A.2.3  Su brou tine AFABTA

This  s u brou tine, w hich is  ca lled by s u brou tine G M 3D, ca lcu la tes  the va lu es  of u ps trea m  w eig hting
fa ctors  a long  12 s ides  of a ll elem ents .

A.2.4  Su brou tine ALLFCT

This  s u brou tine is  ca lled by s u brou tine G M 3D to com pu te va lu es  for a ll the s ou rce/s ink  a nd
bou nda ry nodes  a nd elem ents .  It u s es  linea r interpola tion of ta bu la r da ta  to s im u la te va ria tions
in tim e for thes e conditions .

A.2.5  Su brou tine ASEM BL

This  s u brou tine is  ca lled by s u brou tine G M 3D.  After ca lling  s u brou tine Q8 to eva lu a te the elem ent
m a trices , it s u m s  over a ll elem ent m a trices  to form  a  g loba l m a trix equ a tion g overning  the
concentra tion dis tribu tion a t a ll nodes .

A.2.6  Su brou tine BC

This  s u brou tine, w hich is  ca lled by s u brou tine G M 3D, incorpora tes  Dirichlet, va ria ble com pos ite,
s pecified-flu x, a nd s pecified-dis pers ive flu x bou nda ry conditions .  For a  Dirichlet bou nda ry
condition, a n identity a lg ebra ic equ a tion is  g enera ted for ea ch Dirichlet noda l point.  Any other
equ a tion ha ving  this  noda l va ria ble is  m odified a ccording ly to s im plify the com pu ta tion.  For a
va ria ble com pos ite s u rfa ce, the integ ra tion of the norm a l velocity tim es  the incom ing  concentra tion
is  a dded to the loa d vector a nd the integ ra tion of norm a l velocity is  a dded to the m a trix.  For the
s pecified-flu x bou nda ries , the integ ra tion of flu x is  a dded to the loa d vector a nd the integ ra tion of
norm a l velocity is  a dded to the m a trix.  For a  s pecified-dis pers ive-flu x bou nda ry, the integ ra tion
of g ra dient flu x is  a dded to the loa d vector.

A.2.7  Su brou tine BLK ITR

This  s u brou tine is  ca lled by s u brou tine G M 3D to s olve the m a trix equ a tion w ith block  itera tion
m ethods .  For ea ch s u breg ion, a  block  m a trix equ a tion is  cons tru cted ba s ed on the g loba l m a trix
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equ a tion a nd tw o pointer a rra ys , G NPLR a nd LNOJ CN (s ee s u brou tine PAG EN).  The res u lting
block  m a trix equ a tion is  s olved w ith the direct ba nd m a trix s olver by ca lling  s u brou tine SOLVE.
This  is  done for a ll s u breg ions  for ea ch itera tion u ntil a  converg ent s olu tion is  obta ined.

A.2.8  Su brou tine DATAIN 

Su brou tine DATAIN is  ca lled by s u brou tine G M 3D.  It rea ds  a nd prints  a ll da ta  inpu t des cribed in
the Section 4.2 except da ta  s et 1.  It a ls o ca lls  s u brou tine SURF to identify the bou nda ry s eg m ents
a nd bou nda ry nodes  a nd s u brou tines  READR a nd READN, res pectively, to a u tom a tica lly g enera te
rea l a nd integ er nu m bers .

A.2.9  Su brou tine FLUX

This  s u brou tine is  ca lled by s u brou tine G M 3D.  It ca lls  s u brou tine Q8DV to eva lu a te the elem ent
m a trices  a nd the deriva tives  of concentra tions .  It then s u m s  over a ll elem ent m a trices  to form  a
m a trix equ a tion g overning  the flu x com ponents  a t a ll noda l points .  To s a ve com pu ta tiona l tim e,
the m a trix is  dia g ona lized by lu m ping . The flu x com ponents  du e to dis pers ion ca n thu s  be s olved
point by point.  The flu x du e to velocity is  then a dded to the com pu ted flu x du e to dis pers ion.  The
com pu ted tota l flu x field is  then retu rned to G M 3D throu g h the a rg u m ent.

A.2.10   Su brou tine G M 3D

The s u brou tine G M 3D controls  the entire s equ ence of opera tions .  It perform s  either a  s tea dy-
s ta te com pu ta tion a lone (K SS = 0  a nd NTI = 0 ), or a  tra ns ient- s ta te com pu ta tion u s ing  the s tea dy-
s ta te s olu tion a s  the initia l condition (K SS = 0 , NTI > 0 ), or a  tra ns ient com pu ta tion u s ing  u s er-
s u pplied initia l conditions  (K SS = 1, NTI > 0 ).  

G M 3D ca lls  s u brou tine DATAIN to rea d a nd print inpu t da ta ; s u brou tine LELG EN to g enera te the
pointer a rra y elem ent s tencil tha t des cribes  a ll elem ents  connected to a ny node; s u brou tine
ALLFCT to obta in s ou rces /s ink s  a nd bou nda ry va lu es ; s u brou tine AFABTA to obta in the u ps trea m
w eig hting  fa ctor ba s ed on velocity a nd dis pers ivity (the u ps trea m  w eig hting  fa ctor is  needed for
s olving  the s tea dy-s ta te option of 3DLEW ASTE);  s u brou tine  FLUX  to  com pu te m a teria l flu x;
s u brou tine ASEM BL to a s s em ble the elem ent m a trices  over a ll elem ents ; s u brou tine BC to
im plem ent the bou nda ry conditions ; s u brou tine BLK ITR to s olve the res u lting  m a trix equ a tions  w ith
block  itera tion m ethods ;  s u brou tine SFLOW  to ca lcu la te flu x throu g h a ll types  of bou nda ries  a nd
the w a ter a ccu m u la ted in the m edia ; s u brou tine PRINTT to print ou t the res u lts ; s u brou tine
STORE to s tore the res u lts  for plotting ; s u brou tine THNODE to com pu te the va lu e of m ois tu re
content plu s  bu lk  dens ity tim es  dis tribu tion coefficient in the ca s e of a  linea r is otherm , or the
m ois tu re content in the ca s e of a  nonlinea r is otherm  a t a ll nodes ; s u brou tine NDTAU to com pu te
the nu m ber of s u btim e s teps  nd the s u btim e s tep s izes  u s ed for integ ra tion in the La g ra ng ia n s tep;
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ADVTRN to com pu te the La g ra ng ia n concentra tions  a t a ll nodes ; a nd s u brou tine ADVBC to
im plem ent bou nda ry conditions  in the La g ra ng ia n s tep.
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A.2.11  Su brou tine LELG EN

This  s u brou tine is  ca lled by s u brou tine G M 3D to preproces s  the pointer a rra y (the g loba l elem ents
s tencil), LRL(K ,N), w here LRL(K ,N) is  the g loba l elem ent nu m ber of the K -th elem ent connected
to the g loba l node N.  This  pointer a rra y is  g enera ted ba s ed on the elem ent connectivity IE(M ,J ).
Here IE(M ,J ) is  the g loba l node nu m ber of the J -th node of elem ent M .  This  pointer a rra y is
needed to fa cilita te the loca tion of fictitiou s  pa rticles .

A.2.12  Su brou tine M PLOC

This  s u brou tine is  ca lled by NDTAU a nd ADVTRN to loca te the fictitiou s  pa rticle a s s ocia ted w ith
a  pa rticu la r node.  It u s es  the fu nction FCOS to com pu te the produ ct of the ou tw a rd u nit vector
w ith the vector from  a  node on the s u rfa ce to the fictitiou s  pa rticle.

A.2.13  Su brou tine NDTAU

This  s u brou tine is  ca lled by G M 3D to com pu te the s u btim e-s tep s ize a nd the nu m ber of s u btim e
s teps  s u ch tha t no fictitiou s  pa rticle tra vels  over a n elem ent w ithin a  s u btim e s tep.  The s u btim e-
s tep s ize a nd the nu m ber of s u btim e s teps  a re u s ed in s u brou tine ADVTRN.

A.2.14  Su brou tine PAG EN

This  s u brou tine is  ca lled by s u brou tine DATAIN to preproces s  pointer a rra ys  tha t a re needed to
s tore the g loba l m a trix in com pres s ed form  a nd to cons tru ct the s u breg iona l block  m a trices .  The
pointer a rra ys  a u tom a tica lly g enera ted in this  s u brou tine inclu de the g loba l node connectivity
(s tencil), G NOJ CN(J ,N), reg iona l node connectivity, LNOJ CN(J ,I,K ), tota l node nu m ber for ea ch
s u breg ion, NTNPLR(K ), the ba ndw idth indica tor for ea ch s u breg ion, LM AXDF(K ), a nd a  pa rtia l fill-
u p for the m a pping  a rra y betw een g loba l node nu m ber a nd loca l s u breg ion node nu m ber,
G NPLR(I,K ), w ith I = NNPLR(K ) + 1 to NTNPLR(K ).  Here G NOJ CN(J ,N) is  the g loba l node
nu m ber of the J -th node connected to the g loba l node N; LNOJ N(J ,I,K ) is  the loca l node nu m ber
of the J -th node connected to the loca l node I in K -th s u breg ion; NTNPLR(K ) is  the tota l nu m ber
of nodes  in the the K -th s u breg ion, inclu ding  the interior nodes , the g loba l bou nda ry nodes , a nd
intra -bou nda ry nodes ; LM AXDF(K ) is  the m a xim u m  difference betw een a ny tw o nodes  of a ny
elem ent in the K -th s u breg ion;  a nd  GNPLR(I,K ) is  the g loba l node nu m ber of the I-th loca l-reg ion
node in the K -th s u breg ion.  Thes e pointer a rra ys  a re g enera ted ba s ed on the elem ent
connectivity, IE(M ,J ), the nu m ber of nodes  for ea ch s u breg ion, NNPLR(K ), a nd the m a pping
betw een g loba l node a nd loca l-reg ion node, G NLR(I,K ), w ith I = 1, NNPLR(K ).  Here IE(M ,J ) is  the
g loba l node nu m ber of the J -th node of elem ent M ; NNPLR(K ) is  the nu m ber of nodes  in the K -th
s u breg ion, inclu ding  the interior nodes  a nd the g loba l bou nda ry nodes , bu t not the intra bou nda ry
nodes .
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RRQ(I)'m
 

Be

N e
i FdB (A-14)

RQ(I)'m
 

Be

N e
i qdB (A-15a)

BQ(I,J)'m
 

Be

N e
i VN

e
j dR (A-15b)

A.2.15  Su brou tine PRINTT

This  s u brou tine, w hich is  ca lled by G M 3D, is  u s ed to line-print the s im u la tion res u lts .   Thes e
inclu de the flu xes  throu g h va ria ble bou nda ry s u rfa ces , the concentra tion, a nd vertica lly integ ra ted
m a teria l flu x com ponents .

A.2.16  Su brou tine Q4ADB

This  s u brou tine is  ca lled by s u brou tine ADVBC a nd im plem ents  Dirichlet, s pecified-flu x, a nd
va ria ble bou da ry conditions  in a  La g ra ng ia n s tep com pu ta tion.

A.2.17  Su brou tine Q4BB

This  s u brou tine is  ca lled by s u brou tine SFLOW  to perform  s u rfa ce integ ra tion of the follow ing  type:

w here F is  the norm a l flu x a nd RRQ(I) is  a  3DLEW ASTE prog ra m  va ria ble.

A.2.18  Su brou tine Q4CNB

This  s u brou tine is  ca lled by the s u brou tine BC to com pu te the s u rfa ce node flu x of the type:

w here q is  either the s pecified- (or Ca u chy) flu x, s pecified-dis pers ive- (or Neu m a nn) flu x, or n.VCv;
a nd RQ(I) is  a  3DLEW ASTE prog ra m  va ria ble.  It a ls o com pu tes  the bou nda ry elem ent m a trices :

w here  is  the ba s is  fu nction for noda l point j of elem ent e, R is  the reg ion of interes t, V is  theN e
j

Da rcy velocity, a nd BQ(I,J ) is  a  3DLEW ASTE prog ra m  va ria ble.
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QA(I,J)'m
 

Re

N e
i 2N

e
j dR (A-16a)

QAA(I,J)'m
 

Re

N e
j Db

dS
dC

N e
j dR (A-16b)

QB(I,J)'m
 

Re

(LN e
i )@2D@(LN

e
j )dR (A-16c)

QV(I,J)'m
 

Re

N e
i V@(LN

e
j )dR (A-16d)

QC(I,J)'m
 

Re

N e
i [8(2%Db

dS
dC

)%Q]N e
j dR (A-16e)

A.2.19  Su brou tine Q8

This  s u brou tine is  ca lled by the s u brou tine ASEM BL to com pu te the elem ent m a trix g iven by:

w here 
Cw = dis s olved concentra tion a t the previou s  itera tion
D  = dis pers ion coefficient tens or
2   = m ois tu re content
S = s pecies  concentra tion in the a ds orbed pha s e
Q = s ou rce ra te of w a ter
Db = bu lk  dens ity of the porou s  m ediu m
8 = m a teria l deca y cons ta nt
L    = del opera tor indica ting  g ra dient 
L @ = del opera tor indica ting  diverg ence

a nd w here QA(I,J ), QAA(I,J ), QB(I,J ), QV(I,J ), a nd QC(I,J ) a re 3DLEW ASTE prog ra m  va ria bles .
Note tha t dS/dC s hou ld be eva lu a ted a t Cw .  Su brou tines  Q 8 a ls o ca lcu la tes  the elem ent loa d
vector g iven by:



237

QR(I)'m
 

Re

N e
i [&8Db(Sw&

dS
dC

Cw)%QCin]dR (A-16f)

QB(I,J)'m
 

Re

N e
i N

e
j dR (A-17a)

QRX(I)'&m
 

Re

N e
i i@2D@(LN

e
j )CjdR (A-17b)

QRY(I)'&m
 

Re

N e
i j@2D@(LN

e
j )CjdR (A-17c)

QRZ(I)'&m
 

Re

N e
i k@2D@(LN

e
j )CjdR (A-17d)

w here Cw  a nd Sw  a re the dis s olved a nd a ds orbed concentra tions  a t the previou s  itera tion,
res pectively, a nd QR(I) is  a  prog ra m  va ria ble.

A.2.20   Su brou tine Q8DV

Su brou tine Q8DV is  ca lled by s u brou tine FLUX to com pu te the elem ent m a trices  g iven by:

Su brou tine Q8DV a ls o eva lu a tes  the elem ent loa d vector:

w here
C j = concentra tion a t noda l point j

 i  = u nit vector a long  the x-direction
 j  = u nit vector a long  the y-coordina te
 k   = u nit vector a long  the z-coordina te

a nd w here QRX(I), QRY(I), AND QRZ(I) a re prog ra m  va ria bles .

A.2.21  Su brou tine Q8R
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This  s u brou tine, w hich is  ca lled by s u brou tine SFLOW , is  u s ed to com pu te contribu tions  to
FRATE(8), FRATE(9), FRATE(1), a nd FRATE(14), dis cu s s ed in Section A.2.24, by perform ing
m a teria l integ ra tion a nd elem ent s ou rce integ ra tion over a n elem ent.
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QRM'm
 

R

2CdR (A-18a)

QDM'm
 

R

SdR (A-18b)

SOSM'm
 

R

[QCin(1%sign(Q))%QC(1&sign(Q))]/2dR (A-18c)

FRATE(7)'m
 

B

(Fxnx%Fyny)dB (A-19)

w here QRM , QDM , a nd SOSM  a re 3DLEW ASTE prog ra m  va ria bles .

A.2.22  Su brou tine READN

This  s u brou tine is  ca lled by s u brou tine DATAIN to g enera te integ er nu m bers  for the inpu t da ta
s ets  if requ ired.

A.2.23  Su brou tine READR

This  s u brou tine is  ca lled by s u brou tine DATAIN to a u tom a tica lly g enera te rea l nu m bers  for the
inpu t da ta  s ets  if requ ired.  Au tom a tic g enera tion of reg u la rly pa tterned da ta  is  bu ilt into this
s u brou tine.

A.2.24  Su brou tine SFLOW

This  s u brou tine is  ca lled by s u brou tine G M 3D.  It is  u s ed to com pu te flu x ra tes  throu g h va riou s
types  of bou nda ries  a nd the ra te a t w hich m a teria l increa s es  in the reg ion of interes t.  In this
s u brou tine, the va ria ble FRATE(7) s tores  the flu x throu g h the w hole bou nda ry.  It is  g iven by:

w here B is  the g loba l bou nda ry of the reg ion of interes t; Fx, a nd Fy a re the vertica lly integ ra ted flu x
com ponents  a nd nx a nd ny a re the directiona l cos ines  of the ou tw a rd u nit vector norm a l to the
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bou nda ry B.   FRATE(1) s tores  the flu x ra tes  throu g h a  Dirichlet bou nda ry Bd.  FRATE(2) a nd
FRATE(3) s tore the flu x ra te throu g h s pecified-flu x (Ca u chy) a nd s pecified-dis pers ive-flu x
(Neu m a nn) bou nda ries , res pectively.  
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FRATE(1)'m
 

Bd

(Fxnx%Fyny)dB (A-20a)

FRATE(2)'m
 

Bc

(Fxnx%Fyny)dB (A-20b)

FRATE(3)'m
 

Bn

(Fxnx%Fyny)dB (A-20c)

FRATE(4)'m
 

B
v&

(Fxnx%Fyny)dB
(A-20d)

FRATE(5)'m
 

B
v%

(Fxnx%Fyny)dB (A-20e)

FRATE(6)'FRATE(7)&j5
I'1

FRATE(I) (A-21)

FRATE(8)'m
 

R

2CdR (A-22)

FRATE(4) a nd FRATE(5) s tore incom ing  flu x a nd ou tg oing  flu x ra tes , res pectively, throu g h the
va ria ble bou nda ries  Bv

- a nd Bv
+, a s  g iven by:

w here  a nd  a re tha t pa rt of va ria ble bou nda ry w here the flu xes  a re directed into the reg ionBV & BV %

a nd ou t from  the reg ion, res pectively.  The integ ra tion of Equ a tions  A-20 a  throu g h A-20 e is  ca rried
ou t by the s u brou tine Q4BB.

FRATE(6), w hich is  rela ted to the nu m erica l los s , is  g iven by:

FRATE(8) a nd FRATE(9) s tore the a ccu m u la te ra te in the dis s olved a nd a ds orbed pha s es ,
res pectively, a s  g iven by:
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FRATE(9)'m
 

R

DbSdR (A-23)

FRATE(10)'m
 

R

8(2C%DbS)dR (A-24)

FRATE(11)'FRATE(12)'FRATE(13)'0 (A-25)

FRATE(14)'m
 

R

[QCin(1%sign(Q))%QC(1&sign(Q))]/2dR (A-26)

j14
I'7

FRATE(I)'0 (A-27)

[C]{x}'{y} (A-28)

FRATE(10 ) s tores  the ra te los s  du e to deca y a nd FRATE(11) throu g h FRATE(13) a re s et to zero
a s  g iven by:

FRATE(14) is  u s ed to s tore the s ou rce/s ink  ra te a s :

If there is  no nu m erica l error in the com pu ta tion, the follow ing  equ a tion s hou ld be s a tis fied:

a nd FRATE(6) s hou ld be equ a l to zero.

A.2.25  Su brou tine SHAPE

This  s u brou tine is  ca lled by s u brou tines  Q 8DV a nd Q8 to eva lu a te the va lu e of the ba s e a nd
w eig hting  fu nctions  a nd their deriva tives  a t a  G a u s s ia n point.

A.2.26  Su brou tine SOLVE

This  s u brou tine is  ca lled by the s u brou tine BLK ITR to s olve a  m a trix equ a tion of the type:

w here [C] is  the coefficient m a trix a nd {x} a nd {y} a re tw o vectors .  {x} is  the u nk now n to be s olved,
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a nd {y} is  the k now n loa d vector.  The com pu ter retu rns  the s olu tion {y} a nd s tores  it in {y}.  The
com pu ta tion is  a  s ta nda rd ba nded G a u s s ia n direct elim ina tion procedu re.
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A.2.27  Su brou tine STORE

This  s u brou tine, w hich is  ca lled by s u brou tine G M 3D, s tores  the s im u la tion res u lts  in a  binery file
for u s e in plotting .  The inform a tion s tored inclu des  reg iona l g eom etry, concentra tions , a nd
vertica lly integ ra ted m a teria l flu x com ponents  a t a ll nodes  for a ny des ired tim e s tep.

A.2.28  Su brou tine SURF

Su brou tine SURF is  ca lled by s u brou tine DATAIN.  It identifies  the bou nda ry s ides , s equ ences  the
bou nda ry nodes , a nd com pu tes  the directiona l cos ine of the s u rfa ce s ides .  The m a pping s  from
bou nda ry nodes   to g loba l nodes  a re s tored in NPBB(I) (w here NPBB(I) is  the g loba l node nu m ber
of the I-th bou nda ry node).  The bou nda ry node nu m bers  of the fou r nodes  for ea ch bou nda ry s ide
a re s tored in ISB(I,J ) (w here ISB(I,J ) is  the bou nda ry node nu m ber of the I-th node of the J -th s ide,
I = 1 to 4).  There a re s ix s ides  for ea ch elem ent.  W hich of thes e s ix s ides  is  the bou nda ry s ide
is  determ ined a u tom a tica lly in the s u brou tine SURF a nd is  s tored in ISB(5,J ).  The g loba l elem ent
nu m ber, to w hich the J -th bou nda ry s ide belong s , is  a ls o preproces s ed in the s u brou tine SURF
a nd is  s tored in ISB(6,J ).  The directiona l cos ines  of the J -th bou nda ry s ide a re com pu ted a nd
s tored in DCOSB(I,J ) (w here DCOSB(I,J ) is  the directiona l cos ine of the J -th s u rfa ce w ith I-th
coordina te, I = 1 to 3).  The inform a tion conta ined in NPBB, ISB, a nd DOSB, a long  w ith the
nu m ber of bou nda ry nodes  a nd the nu m ber of bou nda ry s ides  is  retu rned to s u brou tine DATAIN
for other u s es .

A.2.29 Su brou tine THNODE

This  s u brou tine is  ca lled by G M 3D to com pu te (2  +DbdS/dC) for the linea r is otherm  m odel or 2  for
the Freu ndlich a nd La ng m u ir nonlinea r is otherm  m odels .

A.2.30   Su brou tine XSI3D

This  s u brou tine is  ca lled by ADVTRN to com pu te the loca l coordina te of a n elem ent g iven the
g loba l coordina te w ithin tha t elem ent.  W ith the loca l coordina te, the La g ra ng ia n concentra tion ca n
then ea s ily be interpola ted from  thos e on the nodes  of the elem ent.
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APPENDIX B

INPUT AND OUTPUT DEVICES



246

TABLE B-1.  LOGICAL UNITS USED IN 3DFEM W ATER
4444444444444444444444444444444444444444444444444444444444444444444444444444

Log ica l Unit Nu m ber Pu rpos e

LUSTO 11 Log ica l u nit for s toring  bina ry ou tpu t for 
u s e in 3DLEW ASTE or for plotting  pu rpos es .

LUBAR 13 Log ica l u nit for s toring  bina ry bou nda ry 
a rra ys , if they a re g enera ted in the pres ent 
job, for u s e in s u bs equ ent execu tions  of
the s a m e s cena rio.

LUPAR 14 Log ica l u nit for s toring  bina ry pointer 
a rra ys , if they a re g enera ted in the pres ent
job, for u s e in s u bs equ ent execu tions  of 
the s a m e s cena rio.

LUINP 15 Log ica l u nit for rea ding  inpu t da ta .

LUOUT 16 Log ica l u nit for w riting  ou tpu t da ta .

4444444444444444444444444444444444444444444444444444444444444444444444444444
TABLE B-2.  LOGICAL UNITS USED IN 3DLEW ASTE
4444444444444444444444444444444444444444444444444444444444444444444444444444

Log ica l Unit Nu m ber Pu rpos e

LUFLW 11 Log ica l u nit for rea ding  flow  da ta  from  the
3DFEM W ATER s im u la tion.

LUSTO 12 Log ica l u nit for s toring  bina ry ou tpu t for 
u s e in 3DLEW ASTE or for plotting  pu rpos es .

LUBAR 13 Log ica l u nit for s toring  bina ry bou nda ry 
a rra ys , if they a re g enera ted in the pres ent 
job, for u s e in s u bs equ ent execu tions  of
the s a m e s cena rio.

LUPAR 14 Log ica l u nit for s toring  bina ry pointer 
a rra ys , if they a re g enera ted in the pres ent
job, for u s e in s u bs equ ent execu tions  of 
the s a m e s cena rio.
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LUINP 15 Log ica l u nit for rea ding  inpu t da ta .

LUOUT 16 Log ica l u nit for w riting  ou tpu t da ta .
4444444444444444444444444444444444444444444444444444444444444444444444444444

APPENDIX C

DEFAULT VALUES FOR THE M AXIM UM  CONTROL PARAM ETERS
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TABLE C-1.  M AXIM UM  CONTROL PARAM ETERS USED IN 3DFEM W ATER
4444444444444444444444444444444444444444444444444444444444444444444444444444

Pa ra m eter    Definition                            Defa u lt Va lu e    Loca tion

M a xim u m  Control-Integ ers  for the Spa tia l Dom a in

M AXNPK M a xim u m  Nu m ber of Nodes 25578 PM XSD.INC

M AXELK M a xim u m  Nu m ber of Elem ents 220 80 PM XSD.INC
M XBESK M a xim u m  Nu m ber of Bou nda ry-Elem ent Su rfa ces  7138 PM XSD.INC
M XBNPK M a xim u m  Nu m ber of Bou nda ry Noda l Points  7140 PM XSD.INC
M XJ BDK M a xim u m  Nu m ber of Nonzero Elem ents  in    27 PM XSD.INC

Any Row
M XK BDK M a xim u m  Nu m ber of Elem ents Connecting     8 PM XSD.INC

to Any Node

M a xim u m  Control-Integ ers  for the Tim e Dom a in

M XNTIK M a xim u m  Nu m ber of Tim e Steps   10 0 PM XTD.INC
M XDTCK M a xim u m  Nu m ber of DELT Cha ng es    10 PM XTD.INC

M a xim u m  Control-Integ ers  for Su breg ions

LTM XNK M a xim u m  Nu m ber of Tota l Noda l Points  in a ny  3654 PM XSR.INC
Su breg ion, Inclu ding  Interior Nodes , G loba l
Bou nda ry Nodes , a nd Intra bou nda ry Nodes

LM XNPK M a xim u m  Nu m ber of Noda l Points  in a ny  1218 PM XSR.INC
Su breg ion Inclu ding  Interior Nodes  a nd Globa l 
Bou nda ry Nodes

LM XBW K M a xim u m  Nu m ber of the Ba ndw idth in a ny    59 PM XSR.INC
Su breg ion

M XRG NK M a xim u m  Nu m ber of Su breg ions    21 PM XSR.INC

M a xim u m  Control-Integ ers  for Sou rce/Sink s

M XSELK M a xim u m  Nu m ber of Sou rce Elem ents     1 PM XSS.INC
M XSPRK M a xim u m  Nu m ber of Sou rce Profiles     1 PM XSS.INC
M XSDPK M a xim u m  Nu m ber of Da ta  Points  on Ea ch Elem ent     1 PM XSS.INC

Sou rce/Sink  Profile
M XW NPK M a xim u m  Nu m ber of Point (W ell) Noda l Points     2 PM XSS.INC
M XW PRK M a xim u m  Nu m ber of Point (W ell) Sou rce/Sink     2 PM XSS.INC

Profiles
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M XW DPK M a xim u m  Nu m ber of Da ta  Points  on Ea ch Point     2 PM XSS.INC
(W ell) Sou rce/Sink  Profile (continu ed)
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TABLE C-1.  M AXIM UM  CONTROL PARAM ETERS USED IN 3DFEM W ATER
(conclu ded)

4444444444444444444444444444444444444444444444444444444444444444444444444444

Pa ra m eter    Definition                            Defa u lt Va lu e    Loca tion

M a xim u m  Control-Integ ers  for Specified-Flu x (Ca u chy) Bou nda ry Conditions

M XCNPK M a xim u m  Nu m ber of Specified-Flu x Noda l Points   147 PM XCB.INC
M XCESK M a xim u m  Nu m ber of Specified-Flu x Elem ent   120 PM XCB.INC

Su rfa ces
M XCPRK M a xim u m  Nu m ber of Specified-Flu x Profiles     1 PM XCB.INC
M XCDPK M a xim u m  Nu m ber of Da ta  Points  on Ea ch     2 PM XCB.INC

Specified-Flu x Profile

M a xim u m  Control-Integ ers  for Specified-Pres s u re-Hea d G ra dient Bou nda ry Conditions

M XNNPK M a xim u m  Nu m ber of Specified-Pres s u re-Hea d     1 PM XNB.INC
G ra dient Noda l Points

M XNESK M a xim u m  Nu m ber of Specified-Pres s u re-Hea d     1 PM XNB.INC
G ra dient Elem ent Su rfa ces

M XNPRK M a xim u m  Nu m ber of Specified-Pres s u re-Hea d     1 PM XNB.INC
G ra dient Flu x Profiles

M XNDPK M a xim u m  Nu m ber of Da ta  Points  on Ea ch     2 PM XNB.INC
Specified-Pres s u re-Hea d  Gra dient Flu x Profile

M a xim u m  Control-Integ ers  for Va ria ble (Ra infa ll/Eva pora tion-Seepa g e) Bou nda ry
Conditions

M XVNPK M a xim u m  Nu m ber of Va ria ble Noda l Points  20 79 PM XRSB.INC
M XVESK M a xim u m  Nu m ber of Va ria ble Elem ent Su rfa ces  1960 PM XRSB.INC
M XVPRK M a xim u m  Nu m ber of Ra infa ll Profiles     2 PM XRSB.INC
M XVDPK M a xim u m  Nu m ber of Da ta  Point on Ea ch Ra infa ll     2 PM XRSB.INC

Profile

M a xim u m  Control-Integ ers  for Dirichlet Bou nda ry Conditions

M XDNPK M a xim u m  Nu m ber of Dirichlet Noda l Points   210 PM XDB.INC
M XDPRK M a xim u m  Nu m ber of Dirichlet Tota l Hea d Profiles     2 PM XDB.INC
M XDDPK M a xim u m  Nu m ber of Da ta  Points  on Ea ch Dirichlet     2 PM XDB.INC

Profile

M a xim u m  Control-Integ ers  for M a teria l a nd Soil Properties
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M XM ATK M a xim u m  Nu m ber of M a teria l Types     6 PM XM S.INC
M XSPM K M a xim u m  Nu m ber of Soil Pa ra m eters  Per M a teria l     5 PM XM S.INC

to Des cribe Soil Cha ra cteris tic Cu rves
M XM PM K M a xim u m  Nu m ber of M a teria l Properties  per M a teria l     6 PM XM S.INC
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TABLE C-2.  M AXIM UM  CONTROL PARAM ETERS USED IN 3DLEW W ASTE
4444444444444444444444444444444444444444444444444444444444444444444444444444

Pa ra m eter    Definition                                                          Defa u lt Va lu e    Loca tion

M a xim u m  Control-Integ ers  for the Spa tia l Dom a in

M AXNPK M a xim u m  Nu m ber of Nodes 25578 PM XSD.INC

M AXELK M a xim u m  Nu m ber of Elem ents 220 80 PM XSD.INC
M XBESK M a xim u m  Nu m ber of Bou nda ry-Elem ent Su rfa ces  7138 PM XSD.INC
M XBNPK M a xim u m  Nu m ber of Bou nda ry Noda l Points  7140 PM XSD.INC
M XJ BDK M a xim u m  Nu m ber of Nonzero Elem ents  in    27 PM XSD.INC

Any Row
M XK BDK M a xim u m  Nu m ber of Elem ents Connecting      8 PM XSD.INC

to Any Node

M a xim u m  Control-Integ ers  for the Tim e Dom a in

M XNTIK M a xim u m  Nu m ber of Tim e Steps   50 0 PM XTD.INC
M XDTCK M a xim u m  Nu m ber of DELT Cha ng es    20 PM XTD.INC

M a xim u m  Control-Integ ers  for Su breg ions

LTM XNK M a xim u m  Nu m ber of Tota l Noda l Points  in a ny  3654 PM XSR.INC
Su breg ion, Inclu ding  Interior Nodes , G loba l
Bou nda ry Nodes , a nd Intra bou nda ry Nodes

LM XNPK M a xim u m  Nu m ber of Noda l Points  in a ny  1218 PM XSR.INC
Su breg ion, Inclu ding  Interior Nodes  a nd 
G loba l Bou nda ry Nodes

LM XBW K M a xim u m  Nu m ber of the Ba ndw idth in a ny    59 PM XSR.INC
Su breg ion

M XRG NK M a xim u m  Nu m ber of Su breg ions    21 PM XSR.INC

M a xim u m  Control-Integ ers  for Sou rce/Sink s

M XSELK M a xim u m  Nu m ber of Sou rce Elem ents   180 PM XSS.INC
M XSPRK M a xim u m  Nu m ber of Sou rce Profiles     1 PM XSS.INC
M XSDPK M a xim u m  Nu m ber of Da ta  Points  on Ea ch Elem ent     8 PM XSS.INC

Sou rce/Sink  Profile
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M XW NPK M a xim u m  Nu m ber of Point (W ell) Noda l Points     1 PM XSS.INC
M XW PRK M a xim u m  Nu m ber of Point (W ell) Sou rce/Sink     1 PM XSS.INC

Profiles
M XW DPK M a xim u m  Nu m ber of Da ta  Points  on Ea ch Point     4 PM XSS.INC

(W ell) Sou rce/Sink  Profile (continu ed)
TABLE C-2.  M AXIM UM  CONTROL PARAM ETERS USED IN 3DLEW W ASTE (conclu ded)
4444444444444444444444444444444444444444444444444444444444444444444444444444

Pa ra m eter    Definition                                                          Defa u lt Va lu e    Loca tion

M a xim u m  Control-Integ ers  for Specified-Flu x (Ca u chy) Bou nda ry Conditions

M XCNPK M a xim u m  Nu m ber of Specified-Flu x Noda l Points     8 PM XCB.INC
M XCESK M a xim u m  Nu m ber of Specified-Flu x Elem ent     2 PM XCB.INC

Su rfa ces
M XCPRK M a xim u m  Nu m ber of Specified-Flu x Profiles     2 PM XCB.INC
M XCDPK M a xim u m  Nu m ber of Da ta  Points  on Ea ch Specified-           4 PM XCB.INC

Flu x Profile

M a xim u m  Control-Integ ers  for Specified-Dis pers ive-Flu x Bou nda ry Conditions

M XNNPK M a xim u m  Nu m ber of Specified-Dis pers ive-Flu x     8 PM XNB.INC
Noda l Points

M XNESK M a xim u m  Nu m ber of Specified-Dis pers ive-Flu x     2 PM XNB.INC
Elem ent Su rfa ces

M XNPRK M a xim u m  Nu m ber of Specified-Dis pers ive-Flu x     2 PM XNB.INC
Profiles

M XNDPK M a xim u m  Nu m ber of Da ta  Points  on Ea ch Specified-    4 PM XNB.INC
Dis pers ive-Flu x Profile

M a xim u m  Control-Integ ers  for Va ria ble (Ru n-In/Flow -Ou t) Bou nda ry Conditions

M XVNPK M a xim u m  Nu m ber of Va ria ble Noda l Points    38 PM XRSB.INC
M XVESK M a xim u m  Nu m ber of Va ria ble Elem ent Su rfa ces    18 PM XRSB.INC
M XVPRK M a xim u m  Nu m ber of Ra infa ll Profiles     2 PM XRSB.INC
M XVDPK M a xim u m  Nu m ber of Da ta  Point on Ea ch Ra infa ll     4 PM XRSB.INC

Profile

M a xim u m  Control-Integ ers  for Dirichlet Bou nda ry Conditions

M XDNPK M a xim u m  Nu m ber of Dirichlet Noda l Points    81 PM XDB.INC
M XDPRK M a xim u m  Nu m ber of Dirichlet Tota l Hea d Profiles    81 PM XDB.INC
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M XDDPK M a xim u m  Nu m ber of Da ta  Points  on Ea ch Dirichlet     2 PM XDB.INC
Profile

M a xim u m  Control-Integ ers  for M a teria l

M XM ATK M a xim u m  Nu m ber of M a teria l Types     6 PM XM S.INC
M XM PM K M a xim u m  Nu m ber of M a teria l Properties  per     8 PM XM S.INC

M a teria l
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APPENDIX D

PROGRAM  VARIABLE DESCRIPTIONS

Inform a tion a bou t the prog ra m  va ria bles  is  g iven in tw o ta bles  in this  a ppendix.  3DFEM W ATER
prog ra m  va ria bles  a re lis ted in Ta ble D-1 a nd 3DLEW ASTE prog ra m  va ria bles  a re s how n in Ta ble
D-2.  In the ta bles , the definition, type, a nd u nits  of ea ch va ria ble a re provided.  In a ddition, the
ta bles  indica te 1) the s u brou tines  a s s ocia ted w ith ea ch va ria ble a nd 2) w hether a  va ria ble is  a n
inpu t (I), ou tpu t (O), or m odified (M ) va ria ble in the s u brou tines .  Als o, if a  va ria ble is  inclu ded in
a  COM M ON block , the COM M ON block  na m e is  g iven.  

COM M ON block s  a re u s ed in 3DFEM W ATER/3DLEW ASTE to m inim ize the u s e of s u brou tine
a rg u m ents .  Ea ch COM M ON block , w hich conta ins  rela ted va ria bles , is  s tored a s  a  file s epa ra te
from  the 3DFEM W ATER/3DLEW ASTE code a nd is  a cces s ed by the u s e of INCLUDE s ta tem ents
a t the beg inning  of the m a in prog ra m  a nd ea ch s u brou tine.  Only thos e COM M ON block s  needed
for the execu tion of a  s u brou tine a re inclu ded in the s u brou tine.
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TABLE D-1.  3DFEM W ATER PROGRAM  VARIABLES, UNITS, LOCATION, AND VARIABLE
DESIG NATION

44444444444444444444444444444444444444444444444444444444444444444444444444
                                                        Su b-     Com m on
Va ria ble Units Type Des cription rou tine Block I,M ,O

AG RAV -- Sca la r G ra vity Term  Inclu ded? Q8   I
0 .0  = no, 1.0  = yes

AK PROP L/T Arra y I-th Pa ra m eter to Des cribe G W 3D   M
  (I,J ) the Rela tive Condu ctivity DATAIN   O

a s  a  Fu nction of Pres s u re SPROP   I
Hea d for the J -th M a teria l
or the I-th Da ta  Point of
Rela tive Condu ctivity for
the J -th M a teria l

AK R(I,M ) -- Arra y Rela tive Condu ctivity a t G W 3D   M
the I-th Node of the M -th VELT   I
Elem ent SPROP   O

ASEM BL   I
BC   I

AK XG (8) L/T Arra y XX-Hydra u lic Condu ctivity Q8DV   I
a t Eig ht G a u s s ia n Points Q8   I

AK XYG (8) L/T Arra y XY-Hydra u lic Condu ctivity Q8DV   I
a t Eig ht G a u s s ia n Points Q8   I

AK XZG (8) L/T Arra y XZ-Hydra u lic Condu ctivity Q8DV   I
a t Eig ht G a u s s ia n Points Q8   I

AK YG (8) L/T Arra y YY-Hydra u lic Condu ctivity Q8DV   I
a t Eig ht G a u s s ia n Points Q8   I

AK YZG (8) L/T Arra y YZ-Hydra u lic Condu ctivity Q8DV   I
a t Eig ht G a u s s ia n Points Q8   I

AK ZG (8) L/T Arra y ZZ-Hydra u lic Condu ctivity Q8DV   I
a t Eig ht G a u s s ia n Points Q8   I

BFLX(I) L3/T Arra y Pres ent Tim e Flu x a t the G W 3D   M
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I-th Bou nda ry Node SFLOW   M
PRINTT   I

BFLXP(I) L3/T Arra y Previou s  Tim e Flu x a t the G W 3D   M
I-th Bou nda ry Node SFLOW    M

TABLE D-1.  3DFEM W ATER PROGRAM  VARIABLES, UNITS, LOCATION, AND VARIABLE
DESIG NATION (continu ed)

44444444444444444444444444444444444444444444444444444444444444444444444444

                                                        Su b-     Com m on
Va ria ble Units Type Des cription rou tine Block I,M ,O

C(M AXNP) L Arra y Fina l Solu tion BLK ITR   O
SOLVE   M

CAPROP 1/L Arra y I-th Da ta  Point of W a ter G W 3D   M
  (I,J ) Ca pa city for the J -th DATAIN   O

M a teria l SPROP   I

CHNG -- Sca la r M u ltiplier for Increa s ing CREAL
DELT

CM ATRX -- Arra y An Arra y to Store the G W 3D   M
  (N,I) a s s em bled G loba l M a trix VELT   O

ASEM BL   O
BC   M

CM TRXG -- Arra y G loba l M a trix BLK ITR   I
(M AXNP,
J BAND)

CM TRXL -- Arra y As s em bled M a trix for a G W 3D   M

(N,I) s u breg ion BLK ITR   M

CW (M AXNP) L Arra y BLK ITR
  M

DCOSB(1,I) -- Arra y X-Directiona l Cos ine of G W 3D   M
the I-th Bou nda ry Side DATAIN   O

SURF   O
BCPREP   I
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BC   I
SFLOW   I
STORE   I

DCOSB(2,I) -- Arra y Y-Directiona l Cos ine of G W 3D   M
the I-th Bou nda ry Side DATAIN   O

SURF   O
BCPREP   I
BC   I
SFLOW   I
STORE   I

TABLE D-1.  3DFEM W ATER PROGRAM  VARIABLES, UNITS, LOCATION, AND VARIABLE
DESIG NATION (continu ed)

44444444444444444444444444444444444444444444444444444444444444444444444444

                                                        Su b-     Com m on
Va ria ble Units Type Des cription rou tine Block I,M ,O

DCOSB(3,I) -- Arra y Z-Directiona l Cos ine of G W 3D   M
the I-th Bou nda ry Side DATAIN   O

SURF   O
BCPREP   I
BC   I
SFLOW   I
STORE   I

DCYFLX(NP) L3/T Arra y Da rcy Flu x Throu g h the
G W 3D   M

NP-th Va ria ble Bou nda ry BCPREP   O
Node PRINTT   I

DELM AX T Sca la r M a xim u m  Va lu e of DELT CREAL

DELT T Sca ler Tim e Increm ent ASEM BL CREAL   I
SFLOW   I
PRINTT   I

DELTO T Sca la r Tim e Increm ent CREAL

DHQ(8) L Arra y Pres s u re Difference Q8TH   I
Betw een the Pres ent Tim e
Step a nd the Previou s
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Tim e Step a t Eig ht Nodes
of the Elem ent

DJ AC L3 Sca la r Determ ina nt of the BASE   O
J a cobia n

DNX(8) 1/L Arra y Pa rtia l Deriva tive of the BASE   O
Ba s e Fu nction w ith Res pect
to x

DNY(8) 1/L Arra y Pa rtia l Deriva tive of the BASE   O
Ba s e Fu nction w ith Res pect
to y

DNZ(8) 1/L Arra y Pa rtia l Deriva tive of the BASE   O
Ba s e Fu nction w ith Res pect
to z

TABLE D-1.  3DFEM W ATER PROGRAM  VARIABLES, UNITS, LOCATION, AND VARIABLE
DESIG NATION (continu ed)

44444444444444444444444444444444444444444444444444444444444444444444444444
                                                        Su b-     Com m on
Va ria ble Units Type Des cription rou tine Block I,M ,O

DTH(I,M ) 1/L Arra y W a ter Ca pa city a t the I-th G W 3D   M
Node of the M -th Elem ent SPROP   O

ASEM BL   I
SFLOW   I

DTHG (8) 1/L Arra y W a ter Ca pa city a t Eig ht Q8   I
G a u s s ia n Points  of the
Elem ent

F(M AXNOD) -- Arra y Arra y of Rea l Nu m bers READR   O
tha t a re to be Rea d a nd
G enera ted Au tom a tica lly

FLOW (10 ) L3 Arra y Increm ent of Flow CFLOW

FLX(NP) L3/T Arra y Ra infa ll Flu x Throu g h the G W 3D   M
NP-th VB Node BCPREP   O

BC   I
FRATE(10 ) L3/T Arra y Flow  Ra te CFLOW
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F1Q(4) L3/T/L2 Arra y Specified Norm a l Flu x a t Q4S   I
Fou r Nodes  of the Su rfa ce

F2Q(4) L3/T/L2 Arra y G ra vity Flu x a t Fou r Nodes Q4S   I
of a  Specified-Pres s u re-
Hea d  Gra dient (Neu m a nn)
Su rfa ce

G NLR(I,K ) -- Arra y G loba l Node Nu m ber of the G W 3D   M
I-th Node in the K -th DATAIN   O

Su breg ionPAG EN
  M

BLK ITR   I
STORE   I

H(N) L Arra y Pres s u re Hea d a t the G W 3D   O
Pres ent Tim e DATAIN   O

VELT   I
SPROP   I
BCPREP   I
SFLOW   I
PRINTT   I
STORE  I

TABLE D-1.  3DFEM W ATER PROGRAM  VARIABLES, UNITS, LOCATION, AND VARIABLE
            DESIG NATION (continu ed)
44444444444444444444444444444444444444444444444444444444444444444444444444
                                                        Su b-     Com m on
Va ria ble Units Type Des cription rou tine Block I,M ,O
HCON(NP) L Arra y Ponding  Depth of the NP-th G W 3D   M

Va ria ble Bou nda ry Node DATAIN   O
BCPREP   I
BC   I

HDB(J ) L Arra y Tota l Hea d of the J -th G W 3D   M
Profile a t the Pres ent BC   I
Tim e

HDBF(I,J ) L Arra y Tota l Hea d of the I-th G W 3D   M
Da ta  Point in the J -th DATAIN   O
Profile

HM IN(NP) L Arra y M inim u m  Pres s u re Allow ed G W 3D   M
for the NP-th VB Node DATAIN   O
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BCPREP   I
BC   I

HP(N) L Arra y Previou s -Tim e Pres s u re G W 3D   M
Hea d a t the N-th Node ASEM BL   I

SFLOW   I

HPROP(I,J ) L Arra y I-th Da ta  Point of G W 3D   M
Pres s u re for the J -th DATAIN   O
M a teria l SPROP   I

HT(N) L Arra y Tota l Hea d the N-th Node G W 3D   M
PRINTT   I
STORE   I
VELT   O

HTQ(8) L Arra y Tota l Hea d a t Eig ht Nodes Q8DV   I
of the Elem ent

HW (N) L Arra y Nonlinea r Pres s u re Hea d G W 3D   M
Itera te a t the N-th Node

IBUG -- Sca la r Dia g nos tic Print-Ou t BLK ITR   I
Indica tor

ICTYP(M P) -- Arra y Type of Specified-Flu x G W 3D   M
(Ca u chy) Profile As s ig ned DATAIN   O
to the M P-th Side BC   I

TABLE D-1.  3DFEM W ATER PROGRAM  VARIABLES, UNITS, LOCATION, AND VARIABLE
            DESIG NATION (continu ed)
44444444444444444444444444444444444444444444444444444444444444444444444444

                                                        Su b-     Com m on
Va ria ble Units Type Des cription rou tine Block I,M ,O

IDTYP(NP) -- Arra y Tota l Hea d Profile Type G W 3D   M
of NP-th Dirichlet Node DATAIN   O

BC   I

IE(M ,I) -- Arra y G loba l Node Nu m ber of the G W 3D   M
I-th Node of the M -th DATAIN   O
Elem ent if I is  Betw een 1 SURF   I
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a nd 8, M a teria l Type of PAG EN   I
the M -th Elem ent if I = 9 VELT   I

SPROP   I
BCPREP   I
ASEM BL   I
BC   I
SFLOW   I
STORE   I

IG EOM -- Sca la r G eom etry Des cription CINTE
Ou tpu t Control

IHALFB -- Sca la r Ha lf Ba nd w ith Plu s  1 SOLVE   I

ILUM P -- Sca la r Lu m ping  Indica tor Q8 OPTN   I

IM ID -- Sca la r M id-Difference Indica tor OPTN

INDTYP( -- Arra y Arra y of Integ ers  tha t READN   O
  M XTYP) a re to be Rea d or

G enera ted Au tom a tica lly

INTYP(M P) -- Arra y Type of Specified- G W 3D   M
Pres s u re-Hea d  Gra dient DATAIN   O
(Neu m a nn) Flu x Profile BC   I
As s ig ned to the 
M P-th Neu m a nn Side

IRTYP(M P) -- Arra y Type of Ra infa ll Profile G W 3D   M
As s ig ned to the M P-th DATAIN   O
Va ria ble Bou nda ry Side BCPREP   I

TABLE D-1.  3DFEM W ATER PROGRAM  VARIABLES, UNITS, LOCATION, AND VARIABLE
            DESIG NATION (continu ed)
44444444444444444444444444444444444444444444444444444444444444444444444444

                                                        Su b-     Com m on
Va ria ble Units Type Des cription rou tine Block I,M ,O

ISB(1,I) -- Arra y Bou nda ry Node Nu m ber of G W 3D   M
the Firs t Node of the DATAIN   O
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I-th Bou nda ry Side SURF   O
BCPREP   I
BC   I
SFLOW   I
STORE   I

ISB(2,I) -- Arra y Bou nda ry Node Nu m ber of G W 3D   M
the Second Node of the DATAIN   O
I-th Bou nda ry Side SURF   O

BCPREP   I
BC   I
SFLOW   I
STORE   I

ISB(3,I) -- Arra y Bou nda ry Node Nu m ber of G W 3D   M
the Third Node of the DATAIN   O
I-th Bou nda ry Side SURF   O

BCPREP   I
BC   I
SFLOW   I
STORE   I

           
ISB(4,I) -- Arra y Bou nda ry Node Nu m ber of G W 3D   M

the Fou rth Node of the DATAIN   O
I-th Bou nda ry Side SURF   O

BCPREP   I
BC   I
SFLOW   I
STORE   I

           
ISB(5,I) -- Arra y Elem ent Side Index of the G W 3D   M

I-th Bou nda ry Side: DATAIN   O
1=left s ide, 2=front s ide, SURF   O
3=rig ht s ide, 4=ba ck  s ide, BCPREP   I
5=bottom  s ide, 6=top s ide BC   I

SFLOW   I
STORE   I

TABLE D-1.  3DFEM W ATER PROGRAM  VARIABLES, UNITS, LOCATION, AND VARIABLE
            DESIG NATION (continu ed)
44444444444444444444444444444444444444444444444444444444444444444444444444
                                                        Su b-     Com m on
Va ria ble Units Type Des cription rou tine Block I,M ,O
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ISB(6,I) -- Arra y Elem ent Nu m ber to w hich G W 3D   M
the I-th Bou nda ry Side DATAIN   O
Belong s SURF   O

BCPREP   I
BC   I
SFLOW   I
STORE   I

ISC(1,M P) -- Arra y G loba l Node Nu m ber of the G W 3D   M
Firs t Node of the M P-th DATAIN   O
Ca u chy Side BC   I

ISC(2,M P) -- Arra y G loba l Node Nu m ber of the G W 3D   M
Second Node of the M P-th DATAIN   O
Ca u chy Side BC   I

ISC(3,M P) -- Arra y G loba l Node Nu m ber of the G W 3D   M
Third Node of the M P-th DATAIN   O
Ca u chy Side BC   I

ISC(4,M P) -- Arra y G loba l Node Nu m ber a t the G W 3D   M
Fou rth Node of the M P-th DATAIN   O
Ca u chy Side BC   I

ISC(5,M P) -- Arra y Bou nda ry Side Nu m ber of G W 3D   M
the M P-th Ca u chy Side DATAIN   O

BC   I

ISN(1,M P) -- Arra y G loba l Node Nu m ber of the G W 3D   M
Firs t Node of the M P-th DATAIN   O
Neu m a nn Side BC   I

ISN(2,M P) -- Arra y G loba l Node Nu m ber of the G W 3D   M
Second Node of the M P-th DATAIN   O
Neu m a nn Side BC   I

ISN(3,M P) -- Arra y G loba l Node Nu m ber of the G W 3D   M
Third Node of the M P-th DATAIN   O
Neu m a nn Side BC   I

ISN(4,M P) -- Arra y G loba l Node Nu m ber of the G W 3D   M
Fou rth Node of the M P-th DATAIN   O
Neu m a nn Side BC   I
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TABLE D-1.  3DFEM W ATER PROGRAM  VARIABLES, UNITS, LOCATION, AND VARIABLE
            DESIG NATION (continu ed)
44444444444444444444444444444444444444444444444444444444444444444444444444
                                                        Su b-     Com m on
Va ria ble Units Type Des cription rou tine Block I,M ,O
ISN(5,M PF) -- Arra y Bou nda ry Side Nu m ber of G W 3D   M

the M P-th Neu m a nn Side DATAIN   O
BC   I

ISTYP(M P) -- Arra y Sou rce/Sink  Type As s ig ned G W 3D   M
to the M P-th S/S Elem ent DATAIN   O

ASEM BL   I
SFLOW   I

ISV(1,M P) -- Arra y G loba l Node Nu m ber of the G W 3D   M
Firs t Node of the M P-th DATAIN   O
Va ria ble Side BCPREP   I

ISV(2,M P) -- Arra y G loba l Node Nu m ber of the G W 3D   M
Second Node of the M P-th DATAIN   O
Va ria ble Side BCPREP   I

ISV(3,M P) -- Arra y G loba l Node Nu m ber of the G W 3D   M
Third Node of the M P-th DATAIN   O
Va ria ble Side BCPREP   I

ISV(4,M P) -- Arra y G loba l Node Nu m ber of the G W 3D   M
Fou rth Node of the M P-th DATAIN   O
Va ria ble Side BCPREP   I

ISV(5,M P) -- Arra y Bou nda ry Node Nu m ber of G W 3D   M
the M P-th VB Side DATAIN   O

BCPREP   I

ITIM -- Sca la r Tim e Step Nu m ber PRINTT   I

IW TYP(NP) -- Arra y Sou rce/Sink  Type As s ig ned G W 3D   M
to the NP-th W ell Node DATAIN   O

ASEM BL   I
SFLOW   I

K ANALY -- Sca la r Ana lytica l Inpu t Control ALLFCT   I
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KCAI -- Sca la r Ana lytica l Specified-Flu x CCBC
(Ca u chy) Inpu t Control

K DAI -- Sca la r Ana lytica l Dirichlet CDBC
Inpu t Control

TABLE D-1.  3DFEM W ATER PROGRAM  VARIABLES, UNITS, LOCATION, AND VARIABLE
            DESIG NATION (continu ed)
44444444444444444444444444444444444444444444444444444444444444444444444444
                                                        Su b-     Com m on
Va ria ble Units Type Des cription rou tine Block I,M ,O
K DIAG -- Sca la r Dia g nos tic Print-Ou t PRINTT   M

Ta ble Nu m ber

K DSK (I) -- Arra y Au xillia ry Ou tpu t Control G W 3D   M
for the I-th Tim e Step; DATAIN   O
0  = no a u xilia ry ou tpu t
1 = ou tpu t s tored

K DSKO -- Sca la r Dis k  Ou tpu t Control CINTE

K FLOW -- Sca la r Sys tem  Flow  Cou nter SFLOW   I

K G RAV -- Sca la r Index of G ra vity Control CG EOM

K K K -- Sca la r Decom pos ition or Ba ck SOLVE   I
Su bs titu tion Indica tor
1 = decom pos ition,
2 = ba ck  s u bs titu tion

K NAI -- Sca la r Ana lytica l Neu m a nn Flu x CNBC
Inpu t Control

KOUT -- Sca la r Print-Ou t Ta ble Nu m ber PRINTT   M

K PR(I) -- Arra y Line-Printer Control for G W 3D   M
I-th Tim e Step: DATAIN   O
0  = print nothing BLK ITR   I
1 = print s ys tem  m a s s PRINTT   I
    ba la nce plu s  a bove
2 = print pres s u re hea d
    plu s  a bove
3 = print tota l hea d plu s
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    a bove
4 = print m ois tu re content
    plu s  a bove
5 = print Da rcy velocity
    plu s  a bove

K PRO -- Sca la r Ou tpu t Control CINTE

K RAI -- Sca la r Ana lytica l Ra infa ll Inpu t CVBC
Control

TABLE D-1.  3DFEM W ATER PROGRAM  VARIABLES, UNITS, LOCATION, AND VARIABLE
            DESIG NATION (continu ed)
44444444444444444444444444444444444444444444444444444444444444444444444444

                                                        Su b-     Com m on
Va ria ble Units Type Des cription rou tine Block I,M ,O

K SAI -- Sca la r Ana lytica l Dis tribu ted CS
Sou rce/Sink  Inpu t Control

K SP -- Sca la r Soil Property Ta bu la r SPROP CINTE   I
Inpu t Control

K SS -- Sca la r Stea dy-Sta te I.C. Control ASEM BL CINTE   I

K W AI -- Sca la r Ana lytica l W ell Sou rce/ CW
Sink  Inpu t Control

LES(M P) -- Arra y G loba l Elem ent Nu m ber of G W 3D   M
the M P-th S/S Elem ent DATAIN   O

ASEM BL   I
SFLOW   I

LM AXDF(K ) -- Arra y M a xim u m  Difference Betw een G W 3D   M
Eig ht Nodes  of Any Elem ent PAG EN   O

BLK ITR   I
DATAIN   O

LM XBW -- Sca la r M a xim u m  No. of the BLK ITR LG EOM   I
Ba ndw idth in a ny Su breg ion

LM XBW K -- Sca la r M a xim u m  No. of the Ba ndw idth
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in Any Su breg ion

LM XNP -- Sca la r M a xim u m  No. of Noda l BLK ITR LG EOM   I
Points  in a ny Su breg ion,
Inclu ding  Interior Nodes
a nd Globa l Bou nda ry Nodes

LM XNPK -- Sca la r M a xim u m  No. of Noda l Points
in a ny Su breg ion, Inclu ding
Interior Nodes  a nd Globa l
Bou nda ry Nodes

LNOJ CN -- Arra y Loca l Node No. of the J -th G W 3D   M
(J ,I,K ) Com pres s ed Nu m ber Connect- PAG EN   O

ing  to the I-th Loca l BLK ITR   I
Node in the K -th Su breg ion DATAIN   O

TABLE D-1.  3DFEM W ATER PROGRAM  VARIABLES, UNITS, LOCATION, AND VARIABLE
            DESIG NATION (continu ed)
44444444444444444444444444444444444444444444444444444444444444444444444444

                                                        Su b-     Com m on
Va ria ble Units Type Des cription rou tine Block I,M ,O

LRL(I,N) -- Arra y G loba l Elem ent Nu m ber of G W 3D   M
the I-th Elem ent Connect- DATAIN   O
ing  to the N-th G loba l SURF   I
Node PAG EN   O

LRN(I,N) -- Arra y G loba l Node Nu m ber of the G W 3D   M
I-th Node Connecting  to PAG EN   O
the N-th G loba l Node ASEM BL   I

BC   I
DATAIN   O

LTM XNK -- Sca la r M a xim u m  No. of Tota l Noda l
Points  in a ny Su breg ion,
Inclu ding  Interior Nodes ,
a nd Globa l Bou nda ry Nodes

LTM XNP -- Sca la r M a xim u m  No. of Tota l Noda l BLK ITR LG EOM   I
Points  in a ny Su breg ion, STORE   I
Inclu ding  Interior Nodes ,
a nd Globa l Bou nda ry Nodes
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LUBAR -- Sca la r Log ica l Unit for Storing G W 3D   I
Bina ry Bou nda ry Arra ys DATAIN   I

LUINP -- Sca la r Log ica l Unit for Inpu t G W 3D   I
Da ta DATAIN   I

READR   I
READN   I

LUOUT -- Sca la r Log ica l Unit for Ou tpu t G W 3D   I
Da ta DATAIN   I

SURF   I
PAG EN   I
ASEM BL   I
BLK ITR   I
PRINTT   I
READR   I
READN   I

LUPAR -- Sca la r Log ica l Unit for Storing G W 3D   I
Bina ry Pointer Arra ys

TABLE D-1.  3DFEM W ATER PROGRAM  VARIABLES, UNITS, LOCATION, AND VARIABLE
            DESIG NATION (continu ed)
44444444444444444444444444444444444444444444444444444444444444444444444444
                                                        Su b-     Com m on
Va ria ble Units Type Des cription rou tine Block I,M ,O
LUSTO -- Sca la r Log ica l Unit for Storing G W 3D   I

Bina ry Ou tpu t STORE   I

M AXBES -- Sca la r M a xim u m  No. of Bou nda ry STORE SG EOM   I
Elem ent Su rfa ces

M AXBNP -- Sca la r M a xim u m  No. of Bou nda ry PRINTT SG EOM   I
Noda l Points STORE   I

M AXBW -- Sca la r M a xim u m  No. of Ba ndw idth SOLVE   I

M AXEL -- Sca la r M a xim u m  No. of Elem ents SPROP SG EOM   I
PRINTT   I
STORE   I

M AXELK -- Sca la r M a xim u m  No. of Elem ents
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M AXM AT -- Sca la r M a xim u m  No. of M a teria ls SPROP SM TL   I

M AXNOD -- Sca la r M a xim u m  No. of Da ta  Points READR   I
to be Rea d

M AXNP -- Sca la r M a xim u m  no. of Noda l SPROP SG EOM   I
Points BLK ITR   I

SOLVE   I
PRINTT   I
STORE   I

M AXNPK -- Sca la r M a xim u m  No. of Nodes

M AXNTI -- Sca la r M a xim u m  No. of Tim e Steps SG EOM

M XBESK -- Sca la r M a xim u m  No. of Bou nda ry
Elem ent Su rfa ces

M XBNPK -- Sca la r M a xim u m  No. of Bou nda ry
Noda l Points

M XCDP -- Sca la r M a xim u m  No. of Da ta  Points CCBC
on Ea ch Ca u chy-Flu x Profile

M XCDPK -- Sca la r M a xim u m  No. of Da ta  Points
on Ea ch Ca u chy-Flu x Profile

TABLE D-1.  3DFEM W ATER PROGRAM  VARIABLES, UNITS, LOCATION, AND VARIABLE
            DESIG NATION (continu ed)
44444444444444444444444444444444444444444444444444444444444444444444444444
                                                        Su b-     Com m on
Va ria ble Units Type Des cription rou tine Block I,M ,O
M XCES -- Sca la r M a xim u m  No. of Specified- CCBC

Flu x (Ca u chy) Elem ent Su rfa ces

M XCESK -- Sca la r M a xim u m  No. of Specified-
Flu x (Ca u chy) Elem ent Su rfa ces

M XCNP -- Sca la r M a xim u m  No. of Specified- CCBC
Flu x (Ca u chy) Noda l Points

M XCNPK -- Sca la r M a xim u m  No. of Specified-
Flu x (Ca u chy) Noda l Points
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M XCPR -- Sca la r M a xim u m  No. of Specified- CCBC
Flu x (Ca u chy) Profiles

M XCPRK -- Sca la r M a xim u m  No. of Specified-
Flu x (Ca u chy) Profiles

M XDDP -- Sca la r M a xim u m  No. of Da ta  Points CDBC
on Ea ch Dirichlet Profile

M XDDPK -- Sca la r M a xim u m  No. of Da ta  Points
on Ea ch Dirichlet Profile

M XDNP -- Sca la r M a xim u m  No. of Dirichlet CDBC
Noda l Points

M XDNPK -- Sca la r M a xim u m  No. of Dirichlet
Noda l Points

M XDP -- Sca la r M a xim u m  No. of Da ta ALLFCT   I
Points  in a ny Profile

M XDPR -- Sca la r M a xim u m  No. of Dirichlet CDBC
Tota l Hea d Profiles

M XDPRK -- Sca la r M a xim u m  No. Dirichlet Tota l
Hea d Profiles

M XDTCK -- Sca la r M a xim u m  No. of DELT Cha ng es

M XJ BD -- Sca la r M a xim u m  No. of Nonzero BLK ITR   I
Elem ents  in a ny Row PRINTT   I

TABLE D-1.  3DFEM W ATER PROGRAM  VARIABLES, UNITS, LOCATION, AND VARIABLE
            DESIG NATION (continu ed)
44444444444444444444444444444444444444444444444444444444444444444444444444
                                                        Su b-     Com m on
Va ria ble Units Type Des cription rou tine Block I,M ,O
M XJ BDK -- Sca la r M a xim u m  No. of Nonzero

Elem ents  in a ny Row

M XM ATK -- Sca la r M a xim u m  No. of M a teria l
Types

M XM PM K -- Sca la r M a xim u m  No. of M a teria l
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Properties  per M a teria l

M XM PPM -- Sca la r M a xim u m  No. of M a teria l SM TL
Properties  per M a teria l

M XNDP -- Sca la r M a xim u m  No. of Da ta  Points CNBC
on Ea ch Neu m a nn-Flu x
Profile

M XNDPK -- Sca la r M a xim u m  No. of Da ta  Points
on Ea ch Neu m a nn-Flu x
Profile

M XNDTC -- Sca la r M a xim u m  No. of DELT SG EOM
Cha ng es

M XNES -- Sca la r M a xim u m  No. of Neu m a nn CNBC
Elem ent Su rfa ces

M XNESK -- Sca la r M a xim u m  No. of Neu m a nn
Elem ent Su rfa ces

M XNNP -- Sca la r M a xim u m  No. of Neu m a nn CNBC
Noda l Points

M XNNPK -- Sca la r M a xim u m  No. of Neu m a nn
Noda l Points

M XNPR -- Sca la r M a xim u m  No. of Neu m a nn- CNBC
Flu x Profiles

M XNPRK -- Sca la r M a xim u m  No. of Neu m a nn-
Flu x Profiles

M XNTIK -- Sca la r M a xim u m  No. of Tim e Steps

TABLE D-1.  3DFEM W ATER PROGRAM  VARIABLES, UNITS, LOCATION, AND VARIABLE
            DESIG NATION (continu ed)
44444444444444444444444444444444444444444444444444444444444444444444444444
                                                        Su b-     Com m on
Va ria ble Units Type Des cription rou tine Block I,M ,O
M XPR -- Sca la r M a xim u m  No. of Profiles ALLFCT   I
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M XRDP -- Sca la r M a xim u m  No. of Da ta  Points CVBC
on Ea ch Ra infa ll Profile

M XREG N -- Sca la r M a xim u m  No. of Su breg ions BLK ITR LG EOM   I
STORE   I

M XRG NK -- Sca la r M a xim u m  No. of Su breg ions

M XRPR -- Sca la r M a xim u m  No. of Ra infa ll CVBC
Profiles

M XSDP -- Sca la r M a xim u m  No. of Da ta  Points CS
on Ea ch Elem ent Sou rce/
Sink  Profile

M XSDPK -- Sca la r M a xim u m  No. of Da ta  Points
on Ea ch Elem ent Sou rce/
Sink  Profile

M XSEL -- Sca la r M a xim u m  No. of Sou rce CS
Elem ents

M XSELK -- Sca la r M a xim u m  No. of Sou rce
Elem ents

M XSPM K -- Sca la r M a xim u m  No. of Soil
Pa ra m eters  per M a teria l
to Des cribe Soil Cha ra c-
teris tic Cu rves

M XSPPM -- Sca la r M a xim u m  No. of Soil SPROP SM TL   I
Pa ra m eter Per M a teria l
to Des cribe Soil
Cha ra cteris tic Cu rves

M XSPR -- Sca la r M a xim u m  No. of Sou rce CS
Profiles

M XSPRK -- Sca la r M a xim u m  No. of Sou rce
Profiles

TABLE D-1.  3DFEM W ATER PROGRAM  VARIABLES, UNITS, LOCATION, AND VARIABLE
            DESIG NATION (continu ed)
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44444444444444444444444444444444444444444444444444444444444444444444444444
                                                        Su b-     Com m on
Va ria ble Units Type Des cription rou tine Block I,M ,O
M XTYP -- Sca la r M a xim u m  No. of Integ ers READN   I

Allow ed to be Rea d

M XVDPK -- Sca la r M a xim u m  No. of Da ta  Points
on Ea ch Ra infa ll Profile

M XVES -- Sca la r M a xim u m  No. of Va ria ble CVBC
Elem ent Su rfa ces

M XVESK -- Sca la r M a xim u m  No. of Va ria ble
Elem ent Su rfa ces

M XVNP -- Sca la r M a xim u m  No. of Va ria ble PRINTT CVBC   I
Noda l Points

M XVNPK -- Sca la r M a xim u m  No. of Va ria ble
Noda l Points

M XVPRK -- Sca la r M a xim u m  No. of Ra infa ll
Profiles

M XW DP -- Sca la r M a xim u m  No. of Da ta  Points CW
on Ea ch W ell Sou rce/Sink
Profile

M XW DPK -- Sca la r M a xim u m  No. of Da ta  Points
on Ea ch W ell Sou rce/Sink
Profile

M XW NP -- Sca la r M a xim u m  No. of W ell Noda l CW
Points

M XW NPK -- Sca la r M a xim u m  No. of W ell
Noda l Points

M XW PR -- Sca la r M a xim u m  No. of W ell CW
Sou rce/Sink  Profiles

M XW PRK -- Sca la r M a xim u m  No. of W ell
Sou rce/Sink  Profiles
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NN -- Sca la r Ba s e Fu nctions  As s ocia ted BASE   O
w ith 8 Nodes  of the Elem ent

TABLE D-1.  3DFEM W ATER PROGRAM  VARIABLES, UNITS, LOCATION, AND VARIABLE
            DESIG NATION (continu ed)
44444444444444444444444444444444444444444444444444444444444444444444444444
                                                        Su b-     Com m on
Va ria ble Units Type Des cription rou tine Block I,M ,O
NBES -- Sca la r Nu m ber of Bou nda ry STORE CG EOM   I

Elem ent Su rfa ces

NBNP -- Sca la r Nu m ber of Bou nda ry Noda l STORE CG EOM   I
Points

NCDP -- Sca la r Nu m ber of Da ta  Points  on CCBC
Specified-Flu x (Ca u chy)
Profiles

NCES -- Sca la r Nu m ber of Specified-Flu x CCBC
(Ca u chy) Bou nda ry Elem ent
Sides  

NCHG -- Sca la r Nu m ber of Va ria ble BCPREP   O
Bou nda ry Nodes  tha t ha s
Cha ng ed Bou nda ry Conditions

NCNP -- Sca la r Nu m ber of Specified-Flu x CW
(Ca u chy) Bou nda ry Noda l 
Points

NCPR -- Sca la r Nu m ber of Specified-Flu x CCBC
(Ca u chy) Profiles

NCYL -- Sca la r Nu m ber of Cycles  per CINTE
Tim e Step

NDDP -- Sca la r Nu m ber of Da ta  Points  on CDBC
Dirichlet Profiles

NDNP -- Sca la r Nu m ber of Dirichlet Noda l CDBC
Points

NDP -- Sca la r Nu m ber of Da ta  Points  in ALLFCT   I
Any Profile
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NDPR -- Sca la r Nu m ber of Dirichlet CDBC
Profiles

NDTCHG -- Sca la r Nu m ber of Tim es  to Res et CG EOM
Tim e Step Size

TABLE D-1.  3DFEM W ATER PROGRAM  VARIABLES, UNITS, LOCATION, AND VARIABLE
            DESIG NATION (continu ed)
44444444444444444444444444444444444444444444444444444444444444444444444444

                                                        Su b-     Com m on
Va ria ble Units Type Des cription rou tine Block I,M ,O

NEL -- Sca la r Nu m ber of Elem ents SPROP CG EOM   I
PRINTT   I
STORE   I

NITER -- Sca la r Nu m ber of Itera tions  per BLK ITR CINTE   I
Cycle

NM AT -- Sca la r Nu m ber of M a teria ls CM TL

NM PPM -- Sca la r Nu m ber of M a teria l CM TL
Properties  per M a teria l

NNDP -- Sca la r Nu m ber of Da ta  Points  on CNBC
Neu m a nn-Flu x Profiles

NNES -- Sca la r Nu m ber of Neu m a nn Bou nda ry CNBC
Elem ent Sides

NNNP -- Sca la r Nu m ber of Neu m a nn Bou nda ry CNBC
Noda l Points

NNP -- Sca la r Nu m ber of Noda l Points BLK ITR CG EOM   I
SOLVE   I
PRINTT   I
STORE   I
READR   I

NNPLR(K ) -- Arra y Nu m ber of Node Points  in G W 3D   M
the K -th Su breg ion DATAIN   O

PAG EN   I
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BLK ITR   I
STORE   I

NNPR -- Sca la r Nu m ber of Neu m a nn-Flu x CNBC
Profiles

NPBB(I) -- Arra y G loba l Node Nu m ber of the G W 3D   M
I-th Bou nda ry Node DATAIN   O

SURF   O
SFLOW   I
STORE   I

TABLE D-1.  3DFEM W ATER PROGRAM  VARIABLES, UNITS, LOCATION, AND VARIABLE
            DESIG NATION (continu ed)
44444444444444444444444444444444444444444444444444444444444444444444444444

                                                        Su b-     Com m on
Va ria ble Units Type Des cription rou tine Block I,M ,O

NPCB(M P) -- Arra y G loba l Node Nu m ber of the G W 3D   M
M P-th Ca u chy Node on DATAIN   O
Inpu t, then is Cha ng ed to SFLOW   I
Conta in the Bou nda ry Node
Nu m ber

NPCNV(I) -- Arra y G loba l Node Nu m ber of the G W 3D   M
I-th Nonconverg ent Node

NPCON(NP) -- Arra y Ponding  Condition G W 3D   M
Indica tor of the NP-th VB BCPREP   O
Node: 0  = this  is  not a BC   I
Pondidng -Condition Node PRINTT   I
for the Pres ent Tim e Step,
G loba l Node Nu m ber = this
is  a  Ponding -Condition Node
for the Pres ent Tim e

NPDB( -- Arra y G loba l Node Nu m ber of the G W 3D   M
 M XDNP) NP-th Dirichlet Node DATAIN   O

BC   I
SFLOW   I
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NPFLX(NP) -- Arra y Flu x Bou nda ry Condition G W 3D   M
Indica tor of the NP-th VB BCPREP   O
Node; 0  = this  is  not a BC   I
Flu x-Condition Node for PRINTT   I
the Pres ent Tim e Step,
G loba l Node Nu m ber = This
is  a  Flu x-Condition Node 
for the Pres ent Tim e

NPITER -- Sca la r Nu m ber of Block w is e CINTE
Itera tions  Allow ed

NPM IN(NP) -- Arra y M inim u m -Pres s u re Condition G W 3D   M
Indica tor of the NP-th VB BCPREP   O
Node; 0  = this  is  not a BC   I
M inim u m -Pres s u re-Condition PRINTT   I

TABLE D-1.  3DFEM W ATER PROGRAM  VARIABLES, UNITS, LOCATION, AND VARIABLE
            DESIG NATION (continu ed)
44444444444444444444444444444444444444444444444444444444444444444444444444
                                                        Su b-     Com m on
Va ria ble Units Type Des cription rou tine Block I,M ,O
NPNB(M P) -- Arra y G loba l Node Nu m ber of the G W 3D   M

M P-th Neu m a nn Node on DATAIN   O
Inpu t, then is Cha ng ed to SFLOW   I
Conta in the Bou nda ry Node
Nu m ber

NPR -- Sca la r Nu m ber of Profiles ALLFCT   I

NPROB -- Sca la r Problem  Nu m ber STORE   I

NPVB(NP) -- Arra y G loba l Node Nu m ber of the G W 3D   M
NP-th VB Node on Inpu t, DATAIN   O
then is Cha ng ed to Conta in SFLOW   I
the Bou nda ry Node Nu m ber PRINTT   I

NPW (NP) -- Arra y G loba l Node Nu m ber of the G W 3D   M
NP-th S/S W ell Node DATAIN   O

ASEM BL   I

NRDP -- Sca la r Nu m ber of Da ta  Points  on CVBC
Ra infa ll Profiles
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NREG N -- Sca la r Nu m ber of Su breg ions BLK ITR LG EOM   I
STORE   I

NRPR -- Sca la r Nu m ber of Ra infa ll CVBC
Profiles

NSDP -- Sca la r Nu m ber of Da ta  Points  on CS
Elem ent-Sou rce/Sink  
Profile

NSEL -- Sca la r Nu m ber of Elem ent-Sou rce/ CS
Sink  a nd B.C. Control
Integ er

NSPPM -- Sca la r Nu m ber of Soil Pa ra m eters SPROP CM TL   I
per M a teria l to Des cribe
Soil Cha ra cteris tic Cu rves

NSPR -- Sca la r Nu m ber of Elem ent-Sou rce/ CS
Sink  Profiles

TABLE D-1.  3DFEM W ATER PROGRAM  VARIABLES, UNITS, LOCATION, AND VARIABLE
            DESIG NATION (continu ed)
44444444444444444444444444444444444444444444444444444444444444444444444444

                                                        Su b-     Com m on
Va ria ble Units Type Des cription rou tine Block I,M ,O

NTI -- Sca la r Nu m ber of Tim e Increm ents STORE CG EOM   I

NTNPLR(K ) -- Arra y Tota l Nu m ber of Nodes  for G W 3D   M
the K -th Su breg ion PAG EN   O
Inclu ding  Interior, G loba l DATAIN   O
Bou nda ry, a nd Intra -
bou nda ry Nodes

NTYPE -- Sca la r Nu m ber of Integ ers  to be READN   I
Rea d

NVES -- Sca la r Nu m ber of Va ria ble Bou nda ry CVBC
Elem ent Sides
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NVNP -- Sca la r Nu m ber of Va ria ble PRINTT CVBC   I
Bou nda ry Noda l Points

NW DP -- Sca la r Nu m ber of Da ta  Points  on CW
Ea ch W ell Sou rce/Sink
Profile

NW NP -- Sca la r Nu m ber of W ell Sou rce/Sink CW
Noda l Points

NW PR -- Sca la r Nu m ber of W ell Sou rce/Sink CW
Profiles

OM E -- Sca la r Itera tion Pa ra m eter for a  BLK ITR CREAL   I
Non-Linea r Equ a tion

OM I -- Sca la r Rela xa tion Pa ra m eter for CREAL
Pointw is e Solu tion

PR(M XPR) L or Arra y Profile Va lu es  a t T ALLFCT   O
L3/L2

PRF(M XDP, L or Arra y Profile Va lu e of the Da ta ALLFCT   I
 M XPR) L3/L2 Point on the Profile

TABLE D-1.  3DFEM W ATER PROGRAM  VARIABLES, UNITS, LOCATION, AND VARIABLE
            DESIG NATION (continu ed)
44444444444444444444444444444444444444444444444444444444444444444444444444

                                                        Su b-     Com m on
Va ria ble Units Type Des cription rou tine Block I,M ,O

PROP(I,J ) L/T or Arra y I-th M a teria l Property of G W 3D   M
L2 the J -th M a teria l; DATAIN   O

I = 1 = s a tu ra ted xx- VELT   I
        hydra u lic condu c- ASEM BL   I
        tivity BC   I
I = 2 = s a tu ra ted yy-
        hydra u lic condu c-
        tivity
I = 3 = s a tu ra ted zz-
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        hydra u lic condu c-
        tivity
I = 4 = s a tu ra ted xy-
        hydra u lic condu c-
        tivity
I = 5 = s a tu ra ted xz-
        hydra u lic condu c-
        tivity
I = 6 = s a tu ra ted yz-
        hydra u lic condu c-
        tivity

QA(8,8) -- Arra y Integ ra tion of N(I) Q8   O
*DTH/DH*N(J )

QB(8,8) -- Arra y 8 x 8 Elem ent M a trix Q8DV   O
Q8   O

QCB(J ) L3/T/L2 Arra y Ca u chy Flu x of the J -th G W 3D   M
Profile a t the Pres ent BC   I
Tim e

QCBF(I,J ) L3/T/L2 Arra y Ca u chy Flu x of the I-th G W 3D   M
Da ta  Point in the J -th DATAIN   O
Profile

QNB(J ) (L3/T) Arra y Neu m a nn Flu x of the J -th G W 3D   M
/L2 Profile a t the Pres ent BC   I

Tim e

TABLE D-1.  3DFEM W ATER PROGRAM  VARIABLES, UNITS, LOCATION, AND VARIABLE
            DESIG NATION (continu ed)
44444444444444444444444444444444444444444444444444444444444444444444444444
                                                        Su b-     Com m on
Va ria ble Units Type Des cription rou tine Block I,M ,O
QNBF(I,J ) L3/T/L2 Arra y Neu m a nn Flu x of the I-th G W 3D   M

Da ta  Point in the J -th DATAIN   O
Profile

QRX(8) -- Arra y X-Velocity Elem ent Vector Q8DV   O

QRY(8) -- Arra y Y-Velocity Elem ent Vector Q8DV   O
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QRZ(8) -- Arra y Z-Velocity Elem ent Vector Q8DV   O

QSOSM L3 Sca la r Integ ra tion of SOURCE Q8TH   O

QTHM L3 Sca la r Integ ra tion of DHQ*THG Q8TH   O

R(M AXNP) -- Arra y Loa d Vector SOLVE   M

RF(I,J ) L/T Arra y Ra infa ll Ra te of I-th G W 3D   M
Da ta  Point in J -th DATAIN   O
Profile

RFALL(J ) L/T Arra y Ra infa ll Ra te of J -th G W 3D   M
Profile a t the Pres ent BCPREP   I
Tim e

RI(N) L Arra y Pres s u re Hea d Itera te in G W 3D   M

BLK ITR

RL -- Sca la r A W ork ing  Arra y to Conta in G W 3D   M
the Fina l Solu tion of the
Pres s u re Hea d in BLK ITR

RLD(N) -- Arra y An Arra y to Store the G W 3D   M
As s em bled G loba l Loa d ASEM BL   O
Vector BC   M

RLDG ( -- Arra y G loba l Loa d Vector BLK ITR   I
 M AXNP)

RLDL(N) -- Arra y As s em bled Loa d Vector for G W 3D   M
a  Su breg ion BLK ITR   M

RQ(8) -- Arra y Integ ra tion of N(I).K . Q8   O
(Unit Vector in Z)

TABLE D-1.  3DFEM W ATER PROGRAM  VARIABLES, UNITS, LOCATION, AND VARIABLE
            DESIG NATION (continu ed)
44444444444444444444444444444444444444444444444444444444444444444444444444

                                                        Su b-     Com m on
Va ria ble Units Type Des cription rou tine Block I,M ,O
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R1Q(4) -- Arra y Integ ra tion of N(I)*F1Q Q4S   O
Over the Bou nda ry Seg m ent

R2Q(4) -- Arra y Integ ra tion of N(I)*F2Q Q4S   O
Over the Bou nda ry Seg m ent

SOS(J ) (L3/T) Arra y Va lu e of J -th Elem ent G W 3D   M
/L3 Sou rce/Sink  a t Pres ent ASEM BL   I

Tim e SFLOW   I

SOSF(I,J ) L3/T/ Arra y S/S Ra te of the I-th Da ta G W 3D   M
L2/L Point in the J -th Profile DATAIN   O

SOSM L3/T Sca la r Sou rce/Sink  Streng th of Q8   I
the Elem ent

SOURCE L3/T Sca la r Elem ent Sou rce/Sink Q8TH   I
Streng th

SS -- Sca la r Xs i-Coordina te of the BASE   I
G a u s s ia n Point

SUBHD -- Cha r. Su bhea ding PRINTT   I

T T Sca la r Tim e ALLFCT   I

TDTCH(I) T Arra y Tim e of the I-th Tim e to G W 3D   M
Res et the Tim e Step Size DATAIN   O
to Initia l Tim e Step Size

TFLOW (10 ) L3 Arra y Tota l Flow CFLOW

TH(I,M ) -- Arra y M ois tu re Content a t the G W 3D   M
I-th Node of the M -th SPROP   O
Elem ent SFLOW   I

PRINTT   I
STORE   I

THDBF(I,J ) T Arra y Tim e of the I-th Da ta G W 3D   M
Point in J -th Hea d Profile DATAIN   O

TABLE D-1.  3DFEM W ATER PROGRAM  VARIABLES, UNITS, LOCATION, AND VARIABLE
            DESIG NATION (continu ed)



284

44444444444444444444444444444444444444444444444444444444444444444444444444
                                                        Su b-     Com m on
Va ria ble Units Type Des cription rou tine Block I,M ,O
THG (8) -- Arra y M ois tu re Content a t Eig ht Q8TH   I

G a u s s ia n Points  of the
Elem ent

THPROP -- Arra y I-th Pa ra m eter to Des cribe G W 3D   M
  (I,J ) the M ois tu re Content a s  a DATAIN   O

Fu nction of Pres s u re Hea d SPROP   I
for the J -th M a teria l or
I-th Da ta  Point of M ois tu re
Content for the J -th
M a teria l

TIM E T Sca la r Rea l Sim u la tion Tim e PRINTT   I
STORE   I

TITLE -- Cha r. Title of the Problem STORE   I

TM AX T Sca la r M a xim u m  Va lu e of Tim e CREAL

TOLA L Sca la r Stea dy-Sta te Tolera nce CREAL

TOLB L Sca la r Tra ns ient Sta te Tolera nce BLK ITR CREAL   I

TPRF( T Arra y Tim e of the Da ta  Point ALLFCT   I
 M XDP, on the Profile
 M XPR)

TQCBF(I,J ) T Arra y Tim e of the I-th Da ta G W 3D   M
Point in the J -th DATAIN   O
Specified-Flu x (Ca u chy)
Profile

TQNBF(I,J ) T Arra y Tim e of the I-th Da ta G W 3D   M
Point in the J -th Neu m a nn DATAIN   O
Profile

TRF(I,J ) T Arra y Tim e of the I-th Da te G W 3D   M
Point in J -th Ra infa ll DATAIN   O 
Profile
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TSOSF(I,J ) T Arra y Tim e of the I-th Da ta G W 3D   M
Point in the J -th Profile DATAIN   O

TABLE D-1.  3DFEM W ATER PROGRAM  VARIABLES, UNITS, LOCATION, AND VARIABLE
            DESIG NATION (continu ed)
44444444444444444444444444444444444444444444444444444444444444444444444444

                                                        Su b-     Com m on
Va ria ble Units Type Des cription rou tine Block I,M ,O

TT -- Sca la r Eta -Coordina te of the BASE   I
G a u s s ia n Point

TW SSF(I,J ) T Arra y Tim e of the I-th Da ta G W 3D   M
Point in the J -th Profile DATAIN   O

UU -- Sca la r Zeta -Coordina te of the BASE   I
G a u s s ia n Point

VX(N) L/T Arra y X-Com ponent Velocity a t G W 3D   O
the N-th Node VELT   O

BCPREP   I
SFLOW   I
PRINTT   I
STORE   I

VY(N) L/T Arra y Y-Com ponent Velocity a t G W 3D   O
the N-th Node VELT   O

BCPREP   I
SFLOW   I
PRINTT   I
STORE   I

VZ(N) L/T Arra y Z-Com ponent Velocity a t G W 3D   O
the N-th Node VELT   O

BCPREP   I
SFLOW   I
PRINTT   I
STORE   I

W (8) -- Arra y W eig hting  Fu nction a t ASEM BL CREAL   I
Eig ht Points  of the
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Elem ent

W SS(J ) L3/T Arra y Va lu e of the J -th W ell G W 3D   M
Sou rce/Sink  a t Pres ent SFLOW   I
Tim e ASEM BL   I

W SSF(I,J ) L3/T Arra y S/S Ra te of the I-th Da ta G W 3D   M
Point in the J -th Profile DATAIN   O

TABLE D-1.  3DFEM W ATER PROGRAM  VARIABLES, UNITS, LOCATION, AND VARIABLE
            DESIG NATION (continu ed)
44444444444444444444444444444444444444444444444444444444444444444444444444
                                                        Su b-     Com m on
Va ria ble Units Type Des cription rou tine Block I,M ,O

X(N) L Arra y X-Coordina te of the N-th G W 3D   M
Node DATAIN   O

SURF   I
VELT   I
BCPREP   I
ASEM BL   I
BC   I
SFLOW   I
STORE   I

XQ(8) L Arra y X-Coordina te a t Eig ht Q8DV   I
Nodes  of the Elem ent Q8   I

BASE   I
Q4S   I
Q8TH   I

Y(N) L Arra y Y-Coordina te of the N-th G W 3D   M
Node DATAIN   O

SURF   I
VELT   I
BCPREP   I
ASEM BL   I
BC   I
SFLOW   I
STORE   I

YQ(8) L Arra y Y-Coordina te a t Eig ht Q8DV   I
Nodes  of the Elem ent Q8   I
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BASE   I
Q4S   I
Q8TH   I

Z(N) L Arra y Z-Coordina te of the N-th G W 3D   M
Node DATAIN   O

SURF   I
VELT   I
BCPREP   I
ASEM BL   I
BC   I
SFLOW   I
STORE   I

TABLE D-1.  3DFEM W ATER PROGRAM  VARIABLES, UNITS, LOCATION, AND VARIABLE
            DESIG NATION (conclu ded)
44444444444444444444444444444444444444444444444444444444444444444444444444

                                                        Su b-     Com m on
Va ria ble Units Type Des cription rou tine Block I,M ,O

ZQ(8) L Arra y Z-Coordina te a t Eig ht Q8DV   I
Nodes  of the Elem ent Q8   I

BASE   I
Q4S   I
Q8TH   I
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TABLE D-2.  3DLEW ASTE PROGRAM  VARIABLES, UNITS, LOCATION, AND VARIABLE
            DESIG NATION
44444444444444444444444444444444444444444444444444444444444444444444444444
                                                        Su b-     Com m on
Va ria ble Units Type Des cription rou tine Block I,M ,O
AL L Sca la r Long itu dina l Dis pers ivity Q8DV   I

Q8   I

AM L2/T Sca la r M odecu la r Diffu s ion Q8   I
Coefficient

APHA1 -- Sca la r W eig hting  Fa ctor for W ETX
Side 1-2 Pa ra llel to
the X-direction

APHA2 -- Sca la r W eig hting  Fa ctor for W ETX
Side 4-3 Pa ra llel to
the X-direction

APHA3 -- Sca la r W eig hting  Fa ctor for W ETX
Side 5-6 Pa ra llel to
the X-direction

APHA4 -- Sca la r W eig hting  Fa ctor for W ETX
Side 8-7 Pa ra llel to
the X-direction

AT L Sca la r La tera l Dis pers ivity Q8DV   I
Q8   I

BETA1 -- Sca la r W eig hting  Fa ctor for W ETY
Side 1-4 Pa ra llel to 
the Y-direction

BETA2 -- Sca la r W eig hting  Fa ctor for W ETY
Side 2-3 Pa ra llel to
the Y-direction

BETA3 -- Sca la r W eig hting  Fa ctor for W ETY
Side 5-8 Pa ra llel to
the Y-direction

BETA4 -- Sca la r W eig hting  Fa ctor for W ETY
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Side 6-7 Pa ra llel to
the Y-direction

BFLX(I) M /T Arra y Bou nda ry Flu x a t the I-th G M 3D   M
Bou nda ry Node SFLOW   M

TABLE D-2.  3DLEW ASTE PROGRAM  VARIABLES, UNITS, LOCATION, AND VARIABLE
            DESIG NATION (continu ed)
44444444444444444444444444444444444444444444444444444444444444444444444444

                                                        Su b-     Com m on
Va ria ble Units Type Des cription rou tine Block I,M ,O

BFLXP(I) M /T Arra y Va lu e of BFLX(I) a t the G M 3D   M
Previou s  Tim e SFLOW   M

BQ(4,4) -- Arra y A 2 by 2 Bou nda ry Q4CNVB   O
Su rfa ce M a trix

C(N) M /L3 Arra y Concentra tion of the N-th G M 3D   O
Node a t the Pres ent Tim e FLUX   I

BLK ITR   O
SOLVE   M
SFLOW   I
PRINTT   I
STORE   I

CDB(I) M /L3 Arra y Dirichlet Concentra tion G M 3D   M
of the I-th Profile a t BC   I
Pres ent Tim e ADVBC   I

CDBF(I,J ) M /L3 Arra y Concentra tion of the I-th G M 3D   M
Da ta  Point in the J -th DATAIN   M
Dirichlet Concentra tion 
vs . Tim e Profile

CHNG -- Sca la r M u ltiplier for Increa s ing CREAL
DELT

CM ATRX -- Arra y An Arra y to Store the G M 3D   M
  (N,I) I-th Non-Zero Entry of FLUX   O

the N-th Equ a tion of the ASEM BL   O
As s em bled G loba l M a trix BC   O



290

CM TRXG -- Arra y G loba l M a trix BLK ITR   I
  (N,I)

CM TRXL -- Arra y As s em bled M a trix for a G M 3D   M
  (N,I) Su breg ion BLK ITR   I

CP(N) M /L3 Arra y Concentra tion of the N-th G M 3D   O
Node a t the Previou s  Tim e DATAIN   M

ASEM BL   I
ADVTRN   I

TABLE D-2.  3DLEW ASTE PROGRAM  VARIABLES, UNITS, LOCATION, AND VARIABLE
            DESIG NATION (continu ed)
44444444444444444444444444444444444444444444444444444444444444444444444444

                                                        Su b-     Com m on
Va ria ble Units Type Des cription rou tine Block I,M ,O

CQ(8) M /L3 Arra y Dis s olved Concentra tion Q8DV     I
a t Eig ht Points  of a n Q8R   I
Elem ent

CSQ(8) M /M Arra y Ads orbed Concentra tion Q8R   I
a t Eig ht Points  of a n 
Elem ent

CSTAR(N) M /L3 Arra y La g ra ng ia n Concentra tion G M 3D   O
a t the N-th Node ASEM BL   I

ADVTRN   O
ADVBC   O

CVB(I) M /L3 Arra y Va ria ble Concentra tion of G M 3D   M
the I-th Profile a t the BC   I
Pres ent Tim e ADVBC   I

CVBF(I,J ) M /L3 Arra y Concentra tion of the I-th G M 3D   M
Da ta  Point in the J -th DATAIN   M
Va ria ble Concentra tion
vs . Tim e Profile

CW (N) M /L3 Arra y Nonlinea r Itera te of the G M 3D   O
Concentra tion a t the N-th ASEM BL   I
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Node

CW Q(8) M /L3 Arra y Itera te of the Dis s olved Q8   I
Concentra tion a t Eig ht
G a u s s ia n Points  of the
Elem ent

DCOSB(1,I) -- Arra y X-Directiona l Cos ine of G M 3D   M
the I-th Bou nda ry Side DATAIN   M

SURF   O
BC   I
Q4CNVB   I
SFLOW   I
ADVBC   I
Q4ADB   I

TABLE D-2.  3DLEW ASTE PROGRAM  VARIABLES, UNITS, LOCATION, AND VARIABLE
            DESIG NATION (continu ed)
44444444444444444444444444444444444444444444444444444444444444444444444444

                                                        Su b-     Com m on
Va ria ble Units Type Des cription rou tine Block I,M ,O

DCOSB(2,I) -- Arra y Y-Directiona l Cos ine of G M 3D   M
the I-th Bou nda ry Side DATAIN   M

SURF   O
BC   I
Q4CNVB   I
SFLOW   I
ADVBC   I
Q4ADB   I

DCOSB(3,I) -- Arra y Z-Directiona l Cos ine of G M 3D   M
the I-th Bou nda ry Side DATAIN   M

SURF   O
BC   I
Q4CNVB   I
SFLOW   I
ADVBC   I
Q4ADB   I

DD L2/T Sca la r Effective M olecu la r Q8DV   I
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Diffu s ion Coefficient

DELM AX T Sca la r M a xim u m  Va lu e of DELT CREAL

DELT T Sca la r Tim e Increm ent ASEM BL CREAL   I
SFLOW   I
PRINTT   I
NDTAU   I

DELTO T Sca la r Tim e Increm ent CREAL

DJ AC L3 Sca la r Determ ina nt of the SHAPE   O
J a cobia n

DNX(8) 1/L Arra y Pa rtia l Deriva tive of the SHAPE   O
Ba s e Fu nction w ith Res pect
to X

DNY(8) 1/L Arra y Pa rtia l Deriva tive of the SHAPE   O
Ba s e Fu nction w ith Res pect
to Y

TABLE D-2.  3DLEW ASTE PROGRAM  VARIABLES, UNITS, LOCATION, AND VARIABLE
            DESIG NATION (continu ed)
44444444444444444444444444444444444444444444444444444444444444444444444444

                                                        Su b-     Com m on
Va ria ble Units Type Des cription rou tine Block I,M ,O

DNZ(8) 1/L Arra y Pa rtia l Derva tive of the SHAPE   O
Ba s e Fu nction w tih Res pect
to Z

DSDCQ(8) L3/M Arra y The Deriva tive of Ads orbed Q8   I
Concentra tion w ith Res pect
to Dis s olved Concentra tion
a t Eig ht Points  of the
Elem ent

DTAU T Sca la r Su b-Tim e Step Size NDTAU   O
ADVTRN   I
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DTH(I,M ) 1/T Arra y (TH(I,M )-THP(I,M ))/DELT G M 3D   M
ASEM BL   I

DTHG (8) 1/T Arra y dTH/dt a t Eig ht G a u s s ia n Q8   I
Points  of the Elem ent

ETA -- Sca la r Loca l Coordina te of the XSI3D   O
Pa rticle

F(M AXNOD) -- Arra y Arra y of Rea l Nu m bers READR   O
tha t a re to be Rea d a nd
G enera ted Au tom a tica lly

FLOW M /L Sca la r Increm ent of Flow CFLOW

FQ(4) M /L2/T Arra y Norm a l Flu x a t Fou r Points Q4BB   I
of the Elem ent Su rfa ce

FRATE M /T Sca la r Flow  Ra te CFLOW

FX(N) (M /L2)/T Arra y X-Direction M a teria l Flu x G M 3D   O
a t the N-th Node FLUX   O

SFLOW   I
PRINTT   I
STORE   I

TABLE D-2.  3DLEW ASTE PROGRAM  VARIABLES, UNITS, LOCATION, AND VARIABLE
            DESIG NATION (continu ed)
44444444444444444444444444444444444444444444444444444444444444444444444444
                                                        Su b-     Com m on
Va ria ble Units Type Des cription rou tine Block I,M ,O
FY(N) M /L2/T Arra y Y-Direction M a teria l Flu x G M 3D   O

a t the N-th Node FLUX   O
SFLOW   I
PRINTT   I
STORE   I

FZ(N) M /L2/T Arra y Z-Direction M a teria l Flu x G M 3D   O
a t the N-th Node FLUX   O

SFLOW   I
PRINTT   I
STORE   I
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G AM A1 -- Sca la r W eig hting  Fa ctor for W ETZ
Side 1-5 Pa ra llel to
the Z-direction

G AM A2 -- Sca la r W eig hting  Fa ctor for W ETZ
Side 2-6 Pa ra llel to
the Z-direction

G AM A3 -- Sca la r W eig hting  Fa ctor for W ETZ
Side 4-8 Pa ra llel to
the Z-direction

G AM A4 -- Sca la r W eig hting  Fa ctor for W ETZ
Side 3-7 Pa ra llel to
the Z-direction

G NLR(I,K ) -- Arra y G loba l Noda l Nu m ber of G M 3D   M
the I-th Loca l Noda l DATAIN   M
Nu m ber in the K -th Su b- PAG EN   M
reg ion.  This  Arra y is  a n BLK ITR   I
Inpu t for I = 1, 2, ..,
NNPLR(K ).  For I = 
NNPLR(K )+1, ... NTNPLR(K ), 
this  Arra y is  G enera ted 
Ba s ed on IE(NEL,8) a nd 
Inpu tted G NLR.

IBC -- Sca la r Index of Bou nda ry Condi- Q4CNVB   I
tion Type Q4ADB   I

IBUG -- Sca la r Debu g g ing  Indica tor BLK ITR   I
TABLE D-2.  3DLEW ASTE PROGRAM  VARIABLES, UNITS, LOCATION, AND VARIABLE
            DESIG NATION (continu ed)
44444444444444444444444444444444444444444444444444444444444444444444444444
                                                        Su b-     Com m on
Va ria ble Units Type Des cription rou tine Block I,M ,O
ICTYP(M P) -- Arra y Type of Specified-Flu x G M 3D   M

(Ca u chy) Profile As s ig ned DATAIN   M
to the M P-th Ca u chy Side BC   I

ADVBC   I

IDTYP(NP) -- Arra y Type of Dirichlet Con- G M 3D   M
centra tion Profile DATAIN   M
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As s ig ned to the NP-th BC   I
Dirichlet Node ADVBC   I

IE(M ,I) -- Arra y G loba l Node Nu m ber of the G M 3D   M
I-th Node of the M -th DATAIN   M
Elem ent if I is  Betw een SURF   I
1 a nd 8.  W hen I = 9, PAG EN   I
This  is  a n Integ er to LELG EN   I
Indica te the M a teria l AFABTA   I
Type of the M -th ASEM BL   I
Elem ent. BC   I

FLUX   I
SFLOW   I
STORE   I
THNODE   I
NDTAU   I
ADVTRN   I
M PLOC   I
ADVBC   I

IG EOM -- Sca la r G eom etry Des cription LELG EN CINTE   I
Ou tpu t Control

IHALFB -- Sca la r Ha lf Ba nd W idth Plu s  1 SOLVE   I

ILUM P -- Sca la r Lu m ping  Indica tor OPTN

INDTYP( -- Arra y Arra y of Integ ers  tha t READN   O
    M XTYP) a re to be Rea d or 

G enera ted Au tom a tica lly

INTYP(M P) -- Arra y Type of Specified- G M 3D   M
Dis pers ive-Flu x (Neu m a nn) DATAIN   M
Profile As s ig ned to the BC   I
M P-th Neu m a nn Side

TABLE D-2.  3DLEW ASTE PROGRAM  VARIABLES, UNITS, LOCATION, AND VARIABLE
            DESIG NATION (continu ed)
44444444444444444444444444444444444444444444444444444444444444444444444444

                                                        Su b-     Com m on
Va ria ble Units Type Des cription rou tine Block I,M ,O
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IOPTIM -- Sca la r Optim izing  W eig hting AFABTA OPTN   I
Fa ctor Indica tor

ISB(1,I) -- Arra y Bou nda ry Node Nu m ber of G M 3D   M
the Firs t Node of the DATAIN   M
I-th Bou nda ry Side SURF   O

BC   I
SFLOW   I
ADVBC   I

ISB(2,I) -- Arra y Bou nda ry Node Nu m ber of G M 3D   M
the Second Node of the DATAIN   M
I-th Bou nda ry Side SURF   O

BC   I
SFLOW   I
ADVBC   I

ISB(3,I) -- Arra y Bou nda ry Node Nu m ber of G M 3D   M
the Third Node of the DATAIN   M
I-th Bou nda ry Side SURF   O

BC   I
SFLOW   I
ADVBC   I

ISB(4,I) -- Arra y Bou nda ry Node Nu m ber of G M 3D   M
the Fou rth Node of the DATAIN   M
I-th Bou nda ry Side SURF   O

BC   I
SFLOW   I
ADVBC   I

ISB(5,I) -- Arra y Elem ent Side Index of the G M 3D   M
I-th Bou nda ry Side: DATAIN   M
1=left s ide, 2=front s ide, SURF   O
3=rig ht s ide, 4=ba ck  s ide, BC   I
5=bottom  s ide, 6=top s ide SFLOW   I

ADVBC   I

TABLE D-2.  3DLEW ASTE PROGRAM  VARIABLES, UNITS, LOCATION, AND VARIABLE
            DESIG NATION (continu ed)
44444444444444444444444444444444444444444444444444444444444444444444444444
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                                                        Su b-     Com m on
Va ria ble Units Type Des cription rou tine Block I,M ,O

ISB(6,I) -- Arra y Elem ent Nu m ber to w hich G M 3D   M
the I-th Bou nda ry Side DATAIN   M
Belong s SURF   O

BC   I
SFLOW   I
ADVBC   I

ISC(1,M P) -- Arra y G loba l Node Nu m ber of the G M 3D   M
Firs t Node of the M P-th DATAIN   M
Specified-Flu x (Ca u chy) BC   I
Side ADVBC   I

ISC(2,M P) -- Arra y G loba l Node Nu m ber of the G M 3D   M
Second Node of the M P-th DATAIN   M
Specified-Flu x (Ca u chy) BC   I
Side ADVBC   I

ISC(3,M P) -- Arra y G loba l Node Nu m ber of the G M 3D   M
Third Node of the M P-th DATAIN   M
Specified-Flu x (Ca u chy) BC   I
Side ADVBC   I

ISC(4,M P) -- Arra y G loba l Node Nu m ber of the G M 3D   M
Fou rth Node of the M P-th DATAIN   M
Specified-Flu x (Ca u chy) BC    I
Side ADVBC   I

ISC(5,M P) -- Arra y Bou nda ry Side Nu m ber of G M 3D   M
the M P-th Specified-Flu x DATAIN   M
(Ca u chy) Side BC   I

ADVBC   I

ISN(1,M P) -- Arra y G loba l Node Nu m ber of the G M 3D   M
Firs t Node of the M P-th DATAIN   M
Specified-Dis pers ive-Flu x BC   I
(Neu m a nn) Side

ISN(2,M P) -- Arra y G loba l Node Nu m ber of the G M 3D   M
Second Node of the M P-th DATAIN   M
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Specified-Dis pers ive-Flu x BC   I
(Neu m a nn) Side

TABLE D-2.  3DLEW ASTE PROGRAM  VARIABLES, UNITS, LOCATION, AND VARIABLE
            DESIG NATION (continu ed)
44444444444444444444444444444444444444444444444444444444444444444444444444
                                                        Su b-     Com m on
Va ria ble Units Type Des cription rou tine Block I,M ,O
ISN(3,M P) -- Arra y G loba l Node Nu m ber of the G M 3D   M

Third Node of the M P-th DATAIN   M
Specified-Dis pers ive-Flu x BC   I
(Neu m a nn) Side

ISN(4,M P) -- Arra y G loba l Node Nu m ber of the G M 3D   M
Fou rth Node of the M P-th DATAIN   M
Specified-Dis pers ive-Flu x BC   I
(Neu m a nn) Side

ISN(5,M P) -- Arra y Bou nda ry Side Nu m ber of G M 3D   M
the M P-th Neu m a nn Side DATAIN   M

BC   I

ISTYP(M ) -- Arra y Type of Sou rce Profile G M 3D   M
As s ig ned to the M -th DATAIN   M
Elem ent ASEM BL   I

SFLOW   I

ISV(1,M P) -- Arra y G loba l Node Nu m ber of the G M 3D   M
Firs t Node of the M P-th DATAIN   M
Va ria ble Side BC   I

ADVBC   I

ISV(2,M P) -- Arra y G loba l Node Nu m ber of the G M 3D   M
Second Node of the M P-th DATAIN   M
Va ria ble Side BC   I

ADVBC   I

ISV(3,M P) -- Arra y G loba l Node Nu m ber of the G M 3D   M
Third Node of the M P-th DATAIN   M
Va ria ble Side BC   I

ADVBC   I

ISV(4,M P) -- Arra y G loba l Node Nu m ber of the G M 3D   M
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Fou rth Node of the M P-th DATAIN   M
Va ria ble Side BC   I

ADVBC   I

ISV(5,M P) -- Arra y Bou nda ry Side Nu m ber of G M 3D    M
the M P-th Va ria ble Side DATAIN   M

BC   I
ADVBC   I

TABLE D-2.  3DLEW ASTE PROGRAM  VARIABLES, UNITS, LOCATION, AND VARIABLE
            DESIG NATION (continu ed)
44444444444444444444444444444444444444444444444444444444444444444444444444
                                                        Su b-     Com m on
Va ria ble Units Type Des cription rou tine Block I,M ,O

ITIM -- Sca la r Tim e-Step Index PRINTT   I

IVTYP(M P) -- Arra y Type of Va ria ble Concen- G M 3D   M
tra tion Profile As s ig ned DATAIN   M
to the M P-th Va ria ble Side BC   I

ADVBC   I

IW ET -- Sca la r Ups trea m  W eig hting  OPTN
Indica tor

IW TYP(I) -- Arra y Type of Sou rce Profile G M 3D   M
As s ig ned to the I-th Node DATAIN   M

ASEM BL   I
SFLOW   I

K ANALY -- Sca la r Ana lytica l Inpu t Control ALLFCT   I

KCAI -- Sca la r Ana lytica l Ca u chy-Flu x CCBC
Inpu t Control

K DAI -- Sca la r Ana lytica l Dirichlet Inpu t CDBC
Control

K DIAG -- Sca la r Dia g nos tic Ou tpu t Ta ble PRINTT   O
Index

K DSK (I) -- Arra y Store Res u lts  on Log ica l G M 3D   M
Unit 12 for the I-th DATAIN   M
Tim e Step? 0 =no, 1=yes
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K DSKO -- Sca la r Dis k  Ou tpu t Control CINTE

K FLOW -- Sca la r Flow  Indica tor SFLOW   I
-1 = Initia l or Pre-
     initia l Condition
 0  = Stea dy-s ta te
 1 = Tra ns ient

K K K -- Sca la r Decom pos ition or Ba ck SOLVE   I
Su bs titu tion Indica tor
1 = Decom pos ition
2 = Ba ck  Su bs titu tion

TABLE D-2.  3DLEW ASTE PROGRAM  VARIABLES, UNITS, LOCATION, AND VARIABLE
            DESIG NATION (continu ed)
44444444444444444444444444444444444444444444444444444444444444444444444444

                                                        Su b-     Com m on
Va ria ble Units Type Des cription rou tine Block I,M ,O

K NAI -- Sca la r Ana lytica l Neu m a nn Flu x CNBC
Inpu t Control

KOUT -- Sca la r Ou tpu t-Ta ble Nu m ber PRINTT   O
Index

K PR(I) -- Arra y Line Printing  Indica tor G M 3D   M
for the I-th Tim e Step: DATAIN   M
0  = print nothing BLK ITR   I
1 = print flu xes  throu g h PRINTT   I
    a ll types  of bou nda ries
2 = print concentra tion a ls o
3 = print m a teria l flu x a ls o

K PRO -- Sca la r Ou tpu t Control CINTE

K RAI -- Sca la r Ana lytica l Ra infa ll Inpu t CVBC
Control

K SAI -- Sca la r Elem ent-s ou rce Inpu t CELS
Control

K SORP -- Sca la r Sorption M odel Indica tor THNODE OPTN   I
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K SS -- Sca la r Stea dy-Sta te I.C. Control ASEM BL CINTE   I

K VI -- Sca la r Flow  Va ria ble Inpu t CINTE
Control

K W AI -- Sca la r W ell Sou rce Inpu t Control CNPS
0  = Ta bu la r Inpu t
1 = Ana lytica l Inpu t

LAM BDA 1/T Sca la r Deca y Cons ta nt Q8   I

LES(I) -- Arra y G loba l Elem ent Nu m ber of G M 3D   M
the I-th Elem ent-Sou rce DATAIN   M

ASEM BL   I
SFLOW   I

TABLE D-2.  3DLEW ASTE PROGRAM  VARIABLES, UNITS, LOCATION, AND VARIABLE
            DESIG NATION (continu ed)
44444444444444444444444444444444444444444444444444444444444444444444444444

                                                        Su b-     Com m on
Va ria ble Units Type Des cription rou tine Block I,M ,O

LM AXDF(K ) -- Arra y M a xim u m  No. of Difference G M 3D   M
Betw een Nodes  for Any PAG EN   O
Elem ent in the K -th Loca l BLK ITR   I
Reg ion.  This  Arra y is DATAIN   M
G enera ted from  the Arra y
LNOJ CN.

LM XBW -- Sca la r M a xim u m  No. of the Ba nd- LG EOM
w idth in Any Su breg ion

LM XBW K -- Sca la r M a xim u m  No. of the Ba nd-
w idth in Any Su breg ion

LM XNP -- Sca la r M a xim u m  No. of Noda l LG EOM
Points  in Any Su breg ion,
Inclu ding  Interior Nodes
a nd Globa l Bou nda ry Nodes

LM XNPK -- Sca la r M a xim u m  No. of Noda l
Points  in Any Su breg ion,
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Inclu ding  Interior Nodes
a nd Globa l Bou nda ry Nodes

LNOJ CN(J , -- Arra y Loca l Node Nu m ber of the G M 3D   M
      I,K ) J -th Node Connecting  to PAG EN   O

I-th Loca l Node for the BLK ITR   I
K -th Su breg ion. This  Arra y DATAIN   M
is  G enera ted from  G NLR a nd
I = 1, 2, 3, ....,NNPLR(K ).

LOCP -- Sca la r Indica tor of the Loca tion M PLOC   O
of the Fictitiou s  Pa rticle

LRL(I,N) -- Arra y G loba l Elem ent Nu m ber of G M 3D   M
the I-th Elem ent Connect- LELG EN   O
ing  to the N-th G loba l NDTAU   I
Node ADVTRN   I

M PLOC   I
DATAIN   M
PAG EN   O
SURF   I

TABLE D-2.  3DLEW ASTE PROGRAM  VARIABLES, UNITS, LOCATION, AND VARIABLE
            DESIG NATION (continu ed)
44444444444444444444444444444444444444444444444444444444444444444444444444
                                                        Su b-     Com m on
Va ria ble Units Type Des cription rou tine Block I,M ,O

LRN(I,N) -- Arra y G loba l Node Nu m ber of the G M 3D   M
I-th Node Connecting  to PAG EN   O
the N-th G loba l Node ASEM BL   I

BC   I
NDTAU   I
DATAIN   M

LTM XNK -- Sca la r M a xim u m  No. of Tota l Noda l
Points  in Any Su breg ion,
Inclu ding  Interior Nodes ,
a nd Globa l Bou nda ry Nodes

LTM XNP -- Sca la r M a xim u m  No. of Tota l Noda l LG EOM
Points  in Any Su breg ion,
Inclu ding  Interior Nodes ,
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a nd Globa l Bou nda ry Nodes

LUBAR -- Sca la r Log ica l Unit for Storing G M 3D   I
Bina ry Bou nda ry Arra ys DATAIN   I

LUFLW -- Sca la r Log ica l Unit for Flow  Da ta G M 3D   I
DATAIN   I

LUINP -- Sca la r Log ica l Unit for Inpu t G M 3D   I
Da ta DATAIN   I

READR   I
READN   I

LUOUT -- Sca la r Log ica l Unit for Ou tpu t G M 3D   I
Da ta DATAIN   I

SURF   I
PAG EN   I
LELG EN   I
ASEM BL   I
BLK ITR   I
PRINTT   I
READR   I
READN   I
NDTAU   I
ADVTRN   I
XSI3D   I
BC   I

TABLE D-2.  3DLEW ASTE PROGRAM  VARIABLES, UNITS, LOCATION, AND VARIABLE
            DESIG NATION (continu ed)
44444444444444444444444444444444444444444444444444444444444444444444444444
                                                        Su b-     Com m on
Va ria ble Units Type Des cription rou tine Block I,M ,O
LUPAR -- Sca la r Log ica l Unit for Storing G M 3D   I

Bina ry Pointer Arra ys

LUSTO -- Sca la r Log ica l Unit for Storing G M 3D   I
Bina ry Ou tpu t STORE   I

M -- Sca la r Elem ent Nu m ber w here XSI3D   I
the Fictitiou s  Pa rticle
is  Loca ted

M AXBES -- Sca la r M a xim u m  No. of Bou nda ry SG EOM
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Elem ent Su rfa ces

M AXBNP -- Sca la r M a xim u m  No. of Bou nda ry SG EOM
Noda l Points

M AXBW -- Sca la r M a xim u m  No. of Ba nd SOLVE   I
W idth

M AXEL -- Sca la r M a xim u m  No. of Elem ents SG EOM

M AXELK -- Sca la r M a xim u m  No. of Elem ents

M AXM AT -- Sca la r M a xim u m  No. of M a teria ls M ATL

M AXNOD -- Sca la r M a xim u m  No. of Da ta READR   I
Points  to be Rea d

M AXNP -- Sca la r M a xim u m  No. of Noda l SOLVE SG EOM   I
Points FCOS   I

M AXNPK -- Sca la r M a xim u m  No. of Nodes

M P -- Sca la r Elem ent w here the M PLOC   O
Fictitiou s  Pa rticle
is  Loca ted

M XBESK -- Sca la r M a xim u m  No. of Bou nda ry-
Elem ent Su rfa ces

M XBNPK -- Sca la r M a xim u m  No. of Bou nda ry
Noda l Points  

TABLE D-2.  3DLEW ASTE PROGRAM  VARIABLES, UNITS, LOCATION, AND VARIABLE
            DESIG NATION (continu ed)
44444444444444444444444444444444444444444444444444444444444444444444444444
                                                        Su b-     Com m on
Va ria ble Units Type Des cription rou tine Block I,M ,O
M XCDP -- Sca la r M a xim u m  No. of Da ta  Points CCBC

on Ea ch Specified-Flu x
(Ca u chy) Profile

M XCDPK -- Sca la r M a xim u m  No. of Da ta  Points
on Ea ch Specified-Flu x 
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(Ca u chy) Profile

M XCES -- Sca la r M a xim u m  No. of Ca u chy CCBC
Elem ent Su rfa ces

M XCESK -- Sca la r M a xim u m  No. of Ca u chy
Elem ent Su rfa ces

M XCNP -- Sca la r M a xim u m  No. of Ca u chy CCBC
Noda l Points

M XCNPK -- Sca la r M a xim u m  No. of Ca u chy
Noda l Points

M XCPR -- Sca la r M a xim u m  No. of Ca u chy- CCBC
Flu x Profiles

M XCPRK -- Sca la r M a xim u m  No. of Ca u chy-
Flu x Profiles

M XDDP -- Sca la r M a xim u m  No. of Da ta  Points CDBC
on Ea ch Dirichlet Profile

M XDDPK -- Sca la r M a xim u m  No. of Da ta  Points
on Ea ch Dirichlet Profile

M XDNP -- Sca la r M a xim u m  No. of Dirichlet CDBC
Noda l Points

M XDNPK -- Sca la r M a xim u m  No. of Dirichlet
Noda l Points

M XDP -- Sca la r M a xim u m  No. of Da ta ALLFCT   I
Points  in Any Profile

M XDPR -- Sca la r M a xim u m  No. of Dirichlet CDBC
Tota l Hea d Profiles

TABLE D-2.  3DLEW ASTE PROGRAM  VARIABLES, UNITS, LOCATION, AND VARIABLE
            DESIG NATION (continu ed)
44444444444444444444444444444444444444444444444444444444444444444444444444
                                                        Su b-     Com m on
Va ria ble Units Type Des cription rou tine Block I,M ,O
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M XDPRK -- Sca la r M a xim u m  No. of Dirichlet
Tota l Hea d Profiles

M XDTC -- Sca la r M a xim u m  No. of DELT SG EOM
Cha ng es

M XDTCK -- Sca la r M a xim u m  No. of DELT
Cha ng es

M XJ BD -- Sca la r M a xim u m  No. of Nonzero SG EOM
Elem ents  in Any Row

M XJ BDK -- Sca la r M a xim u m  No. of Nonzero
Elem ents  in Any Row

M XK BD -- Sca la r M a xim u m  No. of Elem ents SG EOM
Su rrou nding  a  G loba l Node

M XK BDK -- Sca la r M a xim u m  No. of Elem ents
Su rrou nding  a  G loba l Node

M XM ATK -- Sca la r M a xim u m  No. of M a teria l
Types

M XM PM K -- Sca la r M a xim u m  No. of M a teria l
Properties  per M a teria l

M XM PPM -- Sca la r M a xim u m  No. of M a teria l M ATL
Properties  per M a teria l

M XNDP -- Sca la r M a xim u m  No. of Da ta  Points CNBC
on Ea ch Specified 
Dis pers ive-Flu x (Neu m a nn)
Profile

M XNDPK -- Sca la r M a xim u m  No. of Da ta  Points
on Ea ch Neu m a nn-Flu x
Profile

M XNES -- Sca la r M a xim u m  No. of Neu m a nn CNBC
Elem ent Su rfa ces

TABLE D-2.  3DLEW ASTE PROGRAM  VARIABLES, UNITS, LOCATION, AND VARIABLE
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            DESIG NATION (continu ed)
44444444444444444444444444444444444444444444444444444444444444444444444444
                                                        Su b-     Com m on
Va ria ble Units Type Des cription rou tine Block I,M ,O

M XNESK -- Sca la r M a xim u m  No. of Neu m a nn
Elem ent Su rfa ces

M XNNP -- Sca la r M a xim u m  No. of Neu m a nn CNBC
Noda l Points

M XNNPK -- Sca la r M a xim u m  No. of Neu m a nn
Noda l Points

M XNPR -- Sca la r M a xim u m  No. of Neu m a nn- CNBC
Flu x Profiles

           
M XNPRK -- Sca la r M a xim u m  No. of Neu m a nn-

Flu x Profiles
           
M XNTI -- Sca la r M a xim u m  No. of Tim e Steps SG EOM
           
M XNTIK -- Sca la r M a xim u m  No. of Tim e Steps
           
M XPR -- Sca la r M a xim u m  No. of Profiles ALLFCT   I
           
M XRDP -- Sca la r M a xim u m  No. of Da ta  Points CVBC

on Ea ch Ra infa ll Profile
           
M XREG N -- Sca la r M a xim u m  No. of Su breg ions LG EOM

M XRG NK -- Sca la r M a xim u m  No. of Su breg ions
           
M XRPR -- Sca la r M a xim u m  No. of Ra infa ll CVBC

Profiles
           
M XSDP -- Sca la r M a xim u m  No. of Da ta  Points CELS

in Any Elem ent Sou rce/Sink
Profile

M XSDPK -- Sca la r M a xim u m  No. of Da ta  Points
in Any Elem ent Sou rce/
Sink  Profile
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M XSEL -- Sca la r M a xim u m  No. of Sou rce CELS

Elem ents
           
TABLE D-2.  3DLEW ASTE PROGRAM  VARIABLES, UNITS, LOCATION, AND VARIABLE
            DESIG NATION (continu ed)
44444444444444444444444444444444444444444444444444444444444444444444444444
                                                        Su b-     Com m on
Va ria ble Units Type Des cription rou tine Block I,M ,O
M XSELK -- Sca la r M a xim u m  No. of Sou rce

Elem ents

M XSPR -- Sca la r M a xim u m  No. of Elem ent CELS
Sou rce Profiles

           
M XSPRK -- Sca la r M a xim u m  No. of Elem ent

Sou rce Profiles
           
M XTYP -- Sca la r M a xim u m  No. of Integ ers READN   I

Allow ed to be Rea d
           
M XVDPK -- Sca la r M a xim u m  No. of Da ta  Points

on Ea ch Ra infa ll Profile

M XVES -- Sca la r M a xim u m  No. of Va ria ble CVBC
Elem ent Su rfa ces

           
M XVESK -- Sca la r M a xim u m  No. of Va ria ble

Elem ent Su rfa ces
           
M XVNP -- Sca la r M a xim u m  No. of Va ria ble CVBC

Noda l Points
           
M XVNPK -- Sca la r M a xim u m  No. of Va ria ble

Noda l Points
           
M XVPRK -- Sca la r M a xim u m  No. of Ra infa ll

Profiles
           
M XW DP -- Sca la r M a xim u m  No. of Da ta  Points CNPS

on Ea ch W ell Sou rce/Sink
Profile

           



30 9

M XW DPK -- Sca la r M a xim u m  No. of Da ta  Points
on Ea ch W ell Sou rce/Sink
Profile

M XW NP -- Sca la r M a xim u m  No. of W ell Noda l CNPS
Points

           
M XW NPK -- Sca la r M a xim u m  No. of W ell Noda l

Points
TABLE D-2.  3DLEW ASTE PROGRAM  VARIABLES, UNITS, LOCATION, AND VARIABLE
            DESIG NATION (continu ed)
44444444444444444444444444444444444444444444444444444444444444444444444444
                                                        Su b-     Com m on
Va ria ble Units Type Des cription rou tine Block I,M ,O
M XW PR -- Sca la r M a xim u m  No. of W ell CNPS

Sou rce/Sink  Profile

M XW PRK -- Sca la r M a xim u m  No. of W ell
Sou rce/Sink  Profiles

           
N(8) -- Arra y Ba s e Fu nction of Eig ht SHAPE   O

Points  of the Elem ent
           
NBES -- Sca la r Nu m ber of Bou nda ry Elem ent CG EOM

Su rfa ces
           
NBNP -- Sca la r Nu m ber of Bou nda ry Noda l CG EOM

Points
           
NCDP -- Sca la r Nu m ber of Da ta  Points  on CCBC

Specified-Flu x (Ca u chy)
Profiles

           
NCES -- Sca la r Nu m ber of Ca u chy Bou nda ry CCBC

Elem ent Sides
           
NCM -- Sca la r Nu m ber of Cycles  per Tim e CINTE

Step

NCNP -- Sca la r Nu m ber of Ca u chy Bou nda ry CCBC
Noda l Points

NCPR -- Sca la r Nu m ber of Specified-Flu x CCBC
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(Ca u chy) Profiles

NDDP -- Sca la r Nu m ber of Da ta  Points  on CDBC
Dirichlet Profiles

           
NDNP -- Sca la r Nu m ber of Dirichlet Noda l CDBC

Points
           
NDP -- Sca la r Nu m ber of Da ta  Points  in ALLFCT   I

Any Profile
           
NDPR -- Sca la r Nu m ber of Dirichlet CDBC

Profiles
           
TABLE D-2.  3DLEW ASTE PROGRAM  VARIABLES, UNITS, LOCATION, AND VARIABLE
            DESIG NATION (continu ed)
44444444444444444444444444444444444444444444444444444444444444444444444444
                                                        Su b-     Com m on
Va ria ble Units Type Des cription rou tine Block I,M ,O
NDTCHG -- Sca la r Nu m ber of Tim es  to Res et CG EOM

Tim e Step Size

NEL -- Sca la r Nu m ber of Elem ents CG EOM
           
NITER -- Sca la r Nu m ber of Itera tions  per BLK ITR CINTE   I

Cycle
           
NM AT -- Sca la r Nu m ber of M a teria ls M ATL
           
NM PPM -- Sca la r Nu m ber of M a teria l M ATL

Properties  per M a teria l
           
NNDP -- Sca la r Nu m ber of Da ta  Points  on CNBC

Specified-Dis pers ive-Flu x 
(Neu m a nn) Profiles

           
NNES -- Sca la r Nu m ber of Neu m a nn Bou nda ry CNBC

Elem ent Sides
           
NNNP -- Sca la r Nu m ber of Neu m a nn Bou nda ry CNBC

Noda l Points
           
NNP -- Sca la r Nu m ber of Noda l Points SOLVE CG EOM   I
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READR   I
           
NNPLR(K ) -- Arra y Nu m ber of Nodes  for the G M 3D   M

K -th Su breg ion Inclu ding DATAIN   M
Interior a nd Globa l PAG EN   I
Bou nda ry Nodes BLK ITR   I

NNPR -- Sca la r Nu m ber of Specified- CNBC
Dis pers ive-Flu x (Neu m a nn)
Profiles

           
NODENP -- Sca la r Noda l Point of Interes t M PLOC   I
           
NP1 -- Sca la r Firs t Node on the Su rfa ce FCOS   I
           
NP2 -- Sca la r Second Node on the Su rfa ce FCOS   I
           
NP3 -- Sca la r Third Node on the Su rfa ce FCOS   I
           
TABLE D-2.  3DLEW ASTE PROGRAM  VARIABLES, UNITS, LOCATION, AND VARIABLE
            DESIG NATION (continu ed)
44444444444444444444444444444444444444444444444444444444444444444444444444
                                                        Su b-     Com m on
Va ria ble Units Type Des cription rou tine Block I,M ,O
NPBB(I) -- Arra y G loba l Node Nu m ber on the G M 3D   M

I-th Bou nda ry Node DATAIN   M
SURF   O
SFLOW   I
NDTAU   I
ADVTRN   I
ADVBC   I

           
NPCB(NP) -- Arra y G loba l Noda l Nu m ber of G M 3D   M

the NP-Ca u chy Node on DATAIN   M
Inpu t. Then it is Cha ng ed SFLOW   I
to Conta in the Bou nda ry ADVBC   I
Node Nu m ber

           
NPDB(NP) -- Arra y G loba l Node Nu m ber of the G M 3D   M

NP-Dirichlet Node on DATAIN   M
Inpu t. Then it is Cha ng ed BC   I
to Conta in the Bou nda ry ADVBC   I
Node Nu m ber SFLOW   I
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NPITER -- Sca la r Nu m ber of Block w is e CINTE

Itera tions  Allow ed
           
NPNB(NP) -- Arra y G loba l Noda l Nu m ber of G M 3D   M

the NP-Neu m a nn Node on DATAIN   M
Inpu t. Then it is Cha ng ed SFLOW   I
to Conta in the Bou nda ry
Node Nu m ber.

           
NPR -- Sca la r Nu m ber of Profiles ALLFCT   I
           
NPROB -- Sca la r Problem  Nu m ber STORE   I
           
NPVB(NP) -- Arra y G loba l Noda l Nu m ber of G M 3D   M

the NP-Va ria ble Node on DATAIN   M
Inpu t. Then it is Cha ng ed SFLOW   I
to Conta in the Bou nda ry ADVBC   I
Node Nu m ber

NPW (I) -- Arra y G loba l Node Nu m ber of the G M 3D   M
I-th W ell Node DATAIN   M

ASEM BL   I
SFLOW   I

TABLE D-2.  3DLEW ASTE PROGRAM  VARIABLES, UNITS, LOCATION, AND VARIABLE
            DESIG NATION (continu ed)
44444444444444444444444444444444444444444444444444444444444444444444444444
                                                        Su b-     Com m on
Va ria ble Units Type Des cription rou tine Block I,M ,O

NRDP -- Sca la r Nu m ber of Da ta  Points  on CVBC
Ra infa ll Profiles

           
NREG N -- Sca la r Nu m ber of Su breg ions LG EOM
           
NRPR -- Sca la r Nu m ber of Ra infa ll CVBC

Profiles
           
NSDP -- Sca la r Nu m ber of Da ta  Points CELS

in Any Elem ent Sou rce/
Sink  Profile

           
NSEL -- Sca la r Nu m ber of Sou rce/Sink CELS
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Elem ents
           
NSPR -- Sca la r Nu m ber of Sou rce/Sink CELS

Profiles
           
NTAU -- Sca la r Nu m ber of Su btim e Steps NDTAU   O

ADVTRN   I
           
NTI -- Sca la r Nu m ber of Tim e Increm ents CG EOM

NTNPLR(K ) -- Arra y Tota l Nu m ber of Nodes  for G M 3D   M
the K -th Su breg ion Inclu d- DATAIN   M
ing  Interior, G loba l PAG EN   O
Bou nda ry, a nd Intra bou nda ry
Nodes

           
NTYPE -- Sca la r Nu m ber of Integ ers  to be READN   I

Rea d
           
NVES -- Sca la r Nu m ber of Va ria ble Bou nda ry CVBC

Elem ent Sides
           
NVNP -- Sca la r Nu m ber of Va ria ble Bou nda ry CVBC

Noda l Points
           
NW DP -- Sca la r Nu m ber of Da ta  Points  in CNPS

Any Point-Sou rce Profile
           
NW NP -- Sca la r Nu m ber of W ells CNPS
TABLE D-2.  3DLEW ASTE PROGRAM  VARIABLES, UNITS, LOCATION, AND VARIABLE
            DESIG NATION (continu ed)
44444444444444444444444444444444444444444444444444444444444444444444444444

                                                        Su b-     Com m on
Va ria ble Units Type Des cription rou tine Block I,M ,O

NW PR -- Sca la r Nu m ber of W ell Sou rce CNPS
Profiles

           
OM E -- Sca la r Itera tion Pa ra m eter for a  BLK ITR CREAL  I

Non-Linea r Equ a tion
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OM I -- Sca la r Rela xa tion Pa ra m eter for CREAL
Pointw is e Solu tion

           
PR(M XPR) L/T,L, Arra y Profile Va lu e a t Tim e t ALLFCT   O
           M /L3

PRF(M XDP, L/T,L, Arra y Profile Va lu e of the Da ta ALLFCT   I
    M XPR) M /L3 Point on the Profile
           
PROP(1,I) L3/M Arra y Dis tribu tion Coefficient G M 3D   M

or Freu dlich K  or La ng m u ir DATAIN   M
K AFABTA   I

FLUX   I
ASEM BL   I
SFLOW   I
THNODE   I

PROP(2,I) M /L3 Arra y Bu lk  Dens ity G M 3D   M
DATAIN   M
AFABTA   I
FLUX   I
ASEM BL   I
SFLOW   I
THNODE   I

PROP(3,I) L Arra y Long itu dina l Dis pers ivity G M 3D   M
DATAIN   M
AFABTA   I
FLUX   I
ASEM BL   I
SFLOW   I
THNODE   I

TABLE D-2.  3DLEW ASTE PROGRAM  VARIABLES, UNITS, LOCATION, AND VARIABLE
            DESIG NATION (continu ed)
44444444444444444444444444444444444444444444444444444444444444444444444444
                                                        Su b-     Com m on
Va ria ble Units Type Des cription rou tine Block I,M ,O
PROP(4,I) L Arra y Tra ns vers e Dis pers ivity G M 3D   M

DATAIN   M
AFABTA   I
FLUX   I
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ASEM BL   I
SFLOW   I
THNODE   I

PROP(5,I) L2/T Arra y M olecu la r Diffu s ion G M 3D   M
Coefficient DATAIN   M

AFABTA   I
FLUX   I
ASEM BL   I
SFLOW   I
THNODE   I

PROP(6,I) -- Arra y Tortu os ity G M 3D   M
DATAIN   M
AFABTA   I
FLUX   I
ASEM BL   I
SFLOW   I
THNODE   I

PROP(7,I) 1/L Arra y Deca y Cons ta nt G M 3D   M
DATAIN   M
AFABTA   I
FLUX   I
ASEM BL   I
SFLOW   I
THNODE   I

PROP(8,I) -- Arra y Freu ndlich N or La ng m u ir G M 3D   M
SM AX DATAIN   M

AFABTA   I
FLUX   I
ASEM BL   I
SFLOW   I
THNODE   I

QA(8,8) -- Arra y An Elem ent M a trix Q8   O

QAA(8,8) -- Arra y An Elem ent M a trix Q8   O
TABLE D-2.  3DLEW ASTE PROGRAM  VARIABLES, UNITS, LOCATION, AND VARIABLE
            DESIG NATION (continu ed)
44444444444444444444444444444444444444444444444444444444444444444444444444
                                                        Su b-     Com m on
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Va ria ble Units Type Des cription rou tine Block I,M ,O
QB(8,8) -- Arra y An Elem ent M a trix Q8DV   O

Q8   O

QBM P M /L2/T Sca la r Flu x or Concentra tion of Q4CNVB   I
the Bou nda ry Side Q4ADB   I

QC(8,8) -- Arra y An Elem ent M a trix Q8   O

QCB(I) M /L2/T Arra y Va lu e of Ca u chy Flu x a t G M 3D   M
the Pres ent Tim e of the BC   I
I-th Ca u chy Flu x Profile ADVBC   I

QCBF(I,J ) M /T/L2 Arra y Flu x of the I-th Da ta G M 3D   M
Point in the J -th Ca u chy DATAIN   M
Flu x vs . Tim e Profile

QDM -- Sca la r Integ ra tion of Loca l Q8R   O
Va ria ble S

QNB(I) M /L2/T Arra y Va lu e of Neu m a nn Flu x a t G M 3D   M
the Pres ent Tim e of the BC   I
I-th Neu m a nn Flu x Profile

QNBF(I,J ) M /T/L2 Arra y Flu x of the I-th Da ta G M 3D   M
Point in the J -th Neu m a nn DATAIN   M
Flu x vs . Tim e Profile

QR(8) -- Arra y An Elem ent Loa d Vector Q8   O

QRM -- Sca la r Integ ra tion of TH*C Q8R   O

QRX(8) -- Arra y Elem ent Loa d Vector for Q8DV   O
X-Flu x

QRY(8) -- Arra y Elem ent Loa d Vector for Q8DV   O
Y-Flu x

QRZ(8) -- Arra y Elem ent Loa d Vector for Q8DV   O
Z-Flu x

QV(8,8) -- Arra y An Elem ent M a trix Q8   O
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R(M AXNP) -- Arra y Loa d Vector SOLVE   M
TABLE D-2.  3DLEW ASTE PROGRAM  VARIABLES, UNITS, LOCATION, AND VARIABLE
            DESIG NATION (continu ed)
44444444444444444444444444444444444444444444444444444444444444444444444444
                                                        Su b-     Com m on
Va ria ble Units Type Des cription rou tine Block I,M ,O

RHOB M /L3 Sca la r Bu lk  Dens ity of the Q8   I
M a teria l in Elem ent

RI(N) -- Arra y W ork ing  Arra y Us ed in G M 3D   M
Su brou tines  BLK ITR a nd BLK ITR   O
ADVBC ADVBC   M

RL(N) -- Arra y W ork ing  Arra y Us ed in G M 3D   M
Su brou tine ADVBC ADVBC   M

RLD(N) -- Arra y An Arra y to Store the G M 3D   M
Rig ht Ha nd Side of the ASEM BL   O
N-th Equ a tion of the BC   O
As s em bled G loba l Loa d
Vector

RLDG ( -- Arra y G loba l Loa d Vector BLK ITR   I
    M AXNP)

RLDL(N) -- Arra y As s em bled Loa d Vector for G M 3D   M
a  Su breg ion BLK ITR   I

RQ(4) M /T Arra y Integ ra ted Flu x a t Fou r Q4CNVB   O
Nodes  of the Elem ent Q4BB   O
Su rfa ce

RQI(4) M /L2/T Arra y M a teria l-Flu x a t Fou r Q4ADB   O
Nodes  of the Su rfa ce

RQL(4) L3/L2/T Arra y Flow -Flu x a t Fou r Nodes Q4ADB   O
of the Su rfa ce

SOS(I,1) L3/L2/T Arra y Sou rce Flow  Ra te of the G M 3D   M
I-th Profile a t Tim e t ASEM BL   I

SFLOW   I
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SOS(I,2) L3/L2/T Arra y Sou rce Concentra tion of G M 3D   M
the I-th Profile a t Tim e ASEM BL   I
t SFLOW   I

SOSC M /L3 Sca la r Sou rce Concentra tion Q8   I

TABLE D-2.  3DLEW ASTE PROGRAM  VARIABLES, UNITS, LOCATION, AND VARIABLE
            DESIG NATION (continu ed)
44444444444444444444444444444444444444444444444444444444444444444444444444
                                                        Su b-     Com m on
Va ria ble Units Type Des cription rou tine Block I,M ,O
SOSCP M /L3 Sca la r Concentra tion in Elem ent- Q8R   I

Sou rce

SOSF L3/T/L3 Arra y Sou rce Flow  Ra te of the G M 3D   M
(I,J ,1) I-th Da ta  Point in the DATAIN   M

J -th Profile

SOSF M /L3 Arra y Sou rce Concentra tion of G M 3D   M
(I,J ,2) the I-th Da ta  Point in DATAIN   M

the J -th Profile

SOSM M /T Sca la r Integ ra tion of Q*Cin Q8R   O

SOSQ L3/T Sca la r Elem ent-Sou rce Flow  Ra te Q8   I

SOSQP L3/T Sca la r Elem ent-Sou rce Flow  Ra te Q8R   I

SS -- Sca la r XSI-Coordina te of the SHAPE   I
G a u s s ia n Point

SW Q(8) M /T Arra y Itera te of the Ads orbed Q8   I
Concentra tion a t Eig ht
G a u s s ia n Points  of the
Elem ent

T T Sca la r Tim e ALLFCT   I

TAU -- Sca la r Tortu os ity Q8   I

TCDBF(I,J ) T Arra y Tim e of the I-th Da ta G M 3D   M
Point in the J -th DATAIN   M
Dirichlet Concentra tion
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vs . Tim e Profile

TCVBF(I,J ) T Arra y Tim e of the I-th Da ta G M 3D   M
Point in the J -th Va ri- DATAIN   M
a ble Concentra tion vs .
Tim e Profile

TDTCH(I) T Arra y Tim e of the I-th Tim e G M 3D   M
to Res et Tim e-Step Size DATAIN   M
( = DELT0 )

TABLE D-2.  3DLEW ASTE PROGRAM  VARIABLES, UNITS, LOCATION, AND VARIABLE
            DESIG NATION (continu ed)
44444444444444444444444444444444444444444444444444444444444444444444444444

                                                        Su b-     Com m on
Va ria ble Units Type Des cription rou tine Block I,M ,O

TFLOW M /L Sca la r Tota l Flow CFLOW

TH(I,M ) -- Arra y M ois tu re Content a t the G M 3D   M
I-th Node of the M -th FLUX   I
Elem ent ASEM BL   I

SFLOW   I
THNODE   I

THG (8) -- Arra y M ois tu re Content a t Eig ht Q8   I
G a u s s ia n Points  of the Q8R   I
Elem ent

THN(N) -- Arra y M ois tu re Content a t the G M 3D   M
N-th Node THNODE   O

NDTAU   I
ADVTRN   I
ADVBC   I

THP(I,M ) -- Arra y Va lu e of TH(I,M ) a t the G M 3D   M
Previou s  Tim e ASEM BL   I

THNODE   I

THQ(8) -- Arra y M ois tu re Content a t Eig ht Q8DV   I
Points  of the Elem ent
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TIM E T Sca la r Tim e DATAIN   M
PRINTT   I
STORE   I

TITLE -- Title of the Problem STORE   I

TM AX T Sca la r M a xim u m  Va lu e of Tim e CREAL

TOLA L Sca la r Stea dy-Sta te Tolera nce CREAL

TOLB L Sca la r Tra ns ient-Sta te Tolera nce BLK ITR CREAL   I

TPRF( T Arra y Tim e of the Da ta  Point on ALLFCT   I
    M XDP, the Profile
    M XPR)

TABLE D-2.  3DLEW ASTE PROGRAM  VARIABLES, UNITS, LOCATION, AND VARIABLE
            DESIG NATION (continu ed)
44444444444444444444444444444444444444444444444444444444444444444444444444
                                                        Su b-     Com m on
Va ria ble Units Type Des cription rou tine Block I,M ,O
TQCBF(I,J ) T Arra y Tim e of the I-th Da ta G M 3D   M

Point in the J -th Ca u chy DATAIN   M
Flu x vs . Tim e Profile

TQNBF(I,J ) T Arra y Tim e of the I-th Da ta G M 3D   M
Point in the J -th Neu m a nn DATAIN   M
Flu x vs . Tim e Profile

TSOSF(I,J ) T Arra y Tim e of the I-th Da ta G M 3D   M
Point in the J -th DATAIN   M
Elem ent Sou rce Profile

TT -- Sca la r Eta -Coordina te of the SHAPE   I
G a u s s ia n Point

TW SSF(I,J ) T Arra y Tim e of the I-th Da ta G M 3D   M
Point in J -th W ell DATAIN   M
Sou rce Profile

UU -- Sca la r Zeta -Coordina te of the SHAPE   I
G a u s s ia n Point
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VX(N) L/T Arra y X-Com ponent Velocity a t G M 3D   M
the N-th Node FLUX   I

AFABTA   I
ASEM BL   I
BC   I
NDTAU   I
ADVTRN   I
ADVBC   I

VXP(N) L/T Arra y Va lu e of VX(N) a t the G M 3D   M
Previou s  Tim e AFABTA   I

ASEM BL   I
BC   I
NDTAU   I
ADVTRN   I
ADVBC   I

VXQ(8) L/T Arra y X-Velocity of Eig ht Nodes Q8DV   I
of the Elem ent Q8   I

Q4CNVB   I
Q4ADB   I

TABLE D-2.  3DLEW ASTE PROGRAM  VARIABLES, UNITS, LOCATION, AND VARIABLE
            DESIG NATION (continu ed)
44444444444444444444444444444444444444444444444444444444444444444444444444
                                                        Su b-     Com m on
Va ria ble Units Type Des cription rou tine Block I,M ,O
VY(N) L/T Arra y Y-Com ponent Velocity a t G M 3D   M

the N-th Node AFABTA   I
FLUX   I
ASEM BL   I
BC   I
NDTAU   I
ADVTRN   I
ADVBC   I

VYP(N) L/T Arra y Va lu e of VY(N) a t the G M 3D   M
Previou s  Tim e AFABTA   I

ASEM BL   I
BC   I
NDTAU   I
ADVTRN   I
ADVBC   I
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VYQ(8) L/T Arra y Y-Velocity of Eig ht Nodes Q8DV   I
of the Elem ent Q8   I

Q4CNVB   I
Q4ADB   I

VZ(N) L/T Arra y Z-Com ponent Velocity a t G M 3D   M
the N-th Node AFABTA   I

FLUX   I
ASEM BL   I
BC   I
NDTAU   I
ADVTRN   I
ADVBC   I

VZP(N) L/T Arra y Va lu e of VZ(N) a t the G M 3D   M
Previou s  Tim e AFABTA   I

ASEM BL   I
BC   I
NDTAU   I
ADVTRN   I
ADVBC   I

VZQ(8) L/T Arra y Z-Velocity of Eig ht Nodes Q8DV   I
of the Elem ent Q8   I

Q4CNVB   I
Q4ADB   I

TABLE D-2.  3DLEW ASTE PROGRAM  VARIABLES, UNITS, LOCATION, AND VARIABLE
            DESIG NATION (continu ed)
44444444444444444444444444444444444444444444444444444444444444444444444444
                                                        Su b-     Com m on
Va ria ble Units Type Des cription rou tine Block I,M ,O
W (8) -- Arra y W eig hting  Fu nction a t SHAPE   O

Eig ht Points  of the
Elem ent

W ETAB(J , -- Arra y W eig hting  Fa ctor for the G M 3D   M
      M ) J -th Side of the M -th AFABTA   O

Elem ent FLUX   I
ASEM BL   I

W SS(I,1) L3/T Arra y W ell Sou rce Flow  Ra te of G M 3D   M
the I-th Profile a t Tim e ASEM BL   I
t SFLOW   I



323

W SS(I,2) M /L3 Arra y W ell Sou rce Concentra tion G M 3D   M
a t the I-th Profile ASEM BL   I

SFLOW   I

W SSF L3/T Arra y W ell Sou rce Flow  Ra te of G M 3D   M
(J ,I,1) the I-th Da ta  Point in DATAIN   M

the J -th Profile

W SSF M /L3 Arra y W ell Sou rce Concentra tion G M 3D   M
(J ,I,2) of the I-th Da ta  Point in DATAIN   M

the J -th Profile

W W RK (N) -- Arra y W ork ing  Arra y Us ed in G M 3D   M
Su brou tine THNODE THNODE   O

X(N) L Arra y X-Coordina te of the N-th G M 3D   M
Node DATAIN   M

SURF   I
AFABTA   I
FLUX   I
ASEM BL   I
BC   I
SFLOW   I
STORE   I
THNODE   I
NDTAU   I
ADVTRN   I
M PLOC   I
XSI3D   I
ADVBC   I

TABLE D-2.  3DLEW ASTE PROGRAM  VARIABLES, UNITS, LOCATION, AND VARIABLE
            DESIG NATION (continu ed)
44444444444444444444444444444444444444444444444444444444444444444444444444
                                                        Su b-     Com m on
Va ria ble Units Type Des cription rou tine Block I,M ,O
XP L Sca la r X-Coordina te of the M PLOC   I

Fictitiou s  Pa rticle FCOS   I
XSI3D   I

XQ(8) L Arra y X-Coordina te a t Eig ht Q8DV   I
Points  of the Elem ent Q8   O

SHAPE   I
Q4CNVB   I
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Q4BB   I
Q8R   I
Q4ADB   I

XSI -- Sca la r Loca l Coordina te of the XSI3D   O
Pa rticle

Y(N) L Arra y Y-Coordina te of the N-th G M 3D   M
Node DATAIN   M

SURF   I
AFABTA   I
FLUX   I
ASEM BL   I
BC   I
SFLOW   I
STORE   I
THNODE   I
NDTAU   I
ADVTRN   I
M PLOC   I
FCOS   I
XSI3D   I
ADVBC   I

YP L Sca la r Y-Coordina te of the M PLOC   I
Fictitiou s FCOS   I

XSI3D   I

YQ(8) L Arra y Y-Coordina te a t Eig ht Q8DV   I
Points  of the Elem ent Q8   O

SHAPE   I
Q4CNVB   I
Q4BB   I
Q8R   I
Q4ADB   I

TABLE D-2.  3DLEW ASTE PROGRAM  VARIABLES, UNITS, LOCATION, AND VARIABLE
            DESIG NATION (conclu ded)
44444444444444444444444444444444444444444444444444444444444444444444444444

                                                        Su b-     Com m on
Va ria ble Units Type Des cription rou tine Block I,M ,O
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Z(N) L Arra y Z-Coordina te of the N-th G M 3D   M
Node DATAIN   M

SURF   I
AFABTA   I
FLUX   I
ASSEM BL

  I
BC   I
SFLOW   I
STORE   I
THNODE   I
NDTAU   I
ADVTRN   I
M PLOC   I
FCOS   I
XSI3D   I
ADVBC   I

ZP L Sca la r Z-Coordina te of the M PLOC   I
Fictitiou s  Pa rticle FCOS   I

XSI3D   I

ZQ(8) L Arra y Z-Coordina te a t Eig ht Q8DV   I
Points  of the Elem ent Q8   O

SHAPE   I
Q4CNVB   I
Q4BB   I
Q8R   I
Q4ADB   I

ZTA -- Sca la r Loca l Coordina te of the XSI3D   O
Pa rticle


