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' L @(2D@LC)&V@LC&8(2C%DbS)%QCin&QC (3-19)

2D '  "T|V|* % ("L &  "T)VV/|V| % 2amJ* (3-20)

3.3.1  G overning  Equ a tions

The g overning  equ a tion for a dvective-dis pers ive s olu te tra ns port throu g h va ria bly-s a tu ra ted
porou s  m edia , ba s ed on the la w s  of cons erva tion of m a s s  a nd flu x, ca n be w ritten in the form :

w here
2 = m ois tu re content (L3/L3)
Db = bu lk  dens ity of the porou s  m ediu m  (M /L3)
C = concentra tion of the dis s olved s pecies  (M /L3) 
S = s pecies  concentra tion in the a ds orbed pha s e (M /M ) 
t = tim e (T)
V = Da rcy velocity (i.e., s pecific dis cha rg e) (L/T)
L @ = del opera tor indica ting  diverg ence
L = del opera tor indica ting  g ra dient 
D = dis pers ion coefficient tens or (L2/T)
8 = m a teria l deca y cons ta nt (T)
Q = w a ter s ou rce/s ink  ra te (M /T)
Cin = dis s olved s pecies  concentra tion of the s ou rce/s ink

  flu id (M /L3)

Note tha t for a  flu id s ink , s u ch a s  a  produ ction w ell, Cin = C.

The dis pers ion coefficient tens or, D, w hich defines  the s prea ding  of the dis s olved s pecies  a s  it
is  a dvected throu g h the s ys tem , is  defined a s : 

w here
|V| = m a g nitu de of the Da rcy velocity vector (L/T)
*   = K roneck er delta  tens or
"L  = long itu dina l dis pers ivity (L) 
"T  = tra ns vers e dis pers ivity (L) 
a m   = m olecu la r diffu s ion coefficient (L2/T) 
J   = tortu os ity coefficient (--)

The dis pers ivity pa ra m eters  qu a ntify the m a g nitu de of long itu dina l a nd la tera l s prea ding  of the
dis s olved s pecies  a s  it is  a dvected throu g h the s ys tem .  This  s prea ding , ca lled hydrodyna m ic
dis pers ion, is  du e to the com bined influ ence of 1) w a ter m ovem ent throu g h the com plex
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pa thw a ys , a nd 2) a s s ocia ted m ixing  pa tterns  (Fig u re 3.13) tha t occu r over s pa tia l s ca les  not
a ccou nted for by the flow  field a pproxim a ted in the a dvective term  of Equ a tion 3-19.  Thes e
com plex pa thw a ys  m a y va ry in s ca le from  pore s pa ces  a nd m icrofra ctu res  to la rg er s ca le
fea tu res  s u ch a s  joints  a nd fra ctu re zones .  Since dis pers ion is  a  fu nction of fea tu res  of va riou s  
s ca les ,  the  a ppropria te  va lu e  of  dis pers ivity  m u s t  ta k e  into
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Fig u re 3.13. Dia g ra m  s how ing  the effect of s ca le on hydrodyna m ic dis pers ion proces s es .
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log S ' n log C % log K (3-21)

S ' KC n (3-22)

dS
dC

' Kd (3-23)

Kd ' focKoc (3-24)

cons idera tion the dis ta nce the s pecies  tra vels .  The m olecu la r diffu s ion coefficient in Equ a tion
3-20  qu a ntifies  the s prea ding  du e to m olecu la r diffu s ion.

In order to s olve Equ a tion 3-19 for a  s ing le dependent va ria ble, the cons titu tive rela tions hip
betw een the s pecies  concentra tions  in the dis s olved a nd a ds orbed pha s es  m u s t be defined. 
The 3DLEW ASTE code a llow s  the u s er to choos e from  three rela tions hips : 1) a  linea r
is otherm , 2) Freu ndlich is otherm , or 3) La ng m u ir is otherm .  The is otherm s , a s  determ ined in
la bora tory pa rtitioning  experim ents , ca n be plotted in log -log  form  to derive:

or

w here n is  s lope of the plot of log  S vers u s  log  C a nd K  is  the S-a xis  intercept (Freeze a nd
Cherry, 1979).  Equ a tion 3-22 defines  the Freu ndlich is otherm , w hich is  often u s ed to des cribe
the pa rtitioning  betw een the dis s olved a nd a bs orbed
pha s es .  W hen the is otherm  ha s  a  s lope n=1, the is otherm  is  linea r a nd the rela tions hip ca n be
defined a s :

w here K d is  ca lled the dis tribu tion coefficient (L3/M ).  Linea r is otherm s  a re often u s ed to
des cribe the a ds orption of hydrophobic org a nic com pou nds  to org a nic m a tter in s oils .  The
dis tribu tion coefficient is  des cribed a s  a  fu nction of the org a nic ca rbon content of the s oil a s :

w here foc is  the fra ctiona l org a nic ca rbon content a nd K oc is  the norm a lized dis tribu tion
coefficient.  There a re m a ny pu blis hed lis ts  of va lu es  for K oc (e.g ., Lym a n et a l., 1982; U.S.
EPA, 1986; Vers chu eren, 1983).  Da ta  a re a va ila ble prim a rily for pes ticides  a nd, to a  les s er
deg ree, a rom a tic a nd polycyclic a rom a tic com pou nds .  If da ta  on K oc a re not a va ila ble for a
pa rticu la r chem ica l, a  va lu e ca n be es tim a ted from  em pirica l rela tions hips  betw een K oc a nd
s om e other property of the chem ica l s u ch a s  the w a ter s olu bility, S, the octa nol-w a ter pa rtition
coefficient, K ow , or the bioconcentra tion fa ctor for a qu a tic life, BCF.  Lym a n et a l. (1982)
ta bu la te 12 s u ch reg res s ion equ a tions  obta ined from  da ta  s ets  of different cla s s es  of
chem ica ls .  One com m only-u s ed rela tions hip (K a rick hoff et a l., 1979) ta k es  the form :
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Koc ' 0.41Kow (3-25)
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S '
SmaxKC

1 % KC
(3-26)

8 '
812 % 82KdDb
2 % KdDb

% 8b (3-27)

81 ' Ka[H
% ] % Kn % Kb[OH

& ] (3-28)

82 ' "Ka[H
% ] % Kn (3-29)

The La ng m u ir is otherm  ta k es  the form :

w here Sm a x is  the m a xim u m  concentra tion a llow ed in the m ediu m .  

The effective deca y cons ta nt, 8, is  a  deg ra da tion cons ta nt tha t ca n be u s ed to qu a ntify the
effects  of ra dioa ctive deca y, or the com pos ite effects  of hydrolys is  a nd biodeg ra da tion.  W hen
u s ed to qu a ntify the effects  of hydrolys is  a nd biodeg ra da tion, the effective deca y coefficient
(for a  linea r is otherm ) ta k es  the form :

w here 81 is  the firs t-order hydrolys is  ra te cons ta nt for the dis s olved s pecies , 82 is  the firs t-order
hydrolys is  ra te cons ta nt for the s orbed s pecies , a nd 8b is  the firs t-order biodeg ra da tion ra te
cons ta nt.  The dis s olved s pecies  firs t-order hydrolys is  ra te ca n be w ritten in term s  of the a cid-
ca ta lyzed (K a ), ba s e-ca ta lyzed (K b), a nd neu tra l (K n) hydrolys is  ra te cons ta nts  a s :

w here [H+] is  the hydrog en ion concentra tion a nd [OH-] is  the hydroxyl ion concentra tion.  The
s orbed pha s e firs t-order hydrolys is  ra te is  cons idered to be a  fu nction of the a cid a nd neu tra l
hydrolys is  ra tes  a nd is  u s u a lly w ritten in the form :

w here " is  the a cid-ca ta lys t hydrolys is  ra te enha ncem ent fa ctor for the s orbed pha s e w ith a
typica l va lu e of 10 .0 .  Note tha t for a  nonlinea r is otherm  the form u la tion in 3DLEW ASTE is
va lid only if 81 = 82.

The g overning  equ a tion for a dvective-dis pers ive s olu te tra ns port in a  porou s  m ediu m , a s
pres ented in Equ a tion 3-19, des cribes  the tra ns port from  a n Eu leria n or fixed fra m ew ork .  The
nu m erica l a lg orithm  m a y beg in to os cilla te a nd fa il to converg e to a  s olu tion of this  equ a tion
w hen the a dvective term  s ta rts  to dom ina te over the dis pers ive term  a nd the equ a tion ta k es  on
a  hyperbolic na tu re.  Dom ina nce of the a dvective term  over the dis pers ive term  is  reflected in
the non-dim ens iona l Peclet nu m ber, w hich is  defined a s  the ra tio of the produ ct of the velocity
m a g nitu de a nd dis ta nce a dvected to the dis pers ion coefficient.  In finite elem ent a na lys is  the
critica l Peclet nu m ber is  the loca l Peclet nu m ber of a n elem ent, w here the loca l Peclet nu m ber
is  defined a s :
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P ' L/"L (3-30)

2 % Db
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dC
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' 2
MC
Mt

% Db
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% V@LC (3-31)

V@LC '
dxi
dt

MC
Mxi

(3-32)

2%Db
dS
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' L @(2D@LC)&8(2C%DbS)%QCin&QC (3-33a)

V( ' V/ 2 % Db
dS
dC

(3-33b)

2
DC
Dt

%Db
dS
dC

MC
Mt

' L @(2D@LC)&8(2C%DbS)%QCin&QC (3-34a)

w here L is  the elem ent leng th.  

One m ethod of circu m venting  the nu m erica l problem s  (i.e., os cilla tion a nd fa ilu re to converg e)
a s s ocia ted w ith Peclet nu m bers  g rea ter tha n 2 is  to a ddres s  the s ys tem  throu g h a  m oving  (i.e.,
La g ra ng ia n) coordina te s ys tem .  In the La g ra ng ia n form u la tion for s olu te tra ns port in a  porou s
m ediu m ,  the tem pora l term  is  defined a s  a  m a teria l deriva tive of the form :

w here D denotes  the m a teria l deriva tive.

The a dvective term , V·LC, w ritten in index nota tion becom es :

w here the repea ted indices  indica te s u m m a tion.  Su bs titu ting  Equ a tion 3-31 into Equ a tion 3-
19, the g overning  equ a tion for a  La g ra ng ia n fra m ew ork  becom es :

for a  linea r is otherm .  The a vera g e linea r velocity, V*, for a  linea r is otherm  becom es :

For a  non-linea r is otherm , the La g ra ng ia n equ a tion becom es :

w here
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V( ' V/2 (3-34b)

Fu ll im plem enta tion of the La g ra ng ia n a pproa ch im plies  the s olu tion of Equ a tion 3-33 u s ing  a
m oving  coordina te s ys tem .  Another m ethod of circu m venting  the ins ta bility problem  is  to u tilize
a  hybrid Eu leria n-La g ra ng ia n a pproa ch.  Su ch a n a pproa ch is  im plem ented in 3DLEW ASTE. 
In the hybrid a pproa ch, the a dvective term  of the m a teria l deriva tive is  eva lu a ted in a
La g ra ng ia n m a nner by a  ba ck w a rds  pa rticle tra ck ing  s chem e (Fig u re 3.14).  The pa rticle
tra ck ing  s chem e g enera tes  a  pa rticle s ta rting  loca tion a nd a n a s s ocia ted concentra tion, C*. 
This  concentra tion, C*, is  the s ta rting  concentra tion of ea ch pa rticle w hich rea ches
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Fig u re 3.14.Ba ck w a rd pa rticle tra ck ing  to determ ine the s ta rting  point of a n a dvected pa rticle.

a  noda l point a t the end of tha t pa rticu la r tim e s tep.  The m a teria l term  of Equ a tion 3-33 is  then
a pproxim a ted by:

The diffu s ion-type equ a tion is  then s olved u s ing  a  fixed coordina te s ys tem .  Note tha t for a
s tea dy-s ta te s im u la tion, w here )t64, the log ic is  im plem ented by m u ltiplying  the tra ns ient
s tora g e term s  by zero a nd eva lu a ting  the a dvection term  in a  fixed coordina te s ys tem . 
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C ' Cd xb,yb,zb,t on Bd (3-36)

3.3.2  Bou nda ry Conditions  a nd Tra ns ient Sou rce/Sink  Term s  

Uniqu e s olu tions  to a dvective-dis pers ive s olu te tra ns port problem s  a re g enera ted by s olving
the g overning  equ a tion (Equ a tion 3-19) in conju nction w ith 1) a  s et of bou nda ry conditions ,
defined a t the phys ica l edg es  of the m odeled s ys tem , a nd w here a ppropria te, 2) s ou rce/s ink
term s  a pplied w ithin the s ys tem  (s ee Fig u re 3.4).  

Bou nda ry conditions  a nd s ou rce/s ink  term s  a va ila ble in the 3DLEW ASTE m odel inclu de:

!  Pres cribed-concentra tion (Dirichlet) bou nda ries

!  Specified-flu x (Ca u chy) bou nda ries

!  Specified-dis pers ive-flu x (Neu m a nn) bou nda ries

!  Va ria ble bou nda ries

!  Point s ou rces

!  Dis tribu ted s ou rces

Pres cribed-concentra tion or Dirichlet bou nda ries  a re defined by pres cribing  dis s olved s pecies
concentra tions  a t s pecified bou nda ry nodes  a s :

w here Cd is  the s pecified s olu te concentra tion, Bd is  the portion of the s ys tem  bou nda ry s u bject
to a  Dirichlet bou nda ry condition, a nd (xb,yb,zb) is  the s pa tia l coordina te on the bou nda ry. 
Dirichlet bou nda ries  a re typica lly u s ed to tes t com pu ter prog ra m s  by a llow ing  com pa ris ons  w ith
a na lytica l s olu tions .  Unlik e the a na log ou s  cons ta nt-hea d bou nda ries  of flow  m odels , cons ta nt-
concentra tion bou nda ries  a re g enera lly poor a pproxim a tions  of conta m ina nt s ou rce term s . 
Bodies  of fres h w a ter loca ted u pg ra dient from  conta m ina nt s ou rces  ca n be a pproxim a ted u s ing
cons ta nt concentra tion nodes .  W hen u s ed to define s ou rces , s pecified concentra tions  m a y be
cons ta nt or a llow ed to va ry w ith tim e, reflecting  phys ica l proces s es  s u ch a s  deg ra da tion of the
s ou rce du e to ra dioa ctive deca y, hydrolys is , biodeg ra da tion, or phys ica l rem ova l. 
Concentra tion vers u s  tim e profiles  ca n be defined to a ccou nt for s ea s ona l or other tim e-va ria nt
cha ng es  in dis s olved s pecies  levels .

The s pecified-flu x (Ca u chy) bou nda ry repres ents  the portions  of the s ys tem  bou nda ry w here
infiltra tion ca n be qu a ntified.  The s pecified-flu x bou nda ry ha s  m a ny repres enta tions  inclu ding :
1) infiltra tion du e to lea cha te m ig ra tion from  a  la ndfill or s u rfa ce im pou ndm ent, 2) a pplica tion of
pes ticides  or fertilizer to fields , a nd 3) the dilu tion effects  of ra infa ll or irrig a tion on previou s ly
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n@(VC & 2D@LC) ' qc xb,yb,zb,t on Bc (3-37)

n@(&2D@LC) ' qn xb,yb,zb,t on Bn (3-38)

n@(VC & 2D@LC) ' n@VCv xb,yb,zb,t on Bv if n@V#0 (3-39a)

n@(&2D@LC) ' 0 on Bv if n@V > 0 (3-39b)

a pplied cons titu ents .  The s pecified-flu x bou nda ry condition ca n be w ritten:

w here n is  a n ou tw a rd u nit vector norm a l to the bou nda ry, 2 D.LC is  the dis pers ive flu x ca u s ed
by the concentra tion g ra dient LC, VC is  the a dvective flu x, qc is  the s pecified flu x ra te (M /T/L2),
a nd Bc is  the portion of the s ys tem  bou nda ry s u bject to a  s pecified-flu x bou nda ry condition. 
The s pecified bou nda ry is  s im u la ted by a s s ig ning  m a s s  flu x ra tes  a long  s pecified elem ent
s ides .  Flu x ra te vers u s  tim e profiles  ca n be defined to a ccou nt for s ea s ona l or other tim e-
va ria nt cha ng es  in flu x ra tes .

In a ddition to the u s er-s u pplied m a s s  flu x ra tes , 3DLEW ASTE a u tom a tica lly a ccou nts  for the
influ ence of the w a ter entering  the s ys tem  a long  the bou nda ry.  The infiltra tion of fres h w a ter is
s im u la ted by a pplying  the s pecified-flu x bou nda ry condition a nd s etting  the m a s s  flu x ra te to
zero. The a u tom a tica lly g enera ted term  a ccou nting  for w a ter flow  norm a l to the bou nda ry w ill
s im u la te the dilu tion du e to infiltra tion.  

Als o a va ila ble in 3DLEW ASTE is  a  s pecified-dis pers ive-flu x or Neu m a nn bou nda ry condition of
the form :

w here qn (M /T/L2) is  the portion of the bou nda ry flu x a ttribu ta ble to the concentra tion a nd Bn is
the portion of the s ys tem  bou nda ry s u bject to a  s pecified-dis pers ive-flu x bou nda ry condition. 
Note tha t exit bou nda ries  ca n be decla red u s ing  this  bou nda ry condition a nd letting  qn=0 .  This
phys ica lly s im u la tes  m a s s  being  a dvected ou t of the s ys tem .

For s olu te tra ns port, the va ria ble com pos ite bou nda ry condition repres ents  a  com bined
s pecified-flu x/dis pers ive-flu x bou nda ry w hich a llow s  for tim e-va ria nt infiltra tion/w a ter-los s  ra tes . 
The bou nda ry condition du ring  infiltra tion is :

w here n.V is  the Da rcy velocity or dis cha rg e norm a l to the bou nda ry, Cv is  the concentra tion of
the dis s olved s pecies  in the w a ter entering  a t the bou nda ry, a nd Bv is  the portion of the
bou nda ry s u bject to a  va ria ble bou nda ry condition.  W hen w a ter is  exiting  a t the bou nda ry, the
bou nda ry condition defa u lts  to the dis pers ive flu x condition:
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C ' Ci(x,y,z,t' 0) in R (3-40)

a nd m a s s  is  a dvected ou t of the s ys tem .  Lik e the s pecified-flu x bou nda ry condition, the
va ria ble bou nda ry ca n repres ent: 1) infiltra tion du e to lea cha te m ig ra tion from  a  la ndfill or
s u rfa ce im pou ndm ent, 2) a pplica tion of pes ticides  or fertilizer to fields , a nd 3) the dilu tion
effects  of ra infa ll or irrig a tion on previou s ly a pplied cons titu ents .  W hen the bou nda ry being
m odeled m a y be either a n exit or a n infiltra tion bou nda ry, s u ch a s  a  precipita tion/
eva potra ns pira tion bou nda ry or a  s eepa g e fa ce, the va ria ble bou nda ry condition is  the proper
choice.  The va ria ble bou nda ry condition ca n a ls o be u s ed in a  m a nner s im ila r to the
dis pers ive-flu x condition to s im u la te s trictly exit nodes .

Interna l s ou rce/s ink  term s , a s  repres ented by the term  QCin in Equ a tion 3-19 a re a ls o
a ccou nted for in 3DLEW ASTE.  As  w ith the bou nda ry conditions , the s ou rce/s ink  term s  ca n be
cons ta nt or a llow ed to va ry w ith tim e.  Both the flu id flu x ra te, Q, a nd the injected flu id s pecies
concentra tion, Cin, a re a llow ed to va ry w ith tim e.  Tw o s ou rce/s ink  options  a re a va ila ble in the
code.  The firs t is  a  point s ou rce/s ink  option a nd the s econd, a  dis tribu ted s ou rce/s ink  option. 
The firs t option is  g enera lly u s ed to repres ent produ ction or injection w ells .  The flu id flu xes  in
w ells  a re repres ented a s  volu m etric w a ter flu xes , q1 (L

3/T), a pplied a t a  noda l point or to better
repres ent a  s creened interva l, a  colu m n of noda l points  (s ee Fig u re 3.6).  If vertica lly a dja cent
nodes  a re u s ed to repres ent the s creened interva l of a  w ell, the volu m etric flu x m u s t be
dis tribu ted a m ong  the nodes .  The m os t a ppropria te m ethod of doing  this  is  dis cu s s ed in
Section 3.1.2.  Note tha t the a pplied flu id flu xes  m u s t m a tch thos e u s ed in the a s s ocia ted flow
s im u la tion.  

The dis tribu ted s ou rce option is  a  s ou rce intens ity tha t is  integ ra ted over the volu m e of a n
elem ent. For a  dis tribu ted s ou rce elem ent, the u s er defines  a  flu id s ou rce intens ity, q2 (L

3/T/L3),
or flu id flu x ra te per u nit volu m e for ea ch dis tribu ted s ou rce elem ent.  This  option a llow s  a  u s er
m odelling  a  la rg e a rea  to a pproxim a te the influ ence of a  w ell field w ithin a n elem ent.

Tim e-va ria nt bou nda ry conditions  a nd s ou rce/s ink  flu x or flu x intens ity ra tes  a re defined by a
s eries  of pa ired tim e a nd va lu e points .  This  pa ired da ta  is  u s ed to a s s em ble a  look -u p ta ble
from  w hich a ppropria te va lu es  a re obta ined u s ing  linea r interpola tion a t s pecified tim es  of
a na lys is .  Cons ta nt va lu es  ca n be s pecified by a s s ig ning  the s a m e va lu e to a  s et of tw o
tim e/da ta  point pa irs , m a k ing  s u re tha t the s im u la tion tim e is  fu lly s pa nned.

3.3.3  Initia l Conditions

The s olu tion of the g overning  equ a tion for s olu te tra ns port in a  porou s  m ediu m  a ls o requ ires
the initia liza tion of concentra tion va lu es  s u ch tha t:

w here Ci is  the initia l concentra tion dis tribu tion a nd R is  the reg ion of interes t.  The initia l
conditions  a re u s ed to define the s ta rting  w a ter qu a lity a nd s oil concentra tion levels  for
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C ' Nj(xi,t)Cj(t) j ' 1,2,ÿ,n (3-41)

m
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Wi (2%DbKd)
DC
Dt

&L @(2D@LC)&8(2%DbKd)C%QCin&QC dR ' 0 (3-42)

determ ining  the fa te of the dis s olved cons titu ents .  Bes ides  providing  a  fra m e of reference for
tra ns ient a na lys es , the initia l conditions  a re u s ed to s et the s tora g e pa ra m eters  for Freu ndlich
a nd La ng m u ir is otherm s  a t the beg inning  of nonlinea r s im u la tions .  For tra ns ient problem s , a n
a ppropria te s et of initia l concentra tion va lu es  m a y either be inpu t directly or derived from  a
s tea dy-s ta te s im u la tion.  For m ore inform a tion on thes e options  s ee Section 4.2.10 . 

3.3.4  Stea dy-Sta te

W hen look ing  for a  bou nding  s olu tion to determ ine the m a xim u m  pos s ible concentra tion levels
tha t m a y be rea ched in a  s olu te tra ns port problem , a  s tea dy-s ta te option m a y be em ployed.  In
the s tea dy-s ta te ca s e, the tim e deriva tives  in Equ a tion 3-19 a re dis ca rded a nd the equ a tion,
inclu ding  the a dvective term , is  s olved in a n Eu leria n or fixed-coordina te fra m ew ork .  Note tha t
a ny s olu te s ou rce pres cribed a s  a  bou nda ry condition or s ou rce term  becom es  m odeled a s  a n
infinite s ou rce.  For m a ny s ys tem s  this  u pper bou nd m a y be hig hly cons erva tive.  The s tea dy-
s ta te option is  of no u s e if the s ou rce is  s olely defined by initia l conditions .

3.4  NUM ERICAL APPROXIM ATION IN 3DLEW ASTE 

The 3DLEW ASTE m odel w a s  developed to s im u la te a dvective-dis pers ive s olu te tra ns port in
va ria bly-s a tu ra ted porou s  m edia .  In the m odel, the hybrid Eu leria n-La g ra ng ia n g overning
equ a tion (Equ a tion 3-33) is  a pproxim a ted u s ing  the G a lerk in finite elem ent techniqu e.  The
tim e integ ra l term  in Equ a tion 3-33 is  a pproxim a ted u s ing  ba ck w a rds  differencing  in tim e.  The
nonlinea rity of the s ys tem  is  trea ted u s ing  Pica rd itera tion a nd the g enera ted s et of linea rized
equ a tions  is  s olved u s ing  a  block  itera tive m ethod.

3.4.1  G a lerk in Form u la tion

In 3DLEW ASTE, the diffu s ion equ a tion is  a pproxim a ted u s ing  the G a lerk in finite elem ent
m ethod w here the dependent va ria ble, concentra tion, is  a pproxim a ted by a  tria l fu nction of the
form :

w here Nj(xi,t) a re the three-dim ens iona l s ha pe fu nctions  a nd C j(t) a re noda l va lu es  of
concentra tion a t tim e t for the n nodes  of w hich the finite elem ent g rid is  com pris ed (s ee Fig u re
3.9).  Su bs titu ting  the tria l fu nctions  into Equ a tion 3-33 a nd a pplying  the G a lerk in criterion, a
s et of w eig hted res idu a l m inim iza tion equ a tions  of the form :
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m
Rs

Ni (2%DbKd)
DC
Dt

&L @(2D@LC)&8(2%DbKd)C%QCin&QC dR ' 0 (3-43)

m
Rs

Ni(2%DbKd)Nj
DCj
Dt

dR%m
Rs

LNi@2D@LNjdRCj&m
Bs

n@2D@LNjdBCj

m
s

8(2%DbKd)NiNjdRCj&m
Rs

M2
Mt

NiNjdRCj&m
Rs

QCinNidR%m
Rs

QNiNjdRCj '

(3-44)

Aij
dCj
dt

% Bij % Eij Cj ' Rij i ' 1,2,...n

j ' 1,2,...n
(3-45a)

Aij ' jm
k'1 m

Re

2 % DbKd N
e
i N

e
j dR (3-45b)

Bij ' jm
k'1 m

Re

LN e
i @2D@LN

e
i dR (3-45c)

a re g enera ted for the linea r is otherm  ca s e, w here W i a re the w eig hting  fu nctions .  For the
G a lerk in m ethod, the w eig hting  fu nctions  a re the s a m e a s  the s ha pe fu nctions  a nd therefore,
Equ a tion 3-42 ca n be w ritten in the form :

Integ ra tion by pa rts  ca n be a pplied to the dis pers ive term  to elim ina te a ll s econd order term s  in
Equ a tion 3-43, lea ving  a n equ a tion of the form :

w here Bs  is  the entire reg ion bou nda ry.  The integ ra ls  g iven in Equ a tion 3-44, w hich a re ta k en
over the entire reg ion being  m odeled, ca n be repla ced by the s u m m a tion of integ ra ls  ta k en
over the volu m es  a nd s u rfa ces  of individu a l elem ents  of the finite elem ent g rid.  This  finite
elem ent a pproxim a tion g enera tes  a  s et of n noda l equ a tions  of the form :

w here
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Eij ' jm
k'1 m

Re

N e
i 8(2%DbKd)%Q N e

j dR (3-45d)

Rij ' jm
k'1 m

Re

QCin N
e
i dR % m

Be

n@2DCjLN
e
j dB (3-45e)

jM
k'1 m

Re

N e
i V@LN

e
j dR (3-46)

a nd

w here m  is  the nu m ber of elem ents  into w hich the s ys tem  is  dis cretized a nd Ne a re the
elem enta l s ha pe fu nctions .  Note tha t for a  s tea dy-s ta te s im u la tion, the fu ll Eu leria n a pproa ch
is  u s ed.  The La g ra ng ia n term  DC/Dt is  repla ced by MC/Mt a nd the Eu leria n term :

is  a dded to Bij.

3.4.2  Solu tion Techniqu es

To s olve the s eries  of linea rized ordina ry differentia l equ a tions  repres ented by Equ a tion 3-45a ,
the tim e differentia l is  repla ced by a  finite difference form u la tion, res u lting  in w ork ing  equ a tions
for 3DLEW ASTE of the form :
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Aij
)t

C k%1
j & C ( k

j % B k%1
ij % E k%1

ij C k%1
j ' R k%1

i (3-47)

C r%1
i ' 1 & uo C

r
i % uoC

r%1
i (3-48)

C s%1
i ' (1 & o)C s

i % oC s%1
i (3-49)

w here k +1 repres ents  the cu rrent tim e s tep, k  the previou s  tim e s tep, a nd )t the leng th of the
cu rrent tim e s tep.  Note tha t s ince the tra ns ient s olu tion s chem e a llow s  only for a  ba ck w a rds
difference a pproxim a tion the a s s ocia ted flow  ru ns  s hou ld a ls o be s olved u s ing  ba ck w a rds -in-
tim e a pproxim a tion.

For ea ch tim e s tep, the s olu tion m ethod involves  a n inner itera tive s chem e (s ee Fig u re 3.10 )
w hich controls  the block  itera tive m ethod of s olving  the linea r equ a tions .  For s im u la tions
w here the nonlinea r Freu ndlich or La ng m u ir is otherm s  a re u s ed, the s olu tion m ethod a ls o
involves  a n ou ter itera tive s chem e w here the itera tions  control converg ence of the nonlinea r
term s  in the linea rized s et of equ a tions .  For ea ch nonlinea r itera tion, the linea rized s et of
equ a tions  is  s olved u s ing  s tora g e term s  u pda ted u s ing  concentra tion va lu es  from  the previou s
nonlinea r (ou ter) itera tion.  Stora g e term s  for the firs t itera tion in a  tim e s tep a re ba s ed on
concentra tion va lu es  from  the previou s  tim e s tep, or for the firs t tim e s tep, from  the initia l
conditions .  If the ou ter itera tive s chem e becom es  u ns ta ble it m a y be helpfu l to da m p the
itera tive cha ng es  in the concentra tion.  One m ethod of da m ping  the itera tive cha ng es  is
throu g h the u s e of a n u nder-rela xa tion fa ctor.  Im plem enta tion of the u nder-rela xa tion fa ctor for
the ou ter itera tions  in 3DLEW ASTE is  a s  follow s :

w here u o is  the ou ter u nder-rela xa tion fa ctor a nd r is  the itera tion nu m ber.  If da m ping  is
needed, va lu es  betw een 0 .5 a nd 0 .9 s hou ld s u ffice.  Accelera tion or over-rela xa tion
(1.0 < u o< 2.0 ) is  g enera lly not recom m ended for the nonlinea r itera tions  a s  it m a y m a k e the
s olu tion becom e u ns ta ble.  

The linea r or linea rized s et of s im u lta neou s  equ a tions  is  s olved u s ing  a  block  itera tive s chem e. 
The u s er defines  a  s et of s u breg ions  (or block s ) by pres cribing  the nodes  conta ined in ea ch
s u breg ion.  Su breg ions  a re dis cu s s ed in Section 3.2.2.  

The block  itera tive log ic conta ins  a  rela xa tion fa ctor w hich ca n be u s ed to u nder- or over-rela x
the s olu tion a nd help da m p or a ccelera te the ra te of converg ence. Im plem enta tion of the inner
rela xa tion s chem e is  a s  follow s :

w here s  denotes  the inner itera tion nu m ber a nd o is  the rela xa tion fa ctor.  In g enera l, the u s e



71

of a ccelera tion by over-rela xa tion (1.0 < o< 1.9) is  a ppropria te
for s olu tions  of a  diffu s ion-type equ a tion, a s  g enera ted in the hybrid form u la tion.  For s tea dy-
s ta te s im u la tions  w here the a dvective-dis pers ive equ a tion is  u tilized, u nder-rela xa tion
(0 .5< o< 1.0 ) m a y be needed.
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SECTION 4

DATA INPUT REQUIREM ENTS

4.1  3DFEM W ATER INPUT SEQUENCE

This  s ection des cribes  how  to cons tru ct a  da ta  inpu t file for 3DFEM W ATER, the va ria bly-
s a tu ra ted flow  code.  Ba ck g rou nd inform a tion a bou t the code tha t w ill a id in bu ilding  a n inpu t
file, s u ch a s  cons tru ction of a  g rid or s election of bou nda ry condition types , is  provided in
Section 3.1.  In a ddition, help in s electing  va lu es  for s om e of the inpu t pa ra m eters  is  g iven in
Section 5.1.

Note tha t m a xim u m  control pa ra m eters  a re a s s ocia ted w ith a  nu m ber of the inpu t va ria bles . 
Thes e control pa ra m eters  a re u s ed in the code to s pecify a rra y dim ens ions .  For s om e
problem s , the defa u lt va lu es  s et for thes e pa ra m eters  m a y be too s m a ll.  If s o, they ca n be
ea s ily cha ng ed.  The m a xim u m  control pa ra m eters  a nd their defa u lt va lu es  a re lis ted in
Appendix C.  Note a ls o tha t the log ica l u nits  u s ed by 3DFEM W ATER a re defined in Appendix
B.

A com plete inpu t file cons is ts  of inform a tion s u pplied in 18 da ta  s ets .  The contents  a nd form a t
of ea ch da ta  s et a re lis ted below .  W hen cons tru cting  a n inpu t s equ ence, it is  im porta nt to note
tha t da ta  s ets  2 throu g h 17 m u s t be preceded by a  record w hich conta ins  a  des cription of the
da ta  s et.  This  ca n be s een in the exa m ple inpu t s equ ences  provided in Section 6.1.  M os t of
the inpu t is  entered in free-form a t, w hich m ea ns  tha t the s pa cing  of the inpu t da ta  in a  record
does  not need to follow  a  s et pa ttern.  Note tha t a  record ca n cons is t of m u ltiple lines , w ith a
line defined a s  u p to 80  colu m ns .

The u s er m a y choos e to ru n the m odel u s ing  a ny s et of u nits  a s  long  a s  they a re cons is tently
m a inta ined in a ll the inpu t.  Units  of m a s s  (M ), leng th (L), a nd tim e (T) a re indica ted in the inpu t
des criptions .

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

One record w ith FORM AT(I5,A70 ,2X,I2,2I1) per problem .  This  record conta ins  the
follow ing  va ria bles :

 1. NPROB = Problem  nu m ber (colu m ns  1-5). 

 2. TITLE = Arra y for the title of the problem .  It m a y conta in u p to 70  cha ra cters
(colu m ns  6 - 75). 
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 3. IG EOM  = Integ er indica ting  if (1) the g eom etry, bou nda ry a nd pointer a rra ys  a re
to be printed a nd if (2) the bou nda ry a nd pointer a rra ys  a re to be com pu ted or
rea d via  log ica l u nits  (colu m n 78).  If IG EOM  is  a n even nu m ber, g eom etry,
bou nda ry a nd pointer a rra ys  w ill not be printed.  If IG EOM  is  a n odd nu m ber, they
w ill be printed.  If IG EOM  is  les s  tha n or equ a l to 1, bou nda ry a rra ys  w ill be
com pu ted a nd w ritten on log ica l u nit LUBAR, bu t if IG EOM  is  g rea ter tha n 1,
bou nda ry a rra ys  w ill be rea d via  log ica l u nit LUBAR.  If IG EOM  is  les s  tha n or
equ a l to 3, pointer a rra ys  w ill be com pu ted a nd w ritten on log ica l u nit LUPAR, bu t
if IG EOM  is  g rea ter tha n 3, pointer a rra ys  w ill be rea d via  log ica l u nit LUPAR.  In
s u m m a ry:

IG EOM  = Even No. Print the g eom etry, bou nda ry, a nd pointer a rra ys .
IG EOM  = Odd No. Do not print the a rra ys .
IG EOM  <  1 Com pu te a nd w rite bou nda ry a nd pointer a rra ys .
1 <  IG EOM  <  3 Rea d bou nda ry a rra ys , com pu te a nd w rite pointer a rra ys  (not

u s ed u nder norm a l conditions ).
IG EOM  > 3 Rea d bou nda ry a nd pointer a rra ys .

 4. IBUG  = Integ er indica ting  if dia g nos tic ou tpu t is  des ired to help determ ine
problem s  encou ntered w hile execu ting  the code (colu m n 79);
0  = no, 
1 = yes .

 5. ICHNG  = Integ er control nu m ber indica ting  if the cyclic cha ng e of
ra infa ll-s eepa g e nodes  is  to be printed (colu m n 80 );  
0  = no, 
1 = yes . 

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

One record w ith FREE-FORM AT per problem .  It conta ins  the follow ing  va ria bles :

 1. NNP = Nu m ber of noda l points . 

 2. NEL = Nu m ber of elem ents . 

 3. NM AT = Nu m ber of m a teria l types . 

 4. NCM  = Nu m ber of elem ents  w ith m a teria l property correction. 

 5. NTI = Nu m ber of tim e s teps  or tim e increm ents  (s ee notes  a t the end of Da ta  Set
2).
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 6. K SS = Stea dy-s ta te control;  
0  = s tea dy-s ta te s olu tion, 
1 = tra ns ient-s ta te s olu tion (s ee note a t the end of Da ta  Set 2). 

 7. NM PPM  = Nu m ber of m a teria l properties  per m a teria l;  this  pa ra m eter s hou ld be
s et equ a l to 6 in the pres ent vers ion of the code (s ee Da ta  Set 5).

 8. K G RAV = G ra vity term  control; 
0  = no g ra vity term , 
1 = g ra vity term  inclu ded. 

 9. ILUM P = M a s s  lu m ping  control;  
0  = no, 
1 = yes .

10 . IM ID = M id-difference control;  
0  = no, 
1 = yes .

11. NITER = Nu m ber of itera tions  a llow ed for s olving  the non-linea r equ a tion. 

12. NCYL = Nu m ber of cycles  perm itted for itera ting  ra infa ll-s eepa g e bou nda ry
conditions  per tim e s tep. 

13. NDTCHG  = Nu m ber of tim es  the tim e-s tep s ize w ill be res et to the initia l tim e-s tep
s ize;  NDTCHG  s hou ld be > 1 (s ee Section 5.1.2.10 ).

14. NPITER = Nu m ber of itera tions  for a  pointw is e s olu tion. 

**** NOTE: NTI ca n be com pu ted by NTI = I1 + 1 + I2 + 1, w here I1 is  the la rg es t
integ er not exceeding  Log (DELM AX/DELT)/Log (1+CHNG ),  I2 is  the
la rg es t integ er not exceeding  (RTIM E-DELT*((1+CHNG )
**(I1+1)-1)/CHNG )/DELM AX, RTIM E is  the rea l s im u la tion tim e, a nd
DELM AX, DELT,a nd CHNG  a re defined in da ta  s et 3. 

**** NOTE: 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, K SS = 0  a nd NTI = 0  in this  da ta  s et.  In
the la tter ca s e, K SS = 0  a nd NTI > 0 .  If K SS > 0 , there w ill be no s tea dy-
s ta te ca lcu la tion. 

4.1.3  Da ta  Set 3:  Ba s ic Rea l Pa ra m eters  
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One record w ith FREE-FORM AT per problem .  It conta ins  the follow ing  va ria bles :

 1. DELT = Initia l tim e s tep s ize, (T). 

 2. CHNG  = Fra ctiona l cha ng e in the tim e-s tep s ize in ea ch s u bs equ ent tim e
increm ent, (dim ens ionles s  decim a l-point va lu e). 

 3. DELM AX = M a xim u m  va lu e of DELT, (T). 

 4. TM AX = M a xim u m  s im u la tion tim e, (T). 

 5. TOLA = Stea dy-s ta te converg ence criterion, (L). 

 6. TOLB = Tra ns ient-s ta te converg ence criterion, (L). 

 7. RHO = Dens ity of w a ter, (M /L3). 

 8. G RAV = Accelera tion of g ra vity, (L/T2);  (e.g ., 32.17 ft/s 2 or 9.81 m /s 2). 

 9. VISC = Dyna m ic vis cos ity of w a ter, (M /L/T). 

10 . W  = Tim e deriva tive w eig hting  fa ctor; 
0 .5 = Cra nk -Nicols on centra l a nd/or m id-difference, 
1.0  = ba ck w a rd difference.

11. OM E = Itera tion pa ra m eter for s olving  the nonlinea r m a trix equ a tion; 
0 .0  <  OM E <  1.0  = u nder-rela xa tion, 
1.0  = exa ct rela xa tion, 
1.0  <  OM E <  2.0  = over-rela xa tion. 

12. OM I = Rela xa tion pa ra m eter for s olving  the linea rized m a trix equ a tion pointw is e; 
0 .0  <  OM I <  1.0  = u nder rela xa tion, 
1.0  = exa ct rela xa tion, 
1.0  <  OM I <  2.0  = over rela xa tion. 

4.1.4  Da ta  Set 4:  Printer a nd Dis k  Stora g e Control a nd Tim es  for Step Size
       Res etting

Three records  a re needed per problem .  The firs t tw o records  a re form a tted inpu t w ith
FORM AT(2I1).  The third record is  a  FREE-FORM AT inpu t.  The nu m ber of lines  for the
firs t tw o records  depends  on the va lu e of NTI, the nu m ber of tim e increm ents .  The
nu m ber of lines  for the third record depends  on the va lu e of NDTCHG , the nu m ber of
tim es  to res et the tim e-s tep s ize. 
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Record 1 - FORM AT(2I1):  This  record conta in the follow ing  va ria bles :

 1. K PR0  = Printer control for s tea dy-s ta te a nd initia l conditions ;
0  = print nothing , 
1 = print the va lu es  for the va ria bles  FLOW , FRATE, a nd TFLOW ,
2 = print va lu es  a bove plu s  pres s u re hea d H,
3 = print va lu es  a bove plu s  tota l hea d,
4 = print va lu es  a bove plu s  m ois tu re content, 
5 = print va lu es  a bove plu s  Da rcy velocity. 

 2. K PR(I) = Printer control for the I-th (I = 1, 2, ..., NTI) tim e s tep;
0  = print nothing , 
1 = print the va lu es  for the va ria bles  FLOW , FRATE, a nd TFLOW , 
2 = print va lu es  a bove plu s  pres s u re hea d H, 
3 = print va lu es  a bove plu s  tota l hea d, 
4 = print va lu es  a bove plu s  m ois tu re content, 
5 = print va lu es  a bove plu s  Da rcy velocity.

Record 2 - FORM AT(2I1):  This  record ca n be u s ed to s tore 3DFEM W ATER ou tpu t in a
bina ry file for u s e in plotting  or a s  inpu t to 3DLEW ASTE.  It conta ins  the follow ing
va ria bles :

 1. K DSK 0  = Au xilia ry s tora g e control for the s tea dy-s ta te or initia l condition;  
0  = no s tora g e, 
1 = s tore on log ica l u nit LUSTO. 

 2. K DSK (I) = Au xilia ry s tora g e control for the I-th (I = 1, 2, ..., NTI) tim e s tep;  
0  = no s tora g e, 
1 = s tore on log ica l u nit LUSTO. 

Record 3 - FREE-FORM AT:  This  record conta ins  the follow ing  va ria bles :

 1. TDTCH(I) = Tim e w hen the I-th (I = 1, 2, ..., NDTCHG ) tim e-s tep-s ize res etting  is
needed. 

4.1.5  Da ta  Set 5:  M a teria l Properties  

Either hydra u lic condu ctivity or perm ea bility ca n be inpu t in this  da ta  s et.  The fla g  KCP
in da ta  s et 6A is  u s ed to indica te w hich of the tw o is  being  u s ed.  A tota l of NM AT
records  a re needed per problem , one for ea ch m a teria l.

Record I (I = 1, 2, ..., NM AT) - FREE-FORM AT:  Ea ch record conta ins  follow ing
va ria bles :
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 1. PROP(1,I) = Sa tu ra ted xx-hydra u lic condu ctivity or perm ea bility of the m ediu m  I,
(L/T or L2). 

 2. PROP(2,I) = Sa tu ra ted yy-hydra u lic condu ctivity or perm ea bility of the m ediu m  I,
(L/T or L2). 

 3. PROP(3,I) = Sa tu ra ted zz-hydra u lic condu ctivity or perm ea bility of the m ediu m  I,
(L/T or L2). 

 4. PROP(4,I) = Sa tu ra ted xy-hydra u lic condu ctivity or perm ea bility of the m ediu m  I,
(L/T or L2). 

 5. PROP(5,I) = Sa tu ra ted xz-hydra u lic condu ctivity or perm ea bility of the m ediu m  I,
(L/T or L2). 

 6. PROP(6,I) = Sa tu ra ted yz-hydra u lic condu ctivity or perm ea bility of the m ediu m  I,
(L/T or L2). 

4.1.6  Da ta  Set 6:  Soil Property Pa ra m eters

6A. Soil Property Control Integ ers   

One record per problem .  This  record is  FREE-FORM ATTED a nd conta ins  the follow ing
va ria bles :

 1. K SP = Soil property inpu t control;  
0  = a na lytica l inpu t, 
1 = ta bu la r da ta  inpu t.

 2. NSPPM  = Nu m ber of points  in the ta bu la r s oil property fu nctions  w hen K SP
= 1.  The nu m ber of pa ra m eters  needed to s pecify the a na lytica l s oil
fu nctions  per m a teria l w hen K SP = 0 .  (For a na lytica l s oil fu nctions , NSPPM
= 5 in the cu rrent vers ion of the code.)

 3. KCP = Perm ea bility inpu t control; 
0  = inpu t s a tu ra ted hydra u lic condu ctivity, 
1 = inpu t s a tu ra ted perm ea bility. 

6B. Ana lytica l Soil Pa ra m eters   

This  s u bda ta  s et is  needed if a nd only if K SP = 0 .  NM AT records  a re needed, one for
ea ch m a teria l type.  
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Record I (I = 1, 2, ..., NM AT) - FREE-FORM AT:  Ea ch record conta ins  the follow ing
va ria bles :

1. THPROP(1,I) = Res idu a l m ois tu re (w a ter) content for m a teria l I, (--).

2. THPROP(2,I) = Sa tu ra ted m ois tu re (w a ter) content for m a teria l I, (--).

3. THPROP(3,I) = Air entry pres s u re hea d for m a teria l I, (L).

 4. THPROP(4,I) = Va n G enu chten em pirica l coefficient a lpha  for m a teria l I,
(1/L).

 5. THPROP(5,I) = Va n G enu chten em pirica l coefficient beta  for m a teria l I, (--).

6C. Soil Properties  in Ta bu la r Form   

This  s u bda ta  s et is  needed if a nd only if K SP = 1.  Fou r s ets  of records  a re needed --
one ea ch for pres s u re, w a ter-content, rela tive condu ctivity (or rela tive perm ea bility),
a nd w a ter ca pa city, res pectively.  Ea ch s et conta ins  NM AT records , one for ea ch
m a teria l type.  Thu s  the tota l nu m ber of records  for this  s u bda ta  s et is  4*NM AT.  The
nu m ber of lines  in ea ch record is  determ ined by the inpu t pa ra m eter NSPPM , defined in
da ta  s et 6A.

Record I (I = 1, 2, ..., NM AT) - FREE-FORM AT:  Ea ch record conta ins  the follow ing
va ria bles :

1. HPROP(1,I) = Ta bu la r va lu e of pres s u re hea d for the firs t da ta  point of
m a teria l I, (L). 

 2. HPROP(2,I) = Ta bu la r va lu e of pres s u re hea d for the s econd da ta  point of
m a teria l I, (L).

.

.

   NSPPM . HPROP(NSPPM ,I) = Ta bu la r va lu e of pres s u re hea d for the NSPPM -th da ta
point of m a teria l I, (L).

Record (NM AT + I) (I = 1, 2, ..., NM AT) - FREE-FORM AT:  Ea ch record conta ins  the
follow ing  va ria bles :

1. THPROP(1,I) = Ta bu la r va lu e of m ois tu re-content for the firs t da ta  point in
m a teria l I, (--).
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2. THPROP(2,I) = Ta bu la r va lu e of m ois tu re-content for the s econd da ta  point
in m a teria l I, (--).

.

.

  NSPPM . THPROP(NSPPM ,I) = Ta bu la r va lu e of m ois tu re-content for the NSPPM -th
da ta  point in m a teria l I, (--).

Record (2*NM AT + I) (I = 1, 2, ..., NM AT) - FREE-FORM AT:  Ea ch record conta ins  the
follow ing  va ria bles :

 1. AK PROP(1,I) = Ta bu la r va lu e of rela tive condu ctivity for the firs t da ta  point
in m a teria l I, (--).

2. AK PROP(2,I) = Ta bu la r va lu e of rela tive condu ctivity for s econd da ta  point in
m a teria l I, (--).

.

.

  NSPPM . AK PROP(NSPPM ,I) = Ta bu la r va lu e of rela tive condu ctivity for the NSPPM -
th da ta  point in m a teria l I, (--).

Record (3*NM AT + I) (I = 1, 2, ..., NM AT) - FREE-FORM AT:  Ea ch record conta ins  the
follow ing  va ria bles :

1. CAPROP(1,I) = Ta bu la r va lu e of m ois tu re-content ca pa city for the firs t da ta
point in m a teria l I, (1/L). 

2. CAPROP(2,I) = Ta bu la r va lu e of m ois tu re-content ca pa city for the s econd
da ta  point in m a teria l I, (1/L). 

.

.

  NSPPM . CAPROP(NSPPM ,I) = Ta bu la r va lu e of m ois tu re content ca pa city for the
NSPPM -th da ta  point in m a teria l I, (1/L).

4.1.7  Da ta  Set 7:  Noda l Point Coordina tes

Coordina tes  for NNP nodes , s pecified in da ta  s et 2, a re needed.  U s u a lly a  tota l of NNP
records  a re requ ired.  How ever, if a  g rou p of s u bs equ ent nodes  a ppea rs  in reg u la r
pa ttern, a n a u tom a tic g enera tion inpu t option ca n be u s ed. 
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Ea ch record is  FREE-FORM ATTED a nd conta ins  the follow ing  va ria bles : 

 1. NI = Node nu m ber of the firs t node in the s equ ence. 

 2. NSEQ = NSEQ  s u bs equ ent nodes  w ill be a u tom a tica lly g enera ted. 

 3. NAD = Increm ent of node nu m ber for ea ch of the NSEQ  s u bs equ ent nodes . 
 4. XNI = X-coordina te of node NI, (L). 

 5. YNI = Y-coordina te of node NI, (L).

 6. ZNI = Z-coordina te of node NI, (L).

 7. XAD = Increm ent of x-coordina te for ea ch of the NSEQ  s u bs equ ent nodes , (L). 

 8. YAD = Increm ent of y-coordina te for ea ch of the NSEQ  s u bs equ ent nodes , (L). 

 9. ZAD = Increm ent of z-coordina te for ea ch of the NSEQ  s u bs equ ent nodes , (L).

**** NOTE: A record w ith nine zeroes  m u s t be u s ed to s ig na l the end of this  da ta  s et. 

4.1.8  Da ta  Set 8:  Su breg iona l Da ta  

8A. Su breg ion Control Integ er

One FREE-FORM ATTED record is  needed for this  s u bda ta  s et.  It conta ins  the
follow ing  va ria ble:

1. NREG N = Nu m ber of s u breg ions . 

8B. Nu m ber of Nodes  in Ea ch Su breg ion 

Norm a lly, NREG N records  a re requ ired.  How ever, if the s equ ence of node nu m bers
follow s  a  reg u la r pa ttern betw een s equ entia l s u breg ions , the a u tom a tic g enera tion
inpu t option ca n be u s ed.  

Ea ch record is  FREE-FORM ATTED a nd conta ins  the follow ing  five va ria bles : 

1. NK  = Su breg ion nu m ber of the firs t s u breg ion in a  s equ ence.

 2. NSEQ = Nu m ber of s u bs equ ent s u breg ions  w hich w ill be a u tom a tica lly
g enera ted. 
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 3. NK AD = Increm ent of NK  in ea ch of the NSEQ  s u bs equ ent s u breg ions .

 4. NODES = Nu m ber of nodes  in the s u breg ion NK .  

 5. NOAD = Increm ent of NODES in ea ch of the NSEQ  s u bs equ ent s u breg ions . 

**** NOTE: A record w ith five zeroes  m u s t be u s ed to end the inpu t of this
s u bda ta  s et.  

8C. M a pping  betw een G loba l Nodes  a nd Su breg ion Nodes  

This  s u bda ta  s et s hou ld be repea ted NREG N tim es , once for ea ch s u breg ion.  For
ea ch s u breg ion, norm a lly, the nu m ber of records  equ a ls  the nu m ber of noda l points  in
the s u breg ion.  Au tom a tic g enera tion ca n be u s ed, how ever, if the s equ ence of
s u breg iona l node nu m bers  follow s  a  reg u la r pa ttern.

Ea ch record is  FREE-FORM ATTED a nd conta ins  the follow ing  five va ria bles :

1. LI = Loca l node nu m ber of the firs t node in a  s equ ence.

 2. NSEQ = Nu m ber of s u bs equ ent loca l nodes  w hich w ill be g enera ted
a u tom a tica lly.

 3. LIAD = Increm ent of LI for ea ch of the NSEQ  s u bs equ ent nodes .

 4. NI = G loba l node nu m ber of loca l node LI.

 5. NIAD = Increm ent of NI for ea ch of the NSEQ  s u bs equ ent nodes . 

**** NOTE: A record w ith five zeroes  m u s t be u s ed to s ig na l the end of this
s u bda ta  s et. 

**** NOTE: Loca l node nu m bers  ha ve va lu es  betw een one a nd the tota l
nu m ber of nodes  in a  s u breg ion (i.e., 1,2,...,NODES).  G loba l
node nu m bers  a re a s s ocia ted w ith the entire g rid a nd a re entered
u s ing  da ta  s et 7.

4.1.9  Da ta  Set 9:  Elem ent Incidences

Elem ent incidences  for NEL elem ents , s pecified in da ta  s et 2, a re needed.  U s u a lly, a
tota l of NEL records  a re needed.  How ever, if a  s equ ence of elem ent nu m bers  follow s  a
reg u la r pa ttern, the a u tom a tic g enera tion inpu t option ca n be u s ed.
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Ea ch record is  FREE-FORM ATTED a nd conta ins  the follow ing  va ria bles : 

 1. M I = G loba l elem ent nu m ber of the firs t elem ent in a  s equ ence.

 2. NSEQ = Nu m ber of s u bs equ ent elem ents  w hich w ill be a u tom a tica lly g enera ted. 

 3. M IAD = Increm ent of M I for ea ch of the NSEQ  s u bs equ ent elem ents . 

 4. IE(M I,1) = G loba l node nu m ber of the firs t node of elem ent M I. 

 5. IE(M I,2) = G loba l node nu m ber of the s econd node of elem ent M I. 

 6. IE(M I,3) = G loba l node nu m ber of the third node of elem ent M I. 

 7. IE(M I,4) = G loba l node nu m ber of the fou rth node of elem ent M I. 

 8. IE(M I,5) = G loba l node nu m ber of the fifth node of elem ent M I. 

 9. IE(M I,6) = G loba l node nu m ber of the s ixth node of elem ent M I. 

10 . IE(M I,7) = G loba l node nu m ber of the s eventh node of elem ent M I. 

11. IE(M I,8) = G loba l node nu m ber of the eig hth node of elem ent M I. 

12. IEM AD = Increm ent of IE(M I,1) throu g h IE(M I,8) for ea ch of the NSEQ elem ents .

**** NOTE: IE(M I,1) - IE(M I,8) a re nu m bered a ccording  to the convention s how n in
Fig u re 4.1.  The firs t fou r nodes  s ta rt from  the front, low er, left corner a nd
prog res s  a rou nd the bottom  elem ent s u rfa ce in a  cou nterclock w is e
direction.  The other fou r nodes  beg in from  the front, u pper, left corner
a nd prog res s  a rou nd the top elem ent s u rfa ce in a  cou nterclock w is e
direction. 
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Fig u re 4.1.  Node nu m bering  convention for the elem ents .
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4.1.10   Da ta  Set 10 :  M a teria l Type Correction 

This  da ta  s et is  requ ired only if NCM , defined in da ta  s et 2, is  g rea ter tha n zero. 
Norm a lly, NCM  records  a re requ ired.  How ever, if a  g rou p of elem ent nu m bers  follow  a
reg u la r pa ttern, the a u tom a tic g enera tion inpu t option m a y be u s ed. 

Ea ch record is  FREE-FORM ATTED a nd conta ins  the follow ing  va ria bles :

 1. M I = G loba l elem ent nu m ber of the firs t elem ent in the s equ ence. 

 2. NSEQ = Nu m ber of s u bs equ ent elem ents  w hich w ill be g enera ted a u tom a tica lly. 

 3. M AD = Increm ent of elem ent nu m ber for ea ch of the NSEQ  s u bs equ ent
elem ents . 

 4. M ITYP = Type of m a teria l for elem ent M I.

 5. M TYPAD = Increm ent of M ITYP for ea ch of the NSEQ  s u bs equ ent elem ents . 
**** NOTE: A record w ith five zeroes  m u s t be u s ed to s ig na l the end of this  da ta  s et. 

4.1.11  Da ta  Set 11:  Ca rd Inpu t for Initia l or Pre-Initia l Conditions

NNP records  (i.e., one record for ea ch node) a re norm a lly needed.  How ever, if a
s equ ence of node nu m bers  follow s  a  reg u la r pa ttern, a u tom a tic g enera tion ca n be
u s ed. 

Ea ch record is  FREE-FORM ATTED a nd conta ins  the follow ing  va ria bles :

 1. NI = G loba l node nu m ber of the firs t node in the s equ ence. 

 2. NSEQ = Nu m ber of s u bs equ ent nodes  w hich w ill be g enera ted a u tom a tica lly. 

 3. NAD = Increm ent of node nu m ber for ea ch of the NSEQ nodes . 

 4. HNI = Initia l or pre-initia l pres s u re hea d of node NI, (L). 

 5. HAD = Increm ent of initia l or pre-initia l hea d for ea ch of the NSEQ nodes , (L). 

 6. HRD = G eom etrica l increm ent of HNI for ea ch of the NSEQ  s u bs equ ent nodes ;
(i.e, HNI**HRD).

**** NOTE: A record w ith s ix zeroes  m u s t be u s ed to s ig na l the end of this  da ta  s et. 
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**** NOTE: The initia l condition for a  tra ns ient ca lcu la tion m a y be obta ined in tw o
different w a ys :  1) it ca n be rea d directly from  da ta  s et 11, or  2) the code
ca n perform  a  s tea dy-s ta te s im u la tion u s ing  tim e-inva ria nt bou nda ry
conditions  before a u tom a tica lly beg inning  the tra ns ient com pu ta tions . 
For the firs t ca s e, both K SS a nd NTI in da ta  s et 2 s hou ld be g rea ter tha n
zero.  In the la tter ca s e, K SS = 0  a nd NTI > 0  a nd da ta  s et 11 is  u s ed to
inpu t the pre-initia l condition, w hich is  requ ired a s  the s ta rting  condition
for the s tea dy-s ta te itera tion.  In order to obta in a  s tea dy-s ta te s olu tion,
both K SS a nd NTI a re s et equ a l to zero a nd da ta  s et 11 s u pplies  the
s ta rting  condition for the s tea dy-s ta te s olu tion.

4.1.12  Da ta  Set 12:  Integ er Pa ra m eters  for Sou rce a nd Bou nda ry Conditions

One record per problem  is  needed.  This  record is  FREE-FORM ATTED a nd conta ins
the follow ing  va ria bles :

 1. NSEL = Nu m ber of dis tribu ted s ou rce/s ink  elem ents . 

 2. NSPR = Nu m ber of dis tribu ted s ou rce/s ink  profiles  (i.e., tim e his tories ).

 3. NSDP = Nu m ber of da ta  points  in ea ch of the NSPR s ou rce/s ink  profiles .

 4. K SAI = Option for the dis tribu ted s ou rce/s ink  profiles  to be inpu t a na lytica lly.  This
va ria ble s hou ld be s et equ a l to zero in the cu rrent vers ion of the code.

 5. NW NP = Nu m ber of w ell or point s ou rce/s ink  nodes . 

 6. NW PR = Nu m ber of w ell or point s ou rce/s ink  profiles  (i.e., tim e his tories ). 

 7. NW DP = Nu m ber of da ta  points  in ea ch of the NW PR profiles . 

 8. K W AI = Option for the w ell s ou rce/s ink  profiles  to be inpu t a na lytica lly.  This
va ria ble s hou ld be s et equ a l to zero in the cu rrent vers ion of the code.

 9. NDNP = Nu m ber of fixed-hea d (Dirichlet) nodes  (NDNP s hou ld be > 1). 

10 . NDPR = Nu m ber of fixed-hea d profiles  (i.e., tim e his tories ) (NDPR s hou ld be > 1). 

11. NDDP = Nu m ber of da ta  points  in ea ch fixed-hea d profile (NDDP s hou ld be > 2). 

12. K DAI = Option for the fixed-hea d bou nda ry va lu e profiles  to be inpu t a na lytica lly. 
This  va ria ble s hou ld be s et equ a l to zero in the cu rrent vers ion of the code.
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13. NVES = Nu m ber of va ria ble com pos ite (ra infa ll/eva pora tion-s eepa g e) bou nda ry
elem ent s ides . 

14. NVNP = Nu m ber of va ria ble com pos ite bou nda ry noda l points . 

15. NRPR = Nu m ber of va ria ble com pos ite profiles  (i.e., tim e his tories ).

16. NRDP = Nu m ber of da ta  points  in ea ch of the NRPR profiles . 

17. K RAI = Option for the va ria ble com pos ite profiles  to be inpu t a na lytica lly.  This
va ria ble s hou ld be s et equ a l to zero in the cu rrent vers ion of the code.

18. NCES = Nu m ber of s pecified-flu x (Ca u chy) bou nda ry elem ent s ides . 

19. NCNP = Nu m ber of s pecified-flu x noda l points . 

20 . NCPR = Nu m ber of s pecified-flu x profiles  (i.e., tim e his tories ). 

21. NCDP = Nu m ber of da ta  points  in ea ch of the NCPR profiles . 

22. KCAI = Option for the s pecified-flu x profiles  to be inpu t a na lytica lly.  This  va ria ble
s hou ld be s et equ a l to zero in the cu rrent vers ion of the code.

23. NNES = Nu m ber of s pecified-pres s u re-hea d g ra dient (Neu m a nn) bou nda ry
elem ent s ides . 

24. NNNP = Nu m ber of s pecified-pres s u re-hea d g ra dient noda l points . 

25. NNPR = Nu m ber of s pecified-pres s u re-hea d g ra dient flu x profiles  (i.e., tim e
his tories ). 

26. NNDP = Nu m ber of da ta  points  in ea ch of the NNPR profiles .

27. K NAI = Option for the s pecified-pres s u re-hea d g ra dient profiles  to be inpu t
a na lytica lly.  This  va ria ble s hou ld be s et equ a l to zero in the cu rrent vers ion of the
code.

4.1.13  Da ta  Set 13:  Dis tribu ted a nd Point Sou rces /Sink s  

This  da ta  s et is  u s ed to s u pply da ta  for both dis tribu ted s ou rces /s ink s  a nd w ell (point)
s ou rces /s ink s .

13A. Dis tribu ted Sou rces /Sink s
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The follow ing  three s u bda ta  s ets  a re needed if a nd only if NSEL in da ta  s et 12 is
g rea ter tha n zero.  The firs t s u bda ta  s et is  u s ed to s pecify the dis tribu ted s ou rce/s ink
profiles .  The s econd s u bda ta  s et is  u s ed to rea d the g loba l elem ent nu m bers  of the
dis tribu ted s ou rce/s ink  elem ents .  The third s u bda ta  s et is  u s ed to a s s ig n a  s ou rce/s ink
profile to ea ch dis tribu ted s ou rce/s ink  elem ent.

(a ) Sou rce/Sink  Profiles   

There w ill be NSPR (s ee da ta  s et 12) records  in this  s u bda ta  s et. The nu m ber of lines
in ea ch record depends  on the va lu e of NSDP, defined in da ta  s et 12.

Record I (I = 1, 2, ..., NSPR) - FREE-FORM AT:  Ea ch record conta ins  the follow ing
va ria bles :

 1. TSOSF(1,I) = Tim e of the firs t da ta  point in the I-th profile, (T). 

2. SOSF(1,I) = Sou rce/s ink  va lu e (a s  flu x ra te per u nit volu m e of elem ent) of
the firs t da ta  point in the I-th profile, (L3/T/L2/L);  pos itive for a  s ou rce a nd
neg a tive for a  s ink .

3. TSOSF(2,I) = Tim e of the s econd da ta  point in the I-th profile, (T). 

4. SOSF(2,I) = Sou rce/s ink  va lu e of the s econd da ta  point in the I-th profile,
(L3/T/L2/L);  pos itive for a  s ou rce a nd neg a tive for a  s ink . 

.

.

 Up to NSDP da ta  points .

(b) G loba l Elem ent Nu m ber of All Dis tribu ted Sou rce/Sink  Elem ents   

One record is  needed for this  s u bda ta  s et.  The nu m ber of lines  in this  record depends
on NSEL, defined in da ta  s et 12.  The record is  FREE-FORM ATTED a nd conta ins  the
follow ing  va ria bles :

1. M SEL(1) = G loba l elem ent nu m ber of the firs t dis tribu ted s ou rce/s ink
elem ent. 

2. M SEL(2) = G loba l elem ent nu m ber of the s econd dis tribu ted s ou rce/s ink
elem ent.

.

.
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 Up to NSEL nu m bers .

(c) Sou rce/Sink  Profile Type As s ig ned to Ea ch Elem ent  

U s u a lly NSEL records  a re needed.  How ever, a u tom a tic g enera tion ca n be u s ed.  Ea ch
record is  FREE-FORM ATTED a nd conta ins  the follow ing  va ria bles :

1. M I = Com pres s ed elem ent nu m ber of the firs t elem ent in the s equ ence. 

2. NSEQ = Nu m ber of elem ents  w hich w ill be g enera ted a u tom a tica lly.

3. M AD = Increm ent of elem ent nu m ber for ea ch of the NSEQ  s u bs equ ent
elem ents . 

4. M ITYP = Sou rce/s ink  profile type a s s ocia ted w ith elem ent M I. 

5. M TYPAD = Increm ent of M ITYP for ea ch of the NSEQ  s u bs equ ent
elem ents . 

 **** NOTE: A record w ith five zeroes  m u s t be u s ed to s ig na l the end of this
s u bda ta  s et. 

  **** NOTE: Com pres s ed elem ent nu m bers  ha ve va lu es  betw een one a nd the
tota l nu m ber of dis tribu ted s ou rce/s ink  elem ents .  Com pres s ed
elem ent one corres ponds  to the firs t elem ent lis ted in 13A(b),
com pres s ed elem ent tw o corres ponds  to the s econd g loba l
elem ent, etc.

13B. Point (W ell) Sou rce/Sink   

The follow ing  three s u bda ta  s ets  a re needed if a nd only if NW NP in da ta  s et 12 is
g rea ter tha n zero.  The firs t s u bda ta  s et is  u s ed to s pecify the point s ou rce/s ink  profiles . 
The s econd s u bda ta  s et is  u s ed to rea d the g loba l node nu m bers  of the point
s ou rce/s ink  nodes .  The third s u bda ta  s et is  u s ed to a s s ig n a  s ou rce/s ink  profile to ea ch
point s ou rce/s ink  node.

(a ) Sou rce/Sink  Profiles   

There w ill be NW PR (s ee da ta  s et 12) records  in this  s u bda ta  s et.  The nu m ber of lines
in ea ch record depends  on NW DP, defined in da ta  s et 12.

Record I (I = 1, 2, ..., NW PR) - FREE-FORM AT:  Ea ch record conta ins  the follow ing
va ria bles :
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1. TW SSF(1,I) = Tim e of the firs t da ta  point in the I-th profile, (T). 

2. W SSF(1,I) = Sou rce/s ink  flow  ra te of the firs t da ta  point in the I-th profile,
(L3/T);  pos itive for a  s ou rce a nd neg a tive for a  s ink . 

3. TW SSF(2,I) = Tim e of the s econd da ta  point in the I-th profile, (T). 

4. W SSF(2,I) = Sou rce/s ink  flow  ra te of the s econd da ta  point in the I-th
profile, (L3/T);  pos itive for a  s ou rce a nd neg a tive for a  s ink .

 .
.

 Up to NW DP da ta  points .

(b) G loba l Node Nu m ber of All Point (W ell) Sou rce/Sink  Nodes   

One record is  needed for this  s u bda ta  s et.  The nu m ber of lines  in this  record depends
on NW NP, defined in da ta  s et 12.  The record is  FREE-FORM ATTED a nd conta ins  the
follow ing  va ria bles :

1. NPW (1) = G loba l node nu m ber of the firs t point s ou rce/s ink  node.

2. NPW (2) = G loba l node nu m ber of the s econd point s ou rce/s ink  node.
.
.

Up to NW NP nu m bers .

(c) Sou rce/Sink  Profile Type for Ea ch Node 

U s u a lly NW NP records  a re needed.  How ever, a u tom a tic g enera tion ca n be u s ed. 
Ea ch record is  FREE-FORM ATTED a nd conta ins  the follow ing  va ria bles :

1. NI = Com pres s ed point s ou rce/s ink  node nu m ber of the firs t node in the
s equ ence. 

2. NSEQ = Nu m ber of s u bs equ ent nodes  w hich w ill be g enera ted
a u tom a tica lly.

3. NAD = Increm ent of NI for ea ch of the NSEQ  s u bs equ ent nodes . 

4. NITYP = Sou rce/s ink  profile type a s s ocia ted w ith node NI. 
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5. NTYPAD = Increm ent of NITYP for ea ch of the NSEQ  s u bs equ ent nodes . 

 **** NOTE: A record w ith five zeroes  m u s t be u s ed to s ig na l the end of this
s u bda ta  s et. 

4.1.14  Da ta  Set 14:  Va ria ble Com pos ite (Ra infa ll/Eva pora tion-Seepa g e)
        Bou nda ry Condition

The follow ing  s ix s u bda ta  s ets  a re requ ired if a nd only if NVES in da ta  s et 12 is  g rea ter
tha n zero.  The firs t s u bda ta  s et is  u s ed to s pecify the ra infa ll/eva pora tion profiles .  The
s econd s u bda ta  s et is  u s ed to a s s ig n the type of ra infa ll/eva pora tion profile to ea ch of
the va ria ble com pos ite bou nda ry elem ent s ides .  The third s u bda ta  s et is  u s ed to
s pecify the va ria ble com pos ite bou nda ry elem ent s ides .  The fou rth s u bda ta  s et is  u s ed
to rea d the g loba l noda l nu m bers  of a ll the va ria ble com pos ite bou nda ry nodes .  The
fifth s u bda ta  s et is  u s ed to rea d the ponding  depth for ea ch of the nodes .  The s ixth
s u bda ta  s et is  u s ed to rea d the a llow ed m inim u m  pres s u re for ea ch of the nodes .  

14A. Ra infa ll/Eva pora tion-Seepa g e Profiles

There w ill be NRPR records  (s ee da ta  s et 12) in this  s u bda ta  s et.  The nu m ber of lines
in ea ch record depends  on NRDP, defined in da ta  s et 12.

Record I (I = 1, 2, ..., NRPR) - FREE-FORM AT:  Ea ch record conta ins  the follow ing
va ria bles :

1. TRF(1,I) = Tim e of the firs t da ta  point in the I-th profile, (T).

2. RF(1,I) = Ra infa ll/eva pora tion ra te of the firs t da ta  point in the I-th profile,
(L/T). 

3. TRF(2,I) = Tim e of the s econd da ta  point in the I-th profile, (T). 

4. RF(2,I) = Ra infa ll/eva pora tion ra te of the s econd da ta  point in the I-th profile,
(L/T). 

.

.

Up to NRDP da ta  points .

14B. Ra infa ll/Eva pora tion-Seepa g e Profile Type As s ig ned to Ea ch Bou nda ry Elem ent
Side

At m os t, NVES (s ee da ta  s et 12) records  a re needed.  How ever, a u tom a tic g enera tion
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ca n be u s ed.  

Record I (I = 1, 2, ..., ) - FREE-FORM AT:  Ea ch record conta ins  the follow ing  va ria bles :

1. M I = Com pres s ed va ria ble bou nda ry elem ent s ide nu m ber of the firs t
elem ent s ide in a  s equ ence. 

2. NSEQ = Nu m ber of s u bs equ ent va ria ble bou nda ry elem ent s ides  w hich w ill
be g enera ted a u tom a tica lly. 

3. M IAD = Increm ent of M I for ea ch of the NSEQ  s u bs equ ent va ria ble
bou nda ry elem ent s ides . 

4. M ITYP = Type of ra infa ll/eva pora tion-s eepa g e profile a s s ig ned to s ide M I.

5. M TYPAD = Increm ent of M ITYP for ea ch of the NSEQ  s u bs equ ent s ides . 

**** NOTE: A record w ith five zeroes  m u s t be u s ed to s ig na l the end of this
s u bda ta  s et. 

14C. Specifica tion of Va ria ble Com pos ite Bou nda ry Elem ent Sides

Norm a lly, NVES records  a re requ ired, one ea ch for a  va ria ble bou nda ry elem ent s ide. 
How ever, if a  s equ ence of va ria ble com pos ite bou nda ry elem ent s ide nu m bers  follow s
a  reg u la r pa ttern, a u tom a tic g enera tion m a y be u s ed.

Record I (I = 1, 2, ..., ) - FREE-FORM AT:  Ea ch record conta ins  the follow ing  va ria bles :

1. M I = Com pres s ed va ria ble bou nda ry elem ent s ide nu m ber of the firs t
elem ent s ide in a  s equ ence. 

2. NSEQ = Nu m ber of s u bs equ ent va ria ble bou nda ry elem ent s ides  w hich w ill
be g enera ted a u tom a tica lly. 

3. M IAD = Increm ent of M I for ea ch of the NSEQ  s u bs equ ent va ria ble
bou nda ry elem ent s ides . 

4. I1 = G loba l node nu m ber of the firs t node of elem ent s ide M I. 

5. I2 = G loba l node nu m ber of the s econd node of elem ent s ide M I. 

6. I3 = G loba l node nu m ber of the third node of elem ent s ide M I. 
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7. I4 = G loba l node nu m ber of the fou rth node of elem ent s ide M I. 

8. I1AD = Increm ent of I1 for ea ch of the NSEQ  s u bs equ ent va ria ble bou nda ry
elem ent s ides . 

9. I2AD = Increm ent of I2 for ea ch of the NSEQ  s u bs equ ent va ria ble bou nda ry
elem ent s ides . 

    10 . I3AD = Increm ent of I3 for ea ch of the NSEQ  s u bs equ ent va ria ble bou nda ry
elem ent s ides . 

    11. I4AD = Increm ent of I4 for ea ch of the NSEQ  s u bs equ ent va ria ble bou nda ry
elem ent s ides . 

     **** NOTE: A record w ith 11 zeroes  m u s t be u s ed to s ig na l the end of this
s u bda ta  s et. 

14D. G loba l Node Nu m ber of All Va ria ble Com pos ite Bou nda ry Nodes

At m os t, NVNP records  (s ee da ta  s et 12) a re needed for this  s u bda ta  s et, one for ea ch
va ria ble bou nda ry node.

Record I (I = 1, 2, ..., ) - FREE-FORM AT:  Ea ch record conta ins  the follow ing  five
va ria bles :

1. NI = Com pres s ed va ria ble bou nda ry node nu m ber of the firs t node in the
s equ ence.

2. NSEQ = Nu m ber of s u bs equ ent nodes  w hich w ill be g enera ted
a u tom a tica lly.

3. NIAD = Increm ent of NI for ea ch of the NSEQ nodes . 

4. NODE = G loba l node nu m ber of node NI.

5. NODEAD = Increm ent of NODE for ea ch of the NSEQ nodes . 

**** NOTE: A record w ith five zeroes  m u s t be u s ed to s ig na l the end of this
s u bda ta  s et. 

14E. Ponding  Depth Allow ed for Ea ch Va ria ble Com pos ite Bou nda ry Node

Norm a lly, NVNP records  (s ee da ta  s et 12) a re needed.  How ever, if a  s equ ence of
node nu m bers  follow s  a  reg u la r pa ttern of ponding  depth, a u tom a tic g enera tion is  u s ed.
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Record I (I = 1, 2, ..., ) - FREE-FORM AT:  Ea ch record conta ins  the follow ing  va ria bles :

1. NI = Com pres s ed va ria ble bou nda ry node nu m ber of the firs t node in a
s equ ence. 

2. NSEQ = Nu m ber of s u bs equ ent nodes  w hich w ill be g enera ted
a u tom a tica lly. 

3. NIAD = Increm ent of NI for ea ch of the NSEQ  s u bs equ ent nodes . 

4. HCONNI = Ponding  depth of node NI, (L). 

5. HCONAD = Increm ent of HCONNI for ea ch of the NSEQ nodes , (L). 

     **** NOTE: A record w ith five zeroes  m u s t be u s ed to s ig na l the end of this
s u bda ta  s et. 

14F. M inim u m  Pres s u re Hea d Allow ed for Ea ch Va ria ble Com pos ite Bou nda ry Node

Norm a lly, NVNP records  a re needed.  How ever, if a  s equ ence of node nu m bers  follow s
a  reg u la r pa ttern of m inim u m  pres s u re hea d, a u tom a tic g enera tion is  u s ed.

Record I (I = 1, 2, ..., ) - FREE-FORM AT:  Ea ch record conta ins  the follow ing  va ria bles :

1. NI = Com pres s ed va ria ble bou nda ry node nu m ber of the firs t node in a
s equ ence. 

2. NSEQ = Nu m ber of s u bs equ ent nodes  w hich w ill be g enera ted
a u tom a tica lly. 

3. NIAD = Increm ent of NI for ea ch of the NSEQ  s u bs equ ent nodes . 

4. HM INNI = M inim u m  pres s u re hea d a llow ed for node NI, (L). 

5. HM INAD = Increm ent of HM INNI for ea ch of the NSEQ nodes , (L). 

**** NOTE: A record w ith five zeroes  m u s t be u s ed to s ig na l the end of this
s u bda ta  s et. 

4.1.15  Da ta  Set 15:  Fixed-Hea d (Dirichlet) Bou nda ry Condition

This  da ta  s et is  requ ired if a nd only if NDNP in da ta  s et 12 is  g rea ter tha n zero.  It
cons is ts  of three s u bda ta  s ets .  The firs t s u bda ta  s et is  u s ed to s pecify the fixed-hea d
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profiles .  The s econd s u bda ta  s et is  u s ed to rea d the g loba l node nu m bers  of the fixed-
hea d bou nda ry nodes .  The third s u bda ta  s et is  u s ed to a s s ig n a  hea d profile to ea ch
Dirichlet bou nda ry node.

15A. Fixed-Hea d Profiles  

There w ill be NDPR (s ee da ta  s et 12) records  in this  s u bda ta  s et.  The nu m ber of lines
in ea ch record depends  on NDDP, the nu m ber of da ta  points  in ea ch profile.

Record I (I = 1, 2, ..., NDPR) - FREE-FORM AT:  Ea ch record conta ins  the follow ing
va ria bles :

1. THDBF(1,I) = Tim e of the firs t da ta  point in the I-th profile, (T). 

2. HDBF(1,I) = Tota l hea d of the firs t da ta  point in the I-th profile, (L). 

3. THDBF(2,I) = Tim e of the s econd da ta  point in the I-th profile, (T). 

4. HDBF(2,I) = Tota l hea d of the s econd da ta  point in the I-th profile, (L). 
.
.

Up to NDDP da ta  points .

15B. G loba l Node Nu m ber of All the Dirichlet Nodes  

One FREE-FORM ATTED record is  needed for this  s u bda ta  s et.  The nu m ber of lines  in
this  record depends  on NDNP, defined in da ta  s et 12. 

1. NPDB(1) = G loba l node nu m ber of the firs t com pres s ed Dirichlet node. 

2. NPDB(2) = G loba l node nu m ber of the s econd com pres s ed Dirichlet node.
.
.

Up to NDNP nu m bers .
15C. Type of Hea d Profile As s ig ned to Ea ch Fixed-Hea d Node

Norm a lly one record per Dirichlet node (i.e., a  tota l of NDNP records ) is  needed. 
How ever, if the Dirichlet node nu m bers  follow  a  reg u la r pa ttern, a u tom a tic g enera tion
m a y be u s ed.

Record I (I = 1, 2, ..., ) - FREE-FORM AT:  Ea ch record conta ins  the follow ing  va ria bles :



95

1. NI = Com pres s ed Dirichlet node nu m ber of the firs t node in the s equ ence. 

2. NSEQ = Nu m ber of s u bs equ ent Dirichlet nodes  w hich w ill be g enera ted
a u tom a tica lly. 

3. NIAD = Increm ent of NI for ea ch of the NSEQ nodes . 

4. NITYP = Type of tota l hea d profile a s s ig ned to node NI a nd NSEQ
s u bs equ ent nodes . 

5. NTYPAD = Increm ent of NITYP for ea ch of the NSEQ  s u bs equ ent nodes . 

**** NOTE: A record w ith five zeroes  m u s t be u s ed to s ig na l the end of this
s u bda ta  s et. 

4.1.16  Da ta  Set 16:  Specified-Flu x (Ca u chy) Bou nda ry Condition

This  da ta  s et is  requ ired if a nd only if NCES in da ta  s et 12 is  g rea ter tha n zero.  Fou r
s u bda ta  s ets  a re requ ired.  The firs t s u bda ta  s et is  u s ed to rea d the s pecified-flu x
profiles .  The s econd s u bda ta  s et is  u s ed to rea d the type of s pecified-flu x profile
a s s ig ned to ea ch of the s pecified-flu x bou nda ry elem ent s ides .  The third s u bda ta  s et is
u s ed to rea d the s pecified-flu x bou nda ry elem ent s ides .  The fou rth s u bda ta  s et is  u s ed
to rea d the g loba l nodes  a s s ocia ted w ith the s pecified-flu x bou nda ries .

16A. Specified-Flu x Profiles

There w ill be NCPR records  (s ee da ta  s et 12) in this  s u bda ta  s et.  The nu m ber of lines
in ea ch record depends  on NCDP, defined in da ta  s et 12.

Record I (I = 1, 2, ..., NCPR) - FREE-FORM AT:  Ea ch record conta ins  the follow ing
va ria bles :

1. TQCBF(1,I) = Tim e of the firs t da ta  point in the I-th profile, (T). 

2. QCBF(1,I) = Norm a l s pecified-flu x of the firs t da ta  point in the I-th profile,
(L3/T/L2);  pos itive ou t from  the reg ion, neg a tive into the reg ion. 

3. TQCBF(2,I) = Tim e of the s econd da ta  point in the I-th profile, (T). 

4. QCBF(2,I) = Norm a l s pecified-flu x of the s econd da ta  point in the I-th profile,
(L3/T/L2);  pos itive ou t from  the reg ion, neg a tive into the reg ion. 

.

.
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Up to NCDP da ta  points .

16B. Type of Specified-Flu x Profile As s ig ned to Ea ch Bou nda ry Elem ent Side

At m os t, NCES records  (s ee da ta  s et 12) a re needed.  How ever, a u tom a tic g enera tion
ca n be u s ed.

Record I (I = 1, 2, ..., ) - FREE-FORM AT:  Ea ch record conta ins  the follow ing  va ria bles :

1. M I = Com pres s ed s pecified-flu x bou nda ry elem ent s ide nu m ber of the firs t
s ide in the s equ ence. 

2. NSEQ = Nu m ber of s ides  w hich w ill be g enera ted a u tom a tica lly.

3. M IAD = Increm ent of M I for ea ch of the NSEQ  s ides . 

4. M ITYP = Type of s pecified-flu x profile a s s ig ned to s ide M I. 

5. M TYPAD = Increm ent of M ITYP for ea ch of the NSEQ  s ides . 

**** NOTE: A record w ith five zeroes  m u s t be u s ed to s ig na l the end of this
s u bda ta  s et. 

16C. Specified-Flu x Bou nda ry Elem ent Sides

Norm a lly, NCES records  a re requ ired, one for ea ch s pecified-flu x bou nda ry elem ent
s ide.  How ever, if a  g rou p of s pecified-flu x bou nda ry elem ent s ide nu m bers  follow s  a
reg u la r pa ttern, a u tom a tic g enera tion ca n be u s ed.

Record I (I = 1, 2, ..., ) - FREE-FORM AT:  Ea ch record conta ins  the follow ing  va ria bles :

1. M I = Com pres s ed s pecified-flu x bou nda ry elem ent s ide nu m ber of the firs t
elem ent s ide in a  s equ ence. 

2. NSEQ = Nu m ber of s u bs equ ent s pecified-flu x elem ent s ides  w hich w ill be
g enera ted a u tom a tica lly. 

3. M IAD = Increm ent of M I for ea ch of the NSEQ  s u bs equ ent s ides .

4. I1 = G loba l node nu m ber of the firs t node of elem ent s ide M I. 

5. I2 = G loba l node nu m ber of the s econd node of elem ent s ide M I. 
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6. I3 = G loba l node nu m ber of the third node of elem ent s ide M I. 

7. I4 = G loba l node nu m ber of the fou rth node of elem ent s ide M I. 

8. I1AD = Increm ent of I1 for ea ch of the NSEQ  s u bs equ ent elem ent s ides . 

9. I2AD = Increm ent of I2 for ea ch of the NSEQ  s u bs equ ent elem ent s ides . 

    10 . I3AD = Increm ent of I3 for ea ch of the NSEQ  s u bs equ ent elem ent s ides . 

    11. I4AD = Increm ent of I4 for ea ch of the NSEQ  s u bs equ ent elem ent s ides . 

**** NOTE: A record w ith 11 zeroes  m u s t be u s ed to end this  s u bda ta  s et. 

16D. G loba l Node Nu m ber of All Com pres s ed Specified-Flu x Nodes

One FREE-FORM ATTED record is  needed for this  s u bda ta  s et.  The nu m ber of lines  in
this  record depends  on NCNP, defined in da ta  s et 12. 

1. NPCB(1) = G loba l node nu m ber of the firs t com pres s ed s pecified-flu x node.

2. NPCB(2) = G loba l node nu m ber of the s econd com pres s ed s pecified-flu x
node.

.

.

Up to NCNP nu m bers .

4.1.17  Da ta  Set 17:  Specified-Pres s u re-Hea d  Gra dient (Neu m a nn) Bou nda ry
        Condition

This  da ta  s et is  requ ired if a nd only if NNNP in da ta  s et 12 is  g rea ter tha n zero.  It
cons is ts  of fou r s u bda ta  s ets .  The firs t s u bda ta  s et is  u s ed to s pecify the s pecified-
pres s u re-hea d g ra dient flu x profiles .  The s econd s u bda ta  s et is  u s ed to a s s ig n a  profile
to ea ch bou nda ry elem ent s ide.  The third s u bda ta  s et is  u s ed to rea d the g loba l
elem ent s ides  of the s pecified-pres s u re-hea d g ra dient bou nda ry elem ents .  The fou rth
s u bda ta  s et is  u s ed to rea d the g loba l node nu m bers  a s s ocia ted w ith the s pecified-
pres s u re-hea d g ra dient bou nda ries .

17A. Pres cribed Pres s u re-Hea d  Gra dient Flu x Profiles

There w ill be NNPR records  (s ee da ta  s et 12) in this  s u bda ta  s et.  The nu m ber of lines
in ea ch record depends  on NNDP, defined in da ta  s et 12.
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Record I (I = 1, 2, ..., NNPR) - FREE-FORM AT:  Ea ch record conta ins  the follow ing
va ria bles :

1. TQNBF(1,I) = Tim e of the firs t da ta  point in the I-th profile, (T). 

2. QNBF(1,I) = Norm a l s pecified-pres s u re-hea d g ra dient flu x of the firs t da ta
point in the I-th profile, (L3/T/L2);  pos itive ou t from  the reg ion, neg a tive into
the reg ion. 

3. TQNBF(2,I) = Tim e of the s econd da ta  point in the I-th profile, (T). 

4. QNBF(2,I) = Norm a l s pecified-pres s u re-hea d g ra dient flu x of the s econd
da ta  point in the I-th profile, (L3/T/L2);  pos itive ou t from  the reg ion, neg a tive
into the reg ion. 

.

.

Up to NNDP da ta  points .

17B. Type of Specified-Pres s u re-Hea d  Gra dient Flu x Profile As s ig ned to Ea ch
Bou nda ry Elem ent Side

At m os t, NNES records  a re needed (s ee da ta  s et 12).  How ever, a u tom a tic g enera tion
ca n be u s ed. 

Record I (I = 1, 2, ..., ) - FREE-FORM AT:  Ea ch record conta ins  the follow ing  va ria bles :

1. M I = Com pres s ed s pecified-pres s u re-hea d g ra dient elem ent s ide nu m ber of
the firs t s ide in the s equ ence. 

2. NSEQ = Nu m ber of s u bs equ ent s ides  w hich w ill be g enera ted a u tom a tica lly.

3. M IAD = Increm ent of M I for ea ch of the NSEQ  s ides . 

4. M ITYP = Type of s pecified-pres s u re-hea d g ra dient flu x profile a s s ig ned to
s ide M I. 

5. M TYPAD = Increm ent of M ITYP for ea ch of the NSEQ  s ides . 

**** NOTE: A record w ith five zeroes  m u s t be u s ed to s ig na l the end of this
s u bda ta  s et. 

17C. Specified-Pres s u re-Hea d  Gra dient Bou nda ry Elem ent Sides
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Norm a lly, NNES records  a re requ ired, one for ea ch s pecified-pres s u re-hea d g ra dient
bou nda ry elem ent s ide.  How ever, if a  g rou p of s pecified-pres s u re-hea d g ra dient
bou nda ry elem ent s ide nu m bers  follow  a  reg u la r pa ttern, a u tom a tic g enera tion m a y be
u s ed. 

Record I (I = 1, 2, ..., ) - FREE-FORM AT:  Ea ch record conta ins  the follow ing  va ria bles :

1. M I = Com pres s ed s pecified-pres s u re-hea d g ra dient bou nda ry elem ent s ide
nu m ber of the firs t s ide in s equ ence. 

2. NSEQ = Nu m ber of s u bs equ ent s ides  w hich w ill be g enera ted a u tom a tica lly.

3. M IAD = Increm ent of M I for ea ch of the NSEQ  s u bs equ ent s ides .

4. I1 = G loba l node nu m ber of the firs t node of elem ent s ide M I. 

5. I2 = G loba l node nu m ber of the s econd node of elem ent s ide M I.

6. I3 = G loba l node nu m ber of the third node of elem ent s ide M I.

7. I4 = G loba l node nu m ber of the fou rth node of elem ent s ide M I.

8. I1AD = Increm ent of I1 for ea ch of the NSEQ  s u bs equ ent elem ent s ides . 

9. I2AD = Increm ent of I2 for ea ch of the NSEQ  s u bs equ ent elem ent s ides . 

    10 . I3AD = Increm ent of I3 for ea ch of the NSEQ  s u bs equ ent elem ent s ides . 

    11. I4AD = Increm ent of I4 for ea ch of the NSEQ  s u bs equ ent elem ent s ides . 

**** NOTE: A record w ith 11 zeroes  m u s t be u s ed to end this  s u bda ta  s et. 

17D. G loba l Node Nu m ber of All Com pres s ed Specified-Pres s u re-Hea d  Gra dient
Nodes

One FREE-FORM ATTED record is  needed for this  s u bda ta  s et.  The nu m ber of lines  in
this  record depends  on NNNP, defined in da ta  s et 12. 

1. NPNB(1) = G loba l node nu m ber of the firs t com pres s ed s pecified-pres s u re-
hea d g ra dient node.

2. NPNB(2) = G loba l node nu m ber of the s econd com pres s ed s pecified-
pres s u re-hea d g ra dient node.



10 0

.

.

Up to NNNP nu m bers .

4.1.18  Da ta  Set 18:  End of J ob 

If a nother problem  is  to be ru n, then inpu t beg ins  a g a in w ith inpu t da ta  s et 1.  If
term ina tion of the job is  des ired, a  bla nk  line m u s t be ins erted a t the end of the da ta
s et. 
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4.2  3DLEW ASTE INPUT SEQUENCE

This  s ection des cribes  how  to cons tru ct a  da ta  inpu t file for 3DLEW ASTE, the tra ns port code. 
Ba ck g rou nd inform a tion a bou t the code tha t w ill a id in bu ilding  a n inpu t file, s u ch a s  the types
of a ds orption is otherm s  a llow ed, is  provided in Section 3.3.  In a ddition, help in s electing
va lu es  for s om e of the inpu t pa ra m eters  is  g iven in Section 5.2.

Note tha t m a xim u m  control pa ra m eters  a re a s s ocia ted w ith a  nu m ber of the inpu t va ria bles . 
Thes e control pa ra m eters  a re u s ed in the code to s pecify a rra y dim ens ions .  For s om e
problem s , the defa u lt va lu es  s et for thes e pa ra m eters  m a y be too s m a ll.  If s o, they ca n be
ea s ily cha ng ed.  The m a xim u m  control pa ra m eters  a nd their defa u lt va lu es  a re lis ted in
Appendix C.  Note a ls o tha t the log ica l u nits  u s ed by 3DLEW ASTE a re defined in Appendix B.

A com plete inpu t file cons is ts  of inform a tion s u pplied in 18 da ta  s ets .  The contents  a nd form a t
of ea ch da ta  s et a re lis ted below .  W hen cons tru cting  a n inpu t s equ ence, it is  im porta nt to note
tha t da ta  s ets  2 throu g h 17 m u s t be preceded by a  record w hich conta ins  a  des cription of the
da ta  s et.  This  ca n be s een in the exa m ple inpu t s equ ences  provided in Section 6.2.  M os t of
the inpu t is  entered in free-form a t, w hich m ea ns  tha t the s pa cing  of the inpu t da ta  in a  record
does  not need to follow  a  s et pa ttern.  Note tha t a  record ca n cons is t of m u ltiple lines , w ith a
line defined a s  u p to 80  colu m ns .

The u s er m a y choos e to ru n the m odel u s ing  a ny s et of u nits  a s  long  a s  they a re cons is tently
m a inta ined in a ll the inpu t.  Units  of m a s s  (M ), leng th (L), a nd tim e (T) a re indica ted in the inpu t
des criptions .

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

One record w ith FORM AT(I5,A70 ,3X,2I1) per problem .  This  record conta ins  the
follow ing  va ria bles :

 1. NPROB = Problem  nu m ber (colu m ns  1-5). 

 2. TITLE = Arra y for the title of the problem .  It m a y conta in u p to 70  cha ra cters
(colu m ns  6 - 75). 

 3. IG EOM  = Integ er indica ting  if (1) the g eom etry, bou nda ry a nd pointer a rra ys  a re
to be printed a nd if (2) the bou nda ry a nd pointer a rra ys  a re to be com pu ted or
rea d via  log ica l u nits  (colu m n 79).  If IG EOM  is  a n even nu m ber, g eom etry,
bou nda ry a nd pointer a rra ys  w ill not be printed.  If IG EOM  is  a n odd nu m ber, they
w ill be printed.  If IG EOM  is  les s  tha n or equ a l to 1, bou nda ry a rra ys  w ill be
com pu ted a nd w ritten on log ica l u nit LUBAR, bu t if IG EOM  is  g rea ter tha n 1,
bou nda ry a rra ys  w ill be rea d via  log ica l u nit LUBAR.  If IG EOM  is  les s  tha n or
equ a l to 3, pointer a rra ys  w ill be com pu ted a nd w ritten on log ica l u nit LUPAR, bu t
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if IG EOM  is  g rea ter tha n 3, pointer a rra ys  w ill be rea d via  log ica l u nit LUPAR.  In
s u m m a ry:

IG EOM  = Even No. Print the g eom etry, bou nda ry, a nd pointer a rra ys .
IG EOM  = Odd No. Do not print the a rra ys .
IG EOM  <  1 Com pu te a nd w rite bou nda ry a nd pointer a rra ys .
1 <  IG EOM  <  3 Rea d bou nda ry a rra ys , com pu te a nd w rite pointer a rra ys .
IG EOM  > 3 Rea d bou nda ry a nd pointer a rra ys .

 4. IBUG  = Integ er indica ting  if dia g nos tic ou tpu t is  des ired (colu m n 80 );  
0  = no, 
1 = yes .

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

One record w ith FREE-FORM AT per problem .  It conta ins  the follow ing  va ria bles :

 1. NNP = Nu m ber of noda l points . 

 2. NEL = Nu m ber of elem ents . 

 3. NM AT = Nu m ber of m a teria l types . 

 4. NCM  = Nu m ber of elem ents  w ith m a teria l property correction. 

 5. NTI = Nu m ber of tim e s teps  or tim e increm ents  (s ee notes  a t the end of Da ta  Set
2).

 6. K SS = Stea dy-s ta te control;  
0  = s tea dy-s ta te s olu tion, 
1 = tra ns ient-s ta te s olu tion (s ee note a t the end of Da ta  Set 2). 

 7. NM PPM  = Nu m ber of m a teria l properties  per m a teria l;  this  pa ra m eter s hou ld be
s et equ a l to 8 in the pres ent vers ion of the code (s ee Da ta  Set 5).

 8. K VI = Velocity inpu t control;  
-1 = velocity a nd m ois tu re content rea d from  da ta  s et 17, 
 1 = s tea dy-s ta te velocity a nd m ois tu re content inpu t rea d from  FEM W ATER

bina ry file, 
 2 = tra ns ient velocity a nd m ois tu re content inpu t rea d from  FEM W ATER bina ry

file. 

 9. ILUM P = M a s s  lu m ping  control;  
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0  = no, 
1 = yes . 

10 . IW ET = W eig hting  fu nction control;  
0  = G a lerk in w eig hting , 
1 = u ps trea m  w eig hting . 

11. IOPTIM  = Optim iza tion control;  
1 = u ps trea m  w eig hting  optim iza tion fa ctor is  to be com pu ted, 
0  = fa ctor is  to be s et equ a l to 1.0 .

12. NITER = Nu m ber of itera tions  a llow ed for s olving  the non-linea r equ a tion. 

13. NDTCHG  = Nu m ber of tim es  the tim e-s tep s ize w ill be res et to the initia l tim e-s tep
s ize;  NDTCHG  s hou ld be > 1 (s ee Section 5.2.2.9). 

14. NPITER = Nu m ber of itera tions  for a  block  or pointw is e s olu tion. 

15. K SORP = Sorption m odel control;  
1 = linea r is otherm , 
2 = Freu ndlich is otherm , 
3 = La ng m u ir is otherm . 

**** NOTE: NTI ca n be com pu ted by NTI = I1 + 1 + I2 + 1, w here I1 is  the la rg es t
integ er not exceeding  Log (DELM AX/DELT)/Log (1+CHNG ), I2 is  the la rg es t
integ er not exceeding  (RTIM E-DELT*((1+CHNG )**
(I1+1)-1)/CHNG )/DELM AX, RTIM E is  the rea l s im u la tion tim e, a nd
DELM AX, DELT, a nd CHNG  a re defined in da ta  s et 3. 

**** NOTE: 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, K SS = 0  a nd NTI = 0  in this  da ta  s et.  In the la tter ca s e,
K SS = 0  a nd NTI > 0 .  If K SS > 0 , there w ill be no s tea dy-s ta te ca lcu la tion. 

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

One record w ith FREE-FORM AT per problem .  It conta ins  the follow ing  va ria bles :

 1. DELT = Initia l tim e s tep s ize, (T). 

 2. CHNG  = Fra ctiona l cha ng e in the tim e-s tep s ize in ea ch s u bs equ ent tim e
increm ent, (dim ens ionles s  decim a l-point va lu e). 
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 3. DELM AX = M a xim u m  va lu e of DELT, (T). 

 4. TM AX = M a xim u m  s im u la tion tim e, (T). 

 5. OM E = Itera tion pa ra m eter for s olving  the nonlinea r m a trix equ a tion; 
0 .0  <  OM E <  1.0  = u nder-rela xa tion, 
1.0  = exa ct rela xa tion, 
1.0  <  OM E <  2.0  = over-rela xa tion. 

 6. OM I = Rela xa tion pa ra m eter for s olving  the linea rized m a trix equ a tion pointw is e; 
0 .0  <  OM I <  1.0  = u nder rela xa tion, 
1.0  = exa ct rela xa tion, 
1.0  <  OM I <  2.0  = over rela xa tion. 

 7. TOLB = Tra ns ient-s ta te converg ence criterion, (L). 

 8. TOLA = Stea dy-s ta te converg ence criterion, (L). 

4.2.4  Da ta  Set 4:  Printer a nd Dis k  Stora g e Control a nd Tim es  for Step Size
       Res etting  

Three records  a re needed per problem .  The firs t tw o records  a re form a tted inpu t w ith
FORM AT(2I1).  The third record is  a  FREE-FORM AT inpu t.  The nu m ber of lines  for the
firs t tw o records  depends  on the va lu e of NTI, the nu m ber of tim e increm ents .  The
nu m ber of lines  for the third record depends  on the va lu e of NDTCHG , the nu m ber of
tim es  to res et the tim e-s tep s ize. 

Record 1 - FORM AT(2I1):  This  record conta in the follow ing  va ria bles :

 1. K PR0  = Printer control for s tea dy-s ta te a nd initia l conditions ; 
0  = print nothing , 
1 = print va lu es  for the va ria bles  FLOW , FRATE, a nd TFLOW , 
2 = print va lu es  a bove plu s  concentra tion, 
3 = print va lu es  a bove plu s  m a teria l flu xes . 

 2. K PR(I) = Printer control for the I-th (I = 1, 2, ..., NTI) tim e s tep; 0  = print nothing , 
1 = print va lu es  for the va ria bles  FLOW , FRATE, a nd TFLOW , 
2 = print va lu es  a bove plu s  concentra tion, 
3 = print va lu es  a bove plu s  m a teria l flu xes . 

Record 2 - FORM AT(2I1):  This  record ca n be u s ed to s tore 3DLEW ASTE ou tpu t in a
bina ry file for u s e in plotting  res u lts .  It conta ins  the follow ing  va ria bles :
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 1. K DSK 0  = Au xilia ry s tora g e control for the s tea dy-s ta te or initia l condition;  
0  = no s tora g e, 
1 = s tore on log ica l u nit LUSTO.

 2. K DSK (I) = Au xilia ry s tora g e control for the I-th (I = 1, 2, ..., NTI) tim e s tep;  
0  = no s tora g e, 
1 = s tore on log ica l u nit LUSTO. 

Record 3 - FREE-FORM AT:  This  record conta ins  the follow ing  va ria bles :

 1. TDTCH(I) = Tim e w hen the I-th (I = 1, 2, ..., NDTCHG ) tim e-s tep-s ize res etting  is
needed. 

4.2.5  Da ta  Set 5:  M a teria l Properties  

A tota l of NM AT records  a re requ ired for this  da ta  s et, one for ea ch m a teria l.  

Record I (I = 1, 2, ..., NM AT) - FREE-FORM AT:  Ea ch record conta ins  the follow ing
va ria bles :

 1. PROP(1,I) = Dis tribu tion coefficient (L3/M ) or Freu ndlich K  or La ng m u ir K  for
m ediu m  I, depending  on the va lu e of K SORP in da ta  s et 2.

 2. PROP(2,I) = Bu lk  dens ity for m ediu m  I, (M /L3).

 3. PROP(3,I) = Long itu dina l dis pers ivity for m ediu m  I, (L).

 4. PROP(4,I) = Tra ns vers e dis pers ivity for m ediu m  I, (L).

 5. PROP(5,I) = M olecu la r diffu s ion coefficient for m ediu m  I, (L2/T).

 6. PROP(6,I) = Tortu os ity for m ediu m  I, (Dim ens ionles s ).

 7. PROP(7,I) = Deca y cons ta nt in m ediu m  I, (1/L).

 8. PROP(8,I) = Freu ndlich N or La ng m u ir SM AX for m ediu m  I. 

4.2.6  Da ta  Set 6:  Noda l Point Coordina tes

Coordina tes  for NNP nodes  a re needed only if K VI <  0 , w here NNP a nd K VI a re
defined in da ta  s et 2.  U s u a lly a  tota l of NNP records  a re requ ired.  How ever, if a  g rou p
of s u bs equ ent node nu m bers  follow s  a  reg u la r pa ttern, a n a u tom a tic g enera tion inpu t
option ca n be u s ed. 
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Ea ch record conta ins  the follow ing  va ria bles  a nd is  FREE-FORM ATTED.

 1. NI = Node nu m ber of the firs t node in the s equ ence. 

 2. NSEQ = Nu m ber of s u bs equ ent nodes  w hich w ill be a u tom a tica lly g enera ted. 

 3. NAD = Increm ent of node nu m ber for ea ch of the NSEQ  s u bs equ ent nodes . 
 4. XNI = X-coordina te of node NI, (L). 

 5. YNI = Y-coordina te of node NI, (L).

 6. ZNI = Z-coordina te of node NI, (L).

 7. XAD = Increm ent of x-coordina te for ea ch of the NSEQ  s u bs equ ent nodes , (L). 

 8. YAD = Increm ent of y-coordina te for ea ch of the NSEQ  s u bs equ ent nodes , (L). 

 9. ZAD = Increm ent of z-coordina te for ea ch of the NSEQ  s u bs equ ent nodes , (L).

**** NOTE: A record w ith nine zeroes  m u s t be u s ed to s ig na l the end of this  da ta  s et. 

4.2.7  Da ta  Set 7:  Elem ent Incidences

Elem ent incidences  for NEL elem ents , s pecified in da ta  s et 2, a re needed if K VI <  0 . 
U s u a lly, a  tota l of NEL records  a re needed.  How ever, if a  g rou p of elem ent nu m bers
follow s  a  reg u la r pa ttern, the a u tom a tic g enera tion inpu t option ca n be u s ed.

Ea ch record is  FREE-FORM ATTED a nd conta ins  the follow ing  va ria bles :

 1. M I = G loba l elem ent nu m ber of the firs t elem ent in a  s equ ence. 

 2. NSEQ = Nu m ber of s u bs equ ent elem ents  w hich w ill be a u tom a tica lly g enera ted. 

 3. M IAD = Increm ent of M I for ea ch of the NSEQ  s u bs equ ent elem ents . 

 4. IE(M I,1) = G loba l node nu m ber of the firs t node of elem ent M I. 

 5. IE(M I,2) = G loba l node nu m ber of the s econd node of elem ent M I. 

 6. IE(M I,3) = G loba l node nu m ber of the third node of elem ent M I. 

 7. IE(M I,4) = G loba l node nu m ber of the fou rth node of elem ent M I. 
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 8. IE(M I,5) = G loba l node nu m ber of the fifth node of elem ent M I. 

 9. IE(M I,6) = G loba l node nu m ber of the s ixth node of elem ent M I. 

      10 . IE(M I,7) = G loba l node nu m ber of the s eventh node of elem ent M I. 

      11. IE(M I,8) = G loba l node nu m ber of the eig hth node of elem ent M I. 

12. IEM AD = Increm ent of IE(M I,1) throu g h IE(M I,8) for ea ch of the NSEQ elem ents .

**** NOTE: IE(M I,1) - IE(M I,8) a re nu m bered a ccording  to the convention s how n in
Fig u re 4.2.  The firs t fou r nodes  s ta rt from  the front, low er, left corner a nd
prog res s  a rou nd the bottom  elem ent s u rfa ce in a  cou nterclock w is e
direction.  The other fou r nodes  beg in from  the front, u pper, left corner a nd
prog res s  a rou nd the top elem ent s u rfa ce in a  cou nterclock w is e direction. 
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Fig u re 4.2.  Node nu m bering  convention for the elem ents .

4.2.8  Da ta  Set 8:  Su breg iona l Da ta

This  da ta  s et is  needed only if K VI <  0 , w here K VI is  defined in da ta  s et 2.

8A. Su breg ion Control Integ er

One FREE-FORM ATTED record is  needed for this  s u bda ta  s et.  It conta ins  the
follow ing  va ria ble: 

1. NREG N = Nu m ber of s u breg ions . 

8B. Nu m ber of Nodes  in Ea ch Su breg ion 

Norm a lly, NREG N records  a re requ ired.  How ever, if the s equ ence of node nu m bers
follow s  a  reg u la r pa ttern betw een s equ entia l s u breg ions , the a u tom a tic g enera tion
inpu t option ca n be u s ed.  

Ea ch record is  FREE-FORM ATTED a nd conta ins  the follow ing  five va ria bles :

1. NK  = Su breg ion nu m ber of the firs t s u breg ion in a  s equ ence.

2. NSEQ = Nu m ber of s u bs equ ent s u breg ions  w hich w ill be a u tom a tica lly
g enera ted. 

3. NK AD = Increm ent of NK  in ea ch of the NSEQ  s u bs equ ent s u breg ions .
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 4. NODES = Nu m ber of nodes  in the s u breg ion NK .  

 5. NOAD = Increm ent of NODES in ea ch of the NSEQ  s u bs equ ent s u breg ions . 

**** NOTE: A record w ith five zeroes  m u s t be u s ed to end the inpu t of this
s u bda ta  s et.  

8C. M a pping  betw een G loba l Nodes  a nd Su breg ion Nodes  

This  s u bda ta  s et s hou ld be repea ted NREG N tim es , once for ea ch s u breg ion.  For
ea ch s u breg ion, norm a lly, the nu m ber of records  equ a ls  the nu m ber of noda l points  in
the s u breg ion.  Au tom a tic g enera tion ca n be u s ed, how ever, if the s u breg iona l node
nu m bers  follow  a  reg u la r pa ttern.  

Ea ch record conta ins  five va ria bles  a nd is  FREE-FORM ATTED. 

 1. LI = Loca l node nu m ber of the firs t node in a  s equ ence.

 2. NSEQ = Nu m ber of s u bs equ ent loca l nodes  w hich w ill be g enera ted
a u tom a tica lly.

 3. LIAD = Increm ent of LI for ea ch of the NSEQ  s u bs equ ent nodes .

 4. NI = G loba l node nu m ber of loca l node LI.

 5. NIAD = Increm ent of NI for ea ch of the NSEQ  s u bs equ ent nodes . 

**** NOTE: A record w ith five zeroes  m u s t be u s ed to s ig na l the end of this
s u bda ta  s et. 

**** NOTE: Loca l node nu m bers  ha ve va lu es  betw een one a nd the tota l
nu m ber of nodes  in a  s u breg ion (i.e., 1,2,...,NODES).  G loba l
node nu m bers  a re a s s ocia ted w ith the entire g rid a nd a re entered
u s ing  da ta  s et 6.

4.2.9  Da ta  Set 9:  M a teria l Type Correction 

This  da ta  s et is  requ ired only if NCM  > 0  a nd K VI <  0 , w here NCM  a nd K VI a re defined
in da ta  s et 2.  Norm a lly, NCM  records  a re requ ired.  How ever, if a  g rou p of elem ent
nu m bers  follow s  a  reg u la r pa ttern, a u tom a tic g enera tion m a y be u s ed.  

Ea ch record is  FREE-FORM ATTED a nd conta ins  the follow ing  va ria bles :



110

 1. M I = G loba l elem ent nu m ber of the firs t elem ent in the s equ ence. 

 2. NSEQ = Nu m ber of s u bs equ ent elem ents  w hich w ill be g enera ted a u tom a tica lly. 

 3. M AD = Increm ent of elem ent nu m ber for ea ch of the NSEQ  s u bs equ ent
elem ents . 

 4. M ITYP = Type of m a teria l for elem ent M I. 

 5. M TYPAD = Increm ent of M ITYP for ea ch of the NSEQ  s u bs equ ent elem ents . 
**** NOTE: A record w ith five zeroes  m u s t be u s ed to s ig na l the end of this  da ta  s et. 

4.2.10   Da ta  Set 10 :  Ca rd Inpu t for Initia l or Pre-Initia l Conditions

NNP records  (i.e., one record for ea ch node) a re norm a lly needed.  How ever, if a  g rou p
of node nu m bers  follow  a  reg u la r pa ttern, a u tom a tic g enera tion ca n be u s ed.  

Ea ch record is  FREE-FORM ATTED a nd conta ins  the follow ing  va ria bles : 

 1. NI = G loba l node nu m ber of the firs t node in the s equ ence. 

 2. NSEQ = Nu m ber of s u bs equ ent nodes  w hich w ill be g enera ted a u tom a tica lly. 

 3. NAD = Increm ent of node nu m ber for ea ch of the NSEQ nodes . 

 4. CNI = Initia l or pre-initia l concentra tion of node NI, (M /L3). 

 5. CAD = Increm ent of CNI for ea ch of the NSEQ nodes , (M /L3).

 6. CRD = G eom etrica l increm ent of CNI for ea ch of the NSEQ  s u bs equ ent nodes
(i.e, CNI**CRD).

**** NOTE: A record w ith s ix zeroes  m u s t be u s ed to s ig na l the end of this  da ta  s et. 

**** NOTE: The initia l condition for a  tra ns ient ca lcu la tion m a y be obta ined in tw o
different w a ys :  1) it ca n be rea d directly from  da ta  s et 10 , or  2) the code
ca n perform  a  s tea dy-s ta te s im u la tion u s ing  tim e-inva ria nt bou nda ry
conditions  before beg inning  the tra ns ient com pu ta tions .  For the firs t ca s e,
both K SS a nd NTI in da ta  s et 2 s hou ld be g rea ter tha n zero.  In the la tter
ca s e, K SS = 0  a nd NTI > 0  a nd da ta  s et 10  is  u s ed to inpu t the pre-initia l
condition, w hich is  requ ired a s  the s ta rting  condition for the s tea dy-s ta te
itera tion.  In order to obta in a  s tea dy-s ta te s olu tion, both K SS a nd NTI a re
s et equ a l to zero a nd da ta  s et 11 s u pplies  the s ta rting  condition for the
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s tea dy-s ta te s olu tion.

4.2.11  Da ta  Set 11:  Integ er Pa ra m eters  for Sou rces  a nd Bou nda ry Conditions
 

One record per problem  is  needed.  This  record is  FREE-FORM ATTED a nd conta ins
the follow ing  va ria bles :

 1. NSEL = Nu m ber of dis tribu ted s ou rce/s ink  elem ents . 
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 2. NSPR = Nu m ber of dis tribu ted s ou rce/s ink  profiles  (i.e., tim e his tories ) (NSPR
s hou ld be > 1). 

 3. NSDP = Nu m ber of da ta  points  in ea ch of the NSPR s ou rce/s ink  profiles  (NSDP
s hou ld be > 2). 

 4. K SAI = Option for the dis tribu ted s ou rce/s ink  profiles  to be inpu t a na lytica lly.  This
va ria ble s hou ld be s et equ a l to zero in the cu rrent vers ion of the code.

 5. NW NP = Nu m ber of w ell or point s ou rce/s ink  nodes . 

 6. NW PR = Nu m ber of w ell or point s ou rce/s ink  profiles  (i.e., tim e his tories ). 

 7. NW DP = Nu m ber of da ta  points  in ea ch of the NW PR profiles . 

 8. K W AI = Option for the w ell s ou rce/s ink  profiles  to be inpu t a na lytica lly.  This
va ria ble s hou ld be s et equ a l to zero in the cu rrent vers ion of the code.

 9. NDNP = Nu m ber of pres cribed-concentra tion (Dirichlet) nodes  (NDNP s hou ld be
> 1). 

10 . NDPR = Nu m ber of pres cribed-concentra tion profiles  (i.e., tim e his tories ) (NDPR
s hou ld be > 1). 

11. NDDP = Nu m ber of da ta  points  in ea ch pres cribed-concentra tion profile (NDDP
s hou ld be > 2). 

12. K DAI = Option for the pres cribed-concentra tion bou nda ry profiles  to be inpu t
a na lytica lly.  This  va ria ble s hou ld be s et equ a l to zero in the cu rrent vers ion of the
code.

13. NVES = Nu m ber of va ria ble com pos ite bou nda ry elem ent s ides .

14. NVNP = Nu m ber of va ria ble com pos ite bou nda ry noda l points .

15. NRPR = Nu m ber of va ria ble com pos ite profiles  (i.e., tim e his tories ). 

16. NRDP = Nu m ber of da ta  points  in ea ch of the NRPR profiles . 

17. K RAI = Option for the va ria ble com pos ite profiles  to be inpu t a na lytica lly.  This
va ria ble s hou ld be s et equ a l to zero in the cu rrent vers ion of the code.

18. NCES = Nu m ber of s pecified-flu x (Ca u chy) bou nda ry elem ent s ides .
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19. NCNP = Nu m ber of s pecified-flu x bou nda ry noda l points .

20 . NCPR = Nu m ber of s pecified-flu x profiles  (i.e., tim e his tories ). 

21. NCDP = Nu m ber of da ta  points  in ea ch of the NCPR profiles . 

22. KCAI = Option for the s pecified-flu x profiles  to be inpu t a na lytica lly.  This  va ria ble
s hou ld be s et equ a l to zero in the cu rrent vers ion of the code.

23. NNES = Nu m ber of s pecified-dis pers ive-flu x (Neu m a nn) bou nda ry elem ent s ides .

24. NNNP = Nu m ber of s pecified-dis pers ive-flu x bou nda ry noda l points .

25. NNPR = Nu m ber of s pecified-dis pers ive-flu x profiles  (i.e., tim e his tories ). 

26. NNDP = Nu m ber of da ta  points  in ea ch of the NNPR profiles . 

27. K NAI = Option for the s pecified-dis pers ive-flu x profiles  to be inpu t a na lytica lly. 
This  va ria ble s hou ld be s et equ a l to zero in the cu rrent vers ion of the code.

4.2.12  Da ta  Set 12:  Dis tribu ted a nd Point Sou rces /Sink s  

This  da ta  s et is  u s ed to s u pply da ta  for both dis tribu ted s ou rces /s ink s , a nd point (w ell)
s ou rces /s ink s . 

12A. Dis tribu ted Sou rces /Sink s  

The follow ing  three s u bda ta  s ets  a re needed if a nd only if  NSEL in da ta  s et 11 is
g rea ter tha n zero.  The firs t s u bda ta  s et is  u s ed to s pecify the dis tribu ted s ou rce/s ink
profiles .  The s econd s u bda ta  s et is  u s ed to rea d the g loba l elem ent nu m bers  of the
dis tribu ted s ou rce/s ink  elem ents .  The third s u bda ta  s et is  u s ed to a s s ig n a  s ou rce/s ink
profile to ea ch dis tribu ted s ou rce/s ink  elem ent.

(a ) Sou rces /Sink  Profiles

NSPR records  (s ee da ta  s et 11) a re needed.  Ea ch record conta ins  NSDP da ta  points ,
defined in da ta  s et 11.  Three nu m bers , repres enting  the tim e, s ou rce flow  ra te, a nd
s ou rce concentra tion, res pectively, a re a s s ocia ted w ith ea ch da ta  point.

Record I (I = 1, 2, ..., NSPR) - FREE FORM AT:  Ea ch record conta ins  the follow ing
va ria bles :

1. TSOSF(J ,I) = Tim e of J -th da ta  point in I-th profile, (T). 
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2. SOSF(J ,I,1) = Sou rce/s ink  flow  ra te of the J -th da ta  point in the I-th profile,
(L3/T/L3);  pos itive for s ou rce a nd neg a tive for s ink . 

3. SOSF(J ,I,2) = Sou rce/s ink  concentra tion of the J -th da ta  point in the I-th
profile, (M /L3).

.

.
Up to NSDP da ta  points .

(b) G loba l Elem ent Nu m ber of All Dis tribu ted Sou rce/Sink  Elem ents

One record is  needed for this  s u bda ta  s et.  The nu m ber of lines  in the record depends
on NSEL, defined in da ta  s et 11.  The record is  FREE-FORM ATTED a nd conta ins  the
follow ing  va ria bles :

1. LES(1) = G loba l elem ent nu m ber of the firs t dis tribu ted s ou rce/s ink  elem ent. 

2. LES(2) = G loba l elem ent nu m ber of the s econd dis tribu ted s ou rce/s ink
elem ent. 

.

.

.
Up to NSEL nu m bers .

(c) Sou rce/Sink  Profile Type As s ig ned to Ea ch Elem ent

U s u a lly NSEL records  a re needed.  How ever, a u tom a tic g enera tion ca n be u s ed.  Ea ch
record is  FREE-FORM ATTED a nd conta ins  the follow ing  va ria bles :

1. M I = Com pres s ed elem ent nu m ber of the firs t elem ent in the s equ ence. 

2. NSEQ = Nu m ber of s u bs equ ent elem ents  w hich w ill be a u tom a tica lly
g enera ted. 

3. M AD = Increm ent of elem ent nu m ber for ea ch of the NSEQ elem ents . 

4. M ITYP = Sou rce/s ink  profile a s s ocia ted w ith elem ent M I. 

5. M TYPAD = Increm ent of M ITYP for ea ch of the NSEQ  s u bs equ ent
elem ents . 

     **** NOTE: A record w ith five zeroes  m u s t be u s ed to s ig na l the end of this
s u bda ta  s et. 
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 **** NOTE: Com pres s ed elem ent nu m bers  ha ve va lu es  betw een one a nd the
tota l nu m ber of dis tribu ted s ou rce/s ink  elem ents .  Com pres s ed
elem ent one corres ponds  to the firs t elem ent lis ted in 12A(b),
com pres s ed elem ent tw o corres ponds  to the s econd g loba l
elem ent, etc.

12B. Point (W ell) Sou rce/Sink  

The follow ing  three s u bda ta  s ets  a re needed if a nd only if NW NP in da ta  s et 11 is
g rea ter tha n zero.  The firs t s u bda ta  s et is  u s ed to s pecify the point s ou rce/s ink  profiles . 
The s econd s u bda ta  s et rea ds  the s ou rce/s ink  g loba l node nu m bers , a nd the third
a s s ig ns  a  s ou rce/s ink  profile type to ea ch node.

(a )  Sou rce/Sink  Profiles

NW PR records  (s ee da ta  s et 11) a re needed.  Ea ch record conta ins  NW DP da ta  points ,
defined in da ta  s et 11.  Three nu m bers , repres enting  the tim e, s ou rce flow  ra te, a nd
s ou rce concentra tion, res pectively, a re a s s ocia ted w ith ea ch da ta  point.

Record I (I = 1, 2, ..., NW PR) - FREE FORM AT:  Ea ch record conta ins  the follow ing
va ria bles :

1. TW SSF(J ,I) = Tim e of J -th da ta  point in I-th profile, (T). 

2. W SSF(J ,I,1) = Sou rce/s ink  flow  ra te of the J -th da ta  point in the I-th profile,
(L3/T);  pos itive for s ou rce a nd neg a tive for s ink . 

3. W SSF(J ,I,2) = Sou rce/s ink  concentra tion of the J -th da ta  point in the I-th
profile, (M /L3).

.

.

Up to NW DP nu m bers .

(b) G loba l Node Nu m ber of All Point (W ell) Sou rce/Sink  Nodes

One record is  needed for this  s u bda ta  s et.  The nu m ber of lines  in this  record depends
on NW NP, defined in da ta  s et 11.  The record is  FREE-FORM ATTED a nd conta ins  the
follow ing  va ria bles :

1. NPW (1) = G loba l node nu m ber of the firs t point s ou rce/s ink  node. 

2. NPW (2) = G loba l node nu m ber of the s econd point s ou rce/s ink  node.
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.

.

Up to NW NP nu m bers .

(c) Sou rce/Sink  Profile Type for Ea ch Node

U s u a lly one record per node (i.e., NW NP records ) a re needed.  How ever, a u tom a tic
g enera tion ca n be u s ed.  Ea ch record is  FREE-FORM ATTED a nd conta ins  the
follow ing  va ria bles :

1. NI = Com pres s ed point s ou rce/s ink  node nu m ber of the firs t node in a
s equ ence. 

2. NSEQ = Nu m ber of s u bs equ ent nodes  w hich w ill be a u tom a tica lly
g enera ted. 

3. NIAD = Increm ent of NI for ea ch of the NSEQ nodes . 

4. NITYP = Sou rce/s ink  profile a s s ocia ted w ith node NI. 

5. NTYPAD = Increm ent of NITYP for ea ch of the NSEQ  s u bs equ ent nodes . 

**** NOTE: A record w ith five zeroes  m u s t be u s ed to s ig na l the end of this
s u bda ta  s et.

4.2.13  Da ta  Set 13:  Va ria ble Com pos ite Bou nda ry Condition 

The follow ing  fou r s u bda ta  s ets  a re requ ired if a nd only if NVES in da ta  s et 11 is
g rea ter tha n zero.  The firs t s u bda ta  s et is  u s ed to s pecify the concentra tion profiles . 
The s econd s u bda ta  s et is  u s ed to a s s ig n a  concentra tion profile type to ea ch of the
va ria ble com pos ite bou nda ry elem ent s ides .  The third s u bda ta  s et is  u s ed to s pecify
the va ria ble com pos ite bou nda ry elem ent s ides .  The fou rth s u bda ta  s et is  u s ed to rea d
the g loba l noda l nu m ber of a ll the va ria ble com pos ite bou nda ry nodes . 

13A. Concentra tion Profiles

There w ill be NRPR records  (s ee da ta  s et 11) in this  s u bda ta  s et.  The nu m ber of lines
in ea ch record depends  on NRDP, defined in da ta  s et 11.

Record I (I = 1, 2, ..., NRPR) - FREE-FORM AT:  Ea ch record conta ins  the follow ing
va ria bles :  
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1. TCRSF(1,I) = Tim e of the firs t da ta  point in the I-th profile, (T).

2. CRSF(1,I) = Concentra tion of the firs t da ta  point in the I-th profile, (M /L3). 

3. TCRSF(2,I) = Tim e of the s econd da ta  point in the I-th profile, (T).

4. CRSF(2,I) = Concentra tion of the s econd da ta  point in the I-th profile, (M /L3). 
.
.

Up to NRDP da ta  points .

13B. Concentra tion Profile Type As s ig ned to Ea ch Bou nda ry Elem ent Side  

U s u a lly one record per va ria ble com pos ite bou nda ry elem ent s ide is  needed.  How ever,
a u tom a tic g enera tion ca n be u s ed.  

Record I (I = 1, 2, ..., ) - FREE-FORM AT:  Ea ch record conta ins  the follow ing  va ria bles :  

1. M I = Com pres s ed va ria ble bou nda ry elem ent s ide of the firs t s ide in a
s equ ence. 

2. NSEQ = Nu m ber of s u bs equ ent s ides  w hich w ill be g enera ted a u tom a tica lly. 

3. M IAD = Increm ent of M I for ea ch of the NSEQ  s u bs equ ent s ides . 

4. M ITYP = Type of concentra tion profile a s s ig ned to s ide M I.

5. M TYPAD = Increm ent of M ITYP for ea ch of the NSEQ  s u bs equ ent s ides . 

**** NOTE: A record w ith five zeroes  m u s t be u s ed to s ig na l the end of this
s u bda ta  s et. 

13C. Specifica tion of Va ria ble Com pos ite Bou nda ry Elem ent Sides

Norm a lly, NVES records  a re requ ired, one ea ch for a  va ria ble bou nda ry elem ent s ide. 
How ever, if a  g rou p of va ria ble com pos ite bou nda ry elem ent s ides  a ppea rs  in a  reg u la r
pa ttern, a u tom a tic g enera tion m a y be u s ed.  

Record I (I = 1, 2, ..., ) - FREE-FORM AT:  Ea ch record conta ins  the follow ing  va ria bles :

1. M I = Com pres s ed va ria ble com pos ite bou nda ry elem ent s ide nu m ber of the
firs t s ide in a  s equ ence. 
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2. NSEQ = Nu m ber of s u bs equ ent elem ent s ides  w hich w ill be g enera ted
a u tom a tica lly. 

3. M IAD = Increm ent of M I for ea ch of the NSEQ elem ent s ides . 

4. I1 = G loba l node nu m ber of the firs t node of elem ent s ide M I. 

5. I2 = G loba l node nu m ber of the s econd node of elem ent s ide M I. 

6. I3 = G loba l node nu m ber of the third node of elem ent s ide M I. 

7. I4 = G loba l node nu m ber of the fou rth node of elem ent s ide M I. 

8. I1AD = Increm ent of I1 for ea ch of the NSEQ  s u bs equ ent elem ent s ides . 

9. I2AD = Increm ent of I2 for ea ch of the NSEQ  s u bs equ ent elem ent s ides . 

     10 . I3AD = Increm ent of I3 for ea ch of the NSEQ  s u bs equ ent elem ent s ides . 

     11. I4AD = Increm ent of I4 for ea ch of the NSEQ  s u bs equ ent elem ent s ides .
 

**** NOTE: A record w ith 11 zeroes  m u s t be u s ed to s ig na l the end of this
s u bda ta  s et. 

13D. G loba l Noda l Nu m ber of All Va ria ble Com pos ite Bou nda ry Nodes

At m os t, NVNP records  (s ee da ta  s et 11) a re needed for this  s u bda ta  s et.  
Record I (I = 1, 2, ..., ) - FREE-FORM AT:  Ea ch record conta ins  the follow ing  va ria bles :

1. NI = Com pres s ed va ria ble bou nda ry node nu m ber of the firs t node in the
s equ ence. 

2. NSEQ = Nu m ber of s u bs equ ent nodes  w hich w ill be g enera ted
a u tom a tica lly. 

3. NIAD = Increm ent for NI for ea ch of the NSEQ nodes . 

4. NODE = G loba l noda l nu m ber of the node NI. 

5. NODEAD = Increm ent of NODE for ea ch of the NSEQ  s u bs equ ent nodes .

**** NOTE: A record w ith five zeroes  m u s t be u s ed to s ig na l end of this
s u bda ta  s et. 
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4.2.14  Da ta  Set 14:  Pres cribed-Concentra tion (Dirichlet) Bou nda ry Condition

This  da ta  s et is  requ ired if a nd only if NDNP in da ta  s et 11 is  g rea ter tha n zero.  It
cons is ts  of three s u bda ta  s ets .  The firs t s u bda ta  s et is  u s ed to s pecify the pres cribed-
concentra tion profiles , the s econd is  u s ed to rea d the pres cribed-concentra tion
bou nda ry nodes , a nd the third is  u s ed to a s s ig n a  concentra tion profile type to ea ch of
the Dirichlet nodes .

14A. Pres cribed-Concentra tion Profiles

There w ill be NDPR records  (s ee da ta  s et 11) in this  s u bda ta  s et.  The nu m ber of lines
in ea ch record depends  on NDDP, defined in da ta  s et 11.

Record I (I = 1, 2, ..., NDPR) - FREE-FORM AT:  Ea ch record conta ins  the follow ing
va ria bles :  

1. TCDBF(1,I) = Tim e of firs t da ta  point in I-th profile, (T). 

2. CDBF(1,I) = Concentra tion of firs t da ta  point in I-th profile, (M /L3). 

3. TCDBF(2,I) = Tim e of s econd da ta  point in I-th profile, (T). 

4. CDBF(2,I) = Concentra tion of s econd da ta  point in I-th profile, (M /L3). 
.
.

Up to NDDP da ta  points .

14B. G loba l Node Nu m ber of All the Pres cribed-Concentra tion Nodes

One FREE-FORM ATTED record is  needed for this  s u bda ta  s et.  The nu m ber of lines  in
this  record depends  on NDNP, defined in da ta  s et 11.

1. NPDB(1) = G loba l node nu m ber of the firs t com pres s ed pres cribed-
concentra tion node. 

2. NPDB(2) = G loba l node nu m ber of the s econd com pres s ed pres cribed-
concentra tion node. 

 .
 .

Up to NDNP nu m bers .
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14C. Type of Concentra tion Profile As s ig ned to Ea ch Dirichlet Node

Norm a lly one record per Dirichlet node (i.e., a  tota l of NDNP records ) is  needed. 
How ever, if the Dirichlet node nu m bers  follow  a  reg u la r pa ttern, a u tom a tic g enera tion
m a y be u s ed. 

Record I (I = 1, 2, ..., ) - FREE-FORM AT:  Ea ch record conta ins  the follow ing  va ria bles :

1. NI = Com pres s ed Dirichlet node nu m ber of the firs t node in the s equ ence. 

2. NSEQ = Nu m ber of s u bs equ ent Dirichlet nodes  w hich w ill be a u tom a tica lly
g enera ted. 

3. NIAD = Increm ent of NI for ea ch of the NSEQ nodes . 

4. NITYP = Dirichlet concentra tion profile type a s s ig ned to node NI a nd NSEQ
s u bs equ ent nodes . 

5. NTYPAD = Increm ent of NITYP for ea ch of the NSEQ  s u bs equ ent nodes . 

**** NOTE: A record w ith five zeroes  m u s t be u s ed to s ig na l the end of this
s u bda ta  s et. 

4.2.15  Da ta  Set 15:  Specified-Flu x (Ca u chy) Bou nda ry Condition

Fou r s u bda ta  s ets  a re requ ired if a nd only if NCES in da ta  s et 11 is  g rea ter tha n zero. 
The firs t s u bda ta  s et is  u s ed to rea d the s pecified-flu x profiles .  The s econd s u bda ta  s et
is  u s ed to a s s ig n the type of s pecified-flu x profile to ea ch of the s pecified-flu x bou nda ry
elem ent s ides .  The third s u bda ta  s et is  u s ed to rea d the s pecified-flu x bou nda ry
elem ent s ides .  The fou rth s u bda ta  s et is  u s ed to rea d the g loba l noda l nu m bers
a s s ocia ted w ith the s pecified-flu x bou nda ries . 

15A. Specified-Flu x Profiles

There w ill be NCPR records  (s ee da ta  s et 11) in this  s u bda ta  s et.  The nu m ber of lines
in ea ch record depends  on NCDP, defined in da ta  s et 11.

Record I (I = 1, 2, ..., NCPR) - FREE-FORM AT:  Ea ch record conta ins  the follow ing
va ria bles :

1. TQCBF(1,I) = Tim e of the firs t da ta  point in the I-th profile, (T). 

2. QCBF(1,I) = Norm a l s pecified-flu x of the firs t da ta  point in the I-th profile,
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(M /T/L2);  pos itive ou t of the reg ion, neg a tive into the reg ion.

3. TQCBF(2,I) = Tim e of the s econd da ta  point in the I-th profile, (T). 

4. QCBF(2,I) = Norm a l s pecified-flu x of the s econd da ta  point in the I-th profile,
(M /T/L2);  pos itive ou t of the reg ion, neg a tive into the reg ion.  

.

.

Up to NCDP da ta  points .

15B. Type of Specified-Flu x Profile As s ig ned to Ea ch Bou nda ry Elem ent Side

At m os t, NCES records  (s ee da ta  s et 11) a re needed.  How ever, a u tom a tic g enera tion
ca n be u s ed.

Record I (I = 1, 2, ..., ) - FREE-FORM AT:  Ea ch record conta ins  the follow ing  va ria bles :

1. M I = Com pres s ed s pecified-flu x bou nda ry elem ent s ide nu m ber of the firs t
s ide in the s equ ence. 

2. NSEQ = Nu m ber of s u bs equ ent s ides  w hich w ill be g enera ted a u tom a tica lly. 

3. M IAD = Increm ent of M I for ea ch of NSEQ  s u bs equ ent s ides . 

4. M ITYP = Type of s pecified-flu x profile a s s ig ned to s ide M I. 

5. M TYPAD = Increm ent of M ITYP for ea ch of the NSEQ  s u bs equ ent s ides . 

**** NOTE: A record w ith five zeroes  m u s t be u s ed to s ig na l the end of this
s u bda ta  s et. 

15C. Specified-Flu x Bou nda ry Elem ent Sides

Norm a lly, NCES records  a re requ ired, one for ea ch s pecified-flu x bou nda ry elem ent
s ide.  How ever, if a  g rou p of s pecified-flu x bou nda ry elem ent s ide nu m bers  follow s  a
reg u la r pa ttern, a u tom a tic g enera tion m a y be u s ed. 

Record I (I = 1, 2, ..., ) - FREE-FORM AT:  Ea ch record conta ins  the follow ing  va ria bles :

1. M I = Com pres s ed s pecified-flu x bou nda ry elem ent s ide nu m ber of the firs t
elem ent s ide in a  s equ ence. 
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2. NSEQ = Nu m ber of s u bs equ ent elem ent s ides  w hich w ill be g enera ted
a u tom a tica lly. 

3. M IAD = Increm ent of M I for ea ch of the NSEQ  s u bs equ ent s ides . 

4. I1 = G loba l node nu m ber of the firs t node of elem ent s ide M I. 

5. I2 = G loba l node nu m ber of the s econd node of elem ent s ide M I. 

6. I3 = G loba l node nu m ber of the third node of elem ent s ide M I. 

7. I4 = G loba l node nu m ber of the fou rth node of elem ent s ide M I.

8. I1AD = Increm ent of I1 for ea ch of the NSEQ  s u bs equ ent elem ent s ides .
 

9. I2AD = Increm ent of I2 for ea ch of the NSEQ  s u bs equ ent elem ent s ides .
 

    10 . I3AD = Increm ent of I3 for ea ch of the NSEQ  s u bs equ ent elem ent s ides .

    11. I4AD = Increm ent of I4 for ea ch of the NSEQ  s u bs equ ent elem ent s ides .

**** NOTE: A record w ith 11 zeroes  m u s t be u s ed to s ig na l the end of this
s u bda ta  s et. 

15D. G loba l Node Nu m ber of All Com pres s ed Specified-Flu x Bou nda ry Nodes

U s u a lly NCNP records  (s ee da ta  s et 11) a re needed for this  s u bda ta  s et.  How ever,
a u tom a tic g enera tion ca n be u s ed. 

Record I (I = 1, 2, ..., ) - FREE-FORM AT:  Ea ch record conta ins  the follow ing  va ria bles :

1. NI = Com pres s ed s pecified-flu x bou nda ry node nu m ber of the firs t node in a
s equ ence. 

2. NSEQ = Nu m ber of s u bs equ ent nodes  w hich w ill be g enera ted
a u tom a tica lly. 

3. NIAD = Increm ent for NI for ea ch of the NSEQ nodes . 

4. NODE = G loba l noda l nu m ber of the node NI. 

5. NODEAD = Increm ent of the g loba l noda l nu m ber for ea ch of the NSEQ
s u bs equ ent nodes . 
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**** NOTE: A record w ith five zeroes  m u s t be u s ed to s ig na l end of this
s u bda ta  s et. 

4.2.16  Da ta  Set 16:  Specified-Dis pers ive-Flu x (Neu m a nn) Bou nda ry Condition

The follow ing  fou r s u bda ta  s ets  a re requ ired if a nd only if NNES in da ta  s et 11 is
g rea ter tha n zero.  The firs t s u bda ta  s et is  u s ed to rea d the s pecified-dis pers ive-flu x
profiles .  The s econd s u bda ta  s et is  u s ed to a s s ig n a  s pecified-dis pers ive-flu x profile
type to ea ch bou nda ry elem ent s ides .  The third s u bda ta  s et is  u s ed to rea d the
s pecified-dis pers ive-flu x bou nda ry elem ent s ide.  The fou rth s u bda ta  s et is  u s ed to rea d
the g loba l noda l nu m bers  a s s ocia ted w ith the s pecified-dis pers ive-flu x bou nda ries .

16A. Pres cribed Specified-Dis pers ive-Flu x Profiles

There w ill be NNPR records  (s ee da ta  s et 11) in this  s u bda ta  s et.  The nu m ber of lines
in ea ch record depends  on NNDP, defined in da ta  s et 11.

Record I (I = 1, 2, ..., NNPR) - FREE-FORM AT:  Ea ch record conta ins  the follow ing
va ria bles :

1. TQNBF(1,I) = Tim e of the firs t da ta  point in the I-th profile, (T). 

2. QNBF(1,I) = Norm a l s pecified-dis pers ive flu x of the firs t da ta  point in the I-th
profile, (M /T/L2);  pos itive ou t of the reg ion, neg a tive into the reg ion.  

3. TQNBF(2,I) = Tim e of the s econd da ta  point in the I-th profile, (T). 

4. QNBF(2,I) = Norm a l s pecified-dis pers ive flu x of the s econd da ta  point in the
I-th profile, (M /T/L2);  pos itive ou t of the reg ion, neg a tive into the reg ion.  

.

.

Up to NNDP da ta  points .

16B. Type of Specified-Dis pers ive-Flu x Profile As s ig ned to Ea ch Bou nda ry Elem ent
Side

At m os t, NNES records  (s ee da ta  s et 11) a re needed.  How ever, a u tom a tic g enera tion
ca n be u s ed.

Record I (I = 1, 2, ..., ) - FREE-FORM AT:  Ea ch record conta ins  the follow ing  va ria bles :

1. M I = Com pres s ed s pecified-dis pers ive-flu x bou nda ry elem ent s ide of the firs t
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s ide in a  s equ ence. 

2. NSEQ = Nu m ber of s u bs equ ent s ides  w hich w ill be g enera ted a u tom a tica lly. 

3. M IAD = Increm ent of M I for ea ch of NSEQ  s u bs equ ent s ides . 

4. M ITYP = Type of s pecified-dis pers ive-flu x profile a s s ig ned to s ide M I. 

5. M TYPAD = Increm ent of M ITYP for ea ch of the NSEQ  s u bs equ ent s ides . 

**** NOTE: A record w ith five zeroes  m u s t be u s ed to s ig na l the end of this
s u bda ta  s et. 

16C. Specified-Dis pers ive-Flu x Bou nda ry Elem ent Sides

Norm a lly, NNES records  a re requ ired, one for ea ch s pecified-dis pers ive-flu x bou nda ry
elem ent s ide.  How ever, if a  g rou p of s pecified-dis pers ive-flu x elem ent s ide nu m bers
follow s  a  reg u la r pa ttern, a u tom a tic g enera tion m a y be u s ed. 

Record I (I = 1, 2, ..., ) - FREE-FORM AT:  Ea ch record conta ins  the follow ing  va ria bles :

1. M I = Com pres s ed s pecified-dis pers ive-flu x bou nda ry elem ent s ide nu m ber
of the firs t elem ent s ide in a  s equ ence. 

2. NSEQ = Nu m ber of s u bs equ ent s ides  w hich w ill be g enera ted a u tom a tica lly. 

3. M IAD = Increm ent of M I for ea ch of the NSEQ  s u bs equ ent s ides . 

4. I1 = G loba l node nu m ber of the firs t node of elem ent s ide M I. 

5. I2 = G loba l node nu m ber of the s econd node of elem ent s ide M I. 

6. I3 = G loba l node nu m ber of the third node of elem ent s ide M I. 

7. I4 = G loba l node nu m ber of the fou rth node of elem ent s ide M I.

8. I1AD = Increm ent of I1 for ea ch of the NSEQ  s u bs equ ent elem ent s ides .

9. I2AD = Increm ent of I2 for ea ch of the NSEQ  s u bs equ ent elem ent s ides .

    10 . I3AD = Increm ent of I3 for ea ch of the NSEQ  s u bs equ ent elem ent s ides .

    11. I4AD = Increm ent of I4 for ea ch of the NSEQ  s u bs equ ent elem ent s ides .
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**** NOTE: A record w ith 11 zeroes  m u s t be u s ed to s ig na l the end of this
s u bda ta  s et. 

16D. G loba l Node Nu m ber of All Com pres s ed Specified-Dis pers ive-Flu x Bou nda ry
Nodes

U s u a lly NNNP records  (s ee da ta  s et 11) a re needed for this  s u bda ta  s et.  How ever,
a u tom a tic g enera tion ca n be u s ed. 

Record I (I = 1, 2, ..., ) - FREE-FORM AT:  Ea ch record conta ins  the follow ing  va ria bles :

1. NI = Com pres s ed s pecified-dis pers ive-flu x bou nda ry node nu m ber of the
firs t node in a  s equ ence.

 
2. NSEQ = Nu m ber of s u bs equ ent nodes  w hich w ill be g enera ted

a u tom a tica lly. 

3. NIAD = Increm ent of NI for ea ch of the NSEQ nodes . 

4. NODE = G loba l noda l nu m ber of the node NI. 

5. NODEAD = Increm ent of the g loba l noda l nu m ber for ea ch of the NSEQ
s u bs equ ent nodes . 

**** NOTE: A record w ith five zeroes  m u s t be u s ed to s ig na l end of this
s u bda ta  s et. 

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

This  da ta  s et is  needed if a nd only if K VI in da ta  s et 2 is  les s  tha n or equ a l to zero. 
W hen K VI <  0 ,  tw o s u bda ta  s ets  a re needed:  one for the velocity field a nd the other
for the m ois tu re content.

17A. Velocity Field

U s u a lly NNP records  (s ee da ta  s et 2) a re needed.  How ever, if the velocity va lu es
follow  a  reg u la r pa ttern, a u tom a tic g enera tion ca n be u s ed.

Record I (I = 1, 2, ..., ) - FREE-FORM AT:  Ea ch record conta ins  the follow ing  va ria bles :

1. NI = Node nu m ber of the firs t node in a  s equ ence.

2. NSEQ = Nu m ber of s u bs equ ent nodes  w hich w ill be a u tom a tica lly
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g enera ted.

3. NIAD = Increm ent of NI for ea ch of the NSEQ  s u bs equ ent nodes .

4. VXNI = X-velocity com ponent a t node NI, (L/T).

5. VYNI = Y-velocity com ponent a t node NI, (L/T).

6. VZNI = Z-velocity com ponent a t node NI, (L/T).

7. VXAD = Increm ent of VXNI for ea ch of the NSEQ  s u bs equ ent nodes , (L/T).

8. VYAD = Increm ent of VYNI for ea ch of the NSEQ  s u bs equ ent nodes , (L/T).

9. VZAD = Increm ent of VZNI for ea ch of the NSEQ  s u bs equ ent nodes , (L/T).

**** NOTE: A record w ith nine zeroes  m u s t be u s ed to s ig na l the end of this
s u bda ta  s et. 

17B. M ois tu re Content Field

U s u a lly, NEL records  (s ee da ta  s et 2) a re needed.  How ever, if the m ois tu re content
va lu es  follow  a  reg u la r pa ttern,  a u tom a tic g enera tion ca n be u s ed.

Record I (I = 1, 2, ..., ) - FREE-FORM AT:  Ea ch record conta ins  the follow ing  va ria bles :

1. M I =  Elem ent nu m ber of the firs t elem ent in a  s equ ence.

2. NSEQ =  Nu m ber of s u bs equ ent elem ents  w hich w ill be a u tom a tica lly
g enera ted.

3. M IAD = Increm ent of M I for ea ch of NSEQ  s u bs equ ent elem ents .

4. THNI = M ois tu re content of elem ent M I, (decim a l point).

5. THNIAD = Increm ent of THNI for the NSEQ  s u bs equ ent elem ents , (decim a l
point). 

**** NOTE: A record w ith five zeroes  m u s t be u s ed to s ig na l the end of this
s u bda ta  s et. 

4.2.18  Da ta  Set 18:  End of J ob
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If a nother problem  is  to be ru n, then inpu t beg ins  a g a in w ith inpu t da ta  s et 1.  If
term ina tion of the job is  des ired, a  bla nk  line m u s t be ins erted a t the end of the da ta
s et.
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SECTION 5

PARAM ETER SELECTION

This  s ection provides  g u ida nce in s electing  va lu es  for s om e of the pa ra m eters  requ ired a s
inpu t to the 3DFEM W ATER/3DLEW ASTE codes .  This  g u ida nce is  not intended in a ny w a y to
be u s ed a s  a  s u bs titu te for da ta  collection.  The m os t a ccu ra te m odel res u lts  a re obta ined from
s im u la tions  w hich a re ba s ed on s ite-s pecific inform a tion.  In s om e ca s es , how ever, it is  not
fea s ible to m ea s u re certa in pa ra m eters , a nd s a tis fa ctory res u lts  m a y be obta ined u s ing
es tim a ted va lu es  ta k en from  the reported ra ng es  pres ented here.  

For ea s y reference, the pa ra m eters  a re g rou ped a ccording  to the da ta  g rou p in w hich they
a ppea r in the inpu t da ta  s ets  (s ee Section 4).  Concepts , s u ch a s  initia l a nd bou nda ry
conditions , is otherm s , dis tribu ted a nd point s ou rces  a nd s ink s , a nd s u breg iona l da ta , w ere
introdu ced in Section 3 a nd g u ida nce is  not provided in this  s ection for rela ted pa ra m eters .

5.1  3DFEM W ATER

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

5.1.1.1  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. 
U s u a lly, they 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-1).  

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.  Note tha t the option pres ented in the inpu t to rea d bou nda ry
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a rra ys  a nd com pu te a nd w rite pointer a rra ys  is  not u s ed in 3DFEM W ATER u nder norm a l
conditions .

For 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.

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

5.1.2.1  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 porou s  m edia  being  m odeled.  For exa m ple, if
the reg ion of interes t is  predom ina ntly s a nd w ith cla y lens es , then the va lu e of NM AT s hou ld
be s et equ a l to tw o.  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 4.1.5), the firs t m a teria l type s hou ld be the predom ina nt porou s  m ediu m
(e.g ., for the exa m ple here, the s a nd).

5.1.2.2  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. 
If the reg ion being  m odelled is  hom og eneou s , the pa ra m eter NCM  is  s et equ a l to zero.  To
m odel a  heterog eneou s  porou s  m ediu m , NCM  a nd the pa ra m eters  in da ta  s et 10  of the inpu t
(s ee Section 4.1.10 ) a re u s ed to s pecify w hich elem ents  ha ve different m a teria l types
a s s ocia ted w ith them .  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.

5.1.2.3  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 4.1.2.  If a  s tea dy-s ta te s olu tion is
des ired, NTI s hou ld be s et equ a l to zero.

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

As  noted in Section 4.1.2, 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 11 of
the inpu t.

5.1.2.5  G ra vity Term  Control, K G RAV [--]
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This  pa ra m eter indica tes  if the g ra vity term  s hou ld be inclu ded.  For m os t ca s es , K G RAV
s hou ld be equ a l to 1.  For ca s es  w hen flow  du e to the pres s u re g ra dient is  m u ch g rea ter tha n
tha t du e to g ra vity, K G RAV is  s et to 0 .

5.1.2.6  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
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. 
It ha s  been s u g g es ted tha t for s a tu ra ted-u ns a tu ra ted flow  com pu ta tions , the pa ra m eter ILUM P
s hou ld a lw a ys  be s et equ a l to 1. 

5.1.2.7  M id-differencing  Fla g , IM ID [--]

This  pa ra m eter indica tes  if the m ore a ccu ra te m id-difference m ethod s hou ld be u s ed in flow
com pu ta tions .  For pra ctica l pu rpos es , IM ID = 0  s hou ld be s u fficient.  IM ID = 1 is  u s ed only for
res ea rch pu rpos es .

5.1.2.8  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, NITER = 50  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 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 NITER.

5.1.2.9  Nu m ber of Cycles , NCYL [--]

This  pa ra m eter indica tes  how  m a ny cycles  a re u s ed for itera ting  the bou nda ry conditions .  A
va lu e of 20  s hou ld be a dequ a te for m os t problem s .

5.1.2.10   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  the tim e-s tep s ize s hou ld be res et to the initia lly
s m a ll tim e-s tep s ize.  W hen w e s ta rt a  s im u la 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 the va ria ble CHNG  in Da ta  Set 3 in Section 4.1.3.  W hen a  s teep
cha ng e in bou nda ry conditions  or s ou rce/s ink  conditions  occu rs , how ever, the tim e-s tep s ize
s hou ld be res et to the initia lly s m a ll va lu e.  (See the exa m ple problem  in Section 6.1.1.) 
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 du ring  a  s im u la tion.  

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
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tim e, s hou ld be entered for TDTCH(1) in da ta  s et 4 (s ee Section 4.1.4).

5.1.2.11  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.  A va lu e of 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 ers  s hou ld re-execu te the prog ra m  u s ing  a
la rg er va lu e for NPITER.

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

5.1.3.1  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 to 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 .  It is  a dvis a ble to choos e the va lu e of DELT s u ch tha t:

(F*DELX*DELX)/(DELT*K ) <  1

w here 
DELX  = the elem ent s ize (L)
K      = hydra u lic condu ctivity (L/T)
F     = s pecific s tora g e (1/L) 

For exa m ple, if F = 0 .0 0 1 1/m , K  = 0 .0 0 0 0 1 m /s ec, a nd a n elem ent s ize of 10  m  is  u s ed, then
DELT s hou ld be les s  tha n 10 ,0 0 0  s econds .

5.1.3.2  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.

5.1.3.3  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.

5.1.3.4  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.
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5.1.3.5  Stea dy-Sta te Converg ence Criterion, TOLA [L]

This  is  the a bs olu te error a llow ed for a s s es s ing  if a  s tea dy-s ta te s olu tion for hydra u lic hea d ha s
converg ed.  The va lu e u s ed for TOLA depends  on how  m u ch the s ys tem  is  dis tu rbed. 
Norm a lly, s etting  TOLA equ a l to one-ten-thou s a ndth (0 .0 0 0 1) of the m a xim u m  dis tu rba nce
s hou ld be s u fficient.  For exa m ple, if one is  condu cting  a  s im u la tion of dra w dow n du e to
pu m ping  a nd one expects  the m a xim u m  dra w dow n a t s tea dy-s ta te w ill be 1 m , then a  va lu e of
TOLA equ a l to 0 .0 0 0 1 m  s hou ld be s u fficient.

5.1.3.6  Tra ns ient Converg ence Criterion, TOLB [L]

This  is  the a bs olu te error a llow ed for a s s es s ing  if the s olu tion for hydra u lic hea ds  ha s
converg ed for ea ch tra ns ient tim e s tep.  A va lu e equ a l to one-hu ndred-thou s a ndth (0 .0 0 0 0 1) of
the m a xim u m  dis tu rba nce s hou ld be s u fficient for m os t problem s .

5.1.3.7  Dens ity of W a ter, RHO [M /L3]

The dens ity of w a ter, Dw , is  the ra tio of its  m a s s  to its  volu m e a nd ha s  SI u nits  of k g /m 3. 
Dens ity va ries  w ith tem pera tu re (Ta ble 5-1) a nd ca n be com pu ted u s ing  reg res s ion equ a tions
pres ented in CRC (1981).  Dens ity a ls o va ries  w ith the concentra tion of dis s olved chem ica l 

TABLE 5-1.  W ATER DENSITY AS A FUNCTION OF TEM PERATURE  
44444444444444444444444444444444444444444444444444444444444444444444444444
                 Tem pera tu re               Dens ity                           
                   (oC)                   (k g /m 3)                            
))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
                                                                              
                     0                      999.87                            
                    10                      999.73                            
                    20                      998.23                            
                    30                      995.67                            
                    40                      992.24                            
                    50                      988.0 7                            
                    60                      983.24                            
                    70                      977.81                            
                    80                      971.83                            
                    90                      965.34                            
                   10 0                      958.38                            
                                                                             
))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
Sou rce:  M ercer et a l., 1982;  Orig ina l Reference:  CRC, 1965
))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))

s pecies .  W a ter dens ity a ppea rs  in the definition of s pecific s tora g e a nd in the rela tions hip
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betw een hydra u lic condu ctivity a nd intrins ic perm ea bility (Section 5.1.4.2).

5.1.3.8  Dyna m ic Vis cos ity of W a ter, VISC [M /L/T]

The vis cos ity of a  flu id is  a  m ea s u re of the forces  tha t w ork  a g a ins t flow  w hen a  s hea ring
s tres s  is  a pplied (Lym a n et a l., 1982).  The m ore vis cou s  a  flu id is , the g rea ter the s hea r s tres s
needed to m a inta in a  g iven velocity g ra dient.  Dyna m ic vis cos ity is  often expres s ed in term s  of
pois e (g ra m  per centim eter per s econd) or centipois e (0 .0 1 pois e).  W a ter ha s  a  vis cos ity of
a pproxim a tely 1 centipois e a t 20 oC. 

Vis cos ity va ries  w ith tem pera tu re, a s  indica ted in Ta ble 5-2, a nd w ith concentra tion of
dis s olved chem ica ls .  The effect of pres s u re on flu id vis cos ity is  g enera lly u nim porta nt (M ercer
et a l., 1982).  Note tha t dyna m ic vis cos ity is  a  term  in the rela tions hip betw een hydra u lic
condu ctivity a nd intrins ic perm ea bility (Section 5.1.4.2).

5.1.3.9  Tim e Integ ra tion W eig hting  Fa ctor, W  [--]

A va lu e of W  equ a l to 1.0  s hou ld be u s ed for m os t pra ctica l problem s  (s ee Equ a tion 3-16). 
Setting  W  equ a l to 0 .5 is  norm a lly done for res ea rch pu rpos es  to a s s es s  the a ccu ra cy of the
Cra nk -Nicols on s chem e.

5.1.3.10   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 3-17).  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 

TABLE 5-2.  DYNAM IC VISCOSITY OF W ATER AS A FUNCTION OF TEM PERATURE 
44444444444444444444444444444444444444444444444444444444444444444444444444
                  Tem pera tu re      Dyna m ic Vis cos ity                         
                     (oC)            (centipois e)                          
))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
                                                                             
                       0                 1.7921
                      10                 1.30 77                       
                      20                 1.0 0 50        
                      30                 0 .80 0 7
                      40                 0 .6560                          
                      50                 0 .5494                       
                     10 0                 0 .2838                   
                                                                             
))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
Sou rce:  CRC, 1965
))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
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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Kij '

Kxx Kxy Kxz

Kyx Kyy Kyz

Kzx Kzy Kzz

(5-1)

betw een 1.7 to 1.9.

5.1.3.11  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 3-18).  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.

5.1.4  Da ta  Set 5:  M a teria l Properties

In the m a teria l properties  da ta  s et, the u s er m u s t inpu t va lu es  for either hydra u lic condu ctivity
or perm ea bility for ea ch a qu ifer/s oil m a teria l type.  The fla g  w hich tells  the code w hich of thes e
tw o properties  is  being  inpu t is  the perm ea bility inpu t control, KCP, loca ted in Da ta  G rou p 6.

5.1.4.1  The Sa tu ra ted Hydra u lic Condu ctivity Tens or [L/T]

Hydra u lic condu ctivity is  the coefficient of proportiona lity w hich a ppea rs  in Da rcy's  La w .  It
expres s es  the ea s e w ith w hich a  flu id ca n be tra ns ported throu g h a  porou s  m ediu m  a nd is  a
fu nction of properties  of both the porou s  m ediu m  a nd the flu id (M ills  et a l., 1985b).  It is  defined
a s  the volu m e of w a ter tha t w ill m ove in u nit tim e u nder a  u nit hydra u lic g ra dient throu g h a  u nit
a rea  m ea s u red a t rig ht a ng les  to the direction of flow .  For three-dim ens iona l flow  in a n
a nis otropic m ediu m , hydra u lic condu ctivity va ries  w ith direction a t a ny point in s pa ce a nd is
expres s ed a s  a  s ym m etric s econd-ra nk  tens or:

w here K ij is  the hydra u lic condu ctivity tens or a nd x, y, a nd z a re the coordina te a xes  of the
m odel g rid.  Beca u s e of s ym m etry, only 6 of the 9 term s  a re needed (K xx, K yy, K zz, a nd K xy =
K yx, K xz = K zx, a nd K yz = K zy).  

If the coordina te a xes  coincide w ith the principa l directions  of a nis otropy, then the nine
com ponents  of the tens or redu ce to K xx, K yy, a nd K zz, w ith the other com ponents  equ a l to zero. 
For is otropic m edia , hydra u lic condu ctivity is  independent of the direction of m ea s u rem ent (i.e.,
K xx = K yy = K zz ).

Hydra u lic condu ctivity es tim a tes  s hou ld be ba s ed on s ite-s pecific da ta  collection (e.g .,
pu m ping  tes ts  or piezom eter tes ts ).  Som e typica l horizonta l hydra u lic condu ctivity va lu es  for
va riou s  m a teria ls  a re s how n in Ta ble 5-3.  Note tha t hydra u lic condu ctivity va ries  over a  very
w ide ra ng e.  As  a  res u lt, va lu es  a re ra rely k now n w ith m ore tha n a n order-of-m a g nitu de
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a ccu ra cy.  Hydra u lic condu ctivity va lu es  for fra ctu red rock  ca n be fou nd in M ercer et a l. (1982).

For m a ny m a teria ls , the vertica l hydra u lic condu ctivity is  s u bs ta ntia lly s m a ller tha n the
horizonta l hydra u lic condu ctivity (a s s u m ing  horizonta l bedding  a nd m ea s u rem ents  m a de a long
the principa l a xes ) (M ercer et a l., 1982).  M ills  et a l. (1985b) s ta te tha t the ra tio of horizonta l to
vertica l condu ctivity, k now n a s  the a nis otropy ra tio, is  from  2 to 10  for a llu viu m  a nd g la cia l
ou tw a s h a nd from  1.5 to 3 for s a nds tone.  The va ria bility in horizonta l a nd vertica l
condu ctivities  for a  few  a qu ifer m a teria ls  is  s how n in Ta ble 5-4.  

5.1.4.2  The Perm ea bility Tens or [L2]

Intrins ic perm ea bility is  a  property of the porou s  m ediu m  only.  It is  a  m ea s u re of the res is ta nce
to flu id flow  throu g h the m ediu m .  The g rea ter the perm ea bility, the les s  the res is ta nce.  Lik e
hydra u lic condu ctivity, perm ea bility is  a  s ym m etrica l s econd-ra nk  tens or.  Perm ea bility is  equ a l
to hydra u lic condu ctivity m u ltiplied by a  s ca la r va lu e, a s  is  s een in the follow ing  equ a tion:

k ij = K ij F /(Dg ) (5-2)

w here 
k ij = perm ea bility (L2)
K ij = hydra u lic condu ctivity (L/T)
F  = dyna m ic vis cos ity (M /L/T)
D = dens ity (M /L3)
g  = a ccelera tion of g ra vity (L/T2)

As  w a s  tru e for hydra u lic condu ctivity, perm ea bility es tim a tes  s hou ld be ba s ed on s ite-s pecific
da ta  collection.  Ra ng es  of va lu es  for perm ea bility a re s how n in Ta ble 5-3 a nd in Ta ble 5-5. 
Perm ea bility is  s om etim es  expres s ed in u nits  of da rcies .  Convers ion from  da rcies  to other
u nits  ca n be done by u s ing  the convers ion fa ctors  provided a t the bottom  of Ta ble 5-3.
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TABLE 5-3. RANG E OF HYDRAULIC CONDUCTIVITY VALUES FOR VARIOUS G EOLOGIC
M ATERIALS (Freeze a nd Cherry, 1979)

Conversion Factors for Permeability
and Hydraulic Conductivity Units

S))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))Q
Permeability, k*        Hydraulic conductivity, K     

S))))))))))))))))))))))))))Q    S)))))))))))))))))))))))))))))))))))))))Q        
cm2 ft2 darcy m/s ft/s U.S. gal/day/ft2

S))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))Q
cm2                     1        1.08 x 10 -3     1.01 x 108      9.80 x 102   3.22 x 103     1.85 x 109    
                                                                                                           
ft2                9.29 x 10 2         1          9.42 x 10 10     9.11 x 103   2.99 x 106     1.71 x 1012   
                                                                                                           
darcy              9.87 x 10 -9   1.06 x 10-11        1           9.66 x 10 -6  3.17 x 10-5    1.82 x 101    
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m/s                1.02 x 10 -3   1.10 x 10-6     1.04 x 105           1          3.28        2.12 x 10 6

                                                                                                           
ft/s               3.11 x 10 -4   3.35 x 10-7     3.15 x 104     3.05 x 10-1      1          6.46 x 10 3

U.S. gal/day/ft2   5.42 x 10-10  5.83 x 10-13    5.49 x 10-2    4.72 x 10-2   1.55 x 10-6         1        
S))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))Q
To obtain k in ft2, multiply k in cm2 by 1.08 x 10-3.
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TABLE 5-4.  VARIABILITY IN HORIZONTAL AND VERTICAL HYDRAULIC CONDUCTIVITIES 
44444444444444444444444444444444444444444444444444444444444444444444444444
Rock  Types K H, m /s K V, m /s K V/K H

))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))

Sha le 2.0  x 10 -8 1.0  x 10 -8 0 .5

Silts tone-s ha le 2.1 x 10 -6 2.1 x 10 -7 0 .1

Silts tone-s ha le 2.8 x 10 -7 3.0  x 10 -8 0 .10 7

Sa nds tone 3.4 x 10 -7 3.4 x 10 -7 1.0
))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
Sou rce:  M ercer et a l., 1982;  Orig ina l Reference:  G older As s ocia tes , 1977
))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))

TABLE 5-5.  PERM EABILITY OF POROUS M ATERIALSa

44444444444444444444444444444444444444444444444444444444444444444444444444
      M a teria l k  (m 2)
))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))

Arg illa ceou s  lim es tone 2% poros ity 9.87 x 10 -17

Lim es tone 16% poros ity 1.38 x 10 -13

Sa nds tone, s ilty 12% poros ity 2.57 x 10 -15

Sa nds tone, coa rs e 12% poros ity 1.0 9 x 10 -12

Sa nds tone 29% poros ity 2.37 x 10 -12

Very fine s a nd w ell s orted 9.77 x 10 -12

M ediu m  s a nd very w ell s orted 2.57 x 10 -10

Coa rs e s a nd very w ell s orted 3.0 6 x 10 -9

G ra vel very w ell s orted 4.24 x 10 -8

M ontm orillonite cla yb 10 -17

K a olinite cla yb 10 -15

))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
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a   Thes e a re provided a s  es tim a tes ; a ctu a l va lu es  w ill va ry.
b  For the cla ys , only the order of m a g nitu de is  indica ted.
Sou rce:  M ercer et a l., 1982;  Ada pted from :  Da vis  a nd DeW ies t, 1966
))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
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5.1.5  Da ta  Set 6:  Soil Property Pa ra m eters

As  w a s  expla ined in Section 3.1.1, rela tions hips  betw een rela tive perm ea bility a nd w a ter
content a nd betw een pres s u re hea d a nd w a ter content m u s t be s pecified in order to s olve the
g overning  equ a tion for u ns a tu ra ted flow .  The 3DFEM W ATER code provides  tw o options  for
s pecifying  thes e rela tions hips .  The u s er ca n  1) inpu t pa ra m eters  for a na lytica l expres s ions  of
thes e rela tions hips , or  2) inpu t the coordina tes  of cha ra cteris tic cu rves  in ta bu la r form a t.  The
a na lytica l pa ra m eters  a re dis cu s s ed firs t, follow ed by the ta bu la r da ta  requ irem ents .

5.1.5.1  Ana lytica l Pa ra m eters

Ana lytica l equ a tions  developed by va n G enu chten (1980 ) a re u s ed in the code to des cribe the
rela tions hip betw een pres s u re hea d a nd m ois tu re content a nd the rela tions hip betw een
rela tive hydra u lic condu ctivity a nd m ois tu re content (s ee Equ a tions  3-3a  throu g h 3-3d).  In
order to s olve thes e equ a tions , five pa ra m eters  m u s t be s pecified in the inpu t s equ ence for
ea ch m a teria l type: res idu a l m ois tu re content, s a tu ra ted m ois tu re content, a ir entry pres s u re
hea d, a nd tw o s oil-s pecific em pirica l pa ra m eters , a lpha  a nd beta .

5.1.5.1.1  Res idu a l a nd Sa tu ra ted M ois tu re (W a ter) Content [--]

The volu m etric m ois tu re content, 2 , is  defined a s :

2  = VW /VT (5-3)

w here
VT  = the tota l u nit volu m e of a  rock  or s oil (L3)
VW   = the volu m e of a  rock  or s oil occu pied by w a ter (L3)

The s a tu ra ted m ois tu re content is  equ a l to the poros ity of the m ediu m  s ince a ll of the void
s pa ce is  filled w ith flu id.  Under u ns a tu ra ted conditions , how ever, s om e of the void s pa ce is
filled w ith a ir a nd thu s , the m ois tu re content is  les s  tha n the m ediu m 's  poros ity.  The res idu a l
m ois tu re content is  tha t a m ou nt w hich ca n not be rem oved from  a  s oil by g ra vity dra ina g e,
even u nder la rg e s u ction pres s u re, beca u s e it a dheres  to the g ra ins  of the s oil.  

Ta ble 5-6 lis ts  des criptive s ta tis tics  for both s a tu ra ted a nd res idu a l m ois tu re content for a
va riety of s oil types .  In a ddition, s a tu ra ted a nd res idu a l m ois tu re content va lu es  for a  la rg e
nu m ber of s oils  ca n be obta ined u s ing  the intera ctive com pu ter prog ra m  DBAPE (Im hoff et a l.,
1990 ).  DBAPE, w hich is  a  s oils  da ta  ba s e a na lyzer a nd pa ra m eter es tim a tor, is  a va ila ble from
the U.S. 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 . 

5.1.5.1.2  Air Entry Pres s u re Hea d [L]
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The a ir entry pres s u re hea d is  the thres hold a t w hich a ir s ta rts  to penetra te s a tu ra ted s oil.  It is
typica lly a  very s m a ll neg a tive va lu e for fine-g ra ined m a teria ls  a nd zero for coa rs er m a teria ls . 
Its  va lu e ca n be es tim a ted from  the w a ter retention cu rves  of s pecific s oils  (Freeze a nd Cherry,
1979; Sha rp-Ha ns en et a l., 1990 ).  In pra ctice, it is  reg u la rly a s s u m ed to be zero.
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TABLE 5-6. DESCRIPTIVE STATISTICS FOR SATURATION W ATER CONTENT (2 s )
AND RESIDUAL W ATER CONTENT (2 r)

44444444444444444444444444444444444444444444444444444444444444444444444444
Sa tu ra tion W a ter Content (2 s ) Res idu a l W a ter Content (2 r)

                                         Sta tis tic*                       
Soil Type &x s CV n x s CV   n
))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
Cla y** 0 .38 0 .0 9 24.1 40 0 0 .0 68 0 .0 34 49.9 353

Cla y Loa m 0 .41 0 .0 9 22.4 364 0 .0 95 0 .0 10 10 .1 363

Loa m 0 .43 0 .10 22.1 735 0 .0 78 0 .0 13 16.5 735

Loa m y Sa nd 0 .41 0 .0 9 21.6 315 0 .0 57 0 .0 15 25.7 315

Silt 0 .46 0 .11 17.4 82 0 .0 34 0 .0 10 29.8 82

Silt Loa m 0 .45 0 .0 8 18.7 10 93 0 .0 67 0 .0 15 21.6 10 93

Silty Cla y 0 .36 0 .0 7 19.6 374 0 .0 70 0 .0 23 33.5 371

Silty Cla y Loa m 0 .43 0 .0 7 17.2 641 0 .0 89 0 .0 0 9 10 .6 641

Sa nd 0 .43 0 .0 6 15.1 246 0 .0 45 0 .0 10 22.3 246

Sa ndy Cla y 0 .38 0 .0 5 13.7 46 0 .10 0 0 .0 13 12.9 46

Sa ndy Cla y Loa m 0 .39 0 .0 7 17.5 214 0 .10 0 0 .0 0 6 6.0 214

Sa ndy Loa m 0 .41 0 .0 9 21.0 1183 0 .0 65 0 .0 17 26.6 1183
))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
*  n = Sa m ple s ize, &x = M ea n, s  = s ta nda rd devia tion, CV = coefficient of
       va ria tion (percent)

** Ag ricu ltu ra l s oil, les s  tha n 60  percent cla y.

Sou rce: Sha rp-Ha ns en et a l. (1990 )
        Orig ina l s ou rce Ca rs el a nd Pa rris h (1988)
))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))

5.1.5.1.3  Va n G enu chten Pa ra m eters , " [1/L]; $ [--]

Thes e a re em pirica l pa ra m eters  needed to s olve the va n G enu chten a na lytica l equ a tions
w hich a re u s ed to m odel u ns a tu ra ted flow  (s ee Equ a tions  3-3a  throu g h 3-3d).  Des criptive
s ta tis tics  for thes e pa ra m eters  ha ve been reported by Ca rs el a nd Pa rris h (1988) for a  va riety of
s oils  a nd a re s how n in Ta ble 5-7.


