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NUMERICAL SOLUTION OF NITROGEN TRANSFORMATIONS AND
TRANSPORT FQUATTONS DURING TRANSIENT UNSATURATED WATER FLOW TN SOTLS

H. M. Selim and J. M. Davidson

Soil Science Department, University of Florida
Gainesville, Florida 32611

ABSTRACT

A numerical solution is presentcd for the partial differential equations
governing nitrogen transformations and transport under conditions of transient
unsaturated water flow in soils. Nitrogen species considered were: NHz and
NOz in soil solution, exchangeable NHy, organic-N, and gaseous N. The solu-
tion is based on finite-difference approximations (explicit-implicit) of the
transient soil water flow equation and the convective-dispersive equations for
transport of NH; and NOz along with the nitrogen transformation equations. The
transformation equations incorporated in the model describe nitrification, den-
itrification, mineralization, immobilization, and ion-cxchange process. The
ion-exchange process was considered to be instantaneous whereas all transforma-
tion processes were of first-order kinetic type. The boundary conditions at
the soil surface include a continuous NIy and/or NOz flux and water infiltration
under constant head. The initial conditions includé uniform as well as nonuni-
form initial nitrogen and water content distributions through the soil profile.

The computer program is written in FORTRAN language and consists of a
source program, seventeen subprograms and an input data section. The program
also utilizes the GOULD plotter to generate plots of water content, NHg, NOz
and organic-N versus soil depths for specified times desired. An important fea-
ture of the program is that incremental distances and time steps are automati-
cally adjusted to satisfy the stability criteria for the water and nitrogen fin-
ite difference equations. The program is flexible and can be adjusted to incor-
porate nonhomogencous soils and variable nitrogen transformation rate coeffic-
ients with water content and soil depth as desired.

Contribution from the Soil Science Department, University of Florida. This
research was supported in part by the U.S. Environmental Protection Agency
Grant No. R-803607.
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NUMERICAL SOLUTION OF NITROGEN TRANSFORMATIONS AND
TRANSPORT EQUATTIONS DURING TRANSIENT UNSATURATED WATER FLOW IN SOILS

H. M. Selim and J. M. Davidson
Soil Science DNepartment, University of Florida
Gainesville, Florida 32611

A numerical solution which is based on finite difference methods is pre-
sented for the problem of nitrogen transformations and transport during trans-
ient water flow in soils. The nonlinear partial differential equation govern-
ing one-dimensional flow of water in unsaturated soils may be written as (sce
Kirkham and Powers, 1972, Selim et al. 1976},

Capth)ah _ 3

= 2 K 8h _ 2K(h)
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where

9 = soil water content {cm®/cm?},
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soll water head or suction (cm),
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soil hydraulic conductivity (cm/hr),
z = distance in soil, positive downward (cm),

t = time.

Cap(h) = soil water capacity (cm. ).

In equation (1) the soil water capacity Cap(h) is a measure of the change
of soil water content with water head (Cap(h) = 30/8h) which is determined
using soil water characteristic rclationships (6 versus h).

Nitrogen transformations and transport were considered for the following
nitrogen species, NHy and NOz in soil solution, exchangeable NH,, organic-N, and
in soil solution was considered mobile and were

gaseous-N. Only NH, and NO

4 3
thus decribed by the convective-dispersive solute transport equations (Sclim
et al. 1976). Nitrogen transformation process incorporated in the model were

nitrification, denitrification, mineralization, immobilization, and ion-exchange.



The ion-exchange process was considercd to be instantancous whereas all trans-
formation processes were of first-order kinetic type.
The equations governing the transport and transformations of NH4 and NO3

in soil solution may be expressed as (Misra et al. 1974)

9A _ %AV BA ) p
REN_DW T3z klA kqA"‘gkg() (2)
and
3B _ 978 _V 3B i )
7T = “——322 gg-i— + k; A ks, B ks B (3)
where A = concentration of NH4 in soil solution (mg/cm?®),
B = concentration of NO; in soil solution (mg/cm®),
E = amount of NU4 in exchangeable phase per gram soil (mg/g),
0 = amount of N in organic phase (mg/g),
G = amount of N,0 and/or N, gas produced per gram soil me/g),
ki, ks, ki, ki, ks = kinetic rate coefficients, respectively, for NH
nitrification, NOz immobilization, NHj minerali-
zation, immobilization of organic N, and NO3 den-
itrification (hr-1).
N = dispersion coefficient (cm? /hr),
p = soil bulk density (g/cm?),
V = q(z) - 9%2 - D%%, where ¢(z) is the Darcy water flux (cm/hr),
kp = distribution coefficient of N, in the exchangcable phase (cm®/g),

R

1+ ka/e, retardation factor for NH, exchangeable.

The first two terms of the right side of (2) and (3) account for solute
transport. These two terms are usually referrcd to as the dispersion and mass
flow terms, respectively. The third, fourth, and fifth terms of equation (2)
represent NH4 nitrification, immobilization, and mineralization processes, res-
pectively. Similarly, the last threce terms of equation (3} represent nitrifica-

tion, immobilization of NO-, and denitrification, respectively.



The ion-exchange process governing NH4 adsorption-desorption may be expressed as,

E= kD A (4)
The transformations of organic N and denitrification processes, respectively, are
2=k 8B+ Kk 0A -k pO (5)
and
0% ks 6B 6)

In equation (2) to (6), the reaction between NH4 in soil solution (A} and that
exchangeable (E) is assumecd instantaneous whereas all other transformations are con-
sidered to be first-order kinetic reactions.

The initial conditions used are nonuniform water content and nitrogen concentrat-

tion distributions in a semi-infinite soil colum,

h=h (z, 0), 0 <z <m (7]
A=A (z, 0), 0< z<w (8)
B=38 (z, 0), 0 <z2<w (9)
0=0 (z, 0), 0< z2< o (10)

For the water flow equation (1), the boundary condition at the soil surface (z=0)

is a constant (or variable) water head H,

h = H, z =0 t <ty (11)

which describes continuous water infiltration for length of time t;. Following water
infiltration, i.e. for times greater than t;, the boundary condition is,

- . 8h o -
A = K(h} T K(h), z =10 t> t, (12)

Equation (12) describes water redistribution under a constant (or variable) evapoative
water flux q,_, at the soll surface.
For the nitrogen transport and transformation equations (2) and (3), the boundary

condition at z=0 is a continuous solute (NH4 or NOS) flux where

3A

gh - 0D N

= q CI, z=0 t<t, (13)

qB—BD—g-g q CI1, z =0 t<t (14)



where CI and CIT are concentrations of applicd solutions of NH4 and NO3, respectively.
When application of these solute solutions is terminated (i.e. t>t,), equations (13)
and (14) are also used with CI and CII equal zero provided that t, < t;
Since the values of K(h) and V in equations(1), (2) and (3) are not constant, thesc
equations are nonlinear and cannot be solved analytically. In order to obtain a mumer-
ical solution for equations (1) to (6) subject to conditions (7) to (14), we express
these equations in finite difference approximation forms. In this study, the explicit-
implicite finite difference scheme (Carnzhan et al., 1969; Salvadori and Baron, 1961)

is used. We refer to a discrete set of points in the (z,t) plane given by a grid with

spacings Az and At, respectively. Grid or mesh points are denoted by (i,n) where

7z =1 Az, i=1,2,3 ...

t = n At, n=1, 2, 3, .
The finite difference approximation for the water flow equation (1) is

1 1
Cap(hy ) ()™ - K1 =¥ X w7 - B

i+1 i
_ n+i n+l . n+l
¥ Rhy ) Thy & - byl
n+; n _.n
+ Y K(hi+%) [hi+1 hi]

_ N+ n_.n
VoK) (hy - byl
n n
- 8 [K (h1+1/2) + K(hl_t/z)] (15)
where ¥ = At/2(Az)? and B = At/Az. Similarly, finite difference approximations for the
equation governing NH4 transport and transformation (equation 2) may be expressed as
n+l _ n+l n n+ls o on+l n+1 n+l

- = 2 -
Ry 7 IA; T - AT =YD IAL - 2AT AT

n+s N n n
+ Y Di 2 [Ai+l -2 A.i + Ai_l]

- /)T el - AT

- (k) At AL + ks (p/0)At o? (16)



and the finite difference for equation (3) is

n+l , ,n+l

n+tl _ .n ntl B Bi+1]

_ n+i;
Bi Bi =Y Dy % IB

; n+s ..on o n
Y Di {Bi+1 2 Bi + Bi-1]

n+l n+l Il n+1
- (k, * ks) At B a7)

Equations (15), (16) and (17) are nonlinear since the values of Cap(h?+%), K(h?+%),
D2+% are dependent on h2+1 for which solutions are being sought. The iteration
method described by Remson et. al. (1971) is usually used to predict hn+1/2 using nt.
Selim and Kirkham (1973) showed that the solution of the water flow equation can be
approximated satisfactorily using h" when smaller At than required for stable solution
is used. This simplifics the computation considerably since the system of equations
becomes linear., Accordingly, the following approximations were made

Cap(hY™) = Cap(h])

K (2% = k)

pt o phtE

i i

Incorporation of the initial and boundary conditions in their finite difference
forms and rearrangement of equations (15), (16), and (17) vield threc linear systems
of equations. In matrix-vector form; each system of equations yield a tridiagonal
real matrix associated with a real column vector. In absolute value, the coefficients
of the main diagonal of each matrix is greater than the raw sum of the off-diagonal
coefficients. Hence, the matrix for cach system of equations is diagonally dominant
(Varga, 1962, p. 23). Thercfore, each matrix is nonsingular, and there exists a solu-
tion and the solution is unique.

To satisty the convergence criteria in solvingequations (15), (16), and (17), the

increments Az and At were choscn such that



Az < D___J/V
— “max’ ‘max
At < Az/2V
- max

At K
zyz (@p%m <172

where D V. K Cap

> Voo Koax? nax AT€ the maximm values of D, V, K, and Cap at any time

step.

So far we have presented numerical solutions for the water flow equation (1),
and the NH4 and NO3 transport and transformation equations (2), and (3). In order to
complete the nitrogen transformation processes, it is necessary to solve for the
exchangeable NH4 (E), organic-N (0), and gaseous-N (G) at every time step and incre-
mental distance in the soil profile. This was achieved by solving cquation (4), (5)

and (6) as follows;

+1 +
-1 ¢ as)
i = O + (at/p) (ke 6 BT 4 Ky 6 R W (19)
ntl _ n n+l
Gy~ = G; + (At/p) ks O B (20)

In the computer program, for any timc step n+l, where all variables are assumed
known at time step n, equations (15) to (20) are solved sequentially until a desired

time t is reached.



DESCRIPTICN OF THE COMPUTER PROGRAM

The conputer program consists of a source program and Seventeen subprograms,
and an input data section. The names of the subprograms are AXISPL, GRAPH,
CHECKT, WATER, MOISD, INITWT, SBCW, INITST, DADJ, DADJD, CHECKN, AMONIA, NITRAT,
GASORG, OUTPUT, TINT, and TRIDM, The user of this program must provide para-
meters in the form of punched data cards in the data section, and as FORTRAN
statements in the SBCW and WATER subprograms. The remaining source program and
subprograms need not be altered and remain valid for all situations.

The main function of the main program is prescribing the DIMENSION and COMMON
statements, and reading of input parameters, as well as setting up the entire
sequence of the program. Subprograms INITWT, INITST, and MOISD provide the ini-
tial distributions of all the variables and calculates Az and At according to
the stability criteria. Subprogram SBCW provides h at z=0 according to the boun-
dary conditions of thc water flow equation, which may be altercd by the user as
desired. Subprograms WATER, AMONIA, and NITRAT provide the solution for water
head (h), NH4 concentration (A) and NO3 concentration (B), respectively. Subpro-
gram GASORG calculate the amount of organic-N and gaseous-N. Subprogram TRIDM
provides the solution for a linear system of equations with a tridiagonal cocffi-
cient matrix.

The dispersion cocfficient D and the hydraulic conductivity K are calculated
at each time step in the WATER subprogram. Here, D and X are provided as a func-
tion of (g/8) and 8, respectively, but may be changed as desired. In addition,
Cap(h) and conversion of h to 8 at all incremental points in the soil profile
were calculated in the WATER subprogram. This conversion is based on & versus h
relationship (in a tabular form) as given by the soil water characteristic of
individual soils.

An important featurc of the program is that increments of Az and At are

adjusted automatically to satisfy stability and convergence criteria for the



for the water and salt finite difference equations. These adjustments are
carried out automatically every 20 time steps using subprograms DADJ and DADJD.
Another program feature is that the number of nodal points (increments) are
automatically calculated from the length of the flow region (soil colum). Only
that portion of the soil column where solute and water flow are currently taking
place is considered. The adjustments of the number of nodal points are made
using subprogram CHECKN. This number is checked every 20 time steps, and no fur-
ther changes of the number of increments will occur when the total colunn length
is reached. This feature minimizes the unnecessary use of a large number of
nodal points and saves considerable amount of CPU time. A third featurc of the
program is that data are provided at specified times. This adjustment is car-
ried out using subprogram CHECKT, where At's are continuously adjusted until

the prescribed times are reached. For each prescribed time; h, &, K, q, NH,-N,

4
NOS-N, organic-N, gaseous-N throughout the soil colum are printed using subpro-
gram OUTPUT. Subprograms AXTSPL and GRAPH provide plots (using GOULD plotter)
for 6, NH4, NHS, and Org-N versus depth for a series of times as desired. The
scale and length of each plot is prescribed in these subprograms and may be
changed by the user.

PROGRAM PARAMETERS

The following parameters arc inputs to be provided in the DATA section:

NX = mumber of data points of the soil water characteristic relationship
(6 vcrsus h)

THC = water content 9 from soil water characteristic relationship (dimension =
NX)
HC = corresponding water head h from soil water characteristic relationship

(dimension = NX)
DZ = initial approximation for Az
DT = initial approximation for At
DISP = initial approximations for dispersion coefficient D
THMIN = minimum soil water content {estimated)

THMAX

maximum soil water content



NT = mumber of prescribed times at which data and plots (using GOULD plotter) are
desired.

TIT = times at which output and plots are desired (dimension = NT)
RKD = kD (see equation 4)

RK1 = X; (see equations 2 to 6)

RKZ = k, (see equations 2 to 6)

RK3 = k3 (see equations 2 to 6)

RK4 = k, (see equations 2Z to 6)

RK5 ks (see equations 2 to 6)

NIT = mmber of points for initial distributions of water and nitrogen species in
the soil profile

XXX = depths at which initial distributions are given (dimension = NTT)
Cl = initial distribution of water head (h) in the soil profile (dimension = NTT)

CZ = initial distribution of water content (8) in the soil profile (dimension = NIT)

C3 = initial distribution of NH4 (dimension = NTIT)
C4 = initial distribution of NO3 (dimension = NTT)
C5 = initial distribution of organic-N (dimension = NTT)
Co6 = initial distribution of gaseous-N (dimension = NTT)

ROU = p, soil bulk density
COLUMN = lenght of soil profile
TSALT = length of time of solute application

TWD = length of time of water infiltration
CONST = hydraulic conductivity at saturation

AC = a coefficient for K versus 6 relationship

BC = a coefficient for K versus 6 relationship
CSNH4 = concentration of NH4 in applied solution
CSNO3 = concentration of NO in applied solution

DFLUX = evaporative flux during water redistribution (time > TWD)
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Input parameters to be provided in subprogram WATER are
CON = water hydraulic conductivity K
DISPC = dispersion coefficient D
Input parameter to be provided in subprogram SBCW is
H(1} = water head h at z=0 during infiltration and maximm h during redistribution
Other notations used in the program are
TH = soil water content, ©
H = water suction or head, h
CNH4 = concentration of NH4 in soil solution, A

CNO3 = concentration of NOS in soil solution, B

3
]
Z
L]

amount of organic-N per gram soil, O
CNO2 = gmount of gaseous-N per gram soil, G
CAP = soil water capacity, Cap(h)

WFLUX = soil water flux, q
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SAMPLE PROGRAM

The attached program listing, output, and GOULD plots are for water and nitro-
gen transport and transformation in a Norge loam soil profile. The example consid-

ered is for continucus water infiltration into a unifomm profile for 10 hours. NH4

and NO3 were introduced with the infiltrating water for the first hour. The concen-

tration of NH4 as well as NO3 was 100 mg/cm®. Initial water content 9, NH4, NOS,

and organic N were considered uniform throughout the soil profile where,

6 = 0.22 cm®/cm®
h = -300.0 cm
NH4 = (
NO3 =0
Organic-N = 20 mg/g.

The hydraulic conductivity K(h) used was in a functional form (see subprograms

WATER),

K(h) = 1.8x10 ! x exp(65.60) cm/hr
In addition, the 8 versus h relation {or the water characteristic Telation) was used
to calculate Cap(h}. This 6 versus h relation was given in a tabular form which is
listed in the input section of the program.

In order to avoid the excessive costs which are commonly generated when the
water boundary condition h=0 at z=0 is imposed at the early stages of wetting, the
following bhoundary condition was used. At the beginning of water infiltration h
was set equal to -100 cm rather than zero. At each incremental time step h was
then increased by a constant increment of 0.4 (see subprogram SBCW). No further
change of h was allowed when h became zero. For the example attached, the total

time required for h to reach zero was 0.0484 hr.



Other parameters include:
soil bulk density, p 1.6 g/cm?,

length of the soil profile, CL = 100 cm,

ky = 0.1 cm®/g,
kg = 0.1 hr !,

k, = 0.0001 hr ?,
k, = 0.001 hr ',
k, = 0.001 hr !,
ke = 0.0 hr'*.

Finally, the dispersion coefficient D was considered as a function of the pore water
velocity (q/6) as obtained by Kirda et al (1973),

D = 0.0258 + 0.1274 (q/8)+35°

cm?/hr
Computer output results and GOULD plots are obtained for selected times of

1, 2, 5, and 10 hours. The total CPU time used in this program was 161.75 seconds.
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ool COMMINALIN/ HIAI0),CONL3LC),CARL{B10)
actE2 CUMMONALILY THCUAG SHC (303, CAPC(30)
6013 . CUMASN/L 1o/ AC BI,NX pmX12CONST
tol4a COMMONALYI LY WFLUX(B10)
go1s COMAONALLA Y VD4 Twd, TSALT
¢ole FE=2.%D7
0017 SSINTsA#FLUX (L)
Qo8 CNHAL 1) U SSENFXFF AC SNHA+ DL SPRTH{ 1) XCNHA [ 3) ) /(551 NFEFF«D1SP*TH(11})
o0Is o0 1 I=1,nP1
0020 DISPR=01ISPC(1)
0021 VPLL) WP UKL E =D ISP THI{L1+11-TH{I}} /D7
guag 1 ITONTE NUS
Q023 IFISSILUX,LE 9.0 GU 10 13
[+Jer=L 20 3 I=1,nM2
oG2S DISP=D18PC(I+1)
Qe 26 ARARS] L CHELD CRGUS THOI FL)
Quzy L4013 —PEK+2 (O FALPHA D] SU-CETASVP(I+11/TH{I+1)
Qozs dedid TATYD (14137 THIL+1)I-ALPHA®D ISP
0G2% DIsP=0IsSeClleg)
Q030 SC{l I ~ALPHAXDIS?
on3li 5 CONTIMJY
on 32 2is N *
D033 ARK=] o0 KO ® U/ TH{ N}
a0 34 ALINMLY =5 KK FALPIHARD T 8P
c03s DU10
0036 1ML
oN37 2152=3182C11)
LT CBK=1 2N HEAD RRGU/THLL )
ag32 RIMIZAKKOCNEA LT ) #ALPHARDISPF{CNFA( T#1 1-2 0% CNHAL T} #CNHAL I=1) )
Goa0 LM 'HMJ—DT*(EK!M{:\Q)%CNﬂ’iIIJ+(RJUNJT/D‘|(I))*RKS*CDRGN(I)
Ganl 10 CONTINUE
Q0az 315 tsecd2)
2043 201 (1) +aLPHASD ISP ECNHA{ L)
oLaa GO 14
c
ooes 13 CaN N
oRae [V F N
ooa7 23
Goas o158
0649 AR K )
9050 ani SP-gUTARVEL 141 )/ TH{[+L)
0051 BEL I+1)~ALPHA®D [ 3P
0052 ol =3
04953 CC( -
[+1aa=T- LI CUONT] =
Nss ols=01%
aLse REK=E S0 FEKDRR0OUATHINY
00s7 AALNMI ) =HKK FALPHASD [ 3P
gnsa JlsP=dIEncl )
G058 SAK S ETAD *PDULTH 2 )Y
0050 AL{l}= Pl a0 ®ALPHAKXDISP-BETASVP {2 /TH{2)
G061 20 2 =1 S NML
Q062 I=;
Q0B3 ] 1)
e0ea B DREGUSTHET )
0363 A HA L1 *ALPHARG TGP *(CNHIL EF L3~ 20 CACRHA{ T ) FCNHEL Tm L ) }
Qnes 3 TRARKL #R4A ) 2TNHSE (L) t{ROUDTATHET ) d 3K 34¢ IRGNL 1)
Qos7? |
oces ia <
0CHg C ARds 3 CCaHy XaNMLD
0079 Do N
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<
c tvxxrux;zs:ae+fit**$*&*t&tttnm*t*t;:v:ssnﬁvt*t«*tvtt*t*t*t***kt*xtt;xgttt*
[

[:LT. 1 SUESQUT INE NITRAT
< NO=-3  PRGHAM

cag2 CQVWJNI.J/ TH{ELOJv;NHﬂ(510}._NUJ(810!-CDRGN(BIGJ-CNJZ(EIO)-

EPL21N).0ISPC{aLR)

0903 COMMONALZY AA{SIG) ) EE(BL0)+CCILIUI+ARIOI0)4X(510)

osca c My ML M2 NP NP2

ocns L ALPHA,3ITAWDT,DZ

0008 CF KKD L WK 2 RKZ 4 BK3 4 RS RKY

007 SEFLUX, CSNMG 2 CSND3

opoa =Ou

Lelejel=} OISPs THMAX TEMINHMIN, CORGNT

oUi0 ;ﬁNﬂDN/hGJTIM& TPRINT+TWRITE

Q¢11 TOMMONALLOS HEBL0 )+ CONCSI0)CAP{AL1D)

qacaz :DMJJN/LtI/ THCLU30) wHC (301 CAPCI3)

Q013 COMBUNALLLY AQsol+MXsNAL.CONST

an 14 COMVMINALLIY wRLUX(B1C)

0u1s COMWMONAL 147 VO, TWD.TSALT

CO01& EF=2,2%D7

0017 SIINTxWFLUX({1)

o018 CNE.(I)=(SSINF#%F*CSND3+DISP*TH(1)*CN03(3))/(55!NF!FF+DISP¥TH(1))

o019 TE{STLURLE 0N} GO TO 13

adzn D0 5 [=1.NM2

0oz1 DISD=015PC{I+I)

aQzz2 CH+2 n OMAL PHA*DT SP~RETARVP (I +1)/THCI+E )

0tz3 2901 .A*V=lI+1)/TH([tl)—ALPHA*DIS

o0z4 DISP=BISPC{I+2)

00z2s CClLI=—aLPHALDISP

[1=3-21 S CONTENUYE

9Gz7 DISP:DISPC(N)

cozs AAENM1) =1, 0+ALPHARD] SP

Qo2g oo 10 M= I-Nﬂl

Q¢ 30 I- 13

co3n [»] =0 PCtil)

fthaged-d [ CNCILTI+ALPHAKDISP®{CHOI{ T+1) -2, 0% 2NO3{1)+NA3{I-12}2 '

0033 ” S )%QKI*UT*CNH&(I)—DT*(RK°+RK3)*CM03(I)

0034 i0 ¢ N

€035 D =0 PC{2] -

ag36 = R JHALPHA®DISP#CNG3(1}

0637 G
<

0032

Q¢339 =CNN3L2)

oDag =S1aNM2

ocsal TSRS I+1)

g2 A HE A0 XA PHARDISP=BETARVR(I+1)/THIL41}

o043 TA*VD([*1}/TH(I+1J—ALPHA*DI&P

2044 SPC{1+2)

onas ALPHA=ZD]ISP

Qdas

ooav A

¢gag +ALPHA®D ISP

co4ag

CoEd O *AL FHA XD SO-BETA*VP L2 /THL 2)

0051

ooL2

603

0054 &LPHA*UISP#(CNDB{I+!)-2.0*CNJB(IJ+CVOJ(l 1))

2955 DT #CNHA( 1) =0 T*{RK2+AKSIECNESI( I}

AV 56

Bos7

oes5a A0 CCeRy Xy NME )

6aes9

aCen }

N0E] 3IN)

002
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C
ogn1 SULROUT INE GASORG
caog COMMINALLY THA{310).Cha(s10 L CNC3(E10)Y. CORGHIBLID YL CNO2{BE0),
VB {E1C),DISFC (310}

c003 COMMONS L2, AA(E15)wdE(510)-CCLE10)RIB1D}XI610}

nacs TOMMONSL 3, NyhNMIGNM2 L NPL NFEZ

onos COMMONZLAS ALPHALBE TALUTWOZ

0006 COMMONALSY RKD, 1K1 RK2+RK3 s AK3 4 kK5

onevy COMUMONSLES SFLUX.CENHG (CSNJI3

e LeRod:] COMMONALTY FCU

[eleloled COMMONALEY DIEP, THMAXNTHMIN

o010 COMMON/LE/TIME s TERINT . TWRITE

o011 COMMCN/LLCS H{%101.CON{B10).CAP{O10)

Q012 COMMINSLLIS/, #FLUX{310)

QL3 COMMCN/L 14/ YO, TwDaTS5aLT

og14 30 5 T=ta.NPt

eT1s CORGNIEII=CARGNIT) +(DY/ROVI*(TH ) *RE2*CNTI{II+THI I} *RKAXCNHIL T I~

$RUOU *RK I FCORGNET))

oQLe 5 CUNTINUFE

o017 30 10 I=t.NF1

Qols CN22LEY=CNDOZ{ 1)+ (DT AROU) ARKS*=TH{ 1) *CNI 31 12

0e1ls 10 ZOnNTINUE

o020 RETURN

ap21 =MD




~35-

FORTRAN IV G LEVEL 21 MaIN DATE = 75245 09/10/29
¢ .
C EAE TR N R RN FE R G R T R RN AR R RN g e Rk kR ek ks Ak
<
cgol SUSROUTING QUTPUT
otoz COMMOMNALLY TALHEIQ)sCMAATISL0) s CNUSIBL0)CURSGNIBLOICCNIZIBLIO )
®Y {310} ,2ISPCI{H8IC)
0003 COMMOMNALIY RA{)l0).3E{b10)CCiGlTIR{EL0I.XI1H10)
Q04 SMMAONAL 2/ NaNWI aNME G NTL NP2
aQo0s CHMMINALYY ALPHALCETALDT.DZ
QUCE COMMLGNALE Y RDeK] 2 RK2 4 iX32 4 RX& . RKS
QCe7 CUMMONALSY STLUXWCSNE4 OSN3
Qone COMMONA/L?Z ROY
ooae COIMMIONA/LS Y TDISPy THMAX e THU TN HMI N CORGNT
oz COMMONALA/T M2, TRRINTS TwRITE
€011 COMMONsLECY HED10),CONERLOD.CARP(BL10)
e012 COMMON AL 11/ FTHCL3D) +HCL30) .CARPCL3Q)
0 COMMIANSLLES ACeBCINX,NX1LCONST

13
14 COMMONALL 3, SSLUXA(B10)
15 COMMON/LLAS VO, TWD,TSALT
18 COMMONALLS, TIT{30)+TC+OTDT+IT+ ILWNT
17 100 TURMAT[Y1V)
18 290 SORMAT{///vS0X, TIME = " LE124S/ /7 +4X+"DEPTH L CMY ;4 X' SUCTIONCN® »
EAL AT HITAS 3 TR AYDRLCOND ' + TS, "WATEI FLUX" .
BTT 2+ *NAG? s T3, " NUBT 4 TIT"CORGN' ¢ SXKat N2 *)

1S 400 FC TO12E13.4)

Q020 L (64100

2021 TI TC

Qczez L {56.2200) TIME

onz 3 3 1=L+NP

9d:z4a ZZ -13*p2

anes . Wi (22,8000 ZZLHEI) wTHSI I »CONTI)eWFLUXITIaCNHAEI)CRO3{TI)
FCORKOGNII I aCNO2{ID

0nzs 20 CONTINUE

0027 CALL TINT

o028 IT=IT+1 )

-0aDEs TF{IT sGT.NT) STOP .

ad 30 TC=TITLIT)

on31 G¥=cTDT

Q032 ALPHA=DT/Z{2.0%DZ*DZ }

QQ33 SETA=0T/0Z

G2 aa 25 CONTINUE

Q033 KEK=2

Q0356 TIT=CONET/CAPCEL)

J037 TTT=FTT *ALPHA

an3a LELTTITaika2 000 GO TO 30

Q03s R TURN

Q240 30 CONTINUZ

0081 DZVO=0.S0RDZAIVP{I0)/TH{LO))

0042 IS{(ITHKKI L TuD2ZVO} DT2OTHKRK

0043 ALPHa=DTA{2,3%02*D2Z)

Qa4 ETASGT/DZ

9045 RTTURN

qoas ZND
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c ll!!!!tm**&***‘*tt*#t***ttt&t*t#tttatﬁ¥v**$$¥¥*###$tv*ttttt*t**ttt:t*ltttt
=
0001 SURRDUT IMNE TINT
odcz TOMMIN/LLY, THIBIZ) .C CNRA{B10),CNO3(BLY}» CORGNIBI01.CNOZ{B10 ).
*YAL2L 3 1.0 ISPCEALN)
aco3 COMMLNALLZY AA{GL0)epBIlB10)+CCLO10),3(510)F+K05101)
0C 04 COMASNALI/ MahMLaNM2 NP1 NP2
0ons COMMUNZ LA, ALPHALSETA,01.D7
0046 COMMONALS Y REDRKL s IKE yRKI 3 RKG 2 RKS
0007 COMMINALAY SFLUX,CSNHS »CSNI3
Q08 TOMMCNALT S FOY
0009 CIMMATINALB, DI 3P, THMAX . THM LN
0010 Camuou/Lng[ME.TDRINT.TnRITE
Q011 COMMGNAL IO/ H{BLO),CON(210),.CAP(810)
Q12 STMMINAL LS THCLI0) A4 (321 +CAPCESD)
2013 ZOMMONA/LLZS AC,BLaMXsNXL.CAONST
0014 COMMONALY 3y WFLUX(S8LQ)
0815 SAMMTNALY S, VD, TWD.TSALT
0dl s EO0 SORMATISX,"TINE (HOURAS =%, F10.5/,
SR PLENGTH G- SOIL PROFILEs CMS* WF 1045/,
#3234 VOLUME OF WATER IN THE SOIL PROFILE , €M =, Fl0.5/)
c017 200 FOUAMATO(EX," TOTAL NH=4 IN EXCHe PHASZ, M3 =% ,FLlD .5/,
ESXe A TOSTAL NH=-4 IN S201L SOLUTION PHASEs MG =% 4Fl0e5/
3K+ UTOTAL HH=-4 IN S1IL, MG =®,F10,5/}
aGEa 3c0 -uFWAF(‘K-'YJTAL NH=3 IN S0IL SOLUTION: MG= P FI10 o5/,
S Xy TAOTAL ORGANIC M IN THE SOILs MG =',Fl0.5/,
FIXP'TUTAL MU-2 RELEASED FROM THE SOLLe MG =13F10.57/)
C
0019 20 5 o NP
Qo029 X{I)= 'Ht])*cwa4tl)
ezl 3 CONTInUE
ounza CALL O3F(DZ+X+AAsNPLY
Qo223 THHaC =8 A (NP1
oG24 CALL T3 (DLsCNHEsAALNPL) -
Q0es TNMAS3=AA(NPL } *ROUXRKD
0626 ThiraT=TNHaC+TNHG SS
<
0027 S3 10 I=l.NPyp  *
oaza X{I)=TH{1)®xCNQ3(I)
ggee 19 CONTINUS
Qo330 CALL J5FIDZ+X,AANPIL )
G031 TNC3=AA(NH1)
[
on3z og 13 1=1+NFI1
V032 XEIY=3U*CORGNIT }
Q034 1% CONTINUS
0035 CALL ASF(DZ+XsAA,NP1)}
aC 36 TORGN=AALNPE)
[
9037 CAIL Q5T(0Z,TH+AAsNPL)
038 Tw=Aa{~NP1)
Q032 oo 27 I=1 NP2
Q0450 XKUTI=RIURCNIZ(T)
Qo041 28 CONTINUE
Lr Do Y CALL JSF(D2.sX,AAWNPL )
Goa3 YGaSN=AATINAL Y
LLEYY SLU=NEDZ
20473 TIME.CLTW
OGah (& TNHGE 34 TNHAC s TNHAT
047 IJIT:(O»JODJ TNU3LTORGN, TGASN
<
C
a0as CALL S5Cw
q0as RETURN
0050 END
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oony SUZROQUT INE TRIDMIAH,CaDaX e N)

oan2 SIMINSICN ACL1)et3{1),CL1),D01), %01}

oon3 aa 1 T=2 4N

8304 CLI-10=C(i—-1) a(1=1}

2005 ALl =ali)—dCtI=-1)sp(l-1)}

qc0s 1 CORTTNUE

gco7 AE1)=0(1}

000e S0 2 1224.N

Qco9 AUDI=D0I =0 C I=1 )#n({1~1)}

Q017 2 COnTiNUE

0911 XENIZKEN}AALN)

ooz D9 3 I=2,N

0013 i(NHl-:lJ:(J((N&!-])—(B(Nil-lI*XlNi-Z-I)))/A(N'-I-I)

eg1s 3 CONTINJE

0015 STYURN

QU115 END
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