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PREFACE

This report was prepared by Dr. H.M. Selim, Assistant Professor, Department of Agronomy,
Louisiana State University, Baton Rouge, Louisiana, and Dr. I.K. Iskandar, Research Chemist, Earth

Sciences Branch, Research Division, U.S. Army Cold Regions Research and Engineering Laboratory.

The study was conducted as a part of the U.S. Army Corps of Engineers Civil Works Research
and Investigation Project under the following work units: CWIS 31633, Optimization of Auto-
mated Procedures for Design and Management of Land Treatment Systems, CWIS 31297, Nitrogen
Transformation in Land Treatment, and CWIS 31442, Mathematical Modeling in Land Treatment.

This report was technically reviewed by Dr. R.S. Mansell of the University of Florida and Dr.
M. Mehran of the University of California-Davis.

The contents of this report are not to be used for advertising or promotional purposes. Cita-
tion of brand names does not constitute an official endorsement or approval of the use of such
commercial products.
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SIMPLIFIED MODEL FOR PREDICTION
OF NITROGEN BEHAVIOR IN LAND
TREATMENT OF WASTEWATER

H.M. Selim and 1 K. Iskandar

INTRODUCTION

In land treztment, nitrogen is almost always the fac-
tor limiting the rate of wastewater application. Ex-
cessive nitrate nitrogen concentration in groundwater
is of great health concern due to its association with
infant methemoglobinemia (blue baby syndrome) and
eutrophication of natural waters. Consideration of
land treatment as an alternative to advanced waste
treatment has been hampered by the lack of scientific
data on the fate of N that would allow efficient and
cost-effective design of systems without incurring
health risks.

The N behavior in Jand treatment is affected by
numercus physical, chemical and biological processes
and environmental conditions. Iskandar and Selim (1978)
evaluated existing models for prediction of NO3~N in
percolate water in land treatment. They concluded
that several models developed to describe one or more
processes in agricultural regimes can be adapted for
land treatment. However, existing large models being
used for prediction of N transformation and transport
in agricul tural Jand must be modified and simpilified for
use under land treatment conditions. The fact that nitro-
gen is applied in small amounts repeatedly (most often
weekly) in land treatment, in contrast to normal agri-
cultural fertilizing practice, should produce significant
differences in the nitrogen transformation processes.
Also, the soils under tand treatment are most often
near or above field capacity so that the water flow pat-
tern as well as N transformation processes will vary sig-
nificantly from those of an agricultural regime.

The objectives of this report are to describe a sim-
plified model for prediction of nitrogen behavior in
slow and rapid infiltration land treatment systems.

Mode! development, computer program listing and
documentation and sensitivity analysis of model para-
meters are included. Validation of the developed model
will be the subject of a later report.

THE MODEL

Modeling objectives

The objectives of developing a dynamic nitrogen
model were to

1. Develop a computer model for N behavior to
simulate the physical, chemical and biological processes
in slow and rapid infiltration systems.

2. Enable prediction of NO3~N concentration in soil
solution and leachate with time and space.

3. Assist in estimating the application rate and
schedule of water and nitrogen to a land treatment sys-
tem,

4. Improve land treatment management techniques
for better renovation of waste'vater and less detrimen-
tal impact on the environment.

3. Point out the area(s) of research need, based on
model sensitivity analysis and availability of information
in the literature.

Main features

The main feature of the computer program is that
it is valid for uniform as well as multilayered or stratified
soil profiles. In addition, the program is flexible and is
designed to incorporate the following (input) conditions
as desired:

1. Rate of wastewater application.

2. Duration of wastewater application.

3. Depth of individual soil layers.
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4. Concentration of ammonium and nitrate in the
wastewater.

3. Wastewater application cycle, i.e. scheduling.

6. Soil water properties and nitrogen transformation
mechanisms for individual soil layers.

7. Plant root distribution and growth in the soil.

8. Rate of nitrogen uptake by plants.

9. Evapotranspiration rate.

10. Initial distribution of water and nitrogen species
in the soil profile.

General description

Figure 1 shows a block diagram of the simplified
model presented in this report. The model is formed
of two main submodels. The first is a water flow sub-
model which describes wastewater infiltration, water
movement in the soil profile, and rate of plant uptake
of water with soil depth and time. The second is a
nitrogen submodel which describes the transport and
transformations of N species in the soil as well as nitro-
gen uptake by plants. The model also includes several
subroutines which account for initial and boundary
conditions, plant root distribution in the soil, soil water

properties, and nitrogen transformation processes (ion
exchange, nitrification and denitrification). A detailed
flow chart of the model and description of all subrou-

tines are presented in a later section.

Water flow equations and boundary conditions

In order to describe the nitrogen transformation and
transport in saturated-unsaturated soil profiles under
transient flow conditions, the following water flow
equation (Childs 1969) must be solved:

30/3t = (3/3z) [K(h) dh/dz]-0K (h)/dz-A(z, 8)
m

where
8 = soil water content (cm> fcm3)
h = soil water pressure head (cm).
K(h) = soil hydraulic conductivity (cm/h}
A(z, 0) = rate of water extraction (cm*/h cm*)
t = time {h)
z = depth in the soil (cm).

N-Transformations
N-Plant Uptake
N-Transport

B Water Initial Soil Water

nput Nitrogen and Nitrogen Distribution
Nitrogen Water
Submodel Submodel

Soil Water
Plant Uptake
Infiltration Fluxes

Figure 1. Diagram of the simplified nitrogen mode! showing the water and the nitrogen submodels.




Equation 1 is commonly known as the A-form of the
water flow equation. This equation was chosen over
the diffusivity form (Selim 1978), since it allows not
only for saturated-unsaturated flow but it also allows
soil stratification or layering of the soil profile. In
solving eq 1, the ieft-hand term must be transformed
such that

38/0t = (36/0h) (dh/dt) = Cap () dh/ot 2)

where Cap () is the soil water capacity term (cm’!)
which is determined using the appropriate soil water
characteristic relationship (@ vs &).

In solving eq 1 for multilayered soil profiles, the soil
water hydraulic conductivity K{(h) and the soil water
capacity Cap(h) must be provided for each soil layer.
In addition, the soil water initial and boundary con-
ditions must be specified. The initial condition is
dictated by the initial distribution of @ or A in the soil
profile at some assumed (starting) time. The boundary
conditions at the soil surface and at some depth L below
the soil surface must be provided.

Soil surface boundary conditions
Two soil surface boundary conditions are normally
encountered under field conditions: 1) the water head

boundary condition and 2) the water flux boundary con-

dition.

Water head boundary condition

This condition is used when water ponding, of some
height h above the soil surface, is encountered. The
height A mav be ronsidered as a variable with time, i.c.
h(t), in order to allow for fluctuations during waste-
water application and rainfall:

h= ho(t), at z=0 (3)

This boundary condition is also used when the soil
surface is under suction, i.e. the water content at the
surface is below saturation. In such casc, A(t) is nega-
tive and is a measure of the soil water suction (nega-
tive pressure) at the soil surface.

Water flux boundary condition

This condition is imposed when a constant or time-
dependent flux {or intensity) g(t) of wastewater (or
rainfall) is applied at the soil surface. It also allows for
evaporation between rainfall or irrigation events. This
condition can be written as

qlt) = - K(h) ahjaz+K(h), at z2=0 4)

Bottom boundary conditions

At some depth L below the soil surface, three boun-
dary conditions may be encountered: 1) an impervious
barrier, 2) a soil profile extending to great depth, and
3) a groundwater table,

Impervious barrier

This boundary condition is used when an impermeable
layer (e.g. a heavy clay layer) is encountered at some
soil depth. Water flow across such a barrier is negligible.
The boundary condition for an impervious barrier may
be expressed as

-K (h) 3h[dz+K(h) =0, at z=L. (3)

Soil profile extends to a great depth

In this case, the soil profile is regarded as a semi-
infinite medium. Thus, it is assumed that at great depth
the change in soil water suction is zero:

dhjdz =0, z>00, (6)

Such a boundary condition may be used if the soil pro-
file is well-drained and of significant depth.

Groundwater table

If a water table is encountered at some depth L in the
soil profile, the water content @ is maintained at satura-
tion @, at all times. Therefore,

6=06, z=L, t>0. (n
Furthermore, the soil water suction or pressure head is
h=0 z=L, t>0 (8)

In addition to the above-mentioned boundary con-
ditions, other conditions are needed in order to de-
scribe the water flow at the interface between soil layers
in multilayered or stratified soil profiles. For example,
we may consider a soil profile consisting of three soil
layers: [, 11, and 1il. The length of each soil laver is
indicated by L;, L,, and L; (see Fig. 2). The appro-
priate boundary conditions at the interface between
twa soil layers are (Selim 1978).

h'_':h“, Z=L|, t>0, (9)

hy=hyp 2=L+Ly, 130, (10}

where #y, iy and hyy, are the pressure heads in layers
i, 11, and 111, respectively. These boundary conditions
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Figure 2. Schematic diagram
of a multilayered soil profile.

are necessary in order to maintain the continuity of the
pressure head / at the boundary interfaces.

Nitrogen transformations and transport equations
and boundary conditions

In the development of this simplified model, three
major approximations have been made. The first
simplification is that the nitrification process was con-
sidered as a single step, i.e. NH} = NOj rather than a
two-step process (NH3 = NO; - NO3). Such an as-
sumption is considered adequate, since NO, in most soils
under neutral pH conditions is rapidly oxidized to NO3.
The second major simplification is that the organic-N
phase was not incorporated in the model. It was as-
sumed that the net change (over a short period of time)
in organic-N content is small and the rate of nitrogen
mineralization as well as immobilization are extremely
slow. The third simplification is that oxygen diffusion
in the soil profile was not incorporated. Therefore,
denitrification of nitrate in the soil was assumed to be
a function of the degree of soil water saturation only.

The nitrogen transformation processes considered
were: nitrification of NH} to NO3, denitrification of
NO3, and ion exchange of -NH3 {se€Fig. 3). The ion-
exchange process was assumed to be instantaneous,
whereas nitrification and denitrification processes
were of the first-order kinetic type (Selim et al. 1976
and Selim and Iskandar 1978). A distribution coeffi-

cient Ky (cm>/g) was used to describe the instantane-
ous (reversible) ammonium release from exchange sites
to soil solution. The first-order kinetic rate coeffici-
ents associated with the nitrification and denitrifica-
tion processes were &, and k5 (h'l ), respectively.

The assumptions that these nitrogen transformation
processes follow first-order kinetic reaction were based
on studies by McLaren (1970, 1971), Mehran and Tan-
ji (1974), and Hagin and Amberger (1974).

Soi! environmentai conditions such as soil suction,
aeration, temperature, organic matter content, and pH
have significant effects on the various nitrogen trans-
formation mechanisms. In order to incorporate these
factors, the rate coefficients were expressed (Selim et
al. 1976) as

k; =k, f,, (1)

where k&, and k, are considered constants for each in-
dividual soil layer and f; and f, are empirical functions
which describe the influence of the previously mentioned
environmental conditions on nitrification and denitri-
fication, respectively.

The transport of NH4~N and NO3-N in the soil solu-
tion occurs as a result of molecular diffusion, mechanical
dispersion, and convection or mass flow. Molecular dif-
fusion results from the random thermal movement of
molecules, whereas mechanical dispersion results from
the velocity distribution of water in the soil pore space.’
For all soil layers, a single dispersion coefficient D is
commonly used which combines mechanical dispersion
and diffusion. Therefore, the convective-dispersive
equations governing NH,-N and NO3-N transport may
be expressed (Misra et al. 1974, Davidson et al. 1977,
and Selim and Iskandar 1978) as

3(6C) /ot = (9/d2) (6D aC/8z)-9{vC)/[dz
-0 k;C-p 35/0t-qppa (13)
3(0Y)/3t = (3/3z) (0D aY/3z)-d(vY)/dz

+0k ,C-0k,Y-qno3 (14)

where C = concentration of NH,-Nin
soil solution (ug/cm3)

Y = concentration of NO3-Nin
soil solution (ug/cm3)
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Figure 3. Schemauic diagram of the nitrogen transformation processes
considered in the nitrogen submodel.

D = solute dispersion coefficient
(cm?/h)
v = soil water flux (cm/h)
S = amount of NH, in the exchange-
able phase per gram of soil
{ug/g)
p = soil bulk density (g/cm?)
k; and k, = kinetic rate coefficients for
nitrification and denitrification
(. 1), respectively
@NH4 and g3 = rates of plant uptake of NH,-N
and NO;3-N per unit soil vol-
ume (ug/cm? h), respectively.

The first two terms on the right-hand side of eq 13
and 14 account for solute transport, and are usually
called the dispersion and mass flow terms, respectively.
The third and fourth terms of eq 13 account for nitri-
fication and ion exchange, respectively, of NH,-N.
Similarly, the third and fourth terms of eq 14 represent
the nitrification and denitrification processes, respec-
tively. The ion exchange process governing NH,-N
adsorption-desorption was assumed to be of the linear
Freundlich type, i.e.

S$=KpC, or d5/8t = K, aC/ot, (15)

where K, commonly called the distribution coefficient
(cm3/g), represents the ratio between the amount of
NH4-N adsorbed and its concentration in the soil solu-
tion.

Rearrangements of ea 13 and incorporation of eq
135 yield the following simplified equation for am-
monium transport and transformation:

R 8C/dt = D 32C/az2-(V/8) 8C/oz-k; C-(qppal0)

(16)

where R is the retardation factor for ammonium ¢x-
change:

R=1+pKp/8. (17a)
and V' is expressed as
V=v-D d0/oz. {17b)

Similarly, eq 14 after rearrangements yields the following
equation for nitrate transport and transformations:

Y3t = D 32Y/[3z2-(V/[6) BY [az+k ;C-k, Y~(gno3/0)-

(18)

It should be noted that in the case of multilayered
soil profiles, soil water and nitrogen transformation
parameters (e.g. p, K(h), kpy, k1, k5, etc.) must be pro-
vided for each individual soil tayer.

To solve the ammonium and nitrate transport and
transformation equations, eq 16 and 18, the initial and
boundary conditions must be specified. During waste-
water application, the soil surface boundary conditions
for eq 16 and 18, respectively, are:

vC, = 0D 3C/3z+vC, 2=0, t<T, (19)

and




vY,=-6DdYjaz+vY, z=0, t<T, (20)

where

C, and Y, = NH,-N and NO3-N concentrations
in applied wastewater, respectively
(ug N/ml)
v = q(t), flux or intensity of wastewater
application {(cm/h)
T = duration of wastewater application

(h).

The above equations, eq 19 and 20, are commonly
called the dispersive-convective boundary conditions
which can also be applied to describe rainfall events.

In such a case, the intensity and duration of rainfall
(v and T) must be specified and C, and Y in rainwater
may be considered zero.

Following the termination of a wastewater applica-
tion or rainfall event {t > T), the surface boundary con-
ditions become

9C/0z=0, =z=0,t>T (21)

aYjaz=0, z=0,t>T (22)
Furthermore, the boundary condition at the bottom
of the soil profile (z= L) is

aCloz=0, z=L,t>0 (23)

aY[az=0, =z=L,t>0 (24)
in addition, the boundary conditions at the boundary
interface between two soil layers (see Fig. 2) may be
written as

C|=C” and Y|=Y“, Z=L1,t>0 (25)

C"=C|”and Y”=Y|“, Z=L1+L2,t>0

(26)

where the subscripts |, |1, and 111 refer to the first, se-
~ond. and third soil layers, respectively. Similar to
the equations for water flow, eq 25 and 25 above
are needed in order to maintain the continuity of
NH4-N and NO3-N concentrations at the boundary
interface.

Water and nitrogen uptake by plants

Plant uptake of water and nitrogen from the soil
root zone is an important factor in the renovation of
wastewater applied to soil. Recent studies have shown
that in a slow infiltration land treatment system, a
major portion of applied wastewater nitrogen (up to
70%) was taken up by plants (Iskandar et al. 1976).
Therefore in modeling the fate of nitrogen in soil, it is
important to incorporate a plant uptake model that
provides accurate predictions of the rate of plant uptake
during the growing season. However, as Nye and Tinker
(1977) pointed out, the major difficulties in modeling
of plant uptake are the lack of quantitative measurements
on the root development and distribution as well as the
inaccuracy of soil physical measurements.

At present there are two approaches for modeling
plant root uptake of water and nutrients in soils: 1)
a “microscopic’’ approach where the water and nutrient
flux to a single root is considered (Nye and Marriot
1969, Claassen and Barber 1976), and 2) a “macro-
scopic”’ approach where the root system as a whole is
considered (Molz and Remson 1970, Davidson et al.
1977, Selim and Iskandar 1978). In this simplified
mode! the macroscopic approach is used to describe the
water as well as the nitrogen uptake by plant roots. The
extraction or sink term A(z, 8) for water uptake {eq 1)
is represented as

V4
A(z,0)=TR(z)K(h)/[R(Z)K(h)dz (27)

where Z is the maximum depth of the root zone in the
soil (cm) and 7 the evapotranspiration rate per unit area
of soil surface (cm/h). The term R(z) is the root dis-
tribution as a function of depth in the soil profile. Spe-
cifically the root distribution R(z) is the length of roots
{cm) as a function of soil depth and time. Equation 27
was proposed by Molz and Remson (1970) and was
successfully used in predicting the water uptake when
the evapotranspiration rate 7 was met. Such conditions
are satisfied when high soil water contents {low suctions)
are maintained in the soil root zone, such as in land
treatment-slow infiltration systems.

The terms g4 and g3 in eq 16 and 18 acceunt
for the rate of uptake of NH,-N and NO3-N, respec-
tively. Here the Michaelis-Menten approach was used
to determine the rate of N uptake as a function of
root density and concentration of ammonium and ni-
trate in the soil solution. Thercfore the rate of N up-
take may be expressed as:
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QNH4 = Imax C/[Km+(C+Y)] (28)

INO3 = Imax Y/[Ky +(CHY)] (29)

In eq 28 and 29, /,,,, is the maximum rate of N
uptake per unit root length (ug/h cm) when the con-
centration of nitrogen in the soil solution is extremely
high, and the term K, is the Michaelis constant (ug/ml)
which is the concentration of N at %2 /..., . Both /.,
and K, are determined by measuring N uptake in
solution cultures having different nitrogen concentra-
tions (Claassen and Barber 1976). In this model the
values of /.. and K, were considered similar for both
ammonium and nitrate uptake*,

Method of model solution

The water and nitrogen equations (eq 1, 16 and 18)
are nonlinear partial differential equations and cannot
be solved analytically. Therefore, these equations, sub-
ject to the above described initial and boundary condi-
tions, were solved using numerical analysis techniques.
The method of solution v-as by explicit-implicit finite
difference approximation (nenrici 1962, Varga 1962,
and Carnahan et al. 1969). 1n1s Meulod was suciess-
fully used by Selim (1978) for transient water and
solute movement in multilayered soil profiles. Finite
difference approximations provide distributions of
soil water content, water suction, NH,-N and NO;-N
concentrations at incremental distances Az in the soil
profile, and discrete time steps Az. In finite difference
form, a variable such as & is expressed as A" = h(z, t)
=h(idz, nAt) where i =1,2,3, .., /,andn =1,2, ...
Therefore, the finite difference approximation for the
water flow equation (eq 1) is

Cap (hnn/z) (AM1?] = y K(BEH2) (A5 -AD+T |
-y KT (AT -h T
+y K(BTHR) (1,47
-y K(hES ) [h-HT4)
-BIK(hp) +K (BT 10) ) -AL AD (30)

where v = At/2(Az)2 and B = At/Az. Similarly, finite
difference approximations for the equation governing

*5 A, Barber, Department of Agronomy, Purdue University,
personal communication 1979.

NH4-N transport and transformation (eq 16) may be
expressed as

1 _ 1
REN'I [C:ﬂ‘ _C:l] _7D [C‘:’] -2C{'”+C'~,'_+111

+1D [CR4-267+CE, )
_(Vlo)n+l ﬁ[cn‘*l_cn-fl]

-Atk,; C{'—Al (qNH4/0)? (31)

and the finite difference approximation for NO;-N (eq
18)is

YIFLYT =9 (YR 2y ey
D [Yig-2v{+vy]
(VIO B LY -y

+Atk-| Cin-Atk2 Y?-AT(qN03/0)?. (32)

Equations 30, 31 and 32 are nonlinear since Cap
(A™T1) and K(h"+ ) are dependent on AT /2 for which
solutions are being sought. The iteration method de-
scribed b Remson et al. (1971) is usually used to pre-
dict A"™2 using A", Selim and Kirkham (1973) showed
that solution of the water flow equation can be approxi-
mated satisfactorily using A" when smaller values of
At than required for stable solution are used. This
simplifies the computation considerably since the sys-

tem of equations becomes linear. Accordingly, the
approximations, K(h 2) = K(h?") and Cap (h*112)
= Cap (h'), were made.

Incorporation of initial and boundary conditions ir
their finite difference forms and rearrangement of eq
30, 31, and 32 yield three linear systems of equations.
Rearranging the finite difference form of water flow
equation (eq 30) yields

d? T el AT 4gl AT = WP (33)

where d“ =y K(h'.‘_m)
= Cap (h])+y [K(Af ) +K (01 0)]
gi" =7 K(hm/z)
wi = Cap (A7) b +y K{hLy10) A4
-1 [K(hRy2)*KhLyy2)] A7
+y Klhfp) Al
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By including the initial and boundary conditions in
their finite difference forms, eq 33 can be written in
matrix-vector notation as

-

Bh™ =W (34)

- . a9 . g =
where 8 is a tridiagonal real matrix and 4 and w denote
the associated real column vectors (the arrows indicate

vectors). The matrix B may be written as

el g7
de3 93
d3 €345
B=
diqely gnm
I @] G

The coefficients of the main diagonal of the matrix 8,
in absolute values, are greater than the raw sum of the
off-diagonal coefficients. Hence, the matrix B is strict-
fy diagonally dominant {Varga 1962, p. 23). Therefore
the matrix is nonsingular, and there exists a solution
7™ for the matrix vector equation (eq 34) that is
unique. The tridiagonal system of equations was solved
by an adaptation of the Gaussian algorithm as described
by Henrici (1962, p. 352). The second and third sys-
iems of eq 31 and 32 for NH4-N and NO3-N transport
and transformation, respectively, were solved similarly.
It is obvious from eq 16 and 18 that nitrogen trans-
port is dependent on 6 and v, both of which are variable
under transient flow conditions. Thus, in order to de-
scribe nitrogen transport for transient conditions, the
water flow equation (eq 1) must be solved prior to the

nitrogen transformation and transport equaticns. There-

fore, for any time step, n+1, where all variables are
assumed to be known at time step n, eq 30, 31, and 32
are solved sequentially until a desired time ¢ is reached.

MODEL SENSITIVITY

In order to provide a complete sensitivity analysis
of model parameters, it is essential to investigate each
parameter separately. This is usually achieved by first
studying the influence of each parameter on model
results for a wide range of values, with all other para-
meters remaining unchanged. Second, when two or

more parameters prove to be more significant compared
to other model parameters, such two or more parameters
are investigated simultaneously for a range of values.
For the model presented here a complete sensitivity
analysis was not attempted since a large number of
model parameters were involved. Therefore, it was
decided to study only selected parameters which were
chosen for sensitivity analysis. These parameters are

1) the rate of nitrification (k), 2) the distribution
coefficient (Kp) for NH4-N ion-exchange, and 3) rate
of plant uptake (/,, ). The influence of different
nitrogen transformation parameters for individual soil
layers and the rate of denitrification were not investi-
gated. Moreover, soil water properties, schedule of
wastewater application and NH,-N and NO5-N con-
centrations in the wastewater remained unchanged for
all cases studied.

The simultaneous transport, transformation, and
plant uptake of nitrogen and water were simulated using
the model presented here. Input soil and water para-
meters, initial and boundary conditions, etc., were
similar to those of the CRREL research experimental
facilities. Wastewater was assumed to contain 25 ug/ml
of NH,4-N and zero nitrate content. The schedule of
application was 0.5 or 1 week and the total amount of
wastewater applied was 5 cm per each application. The
soil parameters chosen were for a Windsor sandy loam
soil having three distinct soil layers. Chemical charac-
teristics of this soil are presented elsewhere (Iskandar
et al. 1979, Iskandar and Nakano 1978). The total
length of the soil profile was assumed to be 130 cm and
the thicknesses of the first, second and third layers were
15, 30 and 103 cm, respectively. A water table (zero
water pressure head) was assumed at the bottom (150
cm depth) of the soil profile. The soil water properties
for each soil layer were described by the following
mathematical expressions:

8(h) = 6,/[1+(-h/a)®] (36)

K(0) = nn exp (ab). (37)

The parameters for each soil layer were obtained by
“best fit” of experimental data (Iskandar and Nakano
1978). The values of @ and b were 100 and 1 for the
first layer, 40 and 1 for the second layer, and 30 and
1 for the third layer, respectively. The values for para-
meters 7 and a were 9.6x 10 and 27.63 for the first
layer, 2.2x 10" and 30.7 for the second layer, and 2.1
x 10 and 38.87 for the third layer, respectively. The
values for water content at saturation 6 were 0.44,
0.42and 0.34 (cm? Jem3) for the first, second and
third layers, respectively. Furthermore, the values for
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soil bulk density p were 1.41 for the first layer, 1.59
for the second layer, and 1.55 g/cm3 for the third layer.
Several nitrogen transformation rate coefficients
and uptake rates were chosen in order to illustrate the
significance of these processes on the fate of wastewater
nitrogen in land treatment systems. The rate of nitri-
fication & ranged from 0.025 to 0.5 h™* whereas &
was maintained constant at 0.01 h™!. For the nitrifica-
tion kinetic reaction, the function f; (eq 1) which de-
scribes the dependence of the reaction on soil environ-
mental conditions remained unchanged and was ex-
pressed as a function of pressure head (Hagin and Am-
berger 1974):

0 h>-10cm
0.003 (-h-10) h> -30cm
1 = {0.240.006 (~h-40) h>-100cm
0.5+0.0015 (-h-100) h>-433cm
1.0-0.002 (-h-433) h < -433cm.

The denitrification function £, (eq 12) was considered
as a function of the degree of water saturation in the
soil:

f,=0 for (8/6,) < 0.8
f,={(0-0.80,)/0.10, for0.8<8/0,<09
=1 for 0/0,> 0.9

where @, is soil water content at saturation (cm3 /cm3).
Furthermore, the value of the coefficient K for the
ammonium exchange ranged from 0.05 to 1.5 cm3 /g.
All these parameters, for the cases shown here, were
similar for all three soil layers.

The root distribution R(2) used in the sensitivity
analysis was in the form of an exponential expression:

R(z) = 226 exp (-0.1 2)

This exponential function provides a sharp decrease of
the root distribution {(or density) with soil depth z, In
this case, 77.8% of the roots were actually observed to
be in the top 15 cm, 17.2% in the 15- to 30-cm soil
depth and only 5% of the roots in the 30- to 60-<m soil
depth. This mathematical expression for root distribu-
tion was obtained from field measurements of root
length with depth (Iskandar unpublished data 1979).
It represents a two-year-old mixture of reed canary-
grass and tali fescue grass irrigated with 5 cm of waste-
water weekly. Furthermore, a value of 1.0 ppm for
the Michaelis constant K, was chosen for all cases
presented here. Values of /.., ranged from 0.0003
to 0.00135 ug N/h cm of roots.

In order to illustrate the capabilities of this model,
simulated water content and nitrogen distributions in

Soil-Water Suciion (cm)
0 20 40 60 80 100
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40 Initigl
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Figure 4. Simulated soil water suction distributions
in a Windsor soil for one week following applica-
tion of 5 cm of wastewater

the soil are presented in Figures 4, 5 and 6 for one week
following the application of 5 cm of wastewater. In
this case the rate coefficients for nitrification k, were
taken as 0.1 h™! and Kp as 0.25 cm3fs. Following the
application of 5 cm of wastewater, which contained

25 ppm of NH4-N, we see that NH4-N concentration

in the soil solution decreased drastically with time. This
disappearance of NH,-N was due to its conversion to
NO;-~N through nitrification and to uptake by plants.
The NO3-N distributions shown in Figure 6 show that
the maximum peak concentration occurred on day 1.
This is primarily due to the initial NO3-N in the soil
profile. Furthermore, the initial peak, which was located
at the 15-cm depth, penetrated to a depth of 35 cm
during the first day. Downward movements of the
nitrate peak to lower soil depths continued with time

at a decreasing rate. This slow movement of nitrate

in the soil profile was due to the continuing decrease

of soil water flow during water redistribution, i.e.
following the infiltration of applied wastewater. Mean-
while, the nitrate concentration of the leachate (z = 150
cm) continued to increase with time.

Figure 7 shows the cumulative nitrogen uptake by
plants with time during weekly application of waste-
water. Simulated results show that NH4-N uptake was
much greater than that for NO3-N at all times. This
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Figure 8. Simulated concentration distributions ot
NOs-N in the soil profile where weekly application
of 5 cm of wastewater was maintained. Model
parameters were k, = 0.025 h™*, K, =0.25cm* /g
and | ,,,, = 0.001 ug N/h cm.

is due to the low concentration of NO3-N in the top
portion of the soil profile for an extended period of
time. In contrast, the NH,4-N remained at shallow soil
depth due to ion-exchange which resulted in higher
NH,-N uptake. [t should be noted that in the simu-
lation, 77.8% of plant roots were in the top 15 cm of
the soil profile.

Figures 8-12 show the influence of changing the
nitrification rate coefficients k; on the nitrate distribu-
tion in the soil profile during weekly application of
wastewater. In the cases considered, the values of k|
range from 0.025 to 0.5 h™', whereas K, and /., re-
mained constant (K = 0.25 cm3/g and ! pax = 0.001
ug-N/h cm). The simulated results show that as the
rate of nitrification increased, the maximum peak con-
centration also increased at the end of the weekly
wastewater applications. These increases in peak con-
centrations were obviously due to the imposed increase
in faster conversion of NH,~N to NO3-N in the soil.
Furthermore, maximum peak concentrations were locatec
at shallower soil depths as &, increased. The location
of the peak closer to the soil surface coincides with that
for NH,-N. The simulated results also show that the
rate of nitrification directly influences the effluent con-
centration (at z = 150 cm). As expected, the effluent
NO;-N concentration (at any particular time) increased

20

a0l

Soil Depth (cm)

120

140

Figure 9. Simulated concentration distributions ot
NO;-N in the soil profile where weekly application
of 5 cm of wastewater was maintained. Model
parameters were k; = 0.05h™*, Kp =0.25cm*Jg

and | =0.007 ug N/h cm.

makx

a: the rate of nitrification increased.

Figure 13 shows the effect of changing the rate of
nitrification on the total amounts of NH,-N and
NO-N in the soil profile during weekly wastewater ap-
plication. These simulated results were obtained by in-
tegrating the nitrogen concentration profiles shown in
Figures 8-12. As expected, as the rate of NH,4-N con-
version to NO3-N increased, the total amount of NH N
in the soil profile decreased and the total amount of
NO;-N in the soil profile increased. [t should also be
emphasized here that the relationship between N in
the soil profile and &, (Fig. 13) is a nonlinear one. This
is clearly shown by the leveling of the curves for &,
greater than 0.2 h~!_ Such leveling of the curves indi-
cates that, for the cases considered, the influence of
k, on the fate of nitrogen is negligible for &y > 0.2 h™1.
Therefore, it is expected that beyond such & values,
other factors which affect the amount of NH4-N in the
soil profile (such as the rate of N uptake, the ion-ex-
change of NH4-N, and the amount of weekly waste-
water applied) will influence the NO3-N in the soil pro-
file. For example, if the amount of weekly wastewater
were 30 rather than 23 ppm, it would be reasonable to
expect that the leveling will be at a higher E, value
than 0.2 h-!. The opposite would be true for a reduced
rate of plant uptake.
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Figure 10. Simulated concentration distributions of
NO3-N in the soil profile where weekly application
of 5 cm of wastewater was maintained. Model
parameters were k, = 0.1 h™', Kp = 0.25 cm® /g

and \,,,,. = 0.007 ug N/h cm.
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Figure 12. Simulated concentration distributions of
NO3-N in the soil profile where weekly application
of 5 cm of wastewater was maintained. Model
parometers were ky = 0,5 h™t, K, = 0.05 cm® /g

and 1, = 0.001 ug N/h cm.

NOy-N Concentration (pg-N/me)
10 2 14
7 /"
Initial

Soil Depth (cm)
@®
<)

o
o

120

140

Figure 11. Simulated concentration distributions of
NO3-N in the soil profile where weekly application
of 5cmof wastewater was maintained, Model
parameters were k| =0.2h™", Kp, = 0.25 cm® /g

and 1,,,.= 0.001 ug N/h cm.
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Figure 14. Simulated concentration distributions of
NO3-N in the soil profile where weekly application
of 5 cm of wastewater was maintained. Mode/
parameters were k; = 0.1 h”*, Kp = 0.05cm*/g

and | =0.001 ug Nfh cm.

max

The influence of a range ot K, values on the fate
of wastewater nitrogen is shown in Figures 14-16. The
K, values considered ranged from 0.05 to 1.5 cm>/g
which simulates a wide range of soils having different
cation exchange capacities. The &, and /., values
remained constant (k; = 0.1 h*!and /,p,, = 0.001
ug-N/cm h) for these cases. For small values of K,
(Fig. 14), the nitrate concentration profiles showed a
rapid movement in the soil profile. Such rapid nitrate
leaching is a direct result of low NH,~N retardation in
the soil profile. In contrast, for larger Ky, values (Fig.
15 and 16), the retardation of NH,4-N to transport in
the soil profile was greater, resulting in slower move-
ment of NO3-N in the soil profile. This slow move-
ment of nitrate nitrogen is illustrated by the location
of the peaks at shallow soil depths as well as higher
peak concentrations.

The effect of /., the maximum rate of N uptake,
on the fate of nitrogen in the soil profile as well as the
cumulative N uptake are shown in Figures 17-19. Here
the range of /., was from 0.005 to 0.0015 ug-N/n cm
of root length. All other parameters were constant:

k, =0.1h"! and K, = 0.25 cm3/g. As expected, for
small values of /., (Fig. 17), the NO;=N distributions
show significantly higher concentrations than for large
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Figure 15. Simulated concentration distributions o0i
NO;-N in the soil profile where weekly application
of 5 cm of wastewater was maintained. Model
parameters were k, = 0.1 i, Kp = 0.5 cm®[g

and I, =0.001 uyg Nfhcm.

max

/max values. Differences in concentration distributions
are clearly shown in the upper portion of the soil pro-
fite. For /., =0.0015 ug N/h cm, plant uptake resuited
in considerable depletion of the NO3-N in the root zone
(0-30 cm). In contrast, considerable amounts of NO;N
remained in the top soil profile for the case /,,, =
0.0005 ug-N/h cm. The cumulative nitrogen uptake pat-
terns for different values (Fig. 19) show that for /,,, =
0.005 the uptake with time was linear. Such a linear
relationship indicates a constant rate of nitrogen up-
take with time. For this case, the maximum rate of
nitrogen uptake was met, indicating an abundance of
nitrogen in the soil root zone at all times. However,

for large values of /,,;, the amount of nitrogen in the
root zone was limited as indicated by the nonlinear up-
take patterns for /,, of 0.001 and 0.0015 ug-N/h cm.
Immediately following each weekly application, the
simulated results also show a rapid increase in the nitro-
gen uptake as a result of the newly added nitrogen in
the wastewater. However, three to four days after ap-
plication of wastewater, when the nitrogen concentra-
tion in the root zone becomes small, the rate of up-

take decreases drastically with time. This change of the
rate of uptake with time is clearly illustrated in Figure
19 by the sudden increase followed by a leveling of the

e kdian
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Figure 16. Simulated concentration distributions of
NO3-N in the soil profile where weekly application
of 5 cm of wastewater was maintained. Model
parameters were ky =0.1 h™* ,Kp = 1.5cm?[g

and \,,,,.= 0.001 ug N/h cm.
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Figure 17. Simulated concentration distribution of
NU3-N in the soil profile where k; = 0.1 h™*,Kp =

0.25cm’[gand | ,,, =0.0005 ug Nfh cm.
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Figure 18. Simulated concentration distribution of
NOy-N in the soil profile where ky = 0.1 h™', K ,=
0.25cm>/gand | ,,, = 0.0015 ug Nih cm.
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Figure 19. Cumulative N uptake with time for |
0.0010 and 0.0015 ug N/t cm.
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Figure 20. Simulated concentration distributions of
NO3-N in the soil profile where 5 cm of wastewater
wus applied every % week. Model parameters were
the same as those used for Figure 10.

cumulative nitrogen protile during each application ot
wastewater. Obviously maximum nitrogen uptake was
not met for the cases with /., of 0.001 and 0.0015
ug Nhecm

Figures 20 and 21 show the influence of the amounts
and scheduling of wastewater application on nitrate dis-
tributions in the soil profile. Figure 20 shows NO3-N
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Figure 21. Same as Figure 20 except for weekly
application of 10 cm of wastewater.

distribution 1in the soil where 3 cm of wastewater was
applicd every 3.5 days, i.e. twice weekly. This rate is
twice the application rate considered in previous cases
where only a 3-em wastewater application was main-
tained every week. Figure 21 is for a different case
where 10 cm of wastewater is applied in one application
every week. All other parameters, for the purpase of
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Figure 22. Simulated concentration distributions of
NO;-N in the soil profile where weekly application
of 5 cm of wastewater was maintained. Model
parameters were the same as those used for Figure
10.

comparison, are the same as those used for Figure 10.
Comnarison of Figures 10 and 20 shows that increasing
the schedule of application to 53 cm/% week, rather
than one week, resulted in more Icaching of the nitrate
nitrogen from the soil profile. In addition, peak con-
centrations were at lower soil depths when the waste-
water was applied twice weekly. Comparison of Fig-
ures 20 and 21 shows that the total NO3-N in the soil
was applied once every weck than for 5 cm every 2
week. Increased total NO3-N in the soil profile (shown
in Fig. 21) was probably due 10 increased depth of
penetration of NO3-N in the soil for the 10 cm/weck
application rate.

e influence of raintali cvents on NO3-N distribu-
tions in the soil profile is shown in Figures 22 and 23.
Here, we compare a casc where 5 cm of wastewater is
applied weekly for a total period of 9 weeks to another
case where in the fifth week (day 28) 3 cm of water or
simulated rainfall containing no NO3-N or NHy N is
applied. Figure 22 shows that the results of NO3-N
distributions in the soil for the two cases were identicai
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Figure 23. Cumulative N uptare with time where weekly
application of 5 cm of wastewater was maintained for a
period of 9 weeks. Dashed line is for a case where 5 cm
of water {or simulated raintall), rather than wastewuter,
wuas applied on the fifth week (day 28).

for the time of simulation considered. This was not
surprising since the top portion of the soil profile con-
tained very little NO,-N at the end of the fourth week.
As a result, the effect of the simulated rainfall event on
the fifth week was in limiting the amount of N uptake
during that time. This is clearly illustrated in Figure 23,
where after the fifth weel the cumulative N uptake was
approximately 125 kg N/ha higher for the case where
weckly wastewater was maintained. Moreover, there
was a leveling of N uptake during the fifth week for

the case where 3 cm ot water {or raintall) was applied
on day 28. This difference in the cumulative N uptake
betwecn the two cases is equivalent to the total amount
ot N applied in onc wastewater application. These
results, therefore, further support the concept that inter-
mittent rainfall, for the cases studied, directly influences
the plant uptake rather than NO3-N distribvition in the
soil profile. If, however, considerable amounts of
NO;3-N are present in the upper portion of the soil pro-
file prior to application of water or simulated rainfall,
profiles of NO3-N vs soil depth different from that 1
shown in Figure 22 would be obtained.
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DESCRIPTION OF THE COMPUTER PROGRAM

The computer program that we developed to pre-
dict the water and nitrogen transport, transformation,
and uptake by plants in the soil profile in land treat-
ment systems is written in FORTRAN language and
consists of a SOURCE (or MAIN) program, 10 sub-
routine programs, three FUNCTION programs, and an
input data section. The names of the subroutines are
IDIST, IDIST2, ROOTS, INDIDZ, WATER, WPROP,
AMONIA, NITRAT, OUTPUT and TRIDM. The names
of the function programs are ZZ1, ZZ2, and ZZ3. In
addition, the program uses subroutine QSF which is a
standard integration subroutine available from thc {1BM
System 360 Scientific Subroutine Package (1970). This
subroutine is on file in the CRREL computer system.

Input data section
Unless otherwise stated, the format for the input
data is 8F10.3 (see FORMAT 100 in the SOURCE
program). The input data which must be provided by
the user are as follows:
1. The first record (card) of the data sct contains:
DTT = initial approximation of At
DZZ = initial approximation of Az (cm)
2. The second record of the data set contains:
SFLUX = flux v of wastewater application
(cm/h)
ET = evapotranspiration ratc 7 (cm/h)
QM = /., of the Michaelis-Menten cquation
for nitrogen uptake (ug/h ¢cm of root length)
QK = Michaclis constant K, {(ug/ml)
CSNH, = concentration of NH,-Nin the
wastewater C, (ug-N/ml)
CSNQ; = concentration of NO;-Nin the waste-
water Y (ug-N/ml)
DISP = solute dispersion cocfficient D {cm+/h)
3. The third record of the input data sct contains:
CL = total length (cm) of the soil profile /.
CL1 = soil depth {cm) to the first soil layer
Ly (sce Fig. 1)
CL2 = s0il depth (cm) to the second soil layer
Ly+L, (see Fig. 1).
4. The fourth record contains soil water parameters
for the firsi soil layer (scc Sensitivity Analysis).
The format used here is £10.4, 6F10.5 (see
FORMAT 300 in SOURCE program):
AC1 = not cq 37
BC1 = a of eq 37
AT1 =g of cq 36
BT = b of eq 36
3. This record is similar to the one above except
for the second soil layer.
6. This record is similar to the one above except
for the third soil layer.

7. This record contains the soil bulk density
(g/cm?) and saturated water content (cm3/cm3)
for each soil layer:

ROU1 = py, bulk density of the first soil layer
THS1 = (0,),, saturated water content of the
first soil layer

ROU2 = py, bulk density of the second soil
layer

THS2 = (6),, saturated water content of the
sccond soil layer

ROU3 = p3, bulk density o* the third soil layer
THS3 = (6,) 5, sawurated soil water content of
the third soil layer.

8. This record contains the nitrogen parameters
for the first soil layers:

REX1 = {Kp);, ammonium distribution co-
efficient (cm3/g) for the first soil layer.

RNIT1 = (k,),, nitrification rate cocfficient
(h™") for the first soil layer.

RDNIT1 = (k;),, denitrification ratc coefficient
(h™") for the first soil layer.

9. This record is similar to the one above except

for the second soil layer.

This record is similar to the one above except

for the third soil layer.

This record contains:

TINF = 7T, duration (h} of wastewater (or rain-

fall; application

TCYC = duration of wastewater cycle in hours

NCYC = number of cycles desired.

This record contains:

TWRITE = time (h) at which output data are

requestcd.

10.

11.

Source program

The main functions of the SOURCE (or main) pro-
gram arc prescribing the DIMENSION statements,
rcading the input data, and setting up the entire sequence
of the program. A dctailed flow chart of the SOURCE
program is shown in Figure 24.

The DIMENSION statements are introduced in COM-
MON blaocks and arce labeled L1 to 1.18. The arcay sizc
of most variables is sct to be 310. This array size may
be changed by the u<er depending on the depth of the
soil profile (L) as well as the incremental distances Az.

The source program also reads the input parameters
and provides the output for these parameters.

The {ollowing variables are used in the source pro-
gram:

C = NH,-N concentration of soil solu-
tion C (ug-N/mi), dimension = NP1.

Y = NO;3-N concentration in soil solu-
tion Y {(ug-N/ml), dimension = NPT,

H = soil water pressure head b {cm),
dimension = NP1,
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TH = soil water content 8 {(cm3/cm?),
dimension = NP1,
CON = soil water hydraulic conductivity
K(9) (cm/h), dimension = NP1.
CAP = soil water capacity Cap () (cm™!),
dimension = NP1,
RDIST = root density distribution R(z) {cm),
dimension = NX
AA, BB, CC, R = dummy variables which are used
in solving the matrix-vector equa-
tions for water, NH,z-N, and NO4
-N, dimension =N
XXX = soil depths (cm) for which initial
distributions are provided, dimen-
sion = NIN
C1 = initial distribution of pressure head
(cm) dimension = NIN
C2 = initial distribution of water content
(cm3/cm3) dimension = NIN
C3 = initial distribution of NH4-N,
{ug-N/ml) dimension = NIN
C4 = initial distribution of NO3-N,
(pg-N/ml), dimension = NIN,

Subroutine IDIST

This subroutine is labeled the “Initial Distribution
Program” in the program listing (Appendix A). This
subroutine uses the initial input distributions, i.e. initial
conditions, at any number of soil depths. In order to
calculate the pressure head, water content, NH,-N and
NO3-N concentration distributions at incremental dis-
tances DT (CM) for the entire soil profile the calcula-
tions are carried out by linear interpolation using the
input data points.

In this subroutine it is not necessary to provide initial
water content distributions corresponding to the soil
suction for the various soil depths (in input data). Con-
version from suction or pressure head to water content
is carried out in subroutine WPROP. However, the
user must provide some value (zero is recommended)
for all input data points.

It should be emphasized here that, if input data for
pressure heads, NH,-4, etc., are not provided for the
same soil locations (depths), the user must use subrou-
tine IDIST2.

Subroutine IDIST2

This subroutine is labeled the “Initial Distribution
Program Number 2" in the program listing. This sub-
routine is similar to subroutine IDIST except that it
allows the calculation of initial distribution regardiess
of locations (soil depths) at which measurements are
provided. Therefore, this subroutine must be used if
initial distributions of all variables (pressure head, NH,
-H, etc.) are not available at common soil depths.

In this subroutine each variable is treated separately.
In addition the number of data points, locations and
values of each variable must be supplied in the main
program.

Subroutine ROOTS

This subroutine is labeled the ** Root Distribution
Program” in the program listing. The subroutine pro-
vides the root distribution in the soil profile. This root
distribution can be expressed as a function of time as
well as soil depth in the profile. This is provided as a
mathematical expression. In the example below, an
exponential decay function of root length with soil
depth is used for all times. If desired, the user can ex-
press the root distribution as a function of soil depth as
well as time.

Subroutine INDTDZ

This subroutine is labeled the ‘“Program for Adjusting
Zone of Infiltration" in the program listing. The sub-
routine may be used only if the water flux in the soil
profile is extremely small. In such a case it is reasonable
to be mainly concerned with the top portion of the
soil profile during the initial stages of wastewater ap-
plication or rainfall. Such an assumption is applicable
if water redistribution continues for several days with
no new wastewater application or rainfall. In this pro-
gram an initial length of 30 cm (root zone} is assumed
(N =30) in the main program. This length is automati-
cally increased during wastewater application. At the
termination of infiltration the total length of the pro-
file is incorporated.

It is important to emphasize here that the use of
such a subroutine is not essential. However, its use
saves 4 considerable amount of computer time especially
during simulation of infiltration when DT is smallest.

If this feature is not desirable, the user may ignore it
by replacing N =30 by N = CL/DZ+0.01 in the main
program and deleting ali call INDTDZ statements.

Subroutine WATER

This subroutine is labeled the “Water Flow Pro-
gram" in the program listing. The subroutine provides
the solution for the water flow equation for a2 homo-
geneous or a layered soil profile. The method of solu-
tion is based on the finite difference approximations
discussed previously. The bottom boundary condi-
tion is incorporated in the solution and is applicable
for a water table boundary or a semi-infinite (i.e.
deep) soil profile. The surface boundary condition
(flux type) is provided from main program.

Subroutine WPROP
This subroutine is labeled the **Soil-Water Propertics
Program’’ in the program listing. The subroutine




provides the soil-water properties for each soil layer in
the soil profile, namely the hydraulic conductivity as

a function of water content or suction and the water
content-suction relationship. From the latter, the
water capacity term is calculated. In this example (see
Sensitivity Analysis) mathematical expressions are used
to describe these relationships. This subroutinc is
called by subroutine WATER for every time step.

Subroutine AMONIA

This subroutine is labeled the “Ammonium Trans-
port and Transformation Program"’ in the program listing.
The subroutine provides the solution to the ammonium
transport and transformation equation under transient
flow conditions. It also calculates the ammonium
uptake by plant roots. The method of solution is the
finite difference approximation method. The rate of
nitrification and denitrification and the distribution
coefficient for NH4-N release are obtained from func-
tions ZZ1, ZZ2, and ZZ3, respectively {see below).

Subroutine NITRAT

This subroutine is labeled the “Nitrate Transport of
Transformation Program”’ in the program listing. The
subroutine provides the solution to the nitrate trans-
port and transformation equation under transient flow
conditions. [t also calculates the nitrate uptake by
plant roots. The rate of nitrification and denitrifica-
tion and the distribution coefficient for NH,-N ex-
change are obtained from functions ZZ1, ZZ2, and
ZZ3, respectively.

Functions 221, 2722, ZZ3

Function ZZ1 provides the rate cocfficient for nitri-

fication (k) for each soil layer. In the example de-
scribed (see Sensitivity Analysis) the rate coefficient
was considered dependent on the soil water suction.
It was assumed that nitrifying bacteria are present in
optimum number and the change in their population
during a cycle of wastewater application {most often
weekly) is negligible.

Function ZZ2 provides the retardation factor R for
ammonium exchange. This is achieved, for each soil
layer, from Kp, 0 and p at incremental soil depths.

All the above functions (ZZ1, ZZ2, and ZZ3) are
called by subroutine AMONIA and NITRAT at every
time step DT.

Subroutine OUTPUT

The main function of ihis subroutine is to print the
results (output data) at specified times. A second func-
tion of this subroutine is to carry out several integratior
in order to calculate the total amount of NO;-N and
NH4-N in the soil solution and total NH4-N in the ex
changeable phase.
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Subroutine TRIDM

This subroutine is labeled the “Tridiagonal Matrix
Program” in the program listing. The subroutine pro-
vides the solution of a tridiagonal matrix-vector equa-
tion (see text). This subroutine is utilized by subroutine
WATER, AMONIA, and NITRAT at every time step
DT.
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APPENDIX A: PROGRAM LISTING

CROESEX XXX IR EAXEB R L LR DR R R AR ASEE R EEE R EC RS UEEEECEEPBEO RSV SR ER R EFEE SRS SE S S
[ 2 X A2 22 2222 RS R 2R RS2 RS2 2222222 RSS2 2 RS N2 A2 R R R RS R R S22 S22 2 3 1 1o

A SIMELTIPFIED "O0ODEL FOR PREDICTTION 5

OF NITEKOGEHN BELRAVIOR 1N LAND S
TREATMYMENT OF WASTE WATER g

XS TRAREEERAR SRS RRRE XL ESEER LR SR LSRN R LRSS RS E SR uont"“oouuuutctg
C

TdE PURPGCSE OF TH1S MODEL IS TO PREDICT THE BEHAVIOR OF THE
AMMCNIUM AND NITRATE NITROGEN SPECIES IN THE SOIL IN LAND TREATMENT
SYSTENS.. THE PHOGRAM IS BASED ON THE SOLUTION QF THE TRANSIENT
WATER FLOW E(UATION SIMULTANEOUSLY AITH T.AE EQUATICNS DESCRIBING
THE TRANSPUKT , TRANSFOEKRMATICNS, AND UPTAKE OF NITRKCGEN BY PLANTS.

MAILN FEATURES::

THE MODEL IS VALID FCR UNIFORM AS #ELL AS MULTILAYEREL SOIL
PROFILES. IN ADDITICN, ThE PROGRAM LS PLEXIBLE AND IS DESIGNED
TO INCORFORATE THE FOLLOWING (INPUT) CONDITIONS AS DESIRED ;

oo OOhrOOnDNOOOO0O000NOCONOCONOOOOONMAO

EEBRAKARE SRR FRRE LA S RAERREE RS C R SRS ELEE CRRAE R VSRR B E R A ERE AR S AR E VRS RN EREE G R

CUANON/L15/  ROU1,THST, KOUZ2, THS2,R0U2,THS3
COMMON/L16/ RzX1,BNIT1,KCNIT1
CO#¥CN/L17/ 3LX2,ENLTZ2,RLNIT2
CUMMON/L18/ RSXA,ENITI, RONIT3
100 FORMAT (8F1J. 3)
101 FORMAT (5%, 'INIPLAL OT, Hi =°,F10.5/,5XK,'INITIAL DZ , C¥=',F10.5//)
200 FCRMAT (2F1C.5,13)
300 FORMAL (2i4)

1. FATE OF WASTZ WATER APPLICATION

2. DURATICN CF WASTZ WATER APPLICATICH

3. DEPTu OF INDIVIDUAL SOLL LAYERS

4. CCONCENTEATION OF AMMONIUM AND NITRATE iN¥ THE
WASTE WATER

Se WASTE 4ATER APPLICATION CYCLE, 1.E.

MECHAMISMS FOK INDTVIDUAL SOIL LAYERS

7. PLANT LROOT D1STRIBUTION AND 3RUWTu IN IHE SOIL

de RATE CF NITROGEN UPTAKE EY PLANTS
9. FVAPOTRANSPIRATION RATE

10. INLITLAL DISTHIBUTION OF &ATER AN[L NITKOGEN

SPECIES IN ThE SCIL PRCFILE

COMMCN/LY/  C(310),¥(310)

COMMON/L2/ AA(310),33(310),CC(310),T (310) ,RDIST {31C)
COMMON/L3/  N,NY1,NM2,NE1,NBZ

COXMON/LYU/  ALPuA,LETA,DT,D2

COMMCN/LS/  NX,NX1,NRMAX,CCN1

CO4NMOL/L6/  ELNHG, LNG3 DNLTKY

COYYON/LT/  SFLUX,ET,QM, cK,CSNIi4,CSNO3, DISP, XL
COMMCN/Ls/ XXX (30),C1(30),C2(30),C3(30),C4(30),NIN
COMMCN/L9/  TINE,TINE,TCYC

CONMON/L10/ H(310),C0%(310),CAP(310),TH (310)
COM%ON/L1Y/ CL,CL7,CL2,L1,12

COMMON/L12/  AC1,BC1,AT1,B11

CCMMCN/L 13/
COANON/L 14y

AC2,BCZ,AT2,BT2
AC3,BC3,A13,2T3

SCHEDULING
6. S30IL WATER PKROPERTIES AND NITROGEN TRANSFOKMATION

C
C
C
C
C
C
C
C
C
C
C
C
C
C
Cc
C
C
C
C
C
C
o




600
500
105

110

115
120
125
130

135

140

145

150

155
160
165

FORMAT (10E12.4)

FORMAT (E10.4,6P10.5)

FORMAT (SX,*FLUX OF WASTE WATER APPLICATION, CM/ HE =',F10.5/,
*5X, "EVAPOTRANSPIRATION FATE, CM/HR =*,F10.5/,
$5X, 'NITROGEN UPTAKE RATE, MICROGRAM-N/CM OF ROOT LENGTH PEE HOURY,
$* = ,F10.5/,

*5X,YMICHAELIS CONSTANT =!,F10.5/,

$5X, "CONCENTRATION OF APPLIED NH4-N , MG/LITRE =*,F10.5/,
*5X, YCONCENTRATION OF APPLIED NO3-N , MG/LITRE =',FP10.5/,
$5X,'SOLUTE DISPERSION COEFFICIENT, CM%#2/HR =*,F10.5/)

FORMAT (5X,'TOTAL LENGTIH CF SOIL PROFILE, CM =*,F10.5/,

#5X,*SOIL DEPTH TC Tk FIRST SOIL LAYER, CM =',F10.5/,
$5X,%SOIL DEPTH T0 THE SECOND SOIL LAYER, CM =',F10.5/)

FORMAT (5X, 'SOIL WATER PARAMETERS FOR THE PIRST LATER :°,4E15.4)

FORMAT (5X,'SCIL WATER PARAMETERS POR THE SECOND LAYER :*,4E15.4)

FORMAT (5X,'SCIL WATER PARAMETERS FOR THE ThIRD LAYER :%,4E15.4)

FORMAT (5X,

#YFIRST LAYER ; BULK DENSITY =*,F10.5,10X,*SATURATION =',F10.5/,
*5X, :

*'SECOND LAYEEK ; BOULK DENSITY =',F10.5,10X,'SATURATION =',F10.5/,
*5x,

*'THIRD LAYER ; BULK DENSITY =',F10.5,10X,'SATURATION =*,F10.5/,
*5X)

FORMAT (5K, *F1RST LAYER:*, 10X, 'Nh4-N EXCHANGEABLE CCEFFICIENT, CM3/
*GHM =',F19.5/,26X,*NITRIFICATION RATE COEF.,dR-1 =',F10.5/,26X,
*'DENITRIFICATION RATE COEF., HR-1 =',F10.5)

FCERMAT (5X,*SECCND LAYER®, 10X, *NH4-1 FXCHANGEABLE CCEFFICIENT, C%3/
*GM =*,F10.5/,26X,"NITRIFICATION RATE COEF.,HR-1 =*,F10.5/,26X,
*DENITRIFICATION RATE COFF., HR-1 =',F10.5)

FORMAT (5X,*TuliD LAYER:®, 10X, 'Nd4-N EXCHANGEABLE CCEFFICIENT, CM3/
*GM =*,F1).5/,26K,'NITRIFICATION RATE COEF.,HR-1 =¢ ,F10.5/,26K,
*"DENITRIFICATION RATE COEF., HR-1 =',F10.5)

FORMAT (5X, *DURATION OF WASTE WATER APPLICATION , HES =',F10.5/,5X,
*YSCHEDULE OF WASTE WATER APPLICATION, I.E. CYCLE DUKATION =',
$£10.5/,5X, "NUMBER OF CYCLES =',I3/)

PORMAT (5X,"TINE AT WHICH OUTPUT DATA IS REQUESTED,HE =',F10.5/)

FORMAT (I25,'I N P U T D AT AY,///)

FOKMAT (*1')

WRITE (6, 160)

READ (5,100) DTT,DZZ

WKITE (6,101) DIT,D2Z?

KEAD(5,100) SFLUX,PT,uM,CK,CSNHU,C5KO03,DISP

WRITE (6,105) SFLUX,3T,uM, (K,CSNH4,CSNO3,CISP

READ(5,100) CL,CL1,CL2

WRITL (6,110) CL,CL1,CLZ

hFAD(5,500) AC1,3C1,AT1,BT1

WPLITE {6, 115) AC1,BC1,AT1,8T1

LEAD(5,500) AC2,BC2,AL2,BT2

WHITZ (b, 120) AC2,BC2,ATZ,BT2

KEAD (5,500) AC3,BC3,AT3,B13

4RITE (b,125) AC3I,BC3,A13,BT3

READ(5,100) FOU1,TH51,K0U2,THS2,R0U3,14S3

wKITE(6,130) KOUY,THSY,POU2,THSZ,ROU3,THS)

READ(5,100) FEX1,&NIT1,RCNLT?

WKITE (6, 135) REX1,RNLT1, KDNIT1

READ (5, 100) REX2,RNIT2,RDNIT2

ARITE (¢, 140) RCLX2,KNIT2,RCNIT2

FKEAD(5,100) KEX3,kNI13,RDNLT3
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WRITE (6,145) REX3,RNIT3,RDNIT3
BEAD(5,200) TINF,TCYC,NCYC
WRITE (6, 150) TINF,TCYC,NCYC
READ(5,100) TWRITE

WRITE (6,155) TWRITE

FLNO03=0.0
ELNH4=0.0
DNITRF=0.0

DT=DT1
D2=D22
WFLX=SFLUX

NKK=TWRLTE+(, 10
N=CL/DZ+0.10
L1=CL1/D2+0. 10
L2=CL2/DZ+0. 10
NM1=N-)

NM2=N=-2

NP1=N+1

NP2=N+2

ICL=CL/DZ+0.10
ICL=ICL+1

READ NUNBER (INTEGER) GF DATA POINTS FOR WdICH INLTIAL DISTRIBUTIONS
ARE FPRCVIDED
READ(5,320) NIN
READ SOIL DEPTHS FOR TNITIAL DISTRIBUTION
READ(5,120) (XXX(I),L=1,NIN]
REAL PhESSIRE HEaL FOR IN1TIAL DISTRIBUTION
READ(5,100) ({C1(I),i=1,NIN)
PEAD JATER CONTENT FCR IN1TIAL DISTRISUTION (IF AVAILABLE)
READ(5,100) (C2(I),1=1,N1N)
READ Nh4-N CONCEN, FOR INITIAL DISTRIGUTION
RFAD(5,13C) (C3(I),L=1,NIN)
KREAD NO3-N CONCEN, FOR INITIAL DLSTRLIBUTION
READ(S5,100) (C4(I),I=1,NIN)

CALL IDIST

IF A.L VAKIABLES ( l.E. PRESSURE HEAD, NHU4-N CONC. ETC.) AHE NOT i
AVILAELE AT CCMNCN SOIL DEPTHS, SUBROUTINE IDIST2 1UST BE USED. :
READ NUMAER OF DATA POINTIS FOR PKESSURE HEADS

READ (5,30C) NIN

REAC SOIL DEETH (LOCA11ONS) FCR PRESSUHE HEADS

KEAD(5,10C) (XXX (1) ,I=1,NIN)

REAC PRE3SUxt HEAD FUR CORRESPONDING DEPTHS

READ(5,100) (C1{I),1=1,§1IK)

CALL IDISTZ

D6 11 1=1,NF1

H(I)=R(1)

LEAD NUMBER UF DATA PUINTS FOR WATEK CONTENT (IF AVAILABLE)
READ(S5,300) NI
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13

14

BREAD SOIL DEPTH (LOCATICNS) FOR WATER CONTENT
READ(5,100) (XXX (I),I=1,NIN)

EEAD WATER CCNTENT POR CORRESPONDING DEPTHS
READ(5,100) (C1(I),I=1,NIN)

CALL IDIST2

PO 12 1=1,NP1

TH{I)=R({I)

READ NUMBER CF DATA PCINTS POR NH4-N CONCENTRATION
READ({S,300) NIN

READ SOIL DEPTH (LOCATIONS) FOR NH4-N CONCENTRATION
REAC(5,100)  (XXX(1) ,I=1,NIN)

READ Nh4=i CONCEN. FOE CORRESPONDING DEPTHS
READ(5,100) (C1(I),I=1,NIN)

CALL IDIST2

DO 13 I=1,NE1

C (1) =5 (I)

READ NUMBER CF DATA POLNTS FOR NO3-N CONCENTRATION
READ (S, 30C) NIN

KEAD SOIL DEPTH (LOCAIIONS) FOR NO3-N CONCENTRATION
READ (S, 100) (XXX (I),L=1,NIN)

READ NO3-N CONCEN. FOR CORRESPONDING DEPTHS
READ(S5,10C) (C1(1),I=1,NIN)

CALL IDIS12

D0 14 1=1,NE1

Y (1) =R (1)

CALL RCOTS
CALL WERQP
CALL CUTFUI
WRITE (€,169)

TI4E=0.0

XTINF=TINF

DO 499 TJIKL=1,NCYC
TINF=TIME+XTINF
T=DTT

02=D2772

SFLUK=WFILX

N=30

NK=N

CALL INDTDZ
NX1=NX-1

IF (SFLUX.LE.D.0) GO TO 26 '
17T=4.0/ (SFLUX#1000.0) :
1 (DT.LE.TTT) 40 TC 5
NT=DT/T11+0.1C ‘
D1=Di/NT

CCATINUF
ALDUA=DT/ (2. 0%DZ*DZ)
LETA=D1/D2

CALL wLFOP
IF(CuNT.Ge. (SFLIX/2)) GO TO 15 {

B(1)=1(1)¢20




R it ) *
£ DRl i okt i 1

CiLL WPKCP
IF (CON1.L1. (SFLUX/2)) GO TO 6
1F(4(1).6T.0.0) H(1)=0.0
R(1)=H(1)-60.0

X1=1000.0

: DELKi=2.0

. 7 COJTINUE

: ILZ=30

& Do 25 IK=1,ILZ
3 CALL WATER

[ CALL AMONIA

' CALL NITEAT

A H(1)=H (1) +DELH

E + 25 CONTINUE

3 TIME=TIAF+DT*ILG
g CALL INDTDZ

3 15 CONTINUS

DT=DT*2.0
ALPHA=LT/ (2.0%DZ*D2)
£ BETA=LT/D?
k XI=TINF-TIME
| XT=X1/5
o IL=XT/DT+0.010
' 00 30 IZFT=1,5
A DO 17 I=1,NX
¥ 17 AA({I)=EDIST(I)*CCN(I)
CALL CSF (DZ2,AA,R,NX)
AL=R(NYX)
30 106 11=1,IL
ADJ=02*(1.0-SFLUX/CON1)
H(1)=d(2)~-ADJ
CALL WATER
CALL AMCNiA
CALL NITGAT
10 CCNTINUE
- TIAZ=T1wZ¢IL*DT
. CALL INDIDZ
1 30 (CCNTINUE
KK=TIME+(G.D5C
J=nh=NKKk* {(KK/NKK)
1F (J.EQ.0) CALL CUTPUT
SFLUX=0.0 .
TN=6.0¢TCYC* (IJKL-1)
53 IF ((TN-TINF).GT.1.0) GO TC 54
IN=1N+6.0
GC TC &3
54 4L=(TN-TIME)/D1+0.010
T={(Tu~-Tine) /1L

,‘.

DC 31 1=1,KX

31 AA(I)=uDLST(I)*CCN (1)
CALL CSF (DZ,ANMeR,NX)
XL=F (%K)
Do 52 11=1,1L

27

%
t




[g)

52

34

k1

14

ADJ=DZ* (1.0-SPLUX/CON1)
H(1)=R(2)~ADJ -

CALL WATER

CALL AMCNIA

CALL NITEHAT

CONTINUE
TINE=TIXE+IL*DT

CALL INCTDZ
KK=TIME+0.050
J=KK~NKK* (KK/NKK)
1F(J.EC.0) CALL OUTPUT

CONTINUE

DT=DT*2
IF(DT43Te0.056.AND.DT.LT.0.10)
ALPHA=UT/ (2.0%DZ*DZ)
BETA=DT/DZ

I1L=6.00/0T+0,010

DT=6.C/IL

DC 34 1=1,NX

AA (1) =RDIST (I)*CON (I)
CALL CSF (DZ, AA,R,NX)
XL=R (NX)

e 36 I1=1,11

ADJ=LZ* (1.0-SFLUX/CUN1)
H{1) =H (2) -ADJ

CALL WATEx

CALL AMCNIA

CALL NITEAT

CONTINUE
TINE=TIME«IL*DT
KK=TINE+(,350
J=KK-NKK* (KK/NKK)
IF(J.EC.C) CALL CUTPUT

OT=2%D1
IF(DT4GT+0.050.AND.Di.LT.0.10)
IF(DT.GTe0.190.AND.DT.LT.0.40)

AL2HA=CT/ (2.0¢DZ%C7)
LELA=C1/D2

TIHH=11ME-TCYC‘(1JKL-U
JZEF1=(TCYIC-TIMM) /6.0
DO 40 12Z=1,IZEFT
IL=6.00/D1+0.010
JT=6.C/1IL

PO 18 1=1,NX
AA(I)=LDIST(I)‘CON(I)
CALL (SF (D%, AN, k,NX)
XL=X (NX)

DG 35 Ii=1,IL
ADJ=DZ‘(1.0-5ELUK/CON1)
(1) =d(2)=Ady

CALL WATER

28

DT=0,10

DT=0.10
DT=0.250
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CALL AMONIA
CALL NITEAT
CONTINUE
T1ME=TIME+IL*DT
KK=TINE+0.0S0
J=KK=NKK* (KK/NKK)
IF(J.EQ.0) CALL OUTPUT
DT=2¢DT
IF(DT.GT.2.0) DI=2.0
ALPHA=DT/ (2¢C2%D2Z)
BETA=CT/DZ
CONTINUE
IF ANY CJANGES IN INPUT DATA ( ESPECIALLY THE BOUNDARY CONDITIONS)
ARE REQUIREG IN THE CYCLE, THE INPUTS SHOULD BE ENTERED HERF
FOH EXAMPLE NEZ¥ FLUX, EVAPOTHEANSPIKATION RATE, DURATION OF WASTE
#ATER APPLICATION, CYCLE DURATION, CONCENTHATION OF NH4-N, AND
NO3-N MAY 3E ENTERED AS FOLLOWS.
READ (5,100) SFLUX, ET,TINF,TCYC,CSNH4,CSNO3
FeS. RALNEALL EVENTS CAd BE TREATED AS A CYCLE EY ENTERING ZERO
VALUES FOR APPLIEC NH4-N AND NO3-N AS WELL AS PROVIDING THE PROPER
INPUTS FOR FLUX (INTENSITY),UCURATION OF RALNFALL AS WELL AS THE
1CTAL TIME EEFOKE THE NEw WASTE WATER APPLICATION BEGINS (TCYC)
WARNING:
IF THZ ABOVE iS DESIEABLE THEN NEW DATA FOR EACH
SUSSESUENT CYCLE MUST BE FROVIDED
CONTINUE

STOF
END
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INTIAGBML DISTRIPBUTION PECGRAMHN

THIS 3UBROJTINE UIXLIZES THE INITIAL INPUT DISTRIGOTIIONS ,1.E.

INITIAL CCNDIT1ONS, AT ANY NUMBER OF SCIL LEPTdS 1IN THE SOIL,

IN OKCER TO CALCULATE THE PRESSURE HEAD, WATER CONTENT, NH4-N

AND NO3-3 CONCENTRATION CISTRICUBIONS AT INCREMENTAL DISTANCES DZ

(C4) FOR TJE ENTIRE SOIL PhOFILE. 1IN THIS PROGRAM

THE CALCULATICNS ARE CARRBRIED OUT USING LINEAR INTEREOLATION

USING THE INFUT DATA FOINTS.

IMPORTANT:
1IN TWLS PROGRAM 1T IS NOT NECESSARY TO PRCVIDE INITIAL
AATER CONTENT CISTRIBUTIONS CORRESPONDING TO TdE SOIL
SUC1ION FOR THE VARIOUS SCI1L DEPTH (IN INEUT DATA ).
CCNVERSION FaOM SUCTION Ok PRESSURE HEAD TO WATER CONTENT
IS CARBIED CJT IN SUPROUTINE WPROP HOWEVER, THE USER
MUST PRIVIDF S0ME VALUE(ZERO IS RRCOMMENCED) FOR ALL
INFUT DATA POUIATS

(e X2 NeXa N ]

" ARNILNG
1?7 IJPJT DATA FOR PFESSIRE HEADS, NH4-4, ETC. ARE NOT PROVIDED
FOk Tuk SAME SCIL LCCATIONS (DFPTIHS) THE USER MUST USE
SUSRCITINE IDIST2

IR RS SR R RS R R A2 2222 R A 2 22 2 R R R R R 2 R R TR RT3 3323 3387311

oo CcOcONNOOCHCo OO0

N 000 oo nOonn

SUBKCULLINZ ILi5T
CCAMCN/LYy C{310),1310)
CCMMON/L3/ N,NM1,MNA2,NE1,NE2
CO14CN/L4y ALPHA,GETA,LC1,D?
CUMMCN/LAY/ XXX (30),C1(30),C2(30),C3(30),C4(30),NIN
CO1M0%/L10, ©(310),CCN(310),CAP(310),TH {310)
co1MoN/L11,  CL,CL1,CL2,L1,L2

1)0 FORMAT (BF1).4)
I=1
CO 20 X=1,N21
A=DZ* (K=1)

5 IF(A.LF.XK4X(L+¢1})) ¢C Tu 10
I=1+1
uC T 5

10 u ) =CT{L)+ (A=-XKX(1))*
TH(K)=C2 (1) + (A=XXX (1))
C(£) =C3(L)+ (A-XAX(I))*
Y (£)=CH{I) ¢ (A=XXX(1))*

20 CONTINIE
RETIHEN
END

{C1(Le1)~CY (1)) / (XXX (I*1) =XKL (I)))
{((CZ(I+1)-C2(I))/ (XXX (1+1)-XXX (I)))
(CI(L1)~C3 (1)) /(XXK(I+ 1) -XXL(L)))
( 1))

{
*
(
((CU (I¢1)~ClL (1)) / (XXX (1¢1) -XXX(I
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c c
C INTIAL DISTRIBUTTION PECG ¥ A M NO. 2 c
c C
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TH4IS SUBROUTINE IS SIMILAR TO SUBROUTINE IDIST FXCEPT THAT C

1T ALLOWS THE CALCULATION OF INITIAL DISTRIBUTION FEGARLCLESS OF C
LOCAT10NS (SOIL DEPTHS) AT WHICH MEASUREMENTS ARE FBOVIDEL. C
THEREFORE, THIS SUBROUTINE MUST BE USED IF INITIAL DISTRIBUTIONS c
OF ALL VARIABLES ( PRESSURE HEAD, NH4-N, ETC.) AHRE NOT AVAILABLE AT (o
CCMMCN SOIL CEPTHS. C
IMEORTANT: C
EACH VARIABLE IS TREATED SEPEKATLY. 1IN ADDITICN THE C
NUMBER OF DATA POINTS, LOCATICNS AND VALUES OF EACH Cc
VARIABLE MUST BE SUPPLIED IN THE MAIN PKOGRAM. C
C

C

‘t..’#.#‘tiOﬁti*tt‘ttt#“t#tttlttttt*“*“t‘#t#t#‘.#t.O‘t“t‘#.“‘tt“tttt““t

e Onnn

SUBROUTINE IDIST2
COMMON/L2/ AM(310) ,B3(319),CC(310),&(310) ,6DIST(310)
COMMGN/L3/ N NM1,N42,NE1,NE2
COMMON/LY4/  ALPHA,BETA,LI,DZ
COMMCN/L8, XXX (30),C1(30),C€2(30),C3(30),C4(30),NIN
1=1
pc 2C K=1,NP1
A=DZ* (K-1)
5  IF(A.LE.XXA(1+1)) GO TG 10
C1=Ie1
GG TO 5
10 K (R) =C1(1) ¢ (A=KXX (1)) # ((CV1(L¢1)=C1(I))/ (XXX (I+1)-KXX(I)))
20 CCNTINUE
EETURN
END

AARRBERERERRERREARRRER AR KSR ERDRRARREKRR R R SRR R SR PR RN AR AR R A ER RSN E AR SRR E R4 EER N0
EOUOT 01 sSsTKIRUTTILICHVH PROGEA AM

ThIS SOUBKCUTINE PHEOVIDES THE HOOT DISTHRIBUTION IN TJ4E SOLL PROFILE.
T1il5 2001 DISTKLIBUTicH CAN BE EXPKESSED AS A FUNCICN OF TIMF AS
#ELL AS 59iL DEBPTH IN THE ERCFILE.

THIS MAY MAY [ROVIDED AS A MATHEMATICAL EXPRESSION.

I¥ TJ4E EXAMPLE BELOw AN EXPONENTIAL CSCAY FUNCTIOM CF 00T LENGTH

WITH SO1L Diglidl 1S USEC FOR ALL TIMES.

1M2URTANT:
F0Ct DIuTRIATTION IS 2XPRESSED IN TERMS CF TOTAL ROCT
LENGTa PER UNIT 8ULK VCLUME CF SOIL.

BEXSEBRER B AR R KRS AR KR PR BRI R AR KRR AR R SRR SRR RS R EERE RS SRR R RS E R R RS KK KGR R

SUBKUUTIMNE RGOTS

COMACN/L2,  AA(I10),cu(310),CC(310),8(310) ,RDIST (310)

CCMMCNsL3, N, APV, N¥2,NEY, HE2

COMMCN/LY/  ALDHA,E%A,TT,CZ

COMMCN/LS,  NX,KX1, KR¥1X,CaN1

COMMGN/Lyy  TIME,TINF,TCYC

[aXalsN ol o N o N o NN AN A NN o NN o)
anncoanoonOO0nN

9 MATHLMATICAL EXPKFGSSICN CF SCOT LENGTH A4S A FUNCTICN
C 0F SOL1L DEFia
DO 5 I=1,N
2= (1-1) %3¢
b} wDIST(T) =226.C*EXP(~C.100%2)
C
MX=60

1C CT=FLIST(NA)/anIST (D)
IF(CT.LT.J.01C) GC 1¢ 15
AX=NA+1D
0 T0 10

15 KX1=HX-1
ME4AX=SNX
RETURN
END

3
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C

PRERCGEAMNM FPOR ACJUSTING

O F I NFILTRATTION

PR RN R R KL RREE R RS AR RR SRS RS SRR AR SRR R E S LR SRR S EREE AR SSES SRR E S S S EE SRR E R

C
Z CNE (o
C
C
C
C

THIS SU3BROUTINE MAY BE USED ONLY IF THE WATER FLUX IN THE SOIL

EROFILE 1S EXTREMELY SMALL.

IN SUCH A CASE IT 1S5 REASONABLE TO

GE MAINLY CCNCERNED WITH THE TOP PORTCON OF THE SOIL PROFILE DURING

THE INITIAL STAGFS OF WASTE WATER APPLICATION
SUCH AN ASSUMETION IS APPLICABLE IF

OR RAINFALL.
WATER REDISTRIBUTION CONTINUES

FOL SEVLRAL DAYS WIT.4 NO NEW WASTE WATER APPLICATICN OR RAINFALL.
IN THIS FROGHRAM AN INITIAL LENGTH OF 30 CM IS ASSUMED (N = 30).
THLS LENGTH 1S AUTOMATLCALLY INCREASED DURING WASTE WATER APPLICATION.

INCCRECHATED.
IMPORTANT:

THE USE CF SUCH A SUSBKOUTINE
GUWEVER 1T SAVES A CONSIDERAVLZE
DUKING SIMULATION OF INFILTRATION

IS NOT NESESSARY.
AMOUNT CF COMPUETER TIME
WilEM CT IS SMALLEST

1IF TYLIS FEATURE IS NOT DESIRABLE THE USER MAY IGNORE

IT oY KEPLACING N =

30 BY N=CL/DGZ+0.01 IN THE MAIN

FRCGEAMN AND DELETINs ALL CALL INDTDZ STATEMENIS
CREEBESHEBISESEERE RS AR SRR ERERRRESARBRKBRR BB EERTRIEH IS SRR RS S SR SRR ASE XSS RS

SUBRCUTINGZ INDIDZ

CCMMCN/L3/ NoN™T,NNM2,NE1,NE2
COMMCN/L4y ALPiA,8ETA,CT,DZ
COMMCN/LSy N, NKT,NRMAK,CONT
COMMCN/LYy/ TIME,TINF,TCYC
CC¥MCN/L11l/ CL,CLT,CLc,L1,L2
N=N¢+1C

JFE(TIME.GFR.LINF) N=CL/DZ+0.10
NM1=N-1

NM2=NM2

NEVI=N®1

Nec=N+2

NX=NX¢1)

AF(UXe3ToNKMAX) NX=NEMAX
MT=NA=1

TETUFN

FNO

C
C
C
C
C
C
C
C
AT TUE TERMJINATION CF INFITHATION TAE TOTAL LENGTH OF THE PROFILE IS C
C
C
C
Cc
C
C
C
C
C
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c c
3 C "WATER FLCuW PROGRAM c
‘ c o
4 (G2 2SI 22 2 XL 2222 2 R 2 RS I RIS 2R 2 22 S22 22 2R RS2 R 22222 B2 TS 222222 ST 222 T2 2 1 % Tof
C
C THIS SUBROUTINE PROVILES THE SOLUTICN FOR THE WATER FLOW ECUATICN c
C FCR A HOMCGENECUS  OF c
c FOR A LAYERED SOIL PRCFILE c
c 1HE METHOD OF SOLUTICN IS BASED ON FINITE DIFFERENCE APPROXIMATION c
d ( SEE TEXT ) C
C THE BOTICM BCUNDARY CONDITION IS INCORPORATED 1IN THE SOLUTLON c
c AND IS APPLICABLE FOR A WATER TABLE BOUNLARY Ok A SEMI - INFINITE c
C (I.E. DEEF) SCIL PROFILE c
c THE SURFACE PFOUNDARY CCNDITION ( FLUX BOUNDARY CUNDITION ) IS c
C PROVICED FRCM MAIN PROGRAM. c
¢ c
CEE20 820820V X 22X B XK KSR ERSEE LR EER R RE KX SARE S SRR EF R P SRR L KSR R EKSEEEREEX KSR
c
SUBROUILNE WAIEKR
' i CCAMCN/L1/ € (310),Y(310)
] COMMCN/L2/  AA(310),BE(310),CC(310),R(310) ,RDIST(310)
i COMMON/L3,  N,NM1,NM2,ND1,NE2
=¥ COMMON/Lu4y ALESHA,BETA,CT,Ds
= COMMON/L5/  NX,NX1,MEMAX,CCN1?
f%A COMMCN/L6/  ELNI4,FLNG3,DNITRF
b ! COMMCN/LT/  SFLUX,ZT,.M,cK,CSNHY,CSNC3,DISP, XL
A COMMON/L3/ XXX (30),C1(3C),C2(30),C3(30),C4(30)
i COMMON/LY9/  1IME,TINF,TCYC
b CCYMON/L10, 4 (310) ,CON(310),CaP(310),TH(310)
L 3 CCMMCN/L11, CL,CL1,CL2,L1,L12
4 COMMON/L12/ BC1,BC1,AT1,E11
pr COMMON/L13/  AL2,8(2,AT2,B72
) g COMMON/L14/ AC3,BEC3,AT3,ET3
- ¥ COMMCN/L15, EOUY,THS1,EO0U2,THS2,R0U3,THS3
. COMCd/L16/ FEX1,ENIT1,RONI11
»s CCMMON/L17/ R¥X2,BNITZ2,RDNIT2
i COMMCN/L1d/ FKHEK3,KNI13,RDNIT3
: CALL WERCE
¢ pc 1 i=1,NM1

At . I Sareid Seut
(@]

1

a
i

AA(I)=CAP (L¢1) +ALPHA* (CON (1+1) +CON (i))
5B (L) =-ALEF4A®CCN (I+1)
CC(1)==ALEAARCCN (I+1)

CCHTINDE

pc 2 1=1,811

X1=CAE (L+1)*E(L+1)

X2=ALPHA®CCHN (1) *ii (1) -ALPoA*ii (I+¢1)* (CON(LI+1)+CON(I})
X3=ALEJA®CUN (I¢1) %5 (1+2)

X4=-BETA® (CUN(I+1)-CON(I))

ALY =XTeXx2¢K34X0

CCATANVE

L(1)=h (1) ¢ALPHA®CON (1) *H (1)
DA SE (NN1)=RE (NM1) %4 (NET)

FTO

I=1,5%1

X9==CT#STHCCN(I+ 1) *TDIST (Le1) /%L

O =C (1) *Ts

(1) /(Th (1) +X5)

VL) =Y (I)®Tu Ty /7 (T (L) +X9)
PR EENP I EY $-
CCaTINGT

CALL TUIDY(AA,B2d,CC,7,0MT)
IC ) k=2, N
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C C
C SCIL1-WATEHR EkKkOPEJERTIES PRCGEAMNM C
C C
CEAFX3RR 800X XK XN AR S ERHRREERE R REERESER SRS EEE USRS EL LRSS ARRN R R K KR ERE XA GREE R
C C
C THIS SUoROUTINE PROVIDES Tdk SOIL-WATER PROPERTIES FOF EACH SOIL C
C LAYER IN THE SC1l1 PROFILE NAMELY THE HYDRAULIC CONDUCTIVITY AS C
C A FUNCTICN OF WATEK CONTENT CR SUCTION AND THE WATER CONTENT - SUCTION C
C RELATICNSHlP. FROM THE LATIER, THE WATER CAPACITY TERM IS CALULATED C
C IN TdIS EXAMELE MATHEMATICAL EXPRESSIONS ARE USED 1C DESCRIBE THESF C
C SOILL WATER ERCPERTIES FOF INDIVIDUAL SOIL LAYERS (SEE TEXT ). Cc
CHREBIBREREE B IR SFRE RN AR R RN AKERER KA R AR AR E RS ERR AR REREE AR SR KR SRS KRR KK SR AKX
C

SUBRCUTINE WEROP
COMMCN/L2/ AA(J‘O),BJ(3,0),CC(310),E(J10),RD15T(31C)
COMECN/L3,  K,NM1,NM2,NE1,NB2
COMMCN/LS/ NX,NX1,NEMAX,CON1
COA1CN/L10/  H(310) ,CCN(319),CAP(310),TH(310)
CCMMON/L11/ CL,CLY,CLZ,L1,L2
COMMON/ZLYV2/ ACT1,ECY1,AT1,BTY
COMMCN/LYS/ AC2,BC.,AT2,BT2
CCHYvCN/L T4y AC3,BC3,AT3,BT3
CCMMCN/LIS/ rOU1,THS1,E0U2,THS2,RCU3,THS3
Dc 96 I=1,L1
R(L)=H(I)
IF(R(I)+GT.0.0) R(I)=0.0
AX=THS 1% (1,04 (-2 (I} /AT1) ) *% (=2)
CAZ (1) =XX/AT)
TH(IL)=%idS1/(1.C+ (-L (1) /ATT))
CON (I)=ACI¥LXE (BC1% (TH(I) +TH(I+1))/2)
90 CCNTINUE

I=11
CON(I)=ACT$LAP (EC1*TH (I))
Li=L1+2
DG 32 I=LI,L2
B(i)=0(1i)
TE(R(I).5T.0.0) R(I)=0.0
XX=Ti53.% (1.0¢ (~k (L) /A1) ) *% (-2)
CAP({I)=XX/AT2
Ti{1)=THS2/{(1.0¢ (-R(L)/AT2))
CON (L) =AC2*cXE (BC2% (TH(1) ¢+TH(I+1))/2)

92 CCNTIJIUR

L)=AC2#ZXE(LC2*TH (L))

F(T) =t (1)

IF(E{1).31.0.0) R(I)=0.C
XK=TUS3* (1aut (=0 (1) /ATI) ) *#% (-2)
CAD (1) =XX/A13
TH(I)=TOS53/ (1.0 (=L (1) /AT I))
CON{L)=AC3®*ZYE (2C3%Td (1))

Lli=Lce2
o¢ 93 l=L1I,N
E (L) =d (1)




1P{R(I).GT.0.0) B(I)=0.0

TR{I) =THS3/(1.C+ (-R (I) /AT3))

CAP (1) =XX/AT3

XX=THS3% (1.0+ (R (I) /AT3)) % (-2)

CON(I)=AC3I®EXP (BCI® (TH(I) +TH (I+1))/2)
93 CONTINUE

1=L1e1

TH{I)=(TH(I-T1)eTH(I+1)) /2

COM (I} =(CON{I~1" +CON (1¢1))/2

CAP (1) =(CAPI{’ ‘CAP (I+1)) /2

I=L2+1

TH(L) = {TH (L-1)¢TH (X¢1)) /2

CON (L)=(CCN(I-1) «CON(I*+1)) /2

CAP (I)=(CAP(I-1)+CAP(I+1))/2

C

CONT=ACI®EXP (BC1*TH (1))

RETURN

END
CHIFERERBREICRIBSEIIREISEIRARRSEEE RS UR LR RESERERNEEEE RS SASE SRS EIREISESESEER 4]
C C
C N1TRIFICATICN RATE PRCGRAN C

(o

CHIPLAREREABRRERERIRRE ISR EE PSS RS RXE RN AR F AN N BSR4 0SS RN S LS OSSR SS 0SS IC
C C
c THIS FUNCTION SUBERCGEAM ERCVIDES THE RATE COEPFICIENT FOBR c
C NITBIFICATION AS A FUNCTION OF SCIL WATER SUCTION FOR C
C INDIFIDUAL SOIL LAYE&S (SEE TEXT ). THE USER MAY INCORPORATE CTHER C
C VARIABLES, 1. E. TIMZ, SOIL DEPTH, ETC., AS DESIREC. C
C EREXSRERR RSN SRR ARRERE AP AR ER AR SR EER SR RE RS AR S AS OSSR UNESEENSEE RS
C

FUNCTION ZZ14¢M,ilH,NC)
CCMMON/LY;  ALEHA,LETA,LCT,DZ
COMMCN/LY/  TIME,TINF,TCYC
COMMON/L11/ CL,CL1,CLZ,L1,L2
cCAMCNsL16s EEX1,RNIT1,KCNIT?
COMMON/L17/ KEX2,ENAT2,SDNIT2
COMMON/L18/ KEX3,KNIT3,RDNIT3
221=0.0
WH=-HH
IF (W1.5T.15000) HETURN
2=M%D2
IF(2.GT.CL2) GU TC 10
IF(Z.GT.CL1) 6O TO 5
RK1=RMT1
GC TC 15

5  CON1INUE
RK1=DNIT2
GC TC 15

10 CCNTiKUE
RK1=aNIT)

15 CCYTINUE
IF (Wd.GT.19.0) 6C T 1
RETURN

1 IF (§1i.6T-50.9J) GC TO 2

Z21=RK1* (Wii=1C.0) *0.005C
BETURN

2 IF (WH.5T.100.0) GO "C 3
ZZ1=RKK1% (0.200+ (Wi=57.0)*9.0063)
SETURN

3 1F(¥d.$T.#33.0) G4C TO 4
2Z1=RK1% (0.5CC+ (wi-100.C) #0.00150)
FETUKN

4 ZZ1=PR1% (1,00C=(w!i-433.0)#0.00029)
1F (ddeGT. 1000.0) Z21=F41% (0.950-0.050%w4,1000.0)
RETUGN
END
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C c
C DEKNITERIFICATION RATE PEOGRAMN c
C o
CHERRRRRSAXRMSEL XXX S LB RLLESEEFLE SRR ERRESSRE XA IREREEESER RS XN REEEEC
C C
C THIS FUNCTION SUBPROGHFAM PROVIDES THE RATE COEFFICIENT FOR c
c DENITEIFICATICN AS A FUNCTION OF SOIL WATER CONTENT FOR c
C INDLFIDUAL SOIL LAYEhRS (SEE TEXT ). THE USER MAY INCORPORATE CTHER C
C VAKIABLES, L. E. TIME, SOIL DEPTH, ETC., AS DESIREL. C
CEEBRSRBLARDAXEREE RIS ESEARABRESRRARAXRE SRS R SEREEEEE RSSO R R RN RSO RES OSSR
<

FUNCTION 222 (M,iH,WC)
COMMON/L4y  ALPHA,BETA,DT,D2
COMMON/LY/  TIME,TINF,ICYC
COMMON/L11/ CL,CL1,CL2,L1,L2
CCMMCN/L1S/ BCU1,THS1,B0U2,THS2,R0U3, THS]
CCM40N/L16/ REX1,RNIT1,RDNITI
CCMMON/L17/ REX2,BRNIT2,RDNLT2
CCMMON/L18, REX3,BRNTT3,RCNIT)
222=0.0
2=M*D7
IF(Z.6T.CL2) GC TO 10
IF(2.GT.CL1) 30 T0 5
EK2=RLCIN1
KSAT=TiiS1
GO TO 15

5  EK2=RDIN2
WSAT=TUS2
GO TC 15

10 RKZ=HDIN3
WSAT=THS3

15 CCNTINYE
IF ((NC/wSAT) .LT.0.80) KETURN
LZ2=RK2% (WC-0.80%WSAT) /(0. 10%%SAT)
IF (WCoGE. (0. SO®WSAT)) 22Z2=RK2
RETUEN
END
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C FEEEAARRSEEIRESRINREERISESRSSSR OSSR LRNSERNREEIISEEESINESIISRESNERRSS
C C

C AMMNONIUAN EXCHANGE PROGERAN
. c C
CORSPREISBEISANIERBEIRBERSEESESRBEOOES0SAISEEEEERREERESKIFRAERESSSSS0SUSSEESSSE(
X C THIS PUNCTION SUBPKOGRAM PROVIDES THE RETIARDATION FACTOR C
C FOR AMMONIUM EXCHANGE, WHERE R IS A FUNCTION OF SOIL WATER CONIENT AND C
C BULK DENSITY OF INLDIVIDUAL SCIL LAYERS. Cc
4 CHs85 8258885326388 00804 E S0 02 REBE LSRR EREEEREREABREEEESISEERNSEESRER SR ESEEES(
b C c

FUNCTION ZZ3(M,HH,WC)
CONMON/L4/  ALPHA,BETA,DT,D2
COMMON/L9/  1IME,TLNF,TCYC
COMMON/L11/ CL,CL1,CL2,L1,L2
COMMON/L15/ RCU3,THS1,ROU2,THS2,ROU3,THS3
CCMMON/L16, KEX1,RNLTY,RDNITI
COMMON/L17/ REX2,RNIT2,RDNIT2
COAMCN/L18/ KEX3,RNIT3,RDNIT3
Z=M%[Z
IF(2.GT.CL2) GO TO 10
1F (2.6T.CL1) GO T0 5
223=1.04REX1#ECU1/KC
RETURN
5  423=1.0¢REX2#*E0U2/4C
RETURN
10 223=1.0¢REA3*KCU3/NC
KETURN
END
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C AMNONIUN TRANSPORT & TRANSPCRNOTIIONS Lot
C (o
c PRCGRAN c
C C

CESBS2XBESE2F L0000 E5000000000800P0S0SICESSOCERSSINS0RCESESRENEESERESSSOREL

o

BC 5 I=1,u&Mm1

EKK=723 (M, 4 (M), TH (M)
AA(i)=KKK¢2.0%ALEHASULISP-EETA®VPD/TH (4)

EP (1) =EFTA®VIL/Td (M) ~ALEHASLLSP

R (1) =RKK®C (%) *ALPHA®D1ISP® (C (V1) =2.9%C (1) +C (4-1))
RK1=221(a,d (M), Ta (™))

B(L)=h(I)-DT9GL1%C ()

B=le¢2

VPP==CCN (M) * (il (M¢1) =1 (M) ) /uZ¢CON ()
CC(I)=~ALEHA®CISE

CCNTINUE

n=y

REA=223 (%, 1 (%) ,Tii(X))
ARL(NY1) 2EKKeALZIIA®DISP
R(1)=R(1) +AL: HA*DISF*C (1)

38

C c
C THIS SUBROUTINE BROVIDES THE SOLUTICN 10 THE ANMONIUN TRANSPCRI c
c AND TRANSFORMATION ECUATION ONDER TEANSIENT PLOW CCNDIT1ONS. c
C 1T ALSO CALCULATES THE ANSONIUM UPTAKE BY PLANT ROCTS. THE c
C METHOD OF SOLUTION IS THE PINITE DIFPERENCE APPROXIMATION METHOD. C
C ( SEE TEXI ). c
c THR RATE OF NITRIPICATION , DENITRIFICATION AND THE CISTRIBUTION c
C CORFFICIENT FCR NH4=~N rXCHANGE ARE OBTAINED PRON PUNCTLONS c
c 221, 222, ANL 223 , RESEECTIVELY. C
CESIR XSS S NER RSB ELIBELESEES S SO P LRV VO RV S SRS LRSS ESE SRR ERER SRR RS ESBEEEEBEE R &L
c

SUBROUTINE AMCNIA
c NH=4 DPRGRAN

COSMCN/LY/ € (310),¥ (319)

COMMCN/L2/  AA(310),BB(310),CC (310),R(310),RDIST (310)

CCMMON/L3/  N,NM1,NKM2,NE1, NP2

COMMCN/LY4/  ALPHA,BETA,DI,DZ

COMMON/LS/  NX,MK1,NRAAX,CON1

CCYMON/L6,  ELNi4,PLNC3,CNLTRF

CUMMON/L?/  SELUX,ET,(M,CK,CSNH4,CSNO3,DISP,XL

COANGN/LY,  TIME,TINF,TCYC

CCMMON/L10/ H(310) ,CON (319) ,CAP (310) ,TH (319)

CCMMCN/L11,  CL,CL1,CL2,L11,L2

CCM¥ON/L15/  ECUY,THS1,R0U2,1052,RON3,THS3

CCYMCN/L16/ REX1,ENITI,RDNITI

CCYMCGN/L17/ EKEX2,RNITZ,3DNIT2

CCHXCN/L18, KEA3,RNIT3,RONLIT)

M=1

WFLX==CON (M) * (H {M¢ 1) —ti (%) ) /DZ+CON (1)

SSINF=WFIX

FF=DZ%2.0

C(1)=(SSINP*FFSCSNH4+CISP*TH (1) *C (3)/2)/ (SSINFEFF+DISP*TH (1) /2)

1F (SFLUX.LE.C.0) GO 1IC 13

M=)

V2P==CON (M) * (H (Me1) =H (")) /DZ+CON (X)
¢
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X1=0.0

DO 6 I=1,Xx1
PN=QHA®RDIST (I+1) *C(I+1) / (QK¢C (I+1) +L1(I+1))
X1=X1¢DTSPN

R(I)=B(X)-DI*EN/TH (I1+1)

PLNH4=PLWNHA+X1*D2

G0 10 14

CONTINUE
C(1)=C(2)

n=2

VPP=-CON (B)* (H(N+1)-H (8) ) /DZ+CON (N)
DO 11 I=1,uN1
RKK=223 (B, H (M), TH(N))

AL (I) =RKK+2.0¢ALPHA®DISP-BETASVPR/TH ()
BB (I)=BETA®VPP/TH (8) -~ALPBA®DISP

R (I) =RKK®C (M) *ALPHA®DISP® (C (M+1)—2.0¢C (H) ¢C (8-1) )
BK1=221 (N, H (M), TH (N))

R(I) =R (I)-DT*RK1%C (R)

N=I+2

YPP=-COM (M) * (H (H+1) ~H (%) ) /DZ +CON (n)
CC (1) *~ALPHA®DISE

CONTINUE

N=N

RKK=223 (M,H (M) ,TH(N))

AL (NM1)=RKK¢ALEHA®DISP

B=2

VEP=-CON (M) * (5 (H+1) —H (8) ) /DZ +CON (8)
RKK=223 (N,H (%) ,TH (H))

AA (1) =RKK+ALEHA*DISP-BETA*VPP/TH (8)

X1=0.0

DO 7 I=1,NX1
PH=QN*RDIST (1¢1) ¢C(I1+1)/(QK¢C (L+1) +Y (I+1))
X1=X1+DT*PN
R(I)=R(I)-DT*EN/TH (I+1)
PLNHYU=PLNH4+X 1#D2Z
CONTINUE

CALL TRIDM(AA,BB,CC,R,NN1)
DO 15 I=2,R

C(I)=R{I-1)

C{NP1)=C (N)

RETURN

END




SR LESARLVNNLE IS L EESTUREEEARECEN ISR ERERESSEESEEESSE VOSSR SBE SRS S AL
NITPRATE TRBANSPORT & TRANSPORNOTIOS

PROGRAN

(2N e NeNalel

(222222 IR RIS 2RSS RS R 2 E 282 2222 22222 02 2222222 2222 XL R RT3 il A2 2 {23222

LY

(g1

THIS SUBROUTINE PROVIDES THE SOLUTION T0 THE NITRATE TRANSPORT Cc
AND TRANSFORMATION EQUATION UNDER TRANSIENT PFLOW COMNDITIOBNS. Cc
IT ALSO CALCULATES THE NITRATE UPTAKE BY PLANT ROOTS. THE C
METHOD OF SOLUTION IS THE FPINITE DIFPERENCE APPROXISATION HNETHOD. c
o
C
C
C

AT BRI IR L R e e T T T e RN T

( SEE TEXT ).
THE RATE OF NITRIFPICATION , DENITRIFICATIOM AND THE DISTRIBUTION
COEBFFICIENT FOR NHU-N EXCHANGE ARE OBTAIRED FRON FUNCTIONS

2231, 222, AND 223 , RESPECTIVELY.
FESEECEESASBEBEE LSRR EEIRERS OB RSSBAERESASEEESES RS NSEREEASEE SR80S 08884

SUBROUTINE NITRAT
BC3- EROGRAN

(o] AN ONOHONOON

CONMON/L1/  C(310),Y(310)
CONMON/L2/  AA(310) ,BB(310),CC(310),R(310) ,RDIST (310)
COMMGN/L3/  ¥,NM1,KN2,NE1,NP2
COMMON/LY4/  ALPHA,BETA,DT,DZ
COMMON/LS/  NX,NX1,REMAX,CON1
COMMON/L6/  ELNH4,PLNO3,DNITRF
COMMON/L?/  SFLUX,ET,QM, CK,CSNHU,CSNO3,DISP, XL
COMNON/L9/  TINE,TINF,TCYC
CONMON/L10/ H(310),CON (310),CAP (310),TH (310)
coMmoNn/L11/ CL,CL1,CL2,L1,12
COMMON/L15/ ROU1,THS1,ROU2,THS2,R0OU3,THS3
COMMON/L16/ REX1,BNIT1,RONIT1
COMMCN/L18/ REX3,RNIT3,RDNIT)
p=1
WFLX=-CON (M) % (H (N+ 1) —H (M) ) /DZ+CON (8)
SSINF=WFLX
FF=DZ%2.0
T(1)=(SSINF*FFECSNO3+DISP*TH (1) *Y (3)/2)/ (SSINPSPF+DISP*TH (1) /2)
IF (SFLUX.LE.0.0) GO TC 13
n=2
YPP=-CON (8) * (A (M+ 1) -} (M) ) /DZ+CON (M)
c
X2=0.0
c

PO 5 I=1,NH1
AA(I}=1.042.0*ALEHA®DISP-BETA®VPP/TH ()

BB (I)=BETASVEP/TH (M) ~ALPHA®D1SP

B(I)=Y (M) ¢ALPHASDISP* (Y (M+¢1) -2, 0%Y (H) +Y (8-1))
RK1=221(M,H (M), TH(N))

RK2=222 (M, H (M) ,TH(N))

B(I) =R (I)*#DT*BK14C (M)-DT*RK2*Y (N)
A2=X2+DT*RK2%TH (I) *Y (1)

M=I+2

VBP==CON (M) ® (H (M+1)~H (M) ) /DZ+CON (M)
€C (1)=-ALPHA®LCISP

CONTINUE

DNITRF=DNITRF+X2¢D2
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n=N
AA(NN1)=1.0+¢ALPHASDISP
R(1) =R (1) *ALPHASDISP*Y (1)

X1=0.0

DO 6 I=1,NX1
PN=QN¢RDIST (X+1) *Y (I+1)/ (CK+C (I+1) ¢Y (I+1))
X1=X1+DT*PN

R(I)=R(I)~DT*EN/TH(I+1)

PLNO3=PLNC3+X1%DZ

GO TO 14

CONTINUE

Y (1) =1{2)

n=2

VPP=-CON (M) * (8 (N+ 1) —K (H) ) /DZ+CON (M)

X2=0.0

pc 11 I=1,881
AA(I)=1.0+2.0#ALEHA*DISP-BETA*VPP/TH (N)
BB (I) =BETA®VPP/TH (¥) ~ALPHASDISP

B (I) =Y (M) *ALPBA®DISP* (Y (R¢1)-2.0%Y (N) +Y (§-1))
RK1=2Z1 (B, H (M), TH(M))
RK2=222 (B, H (M) ,TH (1))

R{I)=R (I) +DT *RK 1#C (M) ~DT#RK2*Y (M)
X2=X2¢DT*RK2*TH (I) *Y (I)

M=I+2

VPP=—CON (M) * (H (N+1)~H (M) ) /DZ+CON (N)
CC(I)=-ALPHA®LISP

CONTINUE

DNITRP=DNITRF+X2#DZ

H=N

AA(SM1)=1.0¢ALPHA®DISP

n=2

VPP=-CON (M) * (H (N+1)-H (M) ) /DZ+CON (M)
AA(1)=1.0+ALPHA®DLISP-BETA®VPP/TH ()

X1=0.0

Do 7 I=1,8Xx1
PN=QNSRD1ST (L+1) $Y (I+1)/(QK¢C{I¢1)+Y (I+1))
X1=X1+DT*EN
R(I)=R(I)-DT®EN/TH (1¢1)
PLNO3=PLNO3¢X1#D2Z
CONTINUE

CALL TRIDM(AA,BH,CC,R,NH1)
DO 15 I=2,N

Y (I)=R(1-1)

Y(NP1) =Y (N)

RETURN

END
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100
200
299
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499
300
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o c c
- c PROGRAMN OUTPUT C
3 c c
i CE*P28 808880020008 58 4S54 ERR KSR BA LS SRR R AR R ES SRS SLESE SV RE S LRSS U LRSS SRR ERC
N C c

c THE PUNCTION OF THIS PROGRAM ID TO PRINT THE BESULTS FRON

c MODEL PREDICTION AT SPECIFIED TIMES. IN ADDITION IT CALCULATES

c THE TOTAL ASOUNTS OF NITROGEN IN THE SOIL SYSTEM AND THAT TAKEN

c UP BY THE PLANIS

(2T 21222222222 ER 222 RIS SR 2222 2SS L2 222222222022 1222222237 %

c

c

SUBROUTINE OUTPUT

COMNON/L Y/
CONMON/L2/
CONNON/L3/
COMNON/LU/
COMMON/LS/
COMMON/L6/
COMMON/LT/
COMMON/L8/
CONNON/LY/
COMMON/L10/
COMMON/L11/
CONNON/L1S/
COMMCH/L 16/
CoNMON/L17/
COMMCN/L 18/
FORMAT (* 1)

C(310),1(310)
AA(310),BB(310),CC (310) ,B (310) ,RDIST (310)
N,NA1,NB2,NE1, NP2

ALPHA,BETA,DT,DZ

NX,NX1, NRMAX,CON1

PLNH4, PLNO3,DNITRF

SFLUX,ET,QM, CK,CSNHU,CSNO3, DISP, XL
XXX (30) ,C1(30) ,C2 (30) ,C3 (30) ,C4 (30)
TINE, TINF,TCYC

H(310) ,CON (310) ,CAP (310) ,TH (310)
cL,cL1,CL2,L1,L2
ROU1,THS1,R0U2,THS2,ROU3, THS3
REX1,RNIT1,BCNIT

REX2,RNIT2,RDNIT2

REX3,BNIT3,RDNIT3

FORMAT (*1°,40X,"TIME , DAYS =*,F10.2/)

FORMAT (T10,°*SCIL DEPTH',

$T25,'PRESSURE HEAD',
$TU43,'SOIL-WATER CONTENT',
*T65,*WATER FLOW®',

*T80, 'AMMONIUN CONCENTRATICN?,

$T1)07,'NITRATE CONCENTRATION?)

FORMAT (T14,'CM*,T31,°CM!,TU6,'CH**3/CH**3*,T66,"VELOCITY',T82,
*T'IN SOIL SOLUTION®,T109,'IN SOIL SOLUTION'®)

FORMAT (T68,°CM/HR®,T82, "MICROGRANS-N/NML®,T109, *MICROGRARS-N /NL'/)
FPCRMAT(T10,F8.2,T24,F10.2,T45,P8.2,T765,F8.4,T86,F8.3,T112,78.3)
FORMAT (25X//// .

25X, 'TOTAL NC-3 NITROGEN IN SOIL SOLUTION PHASE , MICROGBANS =7,

$F10.3//,

*25K, *TOTAL NH-4 NITROGEN IN SOIL SOLUTION PHASE , RICROGRANS =¢,

$F10.3//,

#25(,*TOTAL NH~4 NITROGEN IN EXCHANGEABLE PHASE , MICROGRANS =¢,

$F10.3//,

#25X,'TOTAL NH-4 NITROGEN IN THE SOlIL PROFILE , NICROGRAMS =°,

$F10.3//)

600 FORMAT (25X,°'TOTAL NITROGEN DENITRIFIED , MICROGRANS =',F10.3//)
500 FORMATI (/,

*25X, '"TOTAL
$25x,'TOTAL

WRITE (6, 100)

BITRATE NITROGEN UPTAKE, MNICROGRAAS =*,F10.3//,
AMMONIUM NITRCGEN UPTAKE, MICROGRANS =°',F10.3//)

TINW=TINE/24.0
WRITE (6,200) TIMM
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RS

WRITE (6,299)
WRITE (6,301)
VRITE {6,302)
WPLX=SPLOX
DC 20 I=1,N8P1,2
2%= (I-1) *D2
WRITE (6,499) 2%,H(I),TH(I),WPLX,C(I),Y(I)
WELX=-CON (1) * (B (1+1) =H (1)) /DZ+CON(I)
20 CONTINUE
N=NP1
Do 3C I=1,M
AA (1) =TH (I)*C(I)
30 BB (I)=TH(I)*Y(I)
CALL QSF (DZ,AA,R,M)
INH4=R (M)
CALL CSP(DZ,BE,R,H)
XNO3=R (M)
CALL CSF (DZ,C,R,NP1)
XT=R (NP1)
CALL (SF(DZ,C,B,11)
X1=R(L1)
CALL (SF (D%,C,R,L2)
X12=R(L2)
X2=X12-X1
X3=XT~X12
ENH4=X1#ROUTSREX 1+ X2*ROU2*REX2+X3*ROUI*REX3
XTRH4=XNH4+ENHY
WRITE (6,300) XNO3, XNHU,ENHY4, XTNHU
WRITE(6,600) DNITRF

c

WRITE (6,500) ELNO3,PLNH4

RETUBN

END
c
C
CEIFIBEEIREESEBRRER S SRR RE S SRS R B R BARESSE SR EEE SRR KK SRR X R EB R R E VLSRR B ER SRR SR &
I c
c TRIDIAGONAL MATRIX PROGRAN
c c
CHS4ESX3E X000 REE SRS RS RERA S SRS UREKREAE SRS ERERER SR EX BB R SR KK ER RS EEEC KRS S XS
c c
c THIS SUBROUTINE PROVIDES SOLUTION TC THE TRIDIAGCHNAL MATBIX - c
c VECTOR EQUATIONS POR SUBRCUOTINE WATER, AMONIA, AND NITRAT C
c c

[ 22 2RSS R R RIS R R RS SRR RS PR R TRI SRS P32 F TSRS E F 2R R2 22222 22 2223 Jod
c
SUBROUTINE TKIDM(A,B,C,C,N)
DINENSION A{1),B(1),C(1),D{1)
b0 1 I=2,N
C(I-1)=C(I~1)/A(I-1)
A(L)=A(1)-(C(1-1)*B(I-1))
1 CCNTINUE
DC 2 I=2,N
D(I) =D ({I)~(C (1-1)*D (I-1))
2 CONTINUE
D (N) =D {N) /A (N)
PO 3 1I=2,N
D(N¢1=-1)=(D(N¢1-1)= (B(N+1=-T)*D(N+2-1))) /A (N+1-1I)
3 CONTINUE
KETURN

END




APPENDIX B: EXAMPLE OF INPUT AND OUTPUT

1 EPOT CATA

IMITIAL DT, Hi = 0.C160¢C

INITIAL D2 , CA= 1.€0C00Q

PLUX COF WAS1E WATEF AFELICATICN, CM/ Fb = C.50000

EVAPOTRANSPIBATICN RATE, Cr/EkK = C.C1CLo .

NITBOGEN UPTAKE RATE, MiCFCSFRAM-N/CP CF FCOT LENGTIH PEXR HOUR = 0.u0100

SICEAELIS CCNSTANT = 1.CCC00

CCBCENTBATICN OF APFLIEL NH4-N , PG/LITFE = S.Coe0v¢

CCMCENTERATICN CF APELIEL NC2I-N , MG/Ll1TrF = J.0

SOLUTE DISPERSION (CEFFICIEST, CNO#2,/4F = 252000

TOTAL LENGTH OF SCI11 EFCEILE, CF = 15¢.CCCCC

SCIL DEETH 10 THE FIKST SCI1L LAYEER, C¥ = 15.C0C00

SCIL DEPTIH 7TO 1HE SECCNC SCLL LAYER, T¥ = 45.30CC90

SCIL WATEF PARAXETERS FCK THE [IBST LAVEE 3 C.92602€E-95 Ja2T63E¢G2

SCIL WATEF PARAMETERS FCH Ihi SECCNL LAYFx : 0.2200E-05 0.307C3+02

SCIL WATEF FARAMETEES ICF THE THIBL LAYEF ¢ C.210)E-25 0.38377+02

PIBRST LAYER ; EkULK CENSITY = 1. 41CCC SATURATIUN = T 44CV0

SECCND LAYEF ; FULK FLEKEI1TY = 1.5¢CC(C SATURATICN = Ca 82009

THIBRD LAYER ; FOLK CFUSILY = 1.65CCC SATURATION = 2. 34000

FIWST LAYER: NHG=-Y EXCHANGEALI® CCFFILICIENT, CM3/GM = 0.25030V
NITPIFICATICY FATE CCEF.,Hh-1 = U. 1907308
TEMITLIFICATICN TATE CC%Fa, Ri=1 = 0.0100D

SECCND LAYER Mil=N EACHANGEMELE COZrFaCILENT, C3/u8 = Ne 400
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A facsimile catalog card in Library of Congress MARC format is
reproduced below.

Selim, H.M.

Simplified model for prediction of nitrogen behavior in land
treatment of wastewater / by H.M. Selim and I.K. Iskandar. Hanover,
N.H.: U.S. Cold Regions Research and Engineering Laboratory; Spring-
field, Va.: available from National Technical Information Service,
1980.

iv, 53 p., illus.; 28 cm. ( CRREL Report 80-12. )

Prepared for Directorate of Civil Works - Office, Chief of Engineers
by Corps of Engineers, U.S. Army Cold Regions Research and Engineering
Laboratory.

Bibliography: p. 20.

1. Land treatment. 2. Models. 3. Nitrogen cycle. 4. Wastewater
treatment. I. I.K. Iskandar, co-author. II. United States. Army.
Corps of Eiigineers. II1. Army Cold Regions Research and Engineering
Laboratory, Hanover, N.H. 1IV. Series: CRREL Report 80-12.




